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Preface

Organic Farming–A Role Model for Productive  
and Ecologically-Sustainable Farming Systems

Europe has been the pacesetter for organic farming for 40 years. The fact that be-
tween 10 and 20 % of the farms and the agricultural land area have become certi-
fied organic in a few leading countries has attracted the attention of the scientific 
community and of policy makers. Scientific studies on public goods delivered by 
organic farms have become more numerous and encompass topical aspects such 
as soil fertility building, carbon sequestration, biodiversity at the plant, animal, 
and microorganism levels, and eutrophication of semi-natural and natural ecosys-
tems, etc. Support schemes for farmers have compensated for the delivery of pub-
lic goods.

The steady economic growth of the global organic food market has further fueled 
the public interest in organic agriculture. Is it a viable strategy that reduces the 
trade-offs between food and feed production on the one hand, while maintaining the 
regulating and supporting ecosystem services and landscape quality on the other? 
“Yes, but…” is the most often heard answer. “Yes” for the fact that organic farms 
are likely to reduce detrimental impacts on the environment and to maintain the 
quality of ecosystems. “But” because crop and livestock yields are, on average, 
less on organic farms. Without any changes to the wasteful way in which society 
handles, uses, and consumes food, a large-scale transformation of high-yielding 
farmland to organic cultivation might accelerate deforestation and (re)cultivation of 
ecologically-sensitive land.

The state-of-the art of scientific data on productivity is divergent and controver-
sial. While the crop productivity of organic farms appears to be 0.7–0.8 of that of in-
tensive farms in temperate zones, the yield ratio in marginal regions of Africa where 
subsistence farming is still widely spread, has been found to be in favour of organic 
farms Hence, in resource- and income-poor countries, organic farming seems to of-
fer an appropriate and low-cost way to increase productivity and to improve farm 
livelihood.

Despite its success in Europe and for specific cash crops on the world market, 
organic farming is still a niche, with only 1 % of agricultural land under organic 
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cultivation worldwide. Organic agriculture is challenged to unlock its potential: both 
as a role model and a real pathway to sustainability in agriculture and food systems. 
As a farming system, it is knowledge-intensive and resistant to overspecialisation. 
This is a challenge for scientists, farm advisors and farmers, and needs to be ad-
dressed by improving education and by enabling participation and inter-disciplinary 
research.

The concept of eco-functional intensification goes far beyond the restrictive 
use of fertilisers and pesticides. It requires a fundamental redesign of farms and 
fields, and entails more co-operation within the organic sector. Accordingly, live-
stock needs to be integrated into the nutrient and organic matter circuits in order 
to improve the robustness and resilience of both crops and animals, with the selec-
tion of well-adapted varieties and breeds. Finally, development pathways in organic 
agriculture also challenge agricultural sciences. While the basic principles of or-
ganic agriculture are persuasive and dynamic agroecological approaches, existing 
standards for the certification of farms and foods have become outdated. Creative 
research work and out-of-the-box thinking are needed to unleash social, ecological, 
and technological innovation in organic agriculture.

This book gives an outstanding analysis of what has been achieved, as well as an 
insight into what the future avenues for organic farming will be.

� Urs NiggliDirector of the Research 
Institute of Organic 
Agriculture (FiBL)  
Switzerland

Professor of Research 
Management, University 
of Kassel-Witzenhausen 
Germany
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Chapter 1
Organic Food and Farming as a Prototype  
for Sustainable Agricultures

Stéphane Bellon and Servane Penvern

S. Bellon, S. Penvern (eds.), Organic Farming, Prototype for Sustainable Agricultures, 
DOI 10.1007/978-94-007-7927-3_1, © Springer Science+Business Media Dordrecht 2014

S. Bellon () · S. Penvern
INRA, UR0767 Écodéveloppement, 228 route de l’Aérodrome, Domaine Saint Paul,  
Site Agroparc, CS 40509, 84914 Avignon Cedex 9, France
e-mail: stephane.bellon@avignon.inra.fr

Abstract  Many agricultural models claim to serve as a foundation towards sustain-
ability. This introductory chapter examines how research results in organic food 
and farming (OF&F) may contribute to meaningful innovations and transitions for 
sustainable agricultures. To support this, we refer to three different interpretations 
of the concept of prototype. Each of them is developed in the three sections of the 
book. First, prototype theory is used as a mode of graded categorisation in cognitive 
sciences where categories are relative and boundaries may be fuzzy, making it pos-
sible to confront OF&F to other agricultures. The first section addresses production, 
protection and agro-ecological processes with the aim of increasing self-sufficiency. 
It addresses the validity domain of research findings for other agricultures. The sec-
ond interpretation of OF&F as a prototype refers to its ability to outperform existing 
agricultures. This could also serve as a basis for outcome-based OF&F, which is 
currently mean-based. Three main challenges are developed in the second section: 
environmental issues, animal welfare and the quality of organic products. The third 
interpretation refers to OF&F development pathways. OF&F internal dynamics can 
be seen as enabling transformations. The third section combines two implications: 
renewal of an organic framework open to other stakeholders and identification of 
transition pathways for OF&F systems, including the territorial level. The prototype 
concept is useful for tackling the multiple challenges of the dynamic relationships 
of OF&F with other forms of agriculture. If OF&F is more than a niche, shifting 
from a prototype to a generalisable model still remains an issue.

Keywords  Alternative agricultural model · Innovation · Redesign · Transition · 
Prototyping · Performance · Development pathways · Research
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1.1 � Introduction

Many agricultural models claim to serve as a foundation towards sustainability 
(Koohafkan et al. 2011). Organic food and farming (OF&F) is one of these candi-
date models, and probably the most acknowledged worldwide. It is recognised in 
the scientific and political arenas (McIntyre et al. 2009; National Research Council 
2010), as well as by society as a whole. In spite of the limited share it occupies on 
the global food market, everybody has an opinion about OF&F practices or can 
identify its products. The legitimacy of OF&F is also due to its history and evolu-
tion in terms of practices, principles and regulations (Besson 2009; Francis 2009; 
Kristiansen et al. 2006; Lockeretz 2007). Several books and many articles about 
OF&F are published every year in various languages. They concern OF&F’s ability 
to address agricultural and societal challenges: how to feed humanity, how to al-
leviate the impacts of climate change, how to enhance ecosystem services, etc. As 
the number of outcomes expected from agriculture multiplies, we are increasingly 
aware that there is no ready-made solution to address complex issues. Moreover, 
it is expected that research will contribute to the design of such solutions, together 
with stakeholders who have created and implemented promising initiatives and 
transition pathways. Among the possible solutions to be explored, we can mention 
the shift from intensive or high external-input agricultural systems to “knowledge 
intensive” or “ecologically intensive” agricultures.

In this book, our purpose is to identify to what extent and under what conditions 
research results in OF&F may contribute to meaningful innovations and transitions 
for sustainable agriculture. Its ambition is to present and critically review major bio-
technical and socio-economic aspects of organic agriculture that can also be rele-
vant to other agricultures. In this perspective, French scientists who contributed to a 
national organic congress, DinABio1, were identified as potential authors, together 
with scientists from other countries and continents. These research scientists from 
Europe, North America and Australasia have all made important contributions and 
are all still active in organic research projects. They represent a wide range of scien-
tific disciplines and use most of the available research methods. Subsequently, the 
topics addressed in this book combine different cultures and realities of organics.

OF&F is considered as a prototype both in its own dynamics and in its rela-
tionships with other forms of agriculture. Beyond the abandonment of chemical 
fertilisers and pesticides, OF&F is studied on the basis of its own acquisitions 
and diversity: process-based more than product-based; reconnecting agriculture 
with its ecological origins; broader than the traditional focus on soil fertility and 
dynamics in that its rules and practices are constantly evolving; and building on 
the combination of modern science and farmers’ own experiences, references and 

1  The first DinABio congress took place in May 2008 at the INRA Centre of Montpellier (SupA-
gro). The proceedings were published in the online journal “Innovations Agronomiques” (avail-
able at: http://www6.inra.fr/ciag/Revue/Volume-4-Janvier-2009). The second congress took place 
on the 13–14th of November 2013 in Tours (France). Proceedings available at: http://www6.inra.
fr/ciag/Revue/Volume-32-Novembre-2013.

http://www6.inra.fr/ciag/Revue/Volume-32-Novembre-2013
http://www6.inra.fr/ciag/Revue/Volume-32-Novembre-2013
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knowledge of organic terrain. OF&F is also related and sometimes overlaps with 
other agricultural regimes (e.g., Ollivier and Bellon 2013). Such relationships are 
a premise of this book. Reference to OF&F as a prototype was introduced in the 
first French action plan for OF&F development (1998–2003) by its coordinator 
(Riquois 1999). His main argument was that due to its principles and strong con-
straints, OF&F is a laboratory for the development of sustainable agriculture and 
food production. Without chemical crutches or safety nets, organic farmers must 
imagine alternative methods that can be relevant to other situations. This position 
puts stress on the modernity of organic agriculture, while strongly reconnecting it 
with other forms of agriculture instead of relegating it to a ghetto or a niche. The 
concept referred to in this book is also shared in McIntyre et al. (2009) and Halberg 
and Muller (2013), who both focus on the contribution of organic agriculture to 
sustainability.

In the first section of this introductory chapter, we incorporate the concept of 
prototype and expand it in three directions. Each of them is then developed in three 
subsequent sections, briefly presenting a group of chapters that support a specific 
facet of the prototype.

1.2 � Three Facets of the Concept of Prototype

The concept of prototype frames to what extent OF&F is a good representative 
of sustainable agricultures. Prototype theory is a mode of graded categorisation in 
cognitive science that stresses the fact that category membership is not homogenous 
and that some members are better representatives of a category than others (Qi 
et al. 2006; Rosch and Mervis 1975). Whereas the apple is a good representative 
of fruits, the penguin is not the best one for birds. However, every categorisation is 
relative, and boundaries are sometimes fuzzy between production models. A given 
farming situation can thus also be characterised in terms of distance between several 
categories of agricultural regimes. For example, OF&F and agroecology share some 
commonalities in their principles and practices (Bellon et al. 2011a). Both OF&F 
and low-input farming have been addressed jointly in research projects (e.g., Qual-
ity Low Input Food project: http://www.qlif.org/). Analogies can be made with the 
way the concept of prototype is used in the industrial sector, e.g., in car design. As 
an example, safety belts and other equipment such as ABS were tested and used in 
racing cars—where constraints are high—before being commonly used in all cars. 
There is, however, a difference between designing a solar-powered car and working 
on reducing fuel consumption on a car engine to minimise the use of non-renewable 
resources. The same comparison can be applied to agriculture, with its biotechnical 
and ecological processes. This is a first interpretation of prototype.

The second interpretation of OF&F as a prototype refers to its ability to achieve a 
set of performances. For example, increasing productivity or closing yield yaps can 
be done at the expense of closing nutrient cycles and achieving a health-enhancing 
food system. According to various authors (Azadi et  al. 2011; Dima and Odero 
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1997; Lampkin et al. 2006; Leifeld 2012; Lockie et al. 2006), OF&F appears as a 
promising and innovative means of tackling the challenges facing agriculture and 
food production with respect to sustainability (climate change, food security and 
safety, biodiversity and enhancement of ecosystem services, endogenous rural de-
velopment). Its outcomes in terms of environmental stewardship are also acknowl-
edged. There is nevertheless a disagreement on the exact nature of the relationships 
between OF&F and sustainable agriculture (Bergström et al. 2008; Leifeld 2012; 
Rigby and Cáceres 2001). Hence, OF&F is either advocated or questioned, like 
two sides of the same coin. In the search for more sustainable agricultures, several 
issues must be addressed in parallel. For example, combining food security and 
environmental preservation can be tackled at the expense of social justice for farm 
workers. Alternative agricultural models will have to combine a wider range of 
performances. Given the uncertainties of future developments, previous concepts 
that guided research—such as stability, income maximisation, technical fine-tuning 
and biological optimisation—need to be balanced with system properties—such as 
adaptability, resilience and flexibility. Maintaining or strengthening such properties 
will also orient and determine both system performances and the criteria to evalu-
ate them. The issue of assessing and combining OF&F multiple performances is 
still pending. Such debates are an important premise of this book. Although there is 
probably no definite answer, readers will find elements based on research findings 
from scholars involved in OF&F research, acquainted with the history and reality 
of the organic movements.

The third perspective of prototyping refers to OF&F development pathways. 
OF&F internal dynamics and diversity can be approached as enabling transitions 
or transformations. This is closely linked to the idea of sustainable agriculture con-
sidered as a programme, not as a steady state. Organic agriculture is also involved 
in a progress loop (Rahmann et  al. 2009). However, there are no steps or linear 
timelines in transitions. Subsequently, the Efficiency-Substitution-Redesign (ESR) 
model presented by key authors in agroecology (Gliessman 2010; Hill 1985; Ros-
set and Altieri 1997) as levels of conversion to sustainable agriculture in a stepwise 
process reflects neither the complexity of farmers’ trajectories nor the dynamics of 
the organic sector. Interestingly, Gliessman (2007) refers to a fourth level of agro-
ecological transitions that enables “a more direct connection between those who 
grow the food and those who consume it, with a goal of re-establishing a culture of 
sustainability that takes into account the interactions between all the components 
of the food system”. This specific link with the food system is an integral part of 
OF&F premises and is treated in the third section of this book.

These three facets of prototype are in fact interrelated, in as much as production 
processes are also valuated within the scope of expected new performances such 
as OF&F ecosystem services (Sandhu et al. 2010), whether separately or in com-
bination, as a potential development pathway (Fleury 2011). Beyond the classical 
version of sustainability as a “3-legged stool” based on people, planet and profit, 
we also suggest that these three other “P”s are relevant in OF&F achievements and 
challenges: processes, performances and pathways. They are addressed as a series 
of integrated chapters in the three sections of this book.

S. Bellon and S. Penvern
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1.3  �OF&F as a Prototype That Interacts With Other 
Agricultures

OF&F lies at the heart of alternative agricultures and is an extreme case in terms of 
constraints in a continuum that begins with “conventional” agriculture and that also 
includes integrated production, which can be a step towards OF&F. Even if con-
straints are relative and not always synonymous with innovation, they contribute 
to identifying a target for change. Goulet and Vinck (2012) analyse no-till agricul-
ture—a shift to farming techniques that have eliminated plowing—as an innovation 
through subtraction, i.e., innovation founded on reducing a practice or ceasing to 
use (subtracting, detaching) a given artefact. As for OF&F, farmers shifting to con-
servation agriculture practices also speak about conversion, referring to the imple-
mentation of another type of soil functioning (Sangor and Abrol 2004). Likewise, 
Gliessman (2007) also uses conversion to OF&F to exemplify agroecological tran-
sitions. Conversion to organics can thus be approached as a more general figure of 
transition in agriculture. Some commonalities actually appear among ecologically-
based agricultures for which natural processes and regulations assume an important 
role once again in system functioning and higher self-sufficiency.

Organic farming may have different forms of interactions, in space and in time, 
with other types of agriculture. Such interactions can be as follows: coexistence, 
integration of practices from one system to another one, mixity within the same 
system, and evolution from one production system to another one:

•	 With coexistence, interactions are usually limited (e.g., planting edges to limit 
pesticide drift from neighbouring fields), and sometimes negative (e.g., in the 
case of contamination with GMOs). However, organic farmers not only belong 
to dedicated organisations, but are also part of professional networks or unions 
that are made up of conventional farmers (Ruault 2000). Environmental issues 
also lead farmers to act more collectively. Environmental performances increas-
ingly depend both on the diversity of organics and on the other neighbouring 
systems. This is the case for water quality in watersheds (Thieu et al. 2011) and 
biodiversity conservation in a landscape matrix (Gabriel et al. 2010). Beyond 
the local effects of organic practices, organic fields are embedded in a landscape 
composed of different production systems that condition organic performances. 
The proportion and dispersion of organic farms will thus influence the organic 
capacity to preserve water quality and biodiversity.

•	 Integration refers to practices used in organic farming as well as in ‘convention-
al’ farms (Gosling and Shepherd 2005). These connections make it possible to 
spread innovations (such as mechanical weeding, composting, etc.) in the wider 
field of agriculture. Likewise, some technologies adapted to integrated produc-
tion or protection can also be applied to OF&F (such as mate disruption or alter-
native animal therapies presented in the first section of this book) (Watson et al. 
2008).

•	 Mixity occurs at various levels (farm, food chain, etc.), as well as in institu-
tions (extension, training, research). It is controversial from the point of view of 
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production since the definition and principles of organic agriculture encourage 
farmers to convert the whole farm. Lamine et al. (Chap. 23) studied these rela-
tionships at the farm level and in the context of territorial agri-food systems.

•	 Evolution is related to farmers’ trajectories and linked to the previous, since mix-
ity can be temporary. On the production side, farmers who shifted their farms to 
organics provide concrete examples of changes in practices and systems. They 
are involved in another form of agriculture through transition processes that en-
compass longer time spans than the formal 2–3 year “conversion” period.

In OF&F, input substitution is somehow a prerequisite. Beyond the abandonment 
of chemical fertilisers and pesticides, alternative agricultural methods can be im-
plemented following principles that can serve as a framework to guide practices. 
However, innovations at the farm level can be either incremental or radical. The 
umbrella organisation, IFOAM, gives an overall definition of organic agriculture 
(IFOAM 2005) and suggests four guiding principles (Health, Ecology, Fairness and 
Care), which represent the basic aims that OF&F systems must strive to achieve 
(Luttikholt 2007), especially in a system redesign perspective. A fifth principle, the 
one of Reality, could be added to address how the implementation of the four previ-
ous ones can be orchestrated as time goes by. However, increasing the efficiency 
and effectiveness of organic practices is often considered as a priority for many 
stakeholders. This is also the case within European Commission (EC) regulations 
and expert groups that focus on inputs, whereas the organic EU regulation (EC 
834/2007) also stipulates that “organic practices and inputs should be based on risk 
assessment, and the use of precautionary and preventative measures, when appro-
priate”. The first sections of the EU regulations (EC 834/2007) indicate the general 
directions in which the future development of OF&F can be oriented, but such stan-
dards can also be interpreted as a list of eligible inputs. To some extent, a genuine 
conversion to OF&F, i.e., one committed to an agroecosystem redesign strategy, can 
be considered as a system innovation (Elzen and Wieczorek 2005; Padel 2001). The 
difficulty to implement redesign approaches at the practical or experimental level 
has already been introduced (Bellon et  al. 2010), especially in the areas of crop 
protection and animal healthcare. Various papers in this book will tackle this issue, 
from a system perspective.

The first section of this book addresses production, protection and processes in 
organic farming with the aim of increasing self-sufficiency. It is based on systemic 
approaches at various levels and enhances both agronomic and ecological knowl-
edge. It draws on examples in crop, livestock and mixed crop-livestock situations. It 
combines two viewpoints: (i) addressing an issue (definition of plant ideotypes, ani-
mal healthcare) relevant for OF&F, while linking it with other agricultural regimes, 
candidates for sustainable agricultures (agroecology, low-input, etc.), (ii) focusing 
on OF&F and addressing the validity domain of findings for other agricultures. This 
section includes ten chapters.

Two chapters deal with “landcare” and management of soil fertility, considered 
as a joint effort in environmental stewardship. Chapter 2 deals with phosphorus, 
which is likely to become a bottleneck for productivity, and suggests ways to close 
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nutrient cycles. Chapter 3 shows the interest of intercropping as a way to improve 
Nitrogen Use Efficiency in organic systems when combining species in space.

Four chapters are then dedicated to crop protection, i.e., one of the limiting fac-
tors to the development of ecologically-based agricultures, especially in organic 
fruit production, which allows for a long-term design approach and for a combina-
tion of methods. Chapter 4 introduces the regulations and approaches relevant to 
crop protection, including those specific to OF&F and those that apply to agricul-
ture as a whole. It exemplifies new research avenues for orchard management and 
self-regulation. Chapter 5 completes the previous one while focusing on conser-
vation biocontrol at various scales in space and time. It also takes a look at how 
organic management practices can affect pests and their natural enemies, both in 
annual and perennial crops. Following the first facet of prototype, Chap. 6 draws 
on agroecological principles and experiences to define the basis for alternative crop 
protection strategies in OF&F. It provides a general framework to manage weeds, 
pests and diseases. Interactions among cropping methods are also an important asset 
in organic fruit production and protection. A last chapter 7 considers the role of cul-
tivars, with the identification of ideotypes adapted to integrated or organic cropping 
systems, with their site or regional specificities.

The four next chapters are dedicated to livestock and health management. Chap-
ter  8 proposes a set of four control principles for parasitic infections in various 
livestock production systems. Both the combination and implementation of such 
principles provide a range of technical options that can alleviate animal parasitism, 
particularly important when access to the outdoors is advocated. The next chap-
ter 9 is based on an interdisciplinary approach of healthcare strategies implemented 
by livestock farmers, enabling a holistic and long-term vision of a set of diseases 
(pathocoenosis), instead of tackling each disease separately. Chapter  10 is also 
based on a network of commercial farms and addresses sheep farmers’ livestock 
management strategies. Various land use and breeding patterns are feasible, but 
self-sufficiency objectives or technical and economic outcomes restrict the range of 
sustainable options. The last chap. 11 of this section is based on a long-term experi-
ment of two organic mixed crop dairy systems. Transitions towards self-sufficient 
and adaptive systems are supported with a stepwise redesign approach.

1.4  �OF&F Performances: A Prototype Between Societal 
Expectations and Scientific Evidence

The second interpretation of prototype focuses on OF&F performances and their 
consequences in terms of research methods or agendas. OF&F development in re-
search and practice shows the significant role of organic agriculture in relation to 
the future of sustainable agriculture and food production. This is reflected in top-
ics addressed within the scientific arena and by the internal dynamics in OF&F at 
higher levels of organisation than individual farms.

1  Organic Food and Farming as a Prototype for Sustainable Agricultures
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In terms of scientific production, the knowledge base in organic food and farm-
ing is increasing, following exponential growth. The topics addressed are also be-
coming more diversified, whereas much attention was given to soil fertility and 
performances in the 1980s (Drinkwater 2009; Ollivier et al. 2011). As the number 
of publications has grown, meta-analyses and reviews have appeared on several 
issues: productivity (Badgley and Perfecto 2007; de Ponti et al. 2012; Seufert et al. 
2012), profitability (Nemes 2009), conversion (Lamine and Bellon 2009), envi-
ronmental impacts (Bengtsson et al. 2005; Blanchart et al. 2005; Hole et al. 2005; 
Mondelaers et  al. 2009; Tuomisto et  al. 2012), and the nutritional quality of or-
ganic food (Dangour et  al. 2010; Lairon 2009). Consensus can be found in the 
literature as to the fact that organic farming delivers some substantial benefits over 
other production systems, in particular, in terms of resource conservation and multi-
criteria assessment (Bengtsson et al. 2005; Cavigelli et al. 2008; Reganold et al. 
2010; Tuomisto et al. 2012). Some other expectations are still unfulfilled and have 
been faced with more intensive questioning, e.g., on actual yields and economic 
profitability, or on the quality of its products (Bergström et al. 2008; Kristiansen 
et al. 2006; Reganold and Dobermann 2012; Seufert et al. 2012; Trewavas 2001). 
However, the literature is dominated by comparisons of organic and other forms of 
agriculture, generally “conventional”, although in many cases, such comparisons 
are questionable. Three drawbacks can be mentioned: (i) the difficulty of a rigorous 
pairwise matching when comparing organic and conventional agricultures (Mayen 
et al. 2010; Nemes 2009; Offermann and Lampkin 2006); (ii) in meta-analyses or 
reviews referring to the same topic (e.g., productivity, biodiversity or food quality 
in OF&F) and published the same year, the overlapping among sets of references 
is often below 50 %. Conclusions may differ as a result of varying selection criteria 
for articles and the limited number of co-citations; (iii) comparisons within organics 
can also be biased when spatial and temporal scales are considered. The implemen-
tation of organic standards differs among countries, and specific labels exist (e.g., in 
biodynamic agriculture). Scale effects should also be considered when addressing 
the impact of organic agriculture on biodiversity (Gabriel et al. 2010). As for tem-
poral scales, both evolutions in the organic standards and in the maturity of organic 
systems (e.g., number of years after conversion or position in the ESR model) are 
usually not dealt with. These elements are in favour of robust and extended data-
bases, as well as long-term experiments (e.g., system trials) or monitoring (such 
as in Long-Term Ecological Research). A continuous process of monitoring and 
re-evaluation (Rigby and Cáceres 2001) is particularly at stake when dealing with 
sustainability, since the identification of technologies seen as sustainable today is 
based on different assumptions regarding the sustainable management of natural 
resources (Hubert 2002), maintaining their productive capacity over time. So far, 
OF&F appears as a good compromise among multiple performances. However, it is 
closer to a decathlon than a sprint in the competitive universe of alternative agricul-
tures. Recognising that a specific performance is not at its maximum also provides 
room for improvements. More generally, sustainability and other system properties 
such as self-sufficiency can open or orient R&D agendas.

Prototyping is also a stepwise approach for designing alternative management 
systems (Blazy et al. 2009; Sterk et al. 2007; Vereijken 1997), usually in coopera-
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tion with commercial farmers and sometimes on experimental stations or farms. 
Prototyping is mainly used in transformative agendas where new production sys-
tems have to fulfil multi-objectives and address sustainability issues. This is rel-
evant and has been applied to OF&F (Kabourakis 1996). However, it does not fully 
account for transition processes and redesign perspectives.

The multidimensionality of transitions to organics has been shown (Lamine 
and Bellon 2009). Transition trajectories entail new relationships with nature, with 
techniques, with consumers and with other stakeholders (peers, neighbours, advis-
ers, certifying bodies, etc.). Research methods must be adapted accordingly, valu-
ing farmers’ knowledge in partnerships but also implementing interdisciplinary and 
systemic approaches. Organic farmers were pioneers in experiencing and designing 
farming methods or systems when research in OF&F was still marginal. Exchanges 
among farmers and farm or field visits (“campesino a campesino”) remain an impor-
tant component in the conversion process. Many scientists report the role of farmers’ 
knowledge and experiences for the development of organic farming as independent 
of traditional scientific institutions (Aeberhard and Rist 2009; Baars 2011; Sayre 
2011). In OF&F, there is no optimal, universal and immutable system but, instead, 
multiple methods that must be combined and activated depending on a set of varying 
situations and contexts. Sharing standards does not entail standardisation of prac-
tices, and OF&F appears as an asset for breakthroughs in designing agricultural sys-
tems. This is probably why it has been used in various agricultural expertises and 
scenarii (e.g., Butault et  al. 2010; Sørensen et al. 2005). Both within and outside 
OF&F, many farmers have successfully dealt with complex problems and eventually 
developed systemic solutions to issues that have not yet been addressed by research-
ers, advisors or policy makers (Lichtfouse et al. 2009). Morgan and Murdoch (2000) 
even argue that farmers become “knowing agents” again when shifting to organic 
agriculture. Innovative agricultural systems are knowledge-intensive and can benefit 
from a closer collaboration between farmers and scientists. This approach is consis-
tent with the Agricultural Knowledge Systems (AKS) paradigm, where organisation-
al and institutional changes have a large part to play, beyond the classical innovation 
pattern that gives priority to technological change (Elzen and Barbier 2012).

As for scientists, mixity also exists when they do not work exclusively within 
OF&F. This questions whether organic research defines specific objects or is in-
cluded in a wider research area (Sylvander and Bellon 2003). Various national as-
sessments (Denmark, France, the US, etc.) and papers (Watson et al. 2008) support 
the first position, based on the scientific outputs (mostly publications) resulting 
from the integration of organic research into universities and mainstream institutes. 
It can also be argued that both specific site and system interactions occur in organic 
agriculture where the range of variation of environmental and production factors is 
high (Hokazono and Hayashi 2012; Lyon et al. 2011). A combination of analytical 
and systemic approaches is relevant to tackle the variety of questions in OF&F. 
Whereas analytic research can contribute to our understanding of biological pro-
cesses and solve specific problems, systemic approaches can address the complex-
ity of real situations, a prerequisite for performance assessment, and enable the 
formulation of hypotheses to be tested analytically. Transdisciplinary research and 
partnerships also have an important role to play in understanding the complexities 
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of the ecological approach to agriculture typified by organic farming (Bellon et al. 
2011b; Cabaret et al. 2003; Sylvander and Bellon 2003).

The second section of the book tackles major challenges in terms of organic per-
formances. Evaluation is an important dimension for farmers, advisers and scien-
tists. Apart from its normative perspective, it can be seen as a valuation opportunity 
or as a deliberation on values, including those that are not as yet recognised on the 
market. This could also serve as a basis for outcome-based OF&F, whereas it is 
currently mean-based. Three main challenges are considered: environmental issues, 
animal welfare and the quality of organic products. As for environment, Chap. 12 
uses Life Cycle Analysis, a normalised method increasingly used in agriculture. 
Its application to organic fruit production shows a lower impact than comparable 
conventional systems when the results are expressed in ha/year. It also points out 
key steps of the production process and suggests some improvements in terms of 
methods and practices. At a global level, Chap. 13 consists in a review of the con-
tribution of organic agriculture to mitigate climate change, enhancing OF&F sys-
temic and multifunctional attributes. Whereas the application of high animal wel-
fare standards is part of the EU regulations (EC 834/2007), its implementation is 
still controversial. Chapter 14 examines the potential of combining a capabilities 
approach with other tools to meet a wider range of animal requirements. OF&F is 
also associated with a paradigm shift both in agriculture and science, thus calling 
for renewed scientific approaches and methods. Chapter 15 suggests such a shift, 
from a focus on animal production to another paradigm that leaves more room for 
animals and the workers who care for them. It is based on comprehensive fieldwork 
in various countries. Finally, three papers deal with the quality of organic products. 
Chapter 16 reviews the main characteristics of organic foods in terms of their nu-
tritional, safety and health aspects. It also provides methodological perspectives for 
further investigations. Chapter 17 completes the previous one and contributes to a 
knowledge gap in many reviews regarding the quality of animal products. It focuses 
on the quality of organic lamb. The last chap. 18 of the second section of the book 
refers to OF&F as a quality sign. It examines how the conventionalisation thesis can 
also affect organic standards and labelling. The co-existence of regimes of action, 
with different recommendation domains (input-based vs. process-based or product-
oriented) is considered as an asset for OF&F development.

1.5 � OF&F as a Prototype with its Own Dynamics  
and Diversity: Transition Pathways

A third interpretation of prototype refers to OF&F dynamics and internal diversity. 
It is also related to a design perspective in as much as (re)design is an endless 
and iterative process based on knowledge and practical acquisitions. In spite of 
its meaningful history (some 100 years), OF&F is still immature compared to the 
beginning of agriculture (10,000 years BCE). Various trends can be identified in 
recent OF&F dynamics, including internationalisation, globalisation, institutionali-
sation, specialisation and conventionalisation.
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A steady demand exists for organic products, together with a growing recogni-
tion of the impacts of OF&F on the environment and rural development. Moreover, 
OF&F is still growing in many countries, both in terms of area, number of farmers 
and range of products and services provided (Willer and Kilcher 2012). Such an 
internationalisation of OF&F can be viewed as an opportunity for many farmers, 
livelihoods and operators willing to change their practices or rationale. It also poten-
tially generates competition in the market arena and makes it necessary to reflect on 
the integration of newcomers in the organic agriculture sector. Adequation between 
supply and demand in organic products indeed varies among countries, but signs of 
decline in demand are appearing in the leading European countries. An imbalance 
between both terms entails risks of fluctuations in farmer income and product price. 
Efficient marketing and logistics also depend on critical mass and organisations. The 
structuring of commodity or value chains is at stake, including imports and exports, 
and some national plans or agencies include support for market organisation. Poli-
cies that encourage organic public procurement of food also contribute to fostering 
demand, whereas support payments vary among EU countries (Schwarz et al. 2010).

The globalisation of the organic sector has already been presented in two books 
(Halberg et al. 2006; Kristiansen et al. 2006), showing how new stakeholders can 
contribute to its growth and development without compromising OF&F anchorage 
in an “ecology of contexts” that provides a useful device for understanding agro-
ecosystems (Bland and Bell 2007). However, a persistent debate in the literature 
on agroecological farming and on the impact of agricultural research in general 
has been the question of scaling out (broad adoption over wide areas and by many 
farmers) and scaling up (institutionalising supportive policies for alternatives) suc-
cessful experiences (Pachicho and Fujisaka 2004), cited by (Rosset and Martínez-
Torres 2012). Scaling out relates to a classical lifecycle that considers innovation 
as a diffusion process depicted with an S-curve (Rogers 1995). Padel (2001) criti-
cised its relevance for conversion, based on a large number of studies of organic 
farmers in several countries over a 20-year time span. Among others, she observed 
that few studies have attempted to carry out a rigorous comparison of earlier and 
later adopters in terms of farm, market and personal characteristics. In fact, this S-
curve depicts the growth of a technology more than its development or adaptations 
over time. Likewise, growth targets for the organic sector are usually expressed 
in quantitative terms: market share, number of organic farmers, % of agricultural 
area (e.g. MacRae et  al. 2009). Scaling up relates to the development of OF&F. 
At the European level, environment is a driving factor that justifies support for or-
ganic farming and is therefore still a key component of OF&F development (Fleury 
2011; Guyomard 2009). Development also includes targets supported by national 
or regional action plans, combining a broader mix of measures than the recogni-
tion of environmental and other benefits of organic farming (Lampkin and Stolze 
2006). Such measures include research, training, advice, consumer promotion and 
market organisation. They contribute to extending an earlier trend, known as the 
institutionalisation of organic agriculture (Piriou 2002), which leads to a closer 
relationship between organic farmers and the agricultural profession, sometimes at 
the expense of alliances with other parties (consumers, civil society, etc.). Two other 
major trends have been identified in OF&F dynamics.
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Some authors describe the increasing specialisation of organic farms (Allard 
et al. 2000), at odds with the classical mixed crop-livestock organic model. Its con-
sequences would be an accentuation of technical problems such as weed control and 
fertilisation management and the parallel specialisation of research, development 
and extension, leading to a focus on a commodity approach to organics, as in the 
case of livestock production (Hovi and Garcia Trujillo 2000; Roderick et al. 2004). 
Other scientists instead put the accent on the process of conventionalisation, where-
by OF&F evolves just like within a conventional agriculture framework. It can be 
briefly characterised by the concentration of capital among fewer and larger grow-
ers and intermediaries who are better equipped to deal with retailers, the erosion 
of organic standards, the generalisation of substitution with prescribed or eligible 
inputs, and a greater dependence of farmers on input suppliers and supermarkets 
(Buck et al. 1997; Darnhofer et al. 2010; Hall and Mogyorody 2001). This evolu-
tion would eventually lead to a bifurcation into two distinct organic sub-sectors: a 
conventionalised one and a resistant one (Holt and Reed 2006).

An accepted definition and common principles provide an “organic” framework. 
However, differences appear in the implementation of principles and agricultural 
methods. There are also on-going debates on the level of requirements among coun-
tries and regions. This internal diversity has probably existed since the inception of 
OF&F. It entails composing with multiple and successive definitions and interpreta-
tions: from Sir Albert Howard in the 1940’s to IFOAM’s principles and missions 
that consist in leading, initiating and assisting the organic movements in their full 
diversity (IFOAM 2005). While acknowledging the diversity of organic farming 
and its subsequent development models (Sylvander et al. 2006), three issues are at 
stake. Firstly, the internal adaptive or evolution capability of organic farmers leads 
to continuous progress or innovation in existing organic systems. A second chal-
lenge consists in providing perspectives both to newcomers, with the combination 
of mixed or hybrid forms of production (partly organic) and chains (short, medium, 
long), and to the early converters. Finally, one remaining question is the balance to 
be maintained among farmers or farming system categories both in terms of devel-
opment models and pathways for the organic sector.

The organic sector demonstrated its capability to address these trends and issues, 
usually at its own initiative:

•	 New conventions and economies (FNAB 2012) are alternative strategies to the 
conventionalisation thesis.

•	 Food security and climate change have been dealt with in dedicated conferences 
(FAO 20072; Enita 20083), combining scientific inputs and field experiences.

•	 A Technology Platform (TP “Organics”) has prepared a Vision Research Agenda 
(Niggli et al. 2008) and a Strategic Research Agenda (Schmid et al. 2009).

2  International Conference on Organic Agriculture and Food Security, FAO, Rome 3–5 May 2007, 
Proceedings obtainable under: ftp://ftp.fao.org/paia/organicag/ofs/02-Edwards.pdf
3  Agriculture biologique et changement climatique: colloque International, ENITA Clermont-
Ferrand, 17–18 avril 2008, Clermont-Ferrand, France.
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More broadly, cultivating an ecological basis is also a challenge for organic agricul-
ture if it is to remain an ecological system (Francis 2009) or a sustainable farming 
system that advocates “strong ecological modernisation” and agroecological 
principles (Horlings and Marsden 2011). Several of the chapters in the book ques-
tion the above-mentioned trends and present research results that support or coun-
teract them, including at regional levels.

This introduces the last section of the book, dedicated to OF&F development 
pathways. It includes two main sections. The first one links the need to extend per-
formance criteria used in OF&F (beyond productivity as a major value) with a re-
newed organic framework that leaves room for other stakeholders. Indeed, societal 
expectations in terms of agricultural performances will determine public and policy 
measures for the promotion and extension of organics. The second one focuses on 
transition pathways in organic farming and food systems, including at territorial lev-
els. In the first section, Chap. 19 reviews the variety of goods and services derived 
from OF&F, based on the Canadian context. It suggests both practical and theoretical 
applications, in the form of a regional pilot initiative and a “civil commons” frame-
work. The following two chapters focus on the institutional framework of plant 
breeding methods in OF&F. Chapter 20 presents how the diversity of organic farm-
ing styles also entails different requirements in terms of varieties and, subsequently, 
of research needs. This also questions the breeding system and its evaluation proce-
dures. Chapter 21 proposes an innovative breeding scheme that responds to organic 
principles and the specific needs of farmers, based on participatory approaches and 
farmers’ networks. The last section of the book includes four papers that combine 
retrospective and prospective visions. The two first chapters provide information 
about the previously mentioned ESR model. Its promoter authored Chap. 22, which 
includes his position for redesigning agriculture. Beyond an opposition between 
deep to shallow organics, this chapter suggests that human beings and the sciences 
play a central role in transforming agricultural and food systems. Based on inter-
disciplinary work and case studies, Chap.  23 shows the interest of combining a 
diversity of agricultural systems and actors to foster transitions. Combinations occur 
both in space and time, including in the context of territorial and agri-food system 
dynamics. The next chap. 24 goes further. On the one hand, it questions the internal 
evolution capability of the organic sector. On the other, it shows its transformative 
potential with regard to the global agro-food system. In the case of the Camargue 
region (France), a protected area also known for its rice production, the last chap. 25 
shows how the regional extension of organic production can be considered, integrat-
ing three models for up-scaling OF&F in scenario analyses.

1.6 � Outlook

OF&F is more than a niche, considering its different meanings: (i) a niche market 
restricted to a segment for consumers willing to pay for qualities attached to certi-
fied products or environmentally-friendly production methods; (ii) an ecological 
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niche favouring a focus on some “hot spots” such as water catchments where con-
version would be encouraged; (iii) a technological niche (Elzen et al. 2012) that 
serves as a breeding ground where radical innovations that cannot initially fit into 
the main socio-technical regime (or agri-food system) can emerge. The combination 
of these three meanings is part of the idea of prototype, considered as an agri-food 
system of innovation (Allaire and Sylvander 1997), in the search for a new model 
of agricultural production and consumption. Compared with other alternatives that 
focus on environmental (low-input agriculture, precision farming), quality (PDO, 
PGI) or social (fair-trade) dimensions, OF&F embraces multiple dimensions that 
inextricably link food, farming and environment. OF&F thus contributes to recon-
necting food production and consumption, as well as to rethinking the relationships 
between agriculture and nature, while enhancing the natural tendencies of regula-
tions to reduce the use of pesticides. It also considers environment as a resource and 
takes relationships between science and society into account, while encouraging 
scientists to be sensitive to societal expectations. Shifting from a prototype to a gen-
eralisable model is still an issue. It would probably inspire and stimulate the entire 
agricultural and agri-food sector, master its own dynamics and co-evolve with other 
forms of agriculture.
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Chapter 2
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Abstract  Phosphorus (P) is a major nutrient for all living organisms and a key 
production factor in agriculture. In crop production, it is usually supplied to soils 
through fertilisers or recycled manure and compost. Organic production guidelines 
ban the use of highly soluble, manufactured P fertilisers and, thus, recommend recy-
cling P from livestock manure and compost. In this chapter, after an overview of P 
dynamics in soils, we explore the consequences of such guidelines in terms of field- 
and farm-gate P budget, soil P availability and crop productivity. Moreover, we 
propose some avenues for the more effective use of P resources, ranging from rhizo-
sphere-based processes (e.g., soil microorganism manipulation), genotype selection 
and cropping practices (e.g., intercropping), to farming system design (e.g., a com-
bination of crops and animals at the farm scale). Finally, the potential benefits of 
these options are compared with respect to soil P status, field- and farm-P budgets.
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2.1 � Introduction

Phosphorus (P) is a major nutrient for all living organisms and is a key produc-
tion factor in agriculture. Its scarcity in soils results in P being a limiting factor 
for crop production in many soils (Cordell et al. 2009). Crop production results in 
substantial off-take of P, making it necessary to replace P outputs by P inputs over 
the long term in order to avoid depleting the soil P reserve (except in soils with high 
P reserves; see Section 4).

IFOAM principles state that organic agricultural production is to be based on 
ecological processes and recycling. Inputs to organic farms should be reduced by 
reuse, recycling and efficient management of materials in order to maintain and im-
prove environmental quality and conserve resources. Therefore, organic agriculture 
should strive to attain ecological balance through the design of farming systems, 
the establishment of habitats and the maintenance of genetic and agricultural di-
versity like in natural ecosystems (www.ifoam.org). This is particularly true for 
nutrients such as P since the available P reserve in many soils is not large (even if 
notable exceptions to this exist), and P is not renewable in the same way as nitrogen 
since there is no notable atmospheric P reservoir. Moreover, manufactured, chemi-
cal P-fertilisers are banned in organic production guidelines. Only some types of 
P-containing products can thus be used. For example, European organic production 
regulations allow only two types of products: rock phosphates and P-containing 
organic materials (Council Regulation (EC) No. 834/2007).

Virtually all P-containing organic materials are derived directly or indirectly 
from rock phosphates. They are generally extracted from sedimentary deposits that 
contain apatite-like calcium phosphate minerals and are mainly located in North 
Africa, China and the USA (Cordell et  al. 2009; Jasinski 2011). However, rock 
phosphate reserves are facing over-exploitation, dissipation and poor recycling. 
Their depletion is projected over the next 50–100 years, depending on food and feed 
demand (Van Vuuren et al. 2010), but this is still subject to much debate. Therefore, 
in the coming years, rock phosphate prices are likely to rise.

These issues raise questions about the sustainability of P management in organic 
cropping systems. First, what are the consequences of organic cropping and farming 
systems for soil P status and crop yields? Second, can we identify some avenues for 
the better use of soil P reserves by taking advantage of the functional diversity of 
plants and soil organisms in the rhizosphere (i.e., the soil close to roots)?

In this chapter, we will introduce some basics about the fate of P in soils and 
P management. We will then focus on the options for better use of soil P reserves 
through an understanding of the fate of P in low-input soils, particularly considering 
rhizosphere dynamics. Finally, we will discuss the consequences of current crop-
ping and farming practices for P management in organic systems and will identify 
options for better P management at both the field and farm levels.
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2.2 � Phosphorus Dynamics and Management

2.2.1 � The Fate of P in Soils

Phosphorus exists in many different forms in soils that may be classified within five 
functional groups: P in soil solution; rapidly exchangeable adsorbed inorganic P; 
slowly exchangeable adsorbed or precipitated inorganic P; organic P; and microbial 
P (Fig. 2.1). Functionally, soil solution P is of utmost importance since crop roots 
can take up phosphate ions from this pool alone. However, these pools are intercon-
nected and their respective dynamics are strongly influenced by cropping practices 
as is shown below.

The sum of the different pools represents the total soil P. Its content varies con-
siderably with soil type and fertiliser history (Richardson et al. 2004; Tiessen 2008). 
It commonly ranges from 100 to 1000 mg P kg−1, but can be as little as 10–50 mg 
P kg−1 in deeply weathered soils, or reach several thousand mg P kg−1 in heavily 
fertilised soils that can be found in regions of intensive pig farming and pig slurry 
application in Denmark, the Netherlands, Catalonia in Spain or Brittany in France.

In arable soils, whether farmed organically or conventionally, a major proportion 
of soil P (up to 80 %) is made up of inorganic P (Pellerin et al. 2003). Inorganic P 
is bound to a range of P-bearing compounds, namely (i) positively-charged miner-
als (predominantly, metal oxides and clay minerals) onto which phosphate ions are 
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Fig. 2.1   Representation of the different P pools in soils. The different numbers refer to the main 
process affecting the P pools: 1, adsorption; 2, desorption; 3, precipitation; 4, dissolution; 5, organ-
isation; 6, mineralisation
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strongly adsorbed via surface complexation processes and that may be rapidly ex-
changed with the soil solution (Devau et al. 2011), and (ii) phosphate minerals that 
slowly release phosphate ions into the soil solution (Frossard et al. 2000; Hinsinger 
2001; Kizewski et  al. 2011). In neutral to alkaline soils, they are predominantly 
made up of the least soluble apatite-like calcium phosphates as well as more soluble 
octocalcium phosphate and dicalcium phosphate (Freeman and Rowell 1981; Lind-
say et al. 1989). In acidic soils, iron phosphates (such as strengite) and aluminium 
phosphates (such as variscite) can occur as well (Hinsinger 2001; Kizewski et al. 
2011). Soil pH plays a major role in determining both the equilibrium of dissolu-
tion/precipitation and of adsorption/desorption of all these P-bearing minerals and, 
thus, the availability of inorganic P (Devau et al. 2011; Hinsinger 2001). Soil or-
ganic matter can also be involved in surface complexation processes that control the 
fate of phosphate ions in soils.

Organic matter contains P that makes up the bulk of soil organic P. These organic 
compounds comprise inositol phosphates (from plants, notably phytate), phospho-
lipids and nucleic acids (DNA, RNA), AMP-ADP-ATP, etc. Their total amount and 
proportion can vary according to the content of organic matter, fertiliser history and 
vegetation. Total organic P is greater in forest and grassland soils (amounting to up 
to 90 % of total P in organic soils) than in arable soils. Turner et al. (2003) showed 
that organic P represented between 3 and 36 % of total P (in most cases, more than 
15 %) within a range of 18 arable soils in semi-arid, conventional agriculture in 
the US. Organic P is not directly available to plants since it requires hydrolysis by 
phosphatase-like enzymes, which are produced by plants and, more so, by many 
soil microorganisms.

Another pool of soil P is the microbial biomass P, i.e., contained in soil microor-
ganisms. It amounts to only 0.4–2.5 % of total P in arable soils, whereas it can reach 
up to 7.5 % in grassland soils (Bünemann et al. 2011) and 11 % in forest topsoils, 
excluding the litter layer (Achat et al. 2010). Nevertheless, it can play a major role 
in soil P availability, especially when its turnover time is short, which is usually the 
case for a large proportion of microbial P, 80 % of which have a turnover time of 
9 days in the study by Achat et al. (2010).

Only orthophosphate ions (H2PO4
-/HPO4

2-) within the soil solution are taken up 
by plant roots. However, as explained above, P is strongly bound to the solid fraction 
of the soil, either as inorganic or organic compounds with low solubility. Thus, their 
diffusion hardly extends over distances greater than 1 mm over a few days (Hins-
inger et al. 2005). As a consequence, the P concentration in the soil solution is much 
lower than the so-called extractable or labile soil P, and considerably lower than the 
total soil P content (Hinsinger 2001; Pierzynski et al. 2005). Typical concentrations 
of phosphate ions in the soil solution range from 0.1 to 10 µM (Hinsinger 2001). This 
makes the P concentration in soil solution the first key indicator of soil P availability. 
The phosphate ion concentration in the soil solution is decreased by root uptake but 
is replenished primarily through desorption of adsorbed ions and diffusion towards 
roots. The other mechanisms contributing to the replenishment of phosphate ions in 
the soil solution are the dissolution of phosphate minerals and the mineralisation of 
organic matter. Thus, the ability of a soil to replenish its P soil solution is referred to 

T. Nesme et al.



27

as the soil P buffering capacity. It corresponds to the second key indicator of soil P 
availability. Indeed, the replenishment of the soil solution and the diffusion of phos-
phate ions are the limiting steps of P acquisition by crop roots, as has been shown for 
a long time by plant nutrition models (Barber 1995; Tinker and Nye 2000).

2.2.2 � Phosphorus Management Principles in Agroecosystems

Soil P status is strongly influenced by cropping practices1 through plant uptake and 
removal from the field via crop products, as well as P inputs of both inorganic and 
organic fertilisers (Fig. 2.1). Regulations on organic farming only allow the input 
of rock phosphates and P-containing organic materials. However, rock phosphates 
may be contaminated by cadmium in proportions depending on sedimentary depos-
its. EU legislation had fixed a maximum of 90 mg cadmium per kg of P2O5 in rock 
phosphates (Commission Regulation (EC) No. 889/2008), but this limit is currently 
under discussion and might be raised. Additionally, rock phosphates, even finely 
ground, have poor solubility in all but very acid soils (pH < 5.5), making them poor-
ly efficient in neutral and alkaline soils that are common in European agricultural 
regions, as well as under low rainfall conditions such as in a Mediterranean climate, 
as shown in Australia (Bolland et al. 1997).

Phosphorus-containing organic materials may originate from animal manure, 
slurry and composts or from organic fertilisers (such as guano, blood, horn, bone 
and fishbone meals, etc.). These bone and fishbone meals actually largely consist of 
inorganic P, namely apatite-like calcium phosphate minerals, and therefore exhibit 
limited solubility in neutral and alkaline soils. Such materials are not necessarily 
produced under organic certification. However, IFOAM principles and European 
regulations exclude sewage sludge compost and all organic materials from indus-
trial animal production or livestock fed with genetically-modified crops (Commis-
sion Regulation (EC) No. 889/2008).

Thus, P input materials may be forbidden (e.g., chemical fertiliser), expensive 
and may require approval from an organic certification body if not produced on-
farm (e.g., organic fertiliser), poorly efficient (e.g., rock phosphate, bone and fish-
bone meals) or costly to transport (e.g., manure and slurries). This makes P man-
agement in organic systems a critical issue (Guppy and McLaughlin 2009). Indeed, 
there is a risk of not enough P input at the field scale, resulting in the depletion of 
soil P on the long-term and, ultimately, in the reduction of agricultural productivity. 
Alternatively, P may be applied in approved forms but in excess of requirements 
when P is not available in sufficient quantity (e.g., using rock phosphate in neutral 
or alkaline soils), resulting in P accumulation in soil, but with low productivity. This 
is why some authors suggest that regulations should be adapted to the new farming 
context (e.g., development of stockless farming) or should be more flexible to allow 
for the use of sewage sludge compost (Cornish and Oberson 2008).

1  In this chapter, the terms ‘crop’ and ‘cropping’ are considered in their general meaning, i.e., relat-
ing to arable crops as well as to grasslands pastures and horticultural crops.

2  Soil Phosphorus Management in Organic Cropping Systems
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Changes in soil total P are related to the soil P budget, calculated as the differ-
ence between total P input through supplied materials and output through harvested 
crop products, as well as environmental losses due to leaching, run-off and erosion 
(Cobo et al. 2010; Haileslassie et al. 2007) (Fig. 2.1). The budget provides insight 
into the increase or decrease of soil P reserves, with a negative P budget when soil 
P reserves decrease. If such a decrease is repeated over long periods of time, it may 
lead to nutrient scarcity that might negatively affect crop productivity. If the budget 
is strongly positive over time, it may lead to excess total P in soil, possibly increas-
ing losses through leaching, runoff and erosion.

Available soil P reflects the budget, as well as the dynamics between the various 
pools of P in the soil. Numerous methods have been developed to assess soil P avail-
ability (Harmsen et al. 2005). They are mostly based on soil P extraction by chemi-
cal means intended to mimic plants. While none of these methods has proven to be 
perfect, the Olsen P and ammonium-acetate lactate methods are the most commonly 
used (Fardeau et al. 1988). However, they are limited because they are not able to 
precisely predict the actual P bioavailability for a wide variety of plant species and 
soil types. Indeed, the complex biological, chemical and physical processes that 
contribute to soil P dynamics are not accounted for when P bioavailability is esti-
mated by chemical soil testing procedures alone. Their adequacy for assessing soil P 
availability in the context of organic, low input farming is even more questionable, 
given that such systems rely on the use of P compounds where P is not immediately 
available (e.g., rock phosphate or animal manure) and that microbial and other bio-
logical processes might be enhanced in organic farming (see Sect. 2.3). Therefore, 
we need to further assess the crop response to supplied P-containing materials in 
the low available P range to identify the need for a new, more mechanistic soil P test 
for organic systems.

Crop response curves to increasing doses of fertiliser P were designed several 
decades ago. They were used to establish threshold values. Basically, extra fer-
tilisation is not recommended when soil P tests are near the threshold, and inputs 
are recommended just to match outputs (except when P ‘fixation’, mainly through 
precipitation, is known to occur. However, in the past decades, much more P was 
added than required to replace outputs as an insurance against crop loss because P 
fertilisers were cheap, particularly in industrialised countries.

As a conclusion, there are two general options for maintaining or increasing 
available P in organically-managed soils, in addition to the minimisation of losses 
through runoff and erosion: (i) either by using the soil P reserves more efficiently 
through the management of the equilibrium among soil P pools to draw more P 
from the slowly available pool (organic and inorganic P). Plant and rhizosphere 
manipulation may help in this case (see Sect. 2.3); (ii) or by supplying rock phos-
phate or P-containing materials that are either purchased or come from internal 
recycling within the farms (see Sect. 2.4). These two options are discussed in the 
following sections.
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2.3 � Some Options for Better Soil P Management 
in Organic Farming Systems

The aim of this section is to review the mechanisms that determine the fate of soil P 
in organic farming systems, with the objective to show how these processes might 
be better handled through management practices.

2.3.1 � Making Better Use of Plant Functional Diversity 
to Acquire Soil P

Plants are capable of altering the soil in their rhizosphere where they may either 
increase or decrease the availability of nutrients through a range of root-induced 
processes: the release by roots of P-mobilising compounds such as protons/hydrox-
yls, carboxylates and phosphatases varies with plant species, plant nutritional status 
and soil properties, and is often triggered by P deficiency (Hinsinger 2001; Ragho-
thama and Karthikeyan 2005; Vance et al. 2003). In addition, the rhizodeposition of 
carbon-rich compounds stimulates both naturally occurring and inoculated micro-
organisms in the rhizosphere, which can alter the availability of soil P (Guppy and 
McLaughlin 2009; Richardson et al. 2009).

There is considerable variation between crop species, as well as for a given spe-
cies between genotypes, in terms of the capacity to acquire soil P. This means that 
we need to know more about the traits involved in soil P acquisition in order to make 
better use of such functional diversity in low input agriculture and organic farming. A 
difficulty is that those traits that are important for soil P acquisition are below-ground 
traits (Lynch 2007; Wissuwa et al. 2009) that are not readily measurable, relating 
either to root architecture and growth, or to root functioning (rhizosphere processes).

Lynch (2007) has stressed the importance of root architecture in relation to the 
poor mobility of phosphate ions in soils. Hence, plants need to develop a large 
volume of rhizosphere to access enough P from the soil. This also means that agri-
cultural practices that are prone to maintaining favourable soil physical conditions 
(low soil compaction) and, hence, root growth, should be implemented (e.g., use of 
organic amendments, soil tillage). Wissuwa (2005) showed that in rice, an increase 
of only 20 % in the root elongation rate could explain the ability of a P-efficient 
near-isogenic line of the common cultivar Nipponbare, which is P-inefficient, to 
take up three times more P under low P conditions. Ge et al. (2000) showed that 
root architecture had a greater impact when a steep vertical gradient of P avail-
ability occurred in the soil profile, which is usually the case in untilled soils. How-
ever, Hinsinger et al. (2005) showed that the rhizosphere volume was rather small 
when considering poorly-mobile nutrients such as P, suggesting the important role 
of other root traits involved in soil colonisation and access to soil P, such as root 
hairs and mycorrhiza. However, their quantitative contribution to P acquisition by 
field-grown plants is difficult to evaluate, and most of our knowledge is derived 
from controlled growing conditions in pots.

2  Soil Phosphorus Management in Organic Cropping Systems
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Gahoonia et al. (2001) and Gahoonia and Nielsen (2004a, b) demonstrated the 
major role of root hairs in extending the volume of the P depletion zone around roots 
and the potential to explore genotypic variation in traits such as root hair length and 
density in cereals, e.g., barley. While root hairs can extend up to 1–2 mm away from 
the root surface, mycorrhizal hyphae can extend from one to about 10 cm (Jakobsen 
et al. 1992; Thonar et al. 2011) and thus play a greater role in increasing the access 
to soil P. A few reports suggested that modern genotypes of cereals are less suscep-
tible to mycorrhizal symbiosis than older genotypes, landraces and ancestors (Het-
rick et al. 1993; Hetrick et al. 1996; Zhu et al. 2001). Moreover, the contribution 
of mycorrhizal symbiosis to plant nutrition is likely to be greater in organic than in 
conventional farming systems due to restricted inputs of P fertilisers and fungicides. 
In their long term DOK (bio-Dynamic, bio-Organic, and “Konventionell”) trial in 
Switzerland, Mäder et al. (2002) reported that root length colonised by mycorrhizal 
fungi in organic farming treatments was 40 % higher than in the control treatment 
corresponding to conventional management. However, the actual benefit of such 
mycorrhizal infections for improving crop productivity under field conditions is 
still subject to much debate (Smith and Smith 2011).

Besides increasing the size of the rhizosphere volume, there are other potential 
options for increasing acquisition efficiency in crop species through the manipulation 
of traits related to plant physiology, including root exudation of P-solubilising com-
pounds, e.g., protons/hydroxyls, carboxylates and phosphatase enzymes (Richardson 
et al. 2009). Dunbabin et al. (2006) showed that accounting for the exudation of a 
P-mobilising compound (a surfactant in that case, but the modelling exercise would 
apply to any) yielded a 14 % increase in P uptake in a soil with high P availability, 
while it amounted to a 50 % increase in a soil with low P availability. These rhizo-
sphere processes are not accounted for in plant nutrition models, which adequately 
predict P uptake in high or moderate P input conditions, whereas they underestimate 
P uptake under low input conditions (Hinsinger et al. 2011b; Mollier et al. 2008).

These results illustrate that such rhizosphere processes are likely to be of crucial 
importance in low input and organic farming systems. However, since most crop 
genotypes have been selected under high input conditions (e.g., high P), their ca-
pacity to adapt to low input conditions is therefore questionable (Ismail et al. 2007; 
Lynch 2007; Rengel and Marschner 2005). Indeed, we have probably counter-select-
ed those genotypes that may perform better under low P input cropping systems. Fur-
ther work is needed to show if there are likely to be significant benefits from select-
ing genotypes that perform better in terms of mycorrhizal responsiveness and release 
of P-solubilising compounds as has been attempted for traits such as rhizosphere 
acidification (Yan et al. 2004) and carboxylate exudation (Ryan et al. 2001; Vance 
et al. 2003). If so, breeders may revise breeding schemes in order to select genotypes 
that are more P-efficient, i.e., that perform best under low soil P availability, as was 
done in Southern France for organically-grown durum wheat by Desclaux (2005) 
and Desclaux et al. (2008), and in Europe for other cereals (Wolfe et al. 2008).

In addition to using genotypes that perform better, there are agronomic man-
agement options to make use of the functional diversity of plants to access soil P. 
First, using more diverse species in crop rotations makes sense for more effectively 
exploiting soil resources, as long as the subsequent crops are functionally diverse 
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in terms of their capacity to explore different soil horizons or P pools. Kamh et al. 
(1999) showed, for example, in a pot experiment, that white lupine was capable of 
increasing soil P availability for the benefit of the subsequent maize crop by tapping 
into pools that would have remained otherwise unavailable to the cereal. Other po-
tential effects for the subsequent crop must be considered, especially when includ-
ing more legumes in the rotations, which is typically the case in organic farming 
compared with conventional farming systems. Disentangling the various origins of 
the observed benefits is far from trivial.

A second option is based on intercropping in which a minimum of two different 
species are grown simultaneously in the same field (Malezieux et al. 2008). The 
benefit of such mixed-species systems has been extensively studied in the case of 
nitrogen efficiency in cereal-legume intercrops (see Bedoussac et al. 2014, Chap. 
3), but recent studies have suggested that the yield benefit in such intercropping 
systems could also result from improved P acquisition (Betencourt et al. 2011; Li 
et al. 2007). This may be the consequence of either niche complementarity or fa-
cilitation (Hinsinger et al. 2011a). Niche complementarity might occur if the two 
intercropped species make better use of soil P resources by a partitioning of time, 
space (soil horizons) and P pools (e.g., organic versus inorganic) between the two 
intercropped species. Betencourt et al. (2011) showed that facilitation occurred in 
the rhizosphere of durum wheat-chickpea intercrops, and especially under low P 
input conditions. So far, such processes have been little studied and, to our knowl-
edge, never in the context of organic farming systems. Horst et al. (2001) and Mc-
Neill and Penfold (2009) have, however, identified intercropping as one of the ag-
ronomic management options for P in low input cropping systems, and Hinsinger 
et al. (personal communication) are currently testing this option in the context of 
organic farming in Southern France.

2.3.2 � Making Better Use of Soil Organisms Involved 
in P Dynamics

In addition to the root-mediated rhizosphere processes mentioned above, P avail-
ability can also be considerably altered by soil microorganisms and fauna in the rhi-
zosphere as well as in the bulk soil (Guppy and McLaughlin 2009; Richardson et al. 
2009). Indeed, to acquire soil P, microorganisms have evolved a whole range of 
tricks similar to those developed by plants, i.e., releasing P-solubilising compounds 
such as acids, carboxylates and phosphatase-like enzymes. By producing phospha-
tases, soil microorganisms play a major role in the fate of organic P in soils and it is 
noteworthy that Oberson et al. (1996) and Mäder et al. (2002) have reported greater 
phosphatase activities in organically-managed soils compared with conventionally-
managed soils. This is in line with the findings of Mäder et al. (2002) and Oehl 
et al. (2004) who reported larger microbial biomass in organic farming treatments 
in their field trials. Oehl et al. (2004) found that microbial biomass C, N and P were 
consistently larger in organically-managed soils compared with conventionally-
managed soils. They also reported an increased basal mineralisation rate of organic 
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P in organically-managed soils. It should be mentioned, however, that most of these 
studies considered rather high P input conditions, while low input organic farming 
conditions have not been very documented in that respect. The roles of microor-
ganisms that are key players in soil P cycling (Bünemann et al. 2011) are therefore 
likely to be of utmost importance in organic farming, the problem being how to 
manage such microbial communities in order to improve P use efficiency.

Soil microbial communities can be altered by soil properties (organic matter, 
pH, availability of nutrients, activity of soil fauna, etc.), climate and farm practices 
(tillage, fertiliser and pesticide application, etc.), as well as plant cover. Plant spe-
cies can select their rhizosphere microbial communities, which makes the direct 
manipulation of the soil microbial community even more complicated (Richardson 
et al. 2009; Wissuwa et al. 2009). Most attempts to do so for improving P acquisition 
are based on the use of either mycorrhizal fungi or a whole range of P-solubilising 
microorganisms (PSM), which belong to many microbial groups. There is an abun-
dant literature on the potential use of PSM as inoculants to improve P acquisition 
in crops, for both bacteria (Rodriguez and Fraga 1999) and fungi (Wakelin et al. 
2007). Yet, most of them showed useful positive effects on crop growth only in 
pot experiments (Kucey et al. 1989; Richardson et al. 2009; Vessey 2003). In con-
trast, success stories of PSM inoculants in field-grown plants are rare, as for other 
plant growth-promoting microorganisms, with the notable exception of rhizobia and 
other N2-fixers such as Azospirillum (Richardson et al. 2009). As stressed by Rich-
ardson (2001) and Vessey (2003), the inconsistent response of microbial inoculants 
in various (soil x host plant) combinations is still a major impediment to their wide-
spread application. There are few field studies on the use of mycorrhizal and other 
microbial inoculants that indicate that this is a direction worth pursuing for its po-
tential application in low input agriculture and organic farming (Mäder et al. 2011).

While our knowledge of the rhizosphere processes involved in P acquisition ef-
ficiency of crops has considerably advanced over the recent decade, both at the root 
and microbial levels, it is still rather difficult to demonstrate and rate their relative 
contribution under field conditions. Further field assessment of such rhizosphere 
processes is needed before we can determine the most promising avenues for or-
ganic farming under a range of situations, from P-poor to P-rich soils, and P-input 
options, from strictly organic to inorganic (e.g., phosphate rocks).

2.4 � Phosphorus Management on Organic Farms

The aim of this section is to assess organic farmers’ practices in terms of P flows, 
soil P status and resulting crop yields at field and farm levels. At field level, P man-
agement results from fertiliser and manure application, crop production, residue 
management, etc. At farm level, P flows and soil stocks result from interactions 
between animal and cropping systems, material import and export and spatial dis-
tribution of cropping practices (Fig. 2.2).
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2.4.1 � Phosphorus Budget at Field Level

At field level, P management is generally assessed by means of a field-gate mass 
budget. The field is considered as a “black-box” and the P budget is calculated as 
the difference between total P inflow through imported materials, e.g., fertiliser, 
manure, compost, animal excretion during grazing, etc., and outflow through ex-
ported materials, e.g., crop products, grazed grass, losses due to erosion, etc. (Cobo 
et al. 2010; Haileslassie et al. 2007). The budget helps to assess the sustainability 
of a given cropping system in terms of increase or decrease of the soil P reserves. 
The budget also provides information about the details of the inflows and outflows 
that contribute the most to the field-gate budget. Therefore, budgets are important 
and essential criteria to be considered in practical guidelines for P management 
drawn up for farmers and their advisors. Different kinds of field-gate budgets may 
be calculated, depending on the limit of the modelled system and the flows under 
consideration (Watson et al. 2002). However, to integrate the temporal variability in 
the P budget that might be due to differences in the management of the crops within 
a rotation, the field-gate P budget is usually performed over the whole duration of 
the rotation. Indeed, moderate quantities of P fertiliser are applied in some poorly 
demanding crops such as cereals. However, large quantities of P amendments are 
used for P-demanding productions such as horticulture, through animal manure or 
slurry, as well as bone or fishbone meals and ground rock phosphate (Nelson and 
Janke 2007).

The field-gate budget generally depends on the farm-gate budget: P is usually 
applied in excess on any field of a given farm when this farm exhibits a largely posi-
tive farm-gate P budget, as in the case of intensive dairy or indoor pig production. 

Fig. 2.2   Representation of the P stocks and flows within mixed-farms. The numbers refer to the 
main internal P flows: 1, animal excretion; 2, crop uptake; 3, crop residues returned to soils; 4, crop 
products used as feed
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However, some variability in field-gate P budget may exist within a given farm due 
to preferences in allocating animal excreta and organic fertilisers among field plots 
(Capitaine et al. 2009). For example, in an experimental organic dairy farm in Nor-
way, the farm-gate P budget was − 6.3 kg P ha−1 year −1, whereas the P budget was 
positive for pasture and forage rape/Italian rye-grass crops and negative for other 
crops (Steinshamn et al. 2004). Understanding the relationship between farm- and 
field-gate budgets would require detailed modelling of farm management, nutrient 
flows within farms and their corresponding drivers. Except for some original works 
(Modin-Edman et al. 2007; Vanlauwe et al. 2006), such studies are lacking. They 
would, however, be useful for assessing the consequences of farm-gate nutrient 
budgets in terms of hot spots of soil depletion or over build-up.

It is commonly held that an objective of field-gate P budgets is to maintain a 
balanced P budget. However, the objective should depend on which of the two fol-
lowing situations is best suited. Whenever available soil P is near the optimum 
threshold for the production system in question (soil, crop type, targeted productiv-
ity), then the aim should be to strictly compensate outputs by inputs; a balanced, P 
budget would then be ideal, although hard to achieve at field level, even though it 
can be achieved at farm level. In that situation, if a positive P budget is maintained 
(presumably to maintain crop production), then P would build up in the soil and en-
vironmental risks such as losses through erosion would thereafter increase. In con-
trast, whenever available soil P is below the optimum threshold and some fraction 
of the P applied will be adsorbed, ending up in the slowly available pool of soil P, a 
positive P budget is needed for a while. As a consequence, the field-gate P budget is 
to be considered together with the soil P status.

Phosphorus can be brought to organically-managed soils through crop residues, 
rock phosphate, organic fertilisers or compost and manure, the latter being either 
produced on-farm or imported from organic or conventional farms. Of special con-
cern, particularly in the case of disallowance of manure from conventional farms, 
are the cases of stockless cropping systems that may lead to negative soil P budgets 
unless inputs of other approved sources of P are increased. Negative P budgets may 
not affect production for a period of time, depending on the initial soil-P status, but 
ultimately productivity is likely to decline once available soil P falls below criti-
cal values. Indeed, market prices for highly-profitable organic food crops such as 
cereals, sunflower or soybean have led to specialised cropping systems in stockless 
farms, with limited supply of composted on-farm manures (David et al. 2005). Such 
systems were recently assessed in France in two studies.

In the first study (ITAB 2011), 11 typical systems differentiated by the presence 
of alfalfa in the rotation and the use of irrigation were identified and analysed for the 
Centre, Ile-de-France, Pays de la Loire, Poitou-Charentes and Rhône-Alpes regions 
(Table 2.1). Despite variations in length of rotation from three to ten years, the an-
nual P removals varied within a narrow range from 11.4 to 17.5 kg P ha−1year−1. All 
systems except one received P fertiliser input with frequencies varying from every 
third year to five years out of six. The average P input at the rotation level varied 
widely from 0 to 48 kg P ha−1year−1. Alfalfa cutting represented a major removal 
of P from the field. Thus, all six cropping systems with alfalfa exhibited some P 
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deficit. The remaining five systems showed a balanced or positive P budget except 
the irrigated one (RA 2) that was characterised by the highest P removal due to a 
high productivity level of maize, wheat and soybean.

In the second study (Colomb et al. 2011), 44 stockless cropping systems were 
analysed in the Midi-Pyrénées region during the 2003–2007 period. The main ro-
tated crops were winter wheat (29 %), soybean (23 %), sunflower (11 %), lentils 
(9 %) and faba bean (9 %). Half of the systems were irrigated. The average annual 
P removals amounted to 8.7 ± 3.9 kg P ha−1year−1. Only ten cropping systems re-
ceived at least one P input over the four-year period (5 to 35 kg P ha−1year−1), e.g., 
manure, compost or approved commercial organic fertilisers. The mean annual P 
budget was  + 14.3 and −8.6 kg P ha−1year−1, respectively, for the P fertilised and un-
fertilised systems. The P budget decreased for both with increasing intensification 
as represented by energy consumption (Fig. 2.3). Energy consumption is used as an 
indicator of the management intensification level of the cropping systems. Increas-
ing energy consumption (via irrigation and mechanical weed control) meant higher 
yields, which led to higher P removals and lower P budgets in both the P fertilised 
and the non P fertilised cropping systems.

Both studies showed that field-gate P budgets could vary widely over a rota-
tion. Only a few cropping systems with a balanced or near balanced (within ± 5 kg 
P ha−1year−1) P budget have been found. These cropping systems belong to arable 
farms with access to P resources in close proximity. On the contrary, most stock-
less cropping systems suffered from a negative P budget. Such negative budgets 
may lead to low soil P status if repeated over long periods. However, their impact 
on crop yield is often limited in Europe because of the initial high soil P status due 
to massive use of P fertiliser prior to conversion to organic farming. It is likely to 
be different in other regions of the world where soil P status is not that favourable.
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Soil P status provides useful information on the present soil P availability. When 
coupled with a determination of the P budget, it offers a trend for this availability. 
Indeed, the pattern of increase or decrease of soil P status is fairly well explained by 
the field-gate P budget (Loes and Ogaard 2001; Messiga et al. 2012; Morel 2002). 
Published studies that assess the soil P status in organic farming are quite rare in 
Europe, perhaps because of the history of high fertiliser use prior to conversion and, 
until recently, abundant manure from conventional farming.

In general, these studies show that soil P is moderate or low in many organically-
managed soils. In Norwegian dairy farms, the soil P status assessed by the ammoni-
um-acetate lactate method was medium to high but decreased by 1.5 to 2 % per year, 
particularly in P-rich soils. On the contrary, the P status of the subsoil increased, 
probably due to some slight P leaching and increased ploughing depth (Loes and 
Ogaard 2001). In Dordogne (France), the soil P status of 46 organically-managed 
field plots assessed by the Olsen method ranged from 3.3 to 53 mg P kg−1, but 68 % 
of the soils sampled exhibited a P status lower than 20 mg P/kg soil, i.e., the thresh-
old below which the yield of low-demanding crops such as wheat is supposed to be 
reduced (Nesme et al. 2012). In Australia, “paired-farm” comparisons of organic 
and conventional farms were performed for dairy or extensive crop production sys-
tems. They showed that available soil P was consistently lower on organic than on 
conventional farms. However, a farm-gate P budget was not reported in any of these 
paired farm studies (Cornish 2009): lower available soil P may result from a nega-
tive P budget or from using sources of P that are ineffective in raising available soil 
P concentrations (e.g., rock phosphate in alkaline soils). Such reports of low P status 
in organically-managed soils should serve as a warning about potential negative 
consequences for crop yield. The relationship between crop productivity and soil 
P status in organic farming systems was recently thoroughly reviewed in Australia 
(Cornish 2009). It was concluded that many Australian extensive crop farmers ex-
perienced a yield reduction with organic farming. However, these yield reductions 
can generally not be attributed with confidence to the lower soil P status, and may 
be confused with weed, nitrogen or water stress. Additional research on this topic 
is definitively needed.

2.4.2 � Phosphorus Budgets at Farm Level

Organic principles encourage planned nutrient management across the farming sys-
tem. Farm-level management aims to benefit from interactions between animal and 
cropping systems, including the recycling of animal manure to cropland and of crop 
products fed to animals. Purchased animal feed also introduces P to the farm that 
is ultimately converted to manure (Fig. 2.2). Conceptually, mixed farming systems 
are the ideal organic farming systems (Kirchmann et al. 2008), as implied in the EC 
regulation and by the ecology principle of IFOAM.

However, while this principle encourages the recycling of organic matter and 
nutrients through livestock to cultivated land in integrated farming systems, the 
regulations also allow for flexibility in the application of production rules to allow 
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adaptation to local conditions, and this provision has allowed the development of 
specialised stockless farms in Europe. In Australia, extensive mixed farming sys-
tems are common, but many organic farmers appear to have difficulties managing 
P, even where they approach the ideal integrated crop-animal system, with the result 
that inputs of rock phosphate significantly exceed outputs in farm production (Cor-
nish 2009). Moreover, some organic farmers, particularly those using biodynamic 
systems, would like to have, or at least strive to have no farm external inputs i.e., 
self-sufficiency. In this case, the choice of management of P stocks and flows may 
become particularly critical and, in the end, soil P status may decrease. This diver-
sity of situations needs to be accounted for to assess the extent to which P manage-
ment depends on the type of farming system concerned.

At farm level, P management is generally assessed by farm-gate mass budget. 
Considering the same principle as explained above, the P budget is calculated as the 
difference between total P inflow through imported materials, e.g., fertiliser, animal 
feed, manure, straw, etc., and outflow through exported materials, e.g., milk, meat, 
grain, straw, culled animals, etc. (Cobo et al. 2010; Haileslassie et al. 2007). The 
budget ultimately provides insight into the increase or decrease of soil P reserves.

Farm-gate budgets have been extensively applied to organic farms both in the 
scientific literature and by extension services. One objective of these budgets is to 
assess the capability of organic farming systems to maintain soil P status close to 
the optimum threshold. Farm-gate P budgets also allow organic systems to be com-
pared to conventional systems in that respect. It is commonly hypothesized that the 
overall budget is highly dependent on the farming system (Berry et al. 2003; Oehl 
et al. 2002; Oelofse et al. 2010) and on the livestock density due to the import of 
feed. For example, in farms surveyed by Kirchmann et al. (2008) in Sweden, those 
with animals had a slight surplus of +1 kg P ha−1year−1, whereas stockless farms had 
negative budgets of −7 kg P ha−1year−1, with a risk of soil P depletion. However, 
extensive surveys of organic farms demonstrated that farm-gate P budgets could 
be positive or negative on both stock and stockless farms, and that the budget re-
ally reflected individual management rather than the type of farming system per se 
(Watson et al. 2002).

The comparison of 13 organic vs. 25 conventional dairy farms in Denmark 
showed that organic farms imported P through animal feed concentrate and manure 
for crops. However, for a given livestock density, organic systems exhibited lower 
P surplus (8 ± 3.7 vs. 14 ± 2.9 kg P.ha−1.yr−1) due to smaller feed import. Moreover, 
even if crop and animal product exports were smaller than on conventional farms, 
their overall ratio of P in exported products to P in imported products was higher 
(68 ± 26 % in organic vs. 46 ± 20 % on conventional farms). However, large variabil-
ity in P budgets was observed among each farm type (Nielsen and Kristensen 2005).

One of the largest studies of P budgets on organic farms comprised three differ-
ent counties (Skåne, Halland and Västra Götaland) and three different farm types 
in Sweden (Wivstad et al. 2009) (Table 2.2). This illustrates some interesting local 
variations in farming practices. However, overall, the organic farms studied showed 
a small surplus of P in crop, dairy and meat production systems. The positive re-
sults for organic crop farms reveal that 60 % of these farms brought in manure or 
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specialist organic fertilisers. In contrast, negative P budgets reflect export of P with 
very few or even no compensation by P inflow. Such results, yielding positive P 
budgets in organic, stockless crop farms associated with high rates of manure or 
organic fertiliser import, have already been reported by several authors (Nesme 
et al. 2012; Pellerin et al. 2003). For example, in Dordogne (south-western France), 
stockless organic farms had an average positive P budget of 17  kg P ha−1year−1 
due to massive import of manure, compost or organic fertiliser from neighbouring 
farms or urban sources, whereas stock farms had an average P budget of only 4 kg P 
ha−1year−1 (Nesme et al. 2012). These results confirmed that farm-gate P budget de-
pends more on individual management that determines farm inflows through import 
of materials (feedstuffs, straw, manure, compost and organic fertiliser) than on the 
type of farming system (stock vs. stockless, organic vs. conventional).

Farm inflows of organic materials depend on the availability of such materials in 
the agricultural geographic context. For example, in Dordogne, farm inflows were 
made possible by the characteristics of the region where materials could be easily 
exchanged among stock and stockless farms. More generally, such inflows are more 
common in Europe due to a higher concentration of livestock farming than in other 
regions oriented toward broad acre agriculture or extensive grazing systems such as 
Australia. Material exchanges among farms may also involve conventional farms 
(e.g., through import of manure or bedding materials), thus contributing to the im-
port of P from conventional systems and, ultimately, from conventional P fertiliser. 
This point has already been stressed by various authors (Kirchmann et al. 2008; 

Table 2.2   Phosphorus annual budget of organic and conventional crop, dairy and meat farms in 
three counties in Sweden based on data for 2001–2006

Arable farms Dairy farms Meat farms
Number P kg ha−1 Number P kg ha−1 Number P kg ha−1

All farms
Organic 76 6.1 107 2.3 93 2.8
Conventional 1535 − 0.8 1517 4.0 267 4.1
p-value1  < 0.0001 0.0112 ns
Skåne
Organic 32 4.2 18 − 0.3 31 0.6
Conventional 1017 − 2.5 661 2.8 113 3.9
p-value 0.0022 ns 0.0478
Halland
Organic 10 8.7 14 4.1 15 3.5
Conventional 66 3.9 157 6.5 26 7.0
p-value ns ns ns
Västra 

Götaland
Organic 15 5.4 35 2.6 23 1.1
Conventional 189 2.9 335 5.7 48 3.7
p-value ns 0.0016 0.0439
1 p-value indicates significance level of difference; a p-value of 0.05 indicates a significance level 
of 5 %; p-value > 0.05 is considered not significant (ns)
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Nesme et al. 2012; Oelofse et al. 2010). Studies that assess the flow from conven-
tional to organic farming systems, with conclusions about the real self-sufficiency 
of organic farming systems for P, are lacking. However, recent changes in the EU 
regulation on organic farming that came into effect in January 2009 (834/2007) 
meant that 100 % of the feed for organically-produced ruminant livestock must 
come from organic farms.

The gradual shift over time from allowing the import of some non-organic feed 
to 100 % organic feed, as well as changes in the regulation associated with manure 
import, mean that nutrient budgets calculated on organic farms in the past may not 
be relevant today. For example, Fowler et al. (1993) described an organic farm in the 
mid-1980s, which relied on the import of non-organic poultry manure. This would 
no longer be allowed since the EC Regulation 889/2008 bans the use of manure from 
‘industrial’ livestock systems. Such a change in the regulation also has consequences 
beyond the farm-gate budgets in terms of stressing the importance of ensuring that 
manures produced on organic farms are used on organic land, and that organic live-
stock feed is fed to organic livestock. This is at risk of yielding an overall depletion of 
P from organic land as a whole since the ability to bring in P from outside (i.e., from 
conventional agricultural products) is becoming more limited. It also means that or-
ganic crop farmers will need to start using rock phosphate and other approved inor-
ganic inputs. However, references to their efficiency in cropping systems are clearly 
lacking under European conditions where access to cheap manure-P and already 
high-P soils has meant little dependency on the direct application of rock phosphate.

2.5 � Conclusion

As shown above, different options exist for managing P and they depend on site-
specific conditions. They are summarised in Table 2.3. Phosphorus management 
and the resulting farm-gate P budgets depend on the type of farming system (stock 
vs. stockless, organic vs. conventional) but farmers may counter-balance this rela-
tionship through their management practices. However, organic farming systems 
generally exhibit moderate to low farm- and field-gate positive P budgets since 
many of them try to move toward nutrient self-sufficiency. Where these budgets 
are negative, the result will be a decrease in soil P availability, possibly limiting 
crop yield if repeated over long periods. Tightening regulations on the use of ma-
nure from non-organic sources may further lead to negative P budgets. In Europe, 
soil P levels are generally high as a legacy of high inputs in the past, but in organic 
systems with negative P budgets, P-deficiency will ultimately occur unless P is ac-
cessed from less-available soil resources and/or approved inputs are used.

A range of mechanisms to help access the slowly available P were reviewed. 
These include root characteristics, root/mycorrhizal fungi interactions, proton efflux 
or enzyme excretion by roots, and enhanced microbial rhizosphere activity that in-
fluences P availability in the soil close to roots. All these processes may represent 
a promising way for the more effective use of soil P reserves and for designing P-
efficient crop genotypes, although the benefits apparent under controlled conditions 
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are not always reproduced under field conditions. Moreover, these mechanisms al-
low plants to access the slowly available P, which itself is a finite resource. These 
rhizosphere mechanisms enable crops to operate at lower P levels so that less P is 
tied up in soil, but the crop P requirement will be the same if production of the same 
products is to be maintained at the same level. This points to another major avenue 
for improving P efficiency that has been much less explored in comparison with P ac-
quisition efficiency: internal use efficiency. Identifying crops and genotypes capable 
of producing high yields at lower internal P concentrations is another route towards 
decreasing P outputs in farming systems.

Several studies reported that rhizosphere processes such as phosphatase ac-
tivities and mycorrhizal colonisation of roots would be triggered by low soil P 
availability and, therefore, would possibly be enhanced under organic farming con-
ditions. However, studies that would quantify the contribution of such mechanisms 
to the crop P uptake are still missing. Indeed, the extension of these processes to 
the whole crop and to field conditions is still a big challenge. Such studies would 
undoubtedly be useful for organic farming systems as well as for many other farm-
ing systems that may be inspired by organic production principles in the context of 
future fertiliser P scarcity.

Table 2.3   Options for P management at field level
Positive field P budget Negative field P budget

Typical situation High rate of organic fertiliser 
application (e.g., for horti-
cultural production) 

High rate of manure applica-
tion produced on-farm 
(e.g., resulting from feed 
import and high livestock 
density)

No or small import of P-con-
taining materials while 
significant crop product 
exports

High soil 
P status

Massive use of soluble 
P fertiliser prior 
to conversion to 
organic farming 

Consequences: High P build-
up in soils and environ-
mental risks (runoff). 

Consequences: decrease in 
available soil P reserve. 

Long-term farming 
with positive P 
budget

Strategy: change in feed-
ing regime or livestock 
density

Strategy: maintain negative 
P budget for a while (how 
long?) and make use of 
crop and soil microbial 
functional diversity for 
mining soil P reserves

Low soil 
P status

Long-term farming 
with negative P 
budget or with use of 
unavailable P forms 
(e.g., rock phosphate 
in alkaline soils)

Consequences: some P will 
be adsorbed and end up 
in the slowly available 
soil P pool; enhanced role 
of microbial functional 
biodiversity. 

Consequences: decrease in 
available soil P reserves 
and risk for crop pro-
ductivity; enhanced role 
of microbial functional 
biodiversity 

Strategy: maintain positive P 
budget for a while

Strategy: change fertilisation 
strategy and/or crop and 
animal interaction at farm 
level
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Chapter 3
Eco-Functional Intensification by Cereal-Grain 
Legume Intercropping in Organic Farming 
Systems for Increased Yields, Reduced Weeds 
and Improved Grain Protein Concentration

Laurent Bedoussac, Étienne-Pascal Journet, Henrik Hauggaard-Nielsen, 
Christophe Naudin, Guénaëlle Corre-Hellou, Loïc Prieur, Erik Steen Jensen 
and Eric Justes

Abstract  Intercropping, i.e., simultaneously growing two (or more) species in the 
same field for a significant period of time but without necessarily concomitant sow-
ing or harvest, is a practice aimed at eco-functional intensification.

This chapter integrates a comprehensive amount of original data from field 
experiments conducted since 2001 on spring and winter cereal-grain legume inter-
crops in experimental and farm contexts in France and Denmark, in an attempt 
to generalise the findings and draw up common guidelines. We have shown that 
intercrops appear to be a useful agronomic solution for organic arable cropping, 
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particularly in low-N input systems, to enhance: (i) yields because of a general 
improvement of environmental resource use; (ii) cereal grain protein concentration 
due to a non-proportional competition for soil mineral N and other plant growth 
factors; and (iii) weed control compared to legume sole crops.

Therefore, intercropping can be a way to successfully produce organic grain 
legumes and cereals. However, it is difficult to propose generic crop technical pro-
tocols because of the multitude of production objectives and, hence, of combina-
tions of species, varieties, densities, structure and manuring strategies.

Consequently, it should be emphasized that: (i) the species and varietal traits 
suited to intercropping and organic farming will make it necessary to reconsider the 
varietal selection criteria; (ii) further mechanistic understanding of the behaviour 
of intercropping systems is required to be integrated into crop models; and (iii) the 
development of intercrops cannot take place without the participation of all of the 
actors in the value chain because of lock-in mechanisms.

Keywords  Environmental resource use · Management system · Nitrogen ·  
Eco-functional intensification · Cereal-grain legume intercrop · Protein concentration 
· Weed · Yield

3.1  Introduction

Organic farming is based on a higher cropping system diversity than its convention-
al counterpart and is regarded as a prototype capable of enhancing the sustainability 
of agriculture and cereal-rich cropping systems. Nevertheless, organic arable crop 
rotations in temperate regions consist mainly of sole crops (SC; pure stands), with 
the exception of diverse pastures in farming systems with livestock (Hauggaard-
Nielsen et al. 2001b).

In organic farming, nitrogen (N) availability can be limiting, especially in the 
absence of livestock (David et al. 2005a, b), and leads to decreases in cereal yield 
and lower protein concentration. For these reasons, integrating legumes with sym-
biotic fixation of atmospheric N2 is essential for balancing nitrogen exports from the 
system. New agronomic solutions should be developed that address multifunction-
ality, including: (i) higher yields; (ii) improved quality; (iii) supply of ecosystem 
services; and (iv) the adaptation of production systems to climate change (IAASTD 
2009). Intercropping (IC) cereals and legumes, i.e., simultaneously growing two (or 
more) species in the same field for a significant period of time but without neces-
sarily sowing or harvesting them at the same time (Willey 1979; Vandermeer et al. 
1998; Malézieux et al. 2008), is a practice for eco-functional intensification, which 
is considered as a means to enhance yields in organic farming (Niggli et al. 2008). 
However, due to the intensification of agriculture over the last 50 years (Crews 
and Peoples 2004), annual intercropping is now rare in European countries (except 
for animal feeds) and elsewhere in intensive farming systems (Anil et  al. 1998; 
Malézieux et al. 2008). Nevertheless, because of the numerous ecosystem servic-
es provided by introducing cereal-legume intercropping (Hauggaard-Nielsen and 
Jensen 2005), there seems to be a renewed interest in cereal/legume intercrops in 
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Europe, notably in organic farming (Anil et al. 1998; Malézieux et al. 2008) for the 
purpose of eco-functional intensification.

Intercropping has been shown to increase and stabilise yields (Hauggaard-
Nielsen et al. 2009b; Lithourgidis et al. 2006) and to increase cereal grain protein 
concentration and baking quality compared to sole crops (Gooding et  al. 2007), 
particularly in low-N input systems and organic farming where N can be a limiting 
resource (Corre-Hellou et al. 2006; Bedoussac and Justes 2010a, b; Naudin et al. 
2010). Intercropping has also been shown to: (i) improve soil conservation (Anil 
et al. 1998); (ii) favour weed control (Vasilakoglou et al. 2005; Banik et al. 2006; 
Corre-Hellou et al. 2011); (iii) reduce pests and diseases (Trenbath 1993; Altieri 
1999); and (iv) provide better lodging resistance (Anil et  al. 1998). In contrast, 
grain legumes such as peas ( Pisum sativum L.), grown as sole crops, are known to 
be weak competitors towards weeds (Wall et al. 1991; Townley-Smith and Wright 
1994; Mcdonald 2003), and weed infestations have been shown to severely limit 
the N nutrition and grain yield of organically-grown grain legumes (Hauggaard-
Nielsen et al. 2001b; Corre-Hellou and Crozat 2005). Moreover, grain legume sole 
crops are sensitive to lodging and affected by numerous pests and diseases, which 
can cause serious yield losses in organic farming where pesticide use is forbidden. 
Thus, from these perspectives, intercropping can be a way to successfully produce 
organic grain legumes (Hauggaard-Nielsen et al. 2007).

The main objective of this study was to analyse and describe the potential advan-
tages of cereal-grain legume intercrops for grain yield, grain protein concentration 
and weed control in organic cropping systems. This chapter integrates a compre-
hensive amount of original data from field experiments conducted since 2001 in 
France (southern and western, with contrasting soil and climatic conditions), and 
in Denmark, in experimental and farm contexts, on spring and winter cereal-grain 
legume intercrops (Table 3.1), in an attempt to generalise the findings in order to 
draw up more common guidelines.

The intercrops evaluated were as follows: (i) spring barley ( Hordeum vulgare)-
spring pea ( Pisum sativum); (ii) spring barley-spring faba bean ( Vicia faba); (iii) 
soft wheat ( Triticum aestivum)-winter pea; (iv) soft wheat-spring faba bean; (v) 
durum wheat ( Triticum turgidum)-winter pea; and (vi) durum wheat-winter faba 
bean. The experiments cover a wide range of management practices to evaluate 
their effects on competition, such as: (i) with or without N fertilisation (up to 100 kg 
mineral N ha−1); (ii) sowing in separate rows or mixing within the same row; and 
(iii) different cereal/legume sowing proportions. Intercrops were always compared 
with the corresponding sole crops sown on the same date, receiving the same N 
fertilisation and harvested at crop maturity (that of the later crop in intercrops).

3.2  Yield Advantages and Cereal Quality Improvement

Fulfilling the cereal N demand is crucial for obtaining profitable yield and grain 
quality (Garrido-Lestache et al. 2004). Consequently, cereals are generally fertilised 
with high levels of N using considerable amounts of organic inputs like animal and 
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green manuring. However, in lower N input systems, an eventual limiting N level 
makes it difficult to reach a sufficient grain yield and protein concentration as re-
quired by the agro-food industries both for soft wheat to make bread and for durum 
wheat to make semolina and pasta. Cereal-legume intercrops might be a way to 
increase total grain yield per area and grain quality, in particular, protein concentra-
tion (e.g., Gooding et al. 2007; Bedoussac and Justes 2010a; Naudin et al. 2010), 
which are the most obvious advantages emphasized when trying to convince farm-
ers to adopt intercropping strategies in organic farming systems.

3.2.1  Intercropping Increases Total Grain Production

Over a wide range of intercropping studies, the total grain yield of the intercrop 
(cereal plus legume) is on average 3.3 ± 1.0 Mg ha−1, which is: (i) nearly always 
(in 91 % of our trials) more than the mean yield of the respective sole crops 
(2.7 ± 0.9 Mg ha−1; Fig. 3.1a); (ii) greater (in 64 % of our trials) than the sole cropped 
cereal yield (2.9 ± 0.9 Mg ha−1; Fig. 3.1b); and (iii) greater (in 83 % of our trials) 
than the sole cropped legume yield (2.4 ± 1.4 Mg ha−1; Fig. 3.1c). Independent of 
cropping strategy, the cereal is most often more productive than the legume. Fur-
thermore, the proportion of cereal in the intercrop is greater than that calculated 
on the basis of the sole crops, which indicates that the cereal is more competi-
tive (Vandermeer et al. 1998). The relative advantage of the intercrops seems to be 
greater when the yield of the respective sole crops is quite low and when the quan-
tity of soil mineral N is limited.

3.2.2 � Intercropping Improves the Protein Concentration  
of the Cereal Grain

Our results confirm that the protein concentration of the intercropped cereal is al-
most always greater than that of the respective cereal sole crop (11.1 ± 1.7 % and 
9.8 ± 1.7 %, respectively; Fig. 3.2a). The complementarity between the cereal and 
legume is observed when the cereal sole crop protein concentration is at the low 
end. In the case of legumes, there is no difference between the intercrop and the 
sole crop condition in grain protein concentration (24.8 ± 3.9 % and 24.9 ± 4.3 %, 
respectively; Fig. 3.2b).

Our results confirmed those obtained both in conventional agriculture and organ-
ic farming, showing a general improvement of environmental resource use when 
intercropping (e.g., Jensen 1996a; Bedoussac and Justes 2010a; Hauggaard-Nielsen 
et al. 2009b). Moreover, present results confirm that the relative advantage of the 
intercrops seems to be greater when the yield of at least one of the sole crops is 
limited in one way or another, which can quite often happen in organic farming and 
low-N systems (Hauggaard-Nielsen et al. 2003; Corre-Hellou et al. 2006; Bedous-
sac and Justes 2010b).

3  Eco-functional Intensification by Cereal-Grain Legume Intercropping …



52

Fi
g.

 3
.1

.  
In

te
rc

ro
pp

in
g 

in
cr

ea
se

s 
to

ta
l g

ra
in

 p
ro

du
ct

io
n.

 R
el

at
io

ns
hi

p 
be

tw
ee

n 
to

ta
l g

ra
in

 y
ie

ld
 o

f t
he

 in
te

rc
ro

p 
( I

C
 c

er
ea

l +
 le

gu
m

e)
 a

nd
 a

 m
ea

n 
so

le
 c

ro
p 

(S
C

), 
b 

ce
re

al
 S

C
 a

nd
 c 

le
gu

m
e 

SC
. N

um
be

rs
 in

si
de

 th
e 

sy
m

bo
ls

 in
di

ca
te

 th
e 

ex
pe

rim
en

ta
l s

ite
 ( 1

 S
ou

th
er

n 
Fr

an
ce

; 2
 W

es
te

rn
 F

ra
nc

e;
 3

 D
en

m
ar

k)
. H

W
 D

ur
um

 
w

he
at

, S
W

 S
of

t w
he

at
, B

 B
ar

le
y,

 F
 F

ab
a 

be
an

, P
 P

ea
. S

in
gl

e 
as

te
ris

ks
 (*

) a
nd

 tr
ip

le
 a

st
er

is
ks

 (*
**

) i
nd

ic
at

e 
th

at
 li

ne
ar

 re
gr

es
si

on
 is

 si
gn

ifi
ca

nt
 a

t P
 =

 0.
05

 a
nd

 
P 

= 
0.

00
1,

 re
sp

ec
tiv

el
y 

( N
 =

 58
)

L. Bedoussac et al.



53

3.3 � Complementarity and Competition Between 
Associated Species for Use of Resources

3.3.1  Improved Light Interception

In the absence of limiting or reducing abiotic and biotic factors such as water or 
nutrient availability, pests, diseases and weeds, the crop dry matter yield depends 
mainly on the radiation absorbed (Loomis and Williams 1963), and this applies both 
to the sole crop (Shibles and Weber 1966; Monteith 1977; Kiniry et al. 1989) and 
intercrop growing conditions (Natarajan and Willey 1980; Sivakumar and Virmani 
1984; Bedoussac and Justes 2010b).

Intercrops are known to be more efficient compared to sole crops for light in-
terception and use (Jahansooz et al. 2007) because of species complementarity in 
space—when crops differ in their shoot architecture—and time—when crop life 
cycles differ (Trenbath 1986; Tsubo et al. 2001; Tsubo and Walker 2002). These dif-
ferences and interspecific complementarities allow a better dynamic occupation of 
the space and, hence, an increase in light interception throughout the growth of the 
intercrop and, finally, higher global biomass and grain yield.

Fig. 3.2   Intercropping improves the protein concentration of the cereal grain. Relationship 
between grain protein concentration in intercrops and a the sole cropped (SC) cereal and b the SC 
legume. The grain protein concentration was calculated by multiplying the nitrogen concentration 
by 6.25 for the legume and the barley (animal consumption) and by 5.7 for soft and durum wheat 
(human consumption). Numbers inside the symbols indicate the experimental site ( 1 Southern 
France; 2 Western France; 3 Denmark). HW Durum wheat, SW Soft Wheat, B Barley, F Faba bean, 
P Pea. A single plus (+) indicates that linear regression is significant at P = 0.10 ( N = 58)

3  Eco-functional Intensification by Cereal-Grain Legume Intercropping …
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3.3.2 � Non-Proportional Competition for Soil Mineral N  
and Other Plant Growth Factors in the Intercrop Results  
in Higher Soil Nitrogen Availability Per Cereal Grain

To increase yield and improve grain protein concentration, it is necessary to obtain 
more remobilised N in the grain during the final part of the crop cycle. Using a 
simplified theoretical scheme representing crop yield and mineral N available for 
the intercrops and cereal sole crops (Fig. 3.3), it can be demonstrated that a greater 
quantity of N per kg of grain is available for the intercropped cereal than for the pure 
cereal, i.e.:

Nmin
Y

Nmin
Y

 onlIC-Cereal

IC-Cereal

SC-Cereal

SC-Cereal

>






, yy if
Y Y

Y
Ndfsoil
Nmin

SC-Cereal IC-Cereal

SC-Cereal

IC-Legume

S

−
>

CC-Cereal

where NminSC-Cereal and NminIC-Cereal are the quantity of available soil mineral N for 
the SC cereal and IC cereal, respectively, NdfsoilIC-Legume is the mineral N absorbed 
by the IC legume, and YSC-Cereal and YIC-Cereal are the grain yield of the SC cereal and 
IC cereal, respectively.

For a partial data set ( N = 191), we found that on average, these conditions were 
verified because: (i) (YSC-Cereal−YIC-Cereal)/YSC-Cereal = 0.332; and (ii) soil mineral N 
accumulated in the shoots of the intercropped legume (NdfsoilIC-Legume) represented 
barely 17 ± 14 % (on average 21 ± 24 kg N ha-1)3 of the total available soil mineral 
N4 to a first approximation.

The greater efficiency generally observed in intercrops can be explained by the 
fact that the two intercropped species use N sources (mineral soil N and atmo-
spheric N2) in a complementary way (Jensen 1996a; Bedoussac and Justes 2010a; 
Corre-Hellou et al. 2006). Indeed, the legume is forced to rely on N2 fixation be-
cause the cereal is more competitive for soil mineral N (Hauggaard-Nielsen et al. 
2001a; Bellostas et  al. 2003), which leads to a rapid decrease in the quantity of 
available mineral N in the surface soil layer (the zone of symbiotic fixation), caus-
ing an increase in the N2-fixing activity of the legume compared with sole crops 
(Jensen 1996a; Corre-Hellou et al. 2006; Hauggaard-Nielsen et al. 2009b; Naudin 
et  al. 2010). When combining the different experiments and growing conditions 
in organic farming, our results confirmed a higher percentage of N derived from 

1  We considered the data subset for which all the variables needed for the calculation were avail-
able.
2  YSC-Cereal = 2.9  ±  0.6 Mg ha−1 and YIC-Cereal = 2.0  ±  0.7 Mg ha−1on average.
3  The nitrogen accumulated in the shoots of the intercropped legume was on average 
54  ±  36 kg N ha−1, of which only 21   ±  24 kg N ha−1 came from the soil (the percentage of plant N 
derived from N2 fixation was determined using the 15 N natural abundance method for unfertilised 
treatments, according to Amarger et al. (1979), Unkovich et al. (2008) and Bedoussac and Justes 
(2010a).
4  Total available nitrogen (112  ±  38  kg  N  ha−1) was estimated as the sum of the N accumu-
lated by the SC cereal (62  ±  21  kg  N  ha−1) and the soil N residue at harvest of the SC cereal 
(50  ±  28 kg N ha−1).
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air (%Ndfa) in intercropped legumes than in sole crops (on average, 75 ± 18 % and 
62 ± 16 %, respectively).

A second hypothesis (which does not exclude the first one) that explains the 
improvement in the protein concentration of the intercropped cereal is based upon 
a better fit of the N availability to the cereal requirements, depending on the devel-
opmental stage and the yield level. This supports the previous explanation that the 
effect of intercropping is small or absent when large quantities of soil mineral N are 
available.

These hypotheses might only be part of the explanation because several authors 
have shown the effects of the legume on facilitating the absorption of soil mineral 
N by the cereal (Stern 1993; Xiao et al. 2004) and the transfer of N from the legume 
to the cereal (Jensen 1996b). However, in view of the total quantity of N available 
in agricultural systems, these processes of N transfer from the legume to the cereal 
are regarded as small, even if they can contribute up to 15 % of the N absorbed by 
barley in intercrops with peas (Jensen 1996b).

3.3.3  Less Light and Nitrogen Available to Weeds

Intercrops can potentially reduce weeds (Vasilakoglou et al. 2005; Banik et al. 2006; 
Corre-Hellou et al. 2011), often regarded as key factors influencing crop produc-
tion (Liebman 1988; Liebman and Davis 2000; Hauggaard-Nielsen et al. 2001b). 

Fig. 3.3   Theoretical scheme linking grain production and the availability of mineral nitrogen for 
an intercropped and sole cropped cereal

3  Eco-functional Intensification by Cereal-Grain Legume Intercropping …
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In particular, intercrops can help to suppress weeds in not very competitive crops 
such as peas and other grain legumes, even with a low percentage of cereal in the 
total biomass, as observed in pea-barley intercrops (Corre-Hellou et al. 2011). In 
our experiments, the weed biomass within the intercrops or the cereal sole crops 
are comparable (0.40 Mg ha−1; Fig. 3.4a) and significantly lower than within the 
legume sole crops (1.38 Mg ha−1; Fig. 3.4b).

This weed reduction can be explained by improved resource use leaving less re-
sources available for the weeds. Nitrogen and light are two main growth parameters 
involved in such weed suppression because of the intercropped species complemen-
tarity such as: (i) use of N (soil mineral N and atmospheric N2); (ii) capture of light 
energy (e.g., Bedoussac and Justes 2010b); and (iii) soil cover (Anil et al. 1998).

3.4  �Designing Appropriate Intercrop Management 
Systems

Designing crop management systems—the logical and sequentially arranged tech-
niques applied on a farm field to achieve a given production objective (Sebillotte 
1974)—is much the same for intercrops and sole crops, except that the choices have 
to be made for several crops instead of just one.

In multi-species mixtures (two or more), the interactions between species can be 
represented as the effect of one species on the environment and the response of the 

Fig. 3.4   Intercropping improves the weed control of the legume. Relationship between weed dry 
weight below intercrops (IC) and a the sole cropped (SC) cereal and b the SC legume. Weed dry 
weight below intercrops (IC) as a function of a Cereal sole crops (SC) and b Legume SC. Num-
bers inside the symbols indicate the experimental site ( 1 Southern France; 2 Western France; 3 
Denmark). HW Durum wheat, SW Soft wheat, B Barley, F Faba bean, P Pea. Single asterisks (*) 
and triple asterisks (***) indicate that linear regression is significant at P = 0.05 and P = 0.001, 
respectively ( N = 43)
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other (one or more) species to this change (Vandermeer 1989; Goldberg 1990). The 
interactions are complex, occur dynamically over time and space (Connolly et al. 
1990) and depend, inter alia, on the availability of nutrients, soil-climatic condi-
tions and the companion species and cultivars.

As discussed by Naudin et al. (2010), adoption of intercropping strategies might 
be guided by several production objectives such as: (i) improving the quality of 
the cereal by maximising the availability of soil mineral N and by increasing the 
symbiotic fixation rate of the legume; or (ii) producing legumes using intercrops by 
reducing weed pressure and spread of diseases and pests because of a cereal physi-
cal barrier effect, and by providing mechanical support to avoid pea lodging.

The choices of species, varieties, plant densities, patterns and N fertilisation lev-
els are regarded as the determining factors of the functioning and performance of 
intercrops. Interactions between these various technical choices in relation to the 
production objective make generalisations rather difficult. However, two general 
rules can be defined: (i) improve the use of light energy; and (ii) improve the use 
of N sources.

With respect to light, the dominant species should have a shoot architecture and 
biomass production that allows a reasonable amount of light to reach the understo-
rey (Berntsen et al. 2004; Jahansooz et al. 2007). In the case of durum wheat/winter 
pea intercrops (Bedoussac 2009), a short-strawed durum wheat variety would be fa-
voured to intercrop with winter peas, and a long-strawed one for IC with faba beans. 
Moreover, with the objective of improving the protein concentration for the cereal, 
a cereal variety with good sole crop characteristics (grain protein concentration, 
vitreousness, bread-making quality, etc.) would be preferable, but at the same time, 
should have sufficient sensitivity to leguminous interspecific competition to secure 
complementary interactions.

In intercrops, the optimal total plant density can be greater than that of each of 
the sole crops because of the complementarity between species (e.g., maize/bean 
mixtures) (Willey and Osiru 1972). The increase in plant density increases the com-
petition between the components of the mixture, which, as Willey (1979) noted, 
tends to favour the dominant species. Consequently, an increase in the density of 
the dominated species would be favoured (more than 50 % of that in sole cropping) 
and/or a reduction of that of the dominant species (less than 50 % of that in sole 
cropping) to manage competitive effects.

Apart from species, varieties and densities, variations in spatial structure of inter-
crops (such as mixtures within the row or alternate rows or strips of varying width) 
and row orientation will modify the distribution of radiation, water and nutrients. 
Such effects were reported on maize-pigeon pea mixtures (Dalal 1974), maize/soya 
and sorghum/soya mixtures (Mohta and De 1980) or barley/pea intercrops (Chen 
et al. 2003). Consequently, densities should be chosen according to the spatial ar-
rangement of the species, their competitivity and the production objectives.

Nitrogen availability as a result of organic N fertilisation strongly affects species 
complementarity. Increased availability of soil mineral N in early growth stages 
will result in: (i) reduced amounts of fixed N; (ii) reduced legume yield; and (iii) a 
correspondingly increased cereal yield. Conversely, late availability of soil N will 
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have little or no effect on the overall symbiotic fixation and yield of the legume 
but will improve the protein concentration of the cereal. Unlike mineral N, which 
is immediately available, organic manures undergo soil microbial mineralisation. 
Consequently, only early applications of organic N from animal manure, green ma-
nuring, etc., can have an effect on the behaviour of the intercrop and, in particular, 
on the proportions of the two species at harvest. Early competitive advantages are 
often found to form the basis for a competitive dominance throughout the growing 
season (Andersen et al. 2007).

Mechanical weeding using a tine harrow (an effective tool widely used in or-
ganic farming) can be very efficient provided that the operation is correctly timed. 
However, the optimal growth stages for its use on each of the two species can differ 
enough so that the time window for using the tine harrow in an intercrop is shorter. 
Hence, this technique must be applied with care and certainly requires more techni-
cal skill when applied to intercrops.

Evaluation of intercrops should not only be considered in terms of crop manage-
ment practices but should also include the cropping system. Integration of intercrops 
within traditional rotations and their subsequent crop effects and minimum time of 
return between two intercrops, among other issues, needs to be clarified in future 
studies. For example, if the intercrops significantly reduce the pest and disease pres-
sure, it may be possible to reduce the return times compared with sole crops. It is 
also reasonable to imagine the successive cropping of different cereal/grain legume 
intercrops whose possible combinations are numerous and, for the more southerly 
climates of Europe, to consider summer crops (e.g., sunflower/soya).

3.5  What is the Economic Benefit of Intercropping?

Crop rotation, soil fertility, commodity price and the availability of a market, etc., 
are some factors that influence crop preference by farmers and the adoption of inter-
crops. The potential economic advantage of intercrops depends on the selling prices 
of the crops and, in particular, on the differential between cereals and legumes, 
which is a difficult figure to obtain when prices are volatile. In general, we observe 
that the sale price of organic grain legumes is higher than that of standard quality 
wheat and comparable to that of high quality wheat.

From the micro-economic point of view, there is an economic advantage of in-
tercropping in organic farming due to the increase in total grain yields in intercrops 
compared to the respective sole crops, especially the grain legume sole crops and, 
particularly, for years when one of the respective sole crops produces low yields. In 
some years, intercropping might lead to an intermediate net income for the farmer, 
but it is regarded as a better safeguard for the farmer’s earnings compared to sole 
grain legume cropping. Indeed, grain legumes have a reputation for low yield and 
low yield stability in organic crop rotations, which is linked to several factors such 
as water stress intolerance, harvest difficulties due to lodging or late maturity, dis-
eases (e.g., Ascochyta spp., Botrytis spp., Erypsiphe spp.) or because they are weak 
competitors for weeds.

L. Bedoussac et al.
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The economic value of intercrops will increase through quality improvements 
such as increased wheat grain protein concentration and reduced hard wheat vitre-
ousness, giving access to the market for direct human consumption with higher sell-
ing prices. Focusing on wheat-faba bean intercrops over five regions across Europe 
and three seasons, Gooding et al. (2007) showed an economic benefit of intercrops, 
despite a 25–30 % reduction in wheat yield. This resulted from the added value of a 
higher crude protein concentration of intercropped wheat, combined with the effec-
tive marketing of the legume crop.

However, intercrops can be sold for the human consumption market only if crops 
can be correctly sorted. For that reason, the main obstacle to the development of 
intercrops for the companies collecting and storing the seeds is the capacity for 
sorting large volumes efficiently, quickly and cheaply. On the basis of a preliminary 
survey of French companies that collect and store the seeds, it seems possible to 
correctly separate the grains of the two species, provided that they sufficiently differ 
in size and/or shape and that the mixture does not contain too many broken grains. 
To reach the latter objective, it has to be ensured that: (i) the species and varieties 
reach maturity at similar dates; and (ii) the combined harvester adjustments are 
made to suit the more fragile species (at the risk of losing some of the grain of the 
other species). Another option is that the companies collecting and storing the seeds 
adjust already available equipment to deal with seed mixtures, obviously at some 
cost for the farmer.

This practical question thus raises various issues in terms of the choice of ma-
chinery and its adjustment, as well as from the logistic point of view for the compa-
nies collecting and storing the seeds. Indeed, their organisational structure can play 
the role of a self-reinforcement mechanism that reduces the incentives to adopt new 
practices (Fares et al. 2012). Conversely, the adoption of intercropping to produce 
animal feed on farms seems less problematic as it is possible to either crudely sort 
the grain or else to adjust the diet by adding either one of the two species to the 
harvested mixture.

3.6  Conclusions and Perspectives

We have shown that intercrops present numerous advantages and appear to be a 
useful agronomic solution for organic arable cropping. However, it is difficult to 
propose scientifically proven and generic crop technical protocols because of the 
multitude of possible production objectives and, hence, of combinations of species, 
varieties, densities, structure and organic manuring strategies. Therefore, it is neces-
sary to emphasize:

•	 That the identification of the species and varietal traits suited to intercropping 
and, more generally, to low-input systems and organic farming is therefore an 
important issue that will make it necessary to reconsider the varietal selection 
criteria. Indeed, those used for sole crops are probably not ideal for intercrops, 
and especially for organic farming systems, as illustrated by Carr et al. (1998), 
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who showed that the yields of barley-peas or oats-pea forage intercrops were 
higher when the varieties used had been selected in multi-species stands.

•	 The limitations of experiments and the value of modelling multi-species crop-
ping systems (Brisson et al. 2004; Corre-Hellou et al. 2009; Launay et al. 2009). 
In fact, for a given production objective, this would allow: (i) the performance 
and behaviour of intercrops to be evaluated under a wide range of conditions; (ii) 
to help with the determination of varietal characteristics suited to intercropping; 
(iii) to optimise the crop technical protocols according to multiple criteria; and 
(iv) to devise a decision-aid model. However, this requires a better mechanistic 
understanding of the behaviour of multi-species cropping systems and the inte-
gration of this knowledge into current crop models or the development of new 
models that correctly represent the inter- and intraspecific competition (Launay 
et al. 2009).

•	 That the development of intercrops cannot take place without the assent and 
participation of all the actors in the value chain because the low degree of inte-
gration of the supply chain can be viewed as a lock-in mechanism (Fares et al. 
2012) with, in particular: (i) farmers who need technical support since the new 
generation of farmers may not possess the know-how; (ii) companies that collect 
and store the seeds that will have to adapt their collecting, sorting and storage 
equipment in order to satisfy the processors’ quality demands; (iii) breeders who 
are expected to select varieties suited to intercropping; (iv) technical institutions 
that must acquire technical and cognitive knowledge; (v) national and European 
authorities who must consider relevant policies and subsidies to help reintroduce 
these cropping strategies; and (vi) research institutions.
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Abstract  Plant protection in organic farming has to simultaneously comply with two 
sets of regulations: regulations on organic production and pesticide legislation. This 
chapter describes the organic approach to plant protection, including the role of sys-
tems management versus direct interventions, the range of authorised substances and 
the procedures for authorising new substances and the withdrawal of old substances.

External factors not related to organic farming also influence the availability of 
plant protection products. Scientific, regulatory and economic aspects may limit 
the registration of substances in a given country. On the other hand, there is an 
alternative route for the registration of fertilisers and plant strengtheners in some 
countries. As a result, the range of plant protection products available to organic 
farmers varies from one country to another. The history of the authorisation of so-
dium bicarbonate, spinosad, copper fungicides, clay minerals and granulosis viruses 
illustrates how the two sets of regulations can interact in very different ways, creat-
ing different patterns of availability.

The practice of plant protection is illustrated for the prevention and control of 
apple scab, fire blight and codling moth in organic apple orchards. At the end of 
the chapter, research perspectives for a ‘self-regulating’ apple orchard where plant 
protection fully relies on systems management are presented. The level of environ-
mental friendliness already achieved by organic plant protection is discussed, and 
approaches with the potential for improvement are identified.

Keywords  Apple orchard · Authorisation criteria · Organic farming regulation ·  
Pesticide registration · Plant protection

4.1 � Introduction

Organic farming has developed a set of comprehensive rules that define the crop 
protection measures allowed and, in particular, the substances that are authorised 
for use in organic farming. These rules are drawn up into private standards and laws. 

S. Bellon, S. Penvern (eds.), Organic Farming, Prototype for Sustainable Agricultures,
DOI 10.1007/978-94-007-7927-3_4, © Springer Science+Business Media Dordrecht 2014
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Nevertheless, in practice, organic plant protection is not entirely under the control 
of these organic regulations and standards because other regulations, particularly 
those related to pesticides, are also applicable. In addition, economic considerations 
influence the availability or non-availability of plant protection products in a given 
country. Organic plant protection is thus the result of an interaction between the 
organic views of plant protection and ‘external’ factors (i.e., factors not related to 
organic farming).

A central concern of organic farming is that all management practices should be 
as environmentally-friendly as possible. At the same time, they must be economi-
cally feasible. Carrying out plant protection according to this dictum is a challenge. 
For economic reasons, crops should be effectively protected, which requires that the 
measures taken have some effect on the target organisms. For environmental rea-
sons, negative side effects on the environment and on non-target organisms should 
be avoided. Several plant protection methods, mainly biocontrol agents, can fulfill 
both requirements reasonably well. However, such an ideal solution is not available 
for all pests and diseases. In many cases, plant protection in organic farming is a 
compromise between what is environmentally desirable and what is economically 
necessary.

The major regulations and processes are presented in this chapter, and the out-
comes of their interaction are briefly described for a few selected substances. The 
resulting plant protection practices are discussed in relation to apple orchards, to-
gether with promising research perspectives. Finally, we discuss the situation re-
garding environmentally-friendly organic plant protection today, and what can be 
done to make improvements in the future.

4.1.1 � Principles of Organic Plant Protection

Plant health should be primarily maintained with preventive measures such as the 
choice of adapted species and varieties, crop rotation, cultivation techniques, ther-
mal processes and the protection and/or release of natural enemies. Direct plant 
protection methods should only be considered if these methods are insufficient. 
However, only a very limited range of substances are authorised for use. Thus, the 
difference between organic and conventional plant protection is not primarily which 
pesticides are used (‘pesticide substitution’), but also whether pesticides are used. A 
more detailed description of the hierarchy of plant protection measures is given in 
Speiser et al. (2006) and Deguine and Penvern (2014, Chap. 6 of this book).

4.1.2 � The Limits of Regulation

Inspection and certification ensure that organic farmers rigorously follow the 
standards and regulations for organic production, including plant protection. The 
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choice of pesticides (i.e., only authorised products) is easy to verify. In contrast, it 
is difficult to verify whether the application was truly necessary, and whether it was 
done at the optimal moment with the best equipment and with the necessary care. 
Similarly, preventive plant protection with the systems approach is a process of in-
dividual optimisation. Such practices are at the limits of regulation. Regulation can 
postulate that they must be carried out, but how well they are carried out cannot be 
controlled and must be left to the farmer’s initiative. Because this chapter describes 
the regulation of organic plant protection, its focus is on the range of pesticides au-
thorised. Other aspects are equally important from an environmental point of view, 
but are not within the scope of this chapter.

4.1.3 � The General Regulatory Framework

Plant protection, organic or not, is subject to the general regulation concerning pes-
ticide registration and use. Thus, plant protection in organic farming has to comply 
with two sets of regulations at the same time: (i) regulations on organic production 
methods, and (ii) pesticide legislation. Depending on the situation, each of these 
two sets of regulations can be limiting for the availability of plant protection prod-
ucts (see below).

4.2 � How Organic Farming Regulates Plant Protection

The discussion on regulation is mainly based on the European situation. Because 
other regulatory schemes are similar, they are only briefly mentioned at the end of 
this chapter.

In the EU, a legal definition of organic farming practices was first given in 1991 
(EC 1991). This regulation has subsequently been amended many times. After a 
thorough revision, a new set of regulations has been in force since January 2009. 
The new ‘organic regulation’ consists of a ‘framework regulation’ (EC 2007), com-
plemented by ‘implementation rules’.

4.2.1 � Systems Management and Direct Interventions

The framework regulation states that plant protection in organic farming shall pri-
marily rely on the protection by natural enemies, the choice of species and varieties, 
crop rotation, cultivation techniques and thermal processes, while plant protection 
products may only be used in the case of an established threat to a crop (EC 2007, 
Art. 12). The same hierarchy of plant protection measures is established in all other 
standards discussed in this chapter.
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4.2.2 � Currently Authorised Substances for Organic Plant 
Protection

Only a small proportion of all the pesticides authorised for general agriculture are 
permitted for use in organic farming (listed in Annex II of the implementation rule 
889/2008 (EC 2008b). These include substances of plant or animal origin, microor-
ganisms, one substance produced by microorganisms (spinosad), substances to be 
used in traps and/or dispensers or to be surface-spread between cultivated plants, 
and a few other substances traditionally used in organic farming. For some sub-
stances, the authorisation is limited to certain conditional requirements or condi-
tions for use. Borderline cases classified as fertilisers or as plant strengtheners are 
discussed below.

4.2.3 � How the Range of Authorised Substances Can Be Changed

The range of authorised substances reflects the state of the art in organic plant pro-
tection at any given time. It is crucial for organic farming that the range of autho-
rised substances be adapted to new developments in science, regulation, consumer 
needs or public opinion.

�Procedures for Authorisation of Substances

The same procedures apply to allow the use of new substances for organic farming 
in the EU, to change their conditions of use, or to withdraw them from the list of 
authorised substances. Requests for ‘organic authorisation’ can only be made by the 
EU member states, but not by manufacturers. In the past, requests for authorisation 
of new active substances were usually made by the member states where the manu-
facturer was located, and/or by member states where organic farmers experienced a 
great need for the substance.

In the evaluation of these requests, the Commission is assisted by the ‘expert 
group for technical advice on organic production’ (EGTOP) (EC 2009a, 2010). 
EGTOP provides reports1 with a discussion of all relevant aspects of a request. 
EGTOP reports form the basis for discussions between the Commission and the 
member state delegates (Standing Committee on Organic Farming). If a change in 
current practices is required, the implementation rules have to be changed with a 
Commission regulation.

EGTOP was only recently constituted. At the time of this writing, it had pro-
duced one report on pesticides, dealing with requests for the inclusion of laminarin, 
kaolin (aluminium silicate), sheep fat, sodium hypochlorite (for seed disinfection) 
and with the use of UV light. Changes in the implementation rules are under way.

1  All EGTOP reports are published on the website: http://ec.europa.eu/agriculture/organic/eu-pol-
icy/expert-recommendations/expert-group_en.

B. Speiser et al.



69

Evaluation Criteria

For the authorisation of new substances, the framework regulation (EC 2007, Art. 
16) specifies the following criteria:

•	 The authorisation is subject to the objectives and principles of organic farming 
(EC 2007, Art. 3–5). These include the health of soil, water, plants and animals, 
high levels of biodiversity, responsible use of energy and natural resources, ani-
mal welfare and exclusion of GMOs.

•	 The products are necessary for sustained production and essential for their in-
tended use (i.e., biological, physical or breeding alternatives or other effective 
management practices are not available).

•	 The substances shall be of plant, animal, microbial or mineral origin (exceptions 
are possible under specific circumstances if the conditions for use of the product 
preclude any direct contact with the edible parts of the crop).

There is no explicit requirement concerning the efficacy of products, but there is a 
requirement for necessity. A product can be considered necessary (i) if it controls 
pests or diseases at least partially; (ii) if there are no authorised alternative methods 
or products, or at least none which are practical and economic; and (iii) if the pest 
or disease it controls is important for organic farming. There is also no explicit 
requirement concerning the sustainability of products, but the evaluation criteria 
cover environmental, economic and social aspects, along with other aspects such 
as principles of organic farming. The above criteria are evaluated as a whole. For 
example, limited negative side effects may be tolerated if a product is highly neces-
sary (e.g., side effects of spinosad on certain non-target organisms).

�Generically Authorised Substances—A Special Case

Three groups of substances are listed in the implementation rules in a generic way: 
(i) ‘plant oils (e.g., mint oil, pine oil, caraway oil)’; (ii) ‘microorganisms (bacteria, 
viruses and fungi)’; and (iii) ‘pheromones’. Thus, all plant oils that are registered 
as pesticides are automatically authorised for organic farming, and the same is true 
for microorganisms and for pheromones (including chemically-synthesized phero-
mones). In recent years, a considerable number of microorganisms and pheromones 
have been developed and registered as pesticides. Because of the generic listing, no 
separate authorisation for organic farming was necessary, so that they could be im-
mediately adopted in organic farming systems.

�Beneficial Arthropods—Another Special Case

The framework regulation requires that the prevention of damage shall rely pri-
marily on the protection by natural enemies (EC 2007, Art. 12), but does not ex-
plicitly mention mass-bred, commercially available beneficial insects and mites. 
Because beneficial arthropods are not subject to EU pesticide legislation, there is 
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no requirement for them to be listed in the implementation rules. They are thus 
implicitly authorised as a generic category. In some EU member states, beneficial 
arthropods are subject to national pesticide legislation and may require the same 
registration processes as pesticides. Nevertheless, this does not affect their status as 
a generically authorised category.

4.2.4 � Major Standards for Organic Farming Outside the EU

In the United States, organic farming is regulated by the ‘National Organic Pro-
gram’ (hereafter referred to as NOP). Contrary to the EU system, there is no closed 
list of allowed substances in the NOP; instead, the legislation states that ‘synthetic 
substances’ are generally prohibited, while ‘non-synthetic substances’ are gener-
ally allowed (with a few exceptions in both cases). Despite this formal difference, 
the range of authorised substances is fairly similar in the USA and in Europe (for a 
brief overview, see Baker 2004). A major difference is that the NOP allows the use 
of several substances such as herbicides, while no substance with such a use is cur-
rently authorised in the EU.

The Codex Alimentarius is a joint food standards programme of FAO/WHO 
(United Nations Food and Agriculture Organisation and World Health Organisa-
tion). Its ‘guidelines for the production, processing, marketing and labelling of or-
ganically produced foods’ (hereafter referred to as ‘Codex guidelines’) were first 
published in 1999 (Codex Alimentarius Commission 1999), and have since been 
revised several times. The Codex guidelines represent a broad international consen-
sus about the nature of organic production. They are not legally binding but have 
a strong influence on national and international regulations. For small, developing 
countries, it is particularly useful to follow the Codex guidelines because it facili-
tates international recognition of the organic status of the products. Plant protection 
is regulated in a similar way as in Europe, but due to the global nature of this stan-
dard, a number of substances are authorised that are not in use in Europe.

The International Federation of Organic Agriculture Movements (IFOAM) is the 
worldwide umbrella organisation of the organic sector. The ‘IFOAM Basic Stan-
dards for Production’ were first published in 1980. The most recent edition is part 
of the ‘IFOAM norms for organic production and processing’ (IFOAM 2006). The 
IFOAM basic standards are a private initiative and have no legal standing, but their 
political and practical impact has been huge (Blake 2004). Because they are the 
oldest standards and are well-rooted within the organic sector, they have directly 
or indirectly served as blueprints in the development of all other standards and 
regulations worldwide. The IFOAM basic standards are not directly implemented 
at the farm level, but indirectly through regional standards of IFOAM-accredited 
organisations. The IFOAM basic standards allow a range of substances similar to 
that of the EU regulation.

In conclusion, it can be noted that these standards have achieved a remarkable 
degree of harmonisation in the area of plant protection.
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4.3 � Influence of External Factors

The organic regulation clearly specifies which substances can be used in organic 
farming, but organic farming is also subject to other, non-organic legislation (also 
referred to as ‘transversal legislation’ in the European organic sector) that has an im-
pact on the availability of plant protection products. As a result, farmers in different 
European countries have access to a very unequal line-up of pesticides (Speiser and 
Schmid 2004). The major factors responsible for this are described below.

4.3.1 � Influence of Pesticide Registration on Product Availability

Plant protection was originally under the authority of the European member states 
and has been gradually harmonised and centralised. At present, active substances 
must be approved at the EU level, while plant protection products containing ap-
proved substances are registered at the member state level. Plant protection in Eu-
rope is governed by Council Regulation No. 1107/2009 (EC 2009d), with details 
specified by Commission Regulation No. 540/2011 (EC 2011).

Scientific and Regulatory Aspects

A large proportion of the products authorised for organic plant protection are plant 
extracts, pheromones or microorganisms. Each of these groups has specific charac-
teristics that greatly differ from most synthetic pesticides. These products therefore 
are not consistent with the requirements of pesticide legislation, which often causes 
misunderstandings and delays during the registration process. A few years ago, the 
EU-funded ‘REBECA’ project analysed the situation in Europe and developed pro-
posals for improvement (see below).

Plant extracts are usually complex mixtures of substances. It is thus difficult to 
completely describe their chemical composition, which may vary over time, re-
gions or races. Furthermore, several substances in a plant extract may contribute 
to the pesticide effect. For example, three esters of chrysanthemic acid and three 
esters of pyrethric acid contribute to the insecticidal activity of pyrethrum (Isman 
2006). The REBECA project proposed to facilitate registration by (i) drawing up a 
comprehensive guidance document for ‘botanicals’ (i.e., pesticides based on plant 
extracts); (ii) using representative lead substances (markers) if an active substance 
cannot be identified; (iii) requiring identification and analytical methods only for 
constituents of toxicological concern, instead of all constituents; (iv) adequately 
taking the history of safe use into account (e.g., use of lecithin in the food industry) 
(Tamm et al. 2011b).

Pheromones are used to control populations of insect pests through mating dis-
ruption, ‘attract and kill’, mass trapping or monitoring. Their mode of action and 
their application are completely different from those of insecticides. Pheromones 
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are often used at doses similar to those naturally emitted by the pest insects. It 
was recognised long ago that pheromones require adapted registration require-
ments (OECD 2001). The REBECA project proposed: (i) simplified procedures 
for ‘straight-chained lepidopteran pheromones’ (SCLPs), a group of well-known 
pheromones with a long history of safe use; and (ii) flexible trial protocols for ef-
ficacy tests (Speiser et al. 2011). For example, mating disruption is only effective 
when used over relatively large areas. It is therefore impossible to install a trial with 
the usual number of replicates. Adapted data requirements were recently published 
(EPPO 2008; Chemicals Regulation Directorate 2010).

Among the microorganisms, baculoviruses have been used for plant protection 
for more than two decades (Andermatt 2008), without any indications of negative 
side effects. The OECD already proposed facilitated registration requirements in 
2002 (OECD 2002). These proposals were integrated into those of the REBECA 
project (Hauschild 2011) and into a recent guidance document of the European 
Commission (SANCO 2008).

Bacterial and fungal biocontrol agents are a highly diverse group, comprising 
safe biocontrol agents as well as potential human or animal pathogens. The main 
efforts during registration are thus directed to exclude potential risks for human 
health. The REBECA project proposed adapted methods for assessing infectivity, 
toxicity and sensitisation (Strauch et al. 2011).

In general, plant extracts, pheromones and microorganisms are less effective 
than their synthetic counterparts. Registration authorities are often reluctant to 
register such products because their effectiveness is lower than that of synthetic 
pesticides and thus insufficient according to the standards of conventional farm-
ing. For organic farmers, however, such a comparison is inadequate, and these 
products are useful in the context of organic plant protection strategies. It is crucial 
for organic farming that registration also be possible for products with lower ef-
fectiveness than synthetic pesticides. The Swiss system might serve as a model: in 
such cases, products can be registered, but there is a mention that they have only 
‘partial effectiveness’.

�Economic Aspects

Organic farmers are a minority in all countries: on average, 4.7 % of the European 
farmland is organically managed (Willer 2011). Thus, organic plant protection is a 
relatively small potential market. This creates only limited economic incentives to 
undergo the financial risks of the pesticide registration process (costs for dossier 
preparation and registration fees). In addition, pesticide registration may take sev-
eral years, leading to a significant delay between investments in registration costs 
and potential payback from product sales. Finally, uncertainties as to whether reg-
istration will be granted at all create a significant financial risk. If registration costs 
and financial risks outweigh the potential gains, manufacturers will not register sub-
stances. Such economic mechanisms have greatly limited the availability of plant 
protection products for organic farmers in many European countries (Ehlers 2011).
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�Recent Developments in EU Pesticide Legislation

The new EU pesticide regulation No. 1107/2009 (EC 2009d) contains special 
clauses concerning registration of ‘basic substances’ (substances primarily used for 
purposes other than plant protection, e.g., lecithin) and for ‘low-risk substances’ 
(details yet to be defined). In addition, it governs mutual recognition of registrations 
within the same climatic zone, which will result in more homogeneous registrations 
across Europe. It can be expected that these measures should improve the access of 
organic farmers to products that are authorised by the organic regulation.

The sustainable use directive No. 2009/128/EC (EC 2009c) aims to achieve a 
sustainable use of pesticides. Among other measures, non-chemical alternatives to 
pesticides are promoted. These principles have to be implemented by the EU mem-
ber states at the national level. For example, the French action plan ‘Ecophyto 2018’ 
(Ministère de l’Agriculture et de la Pêche 2008) aims to reduce the use of chemical 
pesticides by 50 % from 2008 to 2018, while promoting the use of alternative solu-
tions. To achieve this ambitious goal, combined efforts in research, education and 
legislation have been considered. For example, it is noteworthy that ‘biopesticides’ 
are subject to lower taxes than synthetic pesticides.

At the time of this writing, practical experience with these new clauses is still 
very limited (for the new pesticide regulation and for the sustainable use directive 
and the corresponding national action plans). It is thus unclear whether these mea-
sures are sufficient to overcome the economic hurdles to registration.

4.3.2 � Availability of Products for Plant Health

Plant health is the result of complex interactions between plants and their envi-
ronment. The use of pesticides for direct control of pests and diseases has been 
discussed in the previous sections of this chapter. In addition, numerous substances 
used for agronomic purposes have the potential to indirectly influence plant health 
(Tamm et al. 2011a). Thus, there is a grey zone where it is not always possible to de-
termine whether a given substance acts as a fertiliser, a plant strengthener or a plant 
protection product. European countries have taken different regulatory approaches 
to the use of such products (Speiser and Schmid 2004).

�Fertilisers

Farmers and home gardeners claim that a number of fertilisers improve crop health. 
For products registered as fertilisers, manufacturers are not allowed to make ‘plant 
protection claims’ (i.e., to mention control of a specific pest or disease on the prod-
uct label). The implementation of this rule may vary from case to case. In France, 
an intervention against the marketing of ‘nettle broth’ ( purin d’ortie) in 2006 upset 
a wide circle of home gardeners and caused the authorities to review their policies 
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towards these kinds of products within the framework of the national action plan, 
‘Ecophyto 2018’. Products registered as fertilisers fall within the scope of the or-
ganic regulation, with a list of authorised substances and clear specifications. Reg-
istration of fertilisers is relatively simple and fast, and entails very limited costs. It 
is therefore not a limiting factor for the availability of products.

�Plant Strengtheners

Only several European countries have a separate legislation for plant strengtheners. 
The German system, which is the oldest and best-known, is discussed below. Ger-
man registrations of plant strengtheners are valid not only in Germany but also in 
some other countries that recognise German registrations, e.g., Austria.

The German list of plant strengtheners comprises several hundred commercial 
products that contain substances such as plant extracts, hydrolised proteins, stone 
meal, kieselgur, chitosan, etheric oils, microorganisms, homeopathic preparations, 
humic acids, sugars, waxes, plant oils, kaolin, potassium and sodium bicarbonate2. 
Some of these substances have a long tradition of use in organic farming. Because 
plant strengtheners are neither plant protection products nor fertilisers from a legal 
point of view, their use is not limited by the organic regulation and they are there-
fore generally allowed in organic farming. Registration of plant strengtheners is 
relatively simple and fast, and entails very limited costs, but this type of registration 
is possible only in a few countries.

4.3.3 � A Brief History of Authorisation for Selected Substances

When the European ‘Organic Regulation’ was first published in 1991 (EC 1991), 
19 products or groups of products were authorised for plant protection. Since then, 
a number of products were added to the list, while others were withdrawn and/or 
the conditions for their use were changed. Approximately one-half of the products 
that were originally authorised are still authorised today (pyrethrins, quassia, sul-
phur, Bordeaux mixture, soft soap, pheromones, Bacillus thuringiensis, granulosis 
viruses, plant oils, paraffin oil). The history of authorisation is discussed below for 
a few selected substances.

Sodium bicarbonate was originally authorised for organic farming and later 
withdrawn because of a lack of registered plant protection products. However, plant 
strengtheners based on sodium and/or potassium bicarbonate continued to be used 
as plant strengtheners in Germany. After potassium bicarbonate was registered as a 
pesticide, its authorisation for organic farming became possible, and was given in 
2008 (EC 2008a). There were hardly any controversies in the organic sector regard-
ing the authorisation of potassium bicarbonate. The major arguments in favour of 

2  The category of plant strengtheners has recently been revised, and does not contain all of the 
mentioned substances any more
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its authorisation were the ubiquitous occurrence of potassium and bicarbonate in 
nature, its very low toxicity to humans and the environment, as well as the previous 
authorisation of sodium bicarbonate (‘traditional use’).

Spinosad is an insecticidal substance produced by the soil bacterium Saccha-
ropolyspora spinosa. It was registered as a pesticide in Europe in 2007. Spinosad 
was evaluated together with potassium bicarbonate, and authorised for EU organic 
farming at the same time (EC 2008a; Forster et al. 2008). Unlike potassium bicar-
bonate, however, some private label organisations decided not to authorise spinosad 
at all, or to set stricter restrictions (e.g., longer pre-harvest intervals). The reasons 
for this are: (i) spinosad is a very effective insecticide that is also frequently used 
in conventional farming and is therefore sometimes considered as a ‘conventional 
pesticide’; (ii) spinosad is toxic for some non-target arthropods (e.g., honey bees) 
and may present a risk for them if applied incorrectly; and (iii) spinosad is included 
in multi-residue pesticide screenings, and some label organisations are afraid that 
spinosad residues could be detected in organic foods sold with their labels.

Copper fungicides were traditionally used in organic farming. Since copper can 
accumulate in soils, its reduction, replacement or withdrawal has been intensively 
discussed in the organic sector for a long time. Because it became evident that there 
was still a need for copper fungicides at the time, its use was re-confirmed in 2002 
(EC 2002). However, it was progressively restricted, down to a maximum 6 kg copper 
per hectare per year. National regulations and private standards often set lower limits 
(e.g., 1.5 kg in apples according to Bio Suisse standards). The registration of copper 
compounds as pesticides was reviewed and scrutinised before it was prolonged in 
2009 (EC 2009b). Thus, organic farmers in Southern and Central Europe can use cop-
per fungicides. In Scandinavian countries, however, copper fungicides are not regis-
tered and therefore not available to farmers. Nevertheless, the search for alternatives 
and the replacement of copper are still a priority in organic farming research3.

Clay minerals are currently the most important substances for copper replace-
ment in German-speaking countries. In Switzerland, they are registered as fungi-
cides and explicitly authorised by the organic farming ordinance. They are neither 
registered as pesticides nor authorised for organic farming at the EU level. In Ger-
many, they were registered as plant strengtheners and thus available for organic 
farmers until recently.

The Cydia pomonella granulosis virus (CpGV) was the first granulosis virus 
worldwide to be registered for food production (Andermatt 2008). It has been regis-
tered in Switzerland since 1987 but was not authorised in some European countries 
for a long time. It is frequently used in German and Swiss organic apple orchards. 
Around 2005, some growers in Southern Germany and Switzerland experienced re-
duced effectiveness of CpGV due to evolving resistance (Asser-Kaiser et al. 2007). 
A new strain of CpGV was developed and registered within a short time (Zingg and 
Kessler 2008). Since spinosad is allowed, organic growers can alternate CpGV with 
spinosad to prevent the build-up of resistance.

3  The European Commission has recently funded a research project for ‘innovative strategies for 
copper-free low input and organic farming systems’; see http://ec.europa.eu/research/bioeconomy/
agriculture/projects/co-free_en.htm. Accessed on 2012/09/14.
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The authorisation history of these substances illustrates how the two sets of regu-
lations can interact in very different ways, creating different patterns of availability.

4.4 � Organic Plant Protection in Practice: Case Study  
on Organic Apple Orchards

Organic apple orchards were chosen for this case study because of the complexity 
of pest and disease problems, and because of the multitude of control approaches 
practiced. In Central Europe, apple is attacked by a range of pathogens and pests 
(insects and small rodents). Overviews of the major diseases and pests of organic 
apples in Central Europe are given by Tamm et al. (2004), Häseli et al. (2005) and 
Holb et al. (in press). Because of limited space, only scab, fire blight and codling 
moth are discussed below. The aim of this section is not to give practical instructions 
to the reader, but to illustrate the combined use of preventive measures and plant 
protection products in organic plant protection. The last section describes research 
activities that aim to improve the systems approach in organic apple production.

4.4.1 � Apple Scab

Apple scab is the apple disease of the greatest economic importance in humid cli-
mates. It is caused by the fungal pathogen, V. inaequalis, which attacks leaves and 
fruits (Holb et al., in press). Today’s market tolerates only very little scab on apples.

Cultivation of resistant varieties is the most straightforward method of preven-
tion. Some one hundred scab-resistant apple varieties exist at this time (Holb et al., 
in press), but only a few of these satisfy the quality requirements of the market. The 
bottleneck to grow more resistant cultivars is the market’s reluctance to accept new 
varieties that are unknown to consumers. In Switzerland, a marketing system was 
established that categorises apples primarily by their organoleptic properties and 
less prominently by varieties (Weibel and Leder 2007; Weibel et  al. 2007). This 
‘Flavour Group Concept’ allows a relatively easy market introduction of new va-
rieties because they are primarily marketed by their flavour group and not by their 
(still unknown) variety name. This made it possible to increase the proportion of 
scab-resistant organic apples to 30 % by the year 2008 (Silvestri et al. 2008). Where 
no specific efforts for market introduction of resistant varieties are made, their per-
centage is much lower. For example, it is estimated at 3–4 % for Italy (Gessler et al. 
2006). Another method for scab prevention is the removal of fallen leaves, which 
reduces primary inoculum sources in the next spring (Holb et al., in press). Organic 
apple growers in the region of Lake Constance (Germany) use mechanical leaf har-
vesters for this purpose today.

A typical fungicide spraying scheme in a Swiss organic orchard with scab-sus-
ceptible apple varieties includes applications of copper early in the season, and of 
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sulphur later in the season. Acidified clays and potassium bicarbonate are also used, 
often in tank-mix with sulphur. In an orchard with scab-resistant varieties, copper 
can be omitted and sulphur greatly reduced. The remaining applications are either 
for resistance management or for the control of secondary diseases, i.e., mildew and 
sooty blotch (Speiser et al. 2012).

4.4.2 � Fire Blight

Fire blight is the most devastating disease of apples and pears. It is caused by the 
bacterial pathogen E. amylovora. Fire blight originated in America and has been 
spreading in Europe since the middle of the 20th century. Because E. amylovora 
is classified as a quarantine organism, the measures for its control are governed by 
quarantine measures as a third set of legislation. The pathogen can infect flowers, 
leaves or shoots. Severe infections are lethal for trees, and severe outbreaks of fire 
blight can threaten the existence of apple growers.

Only a very limited number of apple varieties with reduced susceptibility against 
fire blight are currently available, but breeding is under way. As a preventive mea-
sure, alternative hosts of fire blight (native species from the rose family) are elimi-
nated in the vicinity of commercial orchards. Meadow trees are also often potential 
sources of inoculum (Landwirtschaftliches Zentrum SG 2006). In the case of mod-
erate infection, sanitation pruning may control the disease; in the case of severe 
infection, trees have to be cleared (Schärer 2000).

There are a number of substances that have at least a partial effect against fire 
blight. In countries where they are registered as pesticides, the microbial biocon-
trol agents, Bacillus subtilis and Aureobasidium pullulans, may be used by organic 
farmers. Acidified clays may only be used in a few countries (see section on the his-
tory of regulation above). Laminarin might also be used; a request for its authorisa-
tion is pending at the time of this writing.

4.4.3 � Codling Moth

The codling moth (Lepidoptera: Cydia pomonella) is one of the most severe pests 
of apples. In Swiss organic farming, pheromones for mating disruption, Cydia po-
monella granulosis virus (CpGV) and spinosad, are authorised for its control. In 
general, mating disruption is used over larger areas and in cases of moderate pest 
pressure, while CpGV is used over small areas and in cases of high pest pressure 
(Speiser et al. 2006). Spinosad is not frequently used but is important to manage 
resistance against CpGV. A typical control strategy against the codling moth may 
also combine mating disruption and CpGV (Speiser et al. 2012).

Systems management aims to increase the number of beneficial insects in or-
ganic apple orchards. These measures are directed against various arthropod pests, 
but not specifically against the codling moth (for details, see next section).
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4.4.4 � Research on Improvements of the Systems Approach

The Research Institute of Organic Agriculture (FiBL) in Switzerland is currently 
experimenting with a ‘self-regulating’, pesticide-free orchard, to explore the ho-
rizons of sustainable plant protection beyond the current state of the art (Weibel 
et al. 2010). The orchard covers 1 ha and is managed similarly to a commercial, 
organic orchard. All measures of system design documented in the literature that 
can increase the self-regulation of pests and diseases are implemented in this or-
chard (Simon et al. 2014; Chap. 5 of this  book). Unlike a typical, organic orchard, 
no pesticides authorised for organic fruit production are applied in this orchard. On 
one-half of the orchard, however, commercial biocontrol agents such as granulosis 
virus and Bacillus thuringiensis are applied. The aim of the self-regulating orchard 
is to test the feasibility of pesticide-free apple production under near-to practical 
conditions (Colour plate 04).

The ‘self-regulating orchard’ incorporates a large number of management prac-
tices that enhance self-regulation, most of which are not normally applied in com-
mercial orchards. It combines hedges with selected plants (plants for alternative 
hosts, flowering shrubs), flowering plants in the tree rows, companion plants in the 
alleyways, pest- and disease-tolerant apple cultivars, soil quality enhanced by the 
addition of compost, and a number of artificial nesting sites for predators (birds, 
bats, parasitoids) to study the feasibility of pesticide-free apple production (Weibel 
et al. 2010). Although each of the measures alone is already known and, in most 
cases, scientifically studied, their combined effects in a near-to practical orchard 
system have not been studied to date. The measures are not static; they are continu-
ously improved during the orchard’s lifetime.

At the time of this writing, the self-regulating orchard has not yet reached full 
yield, and conclusive results are not available. Preliminary assessments suggest that 
most pests are sufficiently controlled in the majority of years. However, diseases of 
secondary importance such as sooty blotch are currently building up and causing 
losses. Exceptional climatic conditions may lead to pest populations that exceed 
the system’s capacity for self-regulation. For example, cold and humid weather in 
the spring of 2010 slowed down the reproduction and activity of beneficials, which 
in turn favoured the proliferation of the rosy apple aphid ( Dysaphis plantaginea) 
(Weibel, unpublished).

4.5 � How to Move Towards Environmentally-Friendly 
Organic Plant Protection

Organic plant protection today is often a compromise between protection of the 
environment and economic feasibility. The case study of apple orchards shows 
that organic plant protection has already achieved a good level of environmental 
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friendliness. Nevertheless, it is in the interest of organic farming to improve en-
vironmental friendliness of plant protection beyond the state already achieved, as 
long as the system remains economically feasible. In this last section, we briefly 
discuss how improvements could be made. The discussion is based on the case 
study of organic apple orchards, but many of the findings are also true for other 
crops.

In direct plant protection, improvements may be achieved by research on new 
plant protection products, improved application technologies or forecasting sys-
tems. In addition, improvements of regulatory processes may lead to the better 
availability of authorised plant protection products to organic farmers so that they 
can more effectively select the most appropriate and environmentally-friendly al-
ternatives. Among the products mentioned in the case study above, acidified clays, 
potassium bicarbonate, B. subtilis, A. pullulans and CpGV have very few negative 
side effects on the environment, while copper fungicides may accumulate in the 
soil, and sulphur and spinosad are hazardous to some non-target arthropods (e.g., 
Biondi et al. 2012). The greatest improvements can thus be achieved by reducing 
applications of copper, sulphur and spinosad.

The use of preventive methods for plant protection has almost no negative side 
effects on the environment. There is general agreement that the systems approach 
can be useful. At the moment, however, the systems approach alone is often not suf-
ficient to solve problems with pests or diseases.

All of the organic farming standards described in this chapter assume that the 
systems approach must have first priority in organic plant protection. However, the 
systems approach is difficult to impose by way of regulation and should preferably 
be initiated by motivation. Moreover, it should be acknowledged that self-regulat-
ing systems must be adapted to local agronomic conditions (e.g., soil, climate, pest 
and disease pressure) and to the farm’s socio-economic situation (e.g., availability 
of labour and machinery, marketing channels, financial pressure). Last but not least, 
if no plant protection products are available, farmers have a greater motivation to 
choose systems management.

Systems such as the self-regulating orchard described above have the poten-
tial for the greatest improvements of the environmental friendliness of organic 
plant protection. However, the success of the systems approach depends not only 
on innovative research, but requires combined efforts of the entire organic sec-
tor as well. Researchers should develop such systems, agricultural schools and 
agri-environmental schemes should promote them, farmers should install and 
manage them, retailers should accept selling new varieties with better resistance 
or tolerance traits, and consumers should be prepared to pay the price for more 
laborious production and/or accept minor quality defaults (e.g., slight scab infec-
tion of apples).
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Abstract  Conventional agricultural systems have become more intensive and pes-
ticide-dependent over the last few decades. The contamination of the environment 
by pesticides, the use of mineral fertilisers, and habitat loss in many agroecosystems 
have led to a drastic decrease in plant and animal biodiversity. Ecosystem services 
provided by functional biodiversity (e.g., pollination, biological pest control) have 
also been negatively impacted. Conservation biocontrol aims to preserve and pro-
mote natural enemies to enhance pest control, avoid pest outbreaks and reduce pes-
ticide reliance. However, despite a consensus on the main underlying principles, 
intentional practical applications are still rare. It is assumed that the diversity of 
habitats and resources in agroecosystems enhances the diversity and/or effective-
ness of the natural enemies of pests. In this article, we argue that organic farming 
(OF) provides a promising framework for increasing conservation biocontrol at 
field and farm scales in agricultural landscapes. We looked at most of the com-
monly used OF practices at different spatio-temporal scales and discussed their 
effects on pest populations, natural enemy communities and biocontrol in agro-
ecosystems. Several OF management practices such as crop diversification, use of 
organic fertilisers, diversification of resource plants at the field or landscape scales 
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and land-use management are examined in our review. We particularly focused 
on possible strategies to enhance pest control measures in two case studies (i.e., 
orchard and annual crops) and discussed how and at which scales such strategies 
should be implemented. In the end, we identified knowledge gaps and bottlenecks 
that, if resolved, would help to enhance conservation biocontrol and applications in 
OF systems that aim to maximise both bottom-up (through plants) and top-down 
(through natural enemies) processes.

Keywords  Arthropod · Conservation biocontrol · Crop protection · Functional 
biodiversity · Landscape · Natural enemy · Organic farming · Pest · Plant diversity · 
Semi-natural habitat

Definition and/or common usage of some terms used in agroecology

Biodiversity: “Variability among living organisms from all sources… and 
the ecological complexes of which they are part: this includes diversity within 
species, between species and of ecosystems” (UN 1992). “Composition, 
structure, and function” of biodiversity are considered here at different scales 
and levels of organisation (Noss 1990). Agro-biodiversity is related to the 
diversity of cultural practices and to the use within time and space of various 
species managed to supply agricultural products (Le Roux et al. 2008). Func-
tional biodiversity is the part of the total biodiversity that provides ecosystem 
services such as soil structure stability, plant nutrition, pollination or pest sup-
pression, and ecosystem disservices such as insect pests and disease damage, 
or biological invasions (Zhang et al. 2007).

Biocontrol (or biological control): “The use of living organisms to sup-
press the population density or impact of a specific pest organism, making 
it less abundant or less damaging than it would otherwise be” (Eilen-
berg et al. 2001). Classical biocontrol: “The intentional introduction of 
an exotic, usually co-evolved, biocontrol agent for permanent establish-
ment and long-term pest control” (Eilenberg et al. 2001). Conservation 
biocontrol: see below.

Community: An assemblage of populations of different species that 
occupy the same area at the same time and interact (Loreau 2010).

Conservation biocontrol (or conservation biological control): “Con-
servation biological control involves manipulation of the environment to 
enhance the survival, fecundity, longevity, and behaviour of natural ene-
mies to increase their effectiveness.” (Landis et al. 2000). “Modification 
of the environment or existing practices to protect and enhance specific 
natural enemies or other organisms to reduce the effect of pests” (Eilen-
berg et al. 2001). Specialist (feeding upon one or a few prey/hosts) and/
or generalist (wide range of prey/hosts) natural enemies are considered for 
conservation biocontrol.
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Diversity indices: Richness is the number of taxa within a community. 
Diversity (e.g., Shannon index) measures both the richness and the distri-
bution of individuals in the different taxa of a community. Evenness (or 
equitability) is the ratio of the real to the maximum theoretical diversity in 
a community.

Ecosystem service: “Ecosystem services are natural functions that can 
be secondarily used for human benefit. These services involve biological, 
chemical and geological processes and include nutrient recycling, water 
and gas regulation, biological control, genetic resources and pollina-
tion, as well as the scenic beauty explored in ecotourism.” (De Marco and 
Coelho 2004 and references therein).

Guild: Assemblage of species or taxa that prey on the same class of 
environmental resources in a similar way (Root 1967).

Landscape: “A level of organisation of ecological systems, superior 
to the ecosystem level, mainly characterised by its heterogeneity and a 
dynamics partly determined by human activities” (Burel and Baudry 
1999). Landscape complexity is defined as the proportion and the spa-
tial configuration of non-crop habitats in the landscape (Concepcion et al. 
2008). The functional landscape connectivity measures the possibilities 
for an individual to move from a patch of vegetation to another and is a 
function of both landscape composition and the dispersal abilities of a spe-
cies (Tischendorf and Fahrig 2000). “Landscape ecology considers the 
development and dynamics of spatial heterogeneity, spatial and temporal 
interactions and exchanges across heterogeneous landscapes, influences 
of spatial heterogeneity on biotic and abiotic processes, and management 
of spatial heterogeneity.” (Risser et al. 1984).

Population: A set of individuals of the same taxon sharing a habitat in 
time and/or space.

Resilience: In ecology, the capacity of an ecosystem to recover its ini-
tial state after a perturbation. There is no adaptation of species but a resto-
ration of the state that prevailed before the perturbation.

Semi-natural habitats (also called ecological infrastructures): Com-
ponents of the landscape such as hedgerows, ditches, field edges, etc., 
which are favourable to ecological processes such as trophic interactions 
or dispersal.

Top-down process: A process mediated by natural enemies that 
affects lower trophic levels, mainly pests, e.g., conservation biocontrol. 
Conversely, a bottom-up process is a process mediated by the plant and 
affecting upper trophic levels, mainly pests.
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5.1 � Introduction

Conventional agriculture mainly relies on the use of chemical inputs, namely fer-
tilisers and pesticides. The contamination of the environment by pesticides coupled 
with habitat loss in many agroecosystems has led to a drastic decrease in plant and 
animal biodiversity in cultivated landscapes (Krebs et al. 1999; Benton et al. 2003). 
Biodiversity is essential for mankind for both patrimonial and functional roles. In 
agroecosystems, biodiversity sustains ecosystem services such as plant nutrition, 
pollination or pest suppression, which are important services for crop production 
(Zhang et al. 2007). The preservation and enhancement of biodiversity to maximise 
the related ecosystem services are thus a challenge for sustainable agriculture. Or-
ganic Farming (OF) and Integrated Pest Management (IPM) principles are based 
on such approaches, even though the methods to achieve such aims are not always 
documented. The complex relationships between biodiversity, associated ecosys-
tem services and agriculture have been widely developed in Le Roux et al. (2008). 
The present chapter focuses on pest control afforded by arthropod natural enemies 
in conservation biocontrol approaches (‘top-down’ processes), and discusses to 
what extent OF systems, considered to be the most favourable to biodiversity (Hole 
et al. 2005), can both promote and benefit from the ecosystem service of pest sup-
pression. After general consideration of the principles, scales and underlying eco-
logical processes at stake in conservation biocontrol, the perspectives and limits of 
conservation biocontrol are discussed in view of case studies of some perennial and 
annual crops.

5.2 � Diversity as the Cornerstone of Conservation 
Biocontrol

5.2.1 � Diversity and Biocontrol Processes

Higher richness (Letourneau et  al. 2009) and evenness (Crowder et  al. 2010) of 
natural enemies have been shown to promote pest control in most cases. Several 
complex processes may interfere (Lawton 1994):

1.	 Pest suppression resulting from the combined activities of several natural enemy 
species can be equal ( additivity) or greater ( synergy) than the summed mortality 
caused by each species (Letourneau et al. 2009). This outcome is based on the 
niche complementary hypothesis, which includes resource partitioning (Loreau 
and Hector 2001) such as predation at different life stages, at different periods or 
spatial locations, or foraging in ways that facilitate predation by other species.

2.	 Higher diversity in natural enemy communities may also increase the stability 
of various ecological functions, thus contributing to the resilience of the sys-
tem (Bengtsson et al. 2003). The insurance hypothesis (Yachi and Loreau 1999) 

S. Simon et al.



87

postulates that ecosystem properties are more stable in rich assemblages since 
the higher species diversity will be able to compensate to a greater degree for any 
perturbations in fluctuating environments.

3.	 When one or a few species cause most pest suppression (Tscharntke et al. 2005), 
the sampling effect hypothesis suggests that the probability that a given arthro-
pod assemblage includes such species increases with the natural enemy species 
richness (Loreau and Hector 2001).

4.	 However, under the same hypothesis, the probability of including inefficient or 
even disruptive natural enemies may also increase with species richness (Straub 
et al. 2008). An increase in natural enemy richness may indeed enhance nega-
tive interactions among natural enemy species, including intraguild predation 
(i.e., predation among predators sharing the same prey), hyperparasitism (i.e., 
the development of a secondary parasitoid in a primary parasitoid parasitising a 
host insect) and behavioural interference.

Although favourable to diversity per se, an increase in plant and associated animal 
biodiversity relies on complex interacting processes that may alter the expected 
results: (i) pest arthropods may also be favoured by the presence of host plants in 
the vicinity of the crop (Solomon 1981; Rusch et al. 2010); and (ii) negative inter-
actions among natural enemies may be unfavourable to pest biocontrol (see above) 
even though most of these negative interactions are attenuated in structurally com-
plex habitats (Finke and Denno 2006). The diversity of functional traits in a com-
munity rather than the species richness is to be considered to understand biocontrol 
processes. Diversifying resources in the crop environment to manage functional 
diversity and enhance conservation biocontrol is thus a challenge.

5.2.2 � Provision of Supplementary and/or Complementary 
Resources to Favour Natural Enemies

The increase in natural enemy abundance and diversity relies on the presence and 
permanency of local trophic resources and adequate living conditions provided by 
cultural practices and the management of resources and/or habitats. Both plant- and 
detritus-mediated resources are the basis of food webs that comprise predatory tro-
phic levels. Supplementary and/or complementary food (nectar, pollen, honeydew, 
hosts and prey) and suitable habitats for reproduction, diapause, overwintering, 
refuge, etc. (Landis et al. 2000), maintain and favour a pool of beneficial species, 
whereas pests, which are generally specialised on one or a few crops, rarely benefit 
from such resources. Favouring natural enemies then contributes to the pest sup-
pression function, especially when host and prey density is low in the field (Denys 
and Tscharntke 2002). For instance, floral and extra-floral nectars have been found 
to increase longevity, fecundity, foraging abilities and parasitism rates of many par-
asitoid species and to limit pest populations (Wäckers et al. 2007). In agroecosys-
tems, the most common types of plant resource diversification that favour natural 
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enemies are hedgerows, ground cover plants, wild or sown flower strips, other com-
panion plants, etc. (Gurr et al. 2003). The increase in natural enemies permitted by 
organic matter supply is less well documented.

From the Field to the Landscape Scale

The functional scale of these underlying processes may be far beyond the cultivated 
field, depending on the biology and life traits of natural enemy species (Tscharn-
tke et al. 2005). A landscape-based perspective is needed to understand population 
dynamics and biocontrol mechanisms. Indeed, both insect pest and natural enemy 
species usually exploit several resources from cultivated and more or less distant 
uncultivated habitats during their life cycle to feed, reproduce, lay eggs, diapause, 
overwinter, etc. (Keller and Häni 2000). Semi-natural habitats are more stable and 
less disturbed than crop fields to provide natural enemies with key resources. They 
are particularly important to enable the overwintering of natural enemy popula-
tions likely to disperse towards the crop in the following spring (Landis et al. 2000; 
Rand et al. 2006). Moreover, semi-natural habitats are generally assumed to harbour 
larger proportions of neutral and beneficial arthropods than detrimental ones (De-
nys and Tscharntke 2002).

The movements of natural enemies across the crop/semi-natural habitat interface 
produce spillover effects (Rand and Tscharntke 2007) that affect population dynam-
ics (Tscharntke et al. 2005; Rand et al. 2006). Semi-natural habitats can be seen as 
the starting point of field colonisation by natural enemies that then spill over into 
adjacent crops, leading to a greater aggregation of natural enemies and a more ef-
ficient biocontrol at field edges (Thies and Tscharntke 1999; Tylianakis et al. 2004; 
Tscharntke et al. 2007). However, reciprocally, crop fields can also provide key re-
sources to natural enemies, mainly hosts and prey for their offspring. The direction 
and magnitude of spillover effects are thus constrained by differences in primary 
productivity, temporal variation and complementarity in resources between semi-
natural habitats and adjacent crops (Rand et al. 2006).

Landscape ecology brings new insights to understand processes affecting popu-
lation dynamics at the landscape scale (Dunning et al. 1992) and trophic interac-
tions in agroecosystems. Studies on metapopulation dynamics explain the regional 
persistence of a population by a stochastic balance between the extinction of lo-
cal populations and the colonisation of previously empty habitat patches (Hanski 
1999). Habitat fragmentation constrains species abundance and richness (Rand and 
Tscharntke 2007), and landscape connectivity, in conjunction with the dispersal 
abilities of species, is therefore a key element to understand population dynamics 
(Hanski 1999; Tischendorf and Fahrig 2000). Agricultural landscapes with higher 
levels of heterogeneity generally support more diverse and abundant natural enemy 
communities (Tscharntke et  al. 2005; Chaplin-Kramer et  al. 2011), exhibit more 
efficient natural pest control (Chaplin-Kramer et al. 2011) and a better ability to re-
cover after disturbances (resilience) than simple landscapes (Tscharntke et al. 2005, 
2007).
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It is thus necessary to base conservation biocontrol on the life traits of both pests 
and natural enemies (such as dispersal abilities and specialisation), and on intra- 
and inter-species interactions at different scales to privilege: (i) the effectiveness of 
each natural enemy species (e.g., avoiding intra-guild predation); (ii) additive and 
synergistic interactions between species; and (iii) interface effects between comple-
mentary habitats.

5.3 � Applications of Conservation Biocontrol

5.3.1 � Conservation Biocontrol at Field and Farm Scales

Farmers manage agricultural and semi-natural habitats at field and farm scales. The 
field is the place where agro-biodiversity within space (e.g., crop species, culti-
vars and within-field plant assemblages) and time (e.g., crop rotation), and field 
margins are managed. Moreover, cultural practices such as compost and mulch 
applications have significant benefits for the management of insect pests (Brown 
and Tworkoski 2004). Intercropping (including agroforestry) and trap cropping are 
approaches that use plant diversity to limit pest damage through olfactory and/or 
visual stimuli (Altieri and Nicholls 2004). The focus of crop rotation is mainly a 
weed- and disease-oriented management, but crop rotation also contributes to insect 
pest control, either through bottom-up effects that hamper insect pest reproduction 
or nutrition (Büchs et al. 1997), or via top-down effects related to natural enemy dis-
persal between successive or adjacent crops (e.g., parasitoids, Rusch et al. 2011a).

Field margins are man-made, semi-natural and generally herbaceous habitats 
that have an important function as refugia for biodiversity (Landis et al. 2000; Mar-
shall and Moonen 2002) and beneficial effects on crop pollinators, pest predators 
and parasitoids within the fields (Pfiffner and Wyss 2004; Winkler et  al. 2009). 
They serve as overwintering sites (Pfiffner and Luka 2000) and provide many natu-
ral pest enemies with essential food sources (Jervis et al. 2004). Plant species have 
been tested to select those that more adequately fulfil the food requirements of pest 
enemies when sown in field margins or as companion plants within the field (Pfiff-
ner and Wyss 2004; Wäckers et al. 2007; Winkler et al. 2009). Field margins are 
also functional corridors linking different habitats (Holzschuh et al. 2009).

The land-use system at the farm scale is important for designing and intercon-
necting habitats. Farmscaping (Smukler et al. 2010) refers to a management system 
that aims to increase ecosystem services. Farmers’ decision-making on the short- 
and long-term also affects ecosystem services. In the last decades, changes in crop 
protection management at the farm level in a shift towards IPM rules have posi-
tively influenced the natural enemies of pests as a result of either the lower toxicity 
of the chemicals used (Thomson and Hoffmann 2006) or reduced chemical use, as 
observed by Häni et al. (1998). Comparisons of the effects of organic vs. conven-
tional farming systems on arthropod and bird communities are widely documented, 

5  Conservation Biocontrol: Principles and Implementation in Organic Farming�



90

Ta
bl

e 
5.

1  
M

ai
n 

or
ga

ni
c 

fa
rm

in
g 

st
ra

te
gi

es
 a

nd
 p

ra
ct

ic
es

 li
ke

ly
 to

 p
ro

m
ot

e 
an

d 
pr

es
er

ve
 b

io
di

ve
rs

ity
 in

 a
gr

oe
co

sy
st

em
s

M
an

ag
em

en
t

St
ra

te
gi

es
 o

r p
ra

ct
ic

es
 c

om
m

on
ly

 
us

ed
 o

n 
or

ga
ni

c 
fa

rm
s

Pr
ev

ai
lin

g 
sc

al
e

D
ire

ct
 a

nd
 in

di
re

ct
 c

on
tri

bu
tio

n 
to

 
bi

od
iv

er
si

ty
b

Pr
es

um
ed

 e
ffe

ct
s w

ith
 re

ga
rd

 to
 

pe
st

 su
pp

re
ss

io
n

C
ro

pp
in

g 
sy

st
em

 a
Lo

ng
 c

ro
p 

ro
ta

tio
n 

(3
 to

 >
 7 

ye
ar

s)
Fa

rm
H

ig
he

r p
la

nt
 a

gr
o-

bi
od

iv
er

si
ty

 
w

ith
in

 sp
ac

e 
an

d 
tim

e
C

yc
le

 o
f s

pe
ci

al
is

ed
 in

se
ct

 p
es

ts
 is

 
br

ok
en

Lo
w

er
 c

ro
p 

av
ai

la
bi

lit
y 

an
d 

lo
ca

-
tio

n 
by

 p
es

ts
; l

ow
er

 p
la

nt
 a

ttr
ac

-
tiv

ity
 to

 p
ol

yp
ha

go
us

 in
se

ct
s

H
ig

he
r a

bu
nd

an
ce

, r
ic

hn
es

s a
nd

/o
r 

ef
fe

ct
iv

en
es

s o
f N

E

D
iv

er
si

fie
d 

cu
lti

va
rs

 (e
.g

., 
ris

k 
in

su
ra

nc
e,

 d
iv

er
si

fic
at

io
n 

in
 

di
re

ct
 sa

le
)

Fa
rm

Le
gu

m
in

ou
s (

or
 g

ra
ss

/le
gu

m
in

ou
s 

m
ix

tu
re

) a
s a

ss
oc

ia
te

d 
or

 p
re

vi
-

ou
s c

ro
ps

Fi
el

d

Lo
ca

l/h
ar

dy
 c

ul
tiv

ar
s

Fi
el

d
M

ix
ed

 c
ro

pp
in

g/
in

te
rc

ro
pp

in
g

Fi
el

d
Fe

rti
lis

at
io

n
O

rg
an

ic
 m

at
te

r s
up

pl
y

Fi
el

d
M

or
e 

re
so

ur
ce

s f
or

 sc
av

en
ge

rs
 a

nd
 

po
ly

ph
ag

ou
s N

E
C

on
tri

bu
tio

n 
to

 th
e 

pe
rm

an
en

cy
 o

f 
fo

od
 w

eb
s

D
ire

ct
 p

es
t a

nd
 d

is
ea

se
 

co
nt

ro
l

Le
ss

 p
es

tic
id

e 
us

e,
 u

se
 o

f p
es

tic
id

es
 

of
 n

at
ur

al
 o

rig
in

, l
ow

 e
nv

iro
n-

m
en

ta
l c

on
ta

m
in

at
io

n 
w

ith
 so

m
e 

ex
ce

pt
io

ns
 (e

.g
., 

co
pp

er
)

Fi
el

d
Pr

es
er

va
tio

n 
of

 N
E

H
ig

he
r a

bu
nd

an
ce

 a
nd

/o
r r

ic
hn

es
s 

of
 N

E

W
ee

d 
co

nt
ro

l
Le

ss
 d

ra
st

ic
 w

ee
d 

co
nt

ro
l

Fi
el

d
H

ig
he

r p
la

nt
 d

iv
er

si
ty

 (e
.g

., 
se

ge
ta

l 
pl

an
ts

)
H

ig
he

r a
bu

nd
an

ce
, r

ic
hn

es
s a

nd
/o

r 
ef

fe
ct

iv
en

es
s o

f N
E

N
on

-c
ro

p 
su

rf
ac

e 
ar

ea
s

Fi
el

d 
m

ar
gi

ns
 

H
ab

ita
t m

an
ag

em
en

t a
nd

 
fa

rm
sc

ap
in

g

Fi
el

d
Fa

rm
H

ig
he

r p
la

nt
 d

iv
er

si
ty

H
ig

he
r p

la
nt

 a
nd

 h
ab

ita
t d

iv
er

si
ty

H
ig

he
r a

bu
nd

an
ce

, r
ic

hn
es

s a
nd

/o
r 

ef
fe

ct
iv

en
es

s o
f N

E

N
E 

na
tu

ra
l e

ne
m

ie
s o

f p
es

ts
a  C

ro
pp

in
g 

sy
st

em
 m

an
ag

em
en

t a
ls

o 
co

nt
rib

ut
es

 to
 th

e 
m

an
ag

em
en

t o
f b

ot
h 

fe
rti

lis
at

io
n 

an
d 

pe
st

 ( 
la

to
 se

ns
u)

 c
on

tro
l, 

bu
t a

ll 
ty

pe
s 

of
 c

ro
p 

m
an

ag
em

en
t w

er
e 

gr
ou

pe
d 

w
ith

in
 th

is
 li

ne
 o

n 
th

e 
ta

bl
e 

fo
r c

le
ar

ne
ss

b  A
n 

in
cr

ea
se

 in
 b

ot
h 

pl
an

t a
nd

 h
ab

ita
t d

iv
er

si
ty

 p
ro

vi
de

s N
E 

w
ith

 a
 h

ig
he

r d
iv

er
si

ty
 o

f r
es

ou
rc

es

S. Simon et al.



91

mainly to the benefit of OF practices (Mäder et al. 2002; Gabriel and Tscharntke 
2007; Holzschuh et al. 2007; Rösler 2007). Hence, real benefits exist for farmers 
when they adapt their crop management, farming systems and farm landscape struc-
ture in a way that both minimises pest development and maximises the potential for 
pest control by natural enemies.

5.3.2 � Organic Farms and Conservation Biocontrol

Alternative agricultural systems such as OF have been presented as being more 
favourable to biodiversity (Bengtsson et al. 2005; Hole et al. 2005; Letourneau and 
Bothwell 2008), as adopting more environmentally-friendly practices (Bengtsson 
et al. 2005) than conventional ones, and as providing numerous ecosystem services 
(Sandhu et al. 2010). Since the OF methods used for the direct control of pests, 
diseases and weeds are rare and/or less efficient than synthetic pesticides, farm-
ers have to adopt various strategies to reduce crop damage or weed competition 
in re-designed cropping systems (Zehnder et al. 2007; Table 5.1): long and com-
plex crop rotations, hardy cultivars and/or population varieties, development and 
environmentally-friendly management of field margins and semi-natural habitats. 
Most OF practices are also favourable for preserving and/or increasing plant and 
animal biodiversity:

•	 Because mechanical weeding is less efficient than herbicides, diversified plants 
associated with crops (e.g., segetal plants) are present and more abundant in OF 
fields (Gibson et al. 2007).

•	 Organic fertilising inputs and compost supply the soil with organic matter, thus 
favouring scavengers, ecosystem engineers and, therefore, the permanency of 
food webs and biodiversity (Mäder et al. 2002; Birkhofer et al. 2008). Below- 
and aboveground food webs are also interconnected through the plant (Blossey 
and Hunt-Joshi 2003) and/or generalist predators that feed on both scavengers 
and herbivores (Scheu 2001). Tillage practices also contribute to soil aeration 
and are favourable to many arthropods that live belowground (Birkhofer et al. 
2008).

•	 Pesticide use is one of the most disruptive practices in agriculture (Geiger et al. 
2010). Some organic pesticides such as copper and spinosad also have detri-
mental effects on the environment and/or animal communities (Extoxnet 1996; 
Cisneros et al. 2002), e.g., the neuro-toxic spinosad has a lethal effect on and 
reduces natural enemy populations when applied in fields to control pests. How-
ever, the rapid binding to soil aggregates (Extoxnet 1996) and UV or biological 
degradation of most organic compounds (Isman 2006), the tolerance of pests 
in crops and less direct measures against pests generally cause less disruptive 
effects in organic compared to conventional systems (Birkhofer et  al. 2008; 
Crowder et al. 2010). In the case study of fruit tree production, which is one of 
the most extensively treated crops to prevent pest and disease damage to fruit, 
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OF orchards host a more abundant arthropod fauna (Rösler 2007), which is (Pen-
vern et al. 2010) or not (Simon et al. 2007) more diversified than in conventional 
orchards at the family taxonomic level. However, this higher abundance did not 
(Simon et al. 2007) or barely (Penvern et al. 2010) lead to a higher level of pest 
control. We suppose that negative interactions (i.e., intraguild predation and can-
nibalism) may occur among natural enemies when abundance and/or richness 
increase. It is also likely that the pest multiplication rate is so highly favoured 
in high-density monoclonal orchards that natural pest control cannot occur. This 
would thus attest to the limits of such agricultural designs.

Thus, in OF, both within-time (crop rotations, higher agro-biodiversity) and 
within-space (higher agro-biodiversity, semi-natural habitats) plant designs and 
management (leading to less direct mortality and sub-lethal effects) contribute to 
the increase in biodiversity through higher plant richness and associated fauna than 
in conventional systems (Hole et al. 2005). Ecological compensation areas in Swit-
zerland are also larger by two-thirds in OF compared to IPM farms (Schader et al. 
2008). Moreover, OF systems were reported to maintain a higher level of struc-
tural complexity at both local and landscape scales compared to conventional ones 
(Norton et al. 2009). Nevertheless, various authors have reported that organic or 
low-intensity farming systems have little or no effect on populations in complex 
landscapes, whereas they have a substantial influence in simple landscapes (Hol-
zschuh et al. 2007; Bengtsson et al. 2005; Tscharntke et al. 2005). Under the moder-
ated conservation effectiveness hypothesis, Tscharntke et al. (2005) suggest more 
effective local management to enhance biological control in simple landscapes 
(i.e., 1–20 % proportion of semi-natural habitats) than in cleared ( < 1 %) or com-
plex ( > 20 %) landscapes. This hypothesis has been recently confirmed in croplands 
where agri-environmental management was more effective in enhancing species 
richness in simple than in complex landscapes (Batáry et al. 2011). Cleared land-
scapes with few semi-natural habitats do not support a sufficient number of species 
to obtain a significant enhancement of natural enemies in response to local manage-
ment. Conversely, complex landscapes rich in semi-natural habitats already support 
abundant and diverse populations of natural enemies (Thies et al. 2003; Tscharntke 
et al. 2005). Information is also still lacking on the level of pest suppression asso-
ciated with a generalised regional development of OF systems. Lastly, taking the 
diversity of practices within OF systems into account can be of major importance 
when assessing the effects of farming systems on associated ecosystem services.

Of course, as outlined by Hole et al. (2005), biodiversity is not an exclusivity 
of OF, and conventional farming systems may potentially harbour high levels of 
biodiversity at the farm scale, provided that resource-rich habitats are present and 
that IPM practices are adopted. This reveals that landscape structure together with 
farm management are powerful but interdependent levers to drive biodiversity and 
ecosystem services, provided that sufficient and relevant information is available on 
the life traits of the species present, and that adequate organisation levels, both in 
terms of landscape structure and farm management, are understood (Le Roux et al. 
2008; Rusch et al. 2010; Médiène et al. 2011).

S. Simon et al.
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5.4 � Case Studies of Conservation Biocontrol

Theories and cases studies (see case boxes) have made it possible to identify key 
issues related to conservation biocontrol approaches, which also address the signifi-
cance of landscape effects:

1.	 Why do results vary among studies?
2.	 What are the expected benefits for growers?

Orchards

The specificity of perennial crops like fruit orchards is related to longevity 
(persistence of the host plant), multi-strata designs and heterogeneity due 
to branching structures and within-field distribution of tree rows and alleys 
(Simon et al. 2010). The application of conservation biocontrol measures as 
indirect plant protection methods is therefore complex and should be care-
fully planned within a long-term perspective. Various types of plant resource 
diversification have been studied within orchards: ground-cover crops (Bugg 
and Waddington 1994); herbaceous flowering companion plants to either 
promote a complex of predators or enhance the parasitism rate due to one 
or several species in apple orchards (Wyss 1995; Wyss et al. 1995; Stephens 
et al. 1998; Bostanian et al. 2004; Irvin et al. 2006); interplanting extraflo-
ral nectar-bearing peach trees (Brown and Mathews 2007); alternative prey/
hosts on a non-crop plant (Pfannenstiel and Unruh 2004; Bribosia et al. 2005) 
to enhance in-field production of parasitoids by providing substitute hosts 
on non-crop plant or tree species. The effects of hedgerows (Solomon 1981; 
Pfannenstiel et al. 2010) and the surrounding vegetation (Debras et al. 2006) 
were also investigated. The design of tree species assemblages providing 
natural enemies with successive resources throughout the year is also docu-
mented (Simon et al. 2009).

Speiser et al. present in this book (Chap. 4) an experimental prototype 
orchard designed to maximise conservation biocontrol in operation since 
2006 at the Swiss Research Institute of Organic Agriculture. It combines 
hedges with selected plants (plants for alternative hosts, flowering shrubs), 
flowering plants in the tree rows, companion plants in the alleyways, pest- 
and disease-tolerant apple cultivars, soil quality enhanced by the addition 
of compost, and a number of artificial nesting sites for predators (birds, 
bats, parasitoids) to study the feasibility of pesticide-free apple production. 
The first unpublished results show that compared to orchards under usual 
OF and IPM management, the number of pest and natural enemy species is 
the highest in the prototype orchard. However, the diverse pests observed 
in the prototype orchard are usually controlled by the abundant natural 
enemies, attesting to the effectiveness of regulation processes promoted by 
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friendly practices and plant and habitat management. Whether or not tree 
and fruit damage that occurs, not only as a result of pests but of diseases 
such as sooty blotch as well, makes pesticide-free apple production eco-
nomically feasible, is still under study (Speiser et al. Chap. 4).

S. Simon et al.

Arable Crops

Conservation biocontrol of arthropod pests is of particular importance for 
annual (i.e., arable and vegetable) crops that represent a discontinuous habitat 
for arthropods and occupy large surface areas in Europe in the case study of 
arable crops. Although different types of plant resource diversification devoted 
to conservation biocontrol have been studied for over 20 years now in arable 
annual crops (Andow 1988; Nentwig 1988), there are very few field applica-
tions, partly because typical landscapes in annual crop regions are lacking in 
semi-natural habitats and because the insights provided by landscape ecology 
have only recently become available to help us to understand large-scale eco-
logical processes (Thies and Tscharntke 1999; Tscharntke et al. 2007).

Specific practices of arable crops contribute to conservation biocontrol. 
At the field scale, cultural practices such as reduced tillage or no tillage 
at all enhance the overwintering survival of parasitoids and also benefit 
polyphagous predators (ground beetles, spiders, rove beetles) overwinter-
ing within the fields (Hokkanen 2008), thus decreasing the reproduction 
rates of pest species in organic oilseed rape (Büchs and Katzur 2004). Due 
to increased predator pressure, intercropping has been shown to reduce 
damage to oilseed rape taproots due to the maggot Delia radicum (L.) when 
the proportion of wheat increases in the intercrops (Hokkanen 2008; Hum-
mel et al. 2009). In most cases, mixed crops decrease cereal aphid damage 
(Andow 1991) and some minor weeds that provide pollen and nectar can 
be left in the cereal field without any real damage to the wheat (Norris and 
Kogan 2005). Decaying organic debris on the soil from a previous crop or 
intercrop provides both shelter and alternative food via scavengers (mainly 
Collembola) to generalist ground-dwelling predators, and enhances aphid 
biological control in wheat (Schmidt et al. 2004). Moreover, polyphagous 
ground-dwelling insects benefit at the synergistic level from the activity of 
flying natural enemies that make some aphids fall to the ground when eat-
ing or laying eggs (Losey and Denno 1998). Management of the surround-
ing field environment to provide suitable overwintering habitats such as 
the establishment of beetle banks (raised grass strips sown with tussocky 
species, MacLeod et al. 2004) promotes winter survival and favours field 
re-colonisation the following spring (Hokkanen 2008). Old field margin 
strips, old fallow habitats (Thies and Tscharntke 1999) and adjacent wild 
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5.4.1 � Promising but Variable Results

Considering the case study of perennial crops, the plant assemblage sown in com-
panion plant strips within or at the border of organic Swiss orchards successfully 
increased predation rates of the rosy apple aphid in the spring and fall (Wyss 1995; 
Wyss et al. 1995). Flowering plants increased the parasitoid fauna several-fold in 
Canadian apple orchards during the study, which resulted in 90.8 % undamaged 
fruits at harvest in the fifth year of the study vs. 67.5 % in the control where one in-
secticide per year was allowed to control plum curculio (Bostanian et al. 2004). Irvin 
et al. (2006) established a higher tortricid parasitism rate and less damage in New 
Zealand apple orchards in the presence of floral understories compared to the con-
trol. In North American apple orchards, parasitoids migrating from hedges shelter-
ing alternative overwintering hosts to the adjacent orchards helped control leafroller 
pests in spring (Pfannenstiel and Unruh 2004; Pfannenstiel et al. 2010). However, 
ground cover crops provide both benefits and disadvantages (Bugg and Waddington 
1994). In some cases, predators were favoured, whereas in other cases, the number 
of phytophagous arthropods increased. Woody species in hedgerows favour natural 
enemies (Sarthou 1995) but can also harbour pests (Solomon 1981; Jeanneret 2000). 

flower strips (Büchi 2002) increased parasitism rates of pollen beetle lar-
vae through enhanced fecundity and longevity.

A recent study (Colour plate 5) designed to explore the relative impor-
tance of oilseed rape crop management and landscape context on pollen 
beetle density, damage and parasitism rates in France revealed a strong 
positive effect of landscape complexity, particularly of grasslands, on the 
parasitism rate of pollen beetles (Rusch et al. 2011a). However, this study 
also revealed a positive effect of landscape complexity, particularly of 
woodland, on adult pest populations. Indeed, this study identified wood-
land as the main overwintering habitat for pollen beetles. It therefore illus-
trates the so-called ambivalent effect of landscape complexity and the need 
for a clear description of the semi-natural habitats and their functions for 
natural enemy and pest populations. Moreover, this study also found that 
there is a positive effect on the parasitism rate of pollen beetles in terms of 
the proportion of the previous year’s oilseed rape crop in the surrounding 
landscape (i.e., the overwintering habitat of parasitoids) with reduced soil 
tillage. The importance of the nitrogen status of the crop on its ability to 
recover from pest damage has also been demonstrated. This work revealed 
the importance of taking both farming practices and semi-natural habitats 
scattered within the landscape into account to understand biological con-
trol in agroecosystems and thus opens new perspectives in terms of IPM 
strategies that maximise biological control at the landscape scale (Rusch 
et al. 2011a, 2011b).
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A review of orchards (Simon et al. 2010) showed that the effect of plant diversifica-
tion in orchards on pest control was mostly positive (16 cases) or null (9), but also 
negative in some cases (5). Studies on spontaneous cover crops, alfalfa and grass 
in the alleys of untreated or organic orchards (Brown and Glenn 1999) showed no 
significant effects either on the presence of natural enemies or on apple pests.

In arable crops, cultural practices such as reduced tillage can enhance both pest 
(e.g., insect pests overwintering in the soil) and natural enemy populations, depend-
ing on their life cycle (Rusch et al. 2010). Moreover, increasing within-field plant 
diversity in annual crops has been shown to have a strong positive effect on natural 
enemies, pest control and crop damage suppression, even if there are also some 
cases where no particular effects were reported (Rusch et al. 2010; Letourneau et al. 
2011). Different studies on oilseed rape have demonstrated the positive effect of 
flower strips (wild and sown strips) on the parasitism rates of the pollen beetle 
(Büchi 2002; Scheid et  al. 2011). Moreover, the density and species richness of 
aphidophagous syrphids was significantly higher, not only in narrow and broad 
sown flower strips compared to grassy strips and wheat–wheat boundaries, but also 
within wheat fields adjacent to the broad sown flower strips than in the others. This 
suggests that these fields benefit from a potential biocontrol of cereal aphids from 
distant plant management (Haenke et al. 2009). Enhanced conservation biocontrol 
due to landscape complexity is also observed, e.g., higher levels of biological con-
trol of the pollen beetle due to parasitoids (Thies et al. 2003) and higher parasitism 
rates of aphids on wheat (Thies et al. 2005) and of Lepidoptera on maize (Marino 
and Landis 1996) in heterogeneous compared to homogeneous landscapes. How-
ever, cases of plant diversification or mosaic landscapes were also favourable to 
some crop pests and/or diseases (Thies et al. 2005; Rusch et al. 2010). Indeed, the 
effects of landscape complexity on natural enemies and pest populations may reveal 
ambivalent effects since insect pests may also benefit from an increased amount of 
non-crop habitats in the landscape (Thies et al. 2005; Zaller et al. 2008).

More detailed knowledge is therefore needed on the arthropod community of 
plant species used in conservation biocontrol to provide clear advice to farmers on 
how to enhance natural enemies without promoting pests. To consider the whole 
pest complex of crops, the biological requirements of both pests and natural en-
emies of a given crop (Irvin et al. 2006) and the diversity of functional traits that 
will be present in a community are thus a prerequisite to understand the processes at 
work. Lastly, the sometimes ambivalent effect of landscape complexity highlights 
the importance of implementing adapted farming practices at the local scale to en-
hance natural enemy populations only.

5.4.2 � Expected Benefits from Conservation Biocontrol

Each measure of resource diversification mentioned above contributes, to some 
extent, to the control of pests, but is generally not as effective in preventing dam-
age as pesticides since higher predation or parasitism rates do not always make 
it possible to avoid direct control measures. Brown and Mathews (2007) showed 
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that interplanting extrafloral nectar-bearing peach trees within an apple orchard in-
creased the presence of aphid predators in the very early spring when stem mothers 
of the rosy apple aphid are hatching. However, despite some significant reduction 
of aphids by ladybird beetles, this type of conservation biocontrol measure was 
not sufficient to reliably control this pest. Conservation biocontrol measures often 
require several years to build up the beneficial arthropod fauna to constitute an ef-
fective biocontrol force (Bostanian et  al. 2004), but cultural practices (including 
pesticide use) may durably alter this process (Geiger et al. 2010). Application of 
conservation biocontrol measures is more effective for pests with a high treatment 
threshold (e.g., mites or pear psyllids) (Simon et al. 2010). To control pests in peren-
nial crops, either conservation biocontrol measures are accompanied by additional 
biocontrol techniques (inundative or inoculative biocontrol) and/or cultural and al-
ternative measures to decrease pesticide use reliance are combined, as is the case 
in the Swiss experimental prototype orchard (see Text Box). This brings us back 
to the problem of (i) the limits of conservation biocontrol to control pests whose 
populations cannot be tolerated in crops, even at low levels, e.g., most tortricids in 
orchards, and (ii) the current and unfavourable farming and food systems that are 
devoted to production and standardisation of agricultural products with poor con-
sideration of ecological processes and tri-trophic relationships.

Lastly, null or small added value for ecological achievements (ecologically-
driven subsidies), cosmetic standards in the case of the fruit market, a high number 
of pests and diseases, constantly increasing production costs and/or low prices for 
products are factors that limit the farmer’s motivation to develop conservation bio-
control. An increasing societal demand for products that are free of pesticide resi-
dues could be favourable to stimulate the development of indirect control measures 
such as conservation biocontrol (Pearson et al. 2011).

5.5 � Perspectives on Conservation Biocontrol

OF is the agricultural system that has been largely under focus at both the scientific 
and technical levels to develop global approaches that maximise ‘plant-mediated’ 
bottom-up processes and ‘natural enemies-mediated’ top-down processes that are 
both related to the preservation and promotion of biodiversity (Letourneau and 
Bothwell 2008). This provides perspectives on the importance of the development 
of innovative agricultural systems and their within-landscape distribution to both 
contribute to biodiversity in agroecosystems and to optimise ecosystem services.

5.5.1 � Need for Basic Research

Whereas the basic principles of conservation biocontrol are recognised at this time, 
field applications are still rare (Letourneau and Bothwell 2008). There is a chal-
lenge to develop a thorough understanding of the functional life traits of pests and 
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natural enemies (such as dispersal abilities and specialisation), and interactions be-
tween species at different space and time scales: suitable alternative food, periods 
of food shortage, fitness of natural enemies according to food, prey/host prefer-
ences and conditioning, dispersal ability and range of dispersal, and intra- and inter-
species interactions at different embedded scales. For example, it is well accepted 
that conservation biocontrol actions have to be based on the simplistic ’resource 
diversity and availability’ principle, regardless of the natural enemy, rather than on 
precise resources (specific nectar or alternative prey/host), undoubtedly much more 
difficult to identify but more accurately fitted to the requirements of natural ene-
mies. Empirical but promising applications have been reported: while conservation 
biocontrol implementation was largely empirical before 2000, Gurr et  al. (2000) 
calculated that more than 78 % of the published conservation biocontrol manage-
ment operations from 1990 onwards had successful effects on natural enemies, and 
more than 63 % succeeded in decreasing pest densities. The challenge is therefore to 
identify the ecological processes involved in these successful management systems. 
Better knowledge about functional biodiversity life traits and multi-scale relation-
ships between and within species, and between abiotic environmental parameters 
and species could significantly improve the effectiveness of conservation manage-
ment. In addition to diversity per se, some studies have also pointed out the impor-
tance of investigating other aspects of biodiversity (e.g., natural enemy evenness) 
to explain pest control (Crowder et al. 2010).

5.5.2 � Developing Practical Applications of Conservation 
Biocontrol

The reliability of field applications is a prerequisite for farmers to adopt conserva-
tion biocontrol. Moreover, enhanced predation or parasitism due to conservation 
biocontrol measures may be significant from an ecological (and statistical) point of 
view, but the effect alone can be insufficient from an agricultural point of view, e.g., 
when the pest infestation level remains above the treatment threshold. To help farm-
ers to design plant assemblages for conservation biocontrol, experiments could be 
proposed to assess: (i) candidate selective food plants; (ii) the effectiveness of natu-
ral enemies to control pests using exclusion experimental designs or paired-fields, 
combined with gut-content analysis of natural enemies and/or modelling; and (iii) 
which measures could be of the greatest benefit when farmscaping. Although very 
few applications have been reported, the case study of protected vegetable crops 
could help us to understand processes and to develop natural enemy reservoir sys-
tems: banker plant systems maintain and multiply native as well as released natu-
ral enemies, which emerge in a permanent release process within the greenhouse 
(Frank 2010).

One major problem encountered today is that information about the spontaneous 
level of pest suppression and the benefit of the introduction of plant diversity within 
the agroecosystem is lacking at this time. This highlights three main points. First, 
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there is the need to develop taxonomic skills and long-term experiments (Scherber 
et al. 2010) to acquire a large number of references on arthropod populations hosted 
by various plants and plant assemblages. Second, there is also the need to develop 
accurate and generic indicators at species, community and/or landscape levels to 
satisfy the requirements of both field and ex-ante assessments. Last, interactions 
between local conservation biocontrol measures and landscape context need to be 
taken into account (see below).

5.5.3 � Towards the Redesign of Production Systems 
to Enhance Conservation Biocontrol

A combination of levers has to be used to achieve natural pest regulation. Indeed, 
pest control can seldom rely on natural enemies alone. Top-down processes related 
to conservation biocontrol need to be completed by direct measures and/or bottom-
up processes to control pests. However, this more generally leads to questions about 
the design and management of current production systems—albeit organic—and 
associated plant diversity. To increase conservation biocontrol, guidelines could be 
proposed for developing or enhancing: (i) multi-strata designs in perennial crops; 
(ii) within-field structural and genetic heterogeneity (this leads to new challenges 
and stakes both in farm organisation and the food processing industry, to deal with 
multi-cultivar and multi-species crops); and (iii) habitat management at the farm 
scale adapted to the landscape context. Indeed, new insights provided by landscape 
ecology should be included in conservation biocontrol experiments even though 
the relative effects of local plant resource diversification or cultural practices are 
very seldom disassociated from landscape effects (Debras et al. 2006; Rusch et al. 
2011a). Because landscape management is hardly possible on the short-term, the 
challenge will be more focused on designing appropriate conservation biocontrol 
measures (e.g., hedgerow and flower strip planting, semi-natural habitat preserva-
tion or restoration) adapted to the landscape context (Batáry et al. 2011; Kleijn et al. 
2011) so that they will be the most effective in terms of pest suppression.

This overview of the interactions between biodiversity and conservation biocon-
trol shows that OF systems are adequate models to enhance as well as to provide 
ecosystem services related to biodiversity in the agroecosystem. Organic farmers 
already make use of and benefit from biodiversity. However, conservation biocon-
trol must be further developed to improve effectiveness and reliability for farmers. 
A participatory approach to combine results from basic research and promising field 
applications would provide a solid foundation to develop and promote conservation 
biocontrol.
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Abstract  Plant protection is one of the major issues in organic farming. Organic 
crop protection (OCP) strategies often rely on a limited number of methods that 
provide only partial control of pests and that induce lower yields and economic 
performances. As a result, farmers hesitate to adopt these strategies and doubts are 
cast on the ability of organic agriculture to feed the world. This chapter questions 
how agroecological concepts may contribute to OCP, while taking the different 
alternative schemes already developed to manage, integrate and design crop pro-
tection strategies into account. As demonstrated by a bibliographic analysis, Inte-
grated pest management (IPM) remains the leading paradigm in crop protection. It 
also provides its foundational basis, giving priority to bioecological processes and 
alternative techniques to reduce pesticide use. Beyond IPM, agroecology is charac-
terised by a holistic approach and the importance given to the design of a “healthy” 
agroecosystem. In practice, all these concepts are subject to various interpretations, 
and organic farming includes a variety of practices, ranging from intensive input-
substitution to a comprehensive integrated approach. This paper provides key ele-
ments for crop protection in OF on the basis of the adaptation of the agroecological 
crop protection approach. Based on a successful case study of fruit fly management 
in OF in Reunion Island (France), we highlight three major pillars to design pest 
management strategies: sanitation, habitat manipulation and conservation biologi-
cal control. Finally, in the field of crop protection, this paper shows that organic 
farming can be both a prototype for designing innovations and a source of practices 
to be extended to other types of agroecosystems.

Keywords  Organic farming · Agroecology · Integrated pest management · 
Agroecological crop protection
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6.1 � Introduction

Plant protection has been constantly evolving over the past century, wavering be-
tween the steady improvements in the use of modern pesticides (high concentration 
and ultra-low volume, spraying conditions and application timing) and the search 
for more rational and ecologically compatible methods of pest control. Because 
pesticides have been available and effective until now, agricultural systems were 
designed with the focus on productivity and/or income rather than on adaptation 
to the local pest and disease pressure. This resulted in input-dependent systems 
now regarded as non-sustainable. They indeed favour pest resistance, resurgences 
and the emergence of secondary pests, as well as environmental and human health 
problems due to chemical residues (Deguine et al. 2009; Krebs et al. 1999). There-
fore, and despite a real socio-historical “lock-in” that has impeded the widespread 
diffusion of alternative techniques and strategies (Vanloqueren and Baret 2009), a 
switch towards improved knowledge and management of ecological (and biologi-
cal) processes that occur in agroecosystems is now taking place.

Organic farming (OF) may be considered as a prototype for alternative crop 
production. In general, organic farming rejects synthetic compounds assumed to 
disrupt the complex dynamics of agroecosystems, and instead promotes natural 
regulation processes and relies on a restrictive list of active substances registered 
under organic agriculture guidelines (in Europe, EC 2092/91; Annex II B). The ac-
tive ingredients must be of natural origin (derived from plants, animals or minerals, 
or of microbial origin), unless the extraction is unacceptable, in which case it may 
exceptionally be synthetically produced as long as it is chemically identical to the 
natural compound (e.g., synthesized pheromones) (Speiser et al. 2014, Chap. 4). 
The list is prone to controversies due to the lack of a scientific rationale for includ-
ing or excluding certain substances, and the lack of knowledge about the properties 
and impacts of certain compounds (e.g., Biondi et al. 2012). Whereas some new 
synthetic compounds may be considered sustainable because of low environmental 
concern, energy savings and efficacy, some organically registered compounds are 
often of limited efficacy, must often be applied preventively and, in some cases, in 
relatively large quantities, leading to input-intensive practices with environmental 
hazards (Dayan et al. 2009; Sauphanor et al. 2009; Simon et al. 2014, Chap. 5). The 
most common example is sulphur that has deleterious side effects on soil microflora 
and fauna, requires more frequent spraying, and is sometimes unsuccessful at main-
taining fungal diseases under control. Such a gap between organic principles and 
practices casts doubts on the possible contribution of organic farming to sustainable 
development (Darnhofer et al. 2010; Trewavas 2001).

This chapter questions how different alternative schemes that have already been 
developed to manage or design plant protection strategy concepts could contribute 
to organic pest management. Agroecological crop protection (ACP) and integrated 
pest management (IPM) are other alternative schemes that also promote ecolog-
ically-based pest management to reduce reliance on external inputs and increase 
sustainability. Both share several principles with organic crop protection (OCP): 
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preventive measures, a combination of techniques, biodiversity conservation, etc. 
Care must however be taken when comparing different concepts, given the variety 
of interpretations and the multiple forms they may take. In the first part of this pa-
per, we present a bibliographic analysis of the relationships between each concept 
in terms of the way they are used in the literature concerning the crop protection 
sciences. In the second part, we propose an adaptation of the ACP in OF, based 
on three key elements: sanitation, habitat manipulation and conservation biological 
control. A 5-step strategy for crop protection in organic farming is then proposed, 
using the example of a successful case study: the agroecological management of 
fruit flies in organic farming in Reunion Island (France).

6.2 � Relationships Between Integrated, Agroecological  
and Organic Pest Management: A Review  
of the Literature

This analysis is based on scientific views published in peer-reviewed journals and 
addresses the relationships between the three different concepts: OCP, ACP and 
IPM, based on the literature concerning the crop protection sciences. Assuming that 
concepts that co-occur more frequently tend to be related (Whittaker et al. 1989), a 
global bibliographic analysis based on co-word analysis was performed. We com-
pared co-occurrences between Boolean topic search queries mentioning each or 
multiples of the “concepts” from the Web of Science database over a period of 36 
years (1975–2012). The topic search queries, indicated in the caption below, were 
built to identify publications that referred to a minimum of one of the most com-
monly used terms of the concepts in their title, abstract or keywords. This method 
allows (i) a dynamic quantitative study of the co-occurrence frequency of terms, 
and (ii) a qualitative analysis of the way each concept is used.

IPM largely dominates the corpus and is also the oldest (first publication in 1975 
compared to AE and OF that began in 1992), proving its role as the paradigm leader 
in the crop protection sciences (Fig. 6.1), whereas the number of papers referring to 
ACP in plant protection is still relatively low (63).

6.2.1 � Relationships Between Integrated Pest Management  
and Organic Crop Protection

�IPM and Organic Crop protection (OCP) Share a Common Characteristic: 
Integration

According to the standards and theories, organic crop protection (OCP) and IPM 
share common principles. Both aim to avoid the use of pesticides and give priority 
to self-regulating processes and preventive measures to regulate pests and patho-
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gens. IPM has been the fundamental paradigm in plant protection since the late 
1960s, with the following key ideas: do not spray poisons unless it is necessary, and 
manage the ecosystem in such a way that it does not become necessary (Vandermeer 
1995). Likewise, organic farming, as defined by the international food standards of 
the Codex Alimentarius, "emphasizes the use of management practices in preference 
to the use of off-farm inputs […] accomplished by using agronomic, biological, and 
mechanical methods, as opposed to using synthetic materials, to fulfill any specific 
function within the agroecosystems" (FAO/WHO Codex Alimentarius Commission 
1999). This principle is applied in plant protection and has been translated into pro-
tection rules in the current European organic production standards that mention the 
following specific principles (Article 5 (f) and Article 12 (g); RCE 834/2007): “the 
prevention of damage caused by pests, diseases and weeds shall rely primarily on 
the protection by natural enemies, the choice of species and varieties, crop rotation, 
cultivation techniques and thermal processes”, and advising the use of pesticides 
only “in the case of an established threat to a crop”.

Nevertheless, in the abundant literature on the adoption or failure of IPM, some 
authors report how IPM practices are not always consistent with these principles 
and why the effective reduction of pesticides is often limited. “Integration” remains 
the real conceptual foundation of IPM, with the understanding that IPM integrates 

(

ACP               
(63)

Integrated Pest Management  
4267)

Organic  
Crop Protec�on 

(341)

Fig. 6.1   Venn diagram for the occurrence of the three defined concepts in the literature concerning 
pest management. Overlapping circles display the number of publications that refer to two or three 
of the concepts. ACP: agroecological crop protection. Topic search queries in the Web of Science 
database of: #1: AE (& PM) Topic = ((“agroecolog*” OR “agro-ecolog*”) AND (“crop protec-
tion” OR “pest management” OR “plant protection” OR “pest control”)); #2: IPM (& PM) Topic 
= ((“ntegrated pest management” OR “IPM” OR “integrated crop protection”OR “integrated 
plant protection”OR “integrated pest control”) AND (“crop protection” OR “pest management” 
OR “plant protection” OR “pest control”)); #3: OF (& PM) Topic = ((“organic* agr*” OR 
“organic* farm*” OR “organic* and conventional*” OR “organic system” OR “organically-
grown” OR “conventional* and organic*” OR “organic, conventional” OR “Organic Fruit 
Production” OR “organic prod*”) AND (“crop protection” OR “pest management” OR “plant 
protection” OR “pest control”)); #1 AND #2: AE & IPM (& PM)
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(i) a set of available control tactics, (ii) the estimated impacts of the various pest 
categories (arthropod and vertebrate pests, plant pathogens and weeds); and (iii) the 
scales of agricultural units targeted for pest management. However, IPM is a flex-
ible concept and exists as a continuum where integration ranges from rather low to 
very high levels (Kogan 1998). Many authors describe IPM implementation as inte-
grated pesticide management (Ehler 2006), mainly using a single control method to 
overcome one limiting factor in a single pest approach (Altieri et al. 2000; Kogan 
and Hilton 2009). The authorised access to cheap and efficient pesticides and easy 
ways to get rid of pests partly explain farmers’ preferences for the use of pest con-
trol tools such as genetically-modified plants (GMP), insecticidal seed treatments 
or the follow-up management of pest populations with the use of “therapeutic” 
materials(Ferron and Deguine 2005; Lewis et al. 1997).

On the contrary, synthetic pesticides are strictly limited in organic farming. 
This restriction should lead practitioners to adopt alternatives and foster ecosys-
tem services. Moreover, these alternatives are most often less efficient and must be 
combined to achieve successful control of pests, ensuring an integrated approach. 
However, pest management practices in OCP also display a continuum where "inte-
gration" ranges from rather high to low levels. The available pesticides are often of 
limited efficacy, must often be applied preventively and, in some cases, in relatively 
large quantities, leading to input-intensive practices (Dayan et al. 2009; Sauphanor 
et al. 2009). In orchard production, Penvern et al. (2010) identified two distinct pest 
management strategies among organic peach growers in southeastern France. Half 
of the growers used a preventive strategy based on input-substitution (substituting 
synthetic for natural products), resulting in more treatments than in conventional 
farming due to the lack of efficient alternatives. In contrast, the other half adopted 
an “integrated” protection strategy that primarily relied on cultural, biological and 
mechanical methods, resulting in fewer treatments and a higher diversity and abun-
dance of natural enemies than conventional ones.

IPM and OCP share common principles and both present in practice different 
degrees of integration up to a limited number of methods and targets. In these cases, 
practices are not very consistent with their principles, and the differences with “con-
ventional farming” are not very clear either, even in the case of input-substitution. 
Other factors must thus be involved in the adoption of an integrated approach

�Results from the Co-Occurrence Analysis Show Different Interpretations  
and Distinct Relationships

A total of 28.15 % of the publications on OCP also refer to IPM, whereas only 
2.25 % of the publications on IPM refer to OCP (Fig. 6.1). If OCP and IPM share 
common principles, three types of relations can be distinguished from the literature: 
inclusion, comparison and transition.

Inclusion:  Organic farming constitutes an appropriate model (or “framework”) to 
implement IPM strategies or practices, including crop rotations, choice of cultivars, 
prophylactic biocontrol, insect-trapping methods, field and pest scouting, use of 
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less toxic pesticides and information-based decision tools. Those techniques are 
recognised as conditions for successful OCP (Delate and Friedrich 2004). OCP is 
also considered in many cases as a prototype that may catalyse IPM principles given 
its constraints on chemical-synthesized pesticides that force organic practitioners 
to adopt prophylactic measures. For example, Jacobson et al. (2003) demonstrated 
in their study that organic farmers performed more pest scouting than conventional 
ones. Many techniques developed in IPM are thus particularly appropriate and 
implemented in OF (e.g., Boisclair and Estevez 2006), making it a relevant research 
object to investigate predator-prey interactions (Furlong and Zalucki 2010).

Comparison:  In a majority of publications, OF and IPM are used interchangeably 
in comparative studies, since they are both considered as alternative farming sys-
tems to conventional (e.g. Mzoughi 2011) or agricultural intensification (Peterson 
et al. 2000). Techniques are applicable in both systems (e.g., application of kaolin 
in Daniel et al. (2005); mating disruption in Vanbuskirk et al. (2008); biodiversity 
in Xu et al. (2011)). Such comparisons display various results, either in favour of 
OCP or in favour of IPM. Following are some examples in favour of OCP: on pes-
ticide residues (e.g. Mladenova and Shterevad 2009), of fruit nutritional properties 
(Fernandes et al. 2012) or of the lower incidence of protection methods on natural 
enemies (Rajapakse 2000). Botanical insecticides used in OCP are thus considered 
as an alternative to IPM (Mumford 1992). In contrast, recent studies emphasize the 
toxicity of organic pesticides (e.g. Biondi et al. 2012) and the lack of efficiency of 
OF performances (Elliot and Mumford 2002), supporting the hypothesis that over-
all benefits should be achieved by the use of legislation to restrict more harmful 
technologies.

Transition:  This relationship concerns a small number of publications (5.2 %). At 
the individual scale, IPM is considered as an intermediate phase that may facilitate 
organic conversion (Lamine 2011; Zinati 2002). An abrupt transition from con-
ventional to organic may be risky if the number of pests is high and if alternative 
practices are not yet in place, inducing crop losses during the transitional period. 
McSorley (2002) refers to a hybrid system where conventional tactics are decreased 
in favour of organic ones.

�Conclusion: IPM and Of Enrich One Another

The development of IPM has contributed to OCP in three different ways. As em-
phasized above, it first contributed in terms of research and development for new 
pest management tools and technologies. Its integration into national development 
and research programmes fostered the development of techniques to (i) increase 
pesticide use efficiency, particularly through decision tools and spraying materials, 
(ii) reduce the drawbacks of protection methods and environmental hazards, and 
(iii) alternatives for pesticide substitution. Second, conventional agriculture is no 
longer the reference in system comparison and performance assessment. Since both 
systems share common principles, criteria and indicators are more consistent with 
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OCP principles and practices. Third, it contributed in terms of transition pathways, 
where IPM can be considered a step towards organic conversion.

Conversely, organic farming represents a good prototype for the implementation 
and testing of IPM principles. It constitutes a framework with specific constraints 
that may catalyse technological innovations for more sustainable pest management.

6.2.2 � Contributions of Agroecology to Organic and Integrated 
Crop Protection

�To Design Healthy Agroecosystems

In the 1970s, agroecology initially dealt with crop production and protection aspects, 
in particular, using the ecological sciences to design and manage “healthy” agro-
ecosystems, i.e., more resilient and less susceptible to pests (Harper 1974; Gliess-
man 2007; Wezel et al. 2009). Agroecology therefore promotes an understanding of 
agroecosystems for a “positive plant-mediated” approach (as opposed to “negative 
pest-mediated”) to manage the system for beneficial processes and cycles, and keep 
pest populations in check (Altieri and Nicholls 2000; Gliessman 2007)1. In order to 
do so, and beyond the classical techniques of integrated crop protection, ACP relies 
on the design of diversified agroecosystems (crops, trees and animals in spatial and 
temporal arrangements) and on the use of low-input technologies to favour the es-
tablishment of a functional biodiversity that performs key ecological services such 
as biological control, nutrient recycling and pollination. ACP thus operates as of the 
conception of the system and at larger scales in time and space than IPM, from a 
single crop cycle to several years, and from a single field to an agroecosystem or a 
landscape. This transition towards system design/redesign corresponds to a major 
change in the pest management paradigm (Hill et al. 1999; Hill, Chap. 22).

Agroecology is recognised by many authors as an umbrella for alternative farm-
ing approaches, of which OF is often mentioned as a relevant model (Francis 2009b; 
Lotter 2003). In fact, there are similarities with the first vision of organic farming. 
Sir Albert Howard, one of its founders, defined pests as nature’s censors: “Insects 
and fungi are not the real cause of plant diseases but only attack unsuitable variet-
ies or crops imperfectly grown. Their true role is that of censors for pointing out 
the crops that are improperly nourished and so keeping our agriculture up to the 
mark.” (Howard 1943). “Health” and “ecology” are still two of the four basic prin-
ciples of OF defined by the IFOAM2 in 2005. In practice, many authors relate that 
organically-managed agroecoystems are also designed to promote beneficial biotic 
and abiotic processes (Lampkin 1990; Letourneau and Goldstein, 2001; Garratt 

1 see Table 16.1, p. 219.
2 The IFOAM is the International Federation of Organic Agriculture Movements. It defines four 
basic principles of organic agriculture: health, ecology, fairness and care; http://www.ifoam.org/
en/organic-landmarks/principles-organic-agriculture.
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et al. 2011). Crop rotations, soil structuring practices, plant nutrition and host plant 
resistance are examples of practices frequently implemented in OF.

However, differences between ACP and OCP exist and rely firstly on the lack of 
codification and regulations that provide the framework for OCP, whereas synthetic 
pesticides and GMP are, by definition, not excluded in AE. It should, however, 
be emphasized that the most commonly used GMP for plant protection (one or 
several genes coding for a resistance to a specific insect, a gene coding for toler-
ance to a specific herbicide) do not fit the general agroecological principle that 
aims at addressing crop protection in its entirety (Altieri and Rosset 1999; Altieri 
2005). Moreover, some researchers criticize the trend observed in OF towards the 
replacement of agroecological practices such as rotations, vegetation design, and 
knowledge-intensive techniques by a set of energy and capital intensive organic 
“technology packages”, and denounce the deterioration of organic standards and 
core values (Rosset and Altieri 1997; Trewavas 2001; Guthman 2004; Darnhofer 
et al. 2010; Hill, Chap. 22). There are large-scale commercial organic farms that 
do not considerably differ from their conventional counterparts, using power-
dependent machinery, pest-susceptible crop varieties and adopting monocultures 
(Rosset and Altieri 1997). These simplified systems lack natural regulatory mecha-
nisms and therefore remain dependent on external inputs to substitute functions of 
pest control (Altieri 1999).

�Results from the Co-Occurrence Analysis Stresses Its Role of Umbrella  
for Alternative Pest Management and Research Programmes

A total of 38 % and 25.4 % of the 63 publications on ACP refer to IPM and OCP, 
respectively. Both are interpreted as effective prototypes for the implementation 
of agroecological principles. IPM is generally referred to as a strategy (or “pro-
gramme”) based on technologies that are compatible with agroecological principles. 
OF offers an appropriate framework or model of production where agroecological 
principles may be implemented.

Two major interpretations of ACP can be distinguished according to the way 
publications refer to the term “agroecology”.

First, ACP provides principles and protection methods that promote agroecoys-
tem management and a design that fosters functional biodiversity (Tscharntke et al. 
2012) as well as natural regulatory processes. The main pillars are focused on diver-
sified cropping agroecosystems (including the landscape) (Ratnadass et al. 2012) 
and preventive methods (Deguine and Ferron 2006). Farmer knowledge and infor-
mation transfer are another important aspect, especially for publications dealing 
with the adoption or progression within the different stages of IPM (Ponce 2007). 
Nicholls and Altieri (1997) suggest dissemination, broadening education and out-
reach for successful ecological pest management in IPM. To manage agroecosystem 
functioning assumes an understanding of the complexity of interactions and local 
specificities to adequately adapt practices (Tscharntke et al. 2012).
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Second and more importantly, authors from both corpuses refer to ACP as an ap-
proach. The first publication by M. Altieri dates back to 1992 and defines agroecol-
ogy as “the scientific bases of alternative ecologically based agriculture” (Altieri 
1992). ACP promotes the integration of the multiple components of agroecosys-
tems and long-term comparison (Delate 2002), multi-disciplinarity (Valenzuela and 
Defrank 1995), particularly biological and ecological disciplines, and a wider sys-
temic approach, including uncultivated areas and landscape approaches (Deguine 
and Ferron 2006; Deguine et al. 2008). The environment, in the general sense of 
the milieu where bioecological processes take place, is recurrent. An analysis of the 
research area using Web of Science tools (Fig. 6.2) shows the importance of envi-
ronmental sciences and ecology. A total of 46 % of the 26 publications on ACP and 
IPM refer to agroecology as an entity or “zone” where functional biotic and abiotic 
processes occur (e.g., Rodriguez et al. 2012). “Agroecological conditions” are then 
necessary to ensure adoption (Holland et al. 2009) and efficiency of site-specific 
practices (Kremen and Miles 2012).

Third, and derived from the two former interpretations, AE may be used as a ref-
erential for pest management evaluation, especially among OCP publications (e.g., 
Peck et al. 2010; Mena et al. 2012).

�Conclusion: A Holistic Approach for Local Specific Practices

One major contribution of agroecology to organic and integrated pest management 
relies on the reinforcement of bioecological processes through system design to 
achieve resilient agroecosystems and to thus minimise pest occurrence. OCP should 
intrinsically be based on a holistic approach (e.g., healthy soil to feed the plant and 
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contribute to plant health, preservation of the ecosystem service of pest suppres-
sion, etc.) and should not be reduced to a ban on synthetic pesticides. This transition 
towards system design/redesign corresponds to a major change in the pest manage-
ment paradigm (Hill et al. 1999) that also occurs in the ecological intensification of 
agriculture (Malezieux et al. 2012; Tscharntke et al. 2012). Ecological knowledge, 
constant monitoring and adaptation capacities are key prerequisites to manage the 
complexity and dynamics of agroecosystems (Bird et al. 2009). Research approach-
es and agendas must thus be reviewed to respond to these challenges.

6.2.3 � At the Crossroads of the Three Concepts

The number of publications at the intersection between the three concepts is too low 
to allow for interpretation but reflects the aforementioned analyses. OF is used as a 
framework for IPM technologies and strategy implementations (Sharma et al. 2011; 
Lotter 2003), while AE provides the approach and principles for sustainable pest 
management. Ponce (2007) refers to agroecological knowledge as one condition for 
progression through the four stages of IPM.

IPM and AE approaches appear to be complementary for designing organic crop 
protection strategies. Whereas IPM recommends a parsimonious use of inputs and 
ecological engineering to foster regulatory processes through biological control, AE 
focuses on the design of resilient and healthy agroecosystems that assume a holistic 
understanding of the interacting processes that occur inside and outside the agro-
ecosystem. Prevention, biodiversity preservation and the knowledge of sharehold-
ers appear as common key elements for such ecologically sound pest management.

6.3 � Application of Agroecological Crop Protection  
to Organic Farming

6.3.1 � Adopting an Agroecological Strategy for Organic 
Crop Protection

The implementation of agroecological principles for OCP was proposed by De-
guine et al. (2009), by prioritising preventive measures and by giving priority to the 
promotion of biodiversity and soil health. The application of this strategy to OF is 
presented below. The choice of farm location as well as the location of fields to be 
cultivated within the farm are of utmost importance and constitute the first stages of 
a pest management strategy (Wyss et al. 2005). They, in fact, determine the frame-
work and profile of the pest management strategy. Furthermore, the strategy corre-
sponds to the development of a management plan for the farm at different time and 
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spatial scales, taking the agroecological characteristics of the overall agroecosystem 
into account. Another prerequisite is to comply with crop protection regulations ap-
plied to a given crop at the international, national and regional scales. These three 
preliminary conditions are not integrated into the following stages because they do 
not entail a choice on the farmer’s part in most of the situations.

�Improved Plant Health Through the Implementation of Measures  
to Ensure Healthy Soil

•	 Agronomic measures aimed at optimising soil quality and functioning (structural 
stability of the soil, availability of water for primary production, soil fertility, 
regulation of the microclimate). These measures depend on farmers’ strategies 
and pedo-climatic conditions and may include rational irrigation as well as or-
ganic amendments.

�Implementation of Management Practices for Plant Communities  
(Cultivated or Not) to Reduce Populations and the Impact of Bioagressors 
and/or to Increase Populations and the Impact of Beneficial Fauna

•	 Choice of species and varieties cultivated for increased plant tolerance or resis-
tance, or reduced susceptibility;

•	 more extensive use of rotation crops, associated crops or intercropping;
•	 practices that encourage conservation biological control (e.g., non-toxic pesti-

cides applied outside of the activity time of natural enemies);
•	 plant biodiversity management practices from the field to the landscape scales/

levels: systems under permanent plant cover, minimum tillage, weed manage-
ment, insertion of trap plants in the field or around the field, establishment of 
refuge areas for natural enemies (addition of grass or flower strips, field borders, 
and restoration of corridors).

�Implementation of Prevention Measures for Preventing Infestation

•	 Use of healthy registered plant varieties;
•	 regular collection and systematic elimination of crop residues or other sources of 

disease or pest contamination;
•	 implementation of concerted practices at the local level in relation to both time 

and space;
•	 biodiversity management: avoid host plants of major bioagressors and favour 

trap plants in the vicinity of the field.
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�Assessment of Socio-Economic, Environmental and Health Risks  
and Decision-Making for Curative Measures If Needed

•	 Assessment of production losses for existing crops, even at scales other than the 
cultivated field, e.g., on other crops in the area and on future crops, and taking 
negative collateral impacts into consideration;

•	 taking environmental and health indicators into account;
•	 use of sampling techniques adapted to a field, to a group of fields, to a farm and 

to overall agroecosystems scales, with the possible assistance of regional agri-
cultural extension services;

•	 decision-making using decision support and consensus-building tools, taking 
local and evolutive multicriteria intervention thresholds (economic, social, en-
vironmental) into account, as well as the risk of the occurrence of resistance 
phenomena.

�Only in the Case of Absolute Necessity: Use of Curative  
Intervention Measures

•	 Compliance with OA specifications, particularly concerning practices at the 
farm and agroecosystem scales;

•	 at this stage, priority is given to cultivation techniques (e.g., defoliation, top-
ping), inundative biological control, physical control, biotechnical control, mat-
ing disruption, etc.

•	 as a last resort, use of biopesticides allowed in OA (biological or mineral) with 
the lowest ecological impact, chosen to avoid the occurrence of resistance phe-
nomena or secondary effects on non-target organisms.

6.3.2 � A Case Study: Fruit Fly Management in Organic  
Farming in Reunion Island

The application of agroecological crop protection to a case study requires consid-
eration of both the pests and the context, including the three main components of 
agroecological crop protection (prevention, plant biodiversity manipulation and 
conservation biological control) and the different steps of the proposed strategy.

Fruit flies (Diptera: Tephritidae) are among the most destructive and widespread 
pests of horticultural systems in the tropical and subtropical areas of the world 
(White and Elson-Harris 1992). Although they have been the subject of many stud-
ies because of their economic impact, their control remains problematic in most 
cases and requires large amounts of pesticides. This situation is exacerbated under 
insular and tropical conditions, as is the case of Reunion Island and, of course, in 
OF. The melon fly Bactrocera cucurbitae (Coquillett), the Indian Ocean cucurbit 
fly Dacus demmerezi (Bezzi) and the Ethiopian cucurbit fly Dacus ciliatus (Loew) 
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are the major pests of horticultural crops in Reunion Island. They are able to attack 
several species of cultivated cucurbits such as zucchini ( Cucurbita pepo), pumpkin 
( Cucurbita maxima), chayote ( Sechium edule) and cucumber ( Cucumis sativus) 
that are the most commonly cultivated crops. Among the three species, the melon 
fly causes the most economic damage, and crop losses can reach 100 %. During the 
last years, research has allowed us to gather knowledge about the bioecology of 
fruit flies (Ryckewaert et al. 2010; Veyssières 1999), making it possible to apply the 
principles of agroecological crop protection not only in "conventional" agriculture, 
but in OA as well (Atiama-Nurbel and Deguine 2010).

�Agroecological Practices that Improve Soil and Plant Health

Permanent covering of the soil with local weeds or chosen plant species and good 
management of field surroundings are promoted for their positive impact in terms 
of soil health (fertility, structure, control of erosion and evapotranspiration). These 
practices complement the positive impact of the techniques described below in 
terms of crop protection.

�Habitat Manipulation Through Trap Crops

Several plants are known as roosting sites for cucurbit flies, and can be used to 
concentrate the populations of adult flies (McQuate and Vargas 2007). Some plants 
have been tested in Reunion Island, including corn and cane grass that can thus be-
come the central location of fruit fly management. Three types of trap plant systems 
have been designed using corn: borders around the field, patches within the field 
and strips within the field. In some situations, natural tree borders can also be used 
as trap plants (Colour plate 06). The population of adults roosting on the corn border 
of a zucchini field was approximately a thousand times higher than the populations 
counted on the crop itself (Fig. 6.3) a result confirmed at different sites over several 
years (Deguine et al. 2012a).

After concentrating adult flies on corn, it is necessary to avoid gravid females 
from moving to host plants (the crop) and laying eggs on the fruits. A curative 
method is therefore proposed (see “Assisted Push Pull” below).

�Preventive Measures: Sanitation

Each fruit may host many fruit fly eggs in the vegetation bordering crops. One 
cucurbit fruit, infested and fallen to the ground, can allow several hundred adults 
to emerge, (i.e., more than 200/kg of cucumber, more than 340/kg of pumpkin, 
and more than 500/kg of zucchini; (Deguine, unpublished data). Our sanitation ap-
proach mainly relies on risk prevention using an augmentorium (Deguine et al. 
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2011) (Colour plate 06). This tent-like structure confines rotting fruits collected 
on the ground of the field, preventing the agroecosystem re-infestation by the next 
fly generation. The first role of the augmentorium is sanitation (retaining flies that 
emerge from the infested fruits collected). Furthermore, it has an opening fitted with 
a mesh netting on its top, which prevents adult flies from escaping, while allowing 
the escape of beneficial parasitoids. It can thus be considered as a tool for conserva-
tion biological control. Organic farmers readily accept the technique and some of 
them also use the augmentorium to produce compost, mixing cucurbit fruits with 
organic matter and sugar cane stems. Farmers consider that it is simple, effective, 
environmentally safe and not time-consuming. In the future, the use of augmento-
riums can be considered in fields, rural villages and towns, linking agroecological 
crop protection within OF to urban ecology.

�Monitoring and Curative Techniques

Male Annihilation Technique.  Populations of B. cucurbitae and D. demmerezi 
were monitored during the year using male cue-lure bait traps without insecticide, in 
order to evaluate the critical period for management. In addition, a design of “exper-
imental reference fields” was proposed, including fields of cucurbits untreated 

Fig. 6.3   Concentration per hour of adult fly populations ( Bactrocera cucurbitae, Dacus ciliatus  
and Dacus demmerezi) during the day (7:00–18:00) on a corn border around a zucchini crop (Piton 
Bloc 2008; Atiama-Nurbel, unpublished data)
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throughout the year where observations of adult flies are performed once a week. 
This experimental design made it possible to evaluate the seasonal abundance of the 
populations, the relative abundance and the sex ratio of the three species within the 
communities (Deguine et al. 2012a). A similar male cue-lure trap free of insecticide 
is used in a Male Annihilation Technique (M.A.T.). Under the M.A.T., male cue-
lure bait traps are used in fields at high densities to catch the maximum number of 
males and to disrupt the equilibrium and the sex ratio of the population. In “conven-
tional farming”, the traps used until now associated male cue-lure to attract males 
and an insecticide to kill them. In OCP, these traps must be free of insecticide, so a 
prototype of lure-trap has been implemented using a recycled plastic bottles (Colour 
plate 06). This trap is effective and easy to implement, and it is also now used even 
on “conventional” farms (Fig. 6.4). These results have been extended to Bactrocera 
zonata (using methyl-eugenol) and Dacus demmerezi (using cue-lure) in different 
situations, both for monitoring and for M.A.T.

Assisted Push-Pull.  It was previously observed that adult flies can be trapped on 
corn borders around the cultivated field. To avoid females going from corn borders 
to the host crop and laying eggs on the host fruits, the technique of “attract and kill” 
is used. “Syneïs-appât”® (Dow AgroSciences, U.S.A.), approved for OF, is a com-
bination of an attractant and feeding stimulant (99.98 %) and of Spinosad (a bio-
logical insecticide) (0.02 %). This product can be applied in very low quantities of 
active ingredients/ha on trap plants (instead of on cultivated plants) as a spot spray, 
to attract adult flies and kill them. Syneïs-appât is known to be attractive to flies 
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Fig. 6.4   Number of males of B. cucurbitae caught at three dates by the control trap (cue-lure and 
diclorvos) in grey, and by the implemented trap for OA (cue-lure without insecticide) in black (Les 
Avirons 2008). ANOVA (six replications per date) did not show significant differences between 
these two types of traps
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within a 5–10-meter radius, depending on the wind conditions. Despite a signifi-
cant species effect (Deguine et al. 2012b), Synéis-appât® represents an appropriate 
Attract & Kill tool to manage the populations of flies concentrated on trap plants 
in an overall Assisted Push-Pull System (Fig. 6.5). However, the risk of pesticide 
resistance build-up in fruit flies could result in the recommendation, for the sake 
of sustainability, to alternate with non-biological pesticides in combination with 
the food attractant (in which case it would not comply with the scope statement of 
organic farming).

�Conservation Biological Control: Promising Perspectives?

Overall, conservation biological control was favoured by promoting cultural prac-
tices that improve the development of populations of natural enemies, particularly 
terrestrial predators (ants, spiders, staphylinids, etc.). For example, their popula-
tions are significantly higher when a permanent plant cover is present in the field. 
In addition, the parasitoid Psyttalia fletcheri (Hymenoptera, Braconidae, Opininae), 
was introduced from Hawaii at the beginning of the 2000s and is now well estab-
lished in Reunion Island but does not contribute to the control of melon fly, prob-
ably because of the chemical pressure in intensive cropping areas. However, its 
impact could be significant in organic farming. Likewise, beneficial entomofauna 
for conservation biological control is expected to rise with the strong decrease in 
pesticide spraying/application, coupled with the combination of augmentoriums 
and border plants. This is therefore an outcome of the previous practices that do not 
represent an additional workload for the farmer (Colour plate 06). We are currently 
evaluating entomological diversity in some areas to assess this impact.

Fig. 6.5   Mortality of adults 
of the three species 7h 
following application of 
Synéis-appât® (Saint-Pierre 
2009) (Deguine, unpublished 
data). 500 males and 500 
females of each species were 
analysed, five replications. 
Bars with different letters 
are significantly different 
(α = 0.05. The ANOVA 
results of the mortality rate 
of protein-deprived flies 
(7-days-old) of the three 
species (males + females) 
showed that there was a 
significant species effect 
(F = 47.20; df = 2; P <10−8)
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�The Case of Chayote

In Reunion Island, chayote is traditionally and extensively cultivated for its leaves 
and is also cultivated under trellis for fruit production. Farmers usually ascribe 
yield losses to the three species of cucurbit flies (Tephritidae). The agroecologi-
cal approach implemented in such seasonal-perennial agroecosystems stresses the 
relevance of maintaining permanent vegetable cover on the ground and enhancing 
conservation biological control by offering favourable habitats to natural enemies, 
especially generalist predators. Our studies, carried out over three years on organic 
farms and on untreated chayote crops, showed the following results: (i) there is no 
incidence of blemishes caused by cucurbit flies on the growth of the fruit; (ii) only 
6 % of fruits support the emergence of adult flies (on a sample of 587 chayote fruits 
collected); (iii) the fall of the fruit from the arbour to the soil is not due to cucurbit 
flies (93 % of 197 fallen fruit were not blemished by the flies); (iv) D. ciliatus is 
the only species that can emerge from the fruit in significant numbers. It is now ac-
cepted that chayote cultivation does not require any insecticide protection aimed at 
cucurbit flies. As a result, most of the chayote producers are moving, via the “agro-
ecological” approach, from the “conventional” to the “organic system”.

�Efficacy of This Agroecological Protection and Socio-Economic 
Considerations

This ACP has been implemented since 2009 on conventional farms and on four ex-
perimental organic farms in Reunion Island, in a programme called Gamour (http://
gamour.cirad.fr). Two years after starting field operations, the results are considered 
highly encouraging (Augusseau et al. 2011). Monitoring data show that populations 
of D. demmerezi and B. cucurbitae have generally been maintained at low levels 
from the beginning of the programme onwards. However, we still observe limited 
punctual outbreaks that seem to be correlated with climatic parameters. The impact 
of the flies is now very low and no insecticide is used. Organic farmers are techni-
cally satisfied with the agroecological package. Yield losses are very low compared 
to the previous situation. The pilot areas totaled approximately 50 ha of vegetable 
crops, of which 10 ha were devoted to chayote and a variable part to other cucur-
bits (mainly zucchini, pumpkin and cucumber). The socio-economical results were 
compared to data obtained from “conventional farms” where conventional (= chem-
ical) protection was applied (Deguine et al. 2011). The yields tend to be slightly 
higher under agroecological protection (average of 19.3 t/ha for the agroecological 
package vs. 13.1 t/ha for conventional-chemical protection), and losses due to fly 
infestations appear to be lower than in conventional protection (average of 13 % vs. 
34 %, respectively). Table 6.1 presents the results concerning the protection (quanti-
ty of active ingredients applied, cost, time needed per week). These results confirm 
that ACP, compatible with OF requirements, is cheaper and more efficient that the 
conventional protection based on chemical insecticide use.
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In conclusion, the case study of ACP against cucurbit flies in Reunion Island 
confirms that it is compatible with the OF approach and requirements. However, 
it is not always the case, e.g., with conservation agriculture that may rely on both 
external inputs such as synthetic herbicides and bioecological processes that make 
it “agroecological”, but not “organic”. The technical package is now going to be 
extended to all cucurbit farmers in Reunion Island. In this respect, OF can be con-
sidered as a prototype for carrying out studies for both organic and conventional 
farming. Furthermore, new initiatives based on the agroecological approach are be-
ing proposed, including the cultivation of mangoes without insecticide, represent-
ing a major step towards organic mango production.

6.4 � Conclusion and Perspectives: OF as a Research 
Laboratory and a Prototype for Designing 
Innovations in Crop Protection

As a result of the design of diversified agroecosystems and the use of "low input" 
technologies, agroecology aims at establishing stable yields, biological soil fertility 
and natural plant regulation within a balanced bioecological environment. Agro-
ecological crop protection therefore appears to be relevant for pest control in OF. 
The pest control strategies and the application presented in this chapter confirm 
this hypothesis. OCP relies by definition on input substitution applied according 
to IPM recommendations for a better efficiency of input use. A major contribution 
of agroecology to agriculture has also been to base all phases of the production 
system on sound ecological principles, with the aim of designing economically and 
ecologically sustainable agroecosystems (Altieri et al. 2000; Gliessman 2007; Hill 
et  al. 1999; Vandermeer 1995; Zehnder et  al. 2007). The case study of fruit fly 

Modalities of 
protection

Conventional Agroecological

N of applications/
week

1–2 2

Commercial product Cyperfor-Danadim Syneïs-appât
Active ingredients Cypermethrin-

dimethoate
Spinosad

Volume applied/week 1–2 l/ha 0.4 l/ha
Quantity of active 

ingredient applied/
week

100–800 g/ha 0.008 g/ha

Place of application All crop plants Spots on the trap 
plants

Time to spray one 
hectare/week

3–6 h 1 h

Cost of protection/
week

€ 44–88 € 21–37

Table 6.1   Comparison  
of the protection modalities 
between conventional and 
agroecological protection 
from 2009–2011 (on 24 
zucchini crop cycles)  
(in Deguine et al. 2011)
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agroecological management in Reunion Island shows that ACP can be applied in 
OF conditions, even under tropical and insular conditions, where insect populations 
and the number of biological cycles are greater than in temperate conditions.

Plant protection research has followed the same pathways as plant protection 
strategies in practice. Most research programmes have heretofore focused to single 
pests, single techniques, and at the plant or field level. The theory guiding con-
ventional agricultural management is based on a “command-and-control” approach 
that emphasizes the simplification of natural systems, leading to the development 
of practices and inputs aimed at reducing variation and uncertainty. This reduc-
tionist approach has deconstructed cropping systems into specific components that 
are most often studied separately for scientific purposes (Drinkwater 2009). Yet, 
the application of adaptive, ecosystem-based management can only be support-
ed by research that is grounded within an agroecological conceptual framework. 
Only the combination of a holistic and functional approaches makes it possible 
to organise and understand the biocomplexity inherent to all natural systems and 
agroecosystems.

In addition, the rules of OF make it necessary to find technical solutions without 
synthetic insecticides (e.g., traps for MAT). In this respect, organic farming systems 
represent laboratories for specific studies and research on bioecological processes 
(Furlong and Zalucki 2010). The absence of treatments with synthetic pesticides 
in organic farming does not generally lead3 to strong artificial disturbances or to 
adverse effects on the functional biodiversity, particularly on natural enemies of 
pests (predators, parasitoids), “soil engineers” (earthworms, ants, termites, moles), 
microbial soil fauna or pollinators. These conditions make it possible to carry out 
cognitive research on the bioecological processes that determine agroecosystem 
functioning. For example, the services provided by functional biodiversity can be 
measured at high levels in these “laboratories”, whereas they may be low in other 
types of farming systems. The results obtained are generally well adapted to other 
types of agriculture (e.g., pheromone traps for fruit flies in Reunion Island). The 
research results obtained in OF can therefore be applied to both organic and con-
ventional farming.

Because only a limited range of suppressive pest control tactics are available 
for organic growers, knowledge-intensive cultural practices form the basis of an 
agroecological organic pest management programme (Nicholls and Altieri 1997). 
Farmers are therefore more prone to revise their protection strategies towards pre-
dominantly preventive processes rather than curative ones. Research is also on the 
rise today in OF systems, and many technical innovations can be expected as a re-
sult of the evolution of protection practices. The challenge for organic farmers and 
researchers has been to identify sets of context-specific practices that, in combina-
tion, are effective in preventing economic pest damage (Francis 2009a; Zehnder 

3 Some mineral insecticides, even if they are allowed in organic farming, can have collateral effects 
on non-target insects. For example, although Spinosad has low toxicity for most beneficial insects, 
initial acute laboratory tests indicated that Spinosad is intrinsically toxic to pollinators (Mayes 
et al. 2003) and biological control agents (Biondi et al. 2012).
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et  al. 2007). Current national policies to decrease pesticide use and new market 
opportunities to promote sustainable agriculture might further encourage empiri-
cal and experimental work in applied ecology. The growing restrictions in the area 
of pest control where the use of pesticides is increasingly limited or unauthorised 
catalyse the research and development of innovative biopesticides, pesticide appli-
cation technology and more extensive training of farmers and advisers.
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7.1 � Introduction

Defining and creating apple ideotypes adapted to alternative systems is a neces-
sary step to improve the sustainability of fruit growing in Europe. For both organic 
and conventional agriculture, the choice of cultivar is one of the most important 
elements for the design of low chemical, fertilisation and water input systems that 
ensure regular and high quality production. Most cultivars today are adapted to 
intensive agriculture: they are productive, but to ensure high yield, they require 
high inputs of pesticides, fertilisers, water and, to a lesser extent, growth regula-
tors (Brun et al. 2008). This situation is a consequence of the reigning paradigm of 
the fruit industry. For decades, most breeders have neglected traits such as durable 
pest and disease resistance and tree adaptability to the environment, concentrating 
their efforts primarily on high yields, fruit aesthetics and shelf life. The fruits must 
have an attractive and homogeneous appearance and good eating quality. Most of 
these cultivars are susceptible to major diseases and require a high level of skills for 
tree management. However, these disadvantages have not yet limited their success. 
The dominant mainstream cultivars today are generally adapted to major areas of 
production around the world where their high input needs can be met. There was 
a decrease in the quantity of active substances of PPP (Plant Protection Products) 
applied per hectare on fruits and vegetables in Europe over the period 1994–2003. 
However, these crops are still strong users of chemicals (EuroStat 2007; Simon 
et al. 2011). Apple is the most intensively sprayed fruit crop, with an average Fre-
quency Treatment Index (FTI) of 40 in Europe in the past years. Almost half of 
these treatments were against the major disease of apple, scab ( Venturia inaequa-
lis) (Demeyere and de Turck 2002; Spruijt-Verkerke et al. 2004). The ecological 
footprint of intensive commercial fruit growing is therefore particularly high and 
unsustainable. Even in organic growing systems, very intensive spray schemes are 
required to comply with the phytosanitary and cosmetic demands of the market 
(Brauwer and Balkhoven 2000; Jamar et al. 2008).

Apple growing and orchard management reflect and respond to diverse factors 
including natural (climate, soil characteristics, pest and disease) and human-driven 
(orchard layout, tree support system, hail net, training and pruning practices) fac-
tors. At both levels, the economic balance of an orchard is based on choices made 
by each grower at spatial and temporal scales. The first key decision starts with 
orchard establishment (e.g., site, row orientation, rootstock/cultivar combination, 
support system) and is then repeated annually throughout the orchard life span and 
within each growing season (e.g., irrigation and nutrient application scheduling, 
phytosanitary treatments). Like all managers of an enterprise, fruit growers usually 
grow the cultivars that fetch the highest prices, even if such cultivars are dependent 
on high inputs of plant protection products, fertilisers and tree management. Techni-
cal operations are generally motivated by market fruit traits, without much regard 
for tree characteristics. Integrated apple production has developed in recent years as 
the main challenge. It strives for greater sustainability based upon linking desirable 
fruit characteristics with knowledge of the physiology of fruit trees, especially in 
relation to regular bearing from one year to the next, within local abiotic and biotic 
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environments (Lauri et al. 2009). Indeed, it has been shown that tree manipulation 
can be a relevant although partial lever to decrease infection and infestation (Simon 
et al. 2012).

In this chapter, after having defined the Integrated Fruit Production (IFP) and 
Organic Fruit Production (OFP) low-input systems (Box 7.1), the ideotype concept 
in tree crops will be introduced and developed for the apple. The key characteristics 
of apple ideotypes adapted to these systems will be presented. The breeding objec-
tives and strategies, and the cultural practices and pest and disease control measures 
adapted to this plant material will then be described. Economic, environmental and 
social aspects will not be dealt with here although they are part of the definition of 
an ideotype. Instead, we will focus on agronomic aspects with particular attention 
to plant protection.

Box 7.1: Integrated and Organic Fruit Production vs. Low Input Fruit 
Production

Integrated Production: “Integrated Production is a farming system that pro-
duces high quality food and other products by using natural resources and 
regulation mechanisms to replace polluting inputs and to secure sustainable 
farming” (IOBC 2004).

Organic Agriculture: “Organic agriculture is a holistic production 
management system which promotes and enhances agro-ecosystem health, 
including biodiversity, biological cycles and soil biological activity. It 
emphasizes the use of management practices in preference to the use of 
off-farm inputs, taking into account that regional conditions require locally 
adapted systems. This is accomplished by using, where possible, agro-
nomic, biological, and mechanical methods, as opposed to using synthetic 
materials, to fulfil any specific function within the system” (FAO 1998).

On the other hand Low Input Farming systems “seek to optimize the 
management and use of internal production inputs (i.e., on-farm sources) 
and to minimize the use of production inputs (i.e., off-farm inputs), such 
as purchased fertilizers and pesticides, wherever and whenever feasible 
and practicable, to lower production costs, to avoid pollution of surface 
and groundwater, to reduce pesticide residues in food, to reduce a farmer’s 
overall risk, and to increase both short- and long-term farm profitability” 
(Parr et al. 1990).

For fruit growing, the first two systems will hereafter be referred to 
as IFP (Integrated Fruit Production) and OFP (Organic Fruit Production), 
respectively. It is important to mention that this chapter is focused on low-
input IFP and low-input OFP. However, there is independence between the 
IFP and OFP farming systems, on the one hand, and the input level, high 
versus low in each of those farming systems, on the other. Indeed, an IFP 
or OFP system may have either high inputs or low inputs in terms of off-
farm resources.
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7.2 � The Ideotype Concept

The need to integrate, within the same plant, different characteristics related not 
only to the quality of the harvested product but also to the characteristics of the 
whole plant itself in relation to its cultural system was first conceptualised by Don-
ald (1968). This cereal breeder defined the crop ideotype as “a plant model which is 
expected to yield a greater quantity or quality of grain, oil or other useful products 
when developed as a cultivar”. This concept has been used extensively and adapted 
to various contexts (e.g., a crop ideotype to reduce invasiveness; Anderson et al. 
2006). Dickman et al. (1994) broadened this definition to include tree crops and 
defined an ideotype as “a model tree that will produce an economic yield that ap-
proaches the maximum in a particular environment (or on a certain site), using a 
prescribed cultural system and assuming a well-defined end use for the harvested 
products”. The advantages of such a broad definition are twofold. Firstly, it clearly 
states that a plant ideotype cannot be proposed without comprehensive knowledge 
of the socio-economic, ecological, including abiotic and biotic components, and 
agronomic context in which the harvested product(s) will be promoted. Secondly, 
it fosters a large field of collaborative fundamental and applied biological as well 
as socio-economic research. As a consequence, if the proposal of an ideotype is 
initially consumer-driven, the biological elements that should be integrated into the 
plant to reach the economic objectives have to be carefully assessed and compat-
ible. As stated by Dickman et al. (1994), “an ideotype will be no better than the sci-
entific foundation upon which it rests”. It follows from this set of definitions that the 
concept of ideotype is complex by nature, integrating several elements from socio-
economy into plant, pest and disease biology. This implies, firstly, that objectives 
that have to be solved by the ideotype have to be restricted through prioritisation 
and, secondly, that choices have to be made as to whether these objectives should 
be reached through genetics and/or cultural practices.

The relationship between plant architecture and fruit production represents one 
such research area for optimising yield improvement (Lauri and Laurens 2005). The 
apple provides a good example for contrasting the relationships between vegetative 
growth patterns (shoot length, branching density) and fruiting (Lauri and Costes 
2005; Costes et al. 2006). A first ideotype was proposed by Lespinasse and Delort 
(1986), based on the observations that regular fruiting cultivars generally have a 
high proportion of long fruiting shoots, namely between 15 and 25 cm, and produce 
fruit in the terminal position on these long shoots. Another apple ideotype was pro-
posed by Dickman et al. (1994) that was adapted to a “high-density orchard under 
Michigan (USA) or similar environmental conditions”. They associate the ability to 
have “high fruit productivity” with the “spurred habit”, i.e., with a high proportion 
of shoots less than 10 cm long and that produce fruit in the terminal position on 
these short shoots. However, studies conducted on apple (Lauri and Trottier 2004) 
and on other tree species (e.g., mango: Normand et al. 2009, etc.) strongly support 
the idea that there is a biological discrepancy between the “spurred habit” promoted 
by Dickman et al. and regular fruiting. These findings suggest that as far as regular 
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fruiting is looked for in progenies, apple tree architecture should combine, among 
other traits, fruiting in the terminal position on long shoots (Lauri et al. 2011). These 
objectives may be reached through breeding and/or cultural practices (see below).

7.3 � Characteristics of Apple Ideotypes Adapted to IFP 
and OFP Low-Input Systems

The characteristics of cultivars that are well adapted to low input and even more to 
organic orchards are different from those of mainstream cultivars currently cultivat-
ed with high inputs. Firstly, as stated above, it is not possible to define one or even a 
few ideotypes adapted to diverse local situations. Each ideotype will be adapted to 
particular climatic conditions, cultural practices and economic situations. To meet 
this new challenge, a new alternative strategy consists of broadening the genetic 
biodiversity and promoting a greater diversity of cultivars, not just those such as 
Golden Delicious, Red Delicious, Gala and Fuji that are widely grown throughout 
the world. The second important point is that these cultivars will have to provide 
good cropping with regular high quality production without major tree manipula-
tions to reduce labour costs, treatments or fertilisers. To reach this aim, the ideo-
types adapted to low-input IFP and OFP systems will require certain characteristics:

•	 The ability to ensure a regular income for the grower, i.e., high regularity of 
fruit production with a good cropping of marketable fruit size. Tree architecture 
that requires less tree training is also an important characteristic.

•	 Tolerance and durable resistance to the most important pests and diseases. 
Tolerance to disease may be defined as the capacity of a given cultivar to mi-
nimise yield or quality loss due to disease or pathogen development compared 
with other cultivars (Schafer 1971). This characteristic, often encountered in old 
cultivars, may become a new key factor for breeding and screening cultivars that 
are better adapted to low-input IFP and OFP systems. Indeed, selection pressures 
occurred in the past when fungicides were unknown, leading to a large diversity 
of apple cultivars. Many of these were formerly grown in extensive, highly-
branched standard tree orchards, and exhibited quantitative traits such as high 
tolerance to disease (for example, in Northern France and Belgium: Reinette 
Hernaut, Reinette des Capucins, Cabarette, Belle-Fleur Large Mouche). Surveys 
have pointed out that many landraces are already safeguarded in repository or-
chards and need to be properly evaluated with the aim of actively using some of 
them either as parents in breeding programmes or occasionally as cultivars (Pop-
uler et al. 1998; Lateur 2003). Durability of resistance is especially important in 
perennial crops like apple, and this objective is not achieved in most of the new 
cultivars (Box 7.2).

•	 High and homogeneous fruit quality including visual and eating quality, fruit 
size, and prolonged storage potential without physiological disorders. Visual and 
gustative quality is likely to vary across agricultural systems and different mar-
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kets. For example, some irregularities in appearance can be tolerated in OFP sold 
directly on the farm.

•	 Hardiness is the ability to produce under limiting conditions. It encompasses 
resilience to abiotic, i.e., soil and climate constraints, and increasing fertiliser 
use efficiency by the plant. This important point is not yet currently taken into 
account in fruit breeding programmes. Since climate is expected to become less 
predictable with more extreme events, it is relevant to adapt fruit growing to 
future challenges such as drought and nutrient stress.

Globally, it is clear that each of these characteristics needs to be ranked differ-
ently for each specific situation, soil and climatic conditions, type of growing sys-
tem, choice of low-input system (IFP vs. OFP), and intended markets. Therefore, 
an ideotype could be defined as a hardy and reliable productive genotype 

Box 7.2: Resistance to Scab and Durability

The importance of resistance durability can be illustrated by the example of 
resistance to scab, the most important fungal disease of apple. Until now, the 
most important breeding programmes throughout the world have worked with 
a single resistance source, the Vf gene from Malus floribunda 821. This gene 
was overcome by the pathogen in the 1990s (Parisi et al. 1993, 2004), and 
did not provide durable resistance. Strategies aimed to diversify the genes 
employed and to pyramid these genes in a single cultivar are under develop-
ment (Gessler et al. 2006), but the question of durability of such approaches 
has not been solved. Breeding programmes have so far provided a few cul-
tivars with partial resistance to scab, despite the studies undertaken on the 
expression and genetic determinants of this resistance by several teams 
(Visser et  al. 1974; Durel et  al. 2003; Calenge et  al. 2004; Lefrancq et  al. 
2004). This lack of modern cultivars adapted to low-input IFP and OFP sys-
tems is a real problem. On the other hand, partial or quantitative resistance to 
scab was present in some old cultivars and has apparently not failed (Lateur 
and Populer 1994; Lateur et al. 1999; Didelot et al. 2007; Brun et al. 2008). 
Unfortunately, many of these old cultivars are not always adapted to mod-
ern fruit quality standards and/or do not reach sufficient yield (Lateur 2000; 
Jamar et  al. 2010). Resistance to scab is particularly important in regions 
with a wet climate. However, in the search for an ideotype adapted to a biotic 
environment with high disease pressure, resistance or tolerance to scab must 
be associated with tolerance and/or durable resistance to the other pests and 
diseases mainly present in the area of cultivation: powdery mildew ( Podo-
sphaera leucotricha), European canker ( Nectria galligena), prevalent post-
harvest diseases ( Botrytis sp., Gloeosporium sp., Penicilium sp.), fire blight 
( Erwinia amylovora), rosy apple aphids ( Dysaphis plantaginea) and codling 
moth ( Cydia pomonella).
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that is well adapted to its specific cultural, socio-economic and environmental 
conditions. At present, only a few small apple breeding programmes aim to achieve 
these goals (Warlop et al. 2010).

7.4 � Breeding for Apple Ideotypes Adapted to IFP  
and OFP Low-Input Systems

Breeding for low input apple cultivars following the ideotype concept will require 
changing the selection process in mainstream breeding programmes. While the main 
objectives of selection are still focused on high fruit quality, disease and pest resis-
tance (mainly scab), and high and regular cropping, novel strategies will have to be 
implemented to take durable/sustainable resistance/tolerance to many pests and dis-
eases into account, as well as the adaptation to specific geographical environments, 
cultural practices and socio-economic systems. This will demand changes in the 
selection process itself. For example, it will be necessary to enlarge the genetic di-
versity of the breeding gene pool. The evaluation of resistance to various pests and 
diseases in germplasm collections showed a great potential in old and local cultivars 
(Lateur and Populer 1994; Laurens et al. 2004). However, including local cultivars 
in breeding programmes means that in addition to the favourable and original traits 
they bring, they may also carry some deleterious characteristics (biennial bearing, 
less adaptability to dwarfing rootstocks, higher acidity, old-fashioned fruit textures 
and aromas, irregular shapes and sizes, shorter period of optimal fruit quality, etc.) 
against which the breeder will have to select. It will also be necessary to avoid pre-
liminary selection that provides a rigorous screening for major genes of resistance 
(for example, the scab that is currently challenging seedlings in a greenhouse), but 
also discards potentially interesting individuals with partial resistance to a patho-
gen. To face these new challenges, breeders will have to implement new method-
ologies and new screening methods. The use of molecular markers is promising, 
but some preliminary studies are needed to decipher the genetic control of the main 
agronomic traits. So far, most studies have been performed on fruit quality traits and 
scab resistance (Arus et al. 2007; Gardiner et al. 2007; Bus et al. 2009). Molecu-
lar markers are actually rarely used in current breeding programmes to select for 
quantitative traits because of two main bottlenecks, the low density of genetic maps 
and the lack of information on allelic diversity. The publication of the entire apple 
genome sequence (Velasco et al. 2010), and new ongoing projects (Laurens et al. 
2010) may allow a significant and efficient use of molecular markers in subsequent 
future breeding programmes. Another important point is that the evaluation of new 
apple ideotypes needs to be done under conditions that make it possible to test their 
adaptability to low-input IFP and OFP systems in different regions. This will require 
in-depth studies to better understand cultivar adaptability to various conditions and 
to decipher the complex interactions between genotype, environment, cultural prac-
tices and socio-economic context. Experimental networks that take these various 
factors into account will have to be built. New cultivar testing trials will need to 
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integrate these features into their strategies in accordance with the basic objectives 
of low-input IFP and OFP systems. Similarly, special attention will have to be paid 
to pest and disease tolerance traits, better water- and fertiliser-use efficiency, and 
post-harvest disease resistance in future research programmes.

7.5 � Cultural Practices and Control Measures Adapted  
to IFP and OFP Low-Input Systems

Current high-input intensive fruit growing practices have promoted the cultiva-
tion of several modern and disease-susceptible cultivars, which resulted in losses 
of genetic diversity of cultivated apple trees. This situation has exacerbated the 
development of pests and diseases, some of which have the potential to genetically 
recombine each year and to improve their parasitic fitness over time (Parisi et al. 
2004). Consequently, even the best apple ideotype cultivar could also become un-
sustainable under a long-term intensive mono-cultivar context. Management prac-
tices used for apple pest and disease control have the potential to disrupt or halt the 
pests’ or pathogens’ reproductive and dispersive strategies. Some of these practices 
adapted to low-input systems are illustrated below.

7.5.1 � Tree Management, Training and Pruning

Successful management of apple trees in all planting systems depends on maintain-
ing a balance between vegetative growth and fruiting. If vegetative vigour is too 
low, an imbalance occurs, leading to excessive fruit load, fruit size decline and 
biennial bearing increase. Moreover, the tree fails to fill its allotted space within 
the row, resulting in a decrease of orchard profitability. If vigour is excessive, then 
flowering and fruiting are reduced and containment of the tree within its allotted 
space becomes problematic. Pruning and tree-training strategies are the primary 
management methods, along with fertilisation strategies, that are used to achieve 
this balance between vegetative growth and cropping throughout the orchard’s life. 
Unsuitable combinations of soil, rootstock and cultivar can easily result in overly 
vigorous growth, a biennial bearing habit or too much of a dwarfing effect, each re-
sulting in unproductive trees. Improved nutrient uptake abilities, tolerance to weed 
competition and mechanical control, and sufficient anchorage without staking or 
trellising, should be important tree traits from the point of view of low-input IFP 
and OFP fruit growers (Weibel and Häseli 2003).

Training and pruning strategies are usually conceived as uniform recipes applied 
in the same way to all cultivars, and even for various fruit tree species (Jackson 
1999). As concerns the apple, the recognition of two main fruiting patterns, where 
fruits are preferentially borne in the terminal position of either short or long shoots, 
has emphasized the interest in adapting cultural practices to these architectural 
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characteristics (Forshey et  al. 1992). However, a large spectrum of architectural 
diversity exists among apple cultivars, suggesting various underlying physiologi-
cal mechanisms (Lespinasse and Delort 1986; Lespinasse 1992). The concept of 
architectural types has emerged to better take advantage of the variability of com-
binations between vegetative and reproductive traits, some of which are especially 
relevant in the search for regular bearing, for example (Lauri and Laurens 2005). A 
vision of the tree as an integrated living organism has been developed from these 
seminal works, with the novel objective of developing training and pruning systems 
adapted to the intrinsic characteristics of each cultivar, thus reducing deleterious 
reactions to manipulations, e.g., strong vegetative reactions to excessive pruning 
that delay fruiting (Lauri et al. 2011; Box 7.3, Fig. 7.1)

Box 7.3: A Recent Example of an Apple Tree Cultural Ideotype, the 
“Centrifugal Training System”

The Centrifugal Training System is inspired from the natural architecture of 
existing cultivars with regular fruiting. This concept has shown its potential 
to homogenise fruit size and to improve fruit colour, as well as to improve 
the regularity of fruiting for some cultivars (Lauri et  al. 2004; Lauri et  al. 
2009). The centrifugal training ideotype is an evolving concept based on 
current expertise and scientific knowledge. Adapting the concept to specific 
cultivar-rootstock combinations and environments, and especially to optimis-
ing growth during the vegetative season in relation to flower induction, is a 

Light well brought 
about by Centrifugal 
training to improve light 
penetra�on within the 
canopy. 

Bending of branches 
if necessary. 
No branches below 
1-1.2 m to permit 
development of the 
frui�ng branches. 

Frui�ng zone in 
the upper three-
quarters of tree 
canopy. 

Ex�nc�on pruning on 
the underside of 
branches to increase 
porosity to light and 
to improve the 
func�oning of 
remaining spurs.  

Fig. 7.1   Centrifugal Training System—Basic principles. (From Lauri 2002)

 

7  Adapting Apple Ideotypes to Low-Input Fruit Production Agro-Ecosystems�



140

For a given cultivar with its own characteristics of partial resistance or tolerance 
to pests and diseases, the manipulation of tree architecture through pruning and 
fertilisation and irrigation management can affect the spread of diseases and pests 
(Simon et  al. 2007a). A four-year experiment on organic Golden Delicious trees 
shows a significant decrease in some pest infestation and pathogen infection in 
centrifugal-trained trees compared to a reference training system characterised by 
higher fruiting spur density (Solaxe-trained trees; Simon et al. 2006). These stud-
ies reinforce the idea that factors other than genetic parameters may influence pest 
infestation and disease infection. Tree architecture manipulation such as pruning 
and bending may also have significant effects in determining resource availabil-
ity (which directly affects organ attractiveness) and topological relationships (e.g., 
distance) between organs, resulting in significantly different patterns of pest and 
disease dissemination within the tree crown. These studies also revealed interac-
tions between pests (e.g., Aphis pomi vs. Dysaphis plantaginea), which may lead 
to variability in infestation patterns depending on the year (Simon et  al. 2006). 
This highlights how difficult it may be to satisfy all criteria. Certainly, there is no 
single management practice that could durably negatively affect all pests and patho-
gens. As an example, in the above-mentioned experiment, the decreased branching 
density favours within-tree oviposition and infestation of the codling moth ( Cydia 
pomonella), especially when there are high population densities of this pest (Simon 
et al. 2007b). However, although there is no data quantifying the benefits of training 
alone because it is used in combination with other means such as predators or sexual 
mating, tree architecture manipulation is likely to be an efficient although partial 
means to reduce phytosanitary inputs.

7.5.2 � Sanitation

With regard to apple diseases, in addition to selecting cultivars with disease resis-
tance characteristics, preventive strategies include chemical, biological and physi-
cal sanitation methods aimed at reducing first pathogen dispersions. In the case 
of apple scab, infected leaf litter contains the pseudothecia of this fungus and is 
the origin of ascospore ejections in spring (MacHardy 1996). Sanitation practices 
including either the destruction of the fungus in leaf litter or the reduction of the 

priority for which fundamental and applied research is necessary (Lauri et al. 
2011).

The light well results from the removal of all water shoots and spurs 
along the trunk and at the bottom of branches. Extinction pruning is the 
removal of vegetative and fruiting spurs on branches. Depending on the 
context, bending of the trunk at the desired height may be replaced by 
heading to obtain a better distribution of branches at the top of the tree.
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leaf litter present in the orchard after leaf fall in autumn could play an important 
role for the reduction of scab inoculum in the orchard. Examples include: (i) physi-
cally removing fallen leaves from the orchard using a lawn sweeper; (ii) raking and 
then ploughing the leaf litter into the soil using a cover-crop machine (Gomez et al. 
2007); (iii) shredding the leaf litter using a flail mower; and (iv) treating the leaf 
litter with substances or microorganisms that hasten decomposition. It is therefore 
recommended to think and adapt the conception of the orchard designs in order to 
improve the effectiveness of these sanitation practices.

For apple powdery mildew and canker, it is also possible to suppress infected 
shoots during pruning in winter. Concerning powdery mildew, between green tip 
and bloom, the removal of primary infected buds could be achieved while perform-
ing centrifugal-tree training through the artificial extinction procedure (Brun et al. 
2010). This practice reduces primary inoculum, but there has been no quantitative 
evaluation of the efficacy of this method.

7.5.3 � Fertilisation

Several studies have shown that plant resistance to pest and disease is linked to the 
optimal physical, chemical, and, perhaps most importantly, biological properties of 
soil (Altieri and Nicholls 2003). Fertilisation strategies that are used to achieve the 
balance between vegetative growth and cropping throughout the orchard’s life can 
influence tree pest and disease susceptibilities. For example, enhanced vegetative 
growth of apple trees by nitrogen fertilisation often leads to increased susceptibility 
to aphids, fire blight (Neilsen and Neilsen 2003) or apple scab (Leser and Treutter 
2005). Several researchers have reported lower numbers of pests and diseases on 
crops grown with organic compared to synthetic sources of fertiliser. Subsequent 
experiments supported the mineral balance hypothesis, suggesting that the organic 
matter and microbial activity associated with organically-managed soils provide 
a buffering capability to maintain optimal nutrient and mineral balance in plants, 
which in turn affects the performance of phytophagous pests (Zehnder et al. 2007). 
Further investigations are needed to determine the optimal balance for micro- and 
macronutrient status in environmentally-friendly apple orchards and to find the 
rootstock-cultivar combinations with high physiological efficiency adapted to low-
input fertilisation levels. The cultivar selection methods need to be in line with these 
new objectives, e.g., by application of low-inputs and organic growing approaches 
inside the experimental plots.

7.5.4 � Orchard Layout

In temperate regions, the choice of site is important for low-input OFP and IFP apple 
production because of the effects of frost, hail, wind, sunshine and soil on disease 
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and productivity. Locations on south-facing slopes with good ventilation greatly 
facilitate control of fungal diseases. Thorough knowledge of the microclimate 
history is necessary for an optimum choice of site. The relationships between tree 
density, rootstock vigour, canopy ventilation, sunshine duration and pest and dis-
ease development have been widely recognised (Holb 2005; Stoeckli et al. 2008). 
In areas with a high incidence of hail, for instance, it is necessary to use protective 
netting that has the side effects of raising humidity and excluding birds that would 
otherwise control rodent populations. The role of the rootstock in scab development 
is evident in the fact that the more dwarfing the rootstock is, the more readily the 
ascospores from the dead leaves on the ground (primary inoculum) will come into 
contact with the tree canopy (Aylor 1998; MacHardy et al. 2001).

Various experiments with cultivar mixtures have proved to be effective in reduc-
ing disease epidemics. It has been shown that increasing host genetic diversity in 
orchards, especially through cultivar selection, combining resistant cultivars with 
susceptible cultivars, limits the spread of scab on susceptible cultivars (Didelot 
et al. 2007). Overall, mixing within the row produces better results than mixing by 
alternate rows (Bousset et al. 1997; Didelot et al. 2007), although the former mix-
ture is difficult to manage in terms of phytosanitary protection and harvest. How-
ever, since increasing host genetic diversity in orchards could improve management 
of scab and probably other diseases as well (Parisi et al. 2013), it will be useful to 
develop further research to find the best way to display this host diversity in innova-
tive orchard designs (Speiser et al. 2014, Chap. 4; Simon et al. 2012).

The ground cover canopy is another aspect that may influence pest and disease 
development. Chemical weed control or mechanical tillage beneath fruit trees as 
well as regularly mowing and cutting the grass in the inter-rows, widely used in fruit 
production, could give newly discharged ascospores a clear path towards the tree 
canopy (Aylor 1998) and could disturb the useful micro- and macrofauna normally 
present in the herbaceous ground-cover strata. Field experiments and modelling ef-
forts are currently under way to determine the magnitude of these effects.

7.5.5 � Chemical Disease Control

Defensive strategies for disease control include fungicide treatments from bud 
break, in spring, during summer and sometimes until harvest (MacHardy et  al. 
2001). To make the best possible use of partial resistances of hardy ideotypes and to 
reduce the number and impact of these treatments, control methods must be adapted 
to the characteristics of each cultivar. The most difficult aspect of this effort is to 
establish thresholds that permit this adaptation without excessive risk for the quality 
of the crop. Since no effective curative products are available in the organic produc-
tion system, a new successful strategy was experimented for seven years in an OFP 
orchard in Belgium, involving spraying during the fungal infection or germina-
tion process, before fungal penetration into the leaf, using only contact fungicides 
allowed by organic guidelines (Jamar 2011). The evidence presented in this work 
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suggests a model for an efficient timing of treatments in apple orchards for primary 
scab control. This strategy is in full phase with a low-input approach since it avoids 
unnecessary preventive treatments and includes low frequency of treatments, never 
exceeding 12 treatments per season. The method is even very effective on high 
scab-susceptible cultivars under high disease pressure. Moreover, the experiment 
showed that the amount of product used for each treatment could be successfully 
reduced on medium and low scab-susceptible cultivars. Conversely, on monogenic 
scab-resistant cultivars, the effective scab control decreased with the reduction of 
the amount of product used for each treatment, mainly because the major Vf gene 
protection had been broken down by the appearance of new virulent races in the ex-
perimental orchard (Jamar et al. 2010). As a whole, this suggests that the tolerance 
thresholds have to be established depending on the cultivar as well as on the farm 
location (i.e., disease pressure) and on the farmer’s objectives.

7.5.6 � Interactions Between Cultivar Properties, Cultural 
Practices and Pesticide Applications to Control Pests  
and Diseases

The amount of phytosanitary products needed to reach optimal disease protection is 
related to the resistance traits of each cultivar. It has been shown that partial resis-
tance of the cultivar is the first step for the control of apple scab involving less fun-
gicide either under controlled conditions (Jamar 2011) or in experimental orchards 
(Didelot et al. 2010; Jamar 2011).

These results were confirmed in a system approach study, conducted from 2005 
onwards at the INRA experimental station, “UERI de Gotheron” (Drôme, France). 
The study reports the effects of the level of pesticide use on the agri-environmental 
performances (yield, fruit damage) of three protection systems in experimental ap-
ple orchards: (1) conventional; (2) low-input IFP; and (3) organic farming (Simon 
et  al. 2011). Moreover, to assess the significance of the effect of the cultivar in 
decreasing pesticide use, these protection systems were combined with three culti-
vars that differed in scab susceptibility: ‘Ariane’ ( Vf-resistant), ‘Melrose’ (medium 
susceptibility) and ‘Golden Delicious’ (high susceptibility). The level of pesticide 
use is the highest in ‘Golden Delicious’ plots, regardless of the protection system. 
A 43–56 % decrease in pesticide use is observed on ‘Melrose’ and ‘Ariane’ in both 
low-input IFP and organic farming protection systems compared to conventional 
‘Golden Delicious’, used as a reference. Only low-input ‘Melrose’ and low-input 
‘Ariane’ systems achieved a level of yield and fruit damage similar to the same 
cultivars in the conventional system, permitting reduced environmental impacts 
(Alaphilippe et al. 2013). This example illustrates how the cultivar choice is a key 
option to reduce pesticide use in all agricultural systems and why the range of com-
mercial apple cultivars should be renewed to offer more hardy cultivars with an 
acceptable level of disease susceptibility.
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7.6 � Conclusion and Prospects

In this chapter, we focused on the characteristics of ideotypes for the apple, an impor-
tant fruit species in temperate latitudes, adapted to low-input IFP and OFP systems, 
and on the management strategies of these cultivars to obtain the best performances 
in these systems. It is obvious that the choice of plant material, both the scion and the 
rootstock, is a first and very important step to promote durable and competitive or-
chard systems. These ideotypes must be able to fruit under conditions with biotic and 
abiotic constraints, and to ensure a regular and good-quality fruit production. They 
should also have a durable tolerance or resistance to the complex of major pests and 
diseases in each region. The main concept we support is that a given cultivar must 
be adapted to the growing conditions in which it will have to grow, i.e., the local soil 
and climatic environment. This also holds true for cultural practices and strategies to 
control major pests and diseases that need to be adapted to specific cultivars. There-
fore, there are not one but several ideotypes, each one being chosen for the specific 
environmental and socio-economic conditions in which they must thrive. This con-
cept can be achieved only if there are strong links between all stakeholders along the 
fruit supply chain through participatory breeding programmes that involve research-
ers, breeders, technicians and growers with IFP or OFP expertise at the national or 
even worldwide scale (Warlop et al. 2010; Chable et al. 2013 in Chapter 21).

Beside the need for better adapted cultivars, better rootstock/cultivar adapta-
tion and better training and pruning management, this study emphasizes the ne-
cessity of further exploiting the strategies of new orchard eco-design that place 
more emphasis on practices that enhance soil fertility and functional biodiversity 
(Penvern et al. 2012). Concepts of balanced eco-systems rely on the knowledge and 
integration of many complementary key factors, either positively or even negatively 
related, that will have a differential importance in accordance with specific environ-
mental and socio-economic situations (Desclaux and Nolot 2013 in Chapter 20). 
Eventually, as a key element of new pest and disease control strategies, all possible 
prophylactic sanitation techniques must be fully utilised and taken advantage 
of. To dispose of overly reductive indicators of agri-environmental and societal 
performance, different methods of monitoring agro-ecosystems already exist 
(Bockstaller et al. 2008), but they need to be better implemented and adapted to 
future apple growing practices.
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8.1 � Comparing Parasitic Risks and Their Control  
in OF in Ruminants, Pigs and Poultry

There is no doubt that organic farming (OF) rules that promote access to pastures 
or runs for livestock may enhance some parasitic risks in farming systems. On the 
other hand, other basic OF rules (e.g., reduced stocking rates of animals kept out-
doors compared to indoor stocking rates or to conventional systems) are also known 
to reduce parasitic risks and to favour animal welfare. Therefore, when focusing on 
gastrointestinal (GI) helminths or protozoan parasites, different hypotheses con-
cerning the consequences of introducing OF rules can be made between:

1.	 The transmission and level of infections of parasites whose infectious life stages 
(either as free-living eggs or larvae, or in intermediate hosts/vectors) are found 
in the outdoor environment (e.g., a whole range of GI helminths from the three 
main taxonomical groups: nematodes (strongyles), cestodes (taenia) and trema-
todes (flukes) (Taylor et al. 2007). In this case, OF rules are likely to increase 
the parasitic risks. The case of transmission of potential zoonoses (e.g., trichinel-
losis, toxoplasmosis) whose prophylaxis was previously controlled by keeping 
livestock indoors has to be examined in terms of food safety and human health.

2.	 The transmission of some parasites (e.g., certain intestinal protozoa such as 
eimeriosis in poultry and isosporosis in pigs) whose biological traits, rates of 
infection and associated pathological consequences are strongly linked to the 
concentration of animals. In this case, the application of OF rules is instead 
expected to reduce the parasitic risk.

To some extent, these concepts are overstated. For example, it is well known that 
some helminth transmission occurs indoors (strongyloidosis). On the other hand, 
severe cases of coccidiosis have been observed outdoors in calves and chickens 
(Nielsen et al. 2003). Also, the differences in parasitic risks between OF vs. con-
ventional systems depend on the initial status. Major differences in parasitism have 
been found: (1) when conversion to OF concerns conventional production systems 
for which, on a large scale, animals were usually kept indoors (pigs and poultry); or 
(2) when compared to those where grazing was still the common rule (ruminants).

In the first cases and in most places, the required outdoor access for all or a part 
of the animals’ lives has resulted in deep changes in management when compared 
to conventional, intensive production. The associated OF changes in nutrition, bi-
osecurity and practices are reflected in changes in disease patterns and food safety 
risks in OF. In many situations, this has been linked to the “re-emergence” of para-
site infections whose life cycles cannot take place indoors. For example, although 
the availability of data on diseases in organic pig production is still limited, several 
studies have targeted GI parasites as a significant disease problem in the EU (Thams-
borg and Roepstorff 2003; Roepstorff et al. 2011). In contrast, the OF requirements 
for outdoor access do not fundamentally change the overall husbandry and associ-
ated parasitic risks in ruminants for which grazing, at least for part of the animal’s 
life, is the general situation. This was also reported in a few cases of traditional pig 
farming systems with outdoor farms in the UK and Spain (Hovi et al. 2003; Trujillo 
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and Mata 2000). However, some other general rules and recommendations in OF 
(e.g., to replace the usual allopathic antiparasitic treatments by phytotherapy and 
homeopathy when they have demonstrated their efficacy) can contribute to modu-
lating the intensity or diversity of parasitic infections (Cabaret et al. 2002).

In both ruminant and monogastric hosts, the presence of GI parasites affects 
animal health and welfare and represents a major economic issue because host-par-
asite interactions are usually chronic infections that provoke long-term, insidious 
production losses. Therefore, the control of these parasitic infections is a key issue 
for the economic viability of farms and for animal welfare. However, in contrast to 
conventional systems that, until now, almost exclusively relied on chemotherapy to 
control parasites, the general goal promoted in OF is to achieve a more sustainable, 
integrated approach by combining solutions related to three main objectives linked 
to three key targets in the parasites’ life cycles.

1.	 the environment (hygiene): The aim is to reduce contact between the hosts and 
the infective parasitic stages through rational pasture management systems (out-
doors, for helminths and protozoa) and by rigorous application of hygienic prin-
ciples (indoors, mainly for protozoa).

2.	 the farm animals (host protective reactions): The aim is to improve the host 
response against parasitic stages (either resistance or resilience; see Box 8.1) by 
means of either the use of potential vaccines (immunoprophylaxis), alternated 
with genetic selection, or well-balanced nutrition.

3.	 the parasites (treatment): The aim is to eliminate or to modulate the biology of 
various parasitic stages in the host, either by evaluating the efficacy of novel, 
recommended approaches (phytotherapy, nutraceuticals and homeopathy) or by 
proposing more sustainable ways to apply synthetic antiparasitic drugs.

Box 8.1: Host Resistance and Host Resilience

Both concepts correspond to two components of the host response when in-
fected with parasites. These two concepts have been particularly illustrated in 
the case of gastrointestinal infections with parasitic nematodes.
•	 The host resistance is usually described as the ability of a host to affect the 

nematode biology either by decreasing the establishment of the infective  
L3, by delaying the worm growth,  by reducing the female worm fertility 
and egg excretion and/ or by expelling  existing adult worm populations. 
It is suspected that the host resistance is mainly dependent on the immune 
mechanisms acquired after repeated contact with the worms. It is usually 
estimated through measurements characterising the parasite populations

•	 The host resilience is a second component of the host response to para-
sitism. It is described as the ability of an host to withstand the negative 
pathological effects due to the presence of  worms inhabiting  the digestive 
tract. This ability is usually measured by pathophysiological or produc-
tion parameters. The underlying mechanisms for the host resilience remain 
obscure, although the role of some physiological feedback or adaptive 
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It is noteworthy that a trend towards such integrated approaches is increasingly 
promoted today in conventional husbandry systems, mainly because of the rapid 
development and widespread diffusion of resistances to chemical drugs in parasite 
populations (Kaplan 2004; Chapman et al. 2010). In this respect, solutions devel-
oped in OF production systems can also largely benefit conventional systems and 
vice versa. For example, many of the innovative technical options explored in pigs 
and poultry have benefited from solutions previously explored in ruminants.

Therefore, this review aims at summarising and at illustrating:

1.	 How these various approaches that refer to the three main principles of disease 
control can represent the cornerstones of parasite control under OF rules: (i) 
in different livestock species (ruminants, pigs and poultry, focusing on laying 
hens); and (ii) within a wide range of epidemiological European conditions,

2.	 How these solutions need to be adapted depending on the mode of production 
and/or of some parasitic biological traits.

The framework of this review will be restricted to the main GI helminths and proto-
zoan (coccidian) infections. For pig and poultry production, specific information on 
“re-emerging” parasites will be provided. For ruminants, because of the continued 
use of grasslands, the reader can find the list of the main GI helminth and protozoan 
parasites in the literature (Taylor et al. 2007).

8.2 � The Importance of Parasites in Organic Livestock 
Farming

8.2.1 � In Ruminants

As previously stated, in ruminants, the changes introduced by the conversion to OF 
rules do not basically modify the patterns of parasitic infection but are instead as-
sociated with changes either in the overall intensity of infection or in higher species 
diversity (Cabaret et al. 2002). The same dominant helminths and protozoan species 
are encountered in OF and conventional systems. Most studies have been dedicated 

mechanisms aiming at maintaining the host tissular and blood homeostasis 
is suspected.

•	 Usually, a better resistance of the host is associated with a better resilience 
because processes affecting the worm biology and/or number also reduce 
the lesions and functional disturbances imposed to the host. However, a 
few examples have been described indicating that a higher host resistance 
could sometimes be associated with a lower host resilience, confirming the 
idea that the immune response as “a cost” (Colditz 2002)

H. Hoste et al.
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to gastrointestinal nematodes (GINs), although trematodes, and to a lesser degree, 
cestodes, can also severely impair animal health and production by decreasing the 
quantity or downgrading the quality of products.

8.2.2 � In Pigs

The introduction of outdoor access, whether it be pastures or small, concrete cov-
ered runs, is a major risk factor for a range of GI helminths and protozoa with direct 
life cycles, (e.g., helminth genera Ascaris, Trichuris, Strongyloides, Hyostrongy-
lus and Oesophagostomum spp). Furthermore, outdoor access is a necessity for the 
completion of a helminth’s indirect life cycle, e.g., Metastrongylus spp. or spiru-
roids with earthworms and dung beetles, respectively, as intermediate hosts (Taylor 
et al. 2007).

In contrast, in many intensive indoor herds, Isospora suis is the most pathogenic 
coccidian, causing severe diarrhea in piglets within the first weeks of life. In con-
trast to helminth infections, the prevalence of I. suis is lower in OF herds and associ-
ated clinical problems are uncommon (Roepstorff et al. 1992).

Studies in Northern Europe on a limited number of farms have identified Ascaris 
suum, Oesophagostomum spp. and Trichuris suis as the most common and impor-
tant parasites in OF production (Carstensen et al. 2002). Overall, compared with 
conventional farms, the prevalence and levels of helminth infection were higher in 
OF systems. However, some differences have been observed between the studies, 
depending on the worm species and/or host factors (e.g., piglets vs. adult pigs). 
These results illustrate how differences between OF and conventional systems with 
regards to parasite infections depend (i) on the parasitic species, (ii) on the local 
production practices (e.g., whether growing pigs or farrowing sows are pastured) 
and management, and (iii) on the epidemiological conditions (Lindgren et al. 2008; 
Carstensen et al. 2002).

When examined in detail, there is no indication of the reintroduction of parasites 
on OF farms that were suspected because of the potential occurrence of wild boar 
reservoirs (Lindgren et al. 2008). In Swedish studies, the stomach worm, Hyostron-
gylus rubidus and the lungworm Metastrongylus spp were absent due to long his-
tory of intensification, and indoor production was not found (Lindgren et al. 2008). 
spp. A currently on-going survey in eight EU countries is expected to complete 
these data (Roepstorff et al. 2011).

Besides the recommendation to use outdoors runs, other factors may limit the 
options for control of parasitism in pigs. They include limitations on preventive use 
of antiparasitic drugs, use of deep litter bedding and, in general, lower levels of hy-
giene. Although not proven, the potential shortage of certain amino acids may also 
affect susceptibility to infections. There are indications that the use of permanent 
pastures as compared to pastures within the crop rotation may result in more para-
sites (Carstensen et al. 2002; Lindgren et al. 2008). Other risk factors for helminth 
infections, based on knowledge acquired from conventional farms, include: solid 
floors, straw bedding, infrequent dung removal, high indoor humidity, and high 
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intake of insoluble fibre (roughage/forage). On the other hand, the latter may limit 
problems with certain bacterial infections.

The clinical implications and potential impact of helminths on production re-
main largely unknown since no intervention studies have been performed on or-
ganic farms. Clinical trichuriosis has been reported on an organic farm (Carstensen 
et al. 2002), but even on conventional farms, a pathological impact as measured in 
experimental studies has been difficult to demonstrate. However, indirect effects 
such as a reduced protective response after vaccination against unrelated agents 
(e.g., Mycoplasma hyopneumoniae) should not be neglected (Steenhard et al. 2009).

8.2.3 � In Poultry

The risk of helminth infestations is higher in hens in free-range systems compared 
to systems without outdoor runs (Permin et al. 1999) (Fig. 8a, Colour plate 8). The 
roundworms, Ascaridia galli and Heterakis gallinarum, are the most common spe-
cies found in the intestines of poultry. Eggs of both species have a long survival rate 
in the environment, and, thus, a high infection potential. Because of these biological 
peculiarities and because of the establishment rates of A. galli that strongly decrease 
with increasing infection doses (Permin et al. 1997), preventive measures, effective 
in other species, are less efficient in poultry.

Free-range hens are also at an increased risk of being infected by the protozoan, 
Histomonas meleagridis (blackhead disease), which is transmitted by H. gallina-
rum. At present, no feed additives against blackhead disease are registered (EC 
2002). Helminth control is therefore probably the most effective measure against 
these protozoan infections.

The chicken is host to seven species of Eimeria spp. These coccidian parasites 
vary in their pathogenicity, but generally, coccidiosis is a major economically sig-
nificant intestinal disease of commercially reared poultry. Good management con-
tributes to the prevention of coccidiosis, but additional measures are needed under 
indoor and outdoor conditions (McDonald and Shirley 2009).

8.3 � Methods of Control

8.3.1 � Hygiene: Reducing the Environmental Sources  
of Infection

The general objective is to reduce the contact between the host and the infective 
parasitic stages. Under indoor conditions, this is usually based on the principles 
of disinfection and hygiene. The main target is protozoan infections, although 
helminths are also found in poultry. However, methods relying on the overall prin-
ciples of hygiene to reduce pasture contamination have also been developed.

H. Hoste et al.



155

�Management of Indoor Areas

There are four possible sources of coccidian infections in ruminants: (i) oocysts 
from previous faecal contamination that survive in the environment; (ii) fresh oo-
cysts passed by the ewes; (iii) fresh oocysts passed by the lambs; and (iv) contami-
nated ewe fleeces and udders (Pout 1973). The management system, hygiene status 
and nutrition play an important role in the development of subclinical vs. clinical 
coccidiosis (Gregory and Catchpole 1990). Weaning of lambs/kids in combination 
with other stress factors such as high stocking densities, multiple lambing with 
lower colostrum and milk intake, cold and wet weather and depressed immunity 
predispose animals to disease (Catchpole et al. 1990). However, the use of pastures 
does not always mean a lack of coccidiosis risk. For example, calves on organic 
dairy farms have also been found to be heavily exposed to coccidia when they are 
group-housed in deep-litter pens indoors and later introduced into permanent pas-
tures (Nielsen et al. 2003).

In pigs, continuous housing in permanent deep-litter systems may lead to in-
creasing levels of parasite infections (Holmgren and Nilsson 1998). Similarly, the 
introduction of enriched environments like sprinkler systems may be associated 
with the increased risk of helminth transmission (Roepstorff et al. 2011). This can 
be partly overcome by the ample provision of new straw bedding, but the only ra-
tional approach is all-in-all-out systems. In a recent study, some sanitary and man-
agement protocols aimed at lowering oocyst uptake and excretion from infected 
piglets have been described. These include farrowing rooms, no cross-fostering or 
fostering during the first 24 h after farrowing, plastic flooring in the farrowing pens, 
farrowing rooms with fewer pens, and measures to prevent caretakers from entering 
the farrowing pens (Skampardonis et al. 2012).

In poultry, good hygiene of hen houses is also essential to prevent accumula-
tion of the long-lasting infective parasite eggs and/or oocysts over time. Thorough 
cleaning of the hen house is only possible between flocks. Maurer et  al. (2009) 
found similar helminth egg concentrations at different litter management regimes 
(replacement or addition of litter during flocks) and no effects of egg density in litter 
on worm burdens of the layers.

�Outdoor Management

Under outdoor conditions, the runs and pastures cannot be “disinfected” to destroy 
infectious stages. The use of possible chemicals on a large scale has proved to be in-
efficient under field conditions and is not acceptable according to OF rules. There-
fore, different strategies of grazing management have been developed. They were 
initially designed for ruminants in the late 1960s and mainly aimed at controlling 
infections with GI nematodes. Their pros and cons were then evaluated under a 
wide range of epidemiological conditions (Michel 1976; Barger 1999). These dif-
ferent grazing management strategies aim at reducing the parasitic risk over time 
and/or space
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•	 by reducing the larval density by applying low stocking rates to dilute the risk;
•	 by taking advantage of the natural death rate of infective larvae by pasture rota-

tion systems;
•	 by accelerating larval mortality through biological control or co-grazing between 

different hosts.

Due to the different epidemiological patterns of the parasite species involved, pre-
ventive strategies are less effective in monogastrics than in ruminants, although hy-
giene and proper management of runs and pastures are also the basis for preventing 
helminth infections in pigs and poultry.

�Dilutions

Many studies on GIN infections in ruminants have shown the existence of a rela-
tionship between the stocking rate and the level of host infection. However, this 
phenomenon does not appear to be linear (Thamsborg et al. 1996). The limitation 
of animal outdoor stocking rates, which is one of the cornerstones of the OF rules, 
is based on common sense with regard to parasitic control in ruminants. In pigs, the 
effects of nose rings (to avoid the destruction of the sward) and stocking rate on 
the uptake of infections are not clearly described (Thomsen et al. 2001). Similarly, 
stocking rates within the hen house and in the hen run had no effect on A. galli in-
fections (Permin et al. 1998). Moreover, Heckendorn et al. (2009) reported that the 
stocking rate of hens in the outdoor run did not influence the transmission patterns 
of A. galli and H. gallinarum, and repeated moving of runs did not reduce helminth 
infections. Lower stocking rates, however, led to a substantial improvement of the 
run vegetation.

�Rotation of Pastures

Because the survival of infective stages of parasites on pastures is limited in time, 
systems of pasture rotations aimed at introducing animals in paddocks after the risk 
related to the infective stages has been substantially reduced because of the natural 
death rate. This concept has been applied in ruminants and monogastrics but the 
efficiency of the methods highly depends on (i) the biology of parasitic stages, and 
(ii) the local/regional climatic and epidemiological conditions.

For example in ruminants, more efficient results have generally been obtained 
with rotation methods under tropical compared to temperate conditions because of 
the peculiarities of the biology of Haemonchus contortus, which is a highly preva-
lent nematode in the tropics (Torres Acosta and Hoste 2008).

In pigs, pasture rotation is also likely to play a central role in the control of 
some helminth species. Infective larvae of Oesophagostomum spp. and H. rubi-
dus can survive for a maximum of 1 year on pasture and have a poor over-winter 
survival rate in northern temperate climates (Thomsen et  al. 2001; Mejer 2006). 
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Consequently, even pastures heavily contaminated in autumn may be totally clean 
the following spring, and Oesophagostomum spp. do not constitute a problem in 
strictly outdoor sow herds (Carstensen et al. 2002).

In contrast, the most common helminths ( A. suum and T. suis) are characterised 
by hard-shelled eggs with a sustained longevity on pasture of up to 10 years (Ro-
epstorff 2003), despite initial high death rates of eggs within the first 6–12 months 
(Larsen and Roepstorff 1999), indicating that a shorter rest period may still serve 
to reduce the transmission. Because of this long persistence in the environment of 
these worm species, it is still unknown as to whether pigs should be moved to clean 
pasture one or two times per year, and when it is safe to be back to a previously 
contaminated pasture. Ongoing experiments using naive pigs (never previously 
exposed to parasites) to trace the levels of contamination on pastures after initial 
deposition of eggs, have yielded two results: (1) transmission levels increased the 
first 2 years, indicating an unexpectedly slow development to infectivity in colder 
climates; and (2) infection levels did not markedly decrease after 4 years (Helena 
Mejer 2010, unpublished data). Moreover, Carstensen et al. (2002) described a farm 
that produced organically for 8 years with a stringent 3-year pasture rotation. Asca-
ris was found with a prevalence > 90 % in the weaners and fatteners. These results 
may indicate either a failure in the management of the scheme or simply that 3 years 
are not sufficient to reduce pasture contamination with both parasites.

Last, in some poultry production systems (e.g., free ranging broilers or layer 
flocks in mobile systems), an all-in-all-out system, where new areas are provided 
for each batch of animals, is feasible (Thamsborg et al. 1999). Where hens are kept 
in solid hen houses with surrounding runs, a rotation scheme with sufficient resting 
time between flocks (> 1 year) is nearly impossible to achieve. In a 2-year on-farm 
experiment, a rotation scheme where the hen flock returned to the same area during 
one season helped to maintain the sward, but it was not effective to reduce A. galli 
and H. gallinarum burdens (Maurer et al. 2013).

For the coccidian parasites, including Isospora suis in pigs, efficient control 
seems achievable (if pastures ungrazed the previous year are provided at turn-out), 
in particular in herds where farrowing huts are routinely moved before farrowing 
(Roepstorff et al. 1992). Isosporosis is thus not a clinical problem in organic pig 
production.

�Co-grazing Between Different Host Species

Coccidia are highly specific to their hosts. For helminths, with the exception of trem-
atodes and a few nematode species (e.g., Trichostrongylus axei) that are ubiquists, 
most nematodes and cestodes are specific to their hosts, although the phenomenon 
is not fully exclusive between large and small ruminants. This parasite specificity 
means that when different animal species graze together in the same pasture, each 
host contributes to reducing the pasture-related risk for the second animal species 
by “destroying” the parasitic stages specific to this second host.
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Most studies on these co-grazing methods have been performed in ruminants, 
generally between cattle and sheep. The results obtained under various epidemio-
logical conditions and in situations of either simultaneous or alternate grazing have 
usually shown a reduced level of infection in sheep, especially with the pathogenic 
species H. contortus (Hoste et al. 2009). The effects on cattle were more limited. 
These practices have usually been associated with better resilience (see Box 1) of 
the animals, including a better use of the grazing rejects (see review by Barger 
1999).

When sows have nose rings, it is possible to have them graze together with 
ruminants. In a 3-year study with heifers and dry sows, mixed grazing has been 
shown to increase the performance of the sows, although the most important effect 
was to reduce Ostertagia infections of the heifers and to increase their weight gain 
(Thamsborg et al. 1999). The effect was attributed to better utilisation of pasture, as 
well as disruption of cattle faecal pats and the surrounding tussocks. However, the 
use of nose rings is now an animal welfare issue.

As suggested by Barger (1999), there are also potential risks in mixed systems. 
One is that previously host-specific helminths adapt to other hosts. For example, 
cross contaminations with sheep nematodes, leading to clinical diseases, have been 
reported in calves (Armour et al. 1988). Patent Ascaris infections have also been 
described in lambs grazing in pastures previously used by pigs. Reciprocally, the ru-
minant species, Teladorsagia spp and Trichostrongylus vitrinus, were also reported 
in pigs. Last, the increased risk related to trematodes has to be more closely moni-
tored.

�Biocontrol and Use of Nematophagous Fungi

Under laboratory conditions, a range of various biological agents (e.g., Bacillus 
thuringiensis, or “cannibal” nematodes) have been shown to affect the biology 
of environmental stages of helminths, particularly nematodes (Torres-Acosta and 
Hoste 2008). However, under farm conditions, the most outstanding results of bio-
control to decrease pasture infectivity were obtained with some nematophagous 
fungi that can kill nematode larvae in faeces. Their effects have been studied within 
a wide range of host species and/or epidemiological conditions, in particular for 
Duddingtonia flagrans. This fungus species was of particular interest because of 
the ability of the spores to develop and to trap the nematode larvae in faeces after 
a digestive passage (Larsen 2000). In ruminants and horses, convincing results 
have also been repeatedly obtained under both laboratory and farm conditions. 
However, no commercial product of this promising, innovative option has yet been 
launched.

D. flagrans was also shown to significantly reduce Oesophagostomum dentatum 
infections in grazing pigs (Larsen 2000). In contrast, the main parasitic nematodes 
of monogastric animals have egg-dwelling and not larval infective stages. There-
fore, until now, no promising biocontrol agents have been identified for use against 
these species.
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8.3.2 � Improving the Host Response: Immunostimulation

�Vaccination

Conceptually, vaccination represents a highly attractive solution to control any in-
fectious disease and is usually well accepted in OF. Therefore, this solution is clear-
ly included in the general “basket of options” explored to address the issues related 
to parasitism in OF. However, antiparasitic vaccines still face several limits today 
in terms of their implementation under field/farm conditions because of consider-
ations related to either (i) ethics (GMO vaccines are not acceptable in OF systems; 
use of live vaccines with potential risks of diffusion of diseases after mutation); 
(ii) technology (the difficulties to develop vaccines based on recombinant proteins 
against helminths); or (iii) economy (multivalent vaccines are often demanded).

For gastrointestinal helminths, no commercialised vaccines are currently avail-
able despite considerable research efforts to produce a vaccine against H. contor-
tus based on some hidden antigens of the nematode GI tract (Smith and Zarlenga 
2006). However, a live vaccine with partly inactivated larvae of the cattle lung-
worm Dictyocaulus viviparus (Dictol®) has long been commercialised and widely 
used in some countries where lungworms are endemic (Benitez Usher et al. 1976). 
For protozoa, the use of live (attenuated or non-attenuated) vaccines (consisting of 
oocysts of different Eimeria species) to control coccidiosis due to various Eime-
ria infections in layer and broiler breeder chickens is well established (Chapman 
et al. 2002; Williams 2002). Vaccination with a reduced number of Eimeria spe-
cies is also increasingly applied in one-day old organic broiler chickens (Williams 
2002), but conventional broiler production still largely relies on anticoccidial drugs 
(McDonald and Shirley 2009).

�Selective Breeding for Resistance and/or Resilience to Parasites

The preference for local livestock breeds, is one of the cornerstones of the OF phi-
losophy to address sanitary problems and to reduce the reliance on chemical drugs. 
This recommendation relies on the concept of coevolution between parasite and 
hosts, which, after natural selection, led to hosts that were more adapted to para-
site infections depending on the regional/epidemiological conditions. In the case of 
GI parasite infections, early results that support the hypothesis that some genetic 
components are involved in differences in resistance to helminths were obtained in 
sheep because, until recently, helminth challenges remained limited in monogas-
trics under conventional production systems.

In ruminants, differences in the level of gastrointestinal infections between 
breeds have been thoroughly documented in sheep. However, most of the studies 
compared imported vs. local breeds under tropical conditions (Bishop and Morris 
2007). In contrast, less data is available comparing local rustic breeds to more in-
tensively selected breeds in temperate conditions.
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The existence of possible individual differences in resistance against GI nema-
todes within a breed has also been widely studied (Bishop and Morris 2007; Vagenas 
et al. 2002). The level of nematode egg excretion has been the main phenotypical 
criterion used for selection. Heritabilities (h2) of faecal egg counts (FECs) in sheep 
range between 0.08 and 0.43 (Gasbarre and Miller 2000). This has promoted pro-
grammes (e.g., the commercial DNA-marker WORMSTAR programme for sheep 
in New Zealand) to select animals with a better response to GINs and responsible 
for a lower pasture contamination because of significantly decreased FECs after 
several generations (Hunt et  al. 2008; Vagenas et  al. 2002). Resilience selection 
programmes aimed at better animal productivity under parasitic challenges have 
been another option that was explored to counteract the negative effects of parasites 
on their hosts. However, this option has received less attention than selection for 
resistance (Bisset et al. 1996).

Such genetic differences in resistance are progressively assessed in monogas-
trics. Some Danish results (Schou et al. 2003) indicated that the epidemiology of 
A. galli infections in chicken may similarly be influenced by a genetic component. 
Abdelquader et  al. (2007) found that there is not only a variation in the genetic 
background of the hens, but also that A. galli isolates from different geographic 
areas differ in their ability to infect different chicken genotypes. Gauly et al. (2008) 
observed significantly higher faecal egg outputs of helminths in white laying hens 
than in brown hens. They estimated sufficiently high h2 of FECs of A. galli (0.13–
0.19 for white hens) as well as for H. gallinarum worm burdens (0.31–0.41) to al-
low selection for helminth resistance. However, parasite resistance is not a seriously 
considered criterion in poultry breeding at present because genotypes are mainly se-
lected for best performance under indoor conditions where the parasitic challenges 
are of minor importance.

In pigs, studies based on examination of 200 offspring of known matings re-
vealed h2 of FECs of 0.3–0.4 for A. suum, and of 0.4–0.7 for T. suis (Nejsum et al. 
2009). For T. suis, the h2 depended on time in relation to the onset of infection: 
during the early expulsion phase, h2 were highest, probably indicating close ge-
netic control of the onset of immunity. For Ascaris, other parameters such as worm 
burden, total egg output and antibody levels were also heritable, whereas this was 
not the case for the size and fecundity of the worms (Peter Nejsum, personal com-
munication). It is obvious that breeding for increased host resistance is also an op-
tion within the pig industry and may be highly relevant in free-ranging systems, 
although more studies must to be performed.

8.3.3 � Treatments Affecting Parasite Biology

When treatments are required to cure animals and to improve their welfare, the gen-
eral OF recommendations are to promote alternative medicines (phytotherapy, ho-
meopathy) rather than synthetic chemical (allopathic) drugs. However, in many cir-
cumstances, the efficiency of alternative medicines remains to be fully established.
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�Herbal Drugs

The use of natural (herbal) remedies (phytotherapy, including the use of essential 
oils) to cure and/or to prevent diseases is not a novel concept (Githiori et al. 2006; 
Waller et al. 2001). According to both time and geographical scales, chemical drugs 
remain the norm. It is worth recalling that more than 70 % of the drugs currently 
used worldwide are natural and that many of the so called “chemical drugs” are 
derived from natural products (Wilcox et al. 2001). For example, halofuginone, a 
quinazolinone alkaloid from Dichroa febrifuga, has been used as a coccidiostat be-
cause febrifugine, the original plant extract, possesses antiprotozoan activity (Youn 
and Noh 2001). Natural (mainly plant) materials used as an alternative to control 
parasitic diseases can be broken down into two different categories: phytotherapy 
remedies vs. nutraceuticals. In both cases, the observed antiparasitic activity is usu-
ally linked to the presence of plant secondary metabolites (PSMs) in sufficient con-
centration, including condensed tannins and flavonoids, sesquiterpens, proteinases, 
etc. (Rochfort et al. 2008).

Herbal drugs are preparations of plants and/or plant extracts that aim at curing 
infected animals after a short-term administration. Their general therapeutic recom-
mendations are close to those of chemical drugs, except that the active compound(s) 
are usually not well identified and measurable. Herbal remedies are often a mixture 
of plants and/or plant extracts obtained by various physical or chemical processes. 
Accordingly, they are usually composed of a high number of biochemical compo-
nents. This complexity is a general characteristic of drugs derived from plants. It has 
consequences on the definition and standardisation of the products and, consequent-
ly, on the validation of their therapeutic efficacy as a function of their variations.

A variety of plants worldwide have been shown to affect survival and/or repro-
duction of helminths of chicken or ruminants in vitro or in vivo. However, in some 
cases, severe side effects on the host have been observed after use of plant products 
(e.g., Javed et al. 1994; Akhtar and Riffat 1985). In other studies (e.g., Chota et al. 
2009), positive effects of a plant preparation ( Carica papaya) were confused with 
the effects of better nutrition during the experiments. The effect of these herbal 
drugs was tested by Maurer et al. (unpublished data) under controlled conditions in 
eight series of hens and chickens artificially infected with A. galli. Although signifi-
cant effects of some plant preparations were observed in a particular series, none of 
the plant extracts tested resulted in reductions of egg counts or of worm burdens in 
a reproducible manner (unpublished data). Similar difficulties have been found in 
a series of studies comparing the efficacy of plant preparations against helminths 
in lambs (Bouilhol et al. 2003; Hördegen et al. 2003) and pigs (van Krimpen et al. 
2010).

Research on alternative methods for controlling Eimeria spp. with plants showed 
that the effect on coccidia differs from the one on nematodes. Some plants and 
plant products such as Azadirachta indica (Tipu et al. 2002) and artemisinin from 
Artemisia annua (Almeida et al. 2012) reduced the excretion of oocysts of some 
Eimeria spp. and/or decreased mortality and intestinal lesion rates. Youn and Noh 
(2001) tested extracts of 15 plants against E. tenella in chickens and found extracts 
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of Sophora flavescens to be the most efficient in terms of survival rates, bloody 
diarrhoea, lesion scores, body weight gains and oocyst excretion.

The use of antioxidant compounds in the management of coccidiosis has been 
shown to be effective because they decrease the degree of intestinal lipid peroxi-
dation, which is associated with coccidian parasite-induced host cell destruction. 
One of the most potent veterinary anticoccidials, toltrazuril, is believed to achieve 
some, if not all, of its beneficial effects by limiting the degree of lipid peroxidation 
(Eraslan et al. 2004).

In support of this hypothesis, in vivo studies in South Africa have included treat-
ment with extracts from Tulbaghia violacea, Vitis vinifera and Artemisia afra (Nai-
doo et  al. 2008), and in China with proanthocyanidin extracts from grape seeds 
(Wang et al. 2008). Both improved the performance of broiler chickens and relieved 
the clinical symptoms caused by avian coccidian infection.

�Nutritional Approaches and Nutraceuticals

The term “nutraceutical” is defined as “any substance that may be considered as a 
food or part of a food which provides health benefits, including the prevention and 
treatment of disease” (Andlauer and Furst 2002). Nutraceuticals are a feed resource, 
used either fresh or conserved, but the main reason for using them is linked to their 
potential benefits on animal health. Compared to herbal remedies, they are admin-
istered for a longer term (at least a few days), and the first objective is to prevent or 
limit the level of infections and, consequently, to reduce the reliance on chemother-
apy to control parasites. In contrast to allopathic treatments that aim at eliminating 
worms, nutraceuticals act more by “slowing down” the biology of parasites and the 
dynamics of infection. Since the end of the 1990s, results on the use of nutraceuti-
cals to control GINs have been obtained either in ruminants or pigs, illustrating how 
this option might be relevant in various OF systems (Waller and Thamsborg 2004).

In small ruminants (Fig. 8b, Colour plate 8), most current data on the potential 
represented by nutraceuticals have been obtained on the use of tannin-rich (TR) 
legume fodders, (e.g. sulla, Sericea lespedeza, big and birdsfoot trefoils, and sain-
foin). Overall, the first effect associated with the distribution of tanniniferous le-
gumes is a reduction of GIN egg excretion due to either a reduction in worm number 
or the reduced fertility of female worms (Hoste et  al. 2006; Athanasiadou et  al. 
2001; Heckendorn et al. 2007; Manolaraki 2011). Reductions in the establishment 
of infective larvae have also been described (Hoste et  al. 2006). Less consistent 
results have been obtained on possible reduced development from eggs to infective 
larvae in the environment (Niezen et al. 2002).

In addition to TR legumes, many studies in sheep have focused on chicory 
( Cichorium intybus) when used as forage. Its consumption has often been asso-
ciated with some favourable effects on worm biology. For chicory, the suspected 
bioactive compounds are not tannins but sesquiterpene lactones (Marley et al. 2003; 
Athanasiadou et al. 2007).

In pigs, the addition of easily fermentable carbohydrates to the diet was shown to 
significantly diminish O. dentatum numbers and female fecundity (Petkevičius et al. 
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2003). This promising principle is currently being investigated using inulin-rich 
diets for sows in OF. Chicory roots and lupin seeds are rich in fermentable carbo-
hydrates, particularly fructans (inulin). In pigs, an almost complete reduction of the 
Oesophagostomum egg output was obtained by adding purified inulin (Petkevičius 
et al. 2003) or dried chicory roots to the diet (Mejer 2006). High reductions in worm 
counts have been observed in some, but not all studies (Petkevičius et  al. 2003; 
Mejer 2006). Incomplete elimination of worms may explain why depression of egg 
excretion was partially reversible since egg counts were shown to increase when the 
carbohydrates were withdrawn from the diet. Since the fermentable carbohydrates 
are only partially degraded in the small intestine, the action mechanism is probably 
related to the production of short-chain fatty acids by fermentation in the large in-
testine (Petkevičius et al. 2004). These fatty acids could directly or indirectly cause 
adverse conditions for the residing nematodes just as there is a shift in microbial 
composition. Consequently, T. suis, another inhabitant of the large intestine, is mod-
erately affected, but results are inconsistent (Thomsen et al. 2007). Furthermore, 
penetration of early larval stages of A. suum in the large intestine before the mi-
gratory liver phase, and the establishment of incoming infections may be affected 
(Mejer 2006) but not adult established infections (Mejer, personal communication). 
Because A. suum and T. suis are the major targets of nematode control in outdoor 
pig production, these findings require further validation if they are to be considered 
to be of practical relevance.

�Allopathic Treatments

Effective alternative methods for parasite control in poultry are lacking, and the 
use of conventional anthelmintics is the rule on organic as well as on conventional 
farms, although the extent of their use may vary. The situation is particularly deli-
cate in the case of laying hens because only one anthelmintic (flubendazole) is 
registered. This issue is a major problem for organic egg production.

In ruminants, methods aimed at a “tailor-made” (more adapted) use of chemi-
cal drugs are also currently being explored in conventional systems because of the 
increasing challenge represented by the development of resistance to antiparasitic 
drugs (Kaplan 2004). These approaches might also be of benefit to the OF systems. 
For an overview of recent results and approaches used for these Targeted Selective 
Treatments (TST), the reader is referred to a special issue of Veterinary Parasitology 
(2009) on “Novel Approaches for the Sustainable Control of Nematodes in Rumi-
nants” that summarises the main data from the PARASOL EU project.

8.4 � Discussion/Conclusions

Parasite infections are also described as “long term interactions”. Therefore, they 
probably represent a paradigm to illustrate how the control of any livestock dis-
ease can be challenged in OF systems whose general aim is sustainable production. 
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Moreover, the issues related to the control of parasitic infections in livestock il-
lustrate some key features of both the societal and scientific questions raised by the 
development of OF systems. Obviously, one main keyword underlying the concept 
of OF disease control is “variability”.

Consequently, a whole range of questions are emerging, for example: (i) How 
can we challenge the differences between the consequences of this variability in 
parasitic risks with the consumer’s image of OF production? (ii) How can we anal-
yse the variability of situations and host-parasite interactions? (iii) How can this 
variability in OF production systems be integrated into the general framework, 
which includes the three main principles of disease control? (iv) Do we have the 
appropriate methodological tools to measure the effects of the different methods of 
control?

Promoting OF rules in livestock is usually linked to improved animal welfare 
and better product quality by the consumer public. However, when considering 
the parasitic challenge, several pros and cons must be taken into account. Indoor 
breeding is usually associated with higher animal concentrations, less possibility 
of expressing social behaviour and, consequently, a lower status of animal welfare. 
However, outdoor breeding, which is promoted by OF, also means a higher risk of 
parasitic infections, degradation of animal health and welfare and, in some cases, 
can raise questions about the safety of livestock products (e.g., increased risk of 
zoonoses related to possible wildlife reservoirs).

Throughout this chapter, we aimed at illustrating the robustness of the three 
well-defined principles for controlling all pathogenic processes (Torres-Acosta and 
Hoste 2008): (1) by reducing the contact between the host and the infective agents 
[including the disinfection/elimination of pathogens in the environment (hygiene)]; 
(2) by improving the host response to the parasites (immunostimulation); and (3) 
by eliminating the parasites in the hosts (treatment). These principles still remain 
the cornerstones of actions against any pathogen, including parasites. They have 
generic implications, as illustrated for the different parasitic agents in the different 
livestock species under both conventional (CF) and OF systems.

The main difference between the two modes of production is probably linked to 
the order of priorities given to the different actions. In CF, the reliance on curative 
and supposedly fully suppressive synthetic antiparasitic drugs has been the first 
and nearly exclusive part of the tripod because of the difficulty to develop vac-
cines against parasitic agents. According to OF rules, disease prevention based on 
hygienic principles relies first on the stimulation of the host response as a result of 
genetic, nutritional factors and/or use of homeopathy, whereas curative synthetic 
drugs are only used as a last-ditch option when phytotherapy or natural substances 
have been proven inefficient (EC 2002).

The variability of interactions with the environment makes it necessary to adapt 
the solutions derived from these three main principles of control. This can be illus-
trated by two examples.

In pigs and poultry, the difficulty in applying genetic selection for resistance to 
parasites from genotypes selected primarily for performance under indoor condi-
tions has been reported. A second option is to better evaluate and possibly to use 
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local breeds that have been traditionally maintained outdoors. This corresponds to 
one of the general recommendations in OF rules. However, the reduced size of the 
remaining populations is usually a limiting factor.

Compared to the well-standardised synthetic antiparasitic drugs, the variability 
in resources is also a key factor to consider when assessing the efficacy of nutra-
ceuticals. The amount and/or quality of PSMs, which are usually thought to be re-
sponsible for the activity, vary with genetic, environmental and even technological 
factors (Manolaraki 2011). This leads to the need for research to identify the main 
active compounds and to develop simple, affordable methods to measure biological 
and/or biochemical markers of activity. The situation is even more complex with 
phytotherapy and herbal remedies that often correspond to mixtures of plants. Last, 
for homeopathy, which is often assumed to have some long-term effects, the meth-
odology to demonstrate the activity in experimental studies needs to be adapted to 
livestock species.

Specific studies performed under OF conditions to evaluate adapted solutions for 
the control of digestive parasitism have existed for nearly 10 years, although differ-
ences in progress still exist in the different livestock species (Lund and Algers 2003; 
Hovi et al. 2003). Because conventional production systems in ruminants have in-
volved extensive use of grazing for many years, some agronomical and technical 
solutions have been widely explored in cattle, sheep and goats, compared to pig 
and poultry production. One of the objectives of this review was to illustrate how 
results acquired on ruminants can be of benefit to monogastrics since the principles 
for controlling parasitic diseases remain the same, regardless of the host species. It 
is also worth emphasizing that many of the solutions explored in OF can be of ben-
efit to conventional systems of production. For example, because of the widespread 
diffusion of resistances to antiparasitic drugs, the sole reliance on chemotherapy 
in conventional systems is increasingly recognised as being unsustainable, and the 
need for alternative options is evident. Another reason is the implementation of 
more restrictive regulations on the use of chemical treatments in livestock, spark-
ing a major interest in alternative approaches. A more restrictive use will delay the 
diffusion of resistance to antiparasitic drugs in both protozoa and helminths in any 
system. In both OF and conventional systems, the general goal today is to promote 
integrated control that relies on a “basket of options” adapted to on-farm situations. 
In this respect, the current development of software models to integrate abiotic and/
or biotic factors at the farm level in the analysis of the parasitic risk of GIN infection 
in cattle and to propose adapted control measures seems promising (Chauvin 2009).
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Abstract  The sociology of animal health is a relatively new subject, but one that 
is central to the effective management of disease control in farm animals. Under-
standing how and why farmers select certain health strategies is paramount for the 
effective dissemination of technical proposals. These strategies may be influenced 
by a variety of factors such as whether the farms follow conventional practices 
or organic guidelines, the type of animal farmed, the production aim (e.g., egg, 
milk, meat), the differences in pathocoenosis between these farms or the individual 
farmers’ beliefs. This chapter will consider each of these complexities in turn to 
reach a conclusion on why farmers do what they do.

Keywords  Pathocoenosis · Disease · Farm animal · Treatment · Organic

9.1 � Introduction

Originating in the post World War II period, medical sociology was the forerunner 
of veterinary sociology. Similarly veterinary medicine followed the tracks of bio-
medicine.The first characteristic of biomedicine is the wide adoption of reductiv-
ism: “biomedicine assumes that health and diseases are natural phenomena which 
exist in the individual body rather than in the interaction of the individual and the 
social world” (Annandale 1998). The human body is considered as a complex ma-
chine apart from the mind, a conceptualisation that has its origin in the work of 
the seventeenth century philosopher, Descartes, who conceived the mind and the 
body as distinct entities. The second characteristic of biomedicine is the doctrine 
of specific aetiology, which is a corollary of the reductivist approach. This doctrine 
was first described by Dubos (1960) to depict the change that occurred at the end 
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of the 19th century where “disease could be produced at will by the mere artifice 
of introducing a single specific factor—a virulent micro-organism—into a healthy 
animal”. The third characteristic of the biomedical model is the claim of scientific 
neutrality: “medicine can be rational, objective and value free, treating each indi-
vidual according to their need and irrespective of any sense of moral worth” (An-
nendale 1998). In the 1970’s, health and social psychologists developed a different 
view and produced the Health Belief Model (HBM) for humans (Abraham and 
Sheeran 2005). The HBM focuses on two aspects of how health is represented to an 
individual: threat perception and behavioural evaluation. Threat perception is the 
perceived susceptibility to illness and its anticipated severity. Behavioural evalua-
tion consists of two sets of beliefs: the efficacy of a recommended health behaviour 
and the cost of enacting the behaviour.

The sociology of veterinary health is still in its infancy. Despite its compelling 
role as “something of a silent player in the development of rural sociology” (Enti-
cott 2009), there is a decided lack of knowledge in the area since animal health has 
been seen principally as an adjunct to the competitiveness of modern agriculture, 
whereas contemporary rural sociology has been shaped more by aspects of agricul-
tural sustainability. Enticott (2008) believes that “rural sociology has the potential 
to make a fundamental contribution to understanding the impact of animal disease 
upon rural societies, advise policy makers how they might prevent future outbreaks, 
and how the consequences of outbreaks may be alleviated”. Of the few studies that 
have been carried out in the area, the majority focused upon crises in animal health 
and their repercussions on the consumer. Fewer still have focused on how decisions 
are reached on farms (Cabaret and Nicourt 2009b; Saddiqui et  al. 2012 Cabaret 
et al. 2011). Perhaps the least studied is the sociology of veterinary health in relation 
to organic farming (Nicourt and Cabaret 2010), yet there is no doubt that the ideals 
and regulations of organic health clash with those used in biomedicine. Organic 
husbandry (i) views animals as living beings as opposed to complex machines; 
(ii) accepts the functional/equilibrium theory (Laplantine 1992), and thus promotes 
disease prevention and is opposed to the doctrine of the specific aetiology theory 
(Nicourt and Cabaret 2010); and (iii) targets the ideal of a value-orientated medicine 
that promotes the reduction of synthetic chemical drugs and the use of alternative 
medicines in contrast to value-free medicine (Kaltoft 1999).

Animal health strategies are constructed on the basic knowledge of what causes 
disease in a particular situation with the intention of preventing (by means of ad-
equate practices) or alleviating target problems. In comparing the health strategies 
used in conventional versus organic farming, two important points should be con-
sidered. Firstly, if diseases differ across farms, it is logical that the adopted health 
strategies would also differ in a bid to control distinct targets. Secondly, if the health 
problems are similar among the farms, then the different health strategies are due to 
different therapeutic choices based on organic regulations and farmers’ personal val-
ues. This chapter (i) will evaluate if the occurrence of disease is comparable across 
conventional and organic farms. The diseases considered include either those that 
are independent within a system or communities of interacting diseases (pathocoe-
nosis); and (ii) compare and contrast strategies for managing health in homogenous 
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groups of farms. Such a sociological study could unveil the reasons why farmers do 
what they do and answer the question: how are decisions made on the farm?

9.2 � Do Organic Farms have Pathocoenoses  
that are Distinct from Conventional Ones?

9.2.1 � Identifying Pathocoenosis

Grmek (1969a, b) developed his concept of pathocoenosis (derived from the term of 
biocoenosis used by ecologists) as “the ensemble of pathological states present in a 
specific population at a given moment in time. It consists of a system with precise 
structural properties that should be studied so as to determine its nosological param-
eters in qualitative and quantitative terms.” He considered the virulence of a patho-
gen isolate, the susceptibility of the host and the probability of encounter, as well 
as the existence of other diseases. He recognised the fact that the occurrence of a 
disease is not independent of the occurrence of other diseases, making it reasonable 
to study a set of diseases rather than only one disease within a site. Conventional 
pig farmers established the concept of “farm microbism”, which also corresponds to 
pathocoenosis: each farm has its own set of pathogens that remains under a delicate 
equilibrium and that could transform into a pathological episode when an unknown 
microbe is introduced onto the farm (Christian Nicourt, unpublished observation, 
2011). Biodynamical farmers do not accept the eradication of a disease (e.g., botfly 
eradication programme in France) or temporary suppression of pathogens (like in-
ternal parasites) since they believe that their presence has a meaning and contributes 
to the general equilibrium of health, and therefore apply the pathocoenosis concept 
(Cabaret, personal observations, 2011). Standard organic farmers consider health as 
the result of an equilibrium between many different forces such as feeding, housing 
and interactions between pathogens. The concept of pathocoenosis is then closely 
linked to organic farmers’ beliefs but is never used among them. Obtaining a clear 
understanding of which diseases are present within a farm is a subjective process. It 
primarily relies on the farmers’ description of disease, often inaccurately diagnosed. 
The diagnosis in goats was effective for mastitis that had fairly obvious symptoms, 
and therefore led to homogeneous reported prevalences (16 to 22 %) between equiv-
alent farms, but was poor for gastrointestinal parasite infections (13 to 36 %) for 
which clinical expression covers a variety of symptoms such as decreased appetite, 
anaemia, diarrhoea, low production, etc. (Cabaret 2003). The farmer’s accuracy 
range is much better for those diseases with obvious symptoms such as tetanus or 
rabies that occur infrequently, as opposed to diseases that occur frequently but with 
less discernible symptoms such as diarrhoea caused by gastrointestinal parasites or 
coughing resulting from lungworms. The diagnostic expert may also inadvertently 
over-represent the diseases he views to be more significant and immediately dis-
turbing, while over-looking the more mild, chronic diseases considered to be of 
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limited importance. It is thus difficult to construct pathocoenoses on the declaration 
of farmers alone since they reflect a mixture of easily and poorly diagnosed dis-
eases, with very different degrees of accuracy in establishing prevalences. We need 
more exact records of the diseases and syndromes that occur on-farm and this could 
be achieved with farmers’ health plans (Vaarst et al. 2012) or formally established 
interactions between farmers and veterinarians (Robinet 2011). In the latter case, a 
contract between the farmers and the vets exists, and the obligation of the vets is to 
elucidate and solve husbandry problems with the aid and cooperation of the farmer. 
One of the oldest structures founded in 1979 in the centre of France (AVEM)1 still 
exists (Robinet 2011). The agreement implies that the vet will perform two kinds 
of tasks: systematic visits to the farm to monitor flock health, and instruction con-
cerning animal health for the farmer. The vet can also ensure emergency visits. The 
farmer should accept to follow the veterinarian’s recommendations, even if it means 
additional work or the absence of therapeutic solutions. His interest is to achieve 
the overall control of a health problem on his farm. This practice is similar to expe-
riential science that aims at integrating the implicit and reflected knowledge of the 
practitioner (farmer) and the expert (vet) in organic farming (Baars 2011).

9.2.2 � Pathocoenosis in Different Organic Productions

A previous survey of conventional and organic farms (cattle, sheep, pig and poultry) 
showed that similar pathocoenoses existed within the same production types (e.g., 
egg, milk or meat) (Thamsborg et al. 2004; Berg 2001). Although useful, these sur-
veys are potentially flawed, as mentioned above, and should be critically examined. 
A tentative qualitative meta-analysis of the diseases recorded in organic productions 
is shown in Table 9.1. On average, it appears that each production type has its own 
pathocoenoses and that there is little difference between conventional and organic 
farming. In Table 9.1, for diseases recorded for all types of production ( n = 33), 54 % 
of the diseases (17/33) are equally prevalent in organic and conventional farms, 
31 % are more prevalent and 15 % are less prevalent in organic compared to con-
ventional farms. However, since diseases are subject to strong individual and breed 
modifications, pathocoenoses will not be complete. Therefore, even if parasitism 
is the main problem in meat sheep production, it will not appear on every farm 
(Cabaret et al. 2009). Based on these results, we put forward the hypothesis that 
animal health strategies differ between conventional and organic farms as a result 
of formal rules (i.e., organic regulations) and the values of the individual farmers.

1  Association Vétérinaires Eleveurs du Millavois: Association of veterinarians and breeders of 
Millavois.
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9.3 � The Views of Farmers for Constructing a Strategy  
to Control Diseases

We chose the term of “views” rather than more precise words like “beliefs” or “ide-
als” in order to encompass the reality of farmers.

9.3.1 � The Contrasting Views of Animal Health Caretakers

While scientists can evaluate the risk of a particular disease with probabilities, it 
seems that farmers are tied to their own individual experiences. In a study of 37 
Australian farms (beef, cow milk or sheep producers), Palmer et al. (2009) found 
that “farmers clearly adopt a constructionist stance that a risk is never entirely 
an objective reality but is influenced by pre-existing knowledge”. Such idiosyn-
cratic practices extend to all the various animal health caretakers, i.e., farmers, vets, 
veterinary assistants, traditional practitioners. A study in an arid zone of Pakistan 
(Saddiqi et al. 2012) showed widely contrasting ideas among the different animal 

Table 9.1.   Diseases in organic compared to conventional animal husbandry (a meta-analysis of 
Thamsborg et al. 2004; Berg 2001; Cabaret and Nicourt 2009a, Cabaret et al. 1986; Benoit et al. 
2009; Prunier and Cabaret 2010) and putative pathocoenoses
Production Mastitis Reproduction 

diseases
Metabolic 
diseases

Parasitic 
diseases

Lameness/
foot rot/Pica

Pathocoenosis

Milk cattle + + − + + Mastitis, reproduc-
tion, parasites*, 
lameness

Meat cattle ? = ? + = Parasites, reproduc-
tion, lameness

Milk sheep + = − = = Reproduction, 
footrot, parasites

Meat sheep ? = − + = Parasites, reproduc-
tion, footrot

Dairy goats = = = = = Mastitis, parasites, 
reproduction, 
lameness

Pigs ? − = + = Reproduction, 
mastitis, para-
sites, lameness

Broilers NA NA + + = Metabolic disorders, 
parasites, pica

Layers NA = + + = Metabolic disorders, 
parasites, pica, 
reproduction

Symbols:+ more frequent in organic,= equivalent in organic and conventional, –less frequent in 
organic farms,? not known, NA not applicable
*Parasites are generally gastrointestinal nematodes

9  Animal Healthcare Strategies in Organic and Conventional Farming
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health caretakers on how to treat parasitic diseases. The epistemic experts such as 
vets (they know why they treat) referred to a universal strategy for the control of 
parasitosis using synthetic drugs at putative risk periods. The farmers and tradi-
tional practitioners were pragmatic experts (they know how to treat) who used local 
solutions to cope with problems in a diversity of situations. Such an approach is 
based on the old Greek concept of mètis: adaptive practical intelligence (Cabaret 
and Nicourt 2009b). Ultimately, farmers decide on what advice to accept or reject 
and on which therapeutic means they will apply on their farms. They are the corner-
stone for the dissemination of technological knowledge, which makes understand-
ing how they make their decisions of primary importance.

9.3.2 � Contrasting Views Among Farmers: A French Meat  
Sheep Example

Regional differences and economic constraints influence the strategies used in dis-
ease control. In resource-poor countries, the cost of a treatment alone can be the 
deciding factor on whether it is used (see Saddiqi et al. (2012), for Pakistan, and 
Ouzir et al. (2011) for Morocco). However, in developed countries, the efficacy of 
the treatment to reduce the occurrence of the disease is the driving force. The cost 
of treatment may vary widely in developed countries from one farm to another. 
We used the data of Benoit and Laignel (2002), established for a network of 49 
meat sheep farms in the centre of France, in a semi-mountainous region. These 
farms are considered as sustainable since they were engaged in the same activity 
for several years. The average veterinarian costs in conventional farms were € 6 
per ewe and per year with limited variations. The organic farms had veterinarian 
costs that were highly variable (from € 4 to a maximum of € 21 per ewe and per 
year), which could be linked to their general treatment strategy (see below). This is 
indicative of the fact that management of animal health on organic farms is highly 
dependent on the individual farm. Internal parasitism is considered to be one of the 
greatest problems in sheep farming (Cabaret et al. 2009, 2011). The symptoms of 
such infections are not often clearly expressed and farmers must often rely on what 
they believe rather than on objective signs when diagnosing them. Conventional 
sheep farmers in France do this by cross-referencing a checklist provided by vets 
and animal technicians that contain suggestions for actions, suggestions that are not 
always applied (Cabaret 2003). We found that these farmers have a limited interest 
in developing their own sanitary norms (Nicourt and Cabaret 2010). In contrast, 
organic farmers target a stable sanitary equilibrium in line with organic regulations, 
with a ‘prevention is better than cure’ ideal. They broadly follow Canguilhem’s 
(1966) proposal to “precisely determine the content of norms within which life 
stabilises, without precluding the possibility or impossibility of an eventual cor-
rection of these norms”. Thus, the construction of norms among individual farmers 
results in different health care and husbandry strategies within organic farms and 
between conventional farms. The organic meat sheep farmers could be divided into 
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two categories (Nicourt and Cabaret 2010): (i) isolated, autonomous “self-made” 
farmers who aimed for a health equilibrium using a large set of practices; and (ii) 
“creative” farmers orientated towards the correction of health disorders with the use 
of organic drugs they have experimented with themselves.

9.3.3 � Self-Made Organic Autonomous Farmers

The beliefs of these farmers constitute a real breach from those of conventional 
farming in that they drastically limit the use of any therapeutics. They also believe 
that disease results from a rupture in the equilibrium of their animals and should be 
treated with a restoration of their integrity. This directly contradicts the aetiology 
concept prevalent in biomedicine and explains why veterinarians are not part of 
their main advisory resource pool (Cabaret et al. 2011). Their ideal is a demographi-
cally stable flock, without any sanitary disorders of importance in a process of self-
regulation. Such a stable flock is the result of accomplished animal health care, a 
kind of masterpiece for the farmer. It is also related to the concept of naturality (liv-
ing under conditions comparable to those that they may be subjected to when living 
wild in nature): when animals are bred under good conditions, they have a stronger 
capacity to react to and control bioagressors without external help.

9.3.4 � Creative Organic Farmers

Creative organic farmers do not strictly exclude any potential health strategies. 
Although they prioritise disease prevention by carefully monitoring their animals 
and adhering to good hygiene practices and high quality feed, they also accept that 
drugs can cure disease. They do not, however, dispose of the wide array of avail-
able drugs in the way conventional farms do. Instead, they communicate with other 
stakeholders in organic farming and with conventional farmers, and consider ex-
perimenting with prospective new drugs on their farms. This may partially explain 
the high veterinary costs of some organic farmers. As such, creative farmers may be 
regarded as altruistic by testing strategies on their own farms for the good of the or-
ganic community. Their ideal is a flock maintained under their own sanitary control 
and in line with organic regulations

9.3.5 � Innovative Internal Sheep Parasite Management  
and Farmers’ Views

Targeted Selective Treatment (TST) was a strategy developed to reduce the need for 
drug treatments against internal parasites in sheep. It selectively targets only those ani-
mals in need of drugs opposed to the traditional mass treatment approach. The animals 
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to be treated are identified by physiological indicators of the infection, the presence of 
anaemia and diarrhoea. Despite its success on both private and experimental (Benoit 
et al. 2009) farms, conventional farmers show no interest in adopting TST. They deem 
that the cost of time needed to detect the target animals outweighs the low financial 
cost of treating all the animals. Due to the limitations of drug use in organic regula-
tions, organic farmers found TST a more worthwhile strategy, which was in accor-
dance with their beliefs. Thus, technically valid health strategies such as TST (Ouzir 
et al. 2011) are accepted or rejected on the basis of a farmer’s beliefs and values.

9.4 � Conclusion

Pathocoenoses between conventional and organic farms do not substantially dif-
fer, although the practices are very different. This could be due to the fact that the 
evaluation of pathocoenoses is not sensitive and has many biases. The farmer has 
practical expertise on what happens in the everyday life of the flock, whereas the 
vet has academic knowledge of diseases that is only occasionally applied on a farm. 
Pathocoenosis can only be properly assessed if farmers and vets cooperate to con-
struct valuable databases that illustrate the recent history of diseases on each farm. 
Innovations regarding health developed by researchers are not ‘naturally’ transferred 
into everyday practices. The personal dimension and willingness of the key actor, 
the farmer, has not been adequately taken into consideration. The Health Belief 
Model established for human diseases (a set of events like the risk of acquiring the 
disease, the dangerousness of the disease and the difficulties to control the disease) 
could be a conceptual aid for promoting a constructed view of diseases for farmers.
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Abstract  With the development of organic agriculture in France, sheep-for-meat 
farmers are converting to this way of production in order to meet consumer demand. 
However, constraints, technical but mainly economic, are considerable, given the 
high use of concentrates and their cost. Analysis of a network of 42 sheep farms 
including 13 under organic farming (OF) showed that the gross margin per ewe is 
24% lower in OF in upland areas due to high feed costs, and comparable in lowland 
areas where levels of fodder self-sufficiency are potentially higher given the options 
for rotating temporary pastures and increasing the share of pasture grazing in the 
livestock diet. Furthermore, cereal production can increase feed self-sufficiency and 
keep farms less dependent on outside feed sources. In upland areas, system logics 
are more difficult to define, and the allied technical management roadmaps are rela-
tively subsector-specific. Our analysis of four demonstration farms showed that the 
different context settings require specific livestock management strategies depend-
ing on whether the farm has tillable land. If the proportion of tillable land is limited, 
lambings are split equally across spring and autumn in order to maximise forage 
self-sufficiency while optimising ewe productivity and diversifying the sales win-
dows. When there are options for crop production, lambings are focused on autumn 
with good added value on lamb sales. In a context of inflationary concentrate prices, 
the economic viability of both organic and conventional sheep-for-meat farming 
systems is contingent on high levels of forage and feed self-sufficiency.
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10.1 � Introduction

In 2007, organic sheep-for-meat production accounted for 1.8 % of sheep meat in 
France, a smaller proportion than for sheep milk (3.9 %) but on the same order as 
that observed for dairy or suckler cattle (1.5 %) (Agence Bio 2007). This small 
proportion, which even declined between 2006 and 2007 (− 6 %), can be explained 
by: (i) strong constraints related to animal feeding (quantity and high cost of con-
centrates); (ii) a sanitary control, considered to be difficult, especially in terms of 
endoparasites such as helminths (Hovi et al. 2003); and (iii) a lack of market struc-
ture (Nardone et al. 2004).

Nevertheless, the market is growing regularly, with + 72 % of preparers and dis-
tributors between 2005 and 2009 (Agence Bio 2010). Regarding sanitary issues, 
the importance of infectious and parasitic diseases is fairly similar in organic and 
conventional husbandry (Thamsborg et al. 2004; Cabaret and Nicourt 2009), but 
there is much less use of synthetic drugs and we may expect that on the longer term, 
health problems could be solved with more adequate management or production 
facilities (Thamsborg et al. 2004).

Thus, feeding remains the major issue as far as the differential price remains 
persistently very high between organic and conventional feeding.

Sheep-for-meat production in France is geographically centred on essentially 
grassland or pastureland regions, often in far-from-ideal conditions, in disadvan-
taged lowland and upland areas. Studies underline that profitability on conventional 
sheep farms hinges primarily on ewe productivity (Benoit et al. 1999; Bellet and 
Morin 2005). However, this kind of system will tend to draw heavily on concentrate 
inputs. As a rule, lambs are fattened in sheep stalls, generally on a ration system that 
offers free access to concentrate.

In this setting, where does organic sheep farming stand, given the limits to added 
value on lamb prices (nearly 15 % during the period 2008–2010, i.e., higher than 
previous years) and the sky-high costs entailed in purchasing concentrate (price per 
kg + 42 % in 2008 to + 76 % in 2010, compared to conventional)? What level of ewe 
productivity is achieved, and through what resource use? Do organic sheep farmers 
apply the same type of strategies as conventional sheep farmers, and what kind of 
revenue do they ultimately generate?

The concept of ‘land-related stock farming’ is a prominent feature of organic 
farming from the standpoint of organic principles and regulations (proportion of 
feed produced on-farm) and the standpoint of simple economics (costs incurred 
by purchasing feed). How does this translate into farms? Hormone treatments are 
widely used in conventional sheep farming (above all, in plain breeds) to allow out-
of-season reproduction (lambings in autumn) in order to provide lambs throughout 
the year for the sheep industry. How do organic farms deal with this issue?

To address these questions, long-term follow-up data on a network of conven-
tional sheep farms (Laignel and Benoit 2004) was completed with data on organic 
farms from the mid-2000s. This made it possible to cross-compare results between 
systems, highlighting the factors affecting revenues and the degree of system 
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cohesiveness in both lowland and upland areas, i.e., the relationship between the 
technical production level, the stocking rate level, feeding resources needed for the 
flock, and the type of feeding resources available on the farm. These reference data-
sets were enhanced by four experimental or demonstration farms (located in upland 
areas) to broaden the field of observation and, more importantly still, to highlight 
two specific flock management policies (based on seasonally-cycled production) 
built to fit specific feed resources available in the local landscape environment.

10.2 � Material and Methods

This study network included 42 farms (Table 10.1) located in the ten administrative 
departments ( departements) of the Massif Central in France (farms between 500 
to 1,100 m above sea level on subsoil granite, in general, sometimes volcanic, but 
excluding the southern xeric habitats) and adjacent lowlands. The study was con-
ducted using 2006 data to cross-compare 13 organic sheep farms (an 8–5 upland-
lowland split with all farms beyond the 5-year conversion window) with 29 con-
ventional sheep farms (a 21–8 upland-lowland split). The conventional farms are 
part of a long-term tracking scheme used by our research unit. They were recruited 
as specialised sheep farms that provided reliable data and that—on paper—had a 
sufficiently large UAA to make them economically viable. As a rule, these farms 
boast technical performances that are above average for the region, tied to the fact 
that they often use an accelerated lambing system (three lambings per ewe every 
2 years). Flock size averaged 305 ewes per farm operator in upland farms and 387 
in lowland farms. These figures are above the national average of 274 ewes per farm 
operator (AGRESTE 2006). Income, at € 14,500 and 14,300 per farm operator in 
upland and lowland farms, respectively, is also well above the 2006 national aver-
age calculated at € 9,149 per farm operator. However, the region covered counts 
too few organic farms to build a significantly large population sample, and there is 
no national-scale barometer to serve as a benchmark. Five of the 13 organic sheep 

Table 10.1   Average farm structures in organic and conventional farming, in upland and lowland areas
2006 data Upland Lowland

Conv. OF Conv. OF
Number of farms ( n) 21 8 4a 8 5
UAA (Ha) 77 51 60 132 88
% PFA (Princ.Forage.Area) 96 85 82 71 88
Ewes (number) 494 252 270 611 492
FO (Farm operator) 1.62 NA 1.03 1.58 1.38
Equivalent LUb/FH 54 NA 54 74 73
Stocking rate (LUb/Ha PFA) 1.07 0.98 0.91 1.06 1.24
NA data not available
a Without agricultural college or experimental farms
b LU = Livestock Unit (for example, one ewe = 0.14 LU)
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farms sell sheep meat directly to consumers, an activity that represents 10–50 % of 
total sales (in number of lambs). These 13 organic farms raise ten different breeds.

More in-depth analysis was carried out on the four experimental (INRA) or dem-
onstration farms (operated by agricultural colleges) (see Box 10.1). Although they 
operate in different contexts, all four share the same core objective to develop pro-
duction systems that draw added value from local assets (agronomic factors, breeds) 
to meet market needs as profitable businesses. They use various strategies within a 
framework that targets natural-to-high animal productivity compatible with a good 
level of feed self-sufficiency.

Box 10.1: Characteristics of the four experimental and demonstration 
farms

The first three farms are run by agricultural colleges for teaching and dem-
onstration purposes, with the overriding goal of achieving profitability. The 
Redon farm is run by INRA, which sets up experiments designed to assess 
the viability and performances of farm systems (technicity, economics, 
sustainability).

*The Cambon farm, St. Affrique Agricultural College (Aveyron) 
(organic since 2000)

The Cambon farm covers 50 ha used by the Lacaune breed sheep (130 
ewes; high prolificacy, good potential for counter-season reproduction, rather 
good lamb conformation) and cattle (feedlots of 20 Aubrac × Charolais cross-
breed heifers). The farm is located at 350  m a.s.l., under irregular rainfall 
(average precipitation: 850 mm/year) in strong decline over the last 5 years, 
on good-quality alluvial soil and relatively unfarmable red sandstone. The 
stocking density is 0.89 Livestock Unit/ha. Given the summer season fod-
der deficit, breed characteristics and market features (good added value on 
winter slaughter lambs), the ewes are lambed in November and then again in 
January–February (‘re-mating’ non-pregnant ewes and ewe lambs). Cereals 
and alfalfa hay produced on-farm provides a cheaper way of providing ewes 
with a diet complement and fattening the lambs. This is consistent with the 
farm’s objective to optimise the mixed sheep-plus-cattle system in terms of 
forage use and health management (parasitism).

*The Charriol farm, Brioude Bonnefond Agricultural College (Haute-
Loire) (organic since 1998)

This farm is located at 500 m a.s.l., in a fast-drying zone (precipitation: 
500  mm; soil over granite), counts 57  ha and 430 Bizet-breed ewes (high 
potential for reproduction in counter-season, high hardiness), with a high 
stocking density of 1.44  LU/ha. The principal forage area is largely made 
‘viable’ by a significant share of tillable farmland (featuring temporary grass-
land and cropland). Lambing mainly takes place in autumn (starting late-
August), since viable productivity fares better than in spring (lower lamb 
mortality rate) and autumn lambing opens better market options for higher-
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Analysis was carried out according to the method described in Benoit and Laignel 
(2006). The main analytical criteria addressed farm structure, flock performanc-
es (including ewe productivity: number per year of live lambs per ewe aged > 12 
months), characteristics of the end product sold to market, overhead, and income 
per farm operator. In relation to the notion of ‘land-related stock farming’, our study 
also integrated self-sufficiency criteria: feed self-sufficiency, defined as the fraction 
of flock requirements (in forage units [FU], INRA system) sourced on-farm, and 
forage self-sufficiency, defined as the fraction of flock requirements sourced from 
the forage area. The fact that hormone treatments are not allowed in organic farming 
standards makes the proportion of out-of-season lambings critically important, 

priced lambs. A share of the concentrate used (with lactating mothers) is pro-
duced on-farm.

*The Prades farm, Rochefort-Montagne Agricultural College (Puy-
de-Dôme) (organic since late 2001)

Located on a volcanic bedrock (altitude: 800  m a.s.l.; precipitation: 
1000 mm), this farm spans 40 ha of permanent grassland and counts 270 Rava-
breed ewes (high potential for reproduction in counter-season, high hardiness) 
at a stocking density of 0.96 LU/ha. As part of a strategy to optimise ewe 
productivity and draw added value from available grass, lambing is done over 
two periods (March/April and September/November), an attempt to combine 
high ewe requirements with high-quality pasture grass. The Rava breed’s har-
diness and maternal qualities are sufficiently adapted to this context to give 
relatively good flock performances with relatively little concentrate or man-
power input.

*The Redon farm (INRA Clermont-Ferrand Theix) (organic since 
early 2002) The farm’s 50 ha (altitude: 850 m a.s.l.; rainfall: 750 mm; sur-
face soil over granite) are used by 200 Limousin-breed ewes, split into two 
‘systems’ (good potential for reproduction in counter-season, better lamb 
conformation than Bizet or Rava breeds). This study focused on system 1: 
the “grassland system”. In addition to specificational compliance, this system 
aims to comply with the principles of organic farming (soil sustainability, 
minimal non-accelerated reproductive demand on ewes). Heavy reliance on 
forage and the natural landscape environment dictate the low stocking den-
sity, at just 0.7  LU/ha. In order to maximise forage self-sufficiency (little 
farmable cropland hectarage), lambings are split 50/50 between March and 
November (in a rationale similar to that of the Prades farm). Spring lambs are 
grass-fattened, while concentrate is kept down to 40 % or 50 % of the ration 
for autumn lambs.

The second “accelerated lambing system” was set up to assess the poten-
tial benefits and limits of the ‘3/2’ system in an organic farming setting. 
Discontinued in 2003, this system is described and cross-compared with the 
“grassland system” in Benoit et al. (2009).
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given the sector’s year-round demand. In order to obtain a more fine-grained assess-
ment of this proportion, we use the “out-of-season lambing index” criterion, which 
weights lambings per fortnight according to a coefficient running between the ex-
treme bound values of 100 (lambing around late-August to September) to 0 (lamb-
ing in spring) (Benoit and Laignel 2006). The cost of cereals produced on-farm and 
transferred to the sheep stock (internal transfer) is evaluated based on market prices.

10.3 � Results

10.3.1 � Cross-Comparisons of Organic vs. Conventional 
Farm Performances

Structural data was compiled solely from private-sector-run farms. Flock system 
and performance data was compiled integrating data from the experimental farms.

�Farm Structure

Organic farms were smaller-scale with a lower labour force (Table 10.1) than con-
ventional-system farms both in upland and in lowland areas. LU per farm operator 
was ultimately similar between organic and conventional farms in both upland and 
lowland settings. The proportion of cropland was significantly higher on organic 
upland farms (15 % of UAA vs. 4 %), tied to the objective of enhancing feed self-
sufficiency. Lowland organic farms sidelined 12 % of UAA as cropland, all for the 
flock, compared to 29 % for conventional farms that sell off part of their cereal har-
vest. Stocking density on the principal forage area (PFA) was 15 % lower on upland 
organic farms, linked to the lower degree of forage area intensification, but higher 
on lowland organic farms. This inverse pattern may be explained by the geographic 
location of the farms, since lowland organic farms were essentially clustered within 
the Allier department, whereas lowland conventional farms were clustered in the 
‘Brandes’ rangeland of the southern Vienne department where the best lands are 
devoted to cash crops and the poorest ones to breeding.

�Flock Management and Flock Performance

Variance in ewe productivity (EP) was essentially tied to differences in lambing 
regimes, which varied strongly between farms (Fig. 10.1). There was very little dif-
ference in EP between lowland-based organic and conventional farms (Table 10.2). 
However, in upland-based farms, the lambing rate was clearly lower in organic 
farms than conventional farms due to the fact that organic farms refuse to accelerate 
lambing since it could lead to heavy demand on the ewes, which in turn would use 
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more concentrate (Benoit et al. 2009). Upland organic farms registered a lower EP 
than conventional farms, which is largely explained by the lower lambing rate and 
a 3.5 point higher new-born lamb mortality rate.

Upland organic farms have a higher proportion of out-of-season lambings, tied 
to their use of hardy breeds that quickly and comfortably adapt to out-of-season 
lambing. The out-of-season index evens out between organic and conventional 
lowland-based farms since the organic farmers use specific techniques such as the 
‘ram effect’ (Tournadre et al. 2002) and/or techniques well-adapted to natural out 
of season lambing genotypes for a part of the flock (since hormonal treatments are 
forbidden).

�Flock Diet

In upland-based farms, the organic systems appeared to make heavy use of concen-
trate input compared to conventional systems (Table 10.2). The cumulative impacts 
of successive droughts appear to have medium-term repercussions, with a decline 
in the quality of permanent grassland (loss of legume crops) and forage nitrogen 
depletion (as observed on the Redon experimental farm), as well as a chronic lack 
of stocks since overly expensive forage purchases had to be kept to a minimum. 
However, on-farm crop growth helped offset part of this forage deficit. The con-
ventional systems experienced equally strong impacts, but adding nitrogen inputs 
made it easier to replenish the stocks, while forage deficits were systematically 
absorbed by purchasing feed and forage. Organic farms followed the same lamb 
diet patterns as conventional farms, with grass-fattening remaining rare. In lowland-
based farms, organic systems were much better positioned since they used far less 
concentrate inputs by grass-fattening their lambs. In organic upland-based farms, 
the cost of forage produced and feed purchased accounted for 51 % of the animal 
gross product, compared to only 30 % in the other three settings (conventional up-
land, conventional lowland and organic lowland). Forage self-sufficiency was 66 % 
in organic upland areas vs. 70 % in conventional upland areas. However, on-farm 
cereal crop production meant that feed self-sufficiency in organic upland farms was 
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virtually identical to upland conventional farms. Hence, the proportion of feed self-
sufficiency accounted for by cereal crops is 11 % for organic farmers compared to 
just 4 % for conventional-system farmers.

Gaining Added Value From Lambs

In upland farms, organic lambs weighed less than conventionally-reared lambs, 
with a 10 % higher added value per kilo (Table 10.2). In lowland farms, organic 
lamb carcasses were much heavier, but sold at little less price per kilogram than 
conventionally-reared lambs. Looking at the overall picture for the last 5  years, 
upland-reared organic lamb had a mean added value of € 0.5/kg, whereas the price 
of lowland-reared organic lamb was not significantly different from that of conven-
tional lamb, part of which goes to official quality label schemes that keep sale prices 
relatively high, especially in the off-season. Official label schemes are quite diverse 
in terms of breeding constraints, added value and the proportion of lambs sold in the 
pool of farms studied, and one farm may even have several labels. Generally speak-
ing, certain labels such as the “Red Label” ( Label Rouge) generate a higher added 
value but have an impact on only a small part of the production. They are based 

Table 10.2   Technical and economic results for organic and conventional farms studied, upland 
and lowland, 2006

Upland Lowland
Conv. OF Conv. OF

Number= 21 8 4a 8 5 (3b)
Reproduction Prolificacy % 145 148 147 142 ND

Lambing rate 1.15 1.07 1.06 0.92 0.89
Lamb mortality % 14.1 17.6 18.1 19.5 ND
Ewe productivity 1.43 1.30 1.27 1.05 1.07
Out-of-season lambing indexc 45 39 27 27 24

Feeding Concentrate/ewe (kg) 157 167 185 177 122
Price (€/kg) 0.19 0.26 0.26 0.17 0.25
Forage self-sufficiency (%) 72 66 61 70 ND
Feed self-sufficiency (%) 76 77 70 84 ND

Economic 
results

Carcass weight (kg/head) 16.8 16.4 15.8 18.7 20.0
Carcass price (€/kg) 4.95 5.46 5.68 5.35 5.21
Gross margin/ewe (€) 66 50 44 59 67 (66)
Net income/farm operator (€) 14,500 ND 15,200 14,300 9,200 (13,700)
Overhead (€/Equivalent LU) 451 ND 370 442 539 (444)

NA: data not available
a Without agricultural college or experimental farms
b Without two farms with very high levels of overhead
c Used to qualify the amount of out-of season lambing (autumn) (maximum = 100)



10  Optimisation of Breeding Systems and Land use to Maximise Feed … 189

on the age at slaughter, carcass conformation, fat and meat colour. The level of the 
added value often depends on the season, which is a way to better adapt the demand.

�Veterinary Expenses and Mineral and Vitamin Costs

Veterinary expenses (drugs and veterinarians’ fees) at organic farms are 8 and 16 % 
lower in upland and lowland areas, respectively. On upland farms, the two systems 
make comparable use of minerals, vitamins and diet supplements, whereas on low-
land farms, the organic system uses three-fold more (€ 4.9/ewe vs. 1.6), with three 
farms claiming that major mineral and vitamin supplement outlays were needed 
to ensure good flock performances (argument unchecked). Internal parasite con-
trol in young sheep hinges on very limited use of anthelmintics (one or two only, 
against lungworms and tapeworms), possibly opting instead for alternative medi-
cines (plant sources) but most importantly by preventive integrated management 
(clean pastures, good-quality nutritional management). It is consequently possible 
in upland farms to avoid using anthelmintics in the majority of grass-fattened lambs 
(Benoit et al. 2009). Since upland farms rarely pasture-graze weaned lambs, they 
are exposed to far less risk of parasitism, but are consequently reliant on a mainly 
concentrate-based diet. This pen-based management system is the result of a range 
of constraints (paddocks far from farm buildings, strongly-contrasting climate 
swings), together with traditional practices.

�Revenue Performance of the Sheep Stock

In upland-based farms, the added value on organic lamb sales partly offsets the 
lower ewe productivity—profit per ewe is ultimately 5 % less than for conventional-
farmed sheep (€ 117 vs. 123). However, per-ewe operational costs are € 10/ewe 
higher (feed costs: + 18 %), meaning that the gross margin per ewe is €  16/ewe 
lower (Table  10.2), i.e., − 24 %. In lowland-based organic farms, the marginally 
higher EP means that the profit per ewe is 6 % higher (€ 123/ewe), with slightly 
better control over costs (− 5 %). Overall then, the margin per ewe is 14 % higher for 
organically-farmed sheep than conventionally-farmed sheep. It should, however, be 
underlined that the benchmark conventional system figures appear to be mediocre 
in lowland farms, whereas in upland farms, there were several ‘3/2’-system farms 
that showed good economic returns as a result of their high level of ewe produc-
tivity. Like the conventional system, organic farming also posted a broad range of 
economic figures (Fig. 10.2), mainly in relation to the variability in ewe productiv-
ity where the observed range of gross margins ran from € 30 to 93/ewe in lowland 
farms and from € 37 to 75/ewe in upland farms. The best lowland organic results 
appeared in farms where ewe productivity was 1.2–1.4 at 100–110 kg of concen-
trate per ewe, compared to upland organic farms where the best results were linked 
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to a ewe productivity of 1.4–1.6 for the same concentrate input of 100–110 kg per 
ewe, which corresponds to FU-based forage self-sufficiency rates of over 80 %.

�Farm Income

In upland settings, organic farms, despite a significantly lower gross margin per ewe 
than conventional farms, still posted comparable income figures. This stems from 
their slightly higher gross product due to subsidies (+ € 1,300/farm operator) but, 
more importantly, to additional earnings, particularly through direct-to-consumer 
sales (+ € 1,900/FO), which partly explains the lower income share of subsidies on 
organic farms (137 vs. 151 %). Direct-to-consumer sales are absent from our con-
ventional farm sample and are present in three OF farms out of 11. At the French 
national level, short chain sales account for 20 % of the total sales in OF farms and 
are rather scarce in conventional farming (Agence Bio 2010).

In upland farms, a relatively low level of overhead is decisive (€ 370 per LU 
equivalent compared to 451 on conventional farms), particularly on depreciation 
(buildings and equipment facilities) and interest and taxes. Lowland organic farms, 
with a higher gross margin per ewe than lowland conventional farms, nevertheless 
posted a significantly lower income per labour unit due to extremely high infra-
structure costs on two of the organic farms, which drove average infrastructure costs 
upwards to € 539/LU equivalent compared to an average of € 442 for conventional 
farms. Removing these two farms to work with the three remaining lowland organic 
farms, the margin per ewe becomes practically identical (€ 66 vs. 67 for n = 5), but 
leaves infrastructure costs and income comparable to the all-round averages, i.e., 
€ 444/LU equivalent vs. 442, and € 13,700 per FO vs. 14,300. This inter-farm vari-
ability makes it impossible to draw conclusions about higher or lower infrastructure 
costs in organic sheep farming. The main drivers appear to be individual strategies 
and situations. All organic farms are beyond the 5-year conversion window, which 
means that conversion subsidies have been cut, but that they qualify for € 2,000 in 
income-integrated tax credits (private-sector farms).
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10.3.2 � Analysis of Ties Linking Farm System Organisation  
and Potential Agronomic Opportunities. Examples  
of OF at Four Agricultural College and INRA Farms

�Reproduction Systems Tied to Highly Specific Plot Rotations

The Prades and Redon farms run plot rotation systems based on a high proportion 
of permanent rangeland (Fig. 10.3). The lack of any real viable cereal crop options 
and their high market prices make it critical to maximise forage use, particularly 
through grazing. To split lambings over two periods (Fig. 10.4) meets this need by 
constantly having animals with high or low nutritional requirements. This makes 
it possible to squeeze added value from different forage types and, consequently, 
to cut down on concentrate inputs. Clustering all lambings into the spring window 
could coincide with a period of lower added value on the lambs and create dif-
ficulties in terms of flock turnover management (ewe lambs’ first lambing either 
very early at 13 months or very late at 24 months). More importantly, it would not 
enable spring lambs to be systematically grass-fattened due to the fact that the en-
ergy requirements for the entire flock would fall within this same period, sparking 
a deficit in forage resources. Successful early (in early September) out-of-season 
breeding could also, if conditions are good, create opportunities for grazing end-
of-pregnancy and early-lactation ewes, with the lambs being pen-fattening later on 
after late-weaning.
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Fig. 10.4   Lambing calendar for the four agricultural college and experimental farms: number per 
fortnight, from January to December, mean of 5 years (2002–2006)
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Conversely, the Charriol farm and especially the Cambon farm derive part of 
their feed resources from rotational grassland and grass leys (particularly alfalfa) 
and cereal crops that provide rations adapted to animals with high energy needs, 
whether stalled indoors, out of season (autumn-lactating ewes), or overwintering 
(lambs for fattening). Furthermore, these lambs generally have higher added value 
than spring-born lambs.

�Consequences in Terms of Value Gain on Lambs, Concentrate Input,  
and Feed and Forage Self-Sufficiency

Different seasonally-cycled production systems have impacts on lamb market val-
ue: both farms that opted for out-of-season lambing (Charriol and Cambon) posted 
10 % higher added value per kilo, at € 5.5/kg, compared to € 4.9–5.0 (Table 10.3). 
Redon posted a lower share of sales on the organic market due to the fact that lamb 
quality did not meet organic label demand (weight, conformation, finishing stage).

High concentrate inputs were correlated with the existence of on-farm cereal 
crop production and reached 238 kg/ewe at Cambon. At Prades and Redon—where 

Table 10.3   Technical and economic results of the four agricultural college and experimental farms 
(mean of 5 years 2002–2006)

Farms Cambon Charriol Prades Redon
Reproduction Prolificacy % 195 142 154 170

Lambing rate 1.03 1.01 0.98 1.00
Lamb mortality % 25 20 12 12
Ewe productivity 1.51 1.15 1.33 1.51
Out-of-season lambing indexa 72.5 60.6 44.5 31.7

Sales % sales on organic 89 85 87 65
Carcass weight (kg/head) 17.7 16.5 17.0 15.7
Price (€/kg) 5.51 5.48 5.00 4.91

Concentrates Concentrate/ewe (kg) 238 167 109 111
—Purchased (kg) 78 98 109 84
—On-farm (kg (% total)) 160 (67 %) 69 (41 %) 0 (0 %) 27 (24 %)
Mean price (€/kg) 0.223 0.288 0.341 0.341
Concentrate/kg carcass (€) 2.3 3.2 2.1 1.9

Self-suffic. Forage (%) 62 66 79 79
Feed (%) 89 81 79 83
Tied to crops (%) 27 15 0 4

Economic 
Results

Gross product/ewe (€) 142 119 109 120

Operational costs/ewe (€) 80 73 49 60
Gross margin/ewe (€) 62 46 60 60
Gross margin/ha used for 

flock (€)
439 540 434 294

a Used to qualify the amount of out-of season lambings (autumn) (maximum = 100)
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concentrate input was mainly brought in—it approached 110  kg/ewe, but at a 
much higher cost (€ 0.34/kg compared to 0.26). Concentrate input costs fell in the  
€ 1.9–2.3 per kilo carcass weight range for three farms (Redon, Prades, Cambon), 
but was virtually 60 % higher at Charriol (€ 3.2/kg carcass weight) where concen-
trate was used to offset the lack of available forage under high-density stocking. 
Faced with little flock feed other than forage, Redon and Prades reached almost 80 % 
forage self-sufficiency. However, Cambon and Charriol were able to take advantage 
of cereal crop production to reach 89 and 81 % feed self-sufficiency, respectively, 
which was comparable if not better than Redon and Prades. All four farms, which 
work within radically different soil-climate settings, experienced strong climatic 
fluctuations over the five-year period. Figures 5a, b illustrate variations and conver-
gences in feed self-sufficiency (around 80–90 %) via the various strategies outlined 
above at the four farms, for 2006.

�Technical and Economic Performances

Ewe productivity (EP), shown to be a determining factor governing gross margin 
per ewe in conventional farms (Benoit et al. 1999), was a major factor here as well. 
Differences in EP stem from mother prolificacy and lamb mortality, since lamb-
ing rates were comparable across the four flocks. High prolificacy rates enabled 
Cambon and Redon to reach a good 1.51 EP level. Charriol came in last at 1.15 
EP due to a mediocre prolificacy rate and a high mortality rate (20 %). Farms with 
little on-farm cereal production had lower operating costs due to lower concentrate 
inputs. Overall, two strategies culminated in roughly the same gross margin per ewe 
(€ 60), whether it was high profit and high outlays like at Cambon, or lower profit 
and lower outlays like at Redon and Prades. The Charriol farm posted a 23 % lower 
margin per ewe (€ 46), with very high feed costs, given its production output.
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Fig 10.5   Change in the forage self-sufficiency (a), and feed self-sufficiency (b) of the four agri-
cultural college and experimental farms, from 2002 to 2006
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10.4 � Discussion

Given the small sample population and strong within-sample heterogeneity, 
particularly among organic sheep farms, the emphasis should be placed less on 
cross-comparing organic farms with conventional farms and more on investigating 
the factors that shape technical and economic performances under these contrasted 
systems.

10.4.1 � Feed Self-Sufficiency: A Decisive Factor With  
Between-Region Differences

Performances on upland organic farms are exposed to heavy constraints. Economic 
factors are particularly decisive since feed self-sufficiency is often low, driving up 
production costs. On average, around 41 % of the lamb sale value has to cover 
feed inputs that cannot be produced on-farm; when market pressures drive cereal 
prices upwards (as in 2008 or 2010), this figure can rise up to 50 %. The fact that 
the use of concentrate remains rather high on organic farms partly explains the 
lower gross margin per ewe: € 50 on organic farms compared to € 66 on conven-
tional farms. Heavily reducing infrastructure costs and increasing earnings (mainly 
through direct-to-consumer sales) is the only way to keep income per farm opera-
tor comparable to conventional-system farms. Stronger land-related stock farming 
should lead to at least 80 % feed sufficiency in grazing land systems, or at least 90 % 
on farms with the resources for producing cereal crops. This hinges on identifying 
the optimal stocking density (Thériez et al. 1997), as well as integrating the years 
exposed to potentially severe drought events, which can have greater financial im-
pacts on organic farmers since: (i) compensatory organic feed purchases will be 
more expensive; and (ii) organic farmers are intrinsically resistant to purchasing 
forage and concentrate, which can weaken medium-term technical performances. 
Several issues need to be resolved: where growing cereal crops is a possibility, how 
can they be optimised into added value (ewes vs. lambs)? Upland farm systems 
based on a high proportion of permanent rangeland need to determine what type 
of flock management system to adopt in order to sustainably secure legume crops 
or promote legume crop regrowth following years marked by harsh climate events 
(Doyle and Topp 2004). Permanent pastures are fundamental to the forage self-
sufficiency equation, and if they cannot be transformed into rotational grassland, 
other solutions need to be implemented to maintain or improve production potential 
(overseeding, grazing-driven vegetation composition). Lastly, although wholly ab-
sent from upland farms, is grass-fattening of lambs a conceivable option? Although 
possible, it requires a high level of technical skill (Thériez et al. 1997; Prache et al. 
1986) to optimally control forage quality and parasitic infectivity (Cabaret 2004).

Average income on lowland organic farms is comparable to conventional farms 
when infrastructure costs are brought under control. With better feed and forage 
self-sufficiency figures than conventional systems, they are able to maintain a re-
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spectable margin per ewe at comparable flock productivity and lamb value-gain 
levels. Lowland organic farms are able to take advantage of not just quality for-
age cut from temporary pastures (such as for the grass-fattening of lambs) but  
farm-produced concentrate that meets the bulk of flock needs as well—including 
out-of-season lamb finishing. Furthermore, natural conditions may ensure a much 
longer annual grazing season than in the uplands (meaning less stocks to build up 
and better-quality pasture stock), which in turn extends the possibilities for grass-
fattening lambs (Bellet 2010).

In upland settings, system logics are more difficult to define, and the allied tech-
nical management roadmaps are relatively ‘subsector-specific’, especially in set-
tings where there are no options for growing cereal crops and few options for setting 
up temporary pastures.

10.4.2 � Cereal Crops: Farm System Viability  
and Economic Impacts

This study of four agricultural college and experimental farms reveals the links 
between possibilities for producing cereal crops and the major fraction of out-of-
season lambings tied to high quantities of concentrate inputs. Figure 10.6 shows 
that this system logic does not apply for private-sector upland farms, none of which 
drew heavily on out-of-season breeding (out-of-season lambing index < 40). How-
ever, concentrate input per ewe did appear correlated to options for cereal crop pro-
duction (Fig. 10.7). No trend emerged in lowland settings (Figs. 10.6 and 10.7). The 
size of our sample combined with the broad diversity among organic farms and the 
observed variability in technical control preclude any reliable generalisation of the 
observations from these experimental farms. In particular, the relatively significant 
use of direct-to-consumer sales as a production outlet by private-sector farms could 
translate into decreased follow-up of flock management, which sometimes leads to 
relatively poor technical performances as farmers focus more on monetising their 
products.
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The method routinely used for calculating margins on sheep stock accounts for 
on-farm cereal crop consumption as ‘sheep’ stock expenditure and ‘cereal’ stock 
profit. It thus follows that, especially in organic systems, the (high) price of be-
tween-stock cereal transfers can lead to a low margin per ewe and a high margin per 
ha of cereal crops. Farmers themselves tend to picture the economic utility of a sys-
tem in terms of the overall profit margin, which can be expressed as a margin per ha 
of farm area used by the flock. Consequently, as shown in Table 10.3, although the 
Charriol farm has a gross margin per ewe of € 46, which is 23 % lower than at the 
other three experimental sites, its margin per ha used by the flock (forage plus crop-
land) was the highest at € 540, driven by the high stocking rate achieved through on-
farm cereals that have a very high margin per ha. The options for growing on-farm 
crops (and the potential offered by the local environment) therefore play a major 
role in margin per ha used (which was low at Prades and Redon). The between-farm 
variability in agronomically-driven potential highlights the limitations inherent to 
working with per-ha ratios in agronomically-contrasted settings.

Brought to the forefront by organic farming, soil sustainability via cereal crops 
has a strong positive effect at the farm scale. Furthermore, the consequently lower 
reliance on outside sources provides a resilient buffer against market risks. In cere-
als, market conditions such as those that marked 2008 could be decisive for farm 
earnings, not just on upland farms, for which concentrate prices could be extremely 
high, but on lowland farms as well where farmers could gain room to maneuver and 
sell off a share of the crops harvested. Finally, growing cereal crops leads to measur-
able cuts in straw costs.

10.4.3 � Towards Technical Optimisation Research

Obtaining a good margin per ewe hinges on pinpointing the technical optimum 
that combines a high level of productivity with the lowest possible level of related 
inputs (concentrate included). From the forage management perspective, this entails 
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reducing the stocking rate so that forage production (quantity and quality) empow-
ers the farmer to become non-dependent on concentrate use (optimal efficiency). 
However, as a measure to avoid losing headage and turnover, the best way forward 
is to upsize UAA. Thériez et al. (1997) showed that reducing the stocking rate from 
1.2 to 0.80 LU per ha (in a conventional upland-based farm on soil over granite), 
it was possible to cut concentrate inputs by 26 % without losing flock-wide ewe 
productivity, yielding a 27 % increase in the gross margin per ewe. From the animal 
perspective, there is also an optimality process to look at since an accelerated rate 
of reproduction leads not just to higher inputs (especially feed costs), but to the ex-
cessive demand on the ewes, which fragilises the system: significant variability in 
out-of-season fertility, increased vulnerability to various health problems, sharper 
impacts of exceptional climate conditions and quality of forage available (Benoit 
et al. 2009). The cohesiveness of the sheep stock system is illustrated in Fig. 10.2. 
On organic farms, at comparable EP levels (1.2–1.3), the gross margin per ewe 
varies 1–3-fold (from € 30 to 90), in relation to worse situations with very high con-
centrate inputs. Our observations on (upland-based) experimental farms show that 
under certain sets of conditions, it is possible to achieve EP levels of 1.3–1.5 with 
70–80 kg of concentrate per ewe. These combinations were also observed in two 
lowland-based organic sheep farms that posted a gross margin per ewe close to € 90 
with an EP of 1.2–1.35 and concentrate intakes at around 100 kg per ewe. These 
findings overlap with the analysis carried out on conventional lowland-based farms 
(‘self-sufficient grassland’ systems), which although highly seasonally-cycled with 
75 % of lambings taking place in late winter, still managed to obtain very high gross 
margins at a baseline 100 kg concentrate per ewe and 1.5 EP (Benoit et al. 1999).

Cross-comparison of four contrasted sheep farming systems highlighted the de-
gree of variability in farm system strategies. Strategy success essentially hinges on 
fitting objectives to local context (soil-climate setting, labour resources) by drawing 
added value from the potentialities of the genotype farmed. The four breeds chosen, 
all anchored to their local geography, shared similar hardiness (maternal qualities, 
roaming ability, and gaining value from different types of feed resources) and out-
of-season breeding characteristics. This makes it possible to optimise reproduction 
performance (non-fertile ewes quickly recycled back into mating bands, managing 
ewe-lamb reproduction), as well as to produce lambs in periods of potential short-
age (winter). However, the lower conformation of the lambs may require farmers to 
identify specific market niches or to complexify flock management by introducing 
terminal meat rams.

10.4.4 � Features Specifically Tied to the French Context

The conclusions drawn above are to be gauged in relation to the study setting (cen-
tral France), where the trend is towards a generalised drop in grazing intensity on 
the PFA of organic farms (vs. conventional intensified farming with chemical fertil-
isers), concentrate inputs used as flock feed, and options for growing on-farm crops. 
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These conclusions may be modulated or nuanced for other settings, especially in 
conventional systems that are relatively unintensive or exclusively grass-based. A 
comparative study led in a New Zealand-based experimental domain (Richardson 
and Richardson 2006) reported similar conclusions on animal performances to those 
reported here, with a slight drop in ewe productivity (6 %) and lamb weight (− 1 kg 
carcass weight) in organic vs. conventional farms that are offset by added value at 
sale, resulting in a 19 % increase in profit. With the PFA stocking rate held constant, 
costs—when no concentrate inputs are used—are reduced (− 18 %), particularly 
veterinary expenditures through the use of parasite-resistant foundation stock.

However, mirroring our conclusions once again, economic success hinges on 
minimising losses in flock performance, gaining significant added value at sale, 
reducing operating costs, and making outstanding feed-value gains on grass.

10.5 � Conclusion

These findings highlight the limits to economic profitability in organic sheep-for-
meat farms in the contexts presented, and the need to fine-tune adjustments in 
technical management roadmaps on ewe productivity—feed costs, lamb monetisa-
tion triangle—the latter two factors being even more important in comparison to 
conventional sheep farm systems. In 2008, inflationary cereal prices strongly chal-
lenged the economic profitability of sheep farms. Within this market context, self-
sufficiency (for both forage and feed) has major impacts, as discussed in this study, 
and becomes the pivotal make-or-break condition governing respectable profitabil-
ity in organic sheep-for-meat farming. If these self-sufficiency thresholds can be 
met, organic sheep meat production has perspectives for expansion in upland and 
disadvantaged lowland areas, provided that options for pen-fattening lambs are also 
maintained on early spring or late autumn.

The predominant issue of feed costs is fairly specific to sheep-for-meat farm-
ing, and possibly dairy cattle farming as well. For suckler cattle farming, other 
constraints may come into play such as product ‘finish’, which often leads to a 
wholesale reorganisation of the farm system (Veysset et al. 2009).

Globally speaking, the limits to organically-farmed sheep-for-meat systems are 
less centred on the ability to achieve good ewe productivity and good control of 
animal health factors than on securing a substantial added value on lambs at sale 
through organised subsector channels, and on keeping production costs under con-
trol. Our research into forage resource quality and forage strategies to be used in 
terms of reorganising farm systems will continue in this direction.

Deeper insight and progress on these points could encourage farmers to convert 
to organic farming, against a background where the mid-term appraisal of the CAP 
(Common Agricultural Policy) has sent promising signs to the organic farming sec-
tor, with specific economic support and recognition (Barnier 2007, 2010). Indeed, 
after a stagnation in the number of farms from 2003 to 2007, the increase of farms 
on OF in France was 55 % between 2008 and 2010, for all types of farms.
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Given the projected changes in economic context, particularly the outlook for 
raw material prices, the same challenges organic farmers have to face in terms of 
maximising feed self-sufficiency may well resurface in exactly the same way for 
conventional farmers tomorrow, in a repeat of 2008 (Hovi et al. 2003). The reflexive 
analysis and approaches implemented by these organic farms over the last few years 
could provide conventional farmers with a platform of strategies that mirror those 
described here to improve feed self-sufficiency performance as a defensive measure 
at a new economic turning point in the cereals market.
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Chapter 11
Experiencing Organic Mixed Crop Dairy 
Systems: A Step-by-Step Design Centred  
on a Long-term Experiment
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Abstract  To provide more sustainability for their farming activity, farmers may 
attempt to redesign it according to their perception of their global environment. 
This paper focuses on the step-by-step design approach. The main objective of this 
approach is to produce resources to empower farmers to develop a more sustainable 
farming activity. We postulate that self-sufficient agricultural systems designed on 
the basis of natural land properties will generate sustainable farming activity. The 
methodology developed is anthropocentric and centred on a long-term experiment. 
Two organic and self-sufficient mixed-crop dairy systems were designed in 2004 
at the INRA ASTER-Mirecourt Experimental Station. Research scientists designed 
and redesigned the systems, step-by-step, according to their perception of the natu-
ral properties of their agro-ecological environment. Since 2005, the two systems 
have been evolving by repairing system malfunctions or by improving their self-
sufficiency. Step-by-step design is an approach based on methodologies that create 
experience in situations. This approach has proven its relevance to create knowledge 
for (i) the transition of farming systems towards more self-sufficient forms of agri-
cultural activity, and (ii) the adaptation of systems to environmental fluctuations.

Keywords  Design  ·  Long-term experiment  ·  Experience  ·  Organic  ·  Self-
sufficiency · Mixed crop dairy systems · Grazing system

11.1 � Introduction: Designing Sustainable  
Agricultural Systems

Sustainable development considerations make it necessary to redesign agricultural 
activity in rural territories (Godard and Hubert 2002). Sustainable agriculture is 
faced with the challenge of a new type of agricultural activity development that 
gives equal consideration to social, environmental and economic developments. 
At the farming system level, these challenges can be interpreted and taken up by 
farmers. They can act or react according to their perception of changes in their 
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environment and thus redesign their farming activity in order to improve its sustain-
ability. In this context, one of the questions that arises is how to empower farmers 
in their search for sustainability in their farming activity.

We postulate that agricultural systems designed on the basis of natural land 
properties with no use of chemical inputs will be sustainable, at least in ecological 
terms. Designing systems on the basis of natural land properties is a real change of 
paradigm in the agronomic sciences. Natural properties are then seen as production 
factors for agricultural activity (Auricoste et al. 1985), whereas the currently domi-
nant paradigm in agronomy considers the natural properties (the ecological environ-
ment) as limiting or a matrix on which farming activity must limit negative exter-
nalities (Legrand et al. 2002; Lopez-Ridaura et al. 2009). This new paradigm targets 
the expression of the diversity of the natural properties of the land by limiting its 
artificialisation. Preserving the functional integrity of the land (Thompson 1997) 
by minimising input use becomes a condition and a means of managing natural 
resources. For the total expression of natural land properties, we decided to design 
low input systems. French specifications for organic agriculture are seen as a good 
framework to test ecological farming systems. Forbidding the use of chemicals in-
puts and limiting the use of allopathic specifications (stricter than European speci-
fications), a framework is created that: (i) prevents many ecological problems as a 
result of the precaution principle; (ii) prevents shortcuts since the commitment is 
official; and (iii) stimulates agro-ecological functioning of farming systems since 
we choose to use no alternative inputs.

Second, a farming system has been defined by Osty (1978) as a biotechnical and 
a human sub-system connected by information flows and interacting with the global 
environment (ecological, political, economic, etc.). We thus postulate that chang-
es in farming systems are based on two types of dynamics (Lamine and Bellon 
2008): biotechnical dynamics such as changes in weed cycles and in soil function-
ing during conversion to organic farming, as well as human dynamics such as the 
acquisition of new know-how and experience while changing farming systems. The 
theoretical option that we developed is quite original in the field of farming system 
design: it aims at designing self-sufficient farming activity focused on the resources 
required by experimenters (including researchers and all the technical staff) to de-
velop them, whereas mainstream farming system design is focused on biotechnical 
systems (Vereijken 1997; Dogliotti et al. 2003; Sadok et al. 2009; Blazy et al. 2010). 
Inspired by Béguin (2010), resources are instruments that have been useful for the 
experimenters to develop their activity in the systems. By development here, we 
mean the ways in which experimenters have been stimulated to think and to act that 
would have been impossible when they were dealing with conventional farming. 
Development relies on the hypothesis that small changes can lead to large changes 
for the farmer in relation to his farming system. Design and redesign is therefore 
dedicated to innovation for the subject in his specific system.

We propose an anthropocentric approach in this paper: the two sub-systems 
interacting with their environment are considered through the perception of hu-
mans, in our case, experimenters of the INRA ASTER-Mirecourt Experimental Sta-
tion (ES). We decided to build some propositions to empower farmers looking for 
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sustainability on their farms. We have been designing two organic and self-sufficient 
mixed crop dairy systems since 2004. Designing self-sufficient systems with the ob-
jective to produce resources to empower farmers has given rise to methodological 
questions that can be summed up as follows: what kind of resources do we need 
to design self-sufficient systems? How can we produce them? The methodological 
approach developed at the ES is thus based on a change of posture considering the 
role of experimental stations in agronomy and giving a real place to experimenters 
considered as learning subjects. ES might be used to improve the experimenters’ 
know-how and not only, as was the case in the past, to collect quantitative data in 
order to understand biotechnical and ecological processes. Breaking down our epis-
temic position at the ES level, we postulate that we are experiencing systems and 
not making an experiment because the design approach is centred on experimenters’ 
experiences: (i) the experience and know-how of the experimenters is based on the 
evolution of resources that they mobilise to act in the systems; (ii) this experience 
is contextualised and therefore singular; and (iii) formalising the construction of 
this experience can create resources for the construction of the experience of other 
farmers (Sève 1987, cited by Schwartz 1992).

We first present the step-by-step design approach. The methods and principles 
mobilised to design the systems are explained and the contributions of these methods 
to the step-by-step design approach are then illustrated. We then discuss the interest 
of the methods used in the step-by-step approach. We also discuss the step-by-step 
approach considering the main design methods used in the agronomical sciences, 
as well as the need to design dynamic farming systems to be able to address future 
challenges.

11.2 � A Step-by-Step Design

All experimental methods are not equivalent in terms of their contribution to the 
design of farming systems. In this section, after presenting the global approach to 
the design of the systems used at the INRA ASTER-Mirecourt Experimental Sta-
tion, we will explain the methods already mobilised in the long-term trial and their 
contribution to the step-by-step design approach.

11.2.1 � A Design Approach Centred on an ES: From the 
Biotechnical Properties of the System to the Development 
of Experimenters’ Activities

The experiment presented in this article takes place at the ES of the INRA 
ASTER-Mirecourt research unit, located in the Vosges plain in north-eastern France 
(Coquil et  al. 2009a). A group of 21 experimenters composed of five researcher 
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scientists and engineers and 16 technicians are running a long-term experiment at 
the system scale. The ES extends over 240 ha and includes 100 Holstein and Mont-
beliard dairy cows and replacement heifers. The soils have a predominantly clayey 
texture and are located on limestone plateaux and clayey plains. The climate is of 
the semi-continental type.

In 2004, we configured the territory and the systems according to the natural 
properties of the land. Since then, experimenters’ activities have been designed fol-
lowing a step-by-step process, as a central part of the system design.

In 2004, experimenters defined field potentialities from their knowledge of local 
realities backed, for some of them, by more than 20 years of experience. The ter-
ritory was configured on the basis of two imperatives: (i) to cultivate all the fields 
recognised as being suitable for cultivation; and (ii) to enable two dairy systems to 
be designed using just one milking parlour. The main criteria used to define field 
potentialities were: (i) the agronomic and geographical characteristics of the fields 
(type of soil, area and shape of fields, slope, hydromorphy); and (ii) the logistical 
constraints (accessibility for the dairy cows). Fields judged suitable for cropping 
were allocated to crop rotations that were differentiated according to (i) their ca-
pacity to grow alfalfa, not requiring hydromorphic soils, and (ii) their capacity to 
cultivate spring cereals, requiring a good bearing capacity at the end of winter. The 
fields judged unsuitable for cropping were allocated to permanent grassland, identi-
fying those, in particular, whose distance from the buildings made them accessible 
to the dairy cows (less than 2 km from the milking parlour). On the basis of the 
configuration of land occupation, experimenters decided to build a Grazing System 
(GS) and a Mixed Crop Dairy System (MCDS) in order to: (i) design two different 
kinds of systems with potentially different operating modes; (ii) design systems 
with seasonal but complementary milk production over the year; and (iii) be able 
to be self-sufficient at the system as well as at the small regional scale by allowing 
small but equivalent exchanges between the systems.

Since the beginning of the trial in 2004, the systems were considered to be in a 
period of learning and instability due to the dynamics of the biological resources 
composing the systems (animals, plants, etc.) and the experimenters’ inexperience 
in managing organic systems. System management had to evolve (i) to ensure the 
continuity of the systems, and (ii) to improve the degree of achievement of their 
self-sufficiency objectives. We therefore implemented a pragmatic approach for a 
step-by-step design. To build this pragmatic approach, we tested methods consisting 
in analysing agricultural practices to re-design, and other methods consisting in cre-
ating innovative knowledge to re-design. Experimenters decided to act and to make 
decisions in a more collective manner in order to share their new experiences that 
were acquired while working at the station (Fig. 11.1). Collective decision-making 
was also a way to negotiate decisions and to formalise evolutions in the know-how 
of the experimenters since the conversion to organic agriculture.

Our results consist of territory and system configurations. We also present meth-
ods that we used to design the systems step-by-step. We have attempted below to 
provide a few answers to the question of the type of resources required by experi-
menters to build self-sufficient systems.
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11.2.2 � Systems Designed on the Basis of the Natural Properties 
of the Land

Two production systems were configured: a Mixed Crop Dairy System (MCDS) and 
a Grazing System (GS) whose field patterns interlock within the territory (Fig. 11.2) 
(Coquil et al. 2009a). The MCDS is responsible for self-sufficiency in straw and 
concentrates of both systems, and the GS pays it back in manure. These exchanges 
are intended to limit the transfer of fertility between the two systems. Each system is 
self-sufficient in forage. The GS aims at managing the seasonality of herd require-
ments to maximise grazing. The MCDS aims at structuring the diversity of crops 
and livestock to complete the cycle of materials.

Fig. 11.1   Towards a 
collective decision-making 
organisation: governance of 
the INRA ASTER-Mirecourt 
ES since 2005

 

Fig. 11.2   Configuration of the ES of the INRA ASTER-Mirecourt unit, based on the definition 
of natural land properties by local experimenters: design of a Mixed Crop Dairy System and a 
Grazing System
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11.2.3 � Pragmatic Approach to Deal with the Lack of Experience 
of Experimenters: A Step-by-Step Design

We first focus on methods mobilised to analyse the malfunctions of systems in 
order to redesign them. We then present methods mobilised to improve system self-
sufficiency.

�Analysing and Formalising Malfunctions of Systems  
as a Source of Redesign

The method used consists in formalising and analysing the practices implemented 
within the systems tested in order to, firstly, understand the sources of malfunction 
and, secondly, to attempt to compensate for them. The formalisation is carried out 
using graphic and/or statistical methods from data taken from the agronomic as-
sessment.

Improving Reproduction Performances of GS cows

In the perspective of extreme self-sufficiency in terms of feed, the dairy cows and 
heifers in the GS are managed according to a feeding strategy that maximises graz-
ing. This system is managed without the use of concentrates except for the calves. 
In order to maximise grazed grass in the diet: (i) calvings were grouped over a 
3-months period in late winter in order to synchronise the cows’ needs with grass 
growth; and (ii) the grazing period was lengthened by early turnout to pasture in 
the spring (between 20 March and early April) and a late return indoors in autumn 
(last ten days of November). This led to average grazing times of 242 days/year 
(215 days + nights/year) from 2005 to 2008. Consumption of stored forage rose to 
only 1.9 and 2.1 T DM/cow/year over the years 2007 and 2008, respectively. Dur-
ing the same period, the milk production of the herd was 5403 kg/cow/year for the 
Holstein cows and 4887 kg/cow/year for the Montbeliard cows. However, in 2005, 
the reproduction results compromised the survival of the herd: in 2006, only 55 % 
of the breeding females (i.e., 33 % of the dairy cows and 94 % of the heifers) were 
successfully incalved during the reproduction period of 101 days.

Reproduction performances of the dairy cows in the grassland system were ana-
lysed over the key breeding period, i.e., from calving to the end of the insemina-
tion period, i.e., the end of winter and the spring for this herd. Over this period, 
we formalised the feeding and breeding practices of the dairy cows and analysed 
their reproduction performances from the viewpoint of the evolution of their milk 
performances and their body condition scores (indicator of their energy balance) 
(Gouttenoire et al. 2010).

Since the sustainability of the GS herd was not ensured in 2006, we decided to 
keep 12 dairy cows that were not pregnant (7 Hn and 5 Mo) for breeding during 
the following farm year (2007). The lactations of these cows were therefore pro-
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longed (579 days on average), applying the normal drying off rule of the system. 
Even so, this option made it possible to express average productions of 10388 kg 
of milk/cow/lactation for the Holstein and 8790 kg of milk/cow/lactation for the 
Montbeliard, i.e., 96 % and 88 %, respectively, of the level of production of two 
lactations that were not prolonged. One of the suspected causes for the deteriora-
tion in herd fecundity was a negative energy balance during the breeding period. In 
fact, the cows’ state of fattening was particularly low during their breeding period 
(from May to August). A precise analysis of 2005 and 2006 data revealed greater 
success in reproduction for the cows that had started their lactation before the graz-
ing period. The breeding period was brought forward by a month for spring 2007 
(Gouttenoire et  al. 2010). The reproduction performances were then greatly im-
proved (at least 75 % of females incalved in 2007 and 2008), ensuring the long-term 
survival of the herd. However, the longevity of the cows did not increase in the herd.

Improving Calves’ Health in the GS and the MCDS

From 2005 to 2009, some diseases frequently occurred in calves aged 0 to 8 months 
in the GS and MCDS herds: diarrhoea (frequent occurrences in 2005–2006 and in 
2009) and infections of the navel and keratitis. In order to understand the difficulties 
in treating these illnesses, we analysed the curative care practices and formalised 
their evolutions over the period under consideration.

The successes, failures and lessons learned in the matter of alternative treatments 
administered to the calves aged 0–8 months were analysed for all of the health care 
given to the calves raised in the two systems over the period 2005 to 2009. Over 
this period, we formalised the occurrence of illnesses and alternative treatments 
administered to the calves according to timelines. This formalisation was used as a 
basis for discussion with the ES experimenters for the collection of determinants of 
practices a posteriori.

On the basis of the analysis of practices, we observed factors that accounted for 
treatments administered to calves aged 0 to 8 months in the GS and the MCDS. 
These included the systemic character of the management of animal health, the 
diversity of use of treatments not correlated with the pressure and diversity of the 
diseases encountered, and the multiplicity of explanatory factors of use of a va-
riety of treatments. The choice of treatments used by the experimenters depends 
on many factors, including work organisation and decision-making within the calf 
unit, and the know-how, experience, affinities and power to act of each one. This 
preponderant place of work organisation and empowerment (responsibility, conti-
nuity in the management of the calves, sufficient working time to carry out tasks 
and address uncertainties, etc.) of those involved in the sound management of a unit 
was previously demonstrated by Vaarst and Sorensen (2009). For the livestock in 
the Mirecourt ES, treatments were chosen according to the calf/illness pair. This 
way to act seems, from the viewpoint of the experimenters involved, consistent 
with “the philosophy” of use of alternative treatments (homeopathy, aromatherapy 
and phytotherapy). The long presence or repeated occurrences of the same illness 



X. Coquil et al.208

in a calf seems to be a situation that stimulates learning about the use of alternative 
treatments. Indeed, such a situation leads the experimenters to question the effec-
tiveness of the treatments used and thus the test of new treatments. Nevertheless, it 
seems that learning about the effectiveness of a treatment is more or less difficult 
and slow, depending on the illness concerned (e.g., diarrhoea = risk of death for the 
animal), as well as on the diversity of treatments available on the market to care for 
the same illness.

The analysis of practices that cause malfunctions within systems can shed light 
on the adjustments of practices and the modifications of the organisation of systems 
to be operated to eliminate these malfunctions, promoting the redesign of the sys-
tems involved. It can stimulate the creation of technical alternatives (e.g., prolonged 
lactations) and learning by trial and error in the situation, i.e., consistent (Schwartz 
2009) with the system in which these innovations are mobilised. These assessment 
methods for redesign are particularly interesting in the case of acquiring know-how 
for the experimenters (Fig. 11.3).

Integrating External Knowledge to Improve System Self-Sufficiency

The methods consist in creating knowledge through analytical trials or studies in 
commercial farms and attempt to integrate this knowledge into the redesign of the 
systems in order to improve their self-sufficiency.

Fig. 11.3   Step-by-step 
design centred on long-term 
experimentation implemented 
at the INRA ASTER-
Mirecourt Experimental 
Station
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Choosing Cereal/High-Protein Plant Mixtures by Carrying Out Analytical  
Trials in the MCDS

In order to stabilise the type of concentrates in the dairy cows’ diets, we wanted 
to determine the zootechnical interests of several cereal and high-protein plant 
mixtures (oats/horse beans, triticale/peas, barley/lupine) recognised as being of in-
terest for their agronomic properties in the crop rotations.

The method tested consists of setting up analytical trials aimed at comparing 
management methods that could potentially be mobilised in the MCDS. These tri-
als are constructed according to experimental trials that are relevant at the statistical 
level (e.g., Latin square), being careful to test modalities that are not too different 
in order to limit the risks of backtracking on systems at medium or long time steps. 
Zootechnical use of three cereal/high-protein plant mixtures in the form of crushed 
grains (oats/horse beans, barley/lupine and triticale/peas) was tested as a supplement 
to a diet of alfalfa/orchard grass hay and permanent grassland hay. They were com-
pared during an analytical trial on dairy cows in middle lactation within the MCDS 
(Coquil et al. 2009b). This trial was carried out in a Latin square composed of three 
batches of eight dairy cows, balanced according to the breed (50 % Holstein, 50 % 
Montbeliard) and according to the parity. The animals received 4 kg/cow/day of one 
of the cereal/high-protein plant mixtures, 8 kg DM/cow/day of alfalfa/orchard grass 
hay and hay from permanent grassland ad libitum. The assessment was centred on 
the individual performances of the dairy cows: intake, milk production, milk quality 
and weight of the animals.

The tested diets presented a good nitrogen/energy balance: this ratio significantly 
varied according to the diet (101 to 106 g PDIN/UFL). The milk production (20.3 kg 
of milk/cow/day) and the fat content (41.3 g/kg of milk) did not significantly vary 
according to the diet. The dairy cows that received the oats/horse bean mixture 
produced milk with significantly lower protein content than the other two mixtures 
(− 0.6 g of protein content/kg of milk). The concentrates slightly contributed to the 
supply of nitrogen in the diet (22.6 % of PDIN inputs). We thus concluded that in 
organic mixed crop dairy systems with nitrogen-rich forage such as alfalfa hay, the 
choice of cultivating associations of cereals and high-protein plants and the choice 
of the composition of these associations can, as a priority, be rationalised initially 
on the basis of their agronomic interests.

The redesign of systems by the injection of scientific knowledge from analytical 
trials seems difficult. Analytical trials, interesting at the level of the creation of sci-
entific knowledge, do not appear to be very favourable for the creation of pragmatic 
concepts (Pastré 2009) and knowledge that can be mobilised in action. The modali-
ties tested are not adjustable by the experimenters, regardless of the biotechnical 
and practical consequences observed. Moreover, in the MCDS, the balance between 
forage, cereal and straw crops and their use by the herds fluctuates depending on the 
production of the system’s territory, making permanent adjustments to the diets of 
different batches of animals necessary.
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Rethinking Cropping Practices by Analysing Pioneer Practices  
on Commercial Farms

The progressive self-sufficiency in inputs of the MCDS led us to work on the design 
of farming activity that limits fuel consumption. The main energy consumptions of 
the MCDS come from cropping interventions within the cropping systems. Accord-
ing to Bochu et al. (2008), soil tilling practices are the primary consumers of fuel in 
organic cropping systems. To date, very little knowledge can be mobilised to set up 
lower fuel soil tillage strategies within organic cropping systems.

The method tested consists of collecting, analysing and formalising practices 
of interest implemented on commercial farms. It consists of adopting innovative 
practices to encourage the achievement of the objectives of the systems tested at 
the Mirecourt ES. This approach was mobilised to think about the implementation 
of low-energy soil tillage practices in the cropping systems of the organic MCDS 
tested. The data were collected by surveys of 12 organic farmers who were socially 
recognised for their soil tillage practices without ploughing in predominantly cereal 
cropping systems. The analysis and formalisation of the information were carried 
out according to a typology of soil tillage strategies centred on their energy perfor-
mances. The strategies of interest for the systems of the Mirecourt ES were selected 
and tested in conjunction with experts from Lorraine and experimenters from the 
ES (Coquil et al. submitted).

This method made it possible for us to acquire a certain amount of practical 
knowledge for the implementation of three soil tillage strategies: sowing under per-
manent plant cover, non-ploughing with systematic intercropping and agronom-
ic ploughing. The lack of experience of the experimenters in the management of 
“sowing under permanent plant cover” and “non-ploughing” methods leads us to 
be careful about the biotechnical results. The “non-ploughing” and “sowing under 
permanent cover” soil tillage strategies tested in the framework of this approach 
were more economical in fossil energy consumption than the soil tillage strategies 
with ploughing (Table 11.1), but they were not as productive. This approach came 
up against the filter of technical paradigms of the different players called on during 
the collection of interesting practices, the design of tillage strategies by experts and 
then by the experimenters of the ES. There were difficulties in linking the tillage 
strategies designed and tested in the MCDS cropping system trial to the techni-

Table 11.1   Fuel consumption (l/Ha) and grain yield (t/Ha) per crop for each of the strategies tested
Yield in grain at 15 % 
humidity (t/Ha)

Fuel consumption (l/Ha)

Year Crops PPC NP AP PPC NP AP
2006–2007 Winter wheat 0.23 1.16 1.08 39 76 65
2007–2008 Winter rye 0.41 2.50 2.06 35 84 93
2008–2009 Spring oats—horse beans 4.23 1.14 3.95 136 52 92
2009–2010 Winter wheat 1.05 0.80 3.29 32 89 100

Average for 2007–2010 1.48 1.40 2.59 61 75 88
PPC permanent plant cover, NP non-ploughing, AP agronomic ploughing
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cal paradigms on which these strategies are founded and implemented by farmers. 
These difficulties led us to the conclusion that this approach limits the range of 
innovation to the technical paradigms of the experts and experimenters, regardless 
of the innovative character of the strategies mobilised as a source of inspiration 
(Coquil et al. submitted).

The integration of innovations from practices collected from farmers and tested 
in systemic trials seems relevant for stimulating the experience of the experiment-
ers of the systems tested (Kummer et al. 2008). Nevertheless, the development of 
the activity of the experimenters and the discovery of new practices from outside 
depends on their capacity to grasp practices that come within a variety of technical 
paradigms.

11.3 � Discussion: Step-by-Step Design Seen as a Transition

In this paper, we present a step-by-step approach to the design of self-sufficient 
mixed crop dairy systems. The step-by-step approach integrates the practical feasi-
bility of the systems. We focused on resources mobilised by experimenters during 
the progressive design of the systems. Design is seen as a transition where operation 
and emerging properties of the systems are part of the approach of step-by-step de-
sign. This approach, centred here on a long-term experiment, makes the creation of 
original experimental methods necessary. First, we discuss the contribution of this 
approach to the scientific community involved in design in agronomical sciences. 
Second, we discuss the methodological considerations when using a step-by-step 
approach to design. Third, we discuss the interests of this step-by-step approach for 
designing adaptive systems.

11.3.1 � Step-by-Step Design: Creation of Resources for Transition 
Towards Self-Sufficiency

A large part of research in the field of design in agronomy aims at proposing stabi-
lised technical solutions (Vereijken 1997; Dogliotti et al. 2003; Sadok et al. 2009; 
Blazy et al. 2010). This is based on the implicit hypothesis that rules implemented 
in the designed systems might be applied in farmers’ situations. Most design ap-
proaches in agronomy are based on the idea that the farmer is a rational actor as 
defined by Simon (1978) and applied to farming systems by Sebillotte and Soler 
(1990). The farmer then acts according to a plan that may be designed by a research-
er (or by himself), and a designed farming system or technical solution might be a 
good way to propose innovation to farmers. In methodological terms, most of the 
design methods in agronomy are based on mathematical modelling or expert knowl-
edge to design virtual systems and to select the best systems to be tested and assess 
their performances. This is a form of prototyping as defined by Vereijken (1997). In 
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the same field, Meynard (2008) and Mischler et al. (2009) propose an alternative, 
trying to design evolving technical solutions and systems. Their proposition relies 
on a step-by-step design considering design as a continuous and iterative improve-
ment of the “plan” by confronting the designed plan to agronomical realities in an 
experiment or a farm.

In our text, step-by-step design relies on a different epistemic position about the 
relationship between research and people potentially interested in the pragmatic use 
of research. Step-by-step design also relies on a different representation of the way 
a farmer might act. This step-by-step approach considers biotechnical specificities 
of situations and the singularity of subjects that select technical options in their 
activity according to their individual feelings. This approach focuses on resources 
(i.e, prolonged lactations in the GS, change of reproduction period in the GS, work 
organisation in the calf unit, etc.) mobilised by experimenters and their learning 
during the progressive design of the systems. It is an anthropocentric approach to 
designing technical systems. The systems designed are supports considered to be 
specific to the natural and agronomical situation, and to the experimenters. The aim 
consists in formalising how experimenters can progressively discover significant 
information and know-how to progress from a situation (in our case, conventional 
agriculture) to another (in our case, self-sufficient and organic agriculture). This is 
based on the hypothesis that formalisation of the progressive discovery of the sys-
tem by the experimenters can allow farmers to discover their farming systems while 
changing to more self-sufficient systems. In the step-by-step design, the farmer is 
considered as an autonomous actor, able to be creative during action (Joas 1999). 
Step-by-step design aims to develop resources to empower farmers in their search 
for a new system. From a methodological point of view, the step-by-step approach 
leaves no room for virtual systems. Systems are designed according to pragmatic 
considerations that integrate the experimenter’s perceptions about his specific sys-
tem (performances, practical feasibility, etc.).

11.3.2 � Methods for the Step-by-Step Design Approach

The approach presented in this article is centred on a long-term experiment at the 
scale of production systems, referred to as “system experimentation”. System ex-
perimentation can be conducted in order to assess the technical, environmental 
and economic performances of farming systems managed according to methods 
fixed over periods greater than the farming year (Reau et al. 1996, Verloop et al. 
2006, Benoit et  al. 2009; Delaby et  al. 2009). System experimentation can also 
be a special experimental framework aimed at defining and validating the strate-
gic and operational management of production systems using a multiannual test 
(Dedieu et al. 2002). In the step-by-step design defined in this paper, we focus on a 
period of changes for experimenters. To change, they are attentive to the dynamics 
of their environments and have to improvise and be creative to act on a daily basis, 
distancing themselves from their past know-how and values that were efficient in 
conventional farming.
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All experimental methods do not stimulate the know-how of experimenters in 
the step-by-step design in the same way. Analysing practices to explain system mal-
functions is particularly interesting to redesign systems and stimulate know-how 
for the experimenters. This method is efficient to shed light on practices to adjust 
and redesign systems in order to repair system malfunctions. It stimulates learning 
in a given situation. Integrating interesting practices into experimental systems by 
analysing practices on commercial farms (e.g., tillage practices with no ploughing 
in crop rotations) and testing them in the systems might be interesting to stimulate 
experimenters’ learning. However, the capacity to integrate practices into the sys-
tem not only depends on the capacity to adapt these practices to a new agronomic 
situation, but it also depends on the capacity of experimenters to consider practices 
that rely on different technical paradigms.

It is much more difficult to redesign or to adjust experimental systems by mo-
bilising scientific knowledge resulting from analytical trials. Analytical trials, in-
teresting for creating scientific knowledge, are not relevant for creating new prag-
matic concepts that might empower experimenters to act in the system. This could 
be partly explained by the fact that in an analytical trial, compared modalities must 
not be adjusted, even if the modality goes wrong from a practical or a biological 
point of view. Thus, the trial provides information on what to avoid, but does not 
inform the experimenter as to what he might do in that kind of situation. Moreover, 
fixed modalities are not really relevant in self-sufficient systems based on permanent 
adjustments.

In the step-by-step design, creation of efficient know-how relies on methods that 
enhance the creation of experience that are consistent with the working activity of 
experimenters (Schwartz 2009)

11.3.3 � A Relevant Approach for the Adaptation of Systems  
to Environmental Changes

The step-by-step design takes evolutions and the contingency of technical systems 
subject to environmental fluctuations and the evolution of experimenters’ experi-
ence into consideration.

The approach highlights the resources that can be mobilised by the players at 
the technical level, according to the identified fluctuations of the system and of its 
environment. Experimentation over the long-term makes it possible to assess the 
fluctuations of the ecological and human environments of the system in real time, 
as well as the biotechnical adaptations built in response. The fluctuations in the 
performance of dairy cows in the GS are one example of this. Lack of clarity in the 
distribution of responsibilities to the people working in the calf unit and difficulties 
in capitalising on experience in alternative treatment methods are another.

The step-by-step design makes it possible to determine where there are gaps 
in knowledge or systemic problems, and calls for pragmatism in order to resolve 
these malfunctions and to not compromise the survival of the systems tested. Thus, 
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it is a resource that is relevant to scientific questioning but also to the creation of 
knowledge relevant for action. For example, the interest of prolonged lactations to 
compensate for reproduction problems in the GS appeared to solve, on the short-
term, systemic problems in 2006.

Nevertheless, this very anthropocentric approach leads us to wonder about how 
to integrate new objectives and new indicators into system management. On the 
basis of the past years of experimentation, it seems important to us to transform new 
objectives into questions and precaution principles that are significant in agronomi-
cal and even in agricultural terms. For example, considering the problem of nitrate 
losses in organic farming rotations, the identification of sources of nitrate leaching 
(e.g., the turning of temporary grassland, etc.) makes it possible to transform an 
environmental question, “How can we preserve water quality?”, into an agronomic 
question, “How can we limit the turnover of grassland on the same catchment area 
during a farming year?”, and then into a farming question, “How can we reconcile 
the turnover of grasslands per catchment area with the functioning of the farm?”.

11.4 � Conclusion: A Step-by-Step Design  
as an Anthropocentric Approach to Design  
Evolving Systems

This paper is a methodological proposition to designing farming systems by con-
sidering agricultural activity at the farm scale. Farmer’s activity is considered by 
developing an anthropocentric approach to designing systems: we assume that 
farmers can, like the experimenters in this paper, reconsider their farming system 
step-by-step to reach a more sustainable type of agriculture. The organic agriculture 
framework is used as a precaution principle to develop self-sufficient systems from 
the natural properties of the milieu. This legal framework is a pragmatic way to 
remain self-sufficient.

This experience-based approach aims at producing operating and contextualised 
knowledge for the design and management of mixed crop dairy systems progres-
sively evolving towards self-sufficiency in the sense of systems that use low in-
puts and empowerment of the stakeholders involved. Knowledge produced for the 
design must be consistent with the systemic context in which it will be mobilised 
and according to methods that generate pragmatic learning for the experimenters 
who implement it. The analysis of system malfunctions with a view to proposing 
technical alternatives is particularly effective in this regard. The introduction of 
new knowledge in order to refine the degree of achievement of the objectives of the 
systems is more delicate. The difficulties in appropriating and implementing this 
scientific or expert knowledge in a singular systemic context raise questions and 
pose difficulties for the creation of knowledge for action. New methodologies that 
introduce innovative knowledge to develop these systems must be devised to gener-
ate pragmatic learning in the research group in terms of technical alternatives that 
do not come within their own technical paradigm (Coquil et al. submitted).
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Nevertheless, the knowledge produced within the framework of this step-by-step 
design approach needs to be more effectively contextualised. We need to have a 
better definition of the experimenters’ design work space (Broberg 2010). Thus, the 
step-by-step approach offers an alternative proposition to the generic programming 
of knowledge. Moreover, the step-by-step approach proposed in this paper recog-
nises qualities in singular knowledge, provided that the context justifying these sin-
gularities is made explicit. We propose to make these singularities of the design 
context explicit by focusing on the processes at play in the evolution of the systems 
and the resources mobilised to make these systems evolve during the design. We 
therefore propose to analyse the design approach described in this paper by more 
deeply characterising the learning and the resources mobilised for learning of the 
group that controls and operates within these systems. Identified resources relevant 
to creating experimenters’ experience in self-sufficiency might be a good founda-
tion for focusing on exchanges with farmers interested in self-sufficient systems.
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Using Life Cycle Analysis to Analyse  
the Environmental Performances of Organic 
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Abstract  Although the conventional farming system (CV) for apple production 
remains the common practice worldwide, the organic farming system (OF) is becom-
ing increasingly important. Few global assessments of the environmental impacts 
of organic orchard systems are currently available. In this work, we analyse the 
weak and strong points of the environmental performance of the growing phase of 
two organic and one conventional apple orchard, using a pluri-annual dataset from 
experimental orchard systems located in the Middle Rhone valley in France, with 
life cycle analysis (LCA). LCA, also referred to as cradle-to-grave analysis, allows 
a quantitative and global evaluation of an orchard’s environmental performance. 
The analysis was performed using the SALCA (Swiss Agricultural Life Cycle 
Assessment) method (SALCA-Crop V3.1, adapted for pome fruit) and included 
relevant impact categories based on characterisation models derived mainly from 
the EDIP97 and CML01 methods, as well as those developed by Agroscope (ART).

Seven impact categories that included ecotoxicity and human toxicity, as well 
as energy consumption and other environmental impact categories, were calculated 
and are discussed here. The OF systems appeared to have less of an impact than 
the conventional system, considering the surface-based functional unit (ha/year). 
However, the basic substitution of conventional with organic inputs or mechanised 
activities was not sufficient to radically improve the overall environmental perfor-
mance of the orchard systems. These results need several years of full production 
to be validated.

Keywords  Life cycle analysis · Orchard system experiment · Environmental 
performance · Multi-criteria evaluation
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12.1 � Introduction

In addition to the multi-functional and multi-dimensional aspects of agricultural and 
food systems (Rickerl and Francis 2004), numerous and various issues have already 
been addressed in terms of the environmental performances of farming systems. In-
deed, concerning agricultural practices, organic farming systems do not only differ 
from conventional farming systems by the choice of non-synthetic pesticides and 
fertilisers, but also by the use of a range of alternative methods, e.g., mechanisation. 
Thus, to estimate the environmental performance of organic production systems, 
methodologies that evaluate only the ecotoxicity and human toxicity are not suf-
ficient since organic practices may affect environmental categories such as energy 
use and global warming potential.

Regarding the two studies on the environmental performances of different apple 
production systems that include organic farming (OF), the results are inconsistent. 
In Simon et al. (2011), OF had the greatest environmental effects, whereas in Reg-
anold et al. (2001), it was the most sustainable. However, agricultural practices and 
indicators were not similar in those studies, which may explain such discrepancies 
in the results. Compared with the indicators used in these two studies, the strength of 
the Life Cycle Analysis (LCA) methodology is that it has been standardised, since 
LCA procedures are part of the ISO 14000, ISO 14040:2006 and ISO 14044:2006 
environmental management standards. The development of international standards 
for LCA is an important step for consolidating LCA procedures and methods via 
their harmonisation, which facilitates its international acceptance as an environ-
mental indicator and allows comparison. Another advantage of the LCA method is 
that it includes the supply chain and its impacts and therefore makes it possible to 
quantify possible burden shifts. This point is especially important when comparing 
conventional and organic systems because, for example, replacing synthetic pesti-
cides by alternative mechanical methods might decrease ecotoxicity but increase 
energy consumption. Thus, to estimate the environmental performance of organic 
production systems, methodologies that evaluate only ecotoxicity and human toxic-
ity are not sufficient since organic practices may affect environmental categories 
such as energy use and global warming potential. To avoid any pollution transfer 
from one environmental problem to another (Rebitzer et al. 2004), a more global 
methodology such as LCA that includes different impact categories is required.

This methodology, also referred to as cradle-to-grave analysis, allows an objec-
tive and general comparison of the systems analysed (Milà et al. 2006; Mouron et al. 
2006). LCA evaluates not only the direct inputs and field emissions, but the emis-
sions from the supply chain of all inputs and the disposal or recycling of the outputs 
as well, and is suitable for comparing farming systems (Haas et al. 2001). It was 
originally developed for industrial processes, but was adapted to agriculture and, 
in particular, to arable cropping systems and animal production several years ago 
(Cowell and Clift 1997). In the last few years, not only cereals but specialised crops 
such as apple and tomato as well have been analysed with LCA (Anton et al. 2004; 
Milà et al. 2006; Mouron et al. 2006). A recent study showed the suitability of LCA 
to assess and compare the environmental effects of agricultural systems (Xavier 
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and Caldeira-Pires 2004; Bockstaller et al. 2009). The strong points of LCA repre-
sented by the SALCA software tool, compared to other methods for assessing the 
environmental impact of agricultural systems, were the coverage of environmental 
issues, the inclusion of production factors, the depth of environmental analysis and 
the avoidance of incorrect conclusions. The main disadvantages concerned feasi-
bility issues such as user friendliness and similarities to existing farming software 
(Bockstaller et al. 2009). Moreover, when the LCA methodology is used to evaluate 
different impact categories, it does not give a single result but instead calculates a 
list of indicators, making it difficult to draw conclusions (Kägi et al. 2008a). This 
last aspect is often criticised.

The aim of this paper is to give a first insight into the environmental perfor-
mances of two organic and one conventional apple orchard production system using 
a pluri-annual dataset (2006–2008) derived from experimental orchard systems still 
in their first years of fruit setting (planting year: 2005). The comparison will focus 
on the differences in plant protection practices and related activities, with a holis-
tic approach for seven impact categories (i.e., demand for non-renewable energy 
resources, global warming potential over 100 years, eutrophication potential, acidi-
fication potential, terrestrial and aquatic ecotoxicity potential, and human toxicity 
potential). This paper addresses several questions:

•	 How do organic vs. conventional apple orchards compare in terms of environ-
mental performance?

•	 What are the hot spots for each system?
•	 Is LCA methodology suitable for such an evaluation?

This paper only gives a first insight into the environmental impact assessment of 
orchards since the dataset only covers the installation phase of the orchards studied. 
Evaluation of the full production years is underway and results will be presented 
later.

12.2 � Material and Methods

12.2.1 � Life Cycle Inventory Assessment

The design of an LCA study has been outlined in four parts (ISO 14044) and its 
principles are described in Jolliet et al. (2004). In this section, these four parts will 
be detailed with emphasis on the specific aspects of apple production.

�Goal and Scope

The goal of this LCA study was to compare the environmental impacts of two culti-
vars under organic-certified management with a conventional production system in 
their first years of production. The pluri-annual dataset was surveyed in a field trial 
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located in the Middle Rhone Valley in France. The results of the present LCA were 
expressed using the functional unit (FU), hectare (ha)/year, reflecting the social per-
spective of preserving landscape and of sustaining land use. The functional units, 
kg and €, representing the production and generation of revenues, were not taken 
into account in this study since the orchards were still not fully productive and their 
yield was, therefore, not representative.

�System Definition and Boundaries

Since our aim was to evaluate the production system only, the system boundary was 
set at the field gate. As already mentioned, the LCA methodology is a cradle-to-
grave analysis that evaluates not only the direct inputs and field emissions, but the 
emissions from the supply chain of all of the inputs (including transportation) and 
the disposal or recycling of the outputs and processes required to produce apples and 
deliver them at the field gate as well (Fig. 12.1). The foreground system included all 
field operations, fertilisers and pesticides, as well as the direct field emissions and 
the background system, including the production and maintenance of agricultural 
inputs, e.g., fertilisers, machinery and pesticides (Appendix 1). Data collected in 
the experimental design (Sect. 12.2.2) were used to describe the foreground system. 
The background system was characterised using inventories from the Ecoinvent da-
tabase v2.01 and the SALCA database (Nemecek and Erzinger 2005), which is the 
basis for life cycle inventories created by ART and adapted, when necessary, by an 
INRA/ART joint research unit, but not included in the Ecoinvent database.

Only the field operations that individualise systems were taken into account. 
Thus, irrigation, orchard planting and removal were not considered here. All pro-
cesses including storage and activities related to apple commercialisation were also 
not taken into account in the present environmental evaluation. In this study, the 
environmental impact of manual labour was not considered at all, as is the case for 
most LCA studies.

The cycle began after the harvest in the previous year and ended with the harvest 
in the current production year. The post-harvest activities in autumn were attributed 
to the next harvest.

Fig. 12.1   System boundary 
including all cultural prac-
tices and related resources 
that were assessed for their 
environmental impacts
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This study covered the first 3 years of production corresponding to the harvests 
of years 2006, 2007 and 2008. An LCA was performed for each production year, but 
the mean from 2006–2008 is presented here.

�Direct Field Emissions

The direct field emissions (NH4, N2O, phosphorus, NO3
−, heavy metals and pes-

ticides) were estimated using the SALCA method (Nemecek and Erzinger 2005; 
Nemecek et al. 2008; Gaillard and Nemecek 2009). An adapted INRA-ART ver-
sion of ART’s SALCA-crop v3.1 LCA calculation tool was used. The tool con-
sisted of modules programmed in Microsoft EXCEL® and a system implemented 
in TEAM™ software (version 4.0) (PriceWaterHouse Coopers/Ecobilan, Paris, 
France). The nitrate-leaching module from SALCA was adapted to apple produc-
tion in order to better represent the nitrogen (N) uptake by this perennial crop.

�Impact Assessment

The SALCA method developed within ART’s Life Cycle Group (Gaillard and Nem-
ecek 2009) includes relevant impact categories and mid-point impact assessment 
methods mainly derived from the EDIP97 (Hauschild and Wenzel 1998) and the 
CML01 (Guinée et al. 2001) methods, as well as those developed by ART. As in 
most agricultural LCAs (Hayashi et al. 2006), a mid-point approach was chosen be-
cause the main questions in this study raised in the introduction required a separate 
interpretation of single impact categories. The assessment methods were chosen 
according to their scientific soundness and their applicability to agricultural LCAs.

The following impact categories were considered:

•	 Demand for non-renewable energy resources (NRE, in MJ-Eq. ha− 1 year− 1) in-
cluding: direct (diesel and electricity) and indirect (coal, oil gas, uranium) non-
renewable energy (Hischier et al. 2009).

•	 Global warming potential over 100 years (GWP, in kg CO2-Eq. ha− 1 year− 1): the 
main emissions considered in agriculture are carbon dioxide, methane, nitrous 
oxides in the air compartment at a global scale, stemming from the use of energy 
resources, and nitrogen fertilisers (IPCC 2007).

•	 Eutrophication potential or nutrient enrichment potential (NEP, in kg 
N-Eq.  ha− 1  year− 1): enrichment of the nutrients phosphorus and nitrogen in 
aquatic and terrestrial ecosystems (EDIP97).

•	 Acidification potential (in kg SO2-Eq. ha− 1 year− 1): aerial emissions of acidify-
ing substances (mainly SO2, NH3 and nitrous oxides) (EDIP97).

•	 Terrestrial and aquatic ecotoxicity potential (TEP and AEP, in 1,4-DCB  kg-
Eq. ha− 1 year− 1): toxic impacts to ecosystems are mainly caused by pesticides 
and heavy metals (CML01).

•	 Human toxicity potential (HTP, in 1,4-DCB kg-Eq. ha− 1 year− 1): impact of toxic 
pollutants on human health through aerial emissions (CML01).
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The missing characterisation factors for chemical compounds were calculated us-
ing the SYNOPS database (Gutsche and Rossberg 1997; Gutsche and Strassemeyer 
2007) as a reference, and FOOTPRINT PPDB1 for data gaps. The pesticide emis-
sions were assumed to be flows into agricultural soil.

12.2.2 � Orchard Design and Cultural Practices

�Experimental Orchards

Data from an experimental design of an apple orchard were used to perform the 
present LCA analysis and to describe the foreground system. This experimental 
design has already been described by Simon et al. (2011). Briefly, this orchard is 
located in the Middle Rhone Valley in France. It was planted in 2005 over an area 
of 3.3 ha. Planting density is 1000 trees/ha, with a grass cover between rows. Three 
plots of 0.37 ha each were assessed:

•	 The reference conventional plot (CV): Integrated Pest Management guidelines 
of the French National Apple Board were used to manage the Golden Delicious 
type scab-susceptible cultivar Golden D. 2832 T®, referred to here as Golden D.

•	 Two plots under OF management: according to EEC rules (EEC rules 2092/91; 
834/2007 (2009)) and French regulations, two cultivars were planted, Golden D. 
and Melrose, a low-susceptible cultivar to scab ( Venturia inaequalis) and pow-
dery mildew ( Podosphaera leucotricha).

The Golden Delicious type can be considered as a reference for the CV produc-
tion system, with more than 30 % of the French apple orchard surface area planted 
with this cultivar. Low-susceptible cultivars are relatively more frequently planted 
in organic compared to conventional or integrated production systems (Sauphanor 
et al. 2009).

The orchard was assumed to have no drainage, and no slope was considered. 
The climate was continental with relatively dry weather during the summer due to 
Mediterranean influences, and approximately 850 L.m − 2  year− 1 of precipitation. 
The soil contains 2 % humus, 15 % clay and the rooting depth is 0.4 m.

�Description of Cultural Practices and Activities Within the Orchards

Activities described here are fertilisation, plant protection and within-row manage-
ment.

Fertilisation. Organic fertilisers (i.e., on farm compost and feather meal) were ap-
plied in the OF systems, whereas mineral fertilisers were applied in the CV system. 
The mean total yearly available nitrogen was 45 kg ha− 1 and the mean K2O supply 

1 http://www.eu-footprint.org/ (10.02.2010)



12  Using Life Cycle Analysis to Analyse the Environmental Performances … 227

was approximately 65 kg ha− 1 year−  1 in all plots. P2O5 supply was 30 kg ha−  1 year−  1 
in OF orchards and 50 kg ha− 1 in the CV orchard (Simon et al. 2011).

Management of weeds, pests and diseases (plant protection, Table  12.1) was 
defined by sets of decision rules that were related to the farming system and the 
associated guidelines, and could vary according to the cultivar, especially for dis-
ease management constrained by cultivar susceptibility. The applied compounds 
are listed in Appendix 1 with their corresponding characterisation coefficients for 
calculating human toxicity and aquatic and terrestrial ecotoxicity.

In all three systems, more than half of the total pesticide applications targeted 
scab. The protection against arthropods represented the other half of the total an-
nual chemical applications, mainly against codling moth ( Cydia pomonella (L.)) 
and aphids.

Sanitation practices (such as leaf litter shredding or ploughing in for scab man-
agement) were performed once to twice a year in the OF systems but not in the CV 
system.

Within-row and between-row management. Whereas weeds under the trees 
(within-row) were controlled by herbicides only in the CV system, mechanical and/
or occasional manual labour was used in the OF systems. An inter-row disc (Om-
mas: four tilling and three earth turning discs) was used for mechanical understorey 
management. Ommas machinery was also used for sanitation practices in the OF 
systems (to plough in the leaf litter in order to decrease scab inoculum) and to 
plough in organic fertilisers. Only mechanical labour was used (mostly mulching) 
between rows.

Table 12.1   Plant protection practices: mean number of active ingredients and machinery use of 
the 3 years (2006–2008) 

CV Golden D. OF Golden D. OF Melrose
Active ingredi-

ents (except 
pheromones 
and biocontrol 
agents)

Number of applied 
compounds

24   5.3   5.3

Insecticides   8   3.3   3.3
Herbicides   5 – –
Fungicides 10   2   2
Other (thinning, etc.)   1 – –
Number of pesticide 

applications
34.7 28.3 16

Machinery use Number of herbicide 
applications

  3 – –

Number of mechanical 
weedings

–   6   6

CV conventional, OF organic farming
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12.3 � Results and Discussion

12.3.1 � Toxicity and Ecotoxicity Impacts

For both aquatic and terrestrial ecotoxicity, as well as for human toxicity, the two or-
ganic systems had a lower impact compared with the CV system used as a reference 
(Tables 12.2 and 12.3). The steepest decrease was observed for terrestrial ecotoxic-
ity with a decrease of about 93 % in the OF Melrose system compared to CV Golden 
D. For both human toxicity and aquatic ecotoxicity, the decrease was greater for the 
orchard planted with the low scab-susceptible cultivar, Melrose, compared to the 
susceptible one, Golden D.

Table 12.2   Potential aquatic and terrestrial ecotoxicity (1,4-DCB  kg-Eq.  ha−1  year−1) of non-
pesticide origin (e.g., inputs and machinery use) and pesticide origin (Compounds applied in the 
three orchards causing either aquatic or terrestrial ecotoxicity) according to target pest for the CV 
Golden D., OF Melrose and OF Golden D. systems (3-year mean value) and percentage of varia-
tion compared to the conventional CV Golden D. farming system

CV Golden D. OF Golden D. OF Melrose
Water ecotoxicity Non-pesticide   29.5   83.6   80.8

Herbicides   56     0.0     0.0
Fungicides   90.9 195.7 142.8
Insecticides 235.7     0.1     0.1
Total 412.1 279.4 (−32 %) 223.6 (−46 %)

Terrestrial 
ecotoxicity

Non-pesticide     1.2     4.1     4.0
Herbicides   44.3     0.0     0.0
Fungicides     3.7     7.8     4.6
Insecticides   79.4     0.2     0.2
Total 128.6   11.6 (−91 %)     8.8 (−93 %)

CV conventional, OF organic farming

Table 12.3   Potential human toxicity (1,4-DCB kg-Eq. ha− 1 year− 1) of non-pesticide origin2 and 
pesticide origin3 for the CV Golden D., OF Melrose and OF Golden D. systems (3-year mean 
value) and percentage of variation compared to the conventional CV Golden D. farming system

CV Golden D. OF Golden D. OF Melrose
Human toxicity Non-pesticide 521.2 695.2 583

Herbicides 210.5     0.0     0.0
Fungicides   17.0   32.0   24.0
Insecticides 227.7     1.3     1.3
Other (thinning, etc.)     0.1     0.0     0.0
Total 976.4 728.5 (−25 %) 608.4 (−38 %)

CV conventional, OF organic farming

2 e.g. input productions and machinery use
3 compounds applied in the three management systems of apple orchards causing either aquatic or 
terrestrial ecotoxicity
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Tables  12.2 and 12.3 indicate the contribution of pesticide and non-pesticide 
inputs related to ecotoxicity. The impact for both ecotoxicity categories was mainly 
caused by direct pesticide field emissions (according to their target: fungicides, her-
bicides, insecticides and others such as thinning chemicals; see list of compounds 
in Appendix 1).

The aquatic ecotoxicity (Table 12.2) of the CV system was the highest because 
of the recurrent applications of highly toxic compounds such as chlorpyrifos-ethyl 
insecticides. In the OF systems, the use of mineral fungicides such as sulphur and 
copper also had a strong impact, depending on the amount applied. The scab-sus-
ceptible cultivar, Golden D., which received around 100 kg year−1 of sulphur (3-year 
mean value) vs. 38 kg year−1 of sulphur in the low-susceptible Melrose cultivar, 
displayed the highest impact.

Concerning the terrestrial ecosystem, the CV system also had the highest impact 
once again due to the organo-phosphate insecticide applications.

Unlike aquatic and terrestrial ecotoxicity, human toxicity (Table 12.3) was main-
ly caused by non-pesticide emissions that occurred in the production and use of 
buildings and machinery (and not just chemical products).

The difference between OF Melrose and OF Golden D. was mainly due to a 
higher number of treatments and thus to an increased use of the sprayer with associ-
ated emissions. Indeed, the number of treatments varied from 16 (OF Melrose) up 
to 34.7 (CV Golden D.) (see Table 12.1).

12.3.2 � Non-Renewable Energy (NRE) Resources

The contribution in terms of energy use of each cultural practice and input were 
calculated for each system (Table 12.4). The most demanding input of this impact 

Table 12.4   Contribution analysis of non-renewable energy (NRE) (in MJ-Eq. ha−1 year−1) for the 
CV Golden D., OF Melrose and OF Golden D. systems (3-year mean value) and percentage of 
variation compared to the conventional CV Golden D. farming system

CV Golden D. OF Golden D. OF Melrose
1 Tree training and harvest 1647 1256 1913
2 Between-row mechanical work 1829 1600 1486
3 Fertiliser production 4605 1305 1305
4 Fertiliser application 398 1055 1055
5 Sanitation practices 0 1037 952
6 Within-row mechanical work 0 1515 1515
7 Pesticide production 2373 533 293
8 Pesticide application (treatment) 6764 5572 3147
Sum of plant protection activities (5,6,7 and 8) 9137   8657 (−5 %)   5907 (−35 %)
Sum of fertilising activities (3 and 4) 5003   2360 (−53 %)   2360 (−53 %)
Sum of machinery contribution (in italics) 10638 12035 ( + 13 %) 10068 (−5 %)
TOTAL Non-Renewable Energy used (1–8) 17616 13873 (−21 %) 11666 (−34 %)
CV conventional, OF organic farming
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category was the use of machinery, mostly due to diesel consumption but also to 
the energy used for the machinery construction, ranging from 10068 to 13873 MJ-
Eq. ha−1 year−1. Plant protection (i.e., pesticide production and application, mechani-
cal practices) was the activity with the highest energy consumption due to either 
pesticide applications in the CV system or to pesticide applications combined with 
other mechanical plant protection measures in the OF systems. Crop protection was 
also the activity that differentiated the modalities according to the system and to the 
cultivar. Indeed, Golden D. had more of an impact than Melrose since the number 
of pesticide applications varied from 16 (Melrose OF) to 34.7 (Golden D. CV), 
corresponding to 3147 and 6764 MJ-Eq. ha−1 year−1, respectively. In the OF sys-
tems, herbicide applications were replaced by mechanical understorey management 
with an inter-row disc (Ommas). This Ommas was used up to seven times per year 
and consumed a large amount of energy. Although sanitation practices were not 
performed in the CV system, overall comparison of the plant protection activities 
revealed that the energy consumed for the within-row mechanical work was coun-
terbalanced by the higher number of pesticide applications and the amount of active 
ingredients applied in the CV Golden D. system. Thus, OF systems use less energy 
for weed control for both within and between-row management.

Fertilisation also differentiated the production systems, with 5003  Eq.  ha−1.
year−1for the CV systems, compared to only 2360 MJ-Eq. ha−1.year−1for the OF sys-
tems (53 % less energy consumption in the OF systems). The production of mineral 
fertilisers, a high energy consuming process, represented a large part of the energy 
consumption for fertilising. The OF systems had a lower energy demand since com-
post instead of mineral fertiliser was applied, although compost application in the 
field had a greater impact.

Concerning tree training and harvest, a self-propelled elevator was used, ex-
plaining the energy consumption observed.

12.3.3 � Global Warming Potential (GWP)

Field operations and emissions from fertiliser production and application are the 
main sources of global warming potential (Table 12.5). The emissions from field-
work activities accounted for 52 to 58 % of the total GWP, and fertilisation was 
responsible for between 39 and 47 %. Although the global warming potential was 
similar for all systems, the nature of emissions was different between production 
systems (Fig. 12.2): there was a specific methane emission in the OF system related 
to the use of organic fertiliser (compost).

Compared to the CV system, the level of CO2 emissions from plant protection 
was lower in the OF systems due to a decrease in pesticide use. However, the use of 
sanitation practices (leaf litter management to decrease winter scab inoculum) and 
the substitution of chemical treatments by mechanical weeding completely counter-
balanced this lower emission. CV and OF systems therefore globally displayed simi-
lar levels of CO2 emissions, but Golden D. had a slightly higher GWP than Melrose. 
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This scab-susceptible cultivar required more fungicide applications and, therefore, 
an increased use of the sprayer, inducing more CO2 emissions (Table 12.5).

12.3.4 � Eutrophication Potential

The eutrophication potential was two-fold lower in the OF systems compared to the 
CV system (Table 12.6). Eutrophication, also referred to as nutrient enrichment poten-
tial, was mainly due to fertilising activities: either to direct field emissions for the CV 
Golden D. system or to both sources of emissions, the production process (matura-
tion) of the compost applied and its associated field emissions for the two OF systems.

Fig. 12.2   Global warming potential emissions (kg CO2-Eq. ha−1 year−1) in the three apple orchard 
management systems (3-year mean; CV conventional, OF organic farming)

 

Table 12.5   Contribution analysis of global warming potential (GWP) (in kg CO2-Eq. ha− 1 year− 1) 
for the CV Golden D., OF Melrose and OF Golden D. systems (3-year mean) and percentage of 
variation compared with the conventional CV Golden D. farming system

CV Golden D. OF Golden D. OF Melrose
1 Tree training and harvest 106     81   124
2 Between-row mechanical work 106     92     92
3 Fertiliser production 441   443   501
4 Fertiliser application 25     67     67
5 Sanitation practices 0     65     60
6 Within-row mechanical work 0     95     95
7 Pesticide production 80     32     17
8 Pesticide application (treatment) 415   342   193
Sum of plant protection activities (5,6,7 & 8) 494   374 (− 24 %)   210 (− 57 %)
Sum of fertilising activities (3 & 4) 466   510 (+ 9 %)   568 (+ 22 %)
Sum of machinery contribution (in italics) 652   742 (+ 14 %)   630 (− 3 %)
TOTAL Global warming potential (1–8) 1173 1217 (+ 4 %) 1148 (− 2  %)
CV conventional, OF organic farming
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This impact was mainly due to direct NO3 field emissions for CV Golden D., and 
NH3 for both OF systems. NOx and phosphorus emissions were also responsible for 
this effect.

12.3.5 � Acidification Potential

The air acidification potential (Table 12.7) was higher in OF orchards since the use 
of organic fertilisers generally induced emissions during the production processes 
(corresponding to the maturation phase of compost preparation with a high level of 
emissions of ammonia, among other compounds) since the compost is ploughed in 
and only small air emissions occur in the field. Besides, the use of machinery asso-
ciated with fuel combustion emitted large amounts of nitrous oxides, which strongly 
determined this impact category. Thus, the increased number of pesticide applica-
tions on the scab-susceptible Golden D. cultivar was associated with an increased 

Table 12.6   Contribution analysis of nutrient enrichment potential (in kg N-Eq. ha− 1 year− 1) for the 
CV Golden D., OF Melrose and OF Golden D. systems (3-year mean) and percentage of variation 
compared to the conventional CV Golden D. farming system

CV Golden D. OF Golden D. OF Melrose
1 Tree training, understorey management and 

harvest
0.47 0.40 0.50

2 Fertiliser production 4.42 2.18 2.18
3 Fertiliser field emissions 8.69 2.94 2.94
4 Fertiliser application 0.08 0.14 0.14
5 Sum of fertilising activities (2–4) 13.18 5.26 (− 60 %) 5.26 (− 60 %)
6 All plant protection activities 1.15 1.37 (+ 20 %) 0.96 (− 17 %)
TOTAL Eutrophication potential (1; 5; 6) 14.80 7.03 (− 52 %) 6.72 (− 55 %)
CV conventional, OF organic farming

Table 12.7   Contribution analysis of air acidification potential (in kg SO2-Eq. ha−1 year−1) for the 
CV Golden D., OF Melrose and OF Golden D. systems (3-year mean) and percentage of variation 
compared to the conventional CV Golden D. farming system

CV Golden D. OF Golden D. OF Melrose
1 Tree training, understorey management and 

harvest
1.38 1.15 1.44

2 Fertiliser production 3.54 5.50 5.50
3 Fertiliser field emissions 0.01 2.27 2.27
4 Fertiliser application 0.21 0.39 0.39
5 Sum of fertilising activities (2–4) 3.77 8.16 (+ 116 %) 8.16 (+ 116 %)
6 All plant protection activities 3.79 6.66 (+ 76 %) 3.92 (+ 3 %)
7 All machinery emissions (including diesel 

consumption)
4.78 5.37 (+ 12 %) 4.52 (−5 %)

TOTAL acidification potential (1, 5, 6) 8.94 15.97 (+ 79 %) 13.52 (+ 51 %)
CV conventional, OF organic farming
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impact of the OF Golden D. system compared to the OF system planted with a less 
susceptible cultivar, i.e., Melrose.

Globally, fertilisation is the main activity responsible for the impact, especially 
fertiliser production.

12.3.6 � Overall Environmental Performance

When globally comparing the orchard-growing phase, the OF systems revealed 
lower impacts than the CV system (Fig. 12.3), except for the acidification potential 
category. For all of the six other impact categories, the OF systems had less impact 
per ha. Apart from the eutrophication potential, the major contributors to the six 
other impact categories were the construction and use of machinery for field activi-
ties, together with pesticide and fertiliser production. The minor contributors were 
the application of fertilisers, followed by sanitation practices and the activities of 
tree training, understorey management and harvest.

The introduction of the low-susceptible cultivar, Melrose, improved the overall 
environmental performance of the organic orchard, compared with the OF system 
planted with the scab-susceptible Golden D. cultivar. Indeed, the OF Melrose sys-
tem had much lower toxicity, ecotoxicity and non–renewable energy consumption 
for plant protection activities compared with the other two systems as a result of a 
decrease in the number of applications and the amount of active ingredients applied 
in the orchard. Conversely, the scab-susceptible Golden D. cultivar was intensively 
treated in both the CV and OF management systems.
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Fig. 12.3   Seven impact categories (3-year mean) of the two organic farming systems (OF Golden 
D. and OF Melrose) compared to CV Golden D. impacts, which were set to the value of 1 for each 
calculated impact category (functional unit: ha year− 1)
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12.4 � Global Overview and Conclusions

12.4.1 � Environmental Performances and Hot Spots  
for Each System Studied

In our study, the overall environmental performance of the orchard system was not 
drastically improved when changing from conventional production practices (CV 
Golden D.) to organic practices with no re-design of the orchard (OF Golden D.). 
Indeed, the basic substitution of conventional inputs (CV Golden D.) by organic 
inputs and/or mechanical labour (OF Golden D.) only slightly improved the over-
all environmental performance. In contrast, the OF Melrose orchard design that 
combines various means to achieve pest control (including low-susceptible culti-
vars) reduced the impacts per ha by 93 % (terrestrial ecotoxicity), except for the 
acidification potential that is increased by 51 %.

This result highlights the important role of the cultivar in orchard design with the 
aim of developing more environmentally-friendly apple production systems.

Concerning the hot-spots for each production system, we can conclude that, first, 
the organic farming system decreases the toxicity and ecotoxicity. However, the 
impact categories related to ecotoxicity are not as low as we could expect because 
of the large amounts of copper and sulphur applied in the OF systems and the poten-
tial aquatic ecotoxicity of these compounds. Second, concerning the substitution of 
chemical treatments by alternative methods potentially involving increased mecha-
nisation, the results here showed that the higher energy demand due to mechanisa-
tion and the increased emissions due to fuel combustion are both counterbalanced 
by less pesticide application and a smaller amount of applied compounds. Last, 
concerning nutrient resource management, the use of organic fertilisers increased 
the acidification potential (compost maturation process), but decreased the eutro-
phication potential (less risk of nitrate leaching), thus inducing a pollution transfer 
from one impact category to another one.

12.4.2 � Result Perspectives

The orchard system experiment, which reproduces commercial farming conditions 
in Southern France, will continue to provide data and thus permit a long-term evalu-
ation. Years of full production will be analysed and allow a combined view of each 
system covering all of the aspects of a multifunctional agriculture, which are: (i) 
land management (ii) production and (iii) the generation of revenues as described in 
(Nemecek et al. 2011). Production and revenues are not regarded in this study due 
to the facts that the orchards were still not fully productive and yields were not rep-
resentative. As a first estimation in the ECOPHYTO R&D report (Sauphanor et al. 
2009), the yield is twice as high in conventional compared with organic systems 
but, in contrast, the commercial value is more than doubled in the organic farming 
system compared with the conventional one. Thus, on this basis, it is likely that the 
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CV system will have less of an impact per kg fresh fruit and will be equivalent to the 
results per ha of the organic farming systems at the financial level. Further analysis 
of experimental data will cast light on this conclusion.

12.4.3 � Limits of this Study and Suitability of the LCA 
Methodology

Although the experimental design used for this LCA was not at full production, the 
management systems for plant protection were similar for the standard conventional 
and organic systems (Simon et al. 2011) and for older orchards as well because fruit 
damage had to be taken into account. Two previous studies using LCA to evaluate 
and compare different apple production systems are available (Milà et  al. 2006; 
Kägi et al. 2008b). The present results are consistent with both papers in which or-
chards were at full production. The value range of the potential impact correspond-
ed to the one published by Mila et al. (2006). Concerning the comparison between 
organic and integrated apple production systems, the Endure project reported the 
same conclusions with an overall advantage of the organic production systems over 
the integrated production systems when considering the functional unit per ha (i.e., 
considering the landscape protection function) (Kägi et al. 2008b). Other functions 
and thus functional units might be used in the future to give a complete picture of 
the environmental performances of organic farming systems. The results are consis-
tent throughout the 3 years evaluated, but the variability throughout the years must 
also be analysed, compiling data from the following years.

The results of the first 3 years could therefore provide an initial insight into the 
environmental performance of these three different plant protection systems. The 
comparison of orchard systems by means of LCA permitted the identification of 
some strong and weak points of organic farming strategies, confirming the suit-
ability of the LCA methodology for such evaluations. On this basis, possible im-
provements to create orchard systems with a lower environmental impact could be 
proposed, including systems that combine low-susceptible cultivars with alternative 
methodologies (e.g., sanitation practices, substitution of chemical applications with 
mechanised activities, etc.).

However, this methodology still requires some adaptation to specific types of 
productions such as apple orchards. There is a lack of studies and work on apple 
production, leading to a lack of specific inventories for specific tools, as well as a 
lack of knowledge to estimate some of the direct emissions such as specific nitrate 
leaching models or even to calculate some direct potential impacts such as those on 
biodiversity and on soil quality. Specific models or methods have been developed 
within the framework of the SALCA method to calculate these direct emissions 
and impact categories, but are not applicable to orchard farming systems. How-
ever, this missing information raises scientific questions to be addressed concerning 
these specific needs, and might also point out possible optimisation of the farming 
systems that could be obtained by working and developing knowledge and tools 
concerning this missing information.
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Appendix 1: List of Pesticides and CML Toxicity Coefficient 
Used for Calculation

Reference: SYNOPS database, see description in material and methods.

Active ingredient Pesticide class CML 
aquatic tox

CML ter-
restrial tox

CML human 
tox

Acetamiprid Cyclic N-compounds 4.17E − 03 9.79E − 04 1.53E + 00
Acetic acid Pesticide unspecified 9.61E − 01 8.17E − 02 7.04E + 00
Aminotriazole Cyclic N-compounds 1.32E + 00 4.82E − 02 9.27E + 01
Ammonium thiocyanate Pesticide unspecified 7.90E + 01 5.18E + 01 7.04E + 00
Azinphos-methyl Organophosphorus-

compounds
3.07E + 01 2.04E + 01 2.08E + 01

Beta-cyfluthrin Pyretroid-compounds 8.88E + 00 1.35E + 01 1.35E + 01
Bupirimate Cyclic N-compounds 2.27E + 00 2.32E − 01 1.26E + 01
Bacillus thurengensis Pesticide unspecified 0.00E + 00 0.00E + 00 0.00E + 00
Calcium chloride Pesticide unspecified 9.61E − 01 8.17E − 02 7.04E + 00
Captan Phtalamide-compounds 2.83E − 03 1.44E − 02 1.72E − 01
Carbaryl [Thio]

Carbamate-compounds
1.63E − 01 6.87E − 02 5.15E + 01

Chlorpyrifos-methyl Organophosphorus-
compounds

6.17E + 01 2.64E + 01 5.02E − 01

Copper Pesticide unspecified 5.55E + 01 1.48E + 00 9.61E + 00
Difenoconazole Cyclic N-compounds 6.36E + 01 2.90E + 00 5.59E + 01
Dithianon Nitrile-compounds 4.24E − 03 7.42E − 03 3.00E − 02
Diquat Bipyridylium-compounds 4.57E + 02 5.06E + 02 2.06E + 03
Dodine Pesticide unspecified 9,61E − 01 8,17E − 02 5,04E − 04
E, e−8, 

10-dodecadiene−1-ol
Pesticide unspecified 0,00E + 00 0,00E + 00 0,00E + 00

Ethephon Organophosphorus-
compounds

1,17E − 02 5,86E − 03 9,35E − 02

Flonicamid Cyclic N-compounds 1,07E − 01 6,57E − 03 8,08E + 00
Fluazifop-P-butyl Diphenylether-com-

pounds
7,64E − 03 5,49E − 03 8,10E + 00

Fludioxonil Nitrile-compounds 4.02E − 02 1.17E − 02 3.73E − 02
Glufosinate-ammonium Pesticide unspecified 1.55E − 03 2.46E − 04 1.26E + 00
Glyphosate Organophosphorus-

compounds
7.75E − 05 9.91E − 06 8.90E − 03

Granulosevirus Pesticide unspecified 0.00E + 00 0.00E + 00 0.00E + 00
Isoxaben Acetamide-anillide-

compounds
1.48E + 00 8.70E − 02 1.24E + 01

Kresoxim-methyl Pesticide unspecified 1.76E + 01 9.20E − 01 2.62E − 01
Mancozeb Dithiocarbamate-com-

pounds
6.38E − 04 9.30E − 04 1.08E − 02

Oryzalin Dinitroaniline-com-
pounds

1.45E − 1 2.69E − 02 1.09E + 1

Oxydemeton-methyl Organophosphorus-
compounds

2.42E + 01 2.40E + 00 1.29E + 03

Paraffin (C18–C30) Pesticide unspecified 4.02E − 4 5.2143E−05 0.00E + 00
Paraffin (C11–C25) Pesticide unspecified 2.33E − 3 6.33E−3 0.00E + 00
Pyridaben Pesticide unspecified 8.96E + 1 1.71E + 2 1.05E + 2



12  Using Life Cycle Analysis to Analyse the Environmental Performances … 237

Active ingredient Pesticide class CML 
aquatic tox

CML ter-
restrial tox

CML human 
tox

Phosmet Organophosphorus-
compounds

2.34E − 02 6.45E − 02 8.91E − 02

Pyrimethanil Acetamide-anillide-
compounds

1.03E + 02 4.03E + 00 8.46E + 00

Rotenone Pesticide unspecified 4.50E − 02 3.69E − 02 7.04E + 00
Spinosad Pesticide unspecified 3.65E − 01 3.58E − 02 2.20E − 01
Sulfur Pesticide unspecified 1.04E − 1 2.32E − 2 0.00E + 00
Thiacloprid Nitrile-compounds 4.64E − 03 1.00E − 03 1.37E + 00
Thiophanate-methyl [Thio]

Carbamate-compounds
2.63E − 01 2.44E − 02 2.15E + 00
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Abstract  The biggest mitigation potential of agriculture lies in soil carbon seques-
tration. The most promising practices for this, such as the use of legume leys and 
organic fertilisers, are common to organic agriculture, thus suggesting consider-
able mitigation potential for this farming system. However, mitigation in agricul-
ture needs to be assessed beyond the level of single farming practices. This is best 
illustrated with the issues of fertility management and animal husbandry. Optimisa-
tion of fertility management necessitates optimisation of the soil-fertiliser system 
as a whole and, thus, the assessment of the links between crop rotations, fertil-
iser types, tillage and soil carbon sequestration. Optimisation of animal husbandry 
requires a global view, accounting for life-cycle emissions of feed production. 
Feeding roughage leads to lower life-cycle emissions. Most effective, however, 
is a drastic reduction of the number of animals, which necessitates consideration 
of aspects beyond agriculture. Wider societal changes such as dietary changes to 
reduce meat consumption or behavioural changes to reduce wastage are necessary. 
Organic agriculture is well positioned to mitigate climate change in such a systemic 
context. However, addressing mitigation in agriculture leads to some change of 
thought in conventional agriculture. By acknowledging the essential role of soil car-
bon sequestration, for example, systemic ideas have gained increasing importance 
in conventional agriculture. This development should be used to move towards a 
global approach to sustainable systemic and multifunctional agriculture.
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13.1 � Climate Change Mitigation and Agriculture

Globally, greenhouse gas (GHG) emissions have to be cut or offset by more than 
50 % of the 1990 levels by 2050, i.e., more than by 60 % from the 2009 levels. 
Given that the largest share of these reductions should be borne by industrial coun-
tries, this amounts to reductions of 80–95 % from the 1990 levels by 2050 for those 
countries in question (Rogelj et  al. 2010a, b; den Elzen et  al. 2010; ENB 2010; 
Meinshausen et al. 2009; UNFCCC 2009, IPCC 2007; Schellnhuber et al. 2006; 
EC 2005). These reduction goals are motivated by the necessity to avoid “danger-
ous” climate change, which is largely defined as irreversible processes such as the 
meltdown of the polar ice caps, a shutdown of the Gulf Stream, high sea-level rises 
and other gradual effects with detrimental consequences for many nations. Avoid-
ing dangerous climate change requires preventing an increase in average global 
temperatures of over 2 °C by 2100. The emission reduction targets presented above 
would still lead to only a 50 % chance of keeping an increase in global warming to 
below 2 °C. This illustrates the truly drastic emission reduction efforts needed to 
achieve at least some results in mitigating climate change.

Agriculture accounts for 10–12 % of total global greenhouse gas emissions 
(Bellarby et  al. 2008). When including emissions from land-use change such as 
deforestation to gain additional cropland, this percentage rises to more than 30 %. 
Between 1990 and 2005, global agricultural nitrous oxide (N2O) and methane 
(CH4) emissions increased by 17 % and are expected to considerably rise further in 
a business-as-usual scenario (50 % by 2030) (Smith et al. 2007). The largest con-
tributions are therefore N2O emissions from fertilised soils (2.1  Gt CO2 equiva-
lents (CO2e)/yr), CH4 emissions from cattle enteric fermentation (1.8 Gt CO2e/yr) 
and CO2 emissions due to soil carbon losses from deforestation and other land-use 
change (5.9 ± 2.9 Gt CO2e/yr). Further contributions stem from the burning of bio-
mass waste and crop residues (0.7 Gt CO2e/yr, N2O and CH4) and rice cultivation 
(0.6 Gt CO2e/yr, methane). Finally, there are the N2O and CO2 emissions due to 
synthetic fertiliser production (0.4 Gt CO2e/yr, including energy use), CH4 and N2O 
emissions from manure management (0.4 Gt CO2e/yr) and CO2 emissions from fuel 
use for irrigation and farm machinery (0.5 Gt CO2e/yr). All estimates are from Bel-
larby et al. (2008) and refer to data modelled for 2005, based on 2000 and older data 
(USEPA 2006). These are also the ones used in the fourth assessment report of the 
Intergovernmental Panel on Climate Change (IPCC) (Smith et al. 2007). Framed 
differently, agriculture accounts for about 60 % of total global N2O emissions, 
about 50 % of CH4 emissions and 90 % of non-fossil fuel-related CO2 emissions 
(including land-use change and deforestation) (USEPA 2006). Thus, emissions 
from agriculture (including land-use change and deforestation) are second to emis-
sions from fossil energy use (the latter accounting for about 60 % of total global 
emissions) (USEPA 2006). Combining this data on the contribution of agriculture 
to global warming and the mitigation measures necessary to curb climate change to 
a tolerable level clearly shows that significant mitigation efforts in agriculture are 
unavoidable.
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In this review, we focus on the mitigation potential of organic agriculture and 
how it may be improved whenever possible. Despite the importance of climate 
change mitigation and the dominance of this issue in the political debate, it has to 
be kept in mind that agriculture is not primarily concerned with mitigation. Agricul-
ture is concerned with food production and food security. Furthermore, conserving 
production capacity, fertile soils, ecosystem health, water bodies, etc., is also of key 
importance. Socio-economic aspects are of similar importance, particularly in the 
Global South where a large percentage of the population directly depends on agri-
culture for their livelihoods. Agriculture thus needs to be concerned with sustain-
able food production in its entirety.

In approaching this issue, we first (Sect. 2) provide details on the mitigation po-
tential of agriculture and organic agriculture, in particular, and discuss how organic 
agriculture may further improve its mitigation potential. In Sect. 3, we point out 
the importance of a systemic approach to mitigation in agriculture. Sect. 4 draws 
some general conclusions, emphasizing the importance of going beyond sectorial 
boundaries when addressing mitigation in agriculture in order to account for the 
multifunctionality of agriculture and to rethink the framing of organic agriculture 
and its positioning in relation to conventional agriculture.

13.2 � Mitigation of Greenhouse Gas Emissions 
and Soil Carbon Sequestration in Agriculture

Mitigation in agriculture is usually linked to certain practices that can be employed 
in conventional and organic systems. Those practices are summarised in Table 13.1 
below. Assessments of the whole farming system are thus based on a presence or 
absence of these practices, and many of them are core aspects of organic agricul-
ture. However, they can also be used in conventional agriculture. We thus often 
only illustrate the mitigation potential of a certain practice and not the potential 
of organic in comparison to conventional agriculture. We structure this discussion 
by differentiating between the various GHGs and then discuss soil organic carbon 
(SOC) sequestration. A general overview on mitigation in agriculture is provided 
by Smith et al. (2008). An overview that specifically addresses mitigation in sus-
tainable agriculture, including policy aspects, is provided by Muller et al. (2011). 
Recent reviews on organic agriculture and climate change are provided by El-Hage 
Scialabba and Müller-Lindenlauf (2010) and Lynch et al. (2011), the latter focusing 
on energy use. We also point out that many of the mitigation needs identified for 
agriculture in the IPCC Fourth Assessment Report (2007) can be met by common 
practices of organic agriculture as outlined in Niggli et al. (2009).
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13.2.1 � Nitrous Oxide Emissions

Quantifying N2O emissions from agriculture is notoriously difficult. We can, 
however, have the most confidence in estimates of GHG emission reductions 
due to avoidance of synthetic fertiliser use in organic agriculture. Synthetic fer-
tiliser production is based on standardised industrial processes with correspond-
ingly standardised emissions and quantification. Nevertheless, emission factors 
from fertiliser production can vary considerably, even for the same chemicals 
(due to different plant efficiencies and abatement measures). Not using synthetic 
fertilisers thus contributes to a reduction of between 3 and 7.1 kg CO2e per kg N for 
ammonium nitrate and about a third of this for urea (Wood and Cowie 2004). This 
translates into per hectare numbers of synthetic fertiliser use of 0.05–0.35 t CO2e (for 
an application of 50 kg N/ha) to 0.25–1.75 t CO2e (for 250 kg N/ha). Emission fac-
tors for other fertilisers have ranges within the same order of magnitude. Transport 
emissions from these fertilisers need to be taken into account as well, but quantifica-
tion is difficult. Snyder et al. (2007) report somewhat higher values when transport 
is included (e.g., 9.7 kg CO2e per kg N for ammonium nitrate).

Avoiding the burning of biomass avoids the corresponding N2O (and methane) 
emissions from this incomplete and inefficient burning process. In organic agricul-
ture, burning of biomass waste and agricultural residues is prohibited, whereas it 
is common practice in conventional agriculture (e.g., pre-harvest burning of sugar 
cane and on-field burning of crop residues after harvest). Some quantification can 
be based on IPCC default values (0.06 and 0.02 t CO2e per t agricultural residues for 
N2O and methane, respectively) (IPCC 2006, vol. 4, Chap. 2). Besides its mitiga-
tion potential, avoiding the burning of biomass and agricultural waste has additional 
benefits regarding nutrient recycling since it can be used for compost production or 
mulching, thus replacing synthetic fertilisers.

The greatest contribution of N2O to overall GHG emissions is via N2O emissions 
from fertilised soils (Van Groenigen et al. 2010). Those emissions are the most diffi-
cult to quantify since they are highly dependent on local soil and weather conditions 
(temperature, precipitation, soil humidity and changes thereof, etc.), and optimal 
quantification would require continuous measurement (Bouwman et al. 2002). In 
addition, these emissions are highly dependent on the type of fertiliser applied, on 
soil characteristics, on crops planted and crop rotation characteristics, etc. Detailed 
information on how these parameters influence emissions, however, is lacking for 
many of these parameters, and default values are by far too coarse to adequately il-
lustrate the situation within a specific site. Depending on variations in these param-
eters, these emissions can vary by factors of 2 to 4 (Bouwman et al. 2002).

An important result is the fact that N2O emissions generally appear to correlate 
with nitrogen input. Reduced nitrogen input thus leads to reduced N2O emissions 
from fertilised soils. The meta-analysis of Bouwman et al. (2002) reveals that this 
effect is particularly pronounced when shifting from high nitrogen inputs to me-
dium levels. Rough translation of their emission values to CO2e results in 0.5  t 
CO2e/ha at 50–150 kg N input/ha to 2 t CO2e/ha at more than 250 kg N input/ha 
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(with 1 t CO2e/ha at 200 kg N input/ha, this corresponds to 1–2 % N2O-N from N 
inputs). The relationship is therefore not linear. The correlation between N input 
and N2O emissions is also the basis for the IPCC recommendation for a simplified 
global emission factor that does not differentiate between fertiliser type or any other 
characteristic and that is set at 1 % of the total nitrogen applied if more detailed in-
formation is lacking (IPCC 2006, vol. 4, Chap. 11; however, this factor also applies 
to N from legumes where the fixation process itself does not generate emissions). 
An average value of 1–2 % N2O-N from N inputs thus seems to be a reasonable 
emission factor from fertilised soils (see Petersen et al. 2006), but the spread and the 
dependence on other parameters are huge.

Since organic agriculture has lower nitrogen input levels than conventional ag-
riculture, it also has correspondingly lower N2O emission levels per ha. On the 
other hand, synthetic fertiliser application can also be optimised regarding the 
quantity applied, timing, type of fertiliser used and type of application (e.g., the 
“4R” approach: right source, rate, time, place) (IFA 2009). Due to the potential to 
control the nutrient release dynamics of synthetic fertilisers, such optimisation has 
considerable potential to lower the nitrogen applied in conventional agriculture. 
Canada and the US, for example, base N2O emission reduction strategies on this 
(GoA 2010; MSU-EPRI 2010). Finally, we point out that reducing N inputs cor-
relates with yield reductions. Assessing emissions on a per unit output basis, there 
is an optimum N input level where those emissions are lowest and yield reductions 
that further offset emission reductions from lower N inputs if calculated on a per 
output basis (Van Groenigen et al. 2010). It is another question, however, whether 
such an assessment per unit output is the adequate approach for comparing sustain-
able agricultural production systems (see Sect. 4).

Regarding fertiliser types, organic and ammonium-based synthetic fertilisers 
seem to have higher N2O emissions than nitrate-based synthetic fertilisers (Bouw-
man et al. 2002). Of particular interest for organic agriculture are emissions from 
compost and legumes. A recent case study from northern Italy (Alluvione et  al. 
2010), for example, indicates that emissions from compost use are by far lower (by 
a factor of more than 20) than emissions from legumes or synthetic fertiliser, for 
which they report similar emissions. The high emissions of legumes can be due to 
fast decomposition of the fresh plant residues incorporated in the soil. On the other 
hand, this study reports high CO2 emissions from compost application, which can 
be treated as zero since they are emissions resulting from renewable biomass use. 
It is, nevertheless, not clear how much N2O emission occurs during the composting 
process since this is highly dependent on the source material and process manage-
ment. Adding bulking material such as biochar or sawdust, for example, can reduce 
N2O emissions from optimal compost production (see, e.g., Dias et al. 2010). Glob-
al default emission values are available from the IPCC for composting (0.2 t CO2e/t 
waste treated on a dry weight basis and 0.1 t CO2e/t waste treated on a wet weight 
basis) (IPCC 2006, vol. 5, Chap. 4). However, for soil emissions, these values are 
subject to a high degree of uncertainty.

N2O emissions from soils are also influenced by management techniques. Heavy 
machinery and corresponding soil compaction increases N2O emissions (Bhandral 
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2007; Bouwman et al. 2002). In organic agriculture, because of the generally high 
organic matter content and biological activity, the soils are, in most cases, less com-
pacted than in conventional agriculture. On the other hand, high soil carbon con-
tents seem to correlate with higher N2O emissions (Bouwman et al. 2002; Li et al. 
2005), but a high degree of uncertainty still exists (Smith et al. 2008).

Finally, somewhat tangentially, we point out that some of the other emissions 
related to fertiliser application, namely CO2 emissions from urea application, may 
be quantifiable with less uncertainty than soil N2O emissions. They are given by the 
chemical characteristics of urea and amount to 0.7 t CO2e per t urea applied (IPCC 
2006, vol. 4, Chap. 11). Nevertheless, these emissions also depend, to some extent, 
on soil dynamics.

A general pattern governing emissions from organic matter such as compost (as 
well as manure and slurry) and in soils is the amount of available oxygen. For 
biomass under anaerobic conditions, nitrous emissions are negligible and poten-
tially large methane emissions occur, whereas the opposite tends to be true under 
aerobic conditions. Aeration decreases and even eliminates methane emissions, 
while it tends to increase N2O emissions. This trade-off is relevant for manure and 
slurry management, in particular, where methane-avoidance practices can lead to 
increased N2O emissions (see Sect. 2.2. below). It is not important for manure ap-
plication, although when methane emissions are low, creating an aerobic situation, 
techniques such as the use of drag hoses can considerably reduce N2O emissions 
(Lovanh et al. 2010).

To sum up, we emphasize the following points. Avoided the burning of biomass 
waste in organic systems clearly reduces N2O emissions, while biomass burning is 
widely used in conventional systems in the Global South. The avoidance of syn-
thetic fertilisers in organic agriculture also leads to reduced emissions. On the other 
hand, the emissions from organic fertilisers and legume incorporation should in-
stead be quantified on a life-cycle basis for an encompassing emission assessment 
for all fertiliser types. Reduced nitrogen inputs clearly lead to lower emissions from 
soils, and organic farms tend to have lower nitrogen inputs and, thus, additional 
mitigation benefits. Nitrogen application on conventional farms is, however, con-
tinuously optimised with corresponding emission reductions. In consequence, the 
relative advantage of organic agriculture with regard to N2O emissions from fertile 
soils tends to be reductive.

13.2.2 � Methane Emissions

The processes that lead to methane emissions in agriculture are usually somewhat 
simpler to describe and less dependent on local and short-term variations than those 
for N2O emissions. As for N2O, burning of biomass waste and crop residues is a 
source of methane emissions and by avoiding it, we also avoid the corresponding 
emissions (see above).

Most important, however, is enteric fermentation in ruminants. Reduction of 
these emissions is possible by using feed additives, by optimising the composition 
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and type of feed, by increasing the longevity and productivity of the animals, or by 
reducing the number of animals. Feed additives also require further research regard-
ing their effectiveness and, in particular, regarding their effects on animal health.

There are some technically promising feed additives such as fatty acids. Add-
ing 4–5 % of lipids to the feed, for example, can reduce emissions by 15–20 % and 
even considerably more (Martin et al. 2010). Another positive effect of this addition 
is to increase the content in omega-3 fatty acid of dairy products and meat. Such 
additions may reduce feed digestibility and thus productivity, and the economic 
viability, as well as the long-term effects on animal welfare, still need to be investi-
gated (Sejian et al. 2010). Feed additives that have the characteristics of antibiotics 
or other drugs are clearly problematic. For a short overview of some options, see 
Smith et al. (2008).

The type of feed provided (concentrate feed vs. roughage) has a considerable 
effect on emissions (Shibata and Terada 2010), resulting in a third less emissions 
from high concentrate than from roughage-rich feed, which seemingly puts organic 
agriculture at a disadvantage. However, this issue has to be addressed on a global 
scale. The production of some concentrate feed, mainly soy cake, goes hand-in-
hand with heavy land-use change and deforestation in the tropics for the production 
of soy, thus leading to huge carbon losses from the corresponding soils and forests 
that can offset the reductions in methane emissions from enteric fermentation due 
to concentrate feed (Hörtenhuber et al. 2010).

Another mitigation approach is based on specific breeding goals. An option is 
to increase the longevity of dairy animals, thus shortening the unproductive in re-
lation to the productive phase and reducing the emissions per litre of milk. As the 
estimate of O’Mara (2004) shows, this can reduce emissions by 13 % following a 
doubling of the average number of lactations from 2.5 to 5. There is also the op-
tion to use other cattle races that can deliver both milk and meat (so called dual-
purpose breeds), thus reducing emissions per kg output by considerably increasing 
output per animal (since both meat and milk can be used). Both these options can be 
carried out without adverse effects on animal welfare, and they ideally fit organic 
production systems. However, for both options, further research is needed. Another 
option is to further increase productivity of the animals. This would clearly lead 
to emission reductions per litre of milk and per kg of meat, but would also lead to 
further increased health problems for the animals, which are already bred to a level 
of specialisation that considerably interferes with animal welfare.

The most effective and sustainable measure thus remains a reduction in the num-
ber of ruminant animals. This clearly means a reduction in consumption of meat 
and dairy products and thus touches on considerations beyond the agricultural pro-
duction sector, necessitating changing consumption patterns. Nevertheless, given 
the huge reduction potential of this strategy (e.g., the emission of 1 kg CO2e al-
lows the production of 160 g whole wheat protein but of only 10 g beef protein) 
(Carlsson-Kanyama and Gonzalez 2009), the absence of problems related to animal 
welfare and the effects it would have on land use and deforestation, this issue must 
be addressed in terms of mitigation in agriculture. A reduction of animal numbers 
is very well possible in organic agriculture where stocking rates per ha tend to 
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be lower than in conventional agriculture. Optimised mixed farming systems that 
combine crop production and grazing with animal husbandry have considerable po-
tential for closed nutrient cycles. Specifically, it has been found that a well-managed 
combined animal-grassland system can be essentially climate-neutral (Soussana 
et al. 2010; Lynch et al. 2005).

In contrast to ruminants,monogastric animals (mainly pigs and poultry) do not 
emit methane by enteric fermentation but only from the fermentation of manure. 
Emissions per kg of meat are therefore considerably lower (Gonzalez et al. 2011). 
Moreover, they are much more efficient than ruminants for transforming plant pro-
tein into animal protein. Ruminants have to eat about 25  kg of plant protein to 
produce 1 kg of meat protein, whereas pigs need about 10 kg and poultry around 
5 kg (Smil 2002). On the other hand, monogastric animals cannot digest roughage 
and mainly eat concentrate feed like grain and soy cake, which leads to N2O emis-
sions during production and potential soil carbon losses if deforestation for land-use 
change is involved.

As already mentioned above, there is some mitigation potential in manure man-
agement regarding collection, storage and application. Methane emissions mainly 
stem from the storage phase. The trade-off mentioned above between aeration as a 
treatment to reduce methane emissions and N2O emissions that increase with aera-
tion is seen in solid manure, for example, where composted, aerated manure has 
lower emissions than stacked manure (less methane by a factor of 5 but 1.5 times 
more N2O, leading to a total reduction of 1/3) (Pattey et al. 2005). This pattern also 
applies to liquid manure where methane emissions can be drastically reduced by 
aerobic treatment, whereas this can strongly increase the emission of N2O (IPCC 
2006, vol. 4, Chap. 10). Optimised systems can, however, considerably reduce both 
methane and N2O. Vanotti et al. (2008), for example, describe pit storage of liquid 
swine manure in comparison to separation, composting of the solid part and sequen-
tial aeration of the liquid part, which reduces methane emissions by almost 100 % 
and N2O emissions by 75 %. When assessing such emission factors, it also has to be 
kept in mind that the processes in manure are highly complex and depend on many 
specific situation parameters such as temperature, etc. (IPCC 2006, vol. 4, Chap. 10).

Techniques using methane capture with subsequent flaring or biogas use are 
most promising to reduce these emissions. Since anaerobic conditions are main-
tained, no additional N2O emissions occur.

Finally, we mention wet rice as a specific single important crop for methane 
emissions. Rice is usually grown in flooded conditions due to weed management 
advantages. Permanently flooded rice leads to methane emissions through the an-
aerobic microbiological decomposition of soil organic matter from the flooded soils. 
This is a particular challenge for organic agriculture where only organic fertilisers 
are applied. An option to reduce these emissions is the switch to temporary flooding 
where the reliable quantification of the mitigation potential requires additional mea-
surements and research, particularly since N2O emissions will increase in partially 
flooded systems (Wassmann et al. 2000; Wassmann and Dobermann 2006). More 
research is also needed on how such partially flooded systems perform in organic 
agriculture and, in particular, on optimal pest and weed management.
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The above can be summed up as follows. Avoiding biomass burning reduces 
methane emissions. The potential for optimised manure management, storage and 
application is still subject to uncertainty, in particular due to the trade-offs between 
methane and N2O emissions. Optimised systems with net reductions nevertheless 
seem possible. A reduction is clearly achieved by capturing methane and using it as 
biogas. For direct animal emissions, a clear reduction per unit land area is achieved 
by reducing the number of animals. Some other mitigation options such as certain 
feed additives and productivity increases are not applicable in part in organic farm-
ing or of only limited effect if interference with animal welfare is avoided. Other 
additives seem technically promising, but more research is needed, in particular, on 
their economic viability. When adopting a global view or life cycle analysis (LCA) 
approach that includes not only direct methane emissions but land-use change and 
deforestation as well, the use of roughage for feed clearly reduces emissions com-
pared to concentrate feed.

13.2.3 � CO2 Emissions

Most important are CO2 emissions from land-use change. Due to their relation to 
soil carbon sequestration, they will be covered in the next subsection. The other 
direct CO2 emissions mainly accrue from fossil fuel consumption for machinery use 
and irrigation and heated greenhouses, and constitute about 10 % of total direct agri-
cultural emissions (Bellarby et al. 2008). Besides the emissions due to heated green-
houses, which are restricted in some organic standards (e.g., BioSuisse or KRAV, 
under discussion in the EU organic standard), these emissions are similar for both 
organic and conventional agriculture and can be reduced through increased energy 
efficiency of the machines, their optimised use (e.g., adequate engine power, lower 
speed on the field, optimised tyre pressure, etc.) and conservation tillage. Higher 
organic matter contents in organically managed soils increase water holding capac-
ity and can thus lead to reduced irrigation needs. Soils also tend to be less heavy 
with corresponding lower energy requirements for tillage. Mondelaers et al. (2009), 
Gomiero et al. (2011) and Schader et al. (2011) present recent detailed compilations 
of the environmental performance of organic farming.

On the other hand, less effective pest control can increase machinery use in or-
ganic farming in the event that more spray cycles are needed than for a chemical 
pesticide (e.g., for non-resistant apples or grapes). However, increased machinery 
use for pest control may be avoided by cropping pest-resistant varieties. Clearly, en-
ergy use is highly dependent on the specific aspects of the cropping system (crops, 
intensity, etc.).

Some mitigation potential can also be achieved by renewable energy provision 
where this seems to be a promising option (e.g., biogas, solar heat and electricity 
from large roof areas, windmills, etc.), and by increasing the energy efficiency of 
buildings (e.g., through improved insulation).

As with N2O, the absence of synthetic fertilisers in organic agriculture does away 
with the corresponding emissions from their production and, in the case of urea, 
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from their application (see above). CO2 emissions from organic fertilisers can be 
treated as zero since they are sourced from renewable biomass. Synthetic pesti-
cides and herbicides are not used and the corresponding emissions from the produc-
tion process therefore do not arise. For a thorough assessment, life-cycle emissions 
of the products used in organic agriculture (e.g., aeration and shifting of compost 
windrows) would, however, have to be weighed against those avoided emissions.

13.2.4 � Soil Carbon Sequestration

The most important contribution to mitigation in agriculture stems from soil carbon 
sequestration. The global biophysical potential is estimated at 5–5.5 Gt CO2e/y by 
2030. It would be possible to achieve 3.5–4 Gt CO2e/y at a cost of up to $ 100/t CO2e 
(based on Smith et al. 2008), but a high degree of uncertainty exists. Soil carbon 
sequestration is directly linked to the build-up of soil organic matter and the avoid-
ance of losses through erosion. It can be promoted by various agricultural practices 
such as application of organic instead of chemical fertilisers, use of optimised crop 
rotations, use of legumes and reduced tillage (Smith et al. 2008). The soil carbon 
levels that can be reached also depend on land use, prior history of management and 
a soil’s carbon saturation capacity. Pastures store much more carbon in the soil than 
croplands, for example (Guo and Gifford 2002), and agroforestry systems also have 
a high potential for soil—and biomass—carbon sequestration per ha and year (e.g., 
on the order of 3–8 t CO2e/ha/y in soil carbon, as reported in Mutuo et al. 2005 or 
Albrecht and Kandji 2003).

In principle, soil carbon can be increased both in organic and in conventional 
agriculture. Due to the underlying processes and given the advantageous practices 
just listed, maintaining and increasing soil carbon is an integral part of organic ag-
riculture with its focus on soil fertility and soil organic matter build-up and where 
these practices just listed are common. It is, by far, less in line with conventional 
agriculture where synthetic fertiliser use, soil compaction, erosion and monocul-
tures instead reduce soil fertility and soil carbon stocks over the years (Matson et al. 
1997; for statistics on soil carbon losses, see Lal 2004).

When comparing soil carbon sequestration figures, it is important to note that 
the processes involved follow a saturation dynamic. Soil carbon sequestration does 
not continue forever but levels off at an equilibrium after some decades. Thus, the 
mitigation from soil carbon sequestration primarily helps to gain time for other 
mitigation measures, e.g., those related to fossil energy use. Without changes in 
global emissions, the annual mitigation effect from soil carbon sequestration will be 
lost after the new, saturated equilibrium of carbon stocks in soils is reached. In ad-
dition, soil carbon sequestration is a reversible process, and changing management 
practices after some decades can lead to fast release of all the carbon previously 
sequestered. This directly links soil carbon sequestration to the CO2 emissions from 
land-use change and deforestation. A huge potential of soil carbon sequestration 
lies in the reversion of these losses through optimised land-use change, reduced 
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deforestation and increased afforestation and reforestation. As mentioned above, 
this is closely linked to the animal sector and production of concentrate feed.

Based on reviews of field comparisons between organic and conventional farm-
ing, an additional soil carbon sequestration rate of 2–4  t CO2e/ha/yr for organic 
agriculture can be identified (Soil Association 2009). This study has methodologi-
cal drawbacks, though, as it is based only on concentrations and does not report 
or try to account for missing carbon stock data. Research at FiBL based on soil 
carbon stock data are more moderate (1–1.7 t CO2e/ha/yr) but point in the same 
direction (Gattinger et al. 2012). This study assesses soil carbon sequestration in 
organic compared to conventional agriculture on the basis of a meta-analysis of 
all available pair-wise field trial data, also combining it with statistical analysis to 
identify the main drivers of the differences. Regrettably, data is almost exclusively 
available for temperate zones only. In addition, data on soil bulk densities, which 
are necessary to calculate the carbon stocks in soils, as well as data on fertiliser use, 
are often incomplete. The meta-analysis, however, collects adequate proxy data for 
these parameters from other sources. Results show that the use of organic fertilis-
ers such as compost and diverse crop rotations, particularly including legume leys, 
are important factors for higher soil carbon levels. The importance of organic fer-
tilisers is also shown by Leifeld and Fuhrer (2010) who assess field comparisons 
and report no difference between organic and conventional treatments but, instead, 
significant differences between treatments that use organic fertiliser and those that 
do not. This study also has drawbacks since it is based on descriptive statistics only 
(comparisons of mean values) and does not systematically assess the influence of 
other key factors. Furthermore, data on fertiliser use is not detailed enough to thor-
oughly evaluate their results.

Due to the importance for organic agriculture, the role of crop rotations needs 
to be investigated in detail. This was addressed in West and Post (2002), for exam-
ple. Based on a meta-analysis, they found an increased sequestration of about 0.8 t 
CO2e/ha/y for more complex crop rotations, compared to monocultures.

There are proposals for some specific practices to increase soil carbon sequestra-
tion in conventional agriculture as well. The most well known is referred to as no-
till agriculture. Results are, however, mixed and no clear soil carbon level increases 
can be identified on the basis of changes in the whole soil profile (Gattinger et al. 
2011). In no-till agriculture, sequestration seems to predominantly occur in the top 
soil level (0–15 cm) (West and Post 2002), and taking this into account only leads 
to an overly optimistic assessment. It is unclear how reduced and no-till techniques 
affect N2O emissions. They may even increase under reduced tillage (Smith et al. 
2008). The interplay of no-till with complex crop rotations nevertheless seems posi-
tive (West and Post 2002). For organic agriculture, reduced tillage could be an op-
tion, given that weeds and diseases can be controlled (Peigne et al. 2007). Another 
option increasingly discussed is biochar (Sohi et al. 2009). For a detailed assess-
ment, more research on its effects on soil fertility, water retention capacity, soil N2O 
emissions, etc., is required. It is also necessary to ensure that emissions during the 
pyrolysis stage of its production are minimised. Research on the use of biochar in 
organic agriculture has only recently begun.
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To summarise, the biggest potential for improved mitigation performance of or-
ganic vs. conventional agriculture lies in soil carbon sequestration. Common organ-
ic agriculture practices such as organic fertilisers and crop rotations and their focus 
on soil fertility have a direct positive effect on soil carbon. As already mentioned, 
a big potential for increased soil carbon levels lies in the avoidance of land-use 
change and deforestation in the context of feed production for animals. This is not 
specific to organic agriculture and is directly linked to aspects well beyond agri-
cultural production, in particular, sustainable consumption patterns. Still, a largely 
open question remains, that of the interplay of soil carbon sequestration and N2O 
emission reduction practices, where there is some indication that there could be a 
trade-off since increased soil carbon levels seem to correlate with higher N2O emis-
sions (see Sect. 2.1).

13.3 � How to Further Improve the Mitigation 
Performance of Organic Agriculture

The previous section suggests measures for improvement of organic agriculture 
at different levels (see MacRae et al. 2010; Niggli et al. 2009; El-Hage Scialabba 
and Müller-Lindenlauf 2010). First, there is the level of specific farming practices. 
There are many practices available and widely used in organic agriculture that are 
already climate-friendly but that can still be refined and optimised (e.g., organic 
fertiliser use, crop rotations, animal longevity and combined meat and milk produc-
tion, and pest-resistant crop varieties). Then, there are some proven climate-friendly 
practices (e.g., certain feed additives, additives to manure and compost, and agro-
forestry) and some practices that probably are climate-friendly (e.g., biochar and 
conservation tillage), which are developed in conventional agriculture and could be 
adopted in organic agriculture as well. Some of these practices can still be refined 
and need more research. Current research is focused on improving single farming 
practices and the results will provide important input for improving organic agricul-
ture. When adopting this approach, it is important not to neglect the key character-
istic of organic agriculture, which is its systemic approach.

This is better captured in the second level of improvements that address whole 
systems of interrelated farming practices. Two issues are of primary importance, 
fertilisers and animal husbandry.

The optimisation of organic fertilisers beyond single management practice ap-
proaches necessitates the assessment of the different links between fertiliser types, 
crop rotations, tillage and soil carbon sequestration. This aims at an optimisation of 
the soil-fertiliser system as a whole, not only addressing the optimisation potential 
in each of its key parts but also including the optimisation potential in key links 
between them. The prime challenge to be addressed is the tendency of increased 
N2O emissions due to increased soil carbon sequestration and how the combined 
mitigation potential can be maximised. This is not adequately accounted for by in-
vestigating soil N2O emissions and soil carbon sequestration rates of specific prac-
tices separately.
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It is also important to evaluate the improvements being studied in conventional 
agriculture. Fertiliser use optimisation is currently being promoted via the 4R ap-
proach (“right source, rate, time, place”) and the development of delayed nutrient 
release fertilisers, which aims at the reduction of overall fertilisation rates. Due 
to the characteristics of organic fertilisers, their use cannot parallel these develop-
ments, but it must essentially also aim at stabilising nutrient addition (both C and 
N) to the soil to avoid losses and to achieve this in such a way that the nutrients are 
available for the plant on demand.

In the case of animal husbandry, it is of prime importance that total emissions 
are assessed on a global level, covering the whole life cycle of feed production and 
direct animal emissions. Less concentrate feed on organic animal farms leads to 
higher direct emissions, but this is mitigated due to reduced soil carbon losses in the 
source regions of the feed. The most effective mitigation measure is a drastic reduc-
tion of the number of animals. The remaining meat production could then also be 
mainly free of concentrate feed and be largely based on grazing. This can have an 
additional benefit of increased soil carbon sequestration in these areas. The reduced 
number of animals could be combined with optimal stocking rates on the remaining 
pastures. Such systems can even be carbon neutral (Soussana et al. 2010). Carrying 
out these types of measures in mixed farming systems whenever possible would 
optimally go in line with organic agriculture where manure is an important nitrogen 
source.

13.4 � Conclusions

Although improving certain practices and systems of practices in organic agricul-
ture has considerable mitigation potential, a broader view needs to be taken when 
addressing mitigation in organic agriculture. We develop this argument in drawing 
the following five conclusions from the previous sections.

First, systemic aspects of agriculture gain in importance while addressing miti-
gation options. This is an advantage for organic agriculture, with its strong systemic 
approach, while conventional agriculture often tends to focus on specific, restricted 
measures only, without adopting a systemic approach.

Second, the system boundaries have to be drawn well beyond sectorial boundar-
ies and on a global scale. This is best illustrated with meat production, where total 
emissions have to be assessed on a global life-cycle analysis of feed production and 
direct animal emissions, and where the most effective mitigation measure, namely a 
reduction in animal numbers, can only be carried out with changes in consumption 
patterns. Likewise, changing consumption patterns is important for the promotion 
of pest- and disease-resistant crop varieties in organic agriculture since such vari-
eties often lack consumer acceptance, although taste and other characteristics are 
increasingly on par with traditional varieties. The mitigation potential of resistant 
varieties lies in reduced machinery use for spraying. Buying regional and at the 
same time seasonal food would be another aspect where consumer behaviour is 
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crucial. This action could reduce transport emissions and avoid the use of heated 
greenhouses.

Third, the point of meat production is also important with regard to food secu-
rity since the reduction of meat production decreases the pressure on agricultural 
land. Currently, 30 % of cropland is used to produce feed for animals, which has a 
low productivity level in terms of nutrient and caloric value production for humans 
(Carlsson-Kanyama and Gonzalez 2009; Eshel and Martin 2006). Changing this 
would decrease the pressure of ever-increasing productivity on agricultural land for 
food production and strongly reduce the contribution of food to global warming as 
well. Food security is not threatened by the lower average productivity of organic 
agriculture in many crops when compared to intensive conventional agriculture (0–
20 % lower in developed countries, depending on crop type, with an average of 8 %, 
and higher in developing countries where conventional agriculture is less intensive 
and optimised) (Badgley et  al. 2007; Pretty et  al. 2006; UNEP-UNCTAD 2008; 
FAO 2007). It is instead threatened by the huge amount of fertile land not available 
for food production since it is used to grow animal feed, and by the 30–40 % of 
end produce that is globally lost through wastage and storage losses (Godfray et al. 
2010). This means, however, that switching to organic agriculture without changing 
these other aspects is not an optimal solution.

Fourth, the lower yields play a crucial role when comparing emissions per kg of 
produce. The potentially lower per ha emissions of organic agriculture in compari-
son to intensive conventional systems can be offset by lower yields, thus leading 
to similar or higher emissions per kg of produce. Emissions per kg of produce are 
increasingly gaining in importance to distinguish climate-friendly products. These 
numbers are based on standardised life-cycle assessments and are thus subject to the 
same uncertainties of agricultural production as mentioned above in Sect. 2. Never-
theless, for a sustainable agricultural production system, greenhouse gas emissions 
per kg of produce are only one of the many other indicators and, by far, not neces-
sarily the most important one. Focusing on this indicator is not compatible with a 
systemic approach to sustainable agriculture.

It is thus important not to be concerned with improving the performance of or-
ganic agriculture alone regarding emissions per kg of output, although such im-
provements can clearly be an aim as well. The first aim should be to develop a 
sustainable agricultural production system that ensures food security for the present 
and the future generations. This should be as climate-friendly as possible, but miti-
gation is only one aspect among many others that comprise the multifunctionality 
of agriculture, including climate change adaptation, soil fertility, phosphorus and 
nitrogen recycling and water management.

Taking this argument further leads to the fifth and most important conclusion. Al-
though common organic practices have a potential to be climate-friendly, improved 
conventional systems employing some of the practices common in organic agri-
culture or employing practices and guidelines related to those (e.g., using organic 
fertilisers and optimised crop rotations) may lead to similar emission levels, in 
particular on a per kg of output basis. The key approaches to mitigation in conven-
tional agriculture focus on soil carbon sequestration, fertiliser efficiency and animal 
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husbandry. In particular, as a result of soil carbon sequestration, systemic ideas have 
thus gained increasing importance in conventional agriculture. This development 
should be used to slowly move towards a global approach to sustainable systemic 
agriculture beyond the organic vs. conventional divide. Clearly, organic agriculture 
must not compromise many of its core aspects, and within the context of a unified 
sustainable agriculture, conventional agriculture would most likely have to move 
much further towards organic agriculture than the other way round. Similarly, how-
ever, since conventional agriculture acknowledges the potential of several aspects 
of organic agriculture in the context of climate change mitigation (Smith et al. 2007, 
2008), organic agriculture may also adopt some aspects of conventional agriculture. 
Examples could be limited to the use of chemical fertilisers in nutrient-deficient 
contexts or the moderate use of certain conventional biocides.

Such suggestions clearly challenge the basic understanding of organic agricul-
ture, but some modernisation of organic agriculture is needed and climate change 
mitigation is an ideal approach for this. Organic agriculture was originally devel-
oped to address certain environmental and ethical problems raised by industrialised 
agriculture and was optimised to resolve these problems. Climate change mitigation 
was not a concern when organic agriculture was at the developmental stage. Now, 
however, climate change mitigation is a key global concern but is not related to 
this defining basis of organic agriculture. It forces both organic and conventional 
agriculture to provide answers—and neither system is currently optimised for miti-
gation. Due to its principles, organic agriculture has some intrinsic advantages re-
garding mitigation, but conventional agriculture takes up some of these principles 
and improves its performance in such a way that the differences between organic 
and conventional agriculture diminish when compared in terms of their mitigation 
benefits. There is nothing “exclusively organic” about mitigation in agriculture (see 
Table 13.1), and the mitigation potential is also only one of the many parameters 
that determine a sustainable multifunctional agriculture.
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Abstract  Organic farming promotes animal husbandry practices that consider the 
welfare of the animals on the farm. The concept of animal welfare and the standards 
that should encompass this concept have in many cases been largely generalised in 
practice, which leaves relevant aspects of animal freedom or capabilities insuffi-
ciently addressed. This chapter puts forth the prospect that the capabilities approach 
offers an appropriate practical platform by which to improve welfare in farm ani-
mals by meeting a wider range of their natural needs and abilities. The capabilities 
approach coupled with effective health planning could foster organic husbandry 
towards a more acceptable production system for farmers and consumers alike.

Keywords  Welfare · Animal liberty · Animal capabilities · Organic husbandry

14.1 � Introduction

Animal welfare is a much debated, and often highly emotive topic. Many differ-
ent views can be taken when considering how to best provide our animals with 
ethically-just living conditions to meet their needs. In some ways, it is our immedi-
ate sympathy and compassion for nonhuman animals that has driven the notion of 
creating just relations between humans and animals, and ensuring that animals live 
lives that are worth living from their own perspective. On the other hand, we cannot 
rely on sympathy alone to bring about conscientious change. With the increased in-
dustrialisation of farming, research and scientific facts are needed to support ethical 
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decision-making. The aim of this chapter is to discuss the reality of animal welfare 
on organic farms today, as a function of evidence and knowledge.

Deepening our scientific knowledge of animal welfare provides greater support 
for the deserved moral status of the animals. Several practical methods for assess-
ing animal welfare have already been developed and implemented in the field (see 
Veissier et al. 2012). It is beyond the scope of this chapter to discuss them in detail. 
Instead, this chapter evaluates the extent to which current organic principles, as pro-
posed by the IFOAM (International Federation of Organic Movements 2012), meet 
the animal welfare standards as laid out in two different concepts, the five freedoms 
and the capabilities of animals.

14.2 � The Five Freedoms: Ideal States for Welfare?

The five freedoms were developed to account for both the physical and psychologi-
cal well-being of the animal which, taken together, define animal welfare. These 
were proposed as ‘ideal states’ to work towards rather than standards of acceptable 
(minimum) levels of welfare. They were intended to provide a framework for wel-
fare analysis for animals on the farm, in transit, at market or at the place of slaughter 
(Farm animal Welfare Council: fawc.org accessed 03/04/12). The five freedoms 
include:

1.	 Freedom from Hunger and Thirst—by sufficient access to fresh water and a diet 
to maintain full health and vigour.

2.	 Freedom from Discomfort—by providing an appropriate environment including 
shelter and a comfortable resting area.

3.	 Freedom from Pain, Injury or Disease—by health promotion, disease prevention 
and relevant immediate intervention in the event of any condition that causes 
pain, injury or disease.

4.	 Freedom to Express Normal Behaviour—by providing sufficient space, proper 
facilities and company of the animal’s own kind.

5.	 Freedom from Fear and Distress—by ensuring conditions and handling that min-
imise mental or emotional suffering.

Certain elements of the five freedoms may be at odds with organic animal husbandry. 
Firstly, the five freedoms most likely challenge the cultural values or personal opin-
ions of the farmer or their respective society (Tague 2010). Farmers values concern-
ing nature (Kaltoft 1999) are particularly important as they translate into choices 
made in husbandry (i.e., whether to be an organic producer, whether to sell their 
products directly to consumers or not). Secondly, fulfilling the five freedoms may 
not be conducive to the most economically profitable options in the short term. And 
lastly, the five freedoms may present a conflict of interest within the organic system 
itself. For example, under European organic legislation, the use of chemical sub-
stances is limited, with one exception, anthelmintics. However, the same legislation 
further states that responsible action should be taken to prevent animal suffering in 
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cases of disease where the use of efficient drugs is then recommended. Yet, accord-
ing to American organic legislation, the animals cannot be sold as organic if they 
have been treated with antibiotics, which thereby discourages the use of medical 
treatment and instead encourages health promotion on a very radical level. It is 
paramount that animals that require treatment should receive it in a qualified way. 
It is also important that animals are not only treated for disease alone, but that bet-
ter health is also promoted, e.g., through supportive feed, adequate rest and com-
fort, etc. Efforts to minimise antibiotics should be based solely on the promotion 
of animal health and welfare to thereby remove the need for treatment. Research 
has shown that regulations and goals focusing on minimising antibiotic treatment 
can support the emphasis on health and welfare promotion (Ivemeyer et al. 2012; 
Bennedsgaard et al. 2010), which will also minimise the risk of suffering. This will 
be discussed below.

14.3 � Organic Agriculture Principles in Relation to Welfare

Organic agriculture is based on four principles (IFOAM 2012): health, ecology, 
fairness and care.

Health is the wholeness and integrity of living systems. It is not simply the absence of ill-
ness, but the maintenance of physical, mental, social and ecological well-being. Immunity, 
resilience and regeneration are key characteristics of health. Organic agriculture should 
avoid the use of fertilisers, pesticides, animal drugs and food additives that may have 
adverse health effects.

This health principle is directly linked to the five freedoms, especially the freedoms 
of avoiding pain, suffering, disease, and discomfort: it is at all times important to 
keep the animal in a healthy state that enables it to resist diseases and be supported 
mentally, emotionally and physically.

The principle of ecology emphasizes that ‘Organic Agriculture should be based 
on living ecological systems and cycles, to work with them, to emulate them and to 
help to sustain them’. Animals are part of farming systems and they should contrib-
ute to a well-balanced system where feed and manure circulate, and where space 
and production is in harmony with what the soil and the rest of the farm can pro-
duce in a way that is sustainable from an environmental, social, institutional and 
economic point of view.

The principle of fairness promotes a type of agriculture that is built on ‘relation-
ships that ensure fairness with regards to the common environment and life oppor-
tunities’. This principle stresses that animals should be provided with the conditions 
and opportunities of life that accord with their physiology, natural behaviour and 
well-being. This means that the animal should not be pushed to exceed its capabili-
ties in any way, physically, physiologically, mentally or emotionally. It emphasizes 
the need to ensure that the animals are given an environment in which they can 
live in dignity and in accordance with their needs. An example to illustrate a lack 
of fairness is the farming of bees, which are maintained in difficult monocultural 
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landscapes, with minimal flowering plants for a relatively short period, thus push-
ing the bees to exceed their physical and physiological capabilities.

The principle of care stipulates that ‘Organic Agriculture should be managed 
in a responsible manner to protect the health and well-being of current and future 
generations and the environment’. It also directs us to not bring animals into life 
situations that cannot be adequately managed. This principle may describe most 
directly the human role towards organic animals. It addresses the responsibility 
of the farmers and of those who take responsibility for animals, to provide a care 
system that allows the animals to live their lives as close to their respective ‘nature’ 
as possible. This refers to the animals’ ability to perform natural behaviours, to 
access food that meets their physiological needs and in all ways, to be the animals 
that nature intended, as far as can be done under farming conditions. Achieving this 
principle relies upon human understanding of the animals and their natural needs, 
as well as sound judgment on when human intervention is necessary and what the 
appropriate measures to employ would be (Vaarst and Alroe 2012). This requires 
skill, knowledge and careful observation. It is important to stress that in the case 
of disease, relevant action can include the provision of special care and support 
as well as administration of the necessary and appropriate treatment. Lund et al. 
(2004) described this as a mutual ethical contract between human (care) and animal 
(production), which eventually comes to an unavoidable ‘natural end’ at slaughter.

The human responsibility to manage animals well and to ensure their health and 
welfare can incorporate expertise from varying points of view. Science can play an 
effective and supportive role in making ethical judgements. In turn, this can influ-
ence the future development of organic livestock farming to continuously strive 
towards improved standards of animal health, consumer safety and ecological and 
environmental sustainability. Yet, these ethical decisions cannot be made on the 
basis of science alone. Valuable solutions can also be found in the accumulated wis-
dom of farmers, agricultural workers and veterinarians, as well as in traditions and 
indigenous knowledge tested and experienced over time. For the animals to benefit 
from this combined knowledge, continual exchange and development is necessary. 
Theoretically, the implementation of these four principles should indirectly ensure 
that the five freedoms are met. Animal welfare and the ethics of organic husbandry 
have been described (Verhoog et al. 2004) and discussed at length in numerous ar-
ticles and books. However, many of these have also referred to elements of discord 
that can arise from applying ethical approaches to everyday farming, often resulting 
in compromises. Porcher (2014, in this book) highlighted the difficulty that many 
farmers have in maintaining their organic standards:

This applies mainly to the transport and slaughtering of animals, the choice of breeds, the 
specifications and, more broadly, the utilitarian and economic paradigm underlying organic 
animal husbandry.

Porcher expresses her concern that the animals, as sentient beings, have become the 
forgotten partners in the contract of organic agriculture. Thus, although the ideals 
of organic animal welfare and the ideals of the five freedoms first appear aligned, 
the application and guidance provided by these two ‘sets of principles’ cannot be 
expected to—in any way—be a guarantee for good animal welfare.
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Welfare limitations can be viewed in the light of animal rights. We will thereby 
explore to what extent animal rights are covered in the five freedoms, and if they are 
met in an organic animal husbandry. We will also examine how the five freedoms 
hold up in relation to the capabilities approach, a concept that goes beyond basic 
survival to characterise those aspects required to attain a ‘quality of life’ as initially 
described for humans by Sen (2005), and others. To note, we assume that the free-
doms relating to ‘no hunger or thirst’ and ’provide shelter and a comfortable resting 
area’ are such evident basic needs that we do not pay specific attention to them.

14.4 � Animal Rights and Welfare

The rationale behind animal welfare stems from findings that animals are sentient 
beings, with the ability to experience both pleasure and pain. This broke with the 
previously held view that humans were above animals and, therefore, have special 
inherent ‘rights’ (speciesism). When all human and nonhuman animals are capable 
of suffering, all should be worthy of equal consideration and rights. A central argu-
ment in Singer’s book, ‘Animal Liberation’, published in 1975, is an expansion 
of the utilitarian idea in that “the greatest good of the greatest number” is the only 
measure of welfare and, therefore, the only valid guide to ethical behaviour. Al-
though Singer belonged to the movement that promoted humaneness and respect 
for animal life and welfare, he does not raise specific concern about eating animals 
or using animals for work, insofar as they are raised and killed in a way that does 
not involve fear, pain and suffering. Animal rights defenders are less focused on this 
perspective, but rather more so on a complete ban of the use of animals altogether 
(see Jeangène Vilmer (2008) for the detailed position of Regan or Francoine).

14.5 � Freedoms in Relation to ‘Animals’ Capabilities’

It is our opinion that the five freedoms should not be the sole matrix upon which 
animal welfare is based and analysed. Having originally been defined and intended 
as guidelines, they may be subject to substantial interpretation among the various 
care providers (from farmers to vets). We propose examining animal welfare in 
light of the ‘capabilities approach’ as outlined by Nussbaum (2001). This approach 
emphasizes the fact that animals have a moral status as defined by Warren in 1997:

To have moral status is to be morally considerable, or to have moral standing. It is to be 
an entity toward which moral agents have, or can have, moral obligations. If an entity has 
moral status, then we may not treat it in just any way we please; we are morally obliged 
to give weight in our deliberations to its needs, interests, or well-being”. Although Nuss-
baum’s approach was originally designed to capture the liberties that encompass a ‘quality 
of life’ in humans (Sen 2005), they have since been adapted to animals. Anand and co-
authors (2005) stated: “Sen defines capabilities as what people are able to do or able to 
be—the opportunity they have to achieve various lifestyles and as a result, the ability to 
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live a good life. He differentiates this from what he calls functionings—the things a person 
actually does and experiences. Functionings in humans may vary from the elementary, such 
as being adequately nourished and being free from avoidable disease, to complex activities 
or personal states, such as taking part in the life of the community and having self-respect.

This approach contributes towards understanding the relationship between an ani-
mal’s inherent nature (what they are able to do or to be) and suitable welfare. We 
find that this capabilities approach adds another dimension to the issue of welfare 
by presenting interesting and relevant perspectives that, in addition, have the merit 
of being applicable to organic animal husbandry situations. The 10 capabilities pro-
posed by Nussbaum (2001) for animals are specified and discussed below.

  1.	 Life. Being able to live to the end of a life of normal length; not dying prema-
turely, or before one’s life is so reduced that it is not worth living.

  2.	 Bodily Health. Being able to have good health, including reproductive health; 
to be adequately nourished; to have adequate shelter.

  3.	 Bodily Integrity. Being able to move freely from place to place; to be secure 
against violent assault, including sexual assault and domestic violence; having 
opportunities for sexual satisfaction and reproductive choices.

  4.	 Senses, Imagination, and Thought. Being able to have an adequate education. 
Being able to have pleasurable experiences and to avoid non-beneficial pain.

  5.	 Emotions. Being able to attach to things and people outside ourselves; to love 
those who love and care for us, to grieve at their absence; in general, to love, to 
grieve, to experience longing, gratitude, and justified anger. Not having one’s 
emotional development blighted by fear and anxiety.

  6.	 Practical Reason. Being able to plan one’s life. Nussbaum (2001) discussed 
that this is not easily applicable for farm animals, although some animals may 
be engaged in “projects”.

  7.	 Affiliation. Being able to live with others, to engage in various forms of social 
interaction.

  8.	 Other Species. Being able to live in relation to animals, plants, and the world of 
nature.

  9.	 Play. Being able to play.
10.	 Control Over One’s Environment. Being able to hold “property” (for example, 

a place to sleep or to be milked).

The extent to which these capabilities can be applied to welfare under organic ani-
mal husbandry conditions will now be discussed in relation to those of conventional 
farms.

14.6 � A First Set of Capabilities in Organic Animal 
Husbandry: Life, Bodily Health and Integrity

We suggest that the three capabilities of ‘life’, ‘bodily health’ and ‘integrity’ relate 
directly to the five freedoms. We therefore choose to focus on them by considering 
the extent to which these capabilities can be applied to animal welfare under organic 
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farming conditions. This will be discussed in relation to cases with free-range farms 
(as all organic farms are) and contrasted with conventional farms. These cases serve 
as examples to bring the discussion into a practical framework.

14.6.1 � Life

Somewhat ironically, death is the measure by which the capability of life is mea-
sured. Although this is a crude evaluation of the capability and does not account 
for a reduced quality of life, it remains the best available indicator. Specifically, 
this relates to the age of animals at culling and mortality. A study by Benoit and 
Laignel (2009) comparing 25 conventional and nine organic grassland-based sheep 
production systems in the Centre region of France, provides a practical example of 
this. Lamb mortality rates were found to be 16.2 and 16.5 % in conventional and 
organic farms, respectively, and ewe mortality rates were 5.9 and 5.3 %. The cull-
ing percentage was also very similar at 20.4 and 20.6 %. None of these variables 
were significantly different between the farms. A similar study that investigated 
152 conventional and 22 organic beef cattle farms in the same area (Veysset et al. 
2009) found slightly greater differences. The calf mortality rates were 6 and 7 % for 
conventional and organic farms, respectively, whereas the culling rate was 20 and 
23 %. A study in Wisconsin dairy herds did not show any difference in culling rates: 
18 vs. 17.2 % (Sato et al. 2005). A greater difference is seen among mono-gastric 
animals that are largely maintained indoors on conventional farms, but on pasture in 
organic farms. The mortality rate of organic piglets from birth to weaning is highly 
variable among European countries (Prunier 2010), ranging from 15 % in Italy to 
35 % in France. This range was smaller in Austria, Denmark, Germany and Sweden 
at 28–30 %. These figures are nearly 25 % higher than those observed in conven-
tional pig husbandry. Based on a five-year study in Western France, broiler chicken 
mortality was found to be 4, 3 and 5 % in organic, free-range and conventional 
husbandry, respectively. Mortality in laying hens is slightly higher in organic than 
in non-organic free-range farms, and is nearly double that observed in conventional 
production (Magdelaine 2006). The reasons for greater mortality in organic hus-
bandry of mono-gastric animals may be related to how suitable the currently used 
breeds are, e.g., for outdoor production.

One of the greatest challenges to the life capability is the ending of life, name-
ly how the animals are transported and slaughtered. No differences exist in these 
practices between organic and conventional management systems. Farmers become 
increasingly dissatisfied with these practices according to Porcher (2003) and she 
has consequently proposed, and tested, the concept of mobile abattoir facilities. The 
idea is to reduce stress associated with transport and waiting time before slaughter 
(Porcher and Daru 2005).

Irrespective of the welfare standards attained in relation to the methods of trans-
port and slaughter, the death of the animal is somewhat difficult to tie into the 
capability of life described by Nussbaum (2001). Reconciling the death with the 
life capability is overcome by some cultures that transform the act of killing into a 
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sacrifice as seen in the practices of Halal and Kosher. However, the validity of these 
arguments is under much debate. The human conscience can also accommodate 
the act of death by establishing strong dissociations between the animals and the 
slaughterhouse (farmers) or animals and the food (consumers).

14.6.2 � Bodily Health

In both conventional and organic farms, the farmer is assumed to offer adequate 
food and shelter to his animals to meet the ethical expectations of consumers and 
citizens, and to meet legislative and market requirements (sanitary and organoleptic 
quality of the produced meat). On organic farms, the animals are fed with organic 
feed that, whenever possible, is local in origin and grown without pesticides or syn-
thetic fertilisers that may interfere with the health status of the animals, although 
no data has confirmed this (Zollitsch et al. 2004). Rather surprisingly, Nussbaum 
(2001, 2006a, b) did not clearly identify diseases and appropriate disease control 
methods in relation to her bodily health capability. Instead, she assumed that if good 
conditions are provided for the animals, then disease will disappear or not appear at 
all. As a consequence of this, we chose to include animal health and welfare plan-
ning under bodily integrity in our attempt to loyally follow the capability approach 
of Nussbaum.

Health is much more than the mere ‘absence of disease’, and adequate health 
promotion practices can improve the overall health of the animals through access 
to fresh air, exercise, high quality feed and clean water. The maintenance of good 
health clearly includes disease prevention practices and strategies such as the use 
of drying-off to prevent mastitis in dairy cows. It also comprises immediate and 
relevant intervention where there are signs of disease. Clearly, organic animal hus-
bandry operates under a ‘health promotion and disease prevention is better than 
cure’ ideal, and attempts are made where possible to avoid dependency on veteri-
nary medicinal inputs, including vaccines, through adapted management practices. 
The use of vaccines is considered acceptable as long as the animals on a particular 
farm are at high risk of a particular disease. Organic broilers and laying hens are a 
good example of the intensive use of vaccinations, mostly against viral diseases. A 
survey in Sweden showed that the 56 laying hen farms vaccinated against Marek’s 
disease, infectious bronchitis, avian encephalitis and coccidiosis (Berg 2001). In 
Switzerland, the following protocol recommended by the FIBL (Research Institute 
of Organic Agriculture) is applied for organic laying hens at different ages: day 1: 
Marek’s disease; day 9: coccidiosis (eight coccidia species); week 3: Gomboro dis-
ease; week 5: infectious bronchitis; week 7: Gomboro disease; week 9: infectious 
bronchitis; week 12: avian encephalitis: week 15: infectious bronchitis. The vac-
cination protocols in organic and conventional poultry herds remain largely similar.

According to the current organic EU regulation, alternative medicines with dem-
onstrated efficacy should be selected over allopathic medicine. The complemen-
tary and alternative medicines (CAM) are a group of diverse medical and health 
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care systems, practices and products, most of which are not considered as a part 
of biomedicine (‘conventional medicine’/‘school medicine’). Phytotherapy and ho-
moeopathy are among the most commonly used alternative medicines in organic 
husbandry. Cabaret (1986) described the use of phytotherapy in organic and, to 
a lesser extent, conventional farms, and Vaarst et al. (2004) described the use of 
homeopathy in organic herds. The efficacy of these therapeutics is often difficult to 
assess using natural scientific methods, and only a few randomised controlled trials 
have been done (Wynn and Wolpe 2005). Veterinarians have a moral and ethical 
obligation to provide therapies with proven or experienced efficacy, and they have 
the obligation to respect the farmer’s wishes and beliefs (Wynn and Wolpe 2005). 
Vaarst and co-authors (2004) stated that:

It has been suggested that the restriction on medicine use may lead to unnecessary suffer-
ing if animals are left without treatment. This appears to be a general concern within the 
veterinary profession…avoidance of suffering clearly overrules any limits on the use of 
medicine.

The choice of treatment and the type of medicine selected will often be the re-
sult of a compromise between the farmer’s wishes versus those of the veterinarians 
(Cabaret et al. 2012). In any case, it is important to give the animal the sufficient 
care, attention and support, no matter which treatment it has received. Disease pat-
terns in conventional and organic farms do not appear to be very different and, 
indeed, it has been shown that the difference between herds within each production 
system are bigger than a systematic difference between organic and conventional 
(Thamsborg et  al. 2004; Cabaret et  al. 2012). This highlights the importance of 
management and husbandry choices on a farm level.

Organic husbandry practices could be improved through animal health and wel-
fare planning programmes (Hovi et al. 2004; Vaarst et al. 2012). These programmes 
supplement the Nussbaum capabilities, which remain limited in the area of disease. 
The health plans can be directed at acute problem-solving, goal-oriented efforts to 
avoid particular diseases, or long-term health planning, based on the farmer’s goals 
for the herd or flock. An example of these planning programmes can be seen in the 
Farmer Field Schools, a concept for learning, knowledge exchange and empower-
ment that is being developed and used in some countries. In Denmark, the con-
cept has been adapted to Danish conditions and is referred to as ‘Stable Schools’. 
The first four Stable Schools were established in 2004 with the aim of phasing out 
the use of antibiotics in Danish organic dairy herds (Vaarst et  al. 2007). In Ger-
many, the same approach was adapted and the first results seem very promising 
(Brinkmann et al. 2012). In Stable Schools, problems are identified and solutions 
proposed based on the farmer’s individual wishes and goals for the farm. The suc-
cessful implementation of a plan combines the farmers’ knowledge with facts about 
actual events and conditions in the herd. This information is collected in a system-
atic way and the views of external persons such as other farmers or health advisors 
(Vaarst et al. 2012). The European CORE-organic project ANIPLAN highlighted 
a number of principles that are important when creating lasting changes on a farm 
(see Box 14.1 below) (Nicholas and Vaarst 2011). This project aimed to develop a 
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model for animal health and welfare planning that can be implemented in different 
types of farming environments, e. g., large-scale dairy husbandry as well as alpine, 
smallholder and diverse farming systems. The principles were developed through 
discussion, which catalyses this process and which is necessary in order to achieve 
a balance between farmers’ needs, animals’ needs and the wider societal perception 
of health and welfare. At the same time, the multiple objectives of organic animal 
husbandry should also be fulfilled. The first of the key principles is illustrated in 
Fig. 14.1 and focuses on how animal health and welfare planning should be seen as 
a continuous process.

Box 14.1.  The nine principles characterised by the European CORE-
organic project ANIPLAN as a good and appropriate animal health and 
welfare planning process.

1.	 A health planning process should aim at continuous development and 
improvement and should incorporate the promotion of health and disease 
handling based on a strategy that incorporates (as described in Fig. 14.1 
above) a learning cycle among the involved persons, including: assess-
ing the situation, evaluating, taking action and reviewing the development, 
etc.

2.	 Farm specific: all planning should be based on the specific farm.
3.	 Farmer ownership: the farmer should lead the way, and not the advisor.
4.	 External person(s) should be involved: planning should be based on dia-

logue between the owner and somebody seeing the situation from the 
outside.

5.	 External knowledge: the knowledge that provides background for deci-
sions should be partly based on an outside ‘view of the farm’, including its 
data, seen by somebody else).

Fig. 14.1   Representation of 
animal health and welfare 
planning as a continuous 
process based on assess-
ment ( A), planning ( HP) and 
evaluation ( E)
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The Danish Stable Schools demonstrated that farmer groups that shared a common 
goal to phase out antibiotic use were able to decrease antibiotic use by 50 % in one 
year with no negative side effects in terms of disease or production (Bennedsgaard 
et al. 2010). One major factor for this was the focus on the promotion of health 
and welfare rather than disease handling in terms of disease prevention and disease 
treatment.

14.6.3 � Bodily Integrity

The ability of animals to freely move from place to place is limited in both organic 
and conventional livestock systems. This capability remains unfulfilled for conven-
tional animals reared intensively indoors, which is the case for the vast majority of 
pig and poultry husbandry practices. Many pasture management choices to optimise 
herbage production, such as combining grazing and hay making, may restrict the 
opportunities for animals to graze and move freely on pasture. In Europe, there are 
only a few extensive animal husbandry systems that permit a greater freedom of 
movement for the animals, and they are more common in organic than conventional 
practices. The bodily integrity capability encompasses sexual and other types of 
violence, which often differs only very slightly between organic and conventional 
livestock production. Some organisations and researchers have debated the issues 
surrounding the value of natural reproduction versus artificial insemination (Piccardi 
et al. 2011), although the choice will always be made by the farmers in the end. The 
genetic selection of animals has been developed over many years and much progress 
has been made through artificial insemination and breeding programs in the differ-
ent breed registries, often with the focus on maximising production. Organic animal 
husbandry may be more inclined to include different breeding objectives.

Regardless of species, the primary breeding objectives for organic farming are likely to 
include disease resistance and longevity. Another area of importance is increased reliance 

6.	 Organic principles framework (systems approach): the organic principles 
should always guide planning on an organic farm, which implies taking a 
systems approach.

7.	 Written: common memory is necessary; written minutes are crucial and 
should be based on what the farmer commits him/herself to do, and not 
recommendations alone.

8.	 Acknowledge good aspects: don’t just focus on problem areas, but also 
remember to include a description of positive developments.

9.	 Involve all relevant persons in the process: all those with responsibilities 
and tasks to do within the herd should be involved in the process to ensure 
the exchange of knowledge and common understanding, as well as joint 
action.
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on forage in ruminant diets. Good mothering abilities are also an important selection crite-
rion in pigs and sheep. (Pryce et al. 2004)

These breeding objectives are achieved by means of a selection index, but in organ-
ic systems, the task may be complicated by the multiplicity of goals to be achieved 
and the relatively low number of animals involved in the production. The mainte-
nance of genetic diversity, which may be of interest in organic animal husbandry, is 
difficult to cultivate in a selection index. Selective breeding means that the animals 
will not have any reproductive freedom, and the use of artificial insemination will 
preclude any sexual satisfaction. In that case, the ‘animal capability’ can be said to 
be restricted in organic as well as in conventional systems. Cross-breeding is justi-
fied by the increase in productivity through the heterosis phenomenon, and the F1 
generation resulting from the two breeds or two lines are used both in conventional 
and organic pig and bird breeding. In that case, not only is the sexual capability of 
the animals impaired but, in addition, the farmers themselves are not the ones to 
make the decisions regarding reproduction. They fully rely on breeding companies 
to obtain hybrid lines, and this accounts for the near totality of poultry farmers, con-
ventional as well as organic (Guéméné et al. 2009). To restore “genetic” indepen-
dence, the farmers would have to turn to local breeds that are adapted to the specific 
environmental conditions in which they are reared, or to kin-selection on the farm.

Additional dilemmas exist regarding the bodily integrity of animals in both con-
ventional and organic systems (Menke et  al. 2004). For example, mulching (the 
removal of skin near the lambs’ anus without any anaesthesia) is a practice widely 
used in Australian sheep to protect them against highly detrimental fly strike that 
may result in death following long periods of suffering. In this instance, the farmers 
largely perceive the ends (prevention of fly strikes) to justify the means (suffering 
during the rapid operation). Furthermore, they estimate that the use of anaesthetics 
would only serve to slow down the total operation time since it is performed on 
thousands of animals at a time. A similar situation exists for the castration of piglets, 
which has been widely practiced in organic as well as in conventional systems to 
prevent the undesirable odour (‘boar smell’) of the meat (banned by EU regulations 
as of 2015). This too is practiced without anaesthesia for time-saving reasons. The 
nose-ringing of sows is another issue. It is carried out to prevent rooting, a natural 
behaviour for pigs, but destructive to pastures and, hence, environmentally damag-
ing, especially in large farms. No agreement has been reached on whether it should 
be allowed within the EU. It is currently banned in Sweden and the UK, but permit-
ted in Denmark. Reaching an agreement on these issues is complicated by other 
concerns such as environmental pollution to accommodate the needs of animals and 
their welfare, which contradicts the principles of organic husbandry all together. 
Another example of this reverse husbandry is the practice of beak trimming in poul-
try. Intended to reduce feather pecking between individuals, this behaviour is only 
the result of high animal stocking densities. Thus, it is carried out to enable greater 
stocking densities, not for the benefit of the birds. This practice is prohibited in or-
ganic poultry farming and is therefore more respectful of animal welfare.
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14.7 � A Second Set of Capabilities in Organic Animal 
Husbandry: A Social Life with Emotions

We include the following capabilities here: relating to members of their own spe-
cies, as well as the senses and imagination, emotions and play. These capabilities 
largely correspond to the freedom to express normal behaviour and as such, they 
can be viewed as a key to attaining a life of quality.

14.7.1 � To Live in Relation with Other Species in Nature

This means that animals will have access to the external world and that they will not 
be confined in buildings except under special circumstances. This meets consum-
ers’ expectations and is generally found in organic herds. Much has been proposed 
and debated on how species-specific behaviour can be maintained, mostly based 
on observations of wild groups (Waiblinger et al. 2004). Most data focus on social 
structure within a flock or herd, e.g., on intra-species interactions. There is a lack of 
knowledge about relationships with other species, except with humans (Waiblinger 
et al. 2006). These relationships need to be established between humans and each 
of the animals, and therefore require a certain number of humans per number of 
animals. The organic principles for animal husbandry emphasizes a framework that 
allows a life with ‘naturalness’ as much as possible, and human care and interven-
tion whenever necessary. If this condition is fulfilled, sufficient human involvement 
will be ensured and will necessitate more people in larger farms.

In some countries, interactions between different animal species are frequent 
in organic husbandry. This may include mixed grazing to maximise grass produc-
tion or to reduce internal parasitism (from the tropics (Giudici et al. 1999) to the 
subarctic (Sormunen-Cristian et al. 2008)). The potential benefits of inter-species 
interactions on welfare have not yet been studied although their impact on farm 
pathocoenosis (pathogen dynamics) has been suggested (Nicourt and Cabaret 2014, 
Chap. 9). The interaction of wild animals has not been studied either, or if so, only 
from the negative viewpoint of predation, particularly in free-range and organic 
poultry. These multispecies interactions are part of natural life and as such, add ‘nat-
uralness’ to the animals’ lives and may even alter the range of pathogens on a farm.

14.7.2 � To Experience Education and Emotions

Play and social interaction is an important element in animal life. Play among pig-
lets, for example, begins within the first few days after birth, peaking between 2 and 
6 weeks of age (Waiblinger et al. 2004). Social models have been shown to play an 
important role in the behaviour and diet selection of young animals (Thorhalsdottir 
et al. 1987). They serve to enhance learning efficiency by reducing the need for ani-
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mals to rediscover foraging information through trial and error. Such learning may 
be transmitted from the experienced mother to the offspring. Studies have shown 
that lambs guided by their mothers were able to distinguish between different spe-
cies of grass and legumes that were either safe or toxic to consume (Ginane and 
Dumont 2011). Orphaned lambs were unable to do the same. Studies have also 
shown that there is a transmission of self-medicative behaviour from mother to 
offspring (Sanga et al. 2011). The transmission of information from one generation 
to another in non-human animals relies on the memorisation of multi-sensorial cues 
(Nowak et al. 2011). Very early weaning will thus interrupt the mother-offspring re-
lationship and reduce the share of education and emotions it provides. The cognitive 
abilities of animals have been substantially overlooked, but an increasing number of 
studies are showing that farm animals can perform ‘executive’ cognitive tasks that 
have typically only been equated with primate intelligence (Morton and Avanzo 
2011). This ‘executive’ function refers to the ability to react adaptively: to learn as-
sociations between stimuli, actions and outcomes, and to then adapt their behaviour 
to changes in the environment. Such skills would be necessary for their survival in 
nature, which makes them integral aspects of welfare. Studies in sheep have shown 
that they are able to discriminate between different colours (Morton and Avanzo 
2011), recognise and remember faces of different people (Kendrick 1991) and other 
sheep (Kendrick et al. 2001), and adapt their behaviour to other sheep as part of a 
social hierarchy.

Farm animals could use these cognitive abilities when maintained in a variable 
environment. The availability of pasture or paddocks may be a source of variable 
environments. The intensive production environment, however, particularly those 
for pigs and poultry, would certainly not provide this opportunity for the animals.

14.7.3 � Conclusions and Perspectives

Farm animals’ conditions have significantly changed over the last 50 years. These 
have included positive effects such as more adequate quality of feed and bet-
ter health management. But there have also been negative impacts such as those 
brought about by a one-sided ambition to increase profitability. This has led to 
farms with increased concentrations of animals, and with practices catered towards 
meeting this goal rather than maintaining animal health and welfare. In one respect, 
farm animals are increasingly invisible and instead seen as numbers, amounts, units 
and subjects for trade. Yet, there is also a movement that recognises farm animals 
as living sentient beings that should be treated with dignity and fairness. The five 
freedoms for animals provided the first step in recognising, and improving, animal 
health and welfare. It is our opinion that Nussbaum’s framework of capabilities can 
now act as the much needed next step in providing a strong framework to elevate 
the lives of farm animals. Where the five freedoms were more based in principle, 
the capabilities approach supplies practical goals with clear direction in fulfilling 
them. The capabilities approach has the added advantage of being able to be under-
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stood within the same framework as human capabilities and may act as a universal 
grid for justice for animals and for those people working with them. Many of the 
capabilities are clearly better fulfilled in organic husbandry, but there is still definite 
room for improvement, specifically pertaining to the capacities of bodily health and 
integrity. We should thus be mindful that the increasing organic production contin-
ues to build upon principles that emphasize good animal health and welfare, and are 
not based on the goals and practices that resemble conventional animal husbandry. 
The capabilities approach can provide a good point of reference in ensuring the ethi-
cal development of future farming.
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Abstract  Can organic animal husbandry become a prototype for future animal farm-
ing? If so, under what conditions? In this chapter, it is shown that organic farmers 
are currently finding it difficult to distinguish their practices from those imposed in 
animal production. This applies mainly to the transport and slaughtering of animals, 
the choice of breeds or genotypes, the specifications and, more broadly, the utilitar-
ian and economic paradigm underlying organic animal husbandry as reflected in 
the ambiguous term, “organic animal production”. Apart from issues of conceptual 
definition, which are indeed crucial, the actual challenges of organic animal hus-
bandry—between “animal welfare” and biotechnologies—are huge. Data are based 
on the results of numerous interviews with animal farmers and their employees in 
France, Belgium, Portugal and Quebec, as well as specific studies on 30 organic 
animal farmers. The archetypal example of an organic pig farmer attests to the lack 
of support that organic farmers receive and to the solitude in which they have to deal 
with ethical issues stemming from the collective organisation of work modelled on 
the “conventional” approach. The sustainability of animal husbandry and the poten-
tial added value of organic methods depend on the capacity of organic husbandry to 
break with the animal production paradigm, to give up its utilitarian approach and to 
take the meaning of work for farmers and for their animals into account.

Keywords  Animal husbandry · Animal production · Farm animals · Farmers · 
Work · Organic farming · Utilitarianism · Gift theory · Ethics · In vitro meat

In industrialised countries, animal husbandry, in its predominantly animal produc-
tion form, is currently subject to severe criticism. It is accused of damaging the en-
vironment (FAO 2006; Pelletier and Tyedmers 2010), undermining animal welfare, 
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threatening the health of the public and farm worker, and failing to meet consumer 
demands in developing countries. Consequently, increased industrialisation (Stein-
feld et al. 2006), more severe regulations related to animal welfare, the increasing 
use of grain-based diets, vegetarianism (Goodland 1997; Holm and Jokkala 2008) 
and consumption of “in vitro meat1” (Edelman et  al. 2005; Hopkins and Dacey 
2008) are now often regarded as the only viable ways of addressing these problems. 
However, such strategies overlook a third way, one that breaks with animal produc-
tion and restores a sounder approach to animal husbandry. It is with respect to this 
third way that organic farmers could play a major role. But how could they achieve 
this? This is discussed in the present chapter.

I postulate that organic animal farming as currently practiced is not very differ-
ent from conventional animal production in that it often gives priority to techni-
cal and economic outcomes and, in so doing, does not depart from the agriculture 
industrialisation paradigm and the search for productivity and profit only. My data 
in this article was taken from numerous interviews that I conducted with animal 
farmers and livestock workers in France, Belgium, Portugal and Quebec and, more 
specifically, from interviews focused on human-animal relationships at work with 
30 organic animal farmers in these countries. These interviews were held during 
the period from 2005 to 2007 within the framework of research on pleasure and 
suffering in animal production (France, Quebec), as well as on the human-animal 
relationship (France, Belgium, Portugal, Quebec).

I will first review the theoretical and conceptual issues at stake today as a result 
of the work relationship with farm animals. I will then discuss challenges faced by 
organic farmers in practicing their chosen form of animal husbandry, e.g., the lack of 
availability of better alternatives to standard forms of animal transport and slaugh-
ter, the economic pressure to work with modern industrial breeds, especially in pig 
farming, the problems of organic specifications (in the USA, for example, where the 
organic label is refused to animals who have received any antibiotic treatment what-
soever, even in the case of an emergency), the prevalence of a technical-economic 
rationale and, more broadly, the repression of emotional bonds with farm animals 
(Porcher 2006). I will examine the new alternatives to organic farming, namely 
“animal welfare” and, on the medium-term, the production of “in vitro meat”, and 
will investigate the role of animal farmers and their animals in the development of 
organic farming, based on the particular but archetypal experience of Eric Simon, 
a farmer in the Hérault department in France. I then conclude by discussing the 
conditions that would be required for organic animal husbandry to be a paradigm 
for other forms of animal husbandry, in view of the current expansion of industrial 
organic production.

1  The production of cultured meat in vitro is based on muscle tissue engineering techniques.
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15.1 � Behind Words: Contrasted Theories, Concepts, 
Practices and Issues

The modernisation of agriculture or, in fact, its industrialisation since the 18th and 
19th centuries, was accomplished with violence like in other sectors (textiles, for 
example), and was met with resistance by a large number of subsistence farmers. 
In the name of science and social progress, animals were reduced to machines as 
science and technology replaced knowledge based on a balanced relationship with 
animals and their well-being. That is why organic agriculture was born in the early 
20th century in Europe—to build an alternative type of agriculture for farmers and 
consumers.

My analysis of the international bibliography on organic animal farming shows 
that the question of the meaning of work, when it is raised, and of the values that 
it conveys for individuals is formulated in terms of the values of organic agricul-
ture (Kaltoft 1999) in general, and rarely refers to a moral relationship with farm 
animals as working partners. It is via the question of animal welfare that ethical 
questions arise and even then, primarily, from a theoretical point of view (Mepham 
2006). The most widely used theoretical frameworks are those of utilitarianism, 
which refer to the notion of a contract (Singer 1975; Larrère and Larrère 2000; Lund 
et al. 2004). However, what appears in farmer’s discourses regarding their work and 
their relationships with animals is much more the notion of gift than of contract. 
Gift theory (Mauss 1990; Godbout et al. 1998) enables us to understand why animal 
farmers and organic animal farmers suffer from the inability to give their animals 
what they would like to, notably, a good life, a life worth living (FAWC 2009), 
that could justify their eventual slaughter (Porcher 2002b, 2003; Mouret 2009). As 
stressed by Budiansky (1992) and Haraway (2003), domestication is a co-evolution 
process. From the beginning of domestication, we, humans and animals, have been 
engaged in a triple obligation: to give, to receive and to reciprocate (Porcher 2002b, 
2011b). A gift is at once self-interested and disinterested, and involves both freedom 
and obligation (Caillé 1994; Osteen 2002). The problem today is to reconsider the 
debt that we owe to animals. From the point of view of farmers involved in animal 
husbandry and their employees, animal production takes everything from animals 
and gives nothing back to them, as a result of industrialisation. That is why it is 
necessary to understand the differences between animal production and animal hus-
bandry and what organic farming can really do for farm animals and not only for 
consumers or the environment.

Several terms exist to refer to the working relationship with farm animals: breed-
ing, animal rearing, animal husbandry, animal farming, animal production, livestock 
production, and so on2. In the FAO report, “Livestock’s Long Shadow”, published 
in 2006, which had considerable media aftereffects like many other reports and 
articles, these terms are used interchangeably without any specific precision.

2  I would like to thank Ben Mepham, who I first asked to write this paper with me, for his help in 
clarifying some terms in English.
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Organic animal farmers have to deal with many difficulties because the particu-
larities of animal husbandry and of organic animal husbandry are not taken into 
account (Aroe 2001). Organic specifications refer to animal production as if animal 
production and animal husbandry were synonymous. For example, European organ-
ic specifications stipulate that “livestock farming is a land-related activity” (Art. 16 
RCE 834/2007), which means that what is consumed and excreted remains within 
the same farm (or region). However, regardless of the type of production, animal 
production is not linked to the land. Instead, it is linked to international trade, unlike 
animal husbandry that is indeed linked to the land.

I use the term animal husbandry, which denotes the historical working relation-
ship that we have always had with farm animals. By historical, I mean anchored in 
history, including in its actualisation and not just belonging to the past. Animal hus-
bandry relates to multiple rationales, the main one being relational (Porcher 2002a, 
2004). I use the term animal production to denote that or what we also refer to as 
“livestock production” and intensified, industrial production (also known as “ani-
mal factories” or “intensive livestock production”), where the prevailing rationale 
underlying the organisation of work is the search to maximise profit and productivi-
ty. I use the term animal farming or organic animal farming in a more general sense.

Apart from the need for semantic clarification—because the multiplication of 
terms clearly does not facilitate an understanding of the issues—the possibility of a 
future development of organic farming also depends on the anchorage of the mean-
ing conveyed by words. Should the term “organic” be added to animal husbandry or 
to animal production? What value can “organic” add to animal husbandry?

15.2 � A Gap Between Ideal and Real Work

Agencies for organic farming use the image of farm animals and their welfare to 
promote organic agriculture by providing evidence of its difference from animal 
production. Most of the animal farmers we met have an ideal image of their work 
and aspire to interact with animals in accordance with their values. This is the case 
for animal farmers and the majority of organic animal farmers as well (Porcher 
2002a; Wilkie 2010).

Yet, as Allen and Kovach (2000) point out, “organic labelling is simply not enough 
to create an agri-food system that provides real value” because organic animal farm-
ing is becoming an industry based on the “conventional agriculture” paradigm. This 
trend partly results from the lack of real interest that organic agencies have expressed 
in relation to animals. The basis of common representations seems to be that animal 
husbandry is a necessary evil rather than a key component of organic farming be-
cause of the bond with animals. The role of animals is secondary compared to the 
other concerns of the promoters of organic farming, as are the questions of work and, 
more broadly, social issues (Herman 2008). As regards animal husbandry, organi-
cally-produced meat is promoted as “good for the environment” before being good 
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for the animals3, and the criteria put forward to emphasize the “good life of animals 
on organic farms” are sometimes deceptive. Hence, the argument advanced by the 
promoters that “they grow at their own pace to provide quality meat” is out of touch 
with the reality of the actual life expectancy of pigs and poultry.

This argument has two implications. First, animals must live peacefully before 
being slaughtered; second, the quality of their meat is better. Indeed, the quality 
of meat for consumers4 is highly dependent on the age of animals at slaughter. In 
the case of pigs, the slaughtering age for most industrial breeds is increasingly the 
same as that in industrial farming (5–6 months); in the case of poultry, chickens are 
slaughtered later (81 days instead of 40 or less) but, as in pig farming, the problem 
of breed or genotypes is real. Most organic chickens and laying hens are hybrid ani-
mals produced by international corporations specialised in genetics. Furthermore, 
many chickens and laying hens are raised under intensive conditions because the 
farmers who raise them work for big groups5 and have a work organisation that 
leaves them with little autonomy.

What does this gap signify? It encompasses various elements that weaken the 
emotional bond between farmers and animals, and raises the question of the moral 
commitment to animals. Life expectancy is not a detail. It is part of what Sen and 
Nussbaum (Terenschenko 2010) refer to as “capabilities” and that, in reference 
to Marx (Marx and Engels 1975), can be linked to work and the opportunity for 
farm animals to live a life that can offer the possible expression of the animal’s 
potentialities (Porcher 2011b).

15.3 � Is This Organic?

15.3.1 � Industrial Animal Breeds (the Case of Pigs)

The industrialisation of pig farming has led to the disappearance of dozens of pig 
breeds. In France, only six old breeds remain, with a total of less than two thou-
sand sows6—compared to 1.3 million industrial sows. Boars and sows produced by 
cross-breeding for industrial production (Large White, Landrace, Piétrain, Duroc 
and hyper-prolific Chinese breeds) are the property of private companies, unlike 
old breeds that historically belong to nobody and therefore to everybody. Breed 

3  For example, “Good for nature, good for us”, as can be seen on a poster for organic meat. (http://
www.produitslaitiersetviandebio.com/).
4  Meat quality is not a concept. There are several qualities of meats that are sometimes conflictual: 
for consumers (taste, tenderness), for meat transformers (pH, glycogen, etc.), for butchers (average 
fat content, conformation, etc.).
5  For example, “Douce France”, part of the group, “Gastronome” (annual turnover: M€ 745) itself 
part of the group, “Terrena” (annual turnover: € 3.9 billion).
6  Cul noir du Limousin (136 sows), Pie noir du Pays Basque (448), Bayeux (229), Gascon (871), 
Blanc de l’Ouest (115), Corse (150).

http://www.produitslaitiersetviandebio.com/
http://www.produitslaitiersetviandebio.com/
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selection decisions concerning industrial breeds depend on company strategies and 
on the interests of the hog industry. For example, the selection criterion, “number 
of piglets born”, concerns industry because profits depend on the tonnage of meat 
produced. That is why industrial sows can produce 18, 20, 22 or more piglets per 
litter, even if some of them are stillborn or so weak that workers have to kill them 
(Porcher 2010a, 2011a). With regard to the disappearance of old animal breeds, 
industrial breeders argue that their genes are stored at –196 °C for posterity’s sake. 
However, farmers are interested in animals, not genes:

I don’t think there is any point in keeping genes in the freezer, assuming that if we need 
them in 100 years, we’ll just take them out. There will be no more farmers able to rear a pig 
and no consumers able to taste its meat (Lauvie 2007, p. 250).

The genetic origin of animals remains an issue when implementing organic specifica-
tions. Organic processing firms request meat characteristics that are much the same as 
in industry, i.e., above all, no fat and standard conformation or size for chicken! That is 
why most organic pig farmers work with industrial breeds, except those who process 
and sell the meat themselves. This has important consequences for animals and for the 
sustainability of pig farming since a significant part of the work organisation is deter-
mined by the breed. The life expectancy of animals is similar to that in industry because 
after a certain age, the quality of the meat of these industrial breeds declines. Hence, 
meat quality for consumers may not be very different from that of industrial meat. That 
is why, in France, the “red label” for pigs is associated with local production, whereas 
the organic label for pigs is more commonly associated with environmental protection7.

If old pig breeds disappear—and they will if no more farmers are able to work 
with them—how will pig farmers be able to raise organic pigs, considering their 
dependence on industrial systems? How will they be able to develop their specific 
values if they are unable to give a good life to their animals?

15.3.2 � Slaughterhouses

I don’t usually go to the slaughterhouse, but I sometimes have to. They want us to take the 
cows to the slaughterhouse the day before they are killed, but we would rather they didn’t 
have to spend the night since we think they are afraid. We have nothing against the animals 
and no reason to mistreat them (a French animal farmer).

Legislation requires the killing of animals to take place in a slaughterhouse. However, 
this slaughterhouse centralisation process has eliminated most small public facilities 
and forced farmers to take their animals to distant slaughterhouse factories—even if 
they have only a few animals to slaughter. Instead of taking cows in the early morn-
ing to a small abattoir where the farmer knows the workers and can trust them, he has 
to take them the previous day or entrust them to a trucker, letting them go without 
any possible control over the procedures and no farewell. This procedure is the cause 
of intense suffering for farmers and, we can assume, for the animals as well.

7  Ecocert. “Le guide pratique d’élevage porcin”.
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It is a cause of suffering for farmers because they know what work in factory 
slaughterhouses is, and organic or not, cows and pigs will follow the very same 
industrial process, at least in France8. Farmers are emotionally involved with their 
animals and therefore feel that they are abandoning them and breaking their com-
mitment towards both the animals and consumers (Porcher 2003; Wilkie 2010). 
As mentioned above, when the human-animal relationship in animal husbandry is 
considered in terms of the gift theory, a good life, a life worth living, is seen as a 
gesture of gratitude for the gift that animals give us of their presence, their work 
and their death. A good life necessarily includes a good death, i.e., a minimum of 
respect, presence and good sense. Since the slaughterhouse factory cannot provide 
this, farmers feel guilty. They feel that they are letting their animals down, not ful-
filling their commitments. Moreover, they have the impression of lying to consum-
ers who believe that differences between industrial production and organic farming 
include the animal’s death.

Delegation is a cause a suffering for animals because transport to the industrial 
slaughterhouse is a complete rupture with the good life that most organic farmers 
endeavour to give them. Instead of meadows, relationships with other animals and 
with humans, friendly spoken words, caring looks and contacts, they are confronted 
with an incomprehensible environment: unknown people in a hurry who do not 
look at or speak to them, unfamiliar noises and smells, frightened congeners, huge 
buildings, etc.

Following our publication that proposed a concept of a truck-slaughterhouse to 
slaughter animals at the farm (Porcher and Daru 2005), I received, and still re-
ceive, many e-mails, letters and phone calls from organic and non-organic farm-
ers throughout France, asking me where this truck could be found or when it will 
be produced and commercialised. In 2004, the French Ministry of Agriculture in-
formed me that slaughter in situ was strictly forbidden by French regulations9. That 
meant that my proposal was irrelevant. Since then, groups of animal farmers have 
worked on the subject and it appears that the ban could be lifted. It is the necessary 
first step and the first condition for a truck manufacturer to be interested. Otherwise, 
many farmers or groups of farmers are attempting to maintain their small local 
slaughterhouses, but it is a difficult battle considering that big industrial groups 
need to increase their production to make their investments profitable.

15.3.3 � Organic Specification Problems

Some organic specifications entail problems. In pig farming, sows must suckle 
their piglets for at least 40 days. In industrial systems, the age of weaning is 
supposed to be 21 days. In fact, it is often less (15 or 7) because of the constant 
pursuit of productivity: reducing the production cycle is necessary to increase 
productivity. In organic farming, the age of weaning is around 60–80 days for 

8  Ecocert. Guide pratique, abattoirs, ateliers de découpe et boucheries. ID SC190, 23/11/2010.
9  Except pigs for family consumption.
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an old pig breed because the sows have 8–10 piglets and because piglets grow 
slowly. Gradually, the sow pushes away her piglets. This does not apply to indus-
trial breeds where sows are tired and weaken before 40 days. Hence, this organic 
specification that is good for the piglet is not so good for the sow because of the 
genetic choices of the industrial system, even if industrial sows have outdoor 
behaviours that are very similar to those of old breeds and even to those of wild 
boars (Chartier and Porcher 2009).

We met organic pig farmers in Quebec who work for the US market and there-
fore have to follow US organic specifications that prohibit any antibiotics at any 
stage, even in the case of serious disease. Farmers are forced to leave their sick 
animals to die or else to kill them, which is not the case in Europe. The US organic 
production that considers the health of consumers, with no consideration whatso-
ever for the animals, is difficult for farmers because it conflicts with their moral 
values and their duties towards animals. Justification of these specifications refers 
to a sort of neo-Darwinism: animals that are not strong enough should die; that is the 
law of nature. However, animal husbandry does not refer to nature but to work. That 
is why this justification is not strong enough to prevent farmers from suffering. Note 
that, from an economical and utilitarianism point of view, these animals cannot be 
sold to conventional markets overnight.

15.3.4 � For Farmers, Animals are the Forgotten Partners  
of the Organic Movement

Organic animal farming today, like organic agriculture, seems to be reduced to 
no pesticides, no chemical fertilisers, no drugs. The theoretical underpinnings of 
work are supposed to revolve around “modernisation”, based on measurements, 
figures, diagrams, etc. The technical-economic rationale imposes its way of con-
sidering work and overlooks the fact that work is part of life, i.e., sensitivity and 
subjectivity (Dejours 2009). This is contrary to what makes sense for farmers: a 
sensible and sensitive bond with animals based on the inter-subjectivity of the 
work relationship.

Many animal farmers are aware that the aim of their work with animals is not 
profit alone. Farmers must earn their living, but money is not the main reason why 
they choose to work with domestic animals. Above all, they want to live with ani-
mals and working with them is the best way to do so (Porcher 2011b). Hence, the 
primary purpose of their work concerns relationships with animals. It therefore has 
an emotional dimension, as well as identity, moral and philosophical dimensions 
(Porcher 2002a; Mouret 2009).

Anyway, when animals are well, it makes those who work with them happy. This, I can tell 
you. It has its difficulties but it provides happiness in return. If it makes you live well, fine, 
but we don’t live only for money and I understand that more and more. Finally, at the end 
of your life, when you die, does it matter whether you have 50 € or 500 million? (a French 
animal farmer).
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I don’t ask for any subsidies. I don’t receive a single euro. The way I watch my animals, 
count them, watch a calf being born, if they are healthy, is a source of well-being. […] I 
am here to take care of the animals… their calm, their lack of concern, and the way they 
consider life… Actually I would like to live like them. But it is not possible (a Portuguese 
animal farmer).

As in animal production, the management of organic animal farming overlooks the 
fact that animal farming is done by farmers and by animals, and that animals matter. 
For farmers, they are not just things or machines but working partners. How can 
organic farming take the contribution of animals to work into account?

15.4 � New Paradigms?

15.4.1 � Animal Welfare

The question of animal welfare enables us to highlight the issue of animals’ liv-
ing conditions in organic farming. Although some animal production systems take 
animal welfare into consideration10, and would have no difficulty qualifying for the 
label, what welfare can organic animal production, as it is currently defined, claim 
to ensure11? Why will consumers concerned about animal welfare buy organic meat 
if conventional products are supposed to guarantee that products have an animal 
welfare added value?

The creation of a welfare quality label implies the ability to quantify welfare and 
to reduce it to a set of simple measures (Botreau 2008). There is nothing new about 
this endeavour to reduce animal welfare to biological and behavioural measure-
ments, all other things being equal, that is, without calling the organisation of work 
in animal production into question. It has underlain the issue of animal welfare 
since the 1980s (Porcher 2005) and involves the training and formatting of workers 
in industrial and intensified systems (Hemsworth et al. 2002). I think that animal 
welfare scientists as well as some lobbyists are totally in the dark as to what animal 
husbandry actually is, and this ignorance is reflected in European legislations, as 
well as initiatives such as “Welfare Quality”, which are set up and run without ani-
mal farmers and their employees, and without the animals.

Breaking with the industrial organisation of work with farm animals is the ba-
sic condition for animal welfare because the industrial world is irreconcilable with 
animal husbandry.

10  See, for example, the Freedom Food label in the UK that supplies McDonalds. http://www.
freedomfood.co.uk/news/2013/04/mcdonalds.
11  See the winners of the Animal Welfare Awards given by the CIWF (Compassion In World Farm-
ing). For example: McDonalds, Subway, Sodexo, Marks & Spencer, Coca-Cola, Lesieur, Barilla, 
etc.

http://www.freedomfood.co.uk/news/2013/04/mcdonalds
http://www.freedomfood.co.uk/news/2013/04/mcdonalds
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15.4.2 � In Vitro Meat

On the longer term, and in addition to what was discussed above, organic animal 
production, like all animal production, runs the risk of being replaced by bio-tech-
nological innovations such as in vitro meat production12 (Hopkins and Dacey 2008; 
Porcher 2010b). Since animal husbandry has become the bête noire of animal rights 
activists and some ecologists, in vitro meat production is acclaimed as the ulti-
mate innovation in favour of animal welfare. Agri-food firms support this type of 
initiative since no animals would be required to produce pork, poultry or bovine 
"matter"13 for fast foods (sausages, hamburgers, nuggets, etc.) or mass consump-
tion. Animals are a huge constraint for these firms because they are alive, sensitive 
and communicative and, as a result, bonds exist between them and their farmers—
bonds that slow down and complicate work (Porcher 2006).

Can organic animal production provide an alternative to in vitro meat that is de-
fended both by agri-food firms and by animal rights activists and ecologists? Prob-
ably not, because for the same quality, that is, if organic farming is content simply 
with animal production, consumers are likely to prefer in vitro chicken or pork that 
is guaranteed to be free of animal suffering and death, rather than chicken or pork 
that is “good for the environment”—which in vitro meat production also claims to 
be (Tuomisto 2011). Indeed, without animal production, there is no greenhouse gas 
effect, no deforestation, no water pollution, etc.

15.5 � Organic Animal Husbandry?

We see that the challenges in organic animal husbandry are huge. Based on a recent 
experience with Eric Simon14—which is quite common among organic animal hus-
bandry farmers in France—and from his own point of view, I would like to show 
the limits of current organic farming for an animal husbandry farmer, and the hopes 
that he had for organic animal husbandry.

15.5.1 � Breeding Pigs Organically: Eric Simon’s Experience

When I met Eric Simon, his pig farming system included 80 sows and 70 ha of 
“causses” (small limestone plateaux in southern France) with pastures and woods. 

12  See Sorente (2012) for technical details.
13  The term “minerais” (ore) is used in French in animal production supply chains to refer to meat 
and, thus, to highlight representations of work with animals as an activity consisting of the extrac-
tion of animal matter.
14  Eric Simon has just published a handbook on issues related to animal well-being, environmental 
protection and food safety: Simon 2013. Une vraie vie de cochons, élever des truies en agriculture 
biologique. Educagri Editions, 90 pages.
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All of the animals lived outdoors. Eric Simon has been farming pigs since 2002 in 
France. A former lecturer in animal production science, he decided to take up farm-
ing and experiment with free-range pigs, both to test his theoretical knowledge and 
to provide his sows and himself with living conditions in keeping with his values. 
As he put it: “I had to learn to work to suit the sows”, i.e., he first had to establish 
a trusting relationship that enabled him to work with animals who were free to 
move about as they wished—which means free to come to you or not. This free-
dom, which Ervin Straus (2000) links to the “symbiotic understanding” that binds 
humans and animals, is often described by animal husbandry farmers as a sine qua 
non condition for a good life for animals and goes hand-in-hand with the right to 
pastures as a must for all species (Porcher 2002a).

The crisis in the pork industry and, above all, the obligation to castrate piglets 
hung heavily over Eric Simon. He decided to stop castrating and instead sold his 
young animals directly to consumers. Apart from a workload that was far too heavy, 
Eric realised that although many consumers called for animal welfare, few were 
actually prepared to support farmers’ initiatives in this respect. For example, even 
though Eric was awarded the OABA15 prize in 2004 for the best animal husbandry 
farmer, this had no effect on his sales. He consequently switched to organic farming 
and sold his piglets in the organic supply chain. He then entered a partnership with 
another pig farmer to birth and fatten non-castrated pigs before selling them to the 
meat-salting industry. Everything was done free-range and provided the animals 
with living conditions conducive to their welfare. Moreover, his farm was promoted 
by an animal rights organisation (PMAF16). However, faced with mediocre techni-
cal results and a difficult context for pork production, he decided to give up fat-
tening pigs and to revert to selling young pigs directly to restaurants. Today, Eric 
describes himself as being “free of the supply chains”, but he is also very divided as 
to what organic farming actually contributed to his farming practice.

From a positive point of view, Eric Simon considers that organic methods en-
abled him to continue free-range farming. He explains, however, that paradoxically, 
organic farming makes it economically difficult to work with old pig breeds. Given 
the price of organic feed and the slow growth of these breeds, the production costs 
are much higher. The selling price must therefore also be higher. Eric emphasizes, 
“activists for organic farming don’t eat meat and those who do want it to be good, 
whether it’s organic or not”. As far as animal welfare is concerned, he says that 
organic farming is not a solution. The piglets are also castrated and this practice is 
not challenged any more than is the use of industrial breeds17.

Eric Simon believes that the potentially fast growth of the organic market is 
leading conventional firms towards organic products. Technicians and engineers 
working in industrial production systems then impose their ways of producing and 

15  Association for Assistance to Slaughterhouse Animals ( Œuvre d’Assistance aux Bêtes 
d’Abattoirs).
16  Protection Mondiale des Animaux de Ferme, affiliated with Compassion In World Farming.
17  The Improvac vaccination (Pfizer) against boar taint will make the problem even more complex. 
Is Improvac compatible with organic regulations?
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thus influence the specifications. This, he adds, can lead many animal husbandry 
farmers to fail and also to discredit organic farming due to the ignorance of these 
technicians and engineers concerning the practical conditions in which organic 
animal husbandry is practiced. The experience of organic farmers, at least in pig 
farming, is not taken into consideration: “it is neither sought after nor valued”. 
Eric explains that the situation is the same downstream: “the animal resource is 
treated like an inanimate natural resource like iron ore”. The comparison even ex-
tends to the animal production supply chain, using words such as “minerals” and 
“extraction”. The credo, “make organic accessible to everyone”, conceals the same 
logic everywhere in the global market: produce more at a lower cost. Eric says: 
“The animal is still the mineral, the farmer the miner”.

In the final analysis, Eric concludes with: “organic animal husbandry means, 
above all, feeding the animals with organic cereals. But is this really what being an 
animal husbandry farmer is all about?”

15.5.2 � An Immense Amount of Know-how

How can farmers live and work sustainably and intelligently with their animals? 
In what terms can we formulate the ethical question of our relationships with farm 
animals and of their slaughter?

The animal farmers—both organic and not—that I have met have personal an-
swers to these questions, and have adapted their farming systems accordingly. Eric 
Simon has developed an animal husbandry system that enables him to avoid cas-
trating his piglets because castration was emotionally and morally problematic for 
him. This is not the case of many other farmers. Some, like Thierry Schweitzer in 
Alsace, have first chosen to anesthetize the piglets then, instead, to use Improvac®. 
The same applies to the new rules applying to the slaughtering of animals: everyone 
deals with the constraints and events at work in their own way.

That is why the animal husbandry system reflects the farmer or the collective 
work that developed it. It is also why these systems can differ so widely, even when 
they concern the same species. This is one of the richest aspects of animal hus-
bandry that industrialisation has destroyed by standardising practices. An immense 
amount of know-how has thus been lost by farmers and their animals.

Farmers who claim to practice animal husbandry all have in common their con-
cern to give their animals a good life in which the legitimacy of their relations with 
them is grounded. Giving—receiving—giving back: these are the three aspects of a 
gift. Giving life/giving work/giving a good life/giving recognition. It is life that cir-
culates between animal husbandry farmers and their animals, life itself, transcend-
ing individuals, rooted in animal and human genealogies.

We were educated on our parent’s farm, a little farm with ten cows that we milked every 
day. Our parents milked of course too. Us, we were used to being in a relationship with the 
cows. We knew all of our cows by their name—it was a direct relationship. Each child had 
its own cow. Our relative, it was our cow. With the Blanc Bleu, it was over. We didn’t have 
time to bond because they left the farm so quickly (a Belgian farmer).
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15.6 � An Organic Animal Husbandry Design?

Animal husbandry is disappearing, engulfed by animal production reduced to its 
simplest expression, as if we were beings with no past. What organic farming can do 
for animal husbandry is, above all, enable it to be perpetuated: first, by formalising 
and actualising its existence, along with that of animal farmers and their animals, 
and by recognising animal husbandry as an essential part of agriculture and, sec-
ond, by recognising that farm animals have a legitimate role in society. This means 
taking the social question seriously: the living conditions at work not only of the 
farmers and their employees but also of the animals.

Moreover, it would be necessary not to train animal husbandry farmers like in 
industrial agriculture, but to help them to construct and to make sustainable the 
animal husbandry system that suits them and that suits consumers. As Eric Simon 
emphasizes, organic animal husbandry implies giving up cheap meat, but the price 
that consumers do not pay is paid by others—by the animals and by their owners, 
usually in terms of suffering.

That is why research is needed on the following two issues: (1) why and how 
organic animal farming could support animal husbandry; (2) the role of animals in 
the construction of breeding systems, with respect for their needs and contributions 
(Porcher and Schmitt 2012).

15.7 � Conclusion

Making animal husbandry a common good and farm animals a common link, chang-
ing our utilitarian relationship with animals and renouncing our quest for profit at 
all costs would enable us to hope for a future better than one in which only the fittest 
can survive. This is what organic farming can contribute to animal husbandry, with 
farmers and their animals and not without them or against them.

Organic animal husbandry should be designed to satisfy the conditions for a 
sustainable animal husbandry. The work issue is the key to this design. Do we work 
with animals for money or to share their lives? If we knew why we worked with ani-
mals, we would know how to work and live with them, and the animals would know 
why and how to work and live with us. To make the difference, organic animal hus-
bandry has to say why. Then, and only then, will animals, farmers and consumers 
together be able to say how.
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Abstract  For decades, organic agriculture developed strategies to produce plant 
and animal foods with mandatory high standards based on certification at the pro-
duction and processing levels. This coincided with the growing demand of con-
sumers for accessible, environmentally-friendly, nutritional and safe foods. In this 
context, although limited and difficult to generalise due to the existence of many 
conflicting factors, comparative studies have been dedicated to the nutritional con-
tent and safety characteristics of organic vs. conventional foods. In this chapter, we 
review the main characteristics of organic foods in terms of their nutritional, safety 
and health aspects. The main findings of this review are: (i) a number of organic 
plant products tend to contain more dry matter, some minerals (Mg) and antioxi-
dants (phenolics/flavonoids, salicylic acid); (ii) organic cow and chicken meats and 
cow’s milk contain more omega-3 (n-3) polyunsaturated fatty acids; (iii) the vast 
majority (94–100 %) of organic food does not contain any residues of synthetic pes-
ticides; (iv) organic vegetables contain significantly less nitrates; and (vi) organic 
cereals generally contain less protein but overall comparable mycotoxin levels are 
the same as conventional ones. Additionally, some health studies have highlighted 
benefits from organic dairy products for ectopic allergy in young children and some 
positive health indications in animals. Potential methods to evaluate the authenticity 
and quality of organic foods are discussed.

Overall, it appears that organic agricultural systems, just like pioneers in sus-
tainable agriculture, have already proven to be capable of growing foods with high 
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quality standards, but scientific evidence regarding the effects of organic foods on 
health is still lacking.

Keywords  Sustainable agriculture · Organic agriculture · Human food · Nutrition 
· Food safety · Contaminants · Health

Definition

Phenolic acids, flavonoids and polyphenols: These elements are sub-groups 
of compounds naturally produced by plants as secondary metabolites and 
possessing anti-oxidant properties.
Pathogenic microorganisms: Among the wide range of microorganisms, 
some bacteria, fungi and viruses are pathogenic for other living organisms 
because they generate toxic molecules.
Contaminants: These substances are harmful compounds accumulated in 
foods, of either endogenous (e.g., nitrate) or exogenous origin (e.g., pesticide 
residues, heavy metals).
Immune responses: The immune system protects the organism from threat-
ening contacts with the outer world via two sub-systems: an inborn system, 
which is innate and based on natural resistance, and an acquired system, 
which is geared to specific targets.
Rumenic and trans-vaccenic acids: Members of the large family of fatty 
acids, these acids belong to the conjugated linoleic acids or the trans fatty 
acids and are produced by the action of rumen microflora on some dietary 
unsaturated fatty acids.
Metabolomics: This new area of science refers to the measurement of the 
metabolome, i.e., the wide array of small-size metabolites present in living 
tissues or fluids (blood, urine); they are analyzed using nuclear magnetic res-
onance or chromatography coupled to mass spectrometry.
Robustness: An indication that an organism can function despite the presence 
of disturbances.
Resilience: A dynamic developmental process that has been operationalised 
as an individual’s/organism’s attainment of positive adaptation and compe-
tent functioning, despite having experienced (chronic) stress or detrimental 
circumstances, or following exposure to prolonged or severe trauma.
Proteomics: This new area of science refers to the measurement of the 
proteome, i.e., the large number of proteins present in living tissues or 
fluids (blood); they are analysed using 2-D chromatography and mass 
spectrometry.
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16.1 � Introduction

16.1.1 � Food and Nutritional Challenge: Ecological  
vs. Industrialised Agriculture

Since the 1950s in industrialised countries, food production has evolved towards a 
mass production system based on intensive use of land and water, as well as external 
inputs such as machinery, fuel, seeds and breeds, chemical fertilisers, a large vari-
ety of chemicals (pesticides, fungicides, herbicides, antibiotics, regulators and hor-
mones), long-distance transportation and considerably reduced human labour (De 
Schutter 2010). This has gone hand-in-hand with an enormous increase in food pro-
cessing, including milling, leading to the fact that about 80 % of the foods consumed 
at this time are processed. The limitations and potential health hazards of such an 
intensive production system, including contamination of the food chain and water 
by persistent pesticide residues or nitrates, or reduced nutrient and flavour content, 
have been highlighted for decades (Lairon 2010). Nevertheless, it is only during the 
last decades that worldwide awareness has led to the search for sustainable food pro-
duction and consumption systems (Gomiero et al. 2011). It should be stressed that 
approximately one billion humans are still under- or malnourished, emphasizing the 
fact that food insecurity is still an alarming and unsolved problem (FAO 2010). Al-
though it mainly concerns third-world countries, it is becoming an increasing concern 
for certain population segments in industrialised countries as well. Only recently, the 
combined awareness of environmental protection and biodiversity, food safety and 
security and well-being has considerably raised institutional and public concern, as 
well as the demand for ecologically-grown animal and human foods (El-Hage Sci-
alabba 2007; FAO 2010; Niggli et al. 2007; De Schutter 2011; SCAR 2011). World-
wide, emphasis is increasingly placed on the relationships between food, nutrition 
and health, especially for the prevention of increasing non-communicable diseases 
such as obesity, type-2 diabetes, cardiovascular/cerebro-vascular diseases, neuro-
degenerative diseases and cancers (WCRF 2007; WHO 2004). Awareness of health 
hazards linked to contamination by chemicals and pesticide residues is clearly rising. 
Since the 1950s, alternative methods of ecological agriculture have also been devel-
oped with the aim to tackle these growing concerns. In industrialised countries, they 
are generally referred to as ecological or organic methods of agriculture (EC 2007, 
2008). The question has been raised about the nutritional and toxicological value of 
food produced under such methods of production, as well as their potential effects on 
animal and human health. During the last decades, several bibliographic reviews have 
been carried out and published in this field (AFSSA 2003; Bourn and Prescott 2002; 
Brandt and Mölgaard 2001; Finesilver et  al. 1989; FSA 2009; Lairon et  al. 1984, 
Lairon 2010; Magkos et  al. 2006; Rembialkowska 2007; Winter and Davis 2006; 
Heaton 2001; Woëse et al. 1997; Worthington 1998; Huber et al. 2011). In most cases, 
these reviews have attempted to use data from published original studies, but a few 
of them only used selection criteria based on the quality of the work (AFSSA 2003; 
FSA 2009). The conclusions drawn from these two bibliographic surveys will be sum-
marised and discussed below.
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The potential advantages of ecologically-grown foodstuffs on health markers have 
also been addressed, but in a more limited number of animal and human studies (Dan-
gour et al. 2010; Velimirov et al. 2010). These too are presented and discussed below.

The question of authenticity, i.e., identifying organic and conventional products, 
is an issue of interest today within the context of a growing market where consumer 
trust is highly valued. Promising new methods are being developed that go beyond 
traditional analytical methods that measure single markers and that have a potential 
for future food quality assessment.

The authors finally discuss how these data can support the concept that organic 
agriculture systems provide relevant alternatives for reaching optimal food quality 
and safety. Potential progress is also considered.

In this review, organic agriculture and organic food quality is defined according 
to the European Union regulations, CCE/2092/91 and CE/1804/99. Although many 
concepts still remain vague (Kahl et al. 2010), the Organic Food Quality and Health 
Research Association, FQH1, takes great pains to clarify and define these notions.

16.2 � Nutritional Value of Organic Foodstuffs

The two most recent and important collective and critical evaluations of the nutri-
tional and sanitary quality of organic food were made by the French Food Safety 
Agency in France (AFSSA 2003; updated in Lairon 2010) and the Food Standard 
Agency in the United Kingdom (FSA 2009). Although such evaluations are limited 
by the insufficient number of studies published in this area, they provide worth-
while information about the effects of contrasted agricultural methods and the 
possible causal relationships that underlie them, as reviewed and discussed in this 
article. Box 16.1 contains the main findings of these two large and critical evalua-
tions based on selected original studies but using different approaches. The detailed 
methodologies and data can be found in the original reports and are summarised 
in the footnote to Box 16.1. While the data obtained during these two independent 
evaluations are rather convergent, the major differences in the methodologies used 
could account for some of the discrepancies observed in the results.

1  www.organicfqhresearch.org

Box 16.1  Comparative data between organic and conventional food 
items provided by reports published by AFSSA in France (2003) and the 
FSA in the UK (2009).

Nutrient AFSSA Report
310 studies

FSA Report
162 studies

Dry matter Org > Org > (+ 9.8 %)
Magnesium Org > Org > (+ 7 %)
Iron Org > not diff
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Dry matter content  The data available generally refer to vegetables and fruit. A 
trend towards higher dry matter content in organic foodstuffs was observed, espe-
cially in vegetables as opposed to fruits.

Macronutrient content  While the protein content of grains can be lower in organic 
ones, no differences were reported for eggs or milk. Some studies reported higher 
levels of some essential free amino acids in organic cereals that could, at least 
partly, compensate for lower protein content, but this could depend on the cultivar. 
For lipids, it was acknowledged that meat from organic cows and chickens, unlike 
pigs, contains less total fat.

Polyunsaturated fatty acids (PUFAs)  The meat from organic cows, chickens, pigs 
and rabbits contains more recommended polyunsaturated fatty acids (Bellon et al. 
2009), especially omega-3 fatty acids and, to a lesser degree, omega-6 fatty acids.

It is generally assumed that the level of polyunsaturated fatty acids is higher in 
organic cow’s milk than in conventional cow’s milk. Several studies have reported 
higher levels of omega-3 (n-3) fatty acids and CLA (conjugated linoleic acid), in 

Nutrient AFSSA Report
310 studies

FSA Report
162 studies

Zinc not diff Org > (+ 11.3 %)
Ca, P, K, Cu, Mn not diff not diff
Vitamin C Trend Org > not diff
Phenolics/Flavonoids Org > Org > (+ 13.2/38.4 %)
Polyunsaturated fatty acids (animal products) Org > Org > (+ 10 %)
Nitrates (vegetables) Org < (−50 %) (Org N <)*

The French Food Safety Agency report (AFSSA 2003) identified trends 
for differences based on scientific papers (310 original works published in 
journals, theses and conference proceedings) selected for their appropriate 
description of methods, sampling and statistics, with organic products from 
certified farms only and their sound interpretation of data. Evaluations were 
conducted separately for relevant plant or animal products for a number of 
parameters. All parts of the report were critically examined and finalised by 
the expert group.

The Food Standard Agency report (FSA 2009) used a systematic approach 
for selected original scientific papers (162) published in English in scientific 
journals, including field trials, farm surveys and food basket studies, and with 
clear origin of samples, description of laboratory analyses and appropriate 
statistics. The authors performed statistical tests for differences for a number 
of parameters based on all selected studies on all plants and animals anal-
ysed. Not diff: no difference found; Org > or Org < : higher or lower levels in 
organic products. * Nitrate data were not calculated for vegetables and are 
therefore not presented.

Amplitude of variation (± %) between methods is provided when available.
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addition to antioxidants such as vitamin E (Butler et al. 2008; Butler et al. 2011; 
O’Donnell et al. 2010). In 2009, the FSA (FSA 2009) reported 27.8 % more n-3 fatty 
acids in organic cow’s milk, while a recent evaluation based on all 14 comparative 
studies published since 2003 reported an average of 67 % (21–116 %) more n-3 
fatty acids in organic vs. conventional cow’s milk (Aubert and Lairon, unpublished 
review), whereas omega-6 (n-6) polyunsaturated fatty acids had comparable levels 
overall. This results in a much higher and more favourable n-3/n-6 fatty acid ratio, 
as is widely recommended.

A positive ratio of n-3 fatty acid levels in milk is found with outdoor grazing, 
whereas increased fertilisation intensity (including organic fertiliser) and concen-
trate feed has a reverse effect. This applies to n-3 content in milk as well.

Mineral content  No noticeable differences were found for most of the mineral ele-
ments studied. Both evaluation methods in the cited reviews indicated higher mag-
nesium levels, but diverged regarding possible increases in zinc or iron levels in 
organic vegetables (Box 16.1). This was confirmed by another evaluation made by 
Rembialkowska (Rembialkowska 2007) based on numerous studies that reported 
higher levels for iron (+ 21 %) and magnesium (+ 29 %) in organic crops.

Vitamin and carotenoid content  Overall, on the basis of the limited data avail-
able, no significant differences were found for vitamin levels in foods obtained by 
the two methods, despite a trend towards higher vitamin C content in some organic 
fruits and vegetables, especially potatoes. Limited data are available for fat-soluble 
vitamins only, and carotenoid levels may be higher or lower, depending on the study 
design. Nevertheless, the FSA reported significantly more (+ 53.6 %) beta-carotene 
content in organic plant foodstuffs (FSA 2009).

Antioxidant and anti-inflammatory phytomicronutrients  For secondary metabo-
lites such as antioxidant phenolic acids, flavonoids and polyphenols, a majority 
of studies showed higher levels in organic plant foods, including almost all of the 
frequently consumed fruits and vegetables (Box 16.1). A ten-year study on flavo-
noids in tomatoes provided particularly relevant observations that supported this 
concept (Mitchell et al. 2007). Numerous new studies have been published since 
2009 on various fruits, vegetables, grains and other foodstuffs, and the vast major-
ity (about 70 %) report that organic foodstuffs have higher phenolic acid and/or 
flavonoid levels. Two studies found higher levels of anti-inflammatory salicylic 
acid in organic foodstuffs (Baxter et al. 2001; Rossi et al. 2008). These generally 
higher levels in organic products can be explained by the fact that those plants, 
grown organically without the use of chemical pesticides, need to more effec-
tively develop their own defence system against fungi and insects and, therefore, 
to produce more of these secondary metabolites that are involved in plant protec-
tion. A pre-condition is that crops are not too heavily fertilised, especially with 
nitrogen, even organically, since increased levels of nitrogen fertiliser are linked 
to reduced secondary metabolite levels in plants (Stamp 2003; Brandt et al. 2011).

Based on these consensual comparative data, summarised in Box 16.1, it can be 
observed that both of the production systems generate some differences in nutritional 
value overall. This phenomenon can be observed on the basis of controlled studies, 
whereas a large variability can occur within the two production systems, depending on 
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the intensity level and the technical approaches used (Wang et al. 2008). Indeed, plant 
and farm animal composition depends on intrinsic (species, cultivar/breed) factors as 
well as on numerous extrinsic ones including soil and climatic conditions, environmen-
tal quality and stress, disease and pest pressure, agronomic and husbandry manage-
ment. This explains why it is difficult to draw clear-cut conclusions from comparative 
studies performed under such varied conditions and in such limited number. Neverthe-
less, on the basis of recent evidence, differences resulting from the agricultural systems 
compared here have become more convincing for some nutritional parameters.

16.3 � Safety Aspects of Organic Foodstuffs

We are mainly concerned here by contamination by bacteria, viruses, worms, my-
cotoxins and agro-chemicals. Not all aspects of this contamination have been com-
paratively studied as of this time, but we will summarise some relevant points based 
on some of the more reliable information available (AFSSA 2003; Lairon 2010).

Pathogenic Microorganisms  It appears that the systematic use of aerobic compost-
ing in organic agriculture is an appropriate way to maximise the hygienic properties 
of the organic fertilisers used and, thus, to avoid contamination of organic plant 
foods by pathogenic microorganisms. No differences were found for dairy products.

Chemical contaminants  Apart from the unauthorised use of synthetic chemicals in 
organic agriculture, the question has been repeatedly raised about low levels of con-
tamination of organic foodstuffs by environmental pollution due to the systematic 
use of the same synthetic chemicals in industrialised agriculture. Several nationwide 
(AFSSA 2003; Bourn and Prescott 2002; DGAL/COOPAGRI/ESMISAB 2001; Ghi-
dini et al. 2005; Poulsen and Andersen 2003; Tasiopoulou et al. 2007) and European 
surveys (EU-DG SANCO 2007) have clearly shown that only a very small percentage 
of organic food samples are minimally contaminated by chemical residues, whereas 
a large proportion (41 %) of conventional foodstuffs are contaminated, with about 
5 % of the foods sampled above the legal maximum residue levels (MRL). In fact, 
these hundreds of molecules have a highly toxic capacity (including mutagenesis 
and carcinogenesis), and the long-term detrimental effects of the chronic low-dose 
ingestion of single or mixed residues are basically unknown but seriously questioned 
based on recent epidemiological observations (REACH 2006). Some studies have 
already confirmed that biological disorders may be induced by low-dose ingestion 
in some situations (Casals-Casas and Desvergne 2011; Lee et al. 2011; Merhi et al. 
2010). This raises a great concern for consumers and scientists regarding possible 
major long-term health damage to living organisms, including human beings. Indeed, 
when comparing children who were fed either a conventional or an organic diet for 
5 days, organo-phosphorus pesticide metabolite levels in the urine of those fed an 
organic diet were ten times less than those fed a conventional diet (Lu et al. 2008).

Some natural pesticides are used in organic agriculture. However, when they are 
studied, they are generally not quantifiable due to their low stability and, as a result, 
their reduced persistence in the environment.
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Mycotoxins  Mycotoxins are a large family of highly toxic molecules synthesized 
by fungi such as Aspergillus, Penicillium and Fusarium that develops on plants and 
that can then be transferred via the food chain from plants to animals and, subse-
quently, to humans. Contamination of foodstuffs, especially raw or processed cere-
als, is widespread at a low level. Overall, differences are not generally observable 
between organic or conventional production modes (AFSSA 2003; Lairon 2010). 
On the basis of the 20 comparative studies published since 2003 concerning cereal 
contamination, it appears that a majority of studies found lower mycotoxin levels in 
organic grains (Bernhoft et al. 2010; Klinglmayr et al. 2010), whereas few studies 
showed levels that were either higher or comparable to those found in conventional 
ones. Overall, this confirms that the preventive measures used in organic systems, 
despite the non-use of synthetic fungicides, generally appear to be capable of main-
taining mycotoxin contamination at a low level (AFSSA 2003).

Nitrate  Nitrate can accumulate in plants depending on various factors. While fruits 
do not accumulate nitrate, root, tuber and leafy vegetables readily store it if nitrogen 
levels are too high to be fully transformed into protein. Comparisons at the farm 
or retail market level generally revealed lower nitrate accumulation levels in most 
of the organic vegetable species studied (Box 16.1). On a yearly basis, organic 
vegetables generally contain at least 30–50 % less nitrate than conventional ones 
(AFSSA 2003; FSA 2009; Lairon et al. 1982, 1985; Temperli et al. 1982) and these 
differences have been widely confirmed. These observational data have been fully 
supported by data obtained during controlled fertilisation trials under various condi-
tions and with a large number of vegetable species.

Nitrates are generally a matter of concern for public health, especially for new-
borns and young children, pregnant women and elderly people, due to their conver-
sion into nitrites, which are highly reactive molecules. More than 30 surveys have 
been carried out on the possible relationship between nitrate ingestion from water 
and human disease, and the vast majority found positive relationships with several 
types of cancer (stomach, bladder, colon, prostate, thyroid), as well as other diseases 
(e.g., diabetes), thus supporting current water regulations. In contrast, some other 
studies showed a hypotensive and cardioprotective effect of nitrate ingestion (Webb 
et al. 2008; Lundberg et al. 2011). It is not known whether high nitrate levels in 
vegetables can have detrimental effects comparable to those found in water, given 
the possible preventive interactions that could occur with other compounds present 
(e.g., vitamin C, polyphenols).

16.4 � Possible Positive Health Effects of Organic Products

Consumers expect organic food to be healthier than conventionally produced food. 
This is a strong argument for buying organic foods (Chen 2007; Wier and Anderson 
2003; Zakowska-Biemans 2008; Falguera et  al. 2012). The expectation is either 
that products that have grown in a balanced ecosystem will benefit the personal 
health of the consumer, or ‘just’ that it is better to consume as little pesticide residue 
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as possible. However, until now, these expectations have lacked sound scientific 
proof. Differences in the nutrient composition of products from different produc-
tion systems are usually interpreted as having an impact on health. However, this 
should be done with great care. First, there is uncertainty about the ‘bioavailability’ 
of nutrients for the body after consumption. Second, the physiological response 
of the body cannot be predicted since it is not a question of a linear dose-response 
reaction to a single nutrient, but the result of a complex interaction with other nu-
trients in a food. The latest research in plant physiology suggests that there are up 
to 7,500–10,000 different compounds in a single ‘nutritious’ plant. Thus, feeding 
studies that explore effects after consumption are more effective. Such studies are 
complex and expensive, which is the reason why so few studies about the effects 
of organic food consumption on health have been done. Different types of research 
to investigate health effects from food consumption have different scientific value. 
Figure 16.1 gives an overview of study types.

Studies have been performed at each level. Most of the research was done with 
animals in intervention studies. Velimirov et al. (2010) recently presented a mini-
review of feeding studies in animals. Their paper describes the choices that have to 
be made in designing these types of studies, e.g., choosing to make comparisons of 
whole feeds or just of a single product, and whether to compensate for clear differ-
ences between feeds in order to look for more subtle effects, or not. They report that 
research results until now have suggested positive influences from organic feeds 
on health, e.g., on weight, growth, immune responses and fertility performance 
in animals. The largest intervention study in animals to date (Huber et al. 2010) 
focused on two generations of chickens. It reported a lower body weight in the 
organically-fed group and a stronger immune reaction after an immune challenge, 
as well as quicker ‘catch-up-growth’ during recovery from a simulated illness. Stud-
ies like this are necessary to determine biomarkers of possible health effects from 
organic food since the availability of biomarkers is a pre-condition for future inter-
vention studies in humans. Very few studies with humans are available. The largest 
prospective observational study so far is the KOALA Birth Cohort Study of life style 

Intervention studies 
          Controlled studies in humans 

Observational epidemiological studies 
Prospective cohort studies 

 Retrospective cohort studies 
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Bioavailability studies
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Fig. 16.1   Scientific value 
of different study designs 
on the health effects of the 
consumption of organically- 
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effects on allergies and, at a later age, on obesity, among a group of 2700 children 
from birth until the present, and their mothers. Consumption of more than 90 % of 
organic dairy products by the children resulted in a 36 % decreased risk of eczema, 
compared to conventional dairy consumption, at two years of age (Kummeling et al. 
2008). Analysis of mother’s milk in this study showed a link between the proportion 
of intake of dairy products of organic origin and the levels of rumenic and trans-
vaccenic acids, which are considered beneficial for health, in breast milk (Rist et al. 
2007). Several trials that exposed humans to single foods from different production 
systems (wine, apples, tomato puree, carrots and apples), in addition to their regular 
diet, and that mainly measured antioxidant capacity, did not report significant dif-
ferences (Briviba et al. 2007; Caris-Veyrat et al. 2004; Stracke et al. 2009). Grinder-
Pedersen et al. (2003) exposed healthy volunteers to menus with several products 
from organic or conventional systems and found higher urinary excretion of the 
flavonoids, quercetin and kaempferol, and lower plasma antioxidant capacity after 
exposure to the organic menus. It should be noted that the amount of absorption 
and excretion of specific nutrients by the body is suggestive, but cannot be directly 
translated into effects on health since these depend on a complex interaction of nu-
trient substances with many other substances in the body. Only a few experimental 
in vitro studies have been published. Olsson et al. (2006) found significantly greater 
inhibition of cancer cell proliferation when exposing cell cultures to extracts from 
organic vs. conventional strawberries. Dangour et al. (2010), reporting for the FSA 
in the UK, recently concluded that there is no evidence of health effects based on 
the very few studies available. We agree with Dangour about this, yet we believe 
that indications for health effects exist since several animal studies and one human 
study (Velimirov 2010; Huber et al. 2011) showed an effect on weight, growth and 
immune responses, an indication of improved general health status (Huber et al. 
2012). More research is needed to support this hypothesis.

16.5 � The Question of Authenticity

Consumer trust is valuable in a growing organic product market. As a result, the 
question of authenticity is important and of relevance at this time. As described 
above, traditional analytical methods that measure single markers are useful but 
have a limited potential for future food quality assessment. In connection with the 
ongoing discovery of the large amounts of compounds in food products, new meth-
ods are being developed that aim at multiple markers and that go beyond traditional 
analytical methods. The ‘selective fingerprinting profiling technique’, using metab-
olomics and spectroscopic techniques combined with chemometrics, has shown its 
ability to discriminate between organically—and conventionally -produced prod-
ucts (Ruth et al. 2010). Another promising new approach involves ‘complementary’ 
image forming techniques that evaluate technically produced patterns of samples 
as a whole using human and computerised image analysis. The ‘biocrystallisation’ 
or ‘copper chloride crystallisation method’ and the ‘Steigbild method’ are presently 
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being validated by a partnership between several institutes (Kahl et al. 2009) and 
have shown their potential to discriminate between organic and conventional prod-
ucts (Szulc et al. 2010; Zalecka et al. 2010). There is also the ‘fluorescence excita-
tion spectroscopy’ method (Strube and Stolz 2010) that measures the capacity and 
duration of a product to store small amounts of imposed light. In addition to authen-
tication, the methods described above may lead to new perspectives on food quality 
and food quality parameters (Kahl et al. 2009).

16.6 � Perspectives and Research Requirements

16.6.1 � Organic Agriculture as a Prototype for Sustainable 
Food Production

As briefly addressed in the introduction, we are still facing the challenge of food 
insecurity for approximately one billion people worldwide. This unfortunately but 
obviously underlines the fact that the widespread ‘industrialised agriculture system’ 
might not be able to solve this continuing problem. While organic production sys-
tems could slightly lower (by about 10–20 %) food production in industrialised rich 
countries, these alternative methods are reported to have the capacity to consider-
ably increase (by about + 80 %) food yields in poor and developing countries that 
are faced with the biggest food insecurity (El-Hage Scialabba 2007; De Schutter 
2010). In view of climate change, increasing heat and drought and the expectation 
that the present number of six billion people will grow to approximately nine billion 
in 2050, the UN Special Rapporteur on the Right to Food called for a fundamental 
shift towards agro-ecological production methods in 2011 since they are expected 
to outperform conventional farming (De Schutter 2011).

At the same time, industrialised countries and, more recently, developing ones, 
are facing the growing epidemic of obesity and its health-related complications 
(Crombie et al. 2009; Popkin and Gordon-Larsen 2004. This is essentially due to 
dietary patterns characterised by high energy density and low/moderate nutrient 
density and over-feeding in terms of energy needs (Drewnowski et al. 2007; Dar-
mon and Maillot 2010). As discussed above, organic agriculture can provide foods 
with somewhat higher dry matter, minerals (magnesium, iron, zinc), vitamin C and 
other antioxidants (carotenoids, phenolic acids/flavonoids) and n-3 fatty acids, thus 
increasing nutrient density overall, with a trend towards lower protein content in 
cereals. When combining these observations with yield performances of organic 
agriculture as reported above, it can be deduced that (i) a slightly lower produc-
tion of foods but with higher nutrient density would be beneficial for people in 
industrialised countries, and (ii) a considerable increase in available staple foods 
with higher micronutrient content in developing countries would contribute to a 
much better coverage of essential nutrient needs and to securing their food self-
sufficiency. This should be combined with a necessary minimal refining of foods 
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in order to retain most of the fibre and micronutrients. It is interesting to note that 
while most traditional dietary patterns are plant food-based, organic food consum-
ers in industrialised countries tend to shift towards more plant-based foods and less 
animal-based ones. This is indeed in line with worldwide dietary recommendations 
(WCRF 2007; WHO 2004).

The potential links between the type of production system and crop composi-
tion can be discussed in greater detail. Some data confirmed that organic farming 
systems work better in the context of natural interactions within their environmental 
constraints. This is illustrated by the generally higher levels of antioxidant second-
ary metabolites (carotenoids, phenolics), and the comparable/lower levels of my-
cotoxins (without chemical fungicides) in plants grown under organic agriculture 
management. It additionally suggests a better adaptation and, therefore, resistance 
to environmental stress.

The repeated observations of lower to much lower levels of nitrates in root and 
leafy vegetables also illustrate the different relationships that develop between soil 
and plants in organic agriculture systems. The non-use of chemical fertilisers (es-
pecially those containing readily available nitrogen) necessitates a stronger root 
system as well as an optimal soil biological activity (as in natural/forest soils) to 
ensure progressive and efficient release of nitrates from organic sources for root 
uptake. A likely result is that nitrate accumulation in plants is quite limited thanks 
to the efficient processing of plant nitrates for amino-acid synthesis as promoted 
by photosynthesis. It is also worth noting that the nitrate level in vegetables re-
sults from nitrogen availability for roots, temperature, light exposure, cultivar and 
species. Situations where big differences between nitrate accumulation systems in 
plants can be limited or eliminated are: (i) when geo-climatic conditions are too 
detrimental such as during winter or under greenhouse shading; and (ii) when large 
amounts of readily-mineralised organic fertilisers are used (such as guano). This 
points to the fact that while the optimisation of organic agriculture systems should 
be a goal, the upper limits of intensification must be defined to avoid considerable 
loss of benefits.

As mentioned above, low-input dairy farming and, in particular, low-input or-
ganic farming produces milk with more healthy fatty acids (Butler et al. 2008). The 
KOALA study showed the influence of such milk on the quality of mother’s milk. 
It also showed that children who consumed this milk or who directly consumed 
organic dairy products had less allergies. This is an outstanding example of how 
sustainable agricultural practices could positively alter food composition and, as a 
result, improve human health.

Finally, the fact that the use of toxic chemicals, pesticides, fungicides and her-
bicides is banned in organic agriculture systems is clearly a gold standard in terms 
of the protection of the health of those who work on the land and of people who 
live in production areas, the protection of the biodiversity of living organisms, and 
consumer health. Evidence supporting the long-term detrimental effects on health 
upon professional exposure to such chemicals and the long-term effects of chronic 
exposure to low doses of pesticides has just begun to be documented after decades 
of intensive use of these substances due to the lack of sufficient research efforts. 
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Indeed, recent research supports the hypothesis that chronic ingestion of low doses 
of these substances through accumulation and long residence time in the body could 
have repercussions at the cellular and molecular levels, leading to metabolic imbal-
ances, followed by syndromes and pathologies such as cancer, neuro-degenerative 
disorders, reproduction disorders, obesity, cardiovascular diseases and diabetes 
(Bailey et al. 2010; Elbaz et al. 2009; Elobeid et al. 2010; Farooq et al. 2010; Lee 
et al. 2011; Montgomery et al. 2008). This would most likely have a greater implica-
tion for people with a genetic predisposition or low resistance (children, the elderly 
or sick people), or during critical stages such as in utero foetal development through 
contamination of the mother.

Dangour et al. (2010) concluded that there is no evidence that organic products 
have an impact on health. As a marker for ‘health effects’, they used effects on 
defined diseases in humans (‘negative health’). We hypothesize that it is more ad-
vantageous to study effects from the intake of organic food on the robustness and 
resilience (‘positive health’) of humans and animals that consume organic food. The 
organic agriculture system aims at increasing the robustness of plants and animals 
in order to avoid pesticides and antibiotics. Such robust organisms might represent 
good food for enhancing health, as a recent animal study suggested (Huber et al. 
2010). However, to confirm this hypothesis, markers for robustness, resistance and 
resilience first need to be developed, e.g., better adaptation to physical or psycho-
logical challenges in a research setting. Publications have begun to appear on this 
subject (Huber et al. 2011).

To conclude, in contrast with the main trends in industrialised agriculture (breed-
ing for yield, system simplification, etc.) and food processing (refining, use of ad-
ditives, standardisation, etc.), the use and conservation of biodiversity in plant and 
animal production have long been important for the success of organic agriculture 
and are now increasingly recognised as key issues for attaining sustainable diets 
worldwide (De Schutter 2010; El-Hage Scialabba 2007; FAO 2010). A consensual 
definition of a sustainable diet was recently published (FAO 2010):

Sustainable diets are those diets with low environmental impacts which contribute to food 
and nutrition security and to healthy life for present and future generations. Sustainable 
diets are protective and respectful of biodiversity and ecosystems, culturally acceptable, 
accessible, economically fair and affordable; nutritionally adequate, safe and healthy; while 
optimizing natural and human resources.

Organic farming systems are consistent with this concept of sustainable biodiver-
sity-based food production systems and could largely improve the variety as well as 
the quality of food for human consumption.

16.6.2 � Research Requirements to Improve Sustainable Food 
Security and Optimal Quality and Health

In view of the points raised and discussed above, we suggest that the following 
aspects urgently require research efforts to improve knowledge and allow for new 
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improvements and developments of sustainable organic agriculture. Some of these 
points have already been suggested in the Vision, Strategic Research Agenda and 
Implementation Action Plan of the ‘Organics’ Technology Platform of IFOAM 
(Niggli et al. 2008; Schmid et al. 2009; Padel et al. 2010)

•	 Selecting or raising cultivars and breeds for optimal yield, taste and nutritional 
value (especially for limiting nutrients), suited for organic production systems.

•	 Testing methods for better agronomical efficiency and pest and disease resis-
tances.

•	 Optimising ‘careful’ processing methods and limiting refining.
•	 Investigating the potential of exhaustive molecular fingerprinting (e.g., metabo-

lomics, proteomics) or complementary image forming methods for authentica-
tion and quality determination (whole product assessment vs. targeted analytics).

•	 Performing comparative studies on the nutrient content of plant and ani-
mal foodstuffs with high quality standards for design, relevant information and 
methodologies.

•	 Discriminating the impact of organic agriculture production systems from that 
of low-input/extensive systems on the environment, farmers’ health, animal wel-
fare, nutritional status and the health of consumers.

•	 Focusing on the processing and preservation methods used and on distribution 
systems (local vs. remote), as well as on preparation methods (raw/cooked) in 
view of the nutritional quality of foods.

•	 Developing measurement systems and markers for robustness and resilience 
(‘positive health’), and the enhancement of these, in humans and animals.

•	 Performing epidemiological surveys that link food intake to health and disease 
markers in various segments of the population.

•	 Performing adequate intervention studies to compare organic vs. conventional 
food-based diets to test causal relationships between dietary intake and ‘positive 
health’ levels.
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Abstract  Organic farming embodies extrinsic features that are valued by 
consumers, but studies on the intrinsic properties of organic products remain scarce. 
This paper first highlights the inherent difficulties in comparing the qualities of food 
products of organic systems to those of conventional systems. The paper then gives 
an overview of the current state of knowledge and the main issues and challenges 
regarding the different facets of organic lamb meat and carcass quality. Organic 
farming promotes pasture-feeding, which is favourable from a nutritional point of 
view, since meat from pasture-fed lambs has a more desirable fatty acid composition 
than meat from lambs fed concentrate diets. However, pasture-feeding may lead to a 
greater occurrence of off-flavour in meat and to a less desirable meat colour; these 
effects are the result of both the animal’s diet and its increased age at slaughter. 
Pasture-feeding may also lead to a higher variability in sensory qualities because of 
a higher variability in animal age at slaughter. These sensory defects may be even 
greater in organic systems, which promote legumes within pastures, because these 
plant species have a prominent role in the ruminal synthesis of unpleasant smelling 
volatile compounds that are stored in the fat. One of the main challenges is to further 
experiment with management strategies to help minimise the occurrence of these 
sensory defects and control the variability in animals’ performances. Additionally, 
the paper gives an insight into the advances in analytical methods for authenticating 
meat from low-input grassland-based systems.

Keywords  Organic farming · Lamb · Meat · Pasture-feeding · Quality · Sensory · 
Nutritional · Fatty acids · Authentication

17.1 � Introduction

Organic meat and milk products have ‘added value’ among consumers because of 
their perceived healthiness and environmental acceptability. However, the ‘Organic’ 
label mainly offers production process guarantees, and the intrinsic quality of 
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organic-labelled products is therefore often questioned (Prache et al. 2011a). We 
therefore probably should anticipate a demand for product quality guarantees and 
for an onus to be able to authenticate organic products.

Organic farmers commit to a list of specifications that govern animal care, wel-
fare and feeding, requiring them to provide herbivores with access to pastures dur-
ing the grazing season and to organic raw feed material outside the grazing season. 
Moreover, they frequently raise rustic animal breeds (Leroux et al. 2009). All these 
factors influence the quality of the meat, although most of them are not exclusive 
to organic farming systems but can also be found in low-input or quality-based sys-
tems of production such as those with the labels, Protected Denomination of Origin 
(PDO), Protected Geographic Indication (PGI) or Label Rouge. It then follows that 
most of the considerations regarding organic products may be useful for low-input 
or quality-based systems of production for which organic systems may therefore be 
considered as a prototype. Moreover, it should be observed that there is a great di-
versity in production practices, in organic as well as in conventional production sys-
tems, which may limit the robustness and generalisation of any given comparison 
between products obtained from organically- or conventionally-reared herbivores. 
Most of the studies in this area have limited their comparisons to organic vs. very 
intensive production systems (Bellon et al. 2009) or have failed to provide sufficient 
robustness because of an insufficient description of the corresponding production 
practices. For example, the comparison of the quality of organic and convention-
ally-produced lambs performed by Angood et al. (2008) was based on lamb chops 
purchased from supermarket chains. Beyond its interest due to the large number of 
samples evaluated and to the fact that these samples directly corresponded to those 
potentially purchased by consumers, this design can be criticised by arguing that it 
is sensitive to confounding effects such as animal diet, animal breed, and sex and 
age at slaughter—all factors that were unknown in the study but that can greatly 
affect the sensory and nutritional quality of the lamb chops.

This paper highlights the main advances, issues and challenges in organic lamb 
meat and carcass quality. We attempted to provide an overview of the state of 
knowledge (and the gap in knowledge) of the different facets of meat and carcass 
quality, from the nutritional and sensory point of view to the regularity of food 
supply, the authentication of lamb meat from organic production systems and the 
carbon footprint of the meat produced.

17.2 � Nutritional Quality

Organic farming consciously promotes pasture-feeding, which is favourable from a 
nutritional point of view since meat from pasture-fed lambs has been shown to have 
a nutritionally more desirable fatty acid (FA) composition than meat from lambs 
fed concentrate diets (Fisher et al. 2000; Aurousseau et al. 2004; Santé-Lhoutellier 
et  al. 2008). Pasture-feeding is a production practice that actually has a positive 
impact on the nutritional quality of the meat because of higher contents of healthy 
compounds (such as alpha-linolenic acid and conjugated linoleic acids (CLA), and 



31517  Advances, Issues and Challenges in Organic Lamb Meat Quality

a lower n-6 polyunsaturated FA/n-3 polyunsaturated FA ratio). It is also responsible 
for a lower content of 16:0 FA, which is pro-atherogenic (Aurousseau et al. 2004). 
The composition of the saturated FA (SFA) and polyunsaturated FA (PUFA) from 
pasture-fed lambs actually meets the recommendations of the European Food Safe-
ty Authority (2010) and the French Nutrition Society (Legrand et al. 2001), i.e., a 
n-6/n-3 PUFA ratio lower than 5 and a limited level of 16:0. Similar results have 
been observed in bovine milk and meat lipids, with higher concentrations of n-3 
PUFA and conjugated linoleic acid (CLA) in animals fed fresh grass compared to 
concentrates or maize silage, and corresponding beneficial changes in PUFA/SFA 
and n-6/n-3 PUFA ratios (Moloney et al. 2008). Differences in feeding regimens 
therefore largely explain why significantly higher amounts of PUFA, CLA, n-3 
FA and antioxidant compounds are found in organic milk (Collomb et  al. 2008; 
Butler et al. 2011). However, although organic farmers are committed to providing 
herbivores with access to pasture during the grazing season, pasture-feeding is not 
exclusive to organic systems and stall-feeding with concentrate-based diets is actu-
ally permitted by organic specifications outside of the grazing season. Stall-feeding 
is currently used and concerns a large part of the organic lambs produced in France.

17.3 � Sensory Quality

17.3.1 � Flavour/Odour

Flavour and odour are of overriding importance in the sensory characteristics of 
lamb meat since unacceptably flavoured meat could permanently deter a consumer. 
However, it should be observed that the sensory assessment of lamb largely varies 
among countries, depending on cultural backgrounds and sensory habits. This was 
clearly demonstrated in the landmark study by Sanudo et al. (1998) that compared 
the assessment of the flavour and odour of stall-fed lambs of the Spanish Merino 
and Rasa Aragonosa breeds with pasture-fed lambs of the British Welsh breed by 
both British and Spanish taste panels. When evaluating the same lamb chops, the 
British panel preferred the flavour of the British pasture-fed lambs, whereas the 
opposite was observed for the Spanish panel that preferred the flavour of Spanish 
stall-fed animals. Results from this study thus demonstrate that meat acceptability 
strongly depends on the consumer’s previous knowledge of the product or con-
sumption habits, as further confirmed for beef meat by Stassart and Jamar (2009).

Organic farming promotes pasture-feeding, and it has been shown that the inten-
sity of the odour and flavour of the meat is greater for pasture-fed lambs than for 
lambs that are stall-fed with concentrate-based diets (Rousset-Akrim et al. 1997; 
Sanudo et al. 1998). This pastoral flavour is mainly due to the branched-chain fatty 
acids, 3-methylindole (skatole) and some products of linolenic acid oxidation and 
its derivatives (Priolo et al. 2001; Schreurs et al. 2008).

Moreover, lamb growth rate and age at slaughter can vary considerably in pas-
ture-fed lambs (Prache and Thériez 1988), affecting the variability in odour and 
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flavour of lamb meat as well. The study by Rousset-Akrim et  al. (1997) using 
groups of lambs with contrasting ages at slaughter (means of 101 days vs. 217 days) 
demonstrated that age at slaughter and growth rate may strongly influence lamb 
meat flavour and odour. First, the ‘sheep meat’, ‘cabbage’ and ‘confined animal’ 
odours were slightly increased in pasture-fed lambs compared to stall-fed lambs 
when animals were slaughtered at a young age. Second, both ‘sheep meat’ and ‘con-
fined animal’ flavours together with ‘sheep meat’, ‘cabbage’, ‘roasty’, ‘rancid’ and 
‘confined animal’ odours were highly increased in pasture-fed lambs compared to 
stall-fed lambs when animals were slaughtered at a late age.

Therefore, since organic farming promotes pasture-feeding and the ‘natural 
rhythm’ of the animals, while limiting the incorporation of concentrate within ani-
mal diets, this production system may be more prone to the occurrence of strong 
pastoral odours and flavours of the lamb meat and to high variability in these sen-
sory characteristics.

The odour and flavour of the meat may be even stronger when the pasture is rich in 
legume species such as white clover ( Trifolium repens) or lucerne ( Medicago sativa) 
due to their high degradable protein content and, therefore, their prominent role in the 
ruminal synthesis of skatole and indole (Schreurs et al. 2007a, b). This was recently 
confirmed by Prache et al. (2011a) with pasture-fed lambs reared either organically or 
conventionally, and whose average growth profiles were similar to avoid confusing the 
effects with lamb age or weight at slaughter. These authors observed that the intensity 
of abnormal odour of the fatty part of the chop was higher in lambs reared organically 
than in lambs reared conventionally. They explained this result by the higher propor-
tion of white clover in organically-reared lambs’ diets, linked to a higher proportion of 
white clover in the organic pasture. Recent research has actually demonstrated that meat 
from pasture-fed lambs has a stronger and less-preferred odour and flavour when the 
lamb has grazed a white clover-rich pasture compared to a grass-rich pasture (Schreurs 
et al. 2007a, b). Grazing white clover actually induces higher concentrations of skatole 
and indole in the fat than grazing ryegrass. These compounds, which are responsible 
for off-flavours and off-odours, are formed in the rumen from microbial deamina-
tion and decarboxylation of tryptophan, and their concentration in the fat is therefore 
increased when the forage proteins are highly soluble and rapidly degradable in the 
rumen (Schreurs et al. 2007a, b). Although there are convincing reasons to have high 
proportions of white clover in organic livestock systems to compensate for avoiding 
mineral fertilisers and to reduce reliance on purchased concentrate feed, the outcome 
of these studies demonstrates that this may increase the occurrence of off-odours in the 
meat end product.

17.3.2 � Firmness of Subcutaneous Fat

Firmness of subcutaneous fat is an important sensory characteristic of lamb car-
casses, and organically-reared pasture-fed lambs have been shown to have a greater 
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occurrence of firmness defects in subcutaneous fat (Prache et al. 2011a). Again, this 
may be due to a higher proportion of white clover in the diet of organically-reared 
lambs. A recent study actually found a higher proportion of PUFA and a lower 
proportion of SFA, and, therefore, a higher PUFA-to-SFA ratio in the subcutaneous 
fat of lambs grazing a legume-rich pasture compared with lambs grazing a ryegrass 
pasture (Lourenço et al. 2007).

17.3.3 � Meat Colour

Organic farming promotes pasture-feeding, and it has been shown that meat from 
pasture-fed animals is darker than meat from animals raised on concentrate-based 
diets (Priolo et al. 2001). The direct effect of the diet, i.e., when comparing pasture-
fed vs. stall-fed animals with a similar growth pattern and slaughtered at a similar 
live weight, is mediated via a higher muscle myoglobin content (Renerre 1981; 
Hopkins and Nicholson 1999). Beyond the direct effect of the animal’s diet, differ-
ences in meat colour between pasture-fed and stall-fed animals may also be due to 
the animal’s age, meat ultimate pH, intramuscular fat content and physical activity. 
The animal’s age at slaughter is generally higher in pasture-fed animals, which is 
known to decrease muscle lightness and to increase muscle redness due to higher 
myoglobin content (Renerre 1986). Meat ultimate pH is also generally higher in 
pasture-fed animals, which decreases muscle lightness (Renerre 1981). In fact, as 
the pH of meat increases above 5.6, its water-holding capacity increases and its 
light reflectivity decreases. As a result, the meat may be darker and have reduced 
microbiological stability (Sheath et al. 2001). Intramuscular fat content is also gen-
erally lower in pasture-fed animals, which is known to decrease muscle lightness 
(Hedrick et al. 1983). Physical activity may influence meat colour via an increased 
oxidative metabolism (Jurie et al. 2006). Moreover, it should be noted that there 
may be a great variability in pasture-feeding conditions and in animal growth rate at 
pasture, which may further enhance meat colour variability. Finally, since organic 
farming promotes pasture-feeding and the ‘natural rhythm’ of animals, and limits 
the incorporation of concentrate within animal diet, this production system may be 
more prone to the problems of high ultimate pH and darker meat colour, and to a 
high variability in these meat quality attributes and sensory characteristics.

Regarding the nature of the pasture, Prache et al. (2011a) found no difference in 
meat myoglobin and lipid oxidation between pasture-fed lambs reared either organ-
ically or conventionally. These outcomes are in line with results obtained by Petron 
et al. (2007) who found no difference in the meat colour or meat lipid oxidation 
in lambs that grazed either intensive ryegrass, legume-rich or botanically-diverse 
pastures. It should be noted that pasture-fed lambs exhibit lower thiobarbituric acid 
reactive substances (TBARS) levels (indicator for lipid peroxydation) than lambs 
fed concentrate-based diets, partly due to differences in antioxidant vitamin E levels 
of meat (Santé-Lhoutellier et al. 2008). Actually, the concentration of tocopherols 
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(vitamin E) in dried grain is typically below 10 µg/g, whereas green pasture con-
tains up to 300 µg tocopherols/g dry matter (Sheath et al. 2001).

17.4 � Other Aspects of Lamb Meat Quality

Consumers, particularly those who purchase organic products, are increasingly 
environment-conscious, and studies urgently need to address the issue of the car-
bon footprint of meat produced under organic or conventional production systems 
(Prache et al. 2011b). The main factors that enable a low level of the use of non-
renewable energy per kg of meat produced in sheep production systems are: (i) a 
large part of the animal nutrient requirements that are covered by forages and pri-
marily by grazing; (ii) a high feed self-sufficiency; and (iii) limited use of mineral 
nitrogen (Benoit and Laignel 2010). The challenge in organic systems is therefore 
to combine high pasture utilisation to both lower the use of non-renewable energy 
per kg of meat produced and to preserve pastures as biodiversity reservoirs and 
carbon sinks, with high animal productivity in order to dilute the methane emission 
per ewe (Benoit and Laignel 2010; Prache et al. 2011b). The organic production 
process is further favoured because it avoids the use of synthetic fertilisers that are 
very non-renewable energy-consuming. All these factors contribute to reducing the 
carbon footprint of the meat produced, water pollution, the reliance on purchased 
concentrate and the sensitivity to input cost volatility (Benoit and Laignel 2010).

Beyond the intrinsic quality of organic food products, consumers and, therefore, 
commercial organisations demand a regular supply of organic food products all 
year round. This may be an issue for sheep production systems because the sea-
sonality of the reproduction in this animal species and the prohibition of the use of 
hormonal treatments can strongly influence the supply pattern and make the sup-
ply of organic lamb meat throughout the year difficult. Commercial organisations 
actually observe a deficit in organic lamb meat supply around Easter and an excess 
in autumn. This issue is a key point and creates a bottleneck in organic lamb meat 
production, requiring additional research on the available methods for the natu-
ral control of reproduction in sheep and their interest for organic lamb production 
(Pellicer-Rubio et al. 2009).

The sanitary-health aspects of the meat also warrant further investigation. 
However, organic farming greatly limits the risk of having chemical residues 
within food products because the list of specifications forbids the use of synthetic 
pesticides and hormones and minimises the recourse to pharmaceuticals and vet-
erinary drugs. Furthermore, organic farmers are committed to feeding animals 
with organic food, and recent studies have shown that residues from synthetic 
pesticides are rarely detected in organic vegetables. The level of contamination of 
organic vegetables by synthetic pesticides that is permitted in conventional farm-
ing is 2–6 % vs. around 40 % for conventional vegetables (Lairon 2009). As far 
as mycotoxins (toxins that may be transferred from feed to animal products) are 
concerned, the data available for vegetables do not make it possible to show large 

S. Prache



319

differences between organic and conventional farming, and there are no compara-
tive data for organic livestock farming. Lastly, it is worth noting that organic farm-
ing professionals consider that genetically-modified organisms are not compatible 
with organic farming principles and that they therefore exclude them from the 
organic production process.

17.5 � Authentication of Meat Products 
from Grassland-based Production Systems

The authentication of organic meat, i.e., meat derived from organic systems of pro-
duction, is one of the challenges facing the sector. Certification of organic farming 
is currently done using on-farm controls by approved technicians. The last 15 years 
have been witness to major developments in the use of analytical methods to au-
thenticate food products derived from particular production systems. However, it 
should be acknowledged that inherent difficulties exist for using such methods to 
authenticate organic food products because production practices are highly diverse 
in both organic and conventional agriculture.

Because organic farming specifications make it necessary to provide herbivores 
with access to pasture during the grazing season, and considering the nutritional 
advantages of the meat produced from pasture-fed animals, related research on 
pasture-feeding authentication is of interest. The current state of knowledge in this 
area will only be summarised in the present paper and full details may be found in 
Prache (2007, 2009).

The first approach developed to authenticate the meat produced from grassland-
based production systems is based on the quantification of specific compounds 
in animal tissues that are directly transferred from the pasture to the end product 
or that are transformed or produced by rumen microorganisms under the effect of 
pasture-feeding (e.g., carotenoid pigments, volatile compounds such as terpenes 
and 2,3-octanedione, meat fatty acid composition and meat isotopic composition) 
(Prache 2007). The second approach is the use of fingerprints: differences in the 
meat and fat composition due to the nature of the diet actually induce differences 
in their optical properties and, therefore, in their spectral features, which can also 
be used for diet authentication (Prache 2007). As far as fingerprint approaches are 
concerned, promising breakthroughs have been made in the use of visible and near-
infrared reflectance spectroscopy. As an example, Dian et al. (2008) investigated the 
spectral characterisation of perirenal fat using visible and near-infrared reflectance 
spectroscopy to discriminate between carcasses from two feeding practices (pas-
ture-feeding vs. stall-feeding with a concentrate-based diet). Analysis of the optical 
information showed differences in perirenal fat resulting from the two different 
feeding practices, which led to the correct classification of 97.5 % of fat samples 
from the pasture-fed lambs and 97.8 % of the fat samples from the stall-fed lambs. 
The reliability of these methods for the discrimination of intermediate feeding con-
ditions (such as concentrate supplementation at pasture, which is frequent even in 
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organic lamb meat production) in interaction with animal characteristics such as the 
breed and the level of production is under active investigation.

The above methods could be further combined with the isotopic composition of 
meat for the authentication of products from animals that are pasture-fed on legume-
rich grasslands. In fact, the N stable isotope composition of plants is modulated by 
the botanical family, i.e., with less 15N enrichment of plant nitrogen compounds in 
leguminous plants that use nitrogen in the air as a nitrogen source (Schmidt et al. 
2005; Prache et  al. 2009). The stable isotope ratios of nitrogen (15N/14N) in the 
meat may therefore provide some information about the intensification level of the 
pastures used for grazing and be of some interest for identifying animal products 
derived from organic and low-input systems (Schmidt et al. 2005).

17.6 � Ways of Limiting Identified Sensory Problems

The challenge for the pastoral production of meat is to guarantee average quality 
as far as it is economically possible, and to control the variability that is inherent in 
pasture-based production (Prache and Thériez 1988; Sheath et al. 2001). Although 
organic farming promotes the ‘natural rhythm’ of animals, the potential danger from 
a meat sensory quality perspective comes from slowing down the growth rate of 
lambs and, therefore, increasing their age at slaughter. Most of the quality traits 
that consumers seek are actually enhanced in the meat of young animals (Rousset-
Akrim et al. 1997; Sheath et al. 2001).

The ways of promoting animal growth rate and reducing slaughter age and their 
variability are: (i) offering high allowances of good quality pastures with a mini-
mum level of parasite contamination; (ii) supplementing lamb diets with carbohy-
drate-rich feeds within the limits of organic specifications (40 % of the diet); and 
(iii) providing feed supplements that contain condensed tannins.

Although additional costs are associated with this practice that, as a result, 
should be well controlled, dietary supplementation with carbohydrate-rich feeds 
may make it possible to: (i) improve the lamb growth rate and lower the age at 
slaughter, (ii) increase the ratio of carbohydrate to protein and therefore minimise 
the flavour problems arising from skatole formation in the rumen, and (iii) mini-
mise the problem of high ultimate pH and the subsequent darker colour and lower 
microbiological stability.

The dietary supplementation of pasture-fed lambs with forage containing con-
densed tannins (e.g., sainfoin) may also improve organic lamb meat quality, in ad-
dition to controlling parasitism in lambs in a ‘natural’ way. It may, in fact, improve 
lamb growth rate, lower the age at slaughter and protect ingested protein, thereby 
minimising the flavour problems arising from skatole biosynthesis in the rumen 
(Vasta and Luciano 2011).

Since sensory defects are of particular concern for lambs with slow growth rates 
that are slaughtered at a late age, one way of limiting sensory defects without undue 
economic cost is to sort animals on the basis of their growth rate, using specific 
management practices adapted to each lamb category. This may help to reduce the 
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variability and to increase average lamb meat quality without having a negative 
impact on the production system’s feed self-sufficiency and the corresponding pro-
duction costs (Prache et al. 2011b). However, this management strategy increases 
the number of lamb batches and the corresponding labour load, and this should not 
be done at the expense of pasture management to ensure good quality pastures.

Finally, as underlined by Sheath et  al. (2001) and Stassart and Jamar (2009), 
one challenge is also to persuade consumers that pastoral flavour is not a defect 
but is associated with a ‘natural’ pasture diet, and to take better advantage of the 
full flavour of grassland-based meat products. In this regard, it is worth noting that 
some sensory quality criteria that are considered as defects in the case of standard 
products may be well accepted by consumers if the product is differentiated, i.e., 
if it is the result of a quality-based production system such as those that bear the 
organic label.

17.7 � Conclusion

Organic farming embodies extrinsic features that are valued by consumers, but 
studies on the intrinsic properties of organic products remain scarce. Having ac-
knowledged the fact that production systems are diverse in organic as well as in 
conventional systems, the challenge is to get the measure of this variability and 
then ask what the factors are that may determine meat and carcass quality in organic 
farming to allow for robust conclusions.

Organic farming works according to specifications that guarantee pasture-feed-
ing, which lead to nutritionally more desirable lamb meat fatty acid composition 
than that found in lambs that are stall-fed with concentrate-based diets. However, 
the meat from pasture-fed lambs is darker and has a higher odour and flavour inten-
sity than that of lambs that are stall-fed with concentrate-based diets, which may be 
an issue for southern European consumers who generally prefer the second type of 
meat. Pasture-based production systems are also more prone to variability in lamb 
growth rate and age at slaughter and, therefore, in meat quality attributes than stall-
fed production systems. Moreover, there is experimental evidence that organically-
reared pasture-fed lambs present a greater risk of off-odours in chops and softer 
subcutaneous fat than conventionally-reared pasture-fed lambs. This risk is linked 
to a greater proportion of legumes in organically-grown pastures. However, since 
white clover is given as an explanation for these results, it is worth noting that 
low-input conventional systems may also be at a greater risk of occurrence of these 
sensory defects. Furthermore, since organic farming promotes the ‘natural rhythm’ 
of animals and limits the recourse to concentrate supplementation, it may be more 
prone to the occurrence of sensory defects in lamb meat and to a higher variability 
in sensory attributes. The challenge now is to further experiment with management 
strategies to help minimise the occurrence of these defects while taking advantage 
of the presence of legumes within pastures for animal nutrition and natural pasture 
fertilisation.
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Regarding authentication issues, the combination of the isotopic composition 
of the meat together with the spectral features of the fat may present some interest 
for identifying animal products from organic and low-input pasture-based systems.

Much of this review has dealt with pasture-fed lambs because organic farm-
ing promotes pasture-feeding. However, stall-feeding with concentrate-based di-
ets is actually permitted by organic specifications outside the grazing season. It is 
currently used and concerns a large part of the organic lambs produced in France. 
Further research is therefore needed to investigate sensory and nutritional meat 
quality in lambs that are stall-fed with concentrate-based diets and reared organi-
cally vs. conventionally.

Additional emphasis should also be placed on the carbon footprint of the meat 
produced, an increasing concern at this time, especially for consumers interested in 
organic products who are particularly environment-conscious. In addition to their 
primary function in food production, animal production systems now also face new 
challenges such as reducing their contribution to climate change and maintaining bio-
diversity, responding to societal demand in terms of ethics, quality and the safety of 
their food products, and contributing to the socio-economic sustainability of agricul-
ture. Grassland-based systems such as organic systems are favoured because, beyond 
the nutritional advantages and typicality of their food products that are produced in 
a natural way, they contribute to maintaining and preserving pastures that play a key 
role on the environment by mitigating greenhouse gases through carbon sequestration 
and maintaining open landscapes and biodiversity (Bellon et al. 2009). Since organic 
specifications are committed to the pasture-feeding of herbivores, and since they for-
bid the use of synthetic fertilisers, pesticides and hormones, as well as minimising the 
recourse to pharmaceutical and veterinary drugs, organic systems may therefore be 
considered as a prototype for sustainable agro-ecological production systems.
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Abstract  “Conventionalisation” hangs like the sword of Damocles over organic 
farming. Raised by certain agrobiologists, the threat has been examined by research-
ers who have attempted (with little success) to measure any shift in how organic 
standards are put into practice. This article takes up the issue, but instead of trying 
to make explicit what is meant by organic (a difficult task in light of the variety of 
interpretations) as earlier research has done, it attempts to enter into the controversy 
surrounding the development and sustainability of the movement. This investiga-
tion illustrates the opposition between two regimes of action, each based on very 
different visions of the acceptable use of the AB label: the first tends to reduce 
organics to a set of regulatory restrictions imposed by the label, while the other 
sees these restrictions as a reductive and insufficient framework. For this regime, 
organic production is more than just a set of restrictions. It is instead a “philosophy” 
or “spirit” guiding a broad examination of the production process and its result. 
Nevertheless, despite their disagreements, the two regimes are also in close and 
mutually-beneficial interaction. Two contradictory characteristics of organic pro-
duction emerge, thus ensuring its sustainability: its capacity to spread through eco-
nomic networks thanks to a more rigid framework, and its flexibility that enables it 
to continually redefine itself and adapt to new situations.

Keywords  Sustainability · Conventionalisation · Label erosion · Certification · 
Objectivation · Organics farming · Labelling

18.1 � Introduction

In all likelihood, the notion of sustainability owes its success to its ambiguity. 
Indeed, how do we know what is sustainable and what is not? Is there a threshold 
beyond which a condition or an approach may be considered sustainable? More-
over, examining the endurance of an object forces us to clarify its nature: what 
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is organic production, which developments and adaptations can be considered 
tolerable and which unacceptable? How can we respond to questions such as these? 
Does the notion of sustainability even have a meaning?

Logic ought to incite us to quickly turn the page. Prudence stresses the fact that 
it is responsible for a great many discussions and activities, fills numerous pages 
and occupies a large number of people. We would surely already have grown weary 
of the notion if it were devoid of meaning. Following the counsel of prudence, 
this article then aims to examine how actors manage to deal with such a sensitive 
issue. Rather than looking at sustainability in general (a topic too vast for a short 
article), we focus on certain agrobiologists’ recurrent fears that the organic label is 
being eroded and losing its capacity to differentiate between “conventional” and 
“organic” agricultural produce, and is thus impossible to sustain. In what way and 
why would organic production be unsustainable? What signs, evidence and facts 
arouse this fear?

We start by retracing the emergence of this concern, which arose among agro-
biologists when the French organic label (AB1) was established to bring together a 
variety of approaches to better propagate agrobiology. Researchers heeded this alarm 
and investigated its reality without reaching a conclusion—at least the persistence of 
the controversy makes it seem so. We thus return to the actors and their debates on the 
matter in order to see how they manage to reconcile the two, somewhat contradictory 
elements of the adaptability and durability of organics. Examining these debates al-
lows us to show the unexpected role this fear plays in sustaining organic production.

18.1.1 � Fear of the Erosion of the AB Label

In 1981, French agrobiologists seeking to further promote organic production re-
quested and obtained the authorities’ recognition of farming that “does not use syn-
thetic chemicals”. In addition, organisations and private commercial brands that 
promoted the development of organic farming found themselves being offered the 
possibility of having their specifications and “endorsements” or interpretations of 
organics approved, thus lending a kind of official validation to their approach.

The first ratified specifications, those of Nature & Progrès, did not establish 
themselves as the organic specifications. In parallel to the approval of the 14 speci-
fications and endorsements existing at the time, and in order to avoid the dispersal 
of the organic movement into a myriad of different specifications, a single French 
label was negotiated.

This led all those involved in the organic movement to seek a consensual defini-
tion based essentially2 on the rejection of the technical innovation of “chemical” 
agronomy. Since the invention of synthetic ammonia by Fritz Haber in 1918, the 
chemical industry has developed a large number of solutions to the “problems” of 

1  AB stands for Agriculture Biologique, or organic agriculture.
2  The 1991 European regulation (R CEE n° 2092/91) that provides the framework for certified 
European organic production also encourages biodiversity, pluriannual crop rotations and the as-
sociation between agriculture and breeding.
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plant growth, disease, pests and competition with weeds. The effectiveness of pes-
ticides, fungicides and herbicides increases yields and matches the changing life-
styles of farmers, who also want to be able to take holidays, for example. However, 
this technical success is also transforming farming and depends on a reconstruc-
tion—ever more controllable and thus increasingly “artificial”—of biological pro-
cesses, isolating and reducing them to a food production process with very clearly 
predefined characteristics.

The resulting regulations of the AB label3 with which organic actors seek to 
promote alternative farming mainly consist in the prohibition of synthetic fertilisers 
and treatments. They monopolise the designation “organic” and have been a great 
success. Of the 14 pre-existing private specifications and charters for organic pro-
duction, only two remain: Nature & Progrès4 for organic farming (“in limbo” after 
the departure of many of its members, both producers and consumers), and Déméter 
for biodynamic production.

However, alarm is growing in the shadow of this success. Producers and those 
running organisations have pointed out the threat looming in the absence of the 
alternative socio-economic dimension in the label’s regulations, as well as the re-
course, voluntary or not, of certain producers to the usual marketing channels.

We could say that the institutionalisation of organics has now marked its territory (or its 
objectives). The organic movement is currently in a phase of “market takeover”: some 
people would like to restrict its development to a copy-&-paste of conventional food pro-
duction and distribution methods. (Harrouch 2003)

In particular, they point to supermarket distribution, the pressure on productivity 
and the prices imposed on producers, which will, in their opinion, only lead to an 
erosion of organic standards. According to them, this is the same economic pressure 
that caused the recent transformation and excesses of conventional farming and 
against which they rebelled. The truncated interpretations of organics, limiting it to 
the label’s purely technical regulatory requirements, are in the process of taking the 
movement in exactly the same direction.

18.1.2 � The Contribution of Research to the Problem  
of the Label’s Erosion

Researchers also find these developments disturbing. Two articles published in the 
same issue of the journal, Sociologia Ruralis, with very different reasoning but of-

3  The AB label is combined with the CCREPAB F, the French specifications that are stricter than 
the European organic label, especially with regard to livestock farming.
4  In order to be completely precise, we should say three, since the SIMPLES specifications that 
focus on gathering medicinal plants has also endured. In France, Nature & Progrès and Déméter 
are the two main organisations that defend organic production at this time. They offer private 
specifications independent of the public French AB label that became European after the abolition 
of European subsidiarity for organic certification. The two organisations bring together producers, 
distributors and consumers, while the FNAB (France’s National Federation of Organic Farming) 
is exclusively a union of certified AB producers.
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ten cited together (Buck et al. 1997; Tovey 1997), both come to the same conclusion 
about the impossible mission of the organic movement.

Buck et al. (1997) observe the rapprochement between conventional and organic farming 
in California. To explain it, they cite the market economy mechanism itself and the short-
comings of the barriers set up by organic stakeholders to this very profitable segment of the 
market. “Conventional” producers attracted by this organic production mode are converting 
and bringing with them a rationalisation of production by investing large amounts of capital. 
The comfortable margins they enjoy allow them to put pressure on prices and also lead to 
an increase in the value of land, which is gradually driving out the pioneers of the organic 
movement who generally do not have much capital to invest. Moreover, consumers are more 
interested in the qualities specific to organic produce (health, environment, taste, etc.) than 
questions of organisation and market access. They, therefore, put up little or no resistance 
to the restructuring of organic production and the abandoning of the alternative, sustainable 
socio-economic principles that comprised the foundations of the original organic movement.

In the second article, Tovey highlights an “institutional” mechanism: the Irish 
authorities are using European subsidies for agri-environmental measures to en-
courage the development of organic production on the sole basis of the agronomic 
principles of organic certification, ignoring any socio-economic goal. They are thus 
bringing about a growth in organic production that outflanks the initial, dissenting 
socio-economic vision, replacing it with a mere variant of classic agronomy that 
uses natural products instead of chemical treatments and fertilisers.

Far from being unanimously accepted, these articles sparked a lively debate about 
what is known as “conventionalisation”, the name given to the implacable logic of 
the erosion of organic production and its attendant identified mechanisms of “ap-
propriation”, “commodification” and “bifurcation”. In fact, the idea of a capitalist 
logic of capturing value evoked by Buck, Getz and Guthman is reversed in the name 
of capitalism’s capacity to incorporate its own contradictions in order to continue 
its development and thus escape from its own deadlocks (Coombes and Campbell 
1998). Guthman (2004) persists by evoking the flaws of organic labelling and its in-
ability to impose an organic quality that is not only agronomic but socio-economic 
as well5. In early 2001, a special issue of Sociologia Ruralis (Michelsen 2001) was 
published, devoted to “conventionalisation”. It broadened the debate which, until 
then, had been confined to economics, in order to set “conventionalisation” against 
a series of logics and competing social forces. In an attempt to move beyond disci-
plinary confrontation, it also provided the contribution of empirical studies that led 
to a series of case studies (Coombes and Campbell 1998; Dantsis et al. 2009) and 
“measurements” of conventionalisation (Hall and Mogyorody 2001; Lockie and 
Halpin 2005).

These case studies demonstrate that the erosion is not equally severe everywhere. 
In certain countries such as New Zealand, “genuine” organic production seems to 
be resisting alongside an industrialised and watered-down version. The authors of 
these studies therefore contest the universality of the erosive forces, which, until 
then, had been identified but not explained.

5  Guthman’s argument is very similar to the fear of “market takeover” mentioned above.
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As for measuring conventionalising forces, this is not without its own problems. 
In order to appreciate the effect of the transformation of organic production, the au-
thors compare the “values” of the new organic farmers, particularly those who con-
vert, with those of the pioneers. However, in making this comparison, they consider 
the pioneers as fossilised dinosaurs, the unanimous (and particularly inflexible) 
bearers of a testimony of another era. As Best (2008) observes, following the publi-
cations of Darnhofer (2006) and Tovey (1997), we need a more precise definition of 
conventionalisation. At the moment, it is impossible to distinguish that which, in the 
changes observed, is part of an appropriation of organic production by conventional 
production, from what is specific to the development of the organic movement and 
its continual adaptation to new and changing situations.

In view of these difficulties, Darnhofer et al. (2010) suggest comparing prac-
tices with what the authors consider to be the definition of “organic”. The article is 
thus based on the four principles listed by the International Federation of Organic 
Agriculture Movement (IFOAM undated) as forming the “roots” of organic farm-
ing, and follows the adjustment of practices to these principles by means of sets of 
practice indicators.

However, the bias of the choice of the IFOAM definition overlooks the historical 
dimension of any drafting of principles. It also completely disregards the diversity 
of interpretations of organics, particularly all those that do not recognise themselves 
in the IFOAM definition, or find these principles inadequate. The IFOAM, which is 
supposed to support the international development of organic production, is based 
on consensual criteria that exclude, in particular, alternative socio-economic di-
mensions. Prohibiting supermarket distribution is not, therefore, one of the criteria 
selected in the article, even though this is a crucial point for many of the organic 
militants, defenders or promoters involved, as shown in the interviews6.

Another path explored by more “comprehensive” human sciences takes the di-
versity of actors’ interpretations more seriously. Researchers following this path 
attempt to analyse conventionalisation not as a set of hidden forces imposed upon 
actors, but as the fruit of divergences of interpretations of organic production and its 
sustainability. The theory of conventions on which many of these studies are based 
(Murdoch and Miele 1999; Campbell and Liepins 2001; Rosin and Campbell 2009) 
transforms “conventionalisation” and the erosion of organics by the rationalised 
agricultural system into a play of oppositions between ideological tenets or value 
conventions. The interpretation of organic as a “value” turns it into the exact oppo-
site of earlier studies (which attempted to list the criteria in order to enable its objec-
tive content to be grasped), into a simple, subjective construction. Consequently, the 
threat of the erosion of the label becomes nothing but performative autosuggestion7.

6  We should also mention that like “organic-formula”, the article reduces organic farming to indi-
cators of practices that alarmed adepts of organic farming have accused of being the very cause of 
the threat of the erosion of organics.
7  The ensuing problem is well known. It is impossible to predict which of the “objective” or 
“subjective” forces will lead to a conventionalisation of a given label and, therefore, impossible to 
decide on the correct preventative measures.
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However, the actors do not only live in a realm of ideas that dictate their laws 
to the plants, fields and annual turnover, regardless of their day-to-day experience 
of them. Rather than continuing along one of the two previous objective or subjec-
tive paths, we have chosen to come back to the actors and the problem they raise. 
Unlike earlier studies, we did not confine ourselves to the “values” or “ideologies” 
as subjective moral principles affixed to the actors’ experience of the world. In ac-
cordance with the tradition of socio-technical studies (Latour 2007) or pragmatic 
studies (James 1996), we sought to define the threat sensed by some people through 
the actors’ experience of it, the visible signs of it, the accusations they make against 
some of their colleagues and the responses made to these accusations, in order to 
understand the difference between “good” organics and the “bad” organics that 
threatens it. We thus carried out a pragmatic analysis that sees organics, like its 
objectivity, as the result of the collective—but not necessarily shared—experience.

The analysis presented in this article is partly based on a project carried out for 
the French Ministry of Ecology by a team of researchers—Barrey, Blanchemanche, 
Charpigny, Floux, Hennion and Teil—on the environmental quality of wine (Teil 
et al. 2011). The study devoted to organic production is based on over 70 interviews 
with organic or biodynamic vintners, certified (62) or not certified (10), in the Val 
de Loire, Jura and Languedoc-Roussillon regions, as well as people working for the 
authorities and technical centres in charge of organic production, organic distribu-
tors, consumers, journalists, certification bodies, etc. (see Tables 18.1 and 18.2). 
The detailed list of interviews is presented in the appendices. We supplemented 
this with seven interviews with representatives and staff from organisations that 
promote organic production and the FNAB, and four half-days of participant ob-
servation.

G. Teil

Field N
Production 115
Sales and distribution 36
Central administration 12
Technical and research 14
Farming union 7
Quality certification 15
Media 10
Catering industry 3
Consumers 13
Phytosanitary industry 6
Total 231

Table 18.1   Breakdown 
of interviews by field
      

Region N
Languedoc-Roussillon 80
Val de Loire 98
Paris 51
Other (Jura) 2
Total 231

Table 18.2   Breakdown 
of interviews by region
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A significant corpus of textual data has been added to this corpus of interviews. 
It is composed of various articles, journals and studies, blogs and websites, research 
reports from public and private institutions, etc., related to environmental issues in 
viticulture as well as agriculture in general, since the qualifications are not limited 
to viticulture alone.

Our field study examined the example of viticulture and we questioned only 
vintners and wine grape producers. However, in most cases, the remarks made by 
these organic vintners are not exclusively confined to the field of wine-growing, 
and relate to organic production in general. Nevertheless, the application of actions 
correlated to their conclusions was, of course, carried out on the basis of their spe-
cific production and, therefore, their wines. Wine is usually regarded as one organic 
product among others and, occasionally, on the contrary, as a specific product. In 
the following section, the article reproduces the connection they make or do not 
make between wine and organic production as a whole. Lastly, just as we use agro-
biology here in its widest, polysemous sense, in line with the diversity of actors’ 
interpretations, the notion of organic wine is also a flexible notion here. Although 
the INAO8 has not authorised the notion of “organic wine”, keeping instead “wine 
made from organically-grown grapes”, actors constantly use the term and various 
private charters even outline specifications.

18.2 � The Contested Threat of the Label’s Erosion

The AB label provoked debates and then rejections as soon as it was established in 
1991. Initially, rejections were individual, and were then followed by a boycott by 
the Nature & Progrès organisation in 1995. Although the boycott had little support 
at the time, it has undergone a revival since 2000: the number of “boycotting” mem-
bers (who apply exclusively for Nature & Progrès certification and refuse AB certi-
fication) has grown from a third to half the organisation’s members in 2010. Would 
the truth of the threat gradually be spreading? However, in that case, why would the 
others resist? This section presents the experience that led those who denounce the 
AB label erosion to call a certain exploitation of the AB label into question, and the 
response they are given.

18.2.1 � The Dispossession and Reappropriation of Organics

Detractors dissatisfied with the label9 describe the “institutionalisation” of organic 
production. Some claim that the AB label “dispossesses” them of the vigilance they 

8  INAO: Institut National de la Qualité et de l’Origine, in charge of French policies regarding 
designations of origin.
9  This is a criticism of the AB label made by militants from organisations, especially Nature & 
Progrès, and organic producers who are often also militants within organisations. To avoid the text 
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formally exercised over organic farming, how it is put into practice and its vari-
ous interpretations and innovations—an impression that resurfaced in 2010 with 
the publication of the new regulations for organic production that abolish French 
subsidiarity10.

“…the text of European specifications is consensual and one that, for some, sounds the 
alarm regarding the loss of control of the founding principles of organic farming. […&… 
It] is now being discussed out of the reach of organic producers and is slipping out of our 
hands. It could well lead to lower standards since it is based on a broad consensus, and this 
is even truer with the extension of Europe.” (Interview with the Nature & Progrès organisa-
tion: 1&211)

Organisation members discuss the issues at stake for organic farming, as well as 
good and bad practices. They make adjustments to the concept and periodically 
revise the specifications in order to take new experiments, interesting or undesir-
able innovations, etc., into account. However, with the label, organic production is 
entrusted, on the one hand, to an independent monitoring body and, on the other, 
to the wisdom of those who consume organic produce, whose skill or expertise is 
distrusted by concerned producers. They think that consumer interest in organic 
farming is limited to banning “unnatural” chemical products and that the consumer 
shows little interest in specifications or the debates surrounding practices. Buy-
ers “place their trust” in the label, i.e. they delegate the identification of organic 
produce to the label. With consumers withdrawing from the debate, the crucial dis-
cussion of what constitutes organic farming and how it is monitored or controlled 
therefore depends on the choices and judgment of staff or members of certifying 
bodies on a day-to-day basis12.

The interviews show two recurrent examples that highlight the absence of moni-
toring: productivist agriculture that uses only natural treatments, or crops grown 
without synthetic products but which are “soilless”. Both are seen as betraying the 
idea of organics while respecting the bare minimum of the label’s specifications. 
These two examples are cited as the epitome of organic production’s takeover by 
large operators, or market “capitalist logic”. Since the label does not present a single 
economic criterion, control procedures are regarded as incapable of preventing the 
perversion of organics that they cause.

These interpretations of organic production are often qualified as “organic-for-
mula” in that, like a formula, they are based on the pre-established list of the allowed 
organic techniques but lack the “spirit” of the organic movement. The adhesion to 
this sprit sustains a wider, contextualised analysis that, with the aim of developing 

from becoming too cumbersome, we have not repeated this whenever possible.
10  The subsidiarity rule allowed each EU member state to adopt specifications stricter than the 
common EU regulation; the new one (CE) N°834/2007 prohibits this “overruling” and forces all 
EU countries to adopt the same EU organic regulation.
11  Figures indicate the page numbers of interviews, all transcribed in a standardised format.
12  This designation includes everything that comes within the “sphere of control” with its monitor-
ing commissions, advisory councils, etc., and which actors often call “monitoring” or “control” 
without further precision.
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an alternative agriculture that is durable because it is protected from harmful market 
forces, reintroduces the socio-economic dimensions.

In anticipation of the foreseen slipping of standards, the two organisations, 
Déméter and Nature & Progrès, have revised their specifications, charters and guid-
ing principles13. Agronomic restrictions have been tightened and the principles of 
sustainable farming—from the point of view of nature as much as from a human 
perspective—have been made explicit. Difficult (if not impossible) to translate or 
define with testable socio-economic criteria, these principles are written into the 
charters as farmers’ commitments, monitored by an internal participatory guarantee 
system. The organisation’s members themselves guarantee the vigilance of the in-
terpretation, application and commitment to the organic or biodynamic producer or 
transformer by the other members of the organisation.

Biodynamic production requires that one feels strongly connected to the essence of bio-
dynamic methods, principles and aims. For this purpose, it is necessary to fathom natural 
processes through observation, thought processes and perception. An ever-deeper under-
standing of connections in nature can be acquired through continual effort. Working groups 
in various organisations, public events, journals and books are all significant sources of 
help and support.
However, if someone should wish to use these standards only as is often done with laws, 
i.e., uniquely in relation to the formal aspect or by seeking loopholes because it is economi-
cally advantageous, this person would do better to practise a different type of farming. It 
is the mission of the Déméter France organisation, its representatives and consultants, to 
prevent this from happening. (Déméter 2004)

18.2.2 � Using the Label to Spread the Organic Movement

For a great many supporters, organic farming is a state of mind, a different way to 
conceive of agricultural production that is constantly under discussion in the numer-
ous collective decision-making bodies that are set up and form the “network” of the 
Fédération Nationale de l’Agriculture Biologique (FNAB).

However, not everybody rejects the label—far from it, in fact.
For some people, protecting the environment is very much a question of means 

and the banning of bad practices. For them, the main thing is that synthetic products 
are banned, making farming non-polluting once again, respectful of the environ-
ment and the consumer. In that case, the market should not be feared but rather used 
for an essential mission—to develop and generalise organic production. From this 
point of view, the label offers considerable advantages: it enables organic produce 
to become widespread, increases its credibility and does away with rival interpreta-
tions, bringing organic produce to wherever the market goes.

For those who support the AB label, the qualitative one-upmanship and charters 
to develop new socio-economic relations merely confine organic production to a 

13  The abolition of French specifications and their replacement by European specifications caused 
a similar reaction with the creation of the brand “Bio Cohérence” whose standards are stricter and 
attempt to incorporate socio-economic criteria to prevent the “hijacking” of the organic movement.
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“niche” reserved for the elite, the only ones able to afford the products seen as very 
expensive. Supporters, on the contrary, hope to contribute to the spread of the or-
ganic movement, making it “commonplace”. They scoff at their inefficient distribu-
tion channels that cause prices to rise, and later at the Parisian “bobos” [“bourgeois 
Bohemians”] who hijack the organic movement in order to turn it into a source of 
luxury product with the “obvious” complicity of the very exacting specifications of 
private organisations. They strongly reject these strategies of “confinement” and, 
on the contrary, use every resource offered by the market to disseminate their wines 
or products as widely as possible. For the vintners interviewed, it is crucial to mar-
ket wines with prices comparable to the others so that they do not suffer from any 
discrimination.

The first producer we encountered during our survey had “rationalised” and 
“optimised” his equipment, become a wine merchant as well as a producer, and 
adapted the labelling of his wine at the request of his clients. One of his wines for 
New Zealand is called “bin”, in reference to a renowned Australian wine merchant. 
The second producer gambled on economies of scale and set up a 220-hectare vine-
yard with AB certification and used biodynamic methods. Both producers supply 
their wines to supermarkets and sell and export at prices similar to those of other 
wines from the same appellation in order to facilitate the distribution of their prod-
ucts. They explained how, unlike the vast majority of organic producers, they have 
bowed to the demands of volume, standardisation and regularity made by super-
markets and large exporting wine merchants. In return, they benefit from the AB 
label’s credibility abroad and this form of distribution relieves them of the burden 
of marketing their products themselves.

In the 1980s, these producers were the only ones (two out of seven producers 
with private certification before 1990 in our sample) to denounce the “irrational 
fear of the market” that they saw among their colleagues, and relations were stormy 
at times. However, they became less of a fringe element with the arrival of new 
producers with organic certification who are very concerned about the environ-
ment and who, like them, are convinced that rejecting synthetic products provides 
a radical solution to the problem of agricultural pollution. They are therefore less 
or only minimally involved in the discussion ranging from agronomy in the strict-
est sense to the economics of agricultural production and its marketing. Relatively 
unconcerned about the quirks of the market economy, they are more concerned with 
managing to ensure the economic health of their businesses—an essential weapon, 
according to them, for expanding the organic movement.

There are, therefore, two fairly contradictory emerging interpretations of organ-
ics. In one interpretation, organics is a subject in the process of development, mov-
ing towards the goal of sustainable farming for both the environment and its inhabit-
ants, constantly reconsidering what it actually is and continually rethinking its ends 
and means. In the other interpretation, organics is an object sufficiently defined 
by a set of practices and prohibitions. The question of monitoring remains equally 
crucial for both camps as they cannot rely on consumers for any kind of vigilance. 
Unlike the gustative quality of wines or other products, the quality of organic pro-
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duction cannot be directly verified by the consumer. The seriousness of monitoring 
is one of the unavoidable issues when marketing and distributing organic produce.

Militants from organic organisations and partisans of the organic market do not 
have the same vision of how organic standards ought to be put into practice. For 
the first group, the label’s criteria are only a minimum framework of interpreta-
tions whose “spirit” needs to be discussed. For the second group, on the contrary, 
the label’s criteria define and guarantee organic production. The latter do not feel 
“dispossessed” of organics by the label, which “belongs” to no one. This does not 
necessarily mean that they are merely lukewarm supporters. Organic production is 
a production mode they support and, like the others, hope to develop. What’s more, 
some of them are very active in the organic community. One of the two producers 
in our sample launched an organic wine competition to try and improve the gusta-
tive quality of the wines, which he believed to be a handicap to their development.

Together, they differ less in their acceptation or rejection of the market than in 
the modality of the elaboration of the organics they support. For partisans of the 
market, organic production is the circumscribed, defined and standardised quality 
of an object. During production, whatever does not fall within the norm makes up 
part of the “other” qualities of the product and, on the contrary, is part of the pro-
ducer’s choice. They are therefore opposed to those who, unlike them, see a global 
quality in organic production whose assessment must be continually reconsidered.

18.2.3 � An Occasionally Stormy Coexistence

Relations between advocates of the two positions are somewhat conflicting. Each 
reflects an interpretation of organic (“niche-organic” versus “business-organic”) 
that casts doubt on the sincerity or effectiveness of the other’s commitment. To 
avoid using these pejorative designations, we will refer to the first group as “eco-
alternative organic” to stress the broad and global nature of their interpretation, and 
to the second as “label supporters” who delegate responsibility for organic identity 
to the label.

The eco-alternative advocates in our sample fear that the market will end up 
watering down or hijacking the conception of agriculture that they promote, often 
at the cost of great abnegation. They feel that the development of organic produc-
tion has been entrusted to consumers who are generally ill-informed and lacking in 
commitment, and producers who may be self-serving.

They challenge the authorities that regulate the markets and their reductive vi-
sion of organic production. They cite recent events and the abolition of French sub-
sidiarity as an illustration that the authorities consider market development as a 
fluid circulation of homogenous organic products and, therefore, reduced to a single 
label. This invariably results in bringing organic production down to the lowest 
common denominator, lowering standards and ignoring the broader requirements 
of each of the original specifications.
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The “label supporters” reproach the eco-alternative camp for the stricter de-
mands of their private charters, the additional costs that these involve and their spe-
cialised distribution channels that risk turning organic goods into products reserved 
for the elite. Furthermore, this expensive organic production seems to them to open 
the way to an interpretation of “organic” as an increase in the quality of produce 
that justifies a higher premium, whereas an interpretation such as this can only be an 
obstacle in developing organic production, demanding that consumers agree to pay 
more for their organic produce. They therefore reiterate that, contrary to a widely 
held belief, organic production is not more costly than other production systems:

…there is also the belief in consumers’ minds that in any case, organic wine is more expen-
sive. Someone decided that 30 years ago, that it’s 30 % more expensive and it’s stuck regard-
less of the production. And when you put two bottles, one organic and one not organic, next 
to each other and you look at the prices, generally it never works. It’s not 30 % but someone 
decided that it was 30 % more expensive and so it’s an obstacle (Organic vintner: 4)

The eco-alternative group admits that organic produce is often—but not always—
slightly more expensive, but it should be reconsidered in a new way of perceiving 
consumption: less waste, greater attention paid to what is consumed, etc.—an atti-
tude that easily compensates for the extra production and marketing costs. For them, 
“organic” means considering not only the “definition” of organic production, but 
also the human and economic consequences of our actions. This comprehensive re-
flection should lead to a fairer distribution of wealth. The eco-alternative advocates 
thus defend themselves against accusations of elitism by insisting upon the politico-
social combat they are engaged in to encourage everyone to think further than “my 
tastes”, “the price” and above all “the label”, since this reduction of organics is an 
abdication of our duty to reflect, and for them, this is a high price to pay for the 
fluid distribution that enables organic production to reach the entire planet. In fact, 
with the label that “commodifies” organic production (as economists describe it), 
making an organic “thing” all the more successful because the label is considered 
“credible” and therefore not called into question, the opposite occurs. The credible 
label relieves consumers of their responsibility to think about the consequences of 
their actions and enables businesses to invent and implement organic solutions that 
are not organic in “spirit”, such as “soilless” organic systems, so-called “intensive” 
organic systems and the transportation of converted soil to other places to supply 
organic greenhouses, for example.

18.3 � Organic—A Global Quality or an Objectified 
Characteristic?

Is it possible to reconcile the “sworn enemies” or should we separate them?
“When we set a rule, we create borderline cases, and this is a problem!” a member of the 
FNAB told us.
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By “objectivising” organic production, the label opens the way to innovations that 
satisfy the label’s criteria but breaks away from the collective procedure by which 
the global quality of organic production is drawn up and monitored. The assessment 
of these innovations is entrusted to customers who delegate the scrutiny of organic 
production to a label that makes only a very incomplete examination of the organic 
quality of the product and is blind to questions of transport, water, economic organ-
isation, ethics, justice, etc.

The eco-alternative organic camp accuses the label certified by a third party of 
creating the possibility of its misappropriation since it allows for a “non-committed” 
use of organic production. Recourse to the label can suspend the critical interroga-
tion of organic production—what it is, its good or bad interpretations, adjustments, 
etc.—to turn it into a quality determined by the criteria that designate it. The merit 
of the objectification of organic production is that it makes it a finite, autonomous 
quality, independent of place and the person applying it. To use Latour’s (1987) 
term, organic quality has become an “immutable mobile”, something that can be 
appropriated by anyone and “applied” to any supporting object as long as its manu-
facture respects the label’s criteria and restrictions. Organic production “boxed up” 
by a label thus acquires an existence independent of those who conceived and cre-
ated it. However, the label also makes another transformation possible. Whereas for 
eco-alternative organic advocates, "organic" designates a global quality that exam-
ines the organic product as a whole (its manufacture, transport, consumption and 
recycling, for example), it becomes, because of the label, a circumscribed quality 
that can be incorporated (with a varying degree of ease) into the product’s other 
qualities, objectified or not, anticipated or imposed by the producer/manufacturer, 
the buyers, or market regulations.

In their opinion, the way in which organic standards are put into practice should 
be subject to an ex post integrative assessment. It should be based on the entire 
process, from manufacture and distribution to consumption, since these all have 
an impact on the “organic” quality of the product, and can no longer be seen as a 
set of criteria but, instead, as the ever ongoing development of an alternative to the 
“deadlock” of “conventional” farming.

The organic quality that emerges from this collective usage is not “something” 
autonomous or predefined. It is the result of multiple applications, each inseparable 
from the concrete situation of its use, and an interpretation of what organic produc-
tion could and should be, all subject to a critical discussion led by other people 
who are also committed to developing the organic alternative. Whether this is to 
produce, find or consume these products, the eco-alternative advocates insist upon 
the need for each person to keep informed, gather judgments, inquire about the 
validity of these judgments, learn how to judge them and thus contribute to the col-
lective task of critiquing and developing the global quality of organics. The sign or 
certification that establishes the acquisition of organic quality in the first instance 
constitutes a “reductive” vision, incomplete and at times even inappropriate in the 
latter. It loses its capacity to designate and is subject to discussion and judgment.
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18.3.1 � The Bifurcation of Organics?

The organics currently being developed cannot be monitored for compliance by a 
third party. Organisations (especially Nature & Progrès) opposed to the AB label 
since 1995, offer an alternative. They have invented and perfected a participatory 
guarantee system that, rather than delegating the task to independent third parties, 
submits all their members’ organic production projects to a collective critique by the 
organisation’s committed and vigilant members (May 2008; Darlong 2008; Fonseca 
et al. 2008; IFOAM 2007).

In the interviews, Nature & Progrès and Déméter were described as closed and 
sectarian groups and their internal monitoring procedures disparaged for their lack 
of “transparency”, “independence” and “objective guarantee”. Admittedly, the vigi-
lance procedures regarding commitment are internal and organised by their mem-
bers, the only people they recognise as competent for this mission. The lack of 
criteria to define a priori organic production is not a lack of transparency. Instead, it 
stems from the impossibility of definitively making “organic” explicit, taking every 
possible factor into consideration, i.e. depending on the region, the production, the 
farm and… the future. The lack of the evaluators’ independence is, on the contrary, 
a guarantee of their competence, their sharing of ideas and the discussion of pro-
duction projects. The proficiency of those evaluating organics as a global quality 
in the making is tied to and therefore inseparable from their participation in the 
drawing up of the quality itself. The notion of independence is meaningless when 
it involves evaluating the interpretation of an idea or a concept, as is an “objective 
guarantee”, since both assume that the idea or concept has a defined and objectifi-
able existence14.

Should, then, the AB label and its independent monitoring be replaced by an 
overall participatory review procedure? This is not an unusual situation. Consum-
ers interested in a particular “quality” or object investigate, gather information and 
even engage in actual “surveys” to make their choices. They thus make use of and 
contribute to the collective critique that goes with the market circulation of these 
products. We are also aware of the limitations of this. A strong investment by a large 
number of buyers is required. Their acquisition of information and the circulation 
and confrontation of judgments limit the possibilities of developing and expanding 
these markets. On the contrary, certifications make it possible to take responsibility 
for this survey and to relieve consumers of the task in order to facilitate the profit 
sharing of new consumers and thus the expansion and growth of the markets. The 
modest size15 of the organisations that have distanced themselves from the AB la-
bel is usually associated with the strict demands of their specifications. This point, 
however, does not concern consumers. It is hard to see the low membership cost 
for these organisations16 as a significant limiting factor. Instead, we should prob-

14  For a full discussion of the objectivity of engaged or disengaged monitoring, see Teil (2001).
15  In France, Nature & Progrès has around 350 producer-members, whereas 20,000 producers have 
the AB label certification.
16  For consumers, membership usually costs between 10 and 20 euros.
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ably see their small size as a consequence of the implementation of strict vigilance, 
promoting small projects on a human scale and short networks where one can still 
gather information and where participatory monitoring can still take place and re-
main effective. However, when products travel all over the world, when farms sell 
hundreds of different products or very large volumes, members are no longer suf-
ficient.

Are we now doomed to divergent organics as suggested in the idea of “bifurca-
tion” (Coombes and Campbell 1998; Campbell and Liepins 2001), with short net-
works and participatory monitoring of all the actors, local markets and human scale, 
on the one hand, and, on the other, international markets, international labels del-
egated to independent monitoring bodies and organic produce of dubious identity?

18.3.2 � Sustainable Organics: An Active and Framed Goal

The idea of bifurcation suggests separating into two distinct paths where “eco-al-
ternative” organics remains out of the reach of and protected from “objectified” 
organics, thus avoiding conventionalisation.

First and foremost, we should not deceive ourselves. These two “organics” are 
not two different and homonymous versions of organic production. There is not 
“eco-alternative” organic production on one side and a different, “objectified” or-
ganic production on the other, any more than these two organics are the result of 
two different uses by producers engaged in organic reflection, on the one hand, and 
commercial profitability, on the other. They are two regimes of action that cause 
different modes of presence of organics to emerge, one in a form reduced to cri-
teria and the other as an object constantly under construction. Each regime uses 
different instruments of proof or evaluation of the object’s presence, but these are 
only judged to be incompatible insofar as the actors esteem that the ways in which 
they are applied are too different to continue to cohabit under the same name with-
out mutual harm. This is the same question highlighted by the threat of erosion or 
conventionalisation raised by the eco-alternative camp. Would it be appropriate to 
separate the two regimes?

Eco-alternative organics would always experience the same difficulties in devel-
oping and extending its dense and informed circuits. For its part, objectified organ-
ics, like all standards, should be subject to constant revisions, additions and adjust-
ments to adapt to the incessant changes and vagaries and to ensure its sustainability.

Seeking to protect eco-alternative organics by endowing it with more numerous, 
more objective criteria, as suggested by Conner (2004), Guthman (2004) and Darn-
hofer et al. (2010) (as Nature & Progrès and Déméter have been doing for a long 
time), would mean that the overflowing of the organic movement could be reframed 
by giving it new limits. However, this process still reproduces (like any guarantee 
of means or ends) the divergence between organics seen as a goal or as a predefined 
object. Therefore, it is not “the” solution but a stage of the process in which organ-
ics constantly rethinks and revises itself. Like any set of criteria or restrictions that 

18  Is Organic Farming Unsustainable? Analysis of the Debate …



340

only imperfectly and temporarily captures an object in progress such as organics, it 
always ends up flowing over because of the arrival of new people concerned. Once 
again, new explicitations and adjustments of organics must try to frame it17.

This framing and overflowing is not due to approximations of criteria and re-
strictions; it is constitutive of the sustainability of organics, which holds together 
two different modalisations of the existence of the organics notion. Objectified or-
ganics derives its strength from the critical monitoring practised by eco-alternative 
organics that guides its slow content evolution and guarantee its credibility. Recip-
rocally, the latter increases its development capacities tenfold if it can benefit from 
the capacity to enlist objectified organics. Together, they form the two “pillars” that 
provide its attractiveness and resilience; without one another, they are nothing.

As the notion of organics is transformed and diversified, the signs of objectified 
organics must be readjusted to continue to benefit from the credibility bestowed by 
the critique. This is done by reinforcing charters and criteria—in the case of Nature 
& Progrès and Déméter, or by creating new specifications18. Their divergences, 
shown by a variety of charters, pluralise the notion of organics. Above all, they 
result in a growing detachment from the certification that limits the notion of organ-
ics. In fact, it is, above all, the certification that should also be adjusted and revised. 
It is the same process of exchange between a global vision of organics and its re-
duced interpretation that should, therefore, be regularly revised by all the members 
of the organic movement and not merely within its sub-groups to protect producers 
from sliding standards resulting from innovations brought about by the label and 
deemed unacceptable.

18.4 � Conclusion

How can the development and sustainability of organic farming be helped? Are 
its development and sustainability now under threat, as many agrobiologists and 
researchers claim? Should we, like them, seek to guarantee the durability of organ-
ics by means of increasingly thorough knowledge of what it is? This idea supposes 
that organics is a finite object existing independently of those who contribute each 
day to make it exist. It is doomed to come up against historical evolutions that de-
stroy definitions one after the other. Starting off from the opposite conception (that 
analyses organics as the result of the conception and implementation by the actors 
themselves), we have attempted to sketch the original solution they provide to the 
problems that may be caused by the diversification of a growing movement.

17  We borrow the very appropriate image here used by Callon to describe the succession of move-
ments of pausing and questioning that guarantee the durability of action groups (Akrich et  al. 
2010).
18  This is the case in France with the new brand, Bio-Cohérence.
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“Traduttore, traditore”. As highlighted by the sociology of translation19, this 
adage perfectly captures the difficulties faced by many movements that hope to 
expand. Translation, in other words, the enrolment of new adepts, always brings 
new interpretations of the goals or message and new applications of practices, and 
accompanies the expansion of a movement, the spreading of knowledge or tech-
niques. Seen from the narrow framework of individual or stabilised interpretations, 
these new interpretations are just so many aberrations or blows to their “true” mean-
ing, as well as adjustments that enable them to win over a wider public, to expand 
and to endure. In this way, the development of a new movement often appears to 
be forced to accept a “pluralisation” of its message through the new interpretations 
brought by new adepts, and this is its strength as well as its weakness.

The solution that seems to be emerging consists in holding together (and it is 
here that the difficulty lies) two different regimes.

The AB label represents a certification that introduces an objectification of the 
organic quality. Established to ensure the expansion of organics, it brings interpreta-
tions that are sometimes innovative, but whose evaluation escapes the most com-
mitted people involved, and relies upon the producers or consumers whose commit-
ment to the development of enduring organic agriculture is not guaranteed. Organ-
isations then react by establishing private brands and tightening specifications to 
correspond to a different conception of organics, not as criteria that define the scope 
of a quality but as a minimum framework to outline the development of organics as 
a goal or global quality that is not predefined, extending without a priori limits to 
every area of production, distribution and consumption. Through their internal criti-
cal vigilance, they bring about the continual adjustment and revision of organics in 
order to make it sustainable and durable. These organisations, however, add a major 
constraint of active participation to the discussion of organics.

Organics now appears as an object that combines strongly opposed and rival 
conceptions. Rather than distinguishing them or relinquishing one or another of the 
conceptions, we have defended the idea that it is important to maintain their interac-
tion so that organics can benefit from the development capacities provided by the 
organic quality objectified in certification, and so that the innovations this gener-
ates can be validated by a critical discussion of organics as a global quality and not 
simply as the respect of a priori criteria.

Lastly, the fear of conventionalisation appears as one line of inquiry (by the eco-
alternative organic camp)20 to examine the healthy coexistence of the two regimes. 
As long as it does not conclude that it is necessary to split up into two incompat-
ible “visions” and give them two different names—which is what has happened in 
other certification cases (Teil 2011)—it will continue to contribute to their mutual 
interaction.

19  See Law and Williams (1982), Callon et al. (1983), and Latour (1984), and the anthology of 
Akrich, Callon, and Latour (2006) for a new edition of the founding texts.
20  The “label supporters” camp raises another, symmetrical line of inquiry that highlights the con-
finement of organics to the internal, collective critique of organisations.
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Appendix

Detail of the distribution of the survey interviews of vintners

Type of farming 
unit

Type of environmental quality Number
V de L LR Jura

Cooperative Without 1
Cooperative Industrial quality certification 1 2
Cooperative Integrated viticulture 1 3
Cooperative With part of the production certified as organic 2
Farm Without 8 1
Farm Industrial quality certification 4
Farm Integrated viticulture 7 5
Farm Non-certified integrated viticulture 5 5
Farm Certified AB 26 14
Farm Certified biodynamics 13 5
Farm Uncertified biodynamics 4
Farm “Natural wine” or “terroir wine” 2 4 2

Total 68 45 2
Total number of survey interviews = 115
Although also organic, biodynamic producers do not appear under the certified count
V de L Val de Loire, LR Languedoc Roussillon

All samples

Activity Nb
Producers All 115 Technique and 

research
Technical training 6

AB organic certified 62 Organic technical 
training

3

AB “committed” 10 Research 4
Retail and sales Superstores 9 Agronomy teaching 1

Wine trade 1 Farming 
syndicate

Farming syndicate 7

Wine seller 8 Quality 
certification

Integrated viticulture 4

Organic coop outlet 5 Industrial quality 
certification

1

Organic associative outlet 1 Organic certification 1
Franchised organic outlet 1 AOC certification 9
Wine retailer with mixed 

(organic and non-
organic) products

11 Catering Organic catering 3

Administration Ministry of Agriculture 6 Media Wine critic 4
Organic agency 2 Regional press 2
AOC administration 4 Organic critic 1

Agro-chemical 
industry

Agro-chemical firm 5 Natural wine critic 2

Agro-chemical product 
retailer

1 Economic press 1

Total 231 Consumers Consumers 13
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Abstract  Consumer support for organic products continues to grow in Canada and 
the US. At the same time, the characteristics of organic agriculture and the wider 
social and political context in these countries have limited broader endorsement of 
organic and other forms of alternative agriculture, with the result that consumer 
understanding in North America of the ‘value proposition’ of organic agriculture 
is lagging in comparison with the rest of the world. The recent growth in targeted 
research funding for organic agriculture is providing much-needed documented evi-
dence from Canada and the US, summarized in this document, of the broad social, 
ecological and economic goods and services (SEEGS) derived from organic agri-
culture. However, to further transform recognition of these benefits, the interrelated 
issues inherent in SEEGS will increasingly have to be tackled by multidisciplinary 
teams of researchers partnering with organic producers. In addition, we propose two 
approaches, one regional in scope, a pilot-scale watershed initiative to demonstrate 
the diverse benefits of organic agriculture, and more broadly, promotion and use of 
the concept of organic agriculture as a form of ‘civil commons’, as a meaningful 
framework and tangible concept to help promote sustainability and a shift in social 
consciousness to encourage broader support and endorsement of organic agriculture 
in North America as a prototype of sustainable agriculture.
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19.1 � Introduction

Organic agriculture, it can be argued, is the first codified form of ‘civic agriculture’ 
(Lyson 2004), based on a set of principles that aims to go beyond solely a focus on 
production and to enhance the benefits of the social, ecological and economic goods 
and services (SEEGS) it provides to society. Such an approach, emphasizing the 
joint production of both agricultural commodities and SEEGS, has been a defining 
characteristic of organic agriculture since its inception (Lynch 2009; Drinkwater 
2009; Gomiero et al. 2011; Lynch et al. 2012a). Although controversies continue as 
to the degree to which environmental benefits from organic agriculture are achieved 
(Kirchman and Bergström 2009) in some regions, primarily Europe, organic pro-
ducers have received, for many years, direct government payments through vari-
ous agri-environmental schemes (AES) for goods and services (protection of water, 
biodiversity, etc.) of benefit to society. In the UK alone, such AES schemes apply to 
almost 45 % of agricultural land with organic farmers routinely benefiting (Feehan 
et al. 2005; Zander et al. 2008; Fuentes-Montemayor et al. 2011).

Reganold et al. (2011) argue that since agriculture is a complex socio-ecological 
system, multiple sustainability concerns can only be addressed through a transforma-
tive, whole system redesign, rather than more incremental and solely technological 
approaches. In Canada, as is the case globally, national organic standards and organic 
producers also broadly adhere to elements of such a transformative approach to agri-
culture. In the Canadian national standards for organic agriculture (CGSB 2006), for 
example, five of the seven guiding principles refer to goals related to environmental 
and ecological benefits of organic farm design and management, including minimiz-
ing soil degradation and erosion, decreasing pollution, optimizing biological activity 
and ‘health’, maintaining biological diversity within the system, and recycling materi-
als and resources whenever possible within the production system. The motivations of 
many Canadian organic producers also reflect these guiding principles. A recent sur-
vey of more than 600 Canadian organic farmers’ production research interests found 
holistic management of their farming systems, including rotations, soil quality, ecolog-
ical interactions and energy use, as their top-ranked research priorities (OACC 2008).

With respect to the social and political context, Canada is among those countries 
in the world with more than 80 % of the population now in urban centres, many of 
whom have no recent family history of involvement in any aspect of the agricul-
tural industry. In addition, the majority of organic farms in Canada are located in 
the Canadian Prairies region, far from most of the rapidly growing urban centres. 
As a result of this dwindling direct social connection to agriculture and agricultural 
landscapes, instilling an appreciation of the social, ecological and economic goods 
and services derived from organic agriculture is a challenge. In addition, Canada is 
directly affected by the neoliberal political climate in the United States, which val-
ues economic returns over social and environmental benefits. In this vein, the neo-
liberal cult of the individual renders collective outcomes invisible or undesirable, 
especially if they create barriers to personal gain. Within this context, the need to 
support farming systems and landscapes that exhibit floral and wildlife diversity not 
just for ecological reasons alone, but also for aesthetic, recreational and tourism-



34919  Framing the Social, Ecological and Economic Goods and Services…

related benefits, is less tangibly obvious to consumers and policy makers than is the 
case in Europe. For example, when North American consumers are polled regarding 
their reasons for purchasing organic products, their motivation spans a narrower 
range than that of consumers elsewhere. Most (78 %) purchase organic foods solely 
as a perceived healthier choice for themselves or their children, with only 11 and 
2 %, respectively, citing environmental benefits or improved animal welfare as mo-
tivating factors influencing their purchasing choices. In contrast, environment and 
animal welfare concerns were respectively cited as key concerns by 19 and 12 % 
of European consumers, and 15 and 7 % of consumers globally (ACNielsen 2005).

From a political and policy perspective, there has been a lack of government 
support in Canada to promote an integrated or whole-system framework (Reganold 
et al. 2011) for addressing multiple sustainability concerns related to agriculture, 
in general, and to organic agriculture, in particular. The limited exceptions include 
a new farm ‘multifunctionality’ pilot program in the province of Quebec, which 
is providing financial support to producers for both the establishment and mainte-
nance of important habitats such as hedgerows (MAPAQ 2011),as well as help to 
cover the costs of organic certification being adopted by some Canadian provinces. 
MacRae et  al. (2007) have argued that expansion of organic farming could help 
solve broad multiple policy goals, including social and financial goals, for Cana-
dian agriculture. The authors concluded that factors such as lower input costs and 
price premiums, more diversified production and marketing channels, resilience in 
the face of variable market conditions and even weather conditions often result in 
improved economic performance for organic farms across North America. With re-
spect to social impacts, the increased demand for labour (which may be less limiting 
as fossil fuel prices rise and variable weather increases), and local goods and ser-
vices, and possibly even a greater commitment to participation in civic institutions 
were linked to organic farms, although the data were considered less conclusive.

Overall, support for organic farming may result in a diverse range of goods and 
services. From an economic perspective, goods and services are understood as any 
tangible economic product and intangible economic activity that contributes direct-
ly or indirectly to the satisfaction of human wants (Pass et al. 1991). Costanza et al. 
(1997) added an environmental perspective to this basic understanding when they 
argued that “ecosystem goods (such as food) and services (such as waste assimila-
tion) represent the benefits human populations derive, directly or indirectly, from 
ecosystem functions.” We move beyond Costanza et al.’s (1997) conceptualization 
of ecosystem goods and services to propose social, ecological and economic goods 
and services (SEEGS), which represent the suite of benefits human populations may 
derive, directly or indirectly, from organic agriculture.

In the following section (Sect. 2), we review the current knowledge of SEEGS 
benefits derived from organic agriculture with particular reference to Canada and, 
secondarily, to North America. We then put forward two alternative approaches 
(Sect.  3)—a regional watershed approach and a civil commons approach—for 
framing SEEGS in the Canadian context. Finally, in the conclusion (Sect. 4) we 
summarize and point out promising recent developments in support of the promo-
tion of organic agriculture as a prototype of sustainable agriculture.
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19.2 � Social, Ecological and Economic Goods and Services 
(SEEGS)

Organic agriculture can provide a range of goods and services that contribute to 
sustainability. These benefits can be divided into social, ecological and economic 
goods and services (SEEGS), which help to establish organic agriculture as a proto-
type for sustainable agriculture.

19.2.1 � Social Goods and Services

Research in North America and beyond has found a range of social goods and ser-
vices provided by organic agriculture that can contribute to a more sustainable form 
of agriculture: rural community sustainability, rural-urban linkages, gender equal-
ity, knowledge production and social learning opportunities, as well as animal wel-
fare considerations.

�Rural Community Sustainability

A study composed of semi-structured interviews with a representative sample of 41 
organic farmers in southern Ontario, Canada, revealed that they made economic, 
social and environmental contributions to rural community sustainability (Sumner 
2005). Economically, they positively affected both supply and demand. On the sup-
ply side, 56 % of organic farmers made direct sales to local businesses, while 27 % 
were involved in farm sales, and 21 % ran community-supported agriculture pro-
grams (CSAs). On the demand side, 97 % purchased farm supplies and household 
needs as locally as possible (see additional information on organic agriculture de-
velopment in Canada in Text-Box).

Socially, 76 % of organic farmers volunteered in their communities, and 70 % 
were members of a local club or organization. Seventy-six percent of organic farm-
ers also supported local cultural events and were politically active, with 76 % in-
volved in their local government and 61 % participating in local roundtables and 
panels.

Environmentally, all of the farmers in the study followed local waste manage-
ment guidelines. An overwhelming percentage—93 %—made donations to an envi-
ronmental group, and 79 % supported local environmental initiatives. Eighty-eight 
percent sold their produce locally, and more than half of them defended the environ-
ment—69 % spoke at public gatherings and 55 % spoke to their politicians.

Many of these findings were corroborated by a second study, which found strong 
farm-community linkages among organic farmers (MacKinnon 2006). Organic 
farmers made economic contributions through local purchasing, job creation and vi-
able farms and also made social contributions through a number of channels. They 
demonstrated strong involvement in education, networking and leadership, and they 
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built social capital—the invisible social infrastructure thought to underlie a com-
munity’s capacity for development.

�Rural–Urban Linkages

A recent report found that organic agriculture can strengthen the relationships be-
tween rural and urban communities through both traditional arenas of interest and 
more recent ones (Sumner 2009). Within the traditional arenas, the report high-
lighted that organic agriculture could either begin or continue to strengthen rela-
tionships through farmers’ markets and outreach provided by non-governmental 
organizations (NGOs) such as the Canadian Organic Growers and the Ecological 
Farmers Association of Ontario. Within more recent arenas, the report found that a 
number of new opportunities had arisen where organic agriculture could strengthen 
the relationships between rural and urban communities. These included a number 
of opportunities strongly associated with organic agriculture, such as 100-mile mar-
kets, which sell predominantly organic food from within a 100-mile radius, social 
movements with a preference for organic food (such as the Slow Food movement 
and the local food movement), and the growing phenomenon of urban agriculture, 
which follows organic principles.

�Some Advances in Gender Equality

Gender relationships are fundamental worldwide to the way farm work is organized, the 
way assets such as land, labor, seeds and machinery are managed, and to farm decision-
making. Given this, the lack of adequate attention to gender issues within the organic and 
sustainable farming movements is worrying. The revolutionary potential of sustainable 
approaches to farming to reshape our food systems, and the way humans interact with those 
systems, will not be realized unless there is a concerted effort by committed sustainable 
farmers and consumers to work towards gender equality. Indeed, the question addressed by 
this paper can be turned on its head. As well as asking how participation in organic and sus-
tainable farming can empower women, we can ask: How does the participation of women 
broaden and deepen the multiple goals of organic and sustainable farming? (Farnworth and 
Hutchings 2009)

In their study of organic agriculture for the International Federation of Organic 
Agriculture Movements (IFOAM), Farnworth and Hutchings (2009) contended that 
gender relations in organic agriculture did not differ substantially from conven-
tional agriculture. In Canada, however, advances in gender equality are beginning 
to occur. Hall and Mogyorody (2001) found that a significant percentage of farm-
ers working together in heterosexual couples (38 %) reported that decisions were 
shared equally. This finding was corroborated by Maceachern (2008), who argued 
that the decision-making process on organic farms offered some opportunity for 
differences with conventional farms. In the US, Trauger et al. (2010) concluded that 
“in sustainable agriculture systems, the construction of masculinity and feminin-
ity, and their relationships to work roles and decision-making, are changing.” The 
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authors warn, however, that these changes are not total or transformative because 
“women still shoulder the burden of domestic work in addition to taking on more of 
the productive work of the farm.”

In combination with their own primary research conducted among organic 
women farmers participating in the social economy in Ontario, Canada, Sumner 
and Llewelyn (2011) found that these and other studies in North America yielded 
a number of commonalities. They reported that, first, organic agriculture can of-
fer an opportunity for addressing rural gender relations but, second, this opportu-
nity has often been squandered. For example, Hall and Mogyorody (2001, p. 313) 
disclosed that even among dedicated organic farmers, gender relations were often 
“not on their radar screens.” Third, glimmers of hope are nevertheless appearing 
as organic women farmers continue to increase in number and make their presence 
felt—Farnworth and Hutchings’ (2009) report represents one example of this posi-
tive turn. Fourth, women’s knowledge networks are vital to this process but, fifth, 
the spectre of conventionalization—the process by which “agribusiness is finding 
ways to industrialize organic production” (Buck et al. 1997) threatens the recently 
documented advances in gender equality. As McMahon (2005) warns, “the organic 
movement does not recognize that the conventionalization of organic agriculture, 
like earlier developments in non-organic agriculture, is itself a gendered process.” 
And sixth, it is important to remember that alternatives to industrial agriculture 
(either conventional or organic) will not realize their full potential unless they focus 
on non-production issues such as gender. In North America, organic agriculture is 
beginning to pay attention to gender issues, but it has a long way to go before it can 
realize its full potential.

Knowledge Production and Social Learning Opportunities

In their study of multifunctional agriculture in the US, Jordan and Warner (2010) ar-
gue that to capitalize on opportunities and address problems, we need “new modes 
of perception, knowledge production, and decision-making.” This, they maintain, 
will help to develop the policies and markets required to stimulate a diversified flow 
of goods and services from multifunctional landscapes. They call for the develop-
ment of new management regimes for agriculture that will “support an ongoing pro-
cess of inter-coordinated ‘knowledge innovation’ across social, technical, market, 
and policy sectors.” In addition, the authors propose that advanced multifunctional-
ity depends upon social learning, which they define as “participatory research by 
diverse stakeholders to manage specific agro-ecosystems,” in order to coordinate 
and integrate different types of biological and practical knowledge to generate a 
multifunctional benefit stream.

Knowledge is central to organic agriculture—it is a knowledge-based system 
(Aeberhard and Rist 2009; El-HageScialabba 2007; Kummer et al. 2010; Morgan 
and Murdoch 2000; Warner 2007) that creates, shares and applies knowledge. Since 
knowledge has long been associated with power—whose knowledge counts and 
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whose does not—organic farmers have come to understand that no university, gov-
ernment or corporation would teach them how to farm (Francis 2009).

They have learned to teach themselves and each other, over decades, to compensate for 
any knowledge gaps. They read extensively, form learning associations, set up mentoring 
networks, hold kitchen table meetings, host farm tours, organize field trips and convene 
conferences. Organic farmers move seamlessly between the roles of teacher and learner, 
sharing knowledge, building knowledge networks and refining their knowledge through 
scientific experimentation. (Sumner 2008)

The breadth and depth of knowledge of organic farmers, and their commitment to 
social learning, has been recognized by the FAO in its position paper on organic 
agriculture and food security:

Inexperience and lack of adequate extension and training for knowledge-intensive man-
agement systems and location-specific science require long-term investments in capacity 
building. With the objective of creating a critical mass and the necessity to strive in settings 
with limited opportunities, many organic communities have responded by establishing col-
lective learning mechanisms and have become innovators or ecological entrepreneurs. (El-
HageScialabba 2007)

In this way, organic farmers’ modes of knowledge production and social learning 
position them to participate in a transformative redesign of agriculture and to help 
us learn our way out of unsustainable ways of producing food.

Animal Welfare

The rise of industrial agriculture and the accompanying proliferation of confined 
animal feeding operations (CAFOs) have raised questions in the minds of many 
people about the welfare of animals kept in these conditions. In the United States, 
for example, Jordan and Warner (2010) report “there are many concerns about ani-
mal agriculture for meat production”. As a result, some are choosing to avoid meat 
altogether, rather than contribute to animal cruelty. Jordan and Warner (2010) sug-
gest that by articulating an “integrated social vision, supportive of MFA,” many of 
the concerns about animal agriculture could be addressed because of new grazing 
systems.

In Canada, a recent government market analysis study of socially conscious 
consumer trends (AAFC 2011) identified a growing niche for products offering 
animal welfare assurances. In response, a number of livestock sectors, government 
regulations and retailers have begun to address the animal welfare issue. In the 
US, in response to voter referendums, individual states have brought in statutes or 
regulations that deal primarily with livestock housing systems (AAFC 2011), and a 
ban on battery cages for poultry is scheduled to be implemented by some Canadian 
provinces. In the province of Ontario, a non-profit organization that aims to estab-
lish a local sustainable food system and certifies food as local and sustainable—Lo-
cal Food Plus (LFP)—includes a requirement for improving animal welfare in its 
certification standards (Friedmann 2007).
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The new Canadian Organic Standards (CGSB 2006) include animal welfare as 
one of seven general principles: “provide attentive care that promotes the health and 
meets the behavioural needs of livestock” (CGSB 2006) and corresponding specific 
management requirements regarding stocking density, housing, feeding and health 
management, handling and transport, etc. Furthermore, for sick or injured livestock, 
the Canadian standards require that all appropriate medications be used to restore 
them to health if methods acceptable to organic production fail. Recent organic 
sector industry efforts have been targeted to improve management practices on or-
ganic farms with respect to animal welfare and organic producer skills in this regard 
(Animal Welfare Task Force 2011). However, as noted above in Sect. 1, consumers 
in North America still lag behind their international counterparts in terms of associ-
ating animal welfare benefits with livestock management on organic farms. In this 
book, Porcher (Chap. 15) provides a more thorough review of the challenges related 
to more comprehensively providing for animal welfare while under a continuing 
paradigm focused on ‘organic animal production’.

19.2.2 � Ecological Goods and Services

Ecological goods and services from agriculture are tangible outcomes and benefits 
to society as influenced by farm and landscape management. These ecosystem ser-
vices include:(1) supporting services such as biological pest control and soil pro-
cesses that maintain soil structure and nutrient cycling; and (2) broader regulat-
ing services that extend beyond agriculture, such as maintenance of biodiversity, 
ground and surface water quality, and climate regulation, etc. (Drinkwater 2009). 
Agriculture is a key driver of environmental pressure and ecosystem degradation 
globally, through its impact on water use, loss of habitat, climate change, and pollu-
tion, and this is also true of North America (Mooney et al. 2005; Jordan and Warner 
2010; Reganold et al. 2011; Lynch 2009; Lynch et al. 2012a). Against this backdrop, 
does organic agriculture live up to its claims of a reduced environmental and eco-
logical footprint? In recent years, this has been the topic of a number of extensive 
reviews and meta-analyses drawing primarily upon European research data (Hole 
et al. 2005; Gomiero et al. 2008, 2011), and the reader can refer to these sources 
for a more detailed coverage of this complex topic. Lynch et al. (2012a) concluded, 
following a review of the published literature available to date, that organic farm-
ing system attributes as typically found within Canada (regarding cropping, floral, 
and habitat diversity, soil management and intensity of nutrient use, and energy and 
pesticide use) are sufficiently distinct as to impart potentially important environ-
mental benefits (including maintenance of soil organic matter, improved soil health, 
reduced energy use and off-farm nutrient losses, as well as enhanced vegetative 
diversity and support for pollinators and wildlife (bird) diversity), but noted that 
much more research is needed to validate these results. The relatively rapid increase 
in research funding for organic agriculture in the past decade, including in North 
America (Francis and Van Wart 2009), is contributing to our ability to evaluate 
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the ecological impact of these farming systems. However, as noted by Drinkwater 
(2009), most studies in organic agriculture in North America, while often impres-
sively systems-based, continue to lack any reference to ecology or ecological pro-
cesses.

Energy Use and Global Warming Potential

Research in Canada examined the energy use and efficiency and global warming 
potential (GWP) of organic production at the farm level (Lynch et al. 2011). Or-
ganic sectors assessed included field crops, beef, dairy, hogs, poultry, vegetables, 
fruit and greenhouse production. Field crops (grains, grain legumes, oilseeds and 
forages) represent one of the largest organic production sectors in Canada and the 
US. Even if limited to only North American studies ( n = 7), the strong consensus 
was that organic field cropping systems require less energy and improve energy 
efficiency both per hectare and per unit product compared to conventional field 
crop production. This was also found to be the case for organic dairy, beef and 
some vegetable sectors, but not for poultry and fruit. Data were relatively sparse 
for greenhouse, poultry and hog production, and generally insufficient for assess-
ing GWP impact. In agreement with Gomiero et al. (2008), and Muller and Aubert 
(Chap. 13) in this book, the higher energy efficiency and climate change mitigation 
potential, respectively, found for organic systems can be attributed to a lack of input 
of synthetic N-fertilizers (which require a high E consumption for production and 
transport), low input of other mineral fertilizers (e.g., P, K) and much lower use of 
highly energy-consumptive foodstuffs (concentrates).

Soil Organic Carbon Storage

Soil organic carbon (SOC) storage, soil quality and soil health, as well as the nu-
trient loading impacts of farming systems are closely related to agronomic and 
livestock management practices of farming systems. In North America, organic 
farming systems are sometimes criticized for their continued reliance on mechani-
cal tillage, especially within the context of gains in SOC over the past few decades, 
attributed to the adoption of no-till and minimum tillage practices (Smith et  al. 
1997). However, the few studies that have comprehensively assessed the net ef-
fects of organic management systems on SOC, including the added C return to soil 
from green manures, show no consistent trend of SOC depletion (Teasdale et al. 
2007; Lynch et al. 2012a). Indeed, while changes in SOC between farming systems 
are often considered neutral (Lynch et al. 2011; Zentner et al. 2011a), the added 
return of C to soil in organic farming systems, mineralized and respired through 
microbial activity, is perhaps most important in its contribution to maintaining soil 
health and biodiversity (Lynch et al. 2012a). The extended rotations and more fre-
quent use of perennial legume crops in organic systems have been shown to sustain 
SOC levels and promote soil biological activity, sometimes referred to as ‘soil 
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health’, including microbial biomass and earthworms, as shown in Atlantic Canada 
by Nelson et al. (2009). Lynch (2009) and Gomiero et al. (2011) also concluded 
that organic systems are superior with respect to improving soil biophysical and 
biological properties.

�Nutrient Loading

Intensity of nutrient use and farm-level loading of N and P, in particular, are nega-
tively related to improving biodiversity and water quality outcomes (CCME 2002; 
UNEP 2010; Gomiero et al. 2011). In contrast to conventional production systems, 
the relatively low P inputs and farm surpluses of most organic cropping and livestock 
systems in North America are increasingly well documented (Martin et al. 2007; Rob-
erts et al. 2008; Knight et al. 2010; Rick et al. 2011). Due to the reliance, in particular, 
on legume sources of nitrogen supplemented by organic amendments, organic farm-
ing systems similarly utilize N less intensively, with correspondingly low N surpluses 
per hectare and per farm (Roberts et al. 2008; Lynch 2009; Gomiero et al. 2011). 
Some North American studies have also documented lower residual soil nitrates 
following harvest in organic systems, and reduced nitrate leaching (Pimentel et al. 
2005; Kramer et al. 2006; Lynch et al. 2012b). Few studies have directly assessed the 
comparative impact on water use and water quality (Gomiero et al. 2011).

�Integration of Crop and Livestock Production

A substantial component of organic crop production is under arid and semi-arid 
conditions of the northern Great Plains of North America, with no direct connec-
tion to livestock production. As a result, livestock manure and compost sources are 
often in limited supply. Entz and Thiessen Martens (2009) report that only 12 % of 
organic fields in this region typically receive manure on a regular basis. Low nutri-
ent loading, particularly of N and P, on organic crop and livestock farms in Canada 
is an important distinctive beneficial characteristic of these systems, which reduces 
off-farm impacts and enhances biodiversity (Lynch 2009; Lynch et al. 2012a). In 
the long term, critical deficiencies may have a negative impact on the primary eco-
logical service of provisioning of food and fodder. As noted above, increasing data 
suggest low farm P imports, and potential P deficiencies may be as important a man-
agement consideration as the challenges of optimizing N use in some Canadian and 
US crop production and livestock systems. Thiessen Martens and Entz (2011) argue 
that greater integration of livestock on organic field-crop farms is critical to sustain-
ability in order to address some of these fertility concerns, but could also provide 
both economic and agronomic benefits. For example, using livestock to graze novel 
and traditional green manures in rotation is an example of the integrated approach 
that could be promoted. Enhanced mixed crop livestock farming would in turn en-
courage biodiversity and allow for increased eco-agriculture tourism and the pro-
motion of the animal welfare-focused approach of organic livestock management.
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Biodiversity

Biodiversity broadly refers to the abundance, variety and variability of living or-
ganisms in a given environment, both within or between species. A growing body 
of literature, primarily European in origin (Hole et al. 2005; Gomiero et al. 2011) 
suggests that species abundance and richness across a wide range of taxa (including 
arable flora, birds, mammals and invertebrates) benefit from organic farm design 
and management. In North America, increased specialization in intensive arable 
cropping has resulted in landscapes characterized by low within-field and between-
field variability, combined with reduction or elimination of field margins and other 
non-crop habitats.

As noted in reviews by Lynch (2009) and Lynch et al. (2012a) Canadian studies 
including those on birds (Freemark and Kirk 2001), vegetation (Boutin et al. 2008), 
arthropods (Boutin et al. 2009), moths (Boutin et al. 2011) and in the US on vegeta-
tion (Wortman et al. 2010) suggest that among taxa, plants show the most consis-
tent and pronounced responses to organic farming systems. Bird species richness, 
abundance and frequency of occurrence were also enhanced by organic farming 
(Freemark and Kirk 2001). In contrast, Geigera et al. (2010) in Europe found that 
the effects of organic farming on farmland birds proved to be limited to simplified 
landscapes. Responses of other taxa were more variable and depend on interactions 
with habitat type and landscape complexity (Lynch et al. 2012a) as found in Eu-
rope as well (Gomiero et al. 2011). Moths species assemblages, for example, were 
found not to be influenced by farming systems, compared to the effects of landscape 
features such as hedgerows and field margins, in the study of Boutin et al. (2011) 
in Ontario, Canada. While these advances in our understanding of the relationship 
between farming system, landscape and biodiversity are encouraging, we are just 
beginning to understand the relationship between such biodiversity and specific 
ecosystem services such as pollination, pest control, SOC storage and water quality 
maintenance (Lynch et al. 2012a). Ultimately, linking the benefits of enhancing bio-
diversity through organic farming to these provisioning and regulating ecological 
services, plus cultural services such as aesthetic, recreational and tourism benefits, 
is an essential next step in deepening the appreciation of the multifunctional nature 
of organic agriculture. A more detailed discussion of the issue of biodiversity as 
affected by organic agriculture and landscape factors, and subsequent provision of 
ecological services such as conservation biocontrol, is provided by Simon et  al. 
(Chap. 5).

19.2.3 � Economic Goods and Services

Of the three goods and services (social, ecological and economic), economic goods 
and services are traditionally cited as indicators of agro-ecosystem value. Economic 
metrics are certainly necessary and are noted, although not emphasized, to complete 
the framing of SEEGS. The clearest indicator of economic success is profit.
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Organic agriculture systems are usually more profitable than conventional 
farming systems, given a combination of yield changes, input cost reductions and 
price premiums (MacRae et al. 2007). In more extensive organic systems like those 
practiced in North America, input cost reductions are often sufficient to maintain 
margins.

Total yields rather than profit are frequently used as indicators of success. On 
the basis of a meta-study, De Ponti et al. (2012) showed that conventional crops 
yield 20 % more than organic crops at the crop level. They hypothesized that at 
crop rotation, farm and regional levels, conventional crops have an advantage of 
20 % or more, given the greater availability of nutrients. MacRae et al. (2007) 
also acknowledged higher crop yields on conventional farms (20–40 % higher 
in Europe and about 20 % higher in North America). However, given the lower 
input costs and price premiums on organic farms, profits are usually higher than 
on conventional farms. If conventional input costs increase, particularly those of 
nitrogen and phosphorus fertilizer, organic farms may then be more economically 
resilient.

Marketing farm products as conventional commodities usually requires increas-
ing volumes to increase gross income and/or to reduce costs per unit of production. 
An economic opportunity for profitable organic agriculture in Canada has been to 
provide high-quality products to meet consumer demand for organic products that 
are grown and processed in Canada. The Foodland Ontario and Canada Organic lo-
gos increased the likelihood of purchase (Campbell et al. 2010). Profitability is then 
a function of reassuring consumers about quality and a domestic source, as well as 
reducing input costs. Reassurance is provided through certification standards and 
labelling and/or by relationships, sometimes extended, between growers, proces-
sors and retailers. In the US, the estimated net income of $ 20,249 per farm per year 
averaged over 14,540 organic farms was higher than the average of all US farms 
(Bowman 2010).

Profits and evenness of income were higher for organic treatments than for high-
input and reduced-input conventional treatments on the Canadian prairies (Zentner 
et al. 2011b). However, rotations including perennial forages, whether organic or 
conventional, were consistently less profitable and sometimes resulted in losses. 
There is ample evidence that forages improve soil quality, and that to maintain prof-
its in the long term, either an adequate market for farm products or payment for the 
ecological service of including perennial forages is required. Organic farmers are 
well positioned to qualify and benefit from payments for ecological services, given 
their extensive record keeping and goals of feeding the soil.

19.3 � Framing SEEGS in the Canadian Context

This section describes two distinct, but complementary, approaches for fram-
ing SEEGS in the Canadian context—a regional watershed approach and a civil 
commons approach. Both approaches recognize values that go beyond market pa-
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rameters and offer frameworks for evaluating organic farming as a prototype for 
sustainable agriculture.

19.3.1 � A Regional Watershed Approach

A regional watershed approach could enhance the benefits of SEEGS. The impact 
of organic agriculture is diluted when organic farms are “islands” among large areas 
of conventional farms. A landscape defined by the limits of a watershed provides 
otherwise unavailable opportunities to identify interactions among bio-physical fac-
tors such as soil erosion and water quality, as well as socio-economic factors such as 
human health, social well-being and income (Sachs et al. 2010). By concentrating 
organic expertise, materials and services required by organic farmers and by brand-
ing local organic products, opportunities for sales and tourism could increase. An 
organic watershed could be appealing for tourists seeking a clean vacation. Given 
that organic systems are certified along the entire value chain on the basis of pro-
cesses, it is possible to distinguish an “organic” watershed, where all or even a 
majority of agriculture and food practitioners agree to become organically certified, 
from other watersheds with none or just a few certified practitioners. The interac-
tions described by Sachs et al. (2010) can be contrasted in two different watersheds 
to holistically elucidate differences between sharing food production and ecosys-
tem services or farming intensively and thus sparing ecosystems from agricultural 
production. To date, such contrasts tend to favour the sparing option, even though 
the results have been inferred from a farm scale (Green et al. 2005) rather than a 
watershed scale.

Gabriel et al. (2010) concluded from their spatial analysis that management 
beyond the farm scale is required to maximize conservation effects. They ac-
knowledge the difficulty of persuading farmers within a landscape to collec-
tively adopt practices. We suggest that incentives to become organically certified 
for famers within relatively small watersheds could be cost-effective as a pilot 
project and could be justified if a multidisciplinary team of researchers could 
build a dataset at the watershed scale. In the US, Farm Bill subsidies could be 
re-allocated to measure multiple sustainability indicators at the watershed scale 
(Reganold et al. 2011).

Although 80 % of Canadians reside in urban areas, and less than 10 % of the land 
is used for agriculture, many Canadians appreciate the value of preserving farmland 
and avoiding the externalities of fertilizer and pesticide pollution. Tangible demon-
strations in specific organic watersheds are expected to reinforce these values.

19.3.2 � A Civil Commons Approach

The concept of the civil commons describes any co-operative human construct that 
protects and/or enables universal access to life goods (McMurtry 2002). Not the 
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same as public goods, life goods are means of life, which are whatever allows life 
to be preserved or extended on the three planes of being: thought, feeling and ac-
tion. Life goods can be divided into three overlapping categories: social life goods 
such as education, healthcare and old-age security; environmental life goods such as 
clean water, a stable climate and healthy soil; and economic life goods such as safe 
working conditions, fair wages and unemployment protection. Examples of civil 
commons projects providing social life goods include public education systems, 
universal healthcare programs and pension plans. Civil commons projects provid-
ing environmental life goods include anti-dumping regulations, the Kyoto Protocol 
and bylaws banning the cosmetic use of pesticides. Civil commons projects pro-
viding economic life goods include labour regulations, minimum wage laws and 
unemployment insurance plans.

Many of the SEEGS derived from organic agriculture can be understood as pub-
lic goods and services because they are available to everyone and do not exclude 
anyone. They would also qualify as life goods and services if they provide the 
means of life. Advances in gender equality, the creation of a knowledge commons, 
the minimization of soil degradation and erosion, decreased pollution, increased 
energy efficiency and a sustainable livelihood all highlight the connection between 
SEEGS and the means of life. Using this approach, organic agriculture could be 
considered as an umbrella form of the civil commons—a co-operative human con-
struct that protects and/or enables universal access to a variety of life goods.

The civil commons, in turn, is connected to sustainability, which has been de-
fined as a set of structures and processes that build the civil commons (Sumner 
2005). According to this definition, sustainable agriculture would entail agriculture 
that built the civil commons. On this basis, we can argue that the more organic ag-
riculture provides life goods and services, the more it can be understood as sustain-
able agriculture. The less organic agriculture provides life goods and services—by 
narrowing its scope to a limited set of production practices that encourage co-option 
by large corporate interests—the less it contributes to sustainability.

Understanding organic agriculture as a form of the civil commons may help 
to influence the recognition and acceptance of the suite of benefits it provides. 
Such an understanding would make a place for organic agriculture among other 
vital systems of life support, like universal healthcare, childcare and eldercare. 
This would raise the profile of the benefits derived from organic agriculture and 
also encourage people to better grasp the dangers of the modern enclosure of the 
commons. Just as common lands, which provided vital life goods such as homes, 
gardens, grazing and firewood to tens of thousands of farmers in the past, were 
fenced off during the Industrial Revolution, so too are the modern forms of the 
commons—public healthcare, public education, public pensions, public librar-
ies—being threatened and defunded to make way for private forms of accumula-
tion. Organic agriculture is not immune to enclosure. As it becomes more main-
stream, the pressures of conventionalization—the process by which agribusiness 
industrializes organic agriculture—squeeze it toward simply being a profitable 
niche market in an increasingly monopolistic global corporate food system (Lynch 
et al. 2012a; Oelofse et al. 2011; Goldberger 2011; Guptill 2009; Guthman 2000, 
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2004; Hall and Mogyorody 2001), thus endangering the holistic set of life values 
on which it was founded, the suite of benefits it provides and its potential as a 
prototype for sustainable agriculture.

19.4 � Conclusion

In summary, while consumer support for organic products continues to grow in 
Canada and the US, the characteristics of organic agriculture and the wider social 
and political context in which it operates have limited the greater endorsement of 
organic agriculture as of this time. As a whole, consumer understanding of the broad 
‘value proposition’ of organic agriculture in North America is lagging in compari-
son to the rest of the world, although recent steady growth in the interest of consum-
ers and producers for animal welfare, among other issues, provides an opportunity 
for the organic sector.

On the positive side, the growth in targeted research funding for organic agricul-
ture in Canada and the US in recent years is providing much-needed documented 
evidence from North America, summarized in this document, of the broad SEEGS 
derived from organic agriculture. However, as also noted by Drinkwater (2009) and 
Reganold et al. (2011), we consider that to truly advance a paradigm shift in social 
consciousness and the relationship of an increasingly urban consumer base to a new 
‘transformative’ agriculture, the interrelated issues inherent in SEEGS will increas-
ingly have to be tackled by multidisciplinary teams of researchers partnering with 
organic producers.

Increasing sector organization through national stakeholder bodies such as the 
Organic Value Chain Round Table (OVCRT) formed in recent years in Canada, con-
sisting of organic producers, retailers, processors, researchers, extension personnel 
and government representatives, provides a forum that is helping to strengthen pol-
icy support, research and targeted educational activities throughout the market and 
value chain. The OVCRT is one of a series of national roundtables within agricul-
ture funded by the federal government. Interestingly, the OVCRT is the only round-
table that is truly cross-cutting and that transcends the typical commodities (grains 
and oilseeds, livestock, horticulture, etc.), which comprise all other roundtables. 
The inclusive and multi-stakeholder process of decision-making with the OVCRT 
can be considered as an important contribution to ‘transforming’ agriculture within 
the Canadian context.

To encourage this transformation, we have outlined the social, ecological and 
economic goods and services (SEEGS) derived from organic agriculture in this 
chapter and suggested two approaches for framing SEEGS in the Canadian context: 
one regional in scope, namely a pilot-scale watershed initiative to demonstrate the 
diverse benefits of organic agriculture, and more broadly, the concept of the ‘civil 
commons’ as a tangible concept that can link organic agriculture and sustainability. 
Both approaches offer a framework for evaluating organic farming as a prototype 
for sustainable agriculture.
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Abstract  This chapter aims to study the current balance between the offer and 
demand of the organic seed sector and how the breeding system can be adapted to 
the diversity of needs.

The offer is assessed by the evolution, over time, of the number and types 
of species and varieties registered in the French and European catalogues. This 
number has greatly increased, but some species remain or become orphans. 
There is an increasing number of varieties listed for the major crops, whereas 
the choice concerning organic seed varieties is severely limited. Moreover, the 
standardised varieties listed in the catalogue are currently in dispute because of 
the new diversification of cropping systems, outlets and social organisation. Do 
we need to change ideotypes, breeding methods, breeding criteria and evaluating 
methods? In other words, do we need to reform the seed system or to adapt it to 
this new diversity?

The diversity of organic seed variety requirements is represented by four 
models: Label, Brand, Autonomy and Empowerment. Each model requires a 
specific breeding scheme and relevant breeding actors. These different ways to 
look at new varieties and plant breeding must not exclude each other but must be 
considered as complementary and capable of renewing ways to implement plant 
improvements for agriculture. In such a context, there is a need for new refer-
ences to evaluate and register varieties (new criteria, new protocols, changes in 
legislation, etc.).
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20.1  Introduction

The common catalogues of varieties of agricultural plant and vegetable species list 
the varieties that can be marketed in Europe. Catalogues are based on the registra-
tion of plant varieties in EU countries after they have been technically examined 
and notified to the Commission. They are published in the Official Journal. Variety 
registration is a precondition for the certification of seeds.

To be listed, crop varieties must meet standards on Distinctness, Uniformity, 
Stability (DUS) and on Value for Cultivation and Use (VCU). This value is based 
on yield, resistance to harmful organisms, response to the environment and quality 
characteristics (EU catalogue 2013).

The new proposal for a regulation of the European parliament and of the council 
indicates that “The Member States shall adopt more detailed criteria for the VCU 
examination of (these) plant species as regards their yield, quality characteristics, 
resilience and suitability for low input production systems including organic pro-
duction. Thus, given the specific characteristics required for organic farming, the 
methodology and requirements established for variety examination should take due 
account of the specific needs” (EU proposal 2013).

In France, an organic network is implemented for VCU testing since 2009. Is it 
enough to cover the increasing need for organic varieties in France or do we also 
need to take alternative criteria and breeding methods into account? The objective 
of this chapter is to use the French case to study the balance between organic seed 
variety offer and demand, and how the breeding system may be adapted to the 
needs.

20.2 � The French Conventional and Organic Seed  
Variety Offer

20.2.1 � Comparison Between the French and the European 
Catalogues

Some Orphan Species 

Concerning agricultural species, the EU catalogue consists of 86 species (except 
potato), whereas the French catalogue proposes some 60 crop species.

The comparison between the current French catalogue and those published 
25 years before (1987) shows the evolution of the number of species considered 
(Table 20.1). Some species such as field pea ( Pisum sativum L.), smooth-stalked 
meadowgrass ( Poa pratensis L.), crimson clover ( Trifolium incarnatum), hybrids 
resulting from crosses with Festulolium Asch, California bluebell ( Phacelia tanac-
etifolia), birdsfoot trefoil ( Lotus corniculatus), sheep’s fescue ( Festuca ovina 
L.), alsike clover ( Trifolium hybridum), rescue grass ( Bromus catharticus), black 
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oat/bristle ( Avena strigosa Schreb.), hairy vetch (Vicia Villosa) and buckwheat 
( Fagopyrum esculentum Moench) were not listed in the 1987 catalogue and ap-
peared later.

In 2013, across all species, French varieties represent less than 20 % of the Euro-
pean catalogue. However, this average percentage conceals a great diversity, from 
67 % (rescue grass) to 0 % (rye or birdsfoot trefoil) (Table 20.1).

Species representing a low percentage undergo a continuous decrease of the num-
ber of varieties over time. Indeed, a comparison between the current French cata-
logue and the one published in 1987 illustrates this evolution (Fig. 20.1), especially 
for some cereals (oat, rye) and legumes (lupin, sainfoin) that are useful in organic 
cropping systems. There are no available varieties in the French catalogue for rye 
and birdsfoot trefoil at this time. The question therefore arises as to whether or not 
the varieties registered for these crops in the European catalogue are well adapted 
to French and to organic conditions.

A Wide Choice of Varieties for Major Crops 

An impressive increase in the number of varieties can also be observed between the 
1987 and 2013 catalogues for other crops such as swede rape, wheat, sunflower and 
maize (Fig. 20.2). At the European level, these major crops offer more than 50 % of 
the total number of varieties registered in the agricultural species catalogue. With 
4,959 varieties, maize offers more than 25 % of the catalogue varieties!

20.2.2  Organic Seed Variety Offer

Organic agriculture regulations, in particular, European regulation EC 889/2008, 
prescribe the use of organically-produced seed.

At the European level and for many cultivated plants, however, organic seed is 
often not available (Döring et al. 2012).

At the French level, considering available organic seeds (http://semences-bi-
ologiques.org), the choice of varieties is extremely limited, even for the major crops 
(Fig. 20.3). Therefore, the number of derogations requested is increasing (Fig. 20.4) 
for all types of species.

Increasing Derogation Requests

The main cause (87 %) remains “variety not available in the national organic da-
tabase” (Ministry of Agriculture 2011). Organic seed production is in fact insuf-
ficient. Concerning fodder seeds, derogation requests are numerous and represent 
half of the total requests. Several reasons are mentioned: the development of the 
organic market, the renewal of meadows, technical difficulties in producing enough 
seeds of the required quality. Among the other reasons for derogation requests is the 
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fact that varieties are often not adapted to organic agriculture (Ministry of Agricul-
ture 2011). The possibility of derogation decreases on a regular basis and no more 
derogations are granted for maize species. The reason given for this is that “there is 
a sufficient number of available organic seeds varieties”. A list of species “exempt 
from derogation” is available online (http://www.semences-biologiques.org/pages/
actu.php#actu7).

Fig. 20.1  Decrease in the number of varieties registered in the French catalogue in 2013 compared 
to the French catalogue in 1987

    

Fig. 20.2   Increase in the number of varieties registered in the French catalogue in 2013 compared 
to the French catalogue in 1987
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A Standardised Type of Varieties: The Causes 

For economic reasons, breeding firms target the profitable market, and the main 
objective of breeding programmes is to develop varieties that can be widely distrib-
uted and adapted to the dominant market (Bonneuil and Thomas 2013). Moreover, 
most breeding firms are subsidiaries of multinational companies. Among them, the 
four biggest multinationals (Monsanto, Dupont/Pioneer, Syngenta and Limagrain/
Vilmorin) represent more than 25 % of the seed market. The concentration of the 
seed sector does not help the diversity of ideotypes (Desclaux et al. 2010).

Fig. 20.3   Comparison between the number of varieties registered in the French catalogue (data-
base consulted in May 2013) and the number of organic seed varieties available on the French 
market (official database: http://www.semences-biologiques.org/)

    

Fig. 20.4   Evolution of the agreed derogation request number (source: http://www.semences-
biologiques.org/pages/Rapport-semences-bio-2011-final.pdf—Table 20.3, page 11)

   

20  Does the Seed Sector Offer Meet the Needs of Organic …

http://http://www.semences-biologiques.org/pages/Rapport-semences-bio-2011-final.pdf
http://http://www.semences-biologiques.org/pages/Rapport-semences-bio-2011-final.pdf


374

Breeders look for a standard ideotype. The aim is to avoid interactions between 
genotype and environment and to adapt the environment (E) to the varieties by stan-
dardising E. This standardisation consists of eliminating all limiting factors present in 
the biophysical environment through input supply. The varieties created are therefore 
very similar within a species. The genetic uniformity is accompanied by a spatial uni-
formity, with some French regions growing the same varieties (Goffaux et al. 2011).

Because of the U of DUS (distinctness, uniformity and stability), the varieties 
listed in the catalogue are pure lines for autogamous species, hybrids for alloga-
mous species, and clones for species with vegetative reproduction. To create such 
varieties, the classic plant improvement system, described as a centralised, sequen-
tial, linear process (Sperling et al. 2001), is generally used by private plant breeders. 
A breeding programme consists of five main stages: (1) identifying the objectives; 
(2) creating variability; (3) selection; (4) evaluation; and (5) dissemination. This 
approach contributes to a standardised variety that under regulations for registra-
tion imposes uniformity, and that under the dominant market conditions imposes 
specific yield and technological quality (Desclaux et al. 2008).

20.2.3  Organic Seed Varieties Offer: The Synthesis

Three main points must be highlighted concerning the French organic seed variety 
offer:

•	 the lack of varieties for some species in the French catalogue
•	 the large number of varieties for the major crops but, in fact, a very poor choice 

for organic farmers forced to use organic seed varieties.
•	 the low within-species variety diversity

This standardisation and lack of choice are currently in dispute because of the increased 
diversification of organic cropping systems, outlets and social organisation. The offer 
(varieties listed in the catalogue) and the demand are becoming increasingly divergent. 
For each new demand, the challenge is to determine whether or not the current seed and 
breeding systems must be completely renewed or only adapted to the new diversity.

20.3 � A Great Diversification of the Organic Varieties 
Demand

20.3.1  A Request for a Wide Diversity of Species

The Interest in Crop Rotation or for Specific Adaptation 

Organic farming systems are usually based on a wide diversity of species integrated 
into a crop rotation. Crop rotation is a key strategy that farmers use to maintain soil 
fertility, soil organic matter levels and soil structure, to control pests, diseases and 

D. Desclaux and J.-M. Nolot
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weeds, and to ensure that enough nutrients are available for different crops each 
year (Baldwin 2006). Legumes are generally the core of the rotation because of the 
level of nitrogen they leave in the soil. A diversity of legumes is needed to fulfil 
the different demands according to the ecological zone of production. For example, 
birdsfoot trefoil (Lotus corniculatus) may be used as an alternative to alfalfa in poor 
soils. However, without any variety available in the French catalogue, this species 
is no longer cultivated in France.

In the same way, others species are required. This could include species more 
adapted to specific conditions, such as buckwheat ( Fagopyrum esculentum), a short 
season crop, well adapted to low-fertility or acidic soils, provided that the soil is 
well drained. Too much fertiliser, especially nitrogen, will reduce yields. This spe-
cies was cultivated in France and in Europe, but cultivation sharply declined in the 
20th century due to the use of nitrogen fertiliser, to which maize and wheat respond 
strongly. Only two buckwheat varieties are listed in the French catalogue and none 
in the EU catalogue.

These “niche” species are not economically profitable for plant breeders. In 
addition to these, sorghum, winter pea, oat and lupine also belong to the orphan 
species class. The lack of breeding and, therefore, the lack of varieties lead farmers 
to progressively eliminate these species from their cropping system. The need for a 
diversification of crop rotations requires breeding work on several species, imply-
ing a considerable effort on the improvement of several legumes as well.

Interest of New Species that Satisfy Specific Criteria 

Rye ( Secale cereale) is a grass grown extensively as a grain and as a forage crop. 
It is a member of the wheat tribe (Triticeae). Concerning the quality of protein, rye 
flour is high in gliadin but low in glutenin. It therefore has a lower gluten content 
than wheat flour and contains a higher proportion of soluble fibre. These nutritional 
interests are currently very important because of gluten allergy, but no varieties of 
rye are listed in the 2013 French catalogue.

In the same way, some species capable of playing an ecological role (remedia-
tion of polluted soils, refuges for pests, impact on soil microbial communities, wa-
ter improvement, reduction of gas emissions, etc.), and some targets requiring a 
long breeding period (global change, multifactorial modifications: less water, more 
CO2,more T, etc.), are not compatible with the economic and temporal stakes of 
private breeders.

20.3.2 � A Demand for Different Types of Varieties Based  
on Organic Farming Diversity

On the basis of the work of Sylvander et al. (2006), Desclaux et al. (2008) proposed to 
represent organic farming diversity using four models defined by two axes, one socio-
economic (individual logics vs. collective governance), and the other agro-ecological 

20  Does the Seed Sector Offer Meet the Needs of Organic …



376

(reductionist vs. systemic approaches). The latter axis distinguishes a reductionist or 
factorial approach from a holistic approach (Lammerts van Bueren et al. 2003).

This representation links the notion of spatial and temporal scale (from local to 
worldwide, short or long food supply chains), to status (public, associative, private) 
and to the sharing of tasks and competences (specialising vs. delegating) (Table 20.2). 
The challenge is to analyse whether or not the diversity of the objectives inherent in 
these models can give impetus to the concept of plant breeding for organic agriculture.

The Organic “Label” Model Satisfied by Registered Varieties 

In response to new concerns about health and environment, and embodied in na-
tional or European public policies (environmental cross-compliance, reinforcement 
of the second pillar of the CAP, etc.), some farmers have developed organic or sus-
tainable agriculture systems. They strictly respect organic specifications mentioned 
in the official IFOAM guidelines and are interested in acquiring the organic label. 
Their system can be referred to as an “agriculture of substitution”, consisting of 
replacing conventional with organic inputs. The registered varieties are of interest 
in this “label model” because they correspond to the targeted markets: standardised 
organic products for long-chain markets.

Table 20.2   Relevant varieties and traits in the four models represented in Fig. 20.5
Model Illustrations Relevant varieties and traits
Label Conventional or organic agriculture 

strictly respecting specifications 
or guidelines

Registered DUS, VCU varieties.
Traits: genetic progress, yield, standard 

quality
Brand Integrated sectors (segmented 

market)
Varieties imposed by specifications
Specific traits

Autonomy Farmers-bakers Local varieties, flagship varieties, evolv-
ing populations;

Traits: consumer satisfaction
Empowerment Participatory plant breeding Multiple and multi-functional varieties;

Traits: Social, ethical, economic progress

D. Desclaux and J.-M. Nolot

Fig. 20.5  Four models of 
agriculture and environment. 
(according to Sylvander et 
al. (2006) and Desclaux et al. 
(2008))
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The first breeding stage (setting of objectives) can sometimes be collectively de-
fined with stakeholders, and breeding activity is then defined by professional teams 
that may be private, cooperative or public. This method is currently being explored 
by SZD in Austria (Löschenberger et al. 2008), Ojo Seeds in the Netherlands, ACW 
and Peter Kuntz in Switzerland and, more recently, by INRA DGAP (bread wheat) 
in France (Rolland 2006). Since 2003, new wheat cultivars in Austria have been 
specifically registered for organic farming. The selection is reoriented for farmers 
and users, and new criteria specifically oriented to organic farming are taken into 
account, including height, lodging resistance, weed competitiveness and nitrogen 
use efficiency. The example of weed competitiveness for cereals is one example of 
specific needs in organic farming (Fontaine et al. 2008, 2010).

The Organic “Brand” Model Requires “Varieties Reserved  
for Industrial Uses” 

Some farmers are linked by contract to collectors or industrialists to produce spe-
cific varieties. A well-known example in France is provided by the Limagrain com-
pany that breeds special wheat varieties adapted to producing a particular type of 
bread (Pain Jacquet). These varieties may be registered on a special list (“varieties 
reserved for industrial uses”, known as VUIR in France) or not registered at all. 
However, they can only be grown by farmers under contract. The objective for 
the company is no longer to ensure the wide spread of a varietal innovation but to 
control and target the dissemination (Stage 5; Sperling et  al. 2001) of a specific 
final product by imposing a variety, its guidelines and the exclusive return of the 
harvest. The evaluation stage of the breeding scheme (Stage 4) may thus be narrow 
or even circumvented. The variety may not even have to be registered in the official 
catalogue because seeds are only distributed within specified limits, e.g., within an 
integrated value chain or a club. The purchase of the harvest at a guaranteed price 
is one of the main reasons that the package – comprising variety, crop management 
and biophysical area – is accepted by farmers. The selection stage (Stage 3) is either 
conducted generically by choosing from the genetic diversity, or is considerably 
simplified by introducing the gene of technological interest into a variety to obtain, 
for example, a waxy maize or oleic sunflower. The logic of this model, referred to as 
a “brand” model, can be extended to include the privatisation of genetic resources 
and their economic valorisation via the integration of an entire sector (by firms in-
volved both in plant breeding and agro-industrial sectors). The objective identifica-
tion stage (Stage 1) creates opportunities for the combination or the emergence of 
value chains and specific market niches. It is as if the stages proposed by Sperling 
et al. (2001) were inverted (from Stage 5 to Stage 1) by the desire to first control the 
dissemination stage. However, if this contractual flexibility offers an opportunity 
to escape from classical seed regulations, it has surprisingly been reintroduced as 
an official rule by the creation of a special list dedicated to “varieties reserved for 
industrial uses” in the catalogue (Anvar 2008).
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The Organic “Autonomy” Model Targets “Patrimonial Varieties” 

Some farmers, referred to by sociologists as ‘whole chain farmers’, ensure not only 
the production but also the processing of their harvest. They look for a genetic re-
source with patrimonial and identity traits, capable of becoming a “flagship” variety 
at a low cost (a symbol of a social movement) or a “sentry” variety (considered by 
the Slow Food movement as a shield against uniform industrialised products). The 
variety of interest here is a designated phenotype, referred to as “local population” 
or “old variety”. The objective is an extremely localised individual adaptation – at 
the scale of one farm or even of one field. We therefore refer to this model as the 
“autonomy” model. “Farmers must have an enormous range of varieties at their dis-
posal that are as adaptable as possible, i.e., are accessible to different types of evolu-
tion and, therefore, neither very uniform nor very stable” (Kastler 2006). Irrespec-
tive of the biology of the species (self or open pollinated), the means range from the 
cultivation of populations under natural selection to mild pressure of mass selection 
by dynamic management (Goldringer et al. 2007). Evaluation and diffusion are no 
longer based on the classical criteria that define genetic progress (e.g., yield or tech-
nological quality) but on consumer satisfaction instead.

The Organic “Empowerment” Model Needs “Multifunctional” Varieties 

The objective in this case is to obtain diverse varieties that correspond to diverse 
functions. At the same time, the search continues for multifunctional genotypes as a 
contribution to: (i) enhancement of the landscape (e.g., through colour); (ii) health 
(through nutrients, etc.); or (iii) a balanced agro-ecological system (capacity for 
mycorrhisation, competition, remediation of polluted soils, etc.).

The aim is to reconcile the design of a new system for plant breeding and col-
lective action. This model gives more equal weight to agro-ecological interactions 
(environmental aspects of sustainability) and socio-economic interactions (between 
actors). The organisation of the emergent system of complex interactions may be 
facilitated by a participatory approach.

“Participatory plant breeding” (PPB) was originally developed in the southern 
countries. In Europe today, PPB concerns local projects for the creation of varieties 
adapted to environments in which organic and low-input agriculture is practiced 
(Desclaux and Hedont 2006). PPB is described as an approach involving all the 
actors of a given sector, not only in drawing up breeding objectives, but also in man-
aging the breeding process and the creation of varieties (Gallais 2006). It aims to 
respond to systemic issues and demands for which classic breeding appears to be un-
suited (Almekinders and Hardon 2006; Cecarelli et al. 2001; Witcombe et al. 2003).

The reason this empowerment model is of considerable heuristic interest in that 
it deeply modifies the stages: each stage becomes a function that will tend to exac-
erbate and reveal GxE interactions in both the agro-ecological and socio-economic 
dimension of the environment.

These models differ in their objectives, their variety requirements, their breeding 
schemes and their breeding actors. Concerning the type of varieties required, two 
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of these models are under regulations (Label and Brand models), whereas the two 
others (Autonomy and Empowerment) are not allowed at this time.

20.4 � The Need to Renew the References for Organic 
Agriculture

20.4.1 � An Evolution of Regulations: The Case  
of DUS and VCU

The concept of DUS was based on the need of uniformity to facilitate the charac-
terisation of varieties and to fight against frauds. This concept may be useful in 
the case of long-chain seed markets to provide a guarantee to farmers. However, 
in the case of short-seed chains based on confidence, the concept of DUS is ques-
tionable.

It is true that within-variety heterogeneity and variety mixtures have a number of 
agronomic advantages, including disease control and better adaptation to uncontrolled 
variability of the climate-soil environment (Pope de V et al. 2007; Wolfe 1997). Het-
erogeneity is also an economic necessity when it enables the diversification or differ-
entiation of final products and markets, particularly in the case of organic farming and 
of products that valorise particular specifications (as in the Brand model) or a particu-
lar local territory labelled with a Geographical Indication (as in the autonomy model).

The challenge is thus to design new plant improvement systems and to attempt to 
change the legislation governing variety registration since there is an increasing gap 
between the uniformity inherited from the productivist model and the requirements of 
sustainable agricultures, in particular, of organic agriculture in which heterogeneity is 
a key factor for management, and the further development of organic agro-ecosystems.

Concerning VCU, organic systems impose a change in priority. The yield 
remains an important target, but provided that the quality is acceptable. This should 
include not only process quality but nutritional quality and other traits as well that 
are particularly important for organic farming.

20.4.2  A Change of Paradigms 

In addition to the classical types of varieties present in the catalogue, a wide diver-
sity of varieties is required to meet new models of agriculture. Indeed, other models 
of agriculture are emerging based on a wide diversity of farming systems (low in-
put, organic, agroecology, agroforestry, integrated pest management, etc.), and of 
farmers’ and consumers’ requirements (Table 20.3).

A different breeding logic is required for sustainable agriculture. A limited margin 
of manoeuver does not allow crop management to compensate for the limiting factors 
of the biophysical environment, and the wide range of uses prevents the emergence of 
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a uniform, universal logic for variety. The aim is no longer to adapt the environment 
to the variety but just the reverse, to try to adapt the variety to each environment.

This change is potentially disruptive to established plant breeding. The effort 
required partially explains the difficulty in rethinking breeding systems for new 
environments.

20.5  Conclusion

The diversity of farming systems and of valorisation leads to a diversity of require-
ments for variety innovation. The offer of organic seed varieties is not consistent 
with this diversity of demands.

•	 The lack of varieties for some species in the French catalogue and the increasing 
orphan demands require the emergence of new actors in plant breeding.

•	 The obligation to use organic seed varieties and the very limited list cannot ad-
equately fulfil the demand for a wide diversity of variety types.

Innovation depends on the integration of knowledge derived from the world of 
uses, the knowledge of farmers and of processors, the desire of consumers and, as 
always, the experience of breeders (McMeekin et al. 2002, cited by Bonneuil and 
Thomas 2009).

Depending on the breeding actors and on their objectives, target varieties, 
selection criteria and breeding schemes differ. These different ways to consider va-
rieties and plant breeding must not exclude each other but must be considered as 
complementary and capable of renewing ways to implement plant improvements 
for agriculture. The involvement of a wide diversity of actors in plant breeding will 
help to integrate the concept of phenotype into a whole that takes systemic realities 
and environmental heterogeneity into account.

Because the phenomenon of concentration of breeding companies is increasing, 
questions arise as to the ability of this sector to propose variety innovations that 
correspond to the demands of society.

D. Desclaux and J.-M. Nolot

Table 20.3   Change of Paradigms. (taken from Bardsley 2003)
Registered crop varieties What is also needed
Conventional breeding for conventional 

farming
Alternative breeding for innovative farming 

(organic, agroecology, low input, etc.)
Seed = economic good Seed = cultural good
Wide diffusion Targeted diffusion
Quality: adapted to technological process Quality: adapted to human nutritional needs
Uniformity: pure lines, hybrids or clones Heterogeneity: populations, mixtures, etc.
Breeding from ex situ germplasm Breeding from in situ and dynamic management 

of genetic resources
Innovations: from biotechnologies Innovations: on the basis of farmers’ know-how
Farmers: users Farmers: breeders or co-breeders
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Abstract  The lack of seeds and varieties suited to organic agriculture has been a 
problem for a long time. Conventional breeding strategies do not fit the needs of 
organic agriculture, which requires specific adaptation to the environment. More-
over, several current breeding methods do not respect the principles of organic 
agriculture. To overcome these limitations, organic farmers and their organisations 
initiated participatory plant breeding (PPB) programmes, together with researchers.

In France, this process became part of a movement of re-appropriation of breed-
ing practices by farmers that aims at re-establishing their autonomy. These practices 
promote an agriculture linked to the “terroir” and culture with strong social and 
ethical values and, therefore, share many of the needs in terms of varieties with 
organic farmers. They often supply the same local markets. In 2003, the “French 
Farm Seed Network” (Réseau Semences Paysannes) was created in the aim of sup-
porting PPB initiatives by facilitating collaboration with researchers and authorities 
concerning seed regulations.

Most often, farmers organise plant breeding activities by means of collective 
structures (cooperatives, associations, professional organisations, etc.). Some 30 
species are concerned, including arable and vegetable crops. Researchers participate 
in projects from the outset to the evaluation of the process (e.g., evolution of the 
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biodiversity). In this chapter, we analyse why PPB is particularly well adapted to 
breeding requirements for organic farming in general and, more specifically, to the 
situation in France. The consequences in terms of seed regulation in Europe are then 
discussed, opening up prospects for PPB and its contribution to breeding for organic 
varieties.

Keywords  Participatory plant breeding · Seeds · Population · Landraces · Organic 
agriculture · Network · Biodiversity · Selection

21.1 � Introduction

Seeds have become a commercial good. Looking back on the history of plant breed-
ing, maize hybrids can be seen as a change in approaches to breeding and the begin-
ning of the concept of modern varieties.

When hybrid maize was invented and presented to US farmers in the first decades of the 
20th century, it was based on two new operations, one biological and the other socio-
economic. First, strange manipulations (forced inbreeding and controlled hybridization) 
produced biological products that never before existed in nature. Second, farmers gave up 
their time-honoured practice of saving their own varieties of seeds in favour of the annual 
purchase of hybrid maize seed (Duvick 2001).

Together with the pure line varieties that were simultaneously developed in self-fertil-
ising species, F1 hybrids perfectly fit the homogeneity and stability criteria that defined 
modern varieties, and could be mass-produced by larger and larger seed companies.

Both aspects are in contrast with the foundations of the organic agriculture move-
ment, which includes a preference for local markets and the protection of farm auton-
omy (Paull 2006). The four major principles of organic agriculture (Health, Ecology, 
Fairness and Care) defined by the International Federation of Organic Agriculture 
Movements (IFOAM 2005a) clearly establish the concomitant biological/agronomic 
and socio-economic aspects of organic agriculture. In keeping with these principles, 
varieties for organic agriculture could include plant populations that adapt to their 
environment because their intrinsic heterogeneity maintains their ability to develop 
positive interactions within the crop and to evolve (Enjalbert et al. 2011).

Positive interactions such as early crop vigour for nutrient uptake, weed competition and 
disease resistance are needed. Incorporation of all characteristics into the crop can be 
helped by diversification within the crop, allowing complementation and compensation 
among plants (Wolfe et al. 2008).

The recognition that specific seeds and varieties were needed for organic agricul-
ture progressively arose at the end of the last century. Several factors combined to 
make the situation increasingly difficult for organic farmers: (i) varieties selected 
for conventional agriculture were increasingly less well adapted to organic systems; 
(ii) breeding methods using biotechnologies1 became more prevalent; (iii) European 

1  Biotechnologies in plant breeding: all techniques that encompass the natural species barriers and re-
productive processes, incompatible with organic principles (Lammerts van Bueren and Struik 2004).
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regulations (EU Regulation 1452/2003) forced certified organic farmers to use or-
ganically produced seeds; and (iv) the organic seed market was not economically 
attractive for seed companies. In addition to the seed market, several encouraging el-
ements have helped the actors of organic agriculture to face this situation: (i) several 
professional/farmer organisations have decided to engage in plant breeding and seed 
production for organic agriculture (Bocci and Chable 2008); (ii) different scientific 
trends (such as research that focuses on the benefits of within-field diversity to in-
crease agricultural sustainability (Ostergard et al. 2009), PPB (Ceccarelli et al. 2007), 
evolutionary plant breeding (Suneson 1956; Murphy et al. 2005), and on-farm dy-
namic management of crop populations (Thomas et al. 2011, 2012) have led to simi-
lar conclusions on the interest of growing and breeding genetically heterogeneous 
varieties; and (iii) a part of civil society is increasingly looking for safe food and for 
quality, and is now conscious of the endangered environment2. These changes within 
society are not all directly linked to seed provision, but will contribute to the devel-
opment of alternative research strategies in breeding (Valenquoren and Baret 2009), 
new market organisation (Adams and Salois 2010; Sahu 2011) and seed regulation 
propositions (Bocci et al. 2011; Chable et al. 2012).

Current seed regulations were established during the last century and conform to 
the dominant concept of cultivated varieties, which include the criteria of DUS (Dis-
tinction, Uniformity, Stability) and VCU (Value for Cultivation and Use). During 
this period, plant breeding activities in public research centres and private firms led 
to the development of varieties that fit the needs of industrialised agriculture and the 
need for standardised products for the international market (Bonneuil 2008). Cur-
rently, no seeds can be sold or exchanged for agricultural use if the varieties are not 
registered in the official catalogue of varieties. The catalogue system is not adapted 
to evolving and heterogeneous varieties bred by farmers (Serpolay et al. 2011a).

PPB organisation is in agreement with four major principles of organic agricul-
ture (Health, Ecology, Fairness and Care) through: (i) the use of breeding processes 
that respect the biological characteristics and the integrity of the species (Lammerts 
and Struik 2004, 2005); (ii) the enhancement of local adaptation, which sustains 
the ecological system; (iii) the promotion of small-scale seed markets where trust 
between operators must be the first rule; and (iv) participatory research for healthy 
seed production and adapted crops, and the development of cultivated diversity for 
future generations (Döring et al. 2012). At the European level, a project (Farm Seed 
Opportunities) has developed a proposal for regulation scenarios that takes the de-
velopment of on-farm breeding activities into account.

In this paper, we illustrate how participatory plant breeding (PPB) may fulfil the 
needs of organic agriculture, and how organic French farmers and their organisa-
tions have met with researchers to build joint experiments of on-farm plant breeding. 
We emphasize how farmers took the initiatives and how new farmers’ associations 
emerged to organise collective means, to involve society at large, to address legal 
questions and to ensure the continued existence of on-farm breeding. PPB is mainly 
an organisation of plant breeding that was particularly applied in France over the 

2  www.tporganics.eu/.

www.tporganics.eu/
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last ten years. We describe how and why several “seed associations” were created 
and how they are federated within a national organisation, the “French Farm Seed 
Network” (Réseau Semences Paysannes)3.

21.2 � Definitions of Participatory Plant Breeding

21.2.1 � Participatory Plant Breeding in the World

Vernooy (2003) broadly defined Participatory Plant Breeding (PPB) by approaches 
that involve close collaboration between researchers and farmers and, potentially, 
other stakeholders, to bring about genetic improvements within crops. Participatory 
approaches have emerged in the past two decades and have been described by a 
number of authors from all continents (Almekinders and Elings 2001; Ceccarelli 
et  al. 2000, 2003; Machado and Fernandes 2001; Sperling et  al. 2001; Vernooy 
2003; Weltzien et al. 2008; Witcombe et al. 2001). These examples include several 
different crops, and are primarily focused on projects involving resource-poor farm-
ers in developing countries who cannot afford to modify their environment through 
additional inputs. Conventional plant breeding has been more beneficial to farmers 
in high-potential environments, and PPB is seen by some scientists as a way to 
overcome the limitations of conventional breeding by offering farmers the possibil-
ity to choose and to create the varieties that better suit their needs and conditions 
(Ceccarelli and Grando 2007). Moreover, the joint selection process is an exchange 
of knowledge and information at the same time (Bishaw and Turner 2008).

The organisation of PPB varies according to the degree of involvement of the 
farmers, which may include the orientation of selection activities (Witcombe et al. 
2005), the evaluation of plants during the breeding process (Morris and Bellon 
2004), or may be expanded to include the entire breeding process. Several other 
authors report that farmers prefer to conduct their own selection from the beginning 
because they are thus able to combine more characteristics within a single variety 
(Almekinders and Hardon 2006).

21.2.2 � Plant Breeding for Organic Agriculture

Organic Agriculture (OA) in developed countries has several points in common 
with the small-scale agriculture of the marginal environments of developing ones: 
a highly variable environment without chemical inputs, a combination of charac-
teristics required for one crop, and a wide diversity of crops, of uses and of mar-
kets (Desclaux et al. 2008). Heterogeneous environments make it difficult to apply 

3  www.semencespaysanne.org.
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consistent selection pressure because it is often hard to identify a single or several 
superior genotypes across all sets of conditions (Dawson et al. 2008).

Moreover, the conservation and enhancement of biodiversity are mentioned in 
the IFOAM standards and in all national guidelines as essential pillars for organic 
agriculture. OA is recognised as having a beneficial impact on biodiversity (Bengts-
son et al. 2005; Wyss and Pfiffner 2008) but it also requires biodiversity to function. 
OA is also characterised by its choice of plant breeding and multiplication methods, 
which must respect the natural characteristics of the species (Lammerts van Bueren 
et al. 2002) and the integrity of the organisms (Lammerts van Bueren et al. 2003; 
Lammerts van Bueren and Struik 2005). IFOAM has proposed compatible methods 
in draft standards (IFOAM 2005b).

21.2.3 � Participatory Plant Breeding in Europe

In Europe, when the EU Regulation 1452/2003 requiring the use of organic seed for 
planting went into force in 2004, organic seed professionals were not ready to ful-
fil the demand. Thus, organic farmers and their organisations started to meet with 
researchers and to build PPB projects. For example, in Germany, knowing that or-
ganic farming requires cultivars that are specifically adapted to this low-input crop-
ping system, organic farmers and scientists joined together in a participatory breed-
ing approach to develop region-specific genotypes of spring faba bean for organic 
conditions (Ghaouti et al. 2008). In the Netherlands, PPB was also the most efficient 
strategy to address the needs of organic onion producers because commercial onion 
breeders select varieties solely for conventional farming (Lammerts van Bueren et al. 
2005). Seed companies consider the organic market too small to justify a specific 
programme. Breeders only give priority to storage and bulb quality traits, but organic 
farmers also need varieties that perform well in the field. Breeders give low priority 
to field selection, e.g., to make mechanical weed control easier, farmers prefer plants 
with a more erect growth habits. Moreover, the cytoplasmic male sterility system used 
to produce these hybrids does not comply with organic principles (Osman et al. 2008).

In Portugal, PPB was initiated with two objectives not specifically linked to OA: 
the conservation of white maize populations for traditional bread-making, and the 
maintenance of evolutionary processes in the farmers’ fields, which could be valu-
able for continuing adaptation to future environmental conditions (Patto et al. 2008).

21.2.4 � Participatory Plant Breeding in France

PPB simultaneously began in 2001 in three areas in France within three groups of 
farmers. Analysis of the functioning of each pioneer group showed a distinct organ-
isational strategy for each of them, with different roles for researchers and farmers.

•	 In Brittany (western France), a regional organic umbrella organisation (IBB, Inter 
Bio Bretagne) and researchers from INRA (the French National Institute for Agri-
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cultural Research) initiated a participatory plant breeding programme for organic 
cabbage and cauliflower (Chable et al. 2008a). The aim was to include all con-
cerned actors (farmers, processors, traders, advisors, researchers, etc.) in defining 
the objectives and the means to reach them. On the basis of the evaluation of 
genetic resources for seed production, the experimental agrobiological station of 
IBB (PAIS) was the meeting point for all of the project’s partners. In the begin-
ning, the farmers found technical and scientific information at the PAIS and were 
then able to share their experiences from plant selection to seed production, even 
though they were conducting the breeding steps on their own farms.

•	 In the Mediterranean region in southern France, organic farmers needed durum 
wheat varieties, with the aim to produce grain with sufficient protein content 
and vitreousness for pasta processing (Desclaux 2005). Pasta manufacturers 
were involved in the project. Although the programme was carried out in close 
collaboration with INRA scientists and organic farmers, the choice of the breed-
ing populations and methods was led by researchers.

•	 Maize and sunflower farmers in south-western France had several objectives 
for breeding, including quality, rusticity and adaptation to dry conditions. The 
project was led by a local farmers’ organisation (AgroBio Périgord), and locally 
funded by the region, with research support from an independent breeder. Farm-
ers and the breeder have worked in parallel from the same populations to evalu-
ate two breeding strategies for organic agriculture: PPB on-farm and the creation 
of composite varieties for farmers who are not ready to breed their own varieties.

In France, at the same time as officially certified organic production, a movement 
of re-appropriation of the farmers’ breeding practices is emerging with the aim to 
regain autonomy for the farmers (referred to in France as “agriculture paysanne”, 
or “peasant agriculture”). A group of farmers-bakers includes both organic farm-
ers and “peasant” farmers4. Because their breads are made using traditional bak-
ing methods, because they do not use chemical pesticides and fertilisers and be-
cause they use locally adapted varieties/populations, modern certified short straw 
varieties are not appropriate. Thus, they develop their own bread wheat varieties 
based on historical resources including landraces (19th century) or old varieties 
(1900–1950)5 and using different selection strategies (mass selection, designing 
mixtures, crossing, etc.). Their selection aims to manage and increase the intra-
varietal diversity, whereas modern wheat breeding only aims at the homogeneity 
of the varieties.

More than 30 species are currently concerned, mainly arable crops and vegeta-
bles, and nearly all parts of the country are involved. Only the central plain region 

4  These farmers promote an agriculture linked to their region and culture with strong social and 
ethical values, and thus share many of the same needs in terms of seeds with organic farmers, often 
supplying the same local markets. The official certification is sometimes too expensive for small-
scale farmers who prefer participatory certification (for example, Nature & Progrès, a private label 
in France).
5  Based on anecdotal evidence from consumers, they feel that these varieties induce less gluten 
intolerance (Mercier 2008).
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with very large farms with arable culture is not concerned. In 2009, several other 
species were introduced, especially forage and fibre cultures. For the farmers, the 
objectives can be considered at several levels: the crops themselves, the cropping 
systems, the development of organic farming and the recognition of social and ethi-
cal issues. One point common to all the objectives is increasing diversity.

•	 At the crop level:
Improving the quality of the product and the adaptation of plants to organic con-
ditions were the two main aims at the beginning of each experiment. Many farm-
ers have direct contact with consumers, which provides direct indications for 
selection. With the continuous adaptation of the crops to their environment, the 
farmers perpetuate the history of cultivated plants, and the development of spe-
cific adaptation leads to varietal diversification across farms and regions.

•	 At the cropping system level:
On-farm breeding also allows adaptation to new agronomic practices. Consider-
ing their agronomic bottleneck, farmers try to improve their production tech-
niques at the same time they adapt the plants, i.e., living mulches, date of sowing, 
plant associations, etc.

•	 Development of OA and all forms of low-input agriculture:
Innovation for products, techniques and species is becoming more and more im-
portant for the future of this type of agriculture. Farmers are aware that they need 
to deal with the challenges of climate change and economic difficulties. In order 
to buffer future variations at both levels, the farmers do not only consider their 
current market and farming system but often enlarge the number of species they 
choose to grow.

•	 Social and ethical issues:
At the beginning, all the farmers’ groups mentioned the importance of autonomy 
for seed supplies. With PPB, they also have the control of the breeding methods 
and choose to avoid all biotechnologies. Moreover, they often report that their 
interest in their work has increased: breeding is a pleasure, a passionate adven-
ture with the plants.

21.3 � The Organisation of PBB for Organic  
Agriculture in France

An analysis of different PPB approaches led Sperling et al. (2001) to distinguish 
‘Formal-led PPB’ and ‘Farmer-led PPB’, with the former being developed primarily 
by public-sector professional plant breeders, and the latter developed through farm-
ers’ associations and NGOs, with the involvement of plant breeders at the request of 
the farmers. The French case is a ‘Farmer-led PPB’, which brings together public-
sector scientists from INRA and several networks of farmers. The researchers take a 
supporting role and the farmers remain responsible for the process.
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Five main steps have been described for the establishment of a participatory 
plant breeding programme for organic farming (Chable and Berthellot 2006):

1.	 Constitution of the group and creation of exchange space: farmers, researchers 
and other actors can collect specific funds to work together and to define the 
means of common action;

2.	 Definition of priorities in terms of crops and research of the genetic resources, 
with priority given to native and locally adapted varieties;

3.	 Discovery, adaptation and selection in the farmers’ fields, under the cropping 
conditions defined by the group;

4.	 Seed production and distribution in collective organisations;
5.	 Exchange of experiences and genetic resources through meetings—formal and 

informal, regional, national or international, farmers and professionals in the 
organic sector (accompanied by researchers and gardeners and advisors as well).

PPB is generally a collective action. The origin or nature of the initial group may 
strongly vary and many are formed within existing agricultural organisations (pri-
vate or public, cooperatives for market, trade unions, etc.). The coordinator of the 
group, who is generally employed by the organisation, has the fundamental role in 
the beginning of cooperating with researchers. For the researchers, it is not possible 
to work with many species all over the country without the help of these coordina-
tors. All of the participants together determine the main objective of the group, the 
genetic resources that are needed, the means to collect them and the organisation 
of the trials.

The key step of the PPB project is the choice of genetic resources that fit the 
diversified objectives, that have not been genetically modified and that will be 
appropriate for local agriculture. The farmers involved in these projects seek to 
avoid numerous aspects of modern breeding and are therefore looking for variet-
ies that have not been modified by biotechnology. Landraces or historical varieties 
that have maintained their intrinsic variability for adaptation and qualities are the 
primary genetic resources used in these projects. This investigation into the history 
of the species and the search for seed samples in genebanks, research centres, or 
from private breeders is usually the role of the researcher. Sample collection has to 
address the farmer’s needs but it is also important for the first “discovery trial” to 
explore the variability of the species and its performance in terms of yield and qual-
ity in the area considered.

After the first collective trials (on a farm or within a collective structure), the 
farmers make their choices and begin observation, breeding and seed production 
on their own farms. Some experienced farmers may become autonomous for an 
innovative breeding project, but remain in their group for many reasons: the need 
for seed exchanges, the use of collective materials, and to deal with complex legal 
issues (e.g., only small quantities of seeds are exchanged since seed cannot be sold 
unless it is registered in the official catalogue). The action nevertheless remains 
collective and the initial structure remains the meeting point for all of the actors 
involved (farmers, traders, advisors, researchers, etc.). The group members actively 
exchange scientific and technical information and share experiences on different 
aspects of the breeding process.
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The two last points of the organisation of the PPB of the French farmer groups 
concern seed production and exchanges. In vegetable production, one farmer is not 
able to produce seeds for all his crops. At this step, the initial group may create a 
new association devoted to the PPB actions and biodiversity conservation. In ad-
dition, being part of a formal organisation allows the farmers to propose research 
activities and to submit projects to regional grant programmes in order to finance 
shared equipment (mainly for seed harvesting, cleaning, storage and quality assess-
ment). In addition to these economic and technical reasons, the creation of farmers’ 
networks has been essential to undertake negotiations with policymakers to carry 
out farm seed production within a legal framework.

In fact, one result of this PPB process (concerning its organisational component) 
is the creation of seed associations in which farmers are autonomous in terms of 
their plant breeding activities. We will illustrate this type of result with two ex-
amples:

•	 Wheat in France, often associated with other cereals and arable crops: Table 21.1 
shows the numerous seed associations created since 2000 to promote selection, 
conservation and breeding of ancient varieties, landraces or farmers’ creations. 
These associations may have between less than a hundred to several hundred 
members and as many varieties. Next year, three more associations will com-
plete this list. They are at the creation phase in two more regions of France: Lor-
raine and Normandie.

•	 Vegetables in the Pays de Loire region in the case of a group of farmers, Bio 
Loire Ocean: the colour plate 21 illustrates the PPB activity of this group that 
concerns some 100 farmers, 8 species, 40 trials and 200 varieties since 2005.

The development of researcher/farmer partnerships evolves by means of partici-
patory research that helps farmers to overcome bottlenecks (agronomic, breeding 
methods, quality assessment, developments in seed laws, etc.). This research may 
be organised on-farm with farmers from one or several associations and the French 
Farmer Seed Network (Réseau Semences Paysannes). A European project (SOLIB-
AM6, Strategies for Organic and Low-Input Breeding and Management) involves 
farmers from several of the associations described and illustrates their activities.

21.4 � Origin and role of farmers’ networks and the evolution  
of seed regulations at the EU level

An umbrella organisation was created to federate the first initiatives and the seed 
associations that have arisen where PPB initiatives have taken place.

In France, before the development of PPB actions, several pioneer farmers, 
mainly using organic practices, had initiated the conservation of and/or selec-
tion from traditional or historic varieties for many species. In 2003, national or-

6  www.solibam.eu.
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Region of France Associations Date of creation, actors, main goals, 
other species

Brittany— western 
France

Triptolème 2006—farmers-bakers, gardeners and 
consumers

Collection, conservation, breeding, 
innovation in agronomic practices, 
baking, training and education

Many other species of arable crops
Poitou-Charentes Cultivons la Bio Diversité 

en Poitou-Charentes 
(CBD)

2009—farmers-bakers, gardeners and 
consumers

Collection, conservation, breeding, 
innovation of agronomic practices

Maize, forage and vegetables
South-West Centre d’Etudes et de 

Terre d’Accueil des Blés 
(CETAB)

2005—farmers-bakers, gardeners and 
consumers

Collection, conservation, breeding, 
baking

Some other species of arable crops
Midi Pyrénées-Tarn Association Pétanielle 

(formerly- “Semeurs et 
semeuses de biodiver-
sité des champs et des 
jardins”)

2010 (2008)—Farmers-bakers, garden-
ers and consumers

Collection, conservation, breeding, 
baking

Midi Pyrénées-Hautes 
Pyrénées

Terre en Vie 2000—Farmers-bakers and consumers 
Collection, conservation, breed-
ing, several types of transformation 
(bread, pasta, bulgur, etc.)

Local markets
South-East ARDEAR Rhône Alpes 2004—farmers-bakers, gardeners and 

consumers
Collection, conservation training, 

breeding
Other species such as maize

Mediterranean region Syndicat de Promotion 
Touselle

2005—farmers-bakers and consumers
Collection, conservation, breeding, 

baking
Several cereals, forage and other Medi-

terranean species
South-East Parc Naturel Régional du 

Queyras
2003—Farmers, bakers and consumers
Collection, conservation, breeding, sev-

eral types of transformation (bread, 
pasta, bulgur, etc.)

Local markets with traditional products.
South-East Producteurs bio des Alpes 

de Haute Provence
2004—farmers, millers, bakers, 

consumers
Collection, conservation, baking, local 

markets
They created the “blé meunier d’Apt” 

network

Table 21.1   Seed associations involved in wheat PPB in France: region, name of the association, 
date of creation, type of members and main goals. See colour plate 21
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ganic organisations and several agricultural trade unions (Fédération Nationale de 
l’Agriculture Biologique, Confédération Paysanne, Nature & Progrès, Fédération 
Nationale d’Agriculture Biologique des Régions de France, Mouvement de Culture 
Bio-Dynamique, Bio d’Aquitaine, Groupement de Développement de l’Agriculture 
Biologique Midi-Pyrénées, Syndicat des Semences et Plants Bios du Languedoc-
Roussillon) organised a meeting in Auzeville, France. There, they met other farmers 
involved in similar initiatives and shared their first experiences with researchers 
who had initiated PPB actions or were involved in the management of genetic re-
sources and small-scale breeding companies. This event consolidated the farmers’ 
determination to take charge of the future of their varieties and seeds. The farmers 
also considered the starting point for a new form of collaboration between research-
ers and farmers in France. The French Farmer Seed Network was created after this 
meeting and brings together several local networks, ensuring a link between farm-
ers and authorities to stimulate the necessary adaptation of French registration laws 
(Bocci and Chable 2008). In addition to the formal seed “market”, the network 
calls for ongoing seed exchanges between farmers, gardeners and the other actors 
involved in biodiversity conservation. The ITPGRFA (International Treaty of Plant 
Genetic Resources for Food and Agriculture) recognised the past, current and future 
contribution of the farmer in creating and renewing cultivated biodiversity (Ander-
sen and Tone 2008)

In Italy and Spain, similar groups of farmers who refuse to adopt industrial ag-
ricultural practices and instead practice organic agriculture have existed since the 
beginning of this century. In recent years, they have become more organised into 
networks. In addition to the Réseau Semences Paysannes in France, we also have 
the Red de Semillas in Spain and the Rete Semi Rurali in Italy. Their members are 
also farmers, consumers, scientists, and all types of stakeholders concerned by the 
landraces, working together in order to reconsider the scientific, technical and le-
gal aspects of seed production (Bocci and Chable 2008). Starting from their initial 
activities—preserving farm seeds (France) or safeguarding ancient varieties (Italy 
and Spain)—the networks’ aims and activities have broadened. The development 
of varietal innovation produced by the farmers themselves has been particularly 
pronounced in France.

Region of France Associations Date of creation, actors, main goals, 
other species

Bourgogne Graines de Noé 2010—Farmers, millers, bakers and 
gardeners

Collection, conservation, breeding
Other species: cereals and vegetable

Alsace Kerna ùn Sohma (Grain and 
Seed)

2011—farmers, farmers-bakers, garden-
ers, artisans, consumers

Collection, conservation, breeding, shar-
ing of knowledge and material

Other species: vegetables, grapes

Table 21.1  (continued)
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In 1998, the European Commission mentioned for the first time that it is essential 
to ensure the conservation of genetic resources and therefore necessary to intro-
duce a legal basis for that purpose. They agreed to allow the in situ use of varieties 
threatened with genetic erosion with the intention of conserving them, within the 
framework of legislation concerning the seed trade. The last step was in June 2008 
with EU Directive 2008/62/CE, “providing for certain derogations for acceptance 
of agricultural landraces and varieties which are naturally adapted to the local and 
regional conditions and threatened by genetic erosion and for marketing of seed and 
seed potatoes of those landraces and varieties”. Nevertheless, no legal status has yet 
been created for new population varieties and for on-farm PPB activities.

A European project (2007–2010), Farm Seed Opportunities (FSO), was initiated 
mainly to respond to the needs of European policy makers to implement a review 
of the seed regulation framework. It also aimed at evaluating and analysing the role 
of farmers in the conservation of varieties and in the breeding of new varieties. 
FSO has been managed by a consortium of public and private scientific institutions, 
farmers’ seed networks and organic farmers’ associations in six European countries. 
French, Italian and Spanish farmers’ networks have been involved in the project.

In addition to the implementation of the new directive, the FSO has taken the 
PPB experiences of several groups of organic farmers into account, with the goal 
of proposing regulation scenarios that will recognise the existence of the innovative 
activity of farm selection (Chable et al. 2008b). This project has added its reflection 
to those of developing countries in order to draw up regulation scenarios. Farmers’ 
systems of seed supply and crop development are by far the most important source 
of seed in most farming systems worldwide. Most agricultural land in the world is 
still sown with seed that is informally produced by farmers (Almekinders and Lou-
waars 2002). Farm Seed Opportunities has also included a survey of existing expe-
riences, of the expectations of stakeholders and of the limitations of the current laws 
in Europe. Moreover, field experiments were organised to collect data about three 
kinds of farmer varieties (landraces, mass selection within landraces and evolution-
ary mixtures) that exist in Europe (Serpolay 2011a). The goal was to describe how 
the farmers’ dynamic management and the natural pressures of selection determine 
the evolution of these varieties. It has been shown that the farmers’ varieties culti-
vated in traditional farming systems should not be considered as separate entities, 
but rather as an open genetic system. The functioning of the landrace system has 
been compared with the metapopulation concept established for wild species (Gold-
ringer et al. 2001). The conservation of genetic diversity at the metapopulation level 
depends on the existence of contrasting environments at the subpopulation level 
(populations on different farms). The development of local adaptation leads to some 
loss of diversity within subpopulations, whereas a high level of genetic diversity is 
maintained across subpopulations. Seed exchanges among farmers allow for incor-
poration and renewal of the genetic diversity within the subpopulations (Enjalbert 
et al. 2011). In the case of maize landraces in traditional farming systems in Mexico, 
“farmers exchange, pool or replace seeds for several reasons, including seed loss 
due to poor harvests or insect damage in storage. A principal reason, however, is 
the belief that the same seed should not be planted in the same field over successive 
seasons because its yield will decline.” This concept of a “tired” variety and the 
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need to renew it through exchange has been reported for others crops and regions 
(Louette and Smale 2000; Pressoir and Berthaud 2004). French organic or “peas-
ant” farmers involved in on-farm breeding also feel the necessity of seed exchanges 
to maintain diversity, adaptation and vigour and to guarantee the sustainability of 
their activities. It has been shown that the genetic diversity found in a seed exchange 
network was much greater than the diversity conserved in a genebank for a given 
variety “name”, and that farmers’ management practices and seed exchanges com-
bined with natural selection have contributed to shape the variability of this meta-
population (Demeulenaere et al. 2008; Thomas et al. 2011; Thomas et al. 2012). In 
these cases, however, the seed exchange community involved farmers who share 
the same aims (practices, qualities, markets) at the regional or national level (De-
meulenaere and Bonneuil 2012). Organic agriculture still represents only 2.4 % 
of the cultivated area in France, and organic farmers involved in PPB represent a 
small part of them. Even if some farmers involved in organic agriculture without 
certification or low-input agriculture increased this number, there is a need to col-
laborate over fairly large geographic distances.

21.5 � Perspectives

Farmers who are involved in PPB actions are motivated by both the breeding activ-
ity itself and by the potential gain (at the agronomic, social and market levels) rep-
resented by the improved varieties and the “free” seed. Even if breeding and seed 
production mean an extra quantity of work for them, most of them have succeeded 
in introducing breeding and seed multiplication within their production schedule. 
The rapidity of adaptation of the plant population has often surprised them, i.e., 
the precocity of the morphological evolution (Serpolay et al. 2011b; Dawson et al. 
2012a; Dawson et al. 2012b) has given them confidence.

All the groups or associations agree that the next step is the creation of “seed 
community banks” (Chable et al. 2011) where the conservation could be collective-
ly organised, where collective material and machines could be found to thresh and 
clean the seed and assess seed quality, and where know-how could be exchanged. 
The question now is how to find the means for these organisations, and the involve-
ment of members of society (consumers) is very important to help farmers to sup-
port the safeguard of the diversity and the creation of locally adapted varieties.

The legal context has evolved over the last ten years. In addition to the UE project 
(Farm Seed Opportunities), the Food Chain Evaluation Consortium7, in its final re-
port presented in March 2009 in Brussels, has confirmed a perspective of evolution:

At the moment the commercial breeding systems strongly influence the interpretation of 
both DUS and VCU characteristics and the testing systems. With environmental issues 
becoming more important there is a stronger case now for a wider interpretation of both 
DUS and VCU for varieties that are going to be used for organic and low input agriculture” 
(FCEC 2009).

7  http://ec.europa.eu/food/plant/propagation/evaluation/index_en.htm.
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Moreover, “the two different systems of the large commercial breeding companies and the 
smaller market or regional breeders and producers could run side by side because they are 
targeting completely different markets.

Meanwhile, at the end of Farm Seed Opportunities, it was recognised that the farmer 
seed associations may represent a framework in which a new legal area will be built.

From a scientific point of view, the varieties bred on the farm encourage re-
searchers to renew their genetic approach. We are no longer considering individual 
plants or genotypes, but plant populations (Wolfe 2000; Thomas et al. 2012). The 
rapid evolution of these plant populations, as well the notion of “tired” varieties, 
deal with genetic and epigenetic mechanisms that control plant plasticity in re-
sponse to environmental stimuli. Statistical and/or quantitative population genetics 
methods, combined with epigenetic approaches, will be developed to be applied to 
these breeding populations submitted to various selection pressures or stimuli (e.g., 
agro-climatic conditions, crop management systems and selection practices).

21.6 � Conclusion

Even if farmers involved in PPB are not numerous, they are very actively collabo-
rating (Enjalbert et al. 2011; Dawson et al. 2011) with scientists, other stakehold-
ers and consumers, and they significantly contribute to change the plant breeding 
landscape for organic agriculture. Regional political bodies recognise their actions 
and the innovative potential for increasing the sustainability of agricultural sys-
tems. They are also supported by the ITAB (French Technical Institute for Organic 
Agriculture) at the national level through the publication and diffusion of research 
results to many groups involved in organic agriculture.

Finally, it appears that the PPB and, more generally, on-farm breeding (with or 
without the help of researchers) reinforces the coherence of organic agriculture by 
increasing biodiversity, improving the technical performance of varieties on organic 
farms, supporting the evolution of farming systems and increasing fairness in the 
seed supply system. Thus, on-farm plant breeding helps organic farmers to increase 
crop and farm performances. The continued existence of on-farm breeding is en-
sured by the organisation of seed associations and “community seed banks” with 
infrastructures for storing seeds of varieties used by farmers and with the aim of 
facilitating the exchange and conservation of these varieties.
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Abstract  The main aim of this ‘critical position’ chapter is to provide a foundation 
and framework for developing effective local, contextual, collaborative, integrated 
planning and action for achieving sustainability within our food systems. Deep 
(eco-design/redesign-based) organics is distinguished from shallow (substitution-
based) organics by the originator of these terms. A discussion is provided of the 
redesign implications for a transition from conventional agriculture and shallow 
organics to the more sustainable deep organics, using social ecology and associated 
‘testing questions’ relating to personal, social, ecological and general aspects, as a 
framework for implementation. In addition to documenting the historical origins 
of these concepts and arguing for their relevance to achieving sustainability within 
food systems, emphasis is placed on the need to understand and address the psycho-
logical and psychosocial roots of the unsustainability challenges to modern societ-
ies. Failure to do this is considered as a main reason for the limited progress that 
has been made in addressing most current problems. Also, proactive, ecodesign-
based preventative approaches to problems are advocated over reactive, curative 
approaches.

An Efficiency-Substitution-Redesign (ESR) progression in relation to change 
is illustrated using pest control to characterise the differences between the stages 
involved.

It is acknowledged that the changes being advocated here will require a funda-
mental shift in the paradigms underlying current dominant thinking and action. An 
innovative, proactive approach to enabling such a shift and facilitate meaningful 
change, based on ‘lying’, is provided.
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Lying
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22.1 � Introduction

This chapter provides a critical reflection on key factors (many widely neglected) 
to consider when endeavouring to make agricultural systems, particularly organic 
ones, more sustainable. It is informed primarily by many years of experience using 
an Efficiency-Substitution-Redesign (ESR) framework for working on progressive 
change with farmers and policy makers.

The broad higher goals that have been emphasized throughout this work include 
enabling equitable access to nourishment, well-being, ecological sustainability, the 
conservation of biodiversity, wildlife habitats, resources and rural communities, and 
amelioration of changes to the global climate. Whereas such goals are compatible 
with sustainability, the more common goals of growing consumption, profit, pow-
er and privilege are unsustainable. In relation to such higher goals, most organic 
farms are already outperforming most conventional farms, particularly those that 
are heavily dependent on synthetic inputs (Mäder et al. 2002; Lynch et al. 2011). 
More importantly, however, the potential of organic farming to make further gains 
is considerable. This is particularly because much progress can be expected when:

•	 more funds are made available for ‘deep organic’ farming education, research, 
development and support; and

•	 current ‘shallow organic’ farms are redesigned, and new ones designed ecologi-
cally to avoid problems, function optimally and achieve the kinds of higher goals 
listed above.

In contrast to the ‘bifurcation’ argument (Coombes and Campbell 1998) that dis-
tinguishes between the mostly older, smaller, artisanal, true-to-organic-principles 
farms and the mostly newer, larger, industrialised organic farms—and that often ad-
vocates a return to the former, with their original organic values—I am advocating 
a need to improve those values, as well as the associated designs and management 
systems related to them. I am also advocating that these developments be applied 
to all farm and food systems, including the pre-industrialised organic farms (Rosin 
and Campbell 2008).

My ‘deep organics’ was developed as a much broader concept than ‘agroecol-
ogy’ ( the science of applying ecology concepts and principles to the design and 
management of sustainable food systems; Altieri 1987; Gliessman 1997; Wezel 
et al. 2009), as it applies to whole food and fibre systems, and considers all asso-
ciated underlying aspects, including those characterised as philosophical, ethical, 
psychological, psychosocial socio-cultural and ‘spiritual’ (which for me, rather than 
being a ‘religious’ concept, is concerned with the important extensive ‘unknown’ 
aspects of all phenomena).

For over 30 years I have been arguing for a progression from shallow (sub-
stitution-based) organics towards deep (eco-design/redesign-based [permanent]) 
organics (Hill 1976, 1984a, 1985, 1998, 2006)1. This was conceived independently 

1  See also: White (1991).
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from, and in parallel with, Arne Naess’ (1973) distinctions between ‘Shallow and 
Deep Ecology Movements’. More recently the outstanding organic horticulturist, 
Eliot Coleman (1999, 2004, 2009), has written about his version of ‘deep organics’2. 
It was also conceived in parallel with the development of permaculture (discussed 
later), which also emphasizes eco-design (Mollison and Holmgren 1978).

My ‘shallow organics’ has been subsequently written about as ‘input substitution’ 
organics (Rosset and Altieri 1997), and reframed as the sociological ‘second order’ 
change process of ‘conventionalisation’ (the industrialisation of organics by agri-
business; Buck et al. 1997; Darnhofer et al. 2010; Lockie and Halpin 2005), resulting 
in ‘organic lite’ (Guthman 2004a, b). The need for ‘redesign’ approaches has been 
extensively advocated, although—as with the concept of sustainability—the mean-
ings implied cover a wide spectrum of agendas (e.g., Williams and Gascoigne 2003).

The shallow to deep progression was originally conceived as part of a larger 
transition from conventional agricultural systems (highly simplified, controlled and 
synthetic-input dependent), through efficiency (optimal use of inputs with minimal 
waste), to substitution (of more benign, primarily non-synthetic inputs), to ecologi-
cally redesigned/designed systems (the upper visual in Fig. 22.1). These latter sys-
tems are ecologically redesigned/designed to minimise problems and dependence 
on purchased inputs, increase resilience, and enable self-maintenance, self-regula-
tion, sustainability, and ability to provide the needed ecosystem services and sup-
port for achieving the well-being of all.

This framework is often referred to as the ESR (Efficiency-Substitution-Rede-
sign) progression (Hill and MacRae 1995; Ikerd 2009; Lamine et al. 2014, Chap. 23). 
It has been, and can be, applied to diverse systems, beyond the pest management 
systems for which it was originally conceived. It has been effectively applied to the 
design of experiments (Bellon et  al. 2010), research strategies and public policy 
(MacRae and TFPC 1999 McCullum et al. 2005; Sylvander et al. 2006). MacRae 
et al. (2010) have effectively used the ESR framework to propose numerous ways in 
which energy efficiency and greenhouse gas mitigation might be further improved 
on organic farms in Canada. Gliessman (1997) added a fourth level to the progres-
sion to address the need for associated social transformations and, subsequently, 
with colleagues, applied this model to ‘conversion to sustainable agriculture’ in 
general (Gliessman and Rosemeyer 2010). However, from my original and current 
perspective, institutional and sociocultural transformations must be considered at 
every stage in the ESR progression, and this progression applies to the forms that 
these sociological initiatives may take; so, adding it on as a fourth stage could be a 
barrier to considering transformation processes in the most progressive way.

To be able to conceptualise the progression in agroecosystem design and man-
agement from ‘conventional’ to ‘redesign’, as applied to pest management, the visu-
als shown in Fig. 22.1 were developed. The upper visual highlights the differences 
between the efficiency, substitution and redesign stages, and emphasizes the para-
doxical point that the more effective that any efficiency and substitution initiatives 

2  This is an extension of Coleman’s earlier ‘plant-positive’ approach to production; Coleman and 
Ridgeway (1983).



404

are, the more they are likely to protect and perpetuate the design and management 
characteristics of the systems that are the root causes of the problems. This is why, 
to be useful, these former strategies must serve as stepping stones to the improved 
design and management of the systems involved.

The aim of the lower image in Fig. 22.1  is to help visualise a progression across 
the following six overlapping stages, from conventional pest control to the redesign 
approach, and to make clear the degree to which the redesign (Integrated Agroeco-
system Design and Management) stage differs from the still dominant conventional 
stage, with its dependence on pesticide interventions (along a spectrum from inef-
ficient to efficient use):

S. B. Hill
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I: Conventional Pest Control: prophylactic, calendar-based and reactive, often inef-
ficient use of broad-spectrum pesticide interventions;
II: Integrated Pesticide Management (First Stage Integrated Pest Management): 
with most of the inefficient use of pesticides eliminated;
III: Genuine Integrated Pest Management (Second Stage IPM of Prokopy 1994): 
efficient pesticide use is integrated with various, more benign substitutes such 
as biological controls, and with some ecosystem redesign such as groundcover 
management.
IV: First Stage Biointensive Pest Management: biological controls dominate the 
approach, together with compatible pesticides used only as a last resort, and sup-
portive redesign strategies;

22  Considerations for Enabling the Ecological Redesign of Organic ...

I
Conventional

II
First Stage IPM

III
Second Stage IPM

IV
First Stage BPM

V
Second Stage BPM

VI
First Stage IADM

Inefficient Efficient Substitutes
Alternatives

Redesign

Curative Preventive

Fig. 22.1  Conceptual model for progressive implementation of improved pest control within 
agroecosystems (upper visual from Hill (1984b), and lower visual from Hill et al. 1999)
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V: Second Stage Biointensive Pest Management: with biologicals being used as 
curative interventions instead of pesticides, together with ecosystem redesign 
(Bugg 1992);
VI: Proactive Integrated Agroecosystem Design and Management (IADM; similar 
to Hill’s 1984b, 2004a redesign approach). In this stage the aim is to proactively 
solve all pest problems through advanced ecosystem design/redesign and manage-
ment, with the least disruptive curative interventions being used only in emergen-
cies. Such redesign might include the use of several cultivars with complementary 
functions (resistant, trap and insectary plantings), the design and management of 
groundcovers and mulches, insectary islands, strips, field borders and adjacent 
areas (to trap or repel overwintering pests and to support natural controls), the care-
ful balancing of plant nutrients, including trace elements, and the appropriate timing 
of all operations to favour the crops and natural controls and not the pests (Altieri et 
al. 1983; Bugg 1992; Prokopy 1994; Hill 2004a; Ratnadass et al. 2011). This kind 
of system-transformation thinking is advocated for all other parts of the food system 
and beyond.

Apart from the lack of funding for research and development3, and lack of appropri-
ate educational programs, extension and other support services (Warner 2007), the 
other main institutional barriers to advancing this needed progression have been and 
continue to be:

•	 the globalised nature of the industrialised world’s food system, with its high 
levels of concentration, simplification (dependence on fewer and fewer cultivars 
and strains), and demand for cosmetic perfection of the produce;

•	 the lack of understanding and support for farmers and rural communities by in-
creasingly urbanised populations, and governments’ associated cheap food poli-
cies, which favour urban over rural communities; and

•	 government regulations and subsidies related to purchased inputs and control 
processes (MacRae 2011).

In addition to these largely institutional barriers to genuine progress are the under-
lying psychological and behavioural barriers of feelings of disempowerment and 
associated lack of awareness and confused (often compensatory) visions and values 
(Hill 1991; Sattmann-Frese and Hill 2008). Because most proposals for improve-
ment neglect these underlying roots of so many of society’s problems, progress has 
generally been disappointing and predictably limited.

Despite the basic design similarity between most current organic and conven-
tional farms, one of the earliest (in the 1970s) comprehensive comparisons found 
that in the Midwestern (Corn Belt) states of the USA, organic farms used two-fifths 
the amount of energy of conventional ones, with comparable levels of produce 
and profits (Lockeretz 1978; Lockeretz et al. 1984). Such considerable savings of 
energy by organic farmers for their host nations, together with most of the other 

3  Until very recently, for nearly 100 years, virtually all research funding had been channeled to 
conventional agriculture.
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benefits of organic approaches (Rodale Institute 2011), still remain largely unrec-
ognised and unrewarded by governments. Although such savings indicate what has 
been achieved in the past, it is likely that current (non-deep) organic farms that are 
more dependent on inputs and that are less efficiently managed, would be unlikely 
to achieve such savings. More importantly, however, deep organic (eco-designed/
redesigned) farms may achieve much greater energy savings and result in many 
other positive benefits.

Because of the potential for improved agroecosystem design and management, 
the focus in the rest of this chapter will be on how the benefits of ‘deep organics’ 
might be achieved, rather than on comparisons involving the largely maldesigned 
and unsustainable existing systems.

The primary prerequisites for the sound design of managed ecosystems are a 
profound and comprehensive understanding of their components and the relation-
ships between them, and of the ecological processes that occur within natural and 
managed ecosystems. Ideally, such relevant competence needs to be gained through 
experience, experimentation and formal studies in ecology, natural resources man-
agement, agriculture and psychology (all in the broadest possible sense). Other areas 
that require some competence include engineering (particularly with respect to the 
effective selection, design, modification, repair, maintenance and operation of ma-
chinery), economics, business management, marketing (I have found this to be a par-
ticular weakness of many organic farmers), communications, politics and sociology.

Below, I first argue for the relevance of considering psychology and personal 
development when working with progressive change within food systems. I  then 
propose a comprehensive framework for ‘testing’ all proposals for change, brief-
ly describe ecological foundations for the design and management of sustain-
able systems, apply these concepts to pest control and prevention, examine key 
psychological factors that influence progress and, finally, describe an innovative 
approach to taking a first step (committing to achievable sustainable goals) in im-
plementing progressive change.

22.2 � Relevance of Psychology and Personal Development

It is important to understand what might enable or, conversely, inhibit the creation 
and implementation of high quality designs.

Humans have evolved psychosocially throughout our species’ history; from 
a time when child rearing practices commonly included infanticide, through 
periods of enslavement and abandonment, to the socialisation of children 
(through manipulative education and training—still the dominant situation in 
most of the industrialised world)—to the beginnings of enabling next generations 
to realise their potential, rather than the agendas of the previous generation for 
them (deMause 2002)4. All of the stages prior to this last one lead to variable 

4  See also: Hill (2004b).
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levels of reactive living (from the outside-in), recognisable as diverse expressions 
of compliance and rebellion. This is in contrast to the enabling stage5, which 
supports proactive living (from the inside-out). Because ‘reactive living’ requires 
compromise and is limited and distractive, the predictable general outcomes 
are disempowerment, loss of awareness, and distortion of one’s vision and 
values, as well as the emergence of unjustifiable fears and anger, and a wide 
range of compensatory behaviours, including attraction to external symbols of 
power (to compensate for internal feelings of powerlessness), an unreasonable 
need to control, growing unsatisfiable consumption, and a mixture of irrational 
over-reaction to minor disruptions and a tendency to postpone needed action. 
The characteristics of ‘proactive living’ are essentially the opposite of this, and 
because of this, they are likely to provide a much better foundation for effective 
eco-design/redesign and responsible system management.

With this awareness, it is easy to understand the driving forces for many of 
the dominant aspects of conventional agriculture. These include, in particular, 
conventional agriculture’s large-scale, simplification, fragmentation, focus on 
control, and its associated low resilience and vulnerability in the face of change, 
its unsustainability, and the associated common denial of consequences, par-
ticularly of those that, for the detection of impacts, require an understanding 
of complex interrelationships among multiple factors and large time and space 
scales. Sadly, most large-scale, substitution-based organic farms share many of 
the negative characteristics of conventional farms. In contrast to this, support for 
‘proactive living’ has the potential to enable the design and management of food 
systems with opposite characteristics, including complex multi-story polycul-
tures and other designs with high resilience, as well as qualities of self-regulation, 
self-maintenance, diverse and fulfilling work experiences, and ecological sustain-
ability (Hill 1991, 2011b).

Of similar importance to effective eco-design/redesign and sustainable system 
maintenance is having a high level of relational competence, an area that deserves 
much greater attention in human development. Neglect of this has played a major 
role in the development of most common personal, social and environmental prob-
lems, which invariably are, to a large extent, relational problems (Josselson 1996).

Suffice it to say here that if we want to have genuinely sustainable and well-
being-enabling managed ecosystems, we will have to pay much more attention to 
how we raise and educate our children, to social attitudes towards worth and status, 
and to the design of institutional structures and processes so that they can be sup-
portive of, and not barriers to, the achievement of higher values and goals. Without 
such awareness and change, food systems will predictably continue to be unsustain-
able, and the bulk of the population will remain in denial of this being the case. 
It should be noted that denial is often the first stage in a change process, and also 
one of the main survival strategies that humans use to deal with oppression and 
physical and psychological ‘hurt’. Consequently, I would not be surprised if some 
readers may already be responding in this way to some of the ideas being presented 

5  deMause (2002) prefers the term helping.

S. B. Hill



409

Box 22.1. Testing questions for ‘challenging’ all understandings, ideas and 
initiatives when designing and implementing ‘progressive’ change proposals 
(modified from Hill 2005a). Comparable criteria in Box 22.1 are underlined, 
in bold or in italics. For example, mutual relationships are implied between 
personal, social and natural capital, and between personal, cultural and eco-
system development; all of these must be taken into account in all eco-design/
redesign initiatives.

To what extent, and in what ways, do the initiatives (policies, programmes, 
plans, regulations, decisions, initiatives, etc.) support the sustainable well-
being of all, in relation to the following four main areas?

Personal considerations

1.	 Building and maintaining personal capital—personal sustainability: 
empowerment, awareness, creative visioning, values and worldview clari-
fication, acquisition of essential literacies and competencies, responsibil-
ity, well-being and health maintenance, vitality and spontaneity?

2.	 Home and ecosystem maintenance: caring, loving, responsible, mutualis-
tic, negentropic (capital building) relationships with diverse others (valu-
ing equity & social justice), other species, place and planet [‘negentropic’ 
is the opposite of ‘entropic’: breaking down]?

3.	 Lifelong learning: positive total life-cycle personal development and ‘pro-
gressive’ change?
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here. A down side of this is that denial is frequently the main barrier that must be 
overcome when striving to achieve significant progress. Laing (1971) described 
this process of ‘protective denial’ as a double hypnosis (in which we are hypnotised 
twice: firstly, into accepting pseudoreality as reality and, secondly, into believing 
that we have not been hypnotised). This is why denial is such a formidable barrier 
to have to deal with when trying to implement progressive change (and possibly in 
engaging positively with some of the ideas in this chapter).

22.3 � Goals, Testing Questions, and Strategy Options 
for Enabling Progressive Change

To achieve improvements in food systems, in addition to developing the kind of 
psychological awareness described above, we will also need to have clear goals and 
testing questions (Savory and Butterfield 1999) to help keep us on course. To be 
adequately comprehensive, such questions need to cover the personal, social, envi-
ronmental and general aspects of any situation. My provisional list of such testing 
questions is provided in Box 22.1.
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Reference to such a comprehensive list—in contrast to just considering yield and 
profit—makes it clear that humans have hardly scratched the surface of achieving 
our potential for responsible decision making and for enabling progressive devel-
opments within farms and food systems (and, indeed, within all other aspects of 
one’s life). Paradoxically, because of this, I consider that humans have reason to be 
hopeful about the future.

Taking such a proactive, multifaceted, integrated, whole-system approach is cen-
tral to my work as a social ecologist (Hill 2011a). I define social ecology as the 
study and practice of personal, social [including all economic, political and other 
institutional considerations], and ecological sustainability and change, based on 

Socio-political considerations

  4.	 Building and maintaining social capital—cultural [including eco-
nomic] sustainability: trust, accessible, collaborative, responsible, cre-
ative, celebrational, life-promoting community and political structures 
and processes?

  5.	 Inter-cultural and interpersonal capital: the valuing of ‘functional’ high 
cultural diversity, mutually beneficial relationships and the required 
competencies?

  6.	 Co-evolutionary change: positive cultural development and evolutionary 
change that benefits all involved?

Environmental considerations

  7.	 Building and maintaining natural capital: effective ecosystem function-
ing, resilience and ecological sustainability?

  8.	 ‘Functional’ high biodiversity, and prioritised use and conservation of 
resources?

  9.	 Positive ecosystem development and co-evolutionary change?

General considerations

10.	 Proactive (vs. reactive) design/redesign (vs. just efficiency & substi-
tution) and small meaningful collaborative initiatives that one can 
guarantee to carry through to completion (vs. heroic, Olympic-scale, 
exclusive, high-risk ones), and public celebration at each stage—to 
facilitate the spread of initiatives—thereby making well-being and envi-
ronmental caring ‘contagious’?

11.	 A focus on key opportunities and windows for change (contextually 
unique change ‘moments’ & places)?

12.	 Effective evaluation and monitoring: (broad, long-term, as well as spe-
cific & short-term) by identifying and using integrator indicators and 
testing questions, and by being attentive to all feedback and outcomes 
(& redesigning future actions & initiatives accordingly)?
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the critical application and integration of ecological, humanistic, relational, com-
munity and ‘spiritual’ values to enable the sustained wellbeing of all. I consider 
that this (Australian) version of social ecology provides the most comprehensive 
foundation and framework for the ideas that I am advocating here (Hill 2004b), and 
it is the only one to explicitly include reference to the ‘personal’, without which all 
problem creation and solving tend to be regarded as the responsibility of others, as 
has so often happened with the use of the ‘triple bottom line’ (the economy, society 
and the environment), because it neglects ‘personal’ considerations.

When working with change, in addition to reflecting comprehensively on one’s 
goals and regarding all outcomes as valuable sources of feedback, it is important to 
also consider the general strategy options that are available, and then the details of 
what/which, where, when and how we might go about the process of eco-design/re-
design and implementation. Important—particularly political—strategy options that 
should be considered, and that will require coordination, include the full spectrum 
of supports, rewards and penalties (Hill 1999), and of the various economic and 
policy instruments (Hill 2006; Hill and MacRae 1995), plus the extensive strategic 
use of the media and of the increasing number of global computer networks. A recent 
analysis of policy options that need to be considered by bureaucrats and politicians 
in industrialised countries has been provided by MacRae (2011), although it does 
not consider the deeper needs for fundamental change that are being advocated here.

To address the many fundamental problems that the dominant economic ap-
proaches create for food systems, Georgescu-Roegen (1971) has argued that hu-
mans need to develop two economic systems, which he called factory economics 
(for technology-based systems) and farm economics (for living systems). He made 
the point that whereas the speed with which products such as cloth can be woven 
(by machines) has increased over time, the rate at which seeds planted by early 
agriculturists germinate and grow has not changed, and that it is the subjection 
of such natural processes to machine-based systems of thinking that are predict-
ably causing so many of the problems that the managers of natural systems face. 
However, from my perspective, because people work in ‘factories’, it makes more 
sense to consider ways to enable a transition from factory to farm economics for 
all systems, including technology-based ones, and, more importantly, to start to 
enable the more challenging transition from an ‘economic bottom line’ (and sys-
tem of values) to a ‘life and well-being-enabling bottom line’ that all institutional 
structures and processes (including, but not privileging, economics) are redesigned 
to be in the service of. McMurty (2002) refers to this as the ‘life economy’ and has 
discussed the philosophical underpinnings of elevating ‘life capital’ above all other 
forms of capital.

For many, the decision to preferentially purchase organically-grown produce is 
a significant step towards this needed change in values. When such consumers are 
asked why they are willing to pay more for organic produce, most reply that they 
consider that it is better for the health of both themselves and the environment 
(Aertsens et al. 2011). This may be interpreted as reflecting a decision to value the 
maintenance and well-being of living systems over cheapness, superficial appear-
ance and—in the broader context—the dominant emphasis in most industrialised 
societies on growth in consumption, productivity, yield and profit.
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22.4 � Ecological Foundations and Models for the Design 
and Management of Sustainable Systems

Underlying all eco-design/redesign and management initiatives, there must be a 
comprehensive understanding of ecology, including the ecological foundational 
concepts presented in Box 22.2 (Hill 2005b):

Foundational Concepts for a comprehensive understanding of ecology:
•	 limiting factors and their substitutes;
•	 microhabitats, niches and territoriality;
•	 time and space specificity;
•	 numbers, biomass, energy flow and the specifics of resource partitioning 

and budgeting;
•	 guilds, roles and keystone species;
•	 system maintenance and service functions;
•	 resilience and ecosystem resistance;
•	 succession, developmental and intergenerational change;
•	 feedback loops, co-evolutionary processes, altruism and group selection;
•	 edge effect and boundary phenomena;
•	 functional diversity, system stability and homeostasis;
•	 specialists and generalists (eurytypic and stenotypic expressions of life-

style), and r and K strategists;
•	 entropy and negentropy;
•	 specific indicators and integrator indicators;
•	 synergy and mutualism;
•	 catalysis and amplification;
•	 non-linearity, cyclic and threshold relationships;
•	 integrated web-like relationships;
•	 homeostatic, self-regulative and regenerative processes;
•	 adaptation, addiction, allergy and system degeneration (the result of adap-

tive processes, over time, becoming maladaptations); and
•	 hierarchical and systems phenomena at every level.

Information about these and other related phenomena may be found in most 
major ecology textbooks: Andrewartha HG, Birch LC (1984) The Ecologi-
cal Web. University of Chicago Press, Chicago, IL; Begon M, Harper JL, 
Townsend CR (1996) Ecology: Individuals, Populations and Communities, 
3rd edn. Blackwell Scientific, Cambridge, MA; Krebs CJ (2009) Ecology: 
The Experimental Analysis of Distribution and Abundance, 6th edn. Benja-
min Cummings, San Francisco, CA; Odum EP, Barrett GW (2004) Funda-
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Such a long list of ecological concepts is provided to illustrate the potential—
through their application—for enabling the improved design and management of 
farms to achieve greater sustainability, and it should be noted that this is an indica-
tive rather than a comprehensive list. To date, few of these understandings have 
been taken into account in the design and management of current farms, although 
there is a growing literature on the need to learn from natural systems, referred to as 
‘mimicry’, ‘biomimicry’ and ‘ecomimicry’ by some (Ewel 1999; Lefroy et al. 1999; 
Doré et al. 2011; Farley et al. 2011; Malézieux 2011), ecology (Thomas and Kevan 
1993; Altieri 1987; Gliessman 1997), and traditional ecological knowledge (Martin 
et al. 2010). These approaches are part of the much needed strategy of substituting 
knowledge and skills for purchased, imported and disruptive inputs, most of which 
must be endlessly reapplied.

In the area of agroecosystem eco-design/redesign, the most significant contribu-
tion, from my perspective, has been P. A. Yeomans’ development in Australia of the 
Keyline system for sustainable landscape design and management (Yeomans 1958, 
1971, 1978)6. It provides a model of both the kind of thinking that is required and 
of what the application of such thinking can achieve. Predictably, some of Yeo-
mans’ approaches inspired and were integrated into Permaculture by its Australian 
creators (Holmgren 2002; Mollison 1988; Mollison and Holmgren 1978)7, who, 
with their followers, have been one of the main global promoters of integrated eco-
design approaches for food and energy systems. Sadly, rather than Yeomans’ pio-
neering work8 being used as a basis for ongoing design research and development, 
most agroecosystem research continues to be conducted within the simplified de-
signs and management systems that comprise the roots of so many of conventional 
agriculture’s problems, including its unsustainability.

Another Australian initiative that is worthy of note is Landcare (Campbell 1994; 
Hill 1999; Toyne and Farley 1989; Youl et al. 2006), which has now spread to over 

6  See also: Hill (2005c, 2006); Mulligan and Hill (2001); Yeomans (2005).
7  See also: Hill (2005c, 2011b). A lecture based on the ideas presented in this chapter is available 
at: http://www.youtube.com/watch?v=mzY1eZLwOdk.
8  The failure to appreciate the significance of Yeomans’ design work in Australia is apparent from the 
recent rejection of an application to preserve his farm as a Heritage site where design research could 
have been continued, and its likely conversion into a housing estate (http://nrdcaa.blogspot.com/).
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mentals of Ecology. Brooks Cole, Belmont, CA; Smith TM, Smith RL (2009) 
Elements of Ecology, 7th edn. Pearson International Edition. Pearson Ben-
jamin Cummings, San Francisco, CA); and also in the various dictionaries 
of ecology: Allaby M (ed) (1998) A Dictionary of Ecology, 2nd edn. Oxford 
University Press, Oxford; Lincoln R, Boxshall G, Clark P (1998) A Diction-
ary of Ecology, Evolution and Systematics, 2nd edn. Cambridge University 
Press, New York.
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a dozen other countries (Catacutan et al. 2009), and has enabled many conventional 
producers to take important steps towards conserving resources and biodiversity, 
and becoming more sustainable (e.g., Fenton 2010). As with organic systems of 
production, examples of Landcare extend from ‘shallow’ to ‘deep’ expressions.

Examples of other ecologically-based agroecosystem design initiatives from 
around the world include:

•	 Voisin and Lecomte’s (1962) rotational grazing;
•	 Jeavons’ (1974) integration of Biodynamics (Koepf 1989) and French Intensive 

Raised Beds (culture maraîchère [vegetable production]; Weathers 1909);
•	 Jackson’s (2002) Natural Systems Agriculture (originally developed in 1977);
•	 various initiatives of the New Alchemy Institute (e.g., Quinney 1984; Todd and 

Todd 1984);
•	 Fukuoka’s (1985) Natural Farming;
•	 Savory and Parson’s (1980) Holistic Resource Management9;
•	 Andrews’ (2008) Natural Sequence Farming; and
•	 Altieri’s (1987)10 synthesis of key ideas in agroecology.

Additional design ideas may be gained by consulting the parallel habitat eco-design 
literature11. Interestingly, the greatest developments in ecomimicry have been made 
by architects and non-agriculturists12.

22.5 � Ecological Design and Management  
for Pest Prevention

Many of my eco-design/redesign efforts have been focused on expanding and pro-
moting cultural approaches to pest prevention and control (Hill 1984b, 2004b; Hill 
et al. 1999). The strategies involved are exemplary of the kind of design/redesign 
approach that I am advocating. In this case, they focus on identifying possible ini-
tiatives at every stage in the crop and livestock production process that might sup-
port the crop or livestock and (i) make it less attractive and (ii) more resistant to its 
pests, and (iii) make the habitat more supportive of the natural controls of the pest, 
and (iv) less supportive of the pests. For crops, this requires a consideration of the 
effects on these four aims of each of the following activities:

•	 cultivar and companion plant selection;
•	 site selection and preparation;

9  See also: Savory and Butterfield (1999); Butterfield et al. (2006).
10  See also: Gliessman (1997), Warner (2007), Wezel et al. (2009).
11  Outstanding examples include: Aberley (1994); Alexander (2002); Alexander et  al. (1977); 
Glickson and Mumford (1971); Papanek (1995); Soleri (2006); Todd (2006); Van der Ryn and 
Cowan (2007).
12  Yeang (2013); see also: Marshall (2009).
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•	 planting design and procedures;
•	 site maintenance (including cultivation, use of mulches, soil amendments, fertili-

sation, irrigation and drainage); and
•	 harvesting and distribution.

Such complex integrated approaches to pest prevention, which once established 
have the potential of providing ongoing control, contrast with the naive reactive/
curative linear strategy of applying pesticides, which can only ever provide tem-
porary control and which have numerous disadvantages, most of which are ne-
glected by current decision-makers and practitioners in conventional agriculture. 
These disbenefits include the inevitable selection for pesticide resistance, harmful 
side effects on beneficial organisms within both the agroecosystem and other eco-
systems, and on those involved in the production of the food and its consumption, 
as well as the perpetuation of systems of production that have low resilience, high 
vulnerability, and that are heavily resource dependent and inherently unsustainable 
(Pimentel 2005).

There is an extensive literature on the various components of alternative 
approaches to pest management. However, dealing comprehensively with whole 
systems is still at an early stage of development (Hill et al. 1999; Deguine and Pen-
vern Chap. 06). Lamine’s use of my ESR framework (Fig. 22.1), together with a 
sociological study of farmers’ trajectories (Lamine and Bellon 2009; Lamine 2011; 
Lamine et al. 2010), along with Constance’s work (2010) have provided important 
contributions to this area.

22.6 � Psychological Roots of Unsustainable 
and Sustainable Initiatives

Sadly, most proposals and initiatives for progressive change that receive funding 
fail to meet their goals, and some create more problems than they solve. A better 
understanding of the influence of psychological factors can, I believe, provide some 
explanations of this. Thus, if the change agents involved in sustainability initiatives 
are ‘living reactively’, and are feeling anxious about doing something significant, 
they will be more likely to propose large, impressive (yet, invariably unachievable) 
goals. These will usually need more resources than are available, and longer time 
frames for implementation than can be supported. Most disturbing is that many such 
projects are often abandoned after the initial stage, which commonly just involves 
‘describing and measuring the problem’ that is being addressed. Because the prob-
lem rarely needs such extra description, one cannot help but wonder if such studies 
are really (invariably subconscious) fear-based postponement and avoidance strate-
gies. I suspect, however, that most projects are abandoned because the structural 
and procedural changes required to effectively address the causes of most problems 
would result in those in power losing their positions and privileges. Because of 
these reactive tendencies, rather than dreaming up such ‘Olympic-scale’ projects, it 
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may help to focus on what I call ‘small meaningful initiatives that one can guarantee 
to carry through to completion’, and then doing all one can to enable others to learn 
from and copy such initiatives13.

Paradoxically, it is likely that individuals who are ‘living proactively’—who are 
more empowered, aware, clearer about their values, and with more realistic visions 
of better futures—are more likely to be willing to be ‘anonymous’ in the process 
of implementing change, and this, I believe, can help improve the probability of 
achieving genuine progress. My explanation for this is that such anonymity is most 
likely to be experienced if one is working in a large collaborative team (with rotat-
ing ‘servant leadership’; Greenleaf 2002), over a long time-frame, and using low-
powered, subtle and indirect, integrated, multi-faceted interventions (which may 
also be based largely on local, solar and renewable resources, be as self-regulating 
and self-maintaining as possible, repairable, and open to progressive improvement). 
These are essentially the qualities that are most likely to result in sustainable pro-
gressive change, i.e., the opposite of the more common single, simple, high-pow-
ered, expensive, imported, product-based interventions, which although providing 
short-term relief, invariably result in dependence and create further problems. Po-
litically, this may be understood as progressing from democracy (with its naive 
dualism and inherent power struggles14) to co-operacy (collaborative pluralism in 
the service of well-being for all; Hunter et al. 1997).

22.7 � Lying to Proactively Enable Prioritised, Achievable 
Progressive Change

As a facilitator, instead of using the usual ‘visioning’ exercises, I now ask indi-
viduals who want to achieve progressive change in a particular area to ‘boldly lie’ 
about changes that they have already successfully implemented in a particular area 
(knowing that everything they say is fiction). For example, when working with 
farmers, I might ask them to boldly lie about how they made their whole farm 
completely ecologically sustainable, and to describe in detail the initiative that they 
are most proud of achieving. This is an elegant strategy—based on psychological 
principles, explained below—that enables the participants to access the ‘proactively 
living’ (unwounded) part of their being. This part is able to think about and say what 
they (as well-functioning social beings) would really want to do. This is in contrast 
to what commonly happened when I asked them to visualise what they would like 
to achieve, when a subconscious battle would ensue between their ‘reactive-living’ 
(wounded) selves and their ‘proactive-living self. What they then tended to say was 
something that they felt would be acceptable in the present company. In some cases, 
their aim was to not appear too radical; in others, it was to impress. Both cases are 

13  The best example and model I am familiar with for achieving this is from the health field: the 
Peckham Experiment in the UK (Williamson and Pearse (1980); Stallibrass (1989).
14  For its effects on the Canadian food system, see: Koc et al. (2008).
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not what, deep down, they really wanted to do and, as such, not things that they 
could make a commitment to achieving. Paradoxically, the opposite is the case of 
those initiatives that have their origin as lies! I have discussed some of the psycho-
logical bases for this approach elsewhere (Hill 1991)15. I encourage you, the reader, 
to try this for yourself, and to share your experiences with as many others as you 
can. You may be surprised by the results.

In workshops in which I use this ‘lying’ approach, we work in pairs, and after 
sharing our ‘lies’, we proceed to identify related initiatives that we have actually 
already implemented, or at least thought about or planned—this is to connect these 
with our lie(s)—then we identify possible barriers and needed resources, and ways 
to get around the former and gain access to the latter. Finally, we draw up a plan 
for implementation, emphasizing do-able actions, and all who are present serve as 
witnesses to one another’s commitments. We also brainstorm ways to publicly cel-
ebrate the outcomes of our actions so that others may learn from our experiences. 
At subsequent meetings, we share our experiences, address any problems, celebrate 
outcomes, and plan further action.

My current ‘lies’ are that this facilitation technique has now been extensively 
adopted throughout the world, and that it has played a major role in enabling our 
species to take the next steps in our psychosocial evolution (deMause 2002), with 
significant benefits for the well-being of all.

22.8 � Concluding Remarks

The complexity of the ideas and long lists of things to take into account in this 
chapter, while being possibly challenging for some, are intended: firstly, as a cri-
tique of the predominantly naive and fragmented thinking that still dominates most 
understanding, planning and action; secondly, to indicate the vast, largely untapped, 
potential for improvement; and thirdly, as an indicator of the urgent need to embrace 
the kinds of paradigm shifts—discussed here—that will be required for humans to 
be able to develop the competencies, technologies and institutional supports re-
quired for the improved eco-design/redesign and management of complex systems 
(to achieve sustainability).

For me, the two most important messages in this chapter are the need to include 
personal (psychological) and cultural (psychosocial) development considerations 
and initiatives in all efforts to enable progressive change, and the importance of em-
phasizing a deep, eco-design/redesign approach in the ongoing development of food 
and farming systems, and in the associated policies and regulations, research and 
educational programmes, extension and other supports, technology development 
and marketing strategies. I consider that only by doing these things will humans be 
able to make genuine, significant progress towards the kinds of goals mentioned in 

15  A lecture based on the ideas presented in this chapter is available at: (www.youtube.com/
watch?v=mzY1eZLwOdk), and my research in this area is ongoing.

22  Considerations for Enabling the Ecological Redesign of Organic ...



418

the introduction. Such progressive change should also acknowledge and build on 
the substantial contributions of organic farming to sustainability and well-being that 
have already been achieved.

I am hopeful and confident that the frameworks and initiatives discussed in this 
chapter, and the sharing and ongoing development of them, will enable our species 
to actually achieve genuine progressive change towards sustainability and well-
being for all.
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Abstract  In a context of growing environmental constraints and economic uncer-
tainties, how is it possible to facilitate transitions towards more ecological forms 
of agriculture? In this chapter, changes in practices from conventional agriculture 
towards organic farming (OF) are investigated by combining sociological and agro-
nomical studies of farmers’ trajectories conducted in the fruit and vegetable sectors. 
We specifically explore the potential of combinations of systems, both at the level of 
production and in terms of marketing outlets. We analyse the processes of adoption 
of alternative crop protection strategies using the Efficiency-Substitution-Redesign 
grid developed by biological and agricultural scientists. The combination of diver-
sified systems of production (including organic and IPM) and marketing channels 
(including short and long food supply chains) might provide promising transition 
pathways for organic farmers. We also examine the conditions that enable such 
transitions, involving learning processes, collective and territorial dynamics and 
the ability of the networks to overcome the classical frontier between organic and 
conventional agricultures. Our three French case studies, which cover a wide range 
of marketing networks and diversification levels, show that a robust ecologisation 
of agricultural practices requires the redesign of both technical agricultural systems, 
as well as the larger interactions within agri-food systems and non-agricultural 
networks.
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23.1 � Introduction

At the European level, the banning of some chemical products planned in the 
recent directive on pesticide use,1 as well as the perspective of a large transition 
of European agriculture towards Integrated Pest Management (IPM) by 2014 pro-
vides a supportive context for finding new production and organisational models. 
In France, in 2007, the government announced an ambitious goal for the growth of 
organic agriculture (from 2 % in 2007 to 20 % of the agricultural area by 2020) and 
for the reduction in pesticide use in conventional agriculture (a 50 % reduction by 
2018, “if possible”). All this invites policy-makers, scientists, professionals and the 
civil society to consider Organic Farming (OF) and other forms of ecological agri-
cultures such as IPM as key models for achieving these objectives. We will focus 
here on OF, which is the most institutionalised of the alternative models. We will 
also consider the relevance of IPM practices for three main reasons: first, they can 
provide a transition stage to OF; second, OF and IPM can coexist on some farms; 
and third, both OF and IPM can contribute to a larger ecologisation of agricultural 
practices and provide insights into the conditions of such an ecologisation.

The issues linked to organic agriculture have generated a boom in research and 
publications in various scientific disciplines, including the social sciences (Lamine 
and Bellon 2009). Many sociological studies have emphasized the driving social 
and relational factors and motivations behind transitions towards organic farming. 
These have been based on both quantitative analyses of farmers’ motivations and 
attitudes, and on qualitative approaches to farmers’ practices and conceptions 
(Lockie and Halpin 2005; Best 2008). Most of these studies of motivations and 
of conversion-decision processes support the distinction between market-oriented 
(pragmatic) farmers and value-oriented (organic-committed) ones, where the for-
mer group is supposed to return to conventional farming if price premiums diminish 
(Fairweather 1999; Darnhofer et al. 2005).

A major technical challenge facing these new organic farmers is to be able to 
control pests and diseases without drastically lowering yields and commercial crop 
quality (Zehnder et al. 2007). In the agricultural sciences, studies assessing alterna-
tive control strategies tend to focus on particular pests (e.g., Chellemi 2002) and 
weeds (Anderson 2007), rather than on the effects of alternative management sys-
tems on the cropping systems (Navarrete et  al. 2010) and on soil health (Doran 
and Safley 1997; Mateille et al. 2008). This may reflect the difficulty of conduct-
ing experiments within such complex systems and the scarcity of systemic models 
for predicting interactions between techniques and biological compartments. Other 
studies compare yields and economic performances of conventional and alternative 
systems (including OF), but the inherent diversity in the systems compared lowers 
the robustness of the comparisons (Sautereau et al. 2010).

1  This Framework Directive on the Sustainable Use of Pesticides was adopted by the European 
Parliament on 13 January 2009 to replace Directive 91/414/EEC.
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With a few exceptions (Guthman 2000), most studies in both the social and the 
agricultural sciences minimise the importance of transitional and long-term aspects 
within trajectories, and rarely approach conversion to OF as a longer process than 
its legal duration (Lamine and Bellon 2009). The impact of food-chain interde-
pendencies on agricultural changes (or non changes) has received relatively little 
attention, an exception being the studies of short food-supply chains such as local 
markets and box schemes, which strive to minimise the stages between production 
and consumption (Renting et al. 2003). However, the growing literature about the 
‘conventionalisation’ of the organic sector (Buck et al. 1997) and about lock-in and 
path-dependency effects within the agricultural sector and the food chains (Cowan 
and Gunby 1996; Possas et al. 1996; Vanloqueren and Baret 2008; Lamine et al. 
2010) tackle these issues, although generally at the ‘macro’ scale. Consequently, 
there is a need to study the relationships between production and marketing in more 
detail, taking the long-term and broader scale (local to global) effects of such trans-
formations into account.

This paper examines the organisational aspects of production and market-
ing, as well as the potential of collective and territorial initiatives for facilitat-
ing transitions towards organic fruit and vegetable production. Our approach, 
based on a transversal analysis of the results of three case studies carried out 
in recent research projects, will combine an agronomical grid of analysis and a 
sociological perspective on transitions and social interactions at the farm and 
local scales.

Data from these three recent case studies were analysed from both an agronomi-
cal and a sociological point of view. We analysed how the diversification of prod-
ucts and the combination of organic, IPM or conventional production and of various 
short and long food supply chains at the farm level might be able to provide transi-
tion pathways for organic farmers. We also investigated the potential of learning 
processes, of collective and territorial dynamics, and of networks in helping farmers 
to overcome the traditional frontiers between organic and conventional agricultures 
and cultures.

23.2 � Methods and Data

Although we analysed several types of farming systems, we only focused here 
on the fruit and vegetable sectors, which are both highly pesticide-dependent (in 
France, 9.9 % of pesticide use is for only 1.6 % of the cultivated area; Butault et al. 
2010), and the sectors most affected by the recently increasing rate of conversion to 
organic agriculture (Agence Bio 2010).

Pesticide dependence in these sectors is already under threat because of re-
cent regulatory changes (e.g., banning of certain pesticides such as methyl bro-
mide, which was commonly used against various soil pests), and because of 
reduced economic viability of pesticide production due to the increasing costs 
of development and registration (including alternative products). Thus, because 
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of the declining range of registered pesticides, the transition to OF or IPM is 
quite challenging.

Societal expectations are particularly high in the fruit and vegetable sec-
tors, with growing consumer concerns about the health effects of pesticide 
residues, access to local produce, and the development and maintenance of 
peri-urban agriculture. Although limiting pesticide use in the field lowers the 
risk of chemical residues in food, it may also reduce cosmetic quality, which 
is a major challenge, particularly for distant markets. It is therefore crucial to 
simultaneously analyse the transition processes in production and marketing 
networks.

We will describe and analyse these transition processes at:

1.	 the farm scale, focusing on crop protection strategies and their consequences for 
marketing,

2.	 and collective and local scales, by identifying how local networks may contrib-
ute (or not) to farm transition processes.

The demonstration is based on three French case studies (see text box) that differ in 
their characteristics (production systems, marketing channels, etc.) and the specific 
topics they focus on: technical and marketing changes and trajectories at the farm 
scale (case studies 1 and 2); and collective dynamics and interaction with the civil 
society (case studies 2 and 3). In these three regions, we conducted several series of 
surveys that combine sociological and agronomical studies at the farm level, with a 
total number of qualitative interviews of about 100 farms and 60 institutional, food 
supply chain and civil society actors.

Their comparison will allow us to explore and discuss the conditions for sustain-
able transitions to OF both at the farm and the local scale.

Short Description of the Three Case Studies

1.	 Provence and Roussillon (south-eastern France) are traditional mar-
ket garden areas with many sheltered crops originally aimed at supply-
ing urban areas with fresh fruits and vegetables and are largely oriented 
today towards export outlets. Most of the farms that converted to organic 
farming are involved in short marketing channels, but the main issue is 
to encourage conventional specialised farms involved in long channels to 
adopt more eco-friendly practices (Navarrete 2009).

2.	 Southern Ardèche (also in south-eastern France) is a diversified region in 
terms of natural conditions and production systems, where the geographi-
cal isolation of the area has led to a lack of competitiveness and to a critical 
economic crisis in the fruit sector. However, there are interesting ongoing 
and potential transitions at this time towards organic farming for small as 
well as larger farms that were formerly specialised in products that are in 
decline today (Lamine and Cambien 2011).

C. Lamine et al.
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23.3 � Transitions at the Farm Scale

At the farm scale, we first present how technical changes occur over time and then 
highlight how combinations of systems may favour transitions towards organic 
methods at the farm level.

23.3.1 � Technical Changes and Consequences at the Farm Scale

In this study, we used both the Efficiency-Substitution-Redesign (ESR) grid (Hill 
and MacRae 1995) and the sociological approaches of farmers’ trajectories (Lamine 
2011) to describe the effects of the adoption of IPM or organic practices. This made 
it possible to tackle the issue of transitions from a combined agronomical and so-
ciological point of view. The ESR grid was proposed as a framework that makes a 
distinction between three steps for the changes towards more sustainable practices:

•	 Efficiency (minor changes to existing operations that help to make them more 
efficient),

•	 Substitution (replacing one measure by an alternative one)
•	 Redesign (reorganising production systems according to ecological principles).

The E, S and R stages can be considered as three successive steps in the ecologisa-
tion of farming systems that may overlap within a given trajectory (Hill et al. 1999).

As regards changes in crop protection, they can be arranged in the ESR grid, 
depending on to what degree they modify farming systems (Table 23.1).

Efficiency strategies consist in reducing the pesticide dosage while minimising 
losses in terms of yield and visual quality without a drastic change in the crop pro-
tection strategy. It mainly refers to improving the conditions of pesticide applica-
tion (e.g., local use of pesticides, improving pesticide application tools). The room 
for manoeuvre available at this time is rather slim for vegetable production. Since 
chemical application has long been restricted by the high cost of chemical products 
and by laws that regulate healthy foods, market gardeners are used to optimising the 
application of chemical products. As indicated by experts in the French Ecophyto 

3.	 The Paris area is a much larger region specialised in arable crops with 
variable and locally intense pressures of the local civil society to reduce 
the impacts of chemical inputs. In this context, some producers recently 
started fruit and vegetable production as a means to diversify farms pri-
marily devoted to arable crops. This activity is most often based on short 
food chains and organic (or sometimes IPM) farming and is generally 
localised in peri-urban areas (Cardona and Lamine 2010).

23  Transitions Towards Organic Farming at the Farm and at the Local Scales 
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report2 (2009), increasing efficiency does not appear to be sufficient to significantly 
limit pesticide use.

Substitution strategies consist, for example, in introducing a resistant cultivar, 
replacing a fertiliser with an organic biocide to reduce soil-borne diseases, or using 
biological control. Since these strategies are punctual, they do not lead to deep 
changes in the system. Biological control is already used in routine procedures 
under shelter. Farmers plan regular inundative releases of biological control agents 
rather than trying to maintain them from one crop to the other or favouring their 
natural establishment in specific hedges as part of field margin management. That 
is why, at the moment, the application of biological organisms refers to the same 
paradigm as pesticide application, whereas more complex management strategies 
are proposed by scientists (see, for example, Zehnder et al. (2007), for arthropod 
control). Therefore, apart from the necessary adaptation in know-how to adjust 
the technical itineraries at the plot level, their introduction does not create major 
changes at the farm level per se. Similarly, the use of a resistant cultivar when it 

2  A collective scientific body of experts whose aim is to assess what would be the consequences of 
a 50 % reduction in pesticide use at the national production level.

 

Crop protection strategy Type of 
ecologised 
agriculture

Position in 
the ESR 
grid

Degree of farm 
specialisation/

diversification

Improving the efficiency and
effectiveness of application of
chemical pesticides to reduce
their negative effects.

IPM Efficiency Specialised farms 

(3-5 species per farm)

Diversified farms
(up to 50 species or 
cultivars)

Using biological antagonists.

Using punctual alternative 
techniques (organic biocides,
soil heat treatment, resistant 
cultivar).

IPM, OF Substitution

Using long-lasting alternative
techniques (solarisation, green 
manure).

Building  crop rotations and 
cropping patterns to optimise
pests and disease control.

(IPM), OF Redesign

Table 23.1   The diversity of crop protection strategies in market gardening and their relative 
position in the Efficiency-Substitution-Redesign (ESR) grid

Solid line: most frequent relationship; Dotted line: least frequent relationship
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is used in the same crop rotations and intended for the same marketing outlets as 
conventional ones also falls into the category of substitution.

Redesign strategies consist in promoting ecological principles within a systemic 
vision to control pests: introducing diversified rotation; designing soil manage-
ment to enhance natural biological control (Altieri 1999; Jackson et al. 2007) and 
to promote healthier soil (Mateille et al. 2008). They usually lead to considerable 
adaptation at the farm level because they imply major changes in technical strate-
gies, investments, tools, or the work force required. As an example, in south-eastern 
France nematode diseases are becoming increasingly severe under shelter. A sus-
tainable control should rely on a redesign strategy based on large crop rotations and 
the cropping of non-host botanical families as cash crops or green manure in order 
to increase natural and cropped biodiversity, as suggested by scientists involved in 
agroecology (Altieri 1999; Jackson et al. 2007).

Moreover, in our study in the Provence and Roussillon regions, we pointed out 
that the same technique may refer either to the substitution or redesign level, de-
pending on the farming systems in which it is introduced. Such is the case for so-
larisation and green manure. Solarisation consists in trapping solar radiation with 
a transparent plastic film laid on the top of the soil. When the technique is applied 
during the two hottest months, the increase in soil temperature is sufficient to kill 
some soil-borne pathogens (Stapleton 2000). However, it is in competition with 
commercial summer crops (tomato, cucumber, etc.) and leads to major cropping 
system adaptation. We showed that in some cases, the introduction of solarisation 
led to a substitution of summer crops by shorter ones (e.g., melon, potato) in order 
to free plots in July and August (Navarrete et al. 2006). Changes on the farm were 
minor because the marketing networks and the organisation of labour and equip-
ment were not altered. For other farms, introducing solarisation led to the progres-
sive suppression of summer crops within a few years. They specialised in winter 
crops (e.g., lettuce), and permanent labour was replaced by seasonal labour for let-
tuce cropping in winter. An unintended consequence of the latter case was that an 
alternative technique, assumed to reduce soil-borne pathogens, was finally linked to 
an increase in pathological and economic risks due to crop specialisation.

The previous analysis clearly focused on the description of final states of 
changes and showed that several degrees of change exist, even at the redesign 
level, ranging from “simple” adaptation in crop rotation to global farm organisa-
tion redesign. It also highlighted the necessity of understanding how transition 
occurs over time.

In order to analyse this ecologisation of practices on the long-term, from conven-
tional to organic practices, we conducted an interdisciplinary study among market 
gardeners and fruit growers in south-eastern France in 2005–2006 (Lamine et al. 
2008; Navarrete 2009). These pathways appeared to be varied.

Some were very gradual, when farmers progressively changed their convention-
al systems by adopting IPM strategies, experimenting with alternative techniques 
and, finally, converting to OF, with the whole process lasting for 5–20 years. In 
that case, they followed the three steps of the ESR grid, even if some steps took 
more time than others, and even if these steps overlapped. The efficiency phase 
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took place while still in conventional agriculture, increasing farmers’ attention to 
disease observation and the use of thresholds for pesticide application. The substi-
tution phase often started while farmers were still in conventional agriculture and 
reached a complete elimination of chemical inputs when they converted to organic. 
The redesign phase started once farmers gained more experience in organic farm-
ing. Few farmers were able to quickly change their farming systems by adopting 
OF principles during the legal conversion time of 3 years, and jumping from the 
efficiency to redesign step. However, most growers whose trajectories appeared as 
more direct had practices that consisted in the substitution of conventional inputs 
with biological ones.

23.3.2 � A Simultaneous Change in Marketing Channels 
and Production Systems

In addition to the technical practices, this interdisciplinary study also showed that 
the degree of specialisation in market gardening (assessed by the number of differ-
ent species and varieties of vegetables) and marketing channels would also be ad-
justed in parallel to changes in technical practices, leading to a progressive redesign 
of both the farming and marketing system on the long-term.

Farmers who gradually and extensively redesigned their production system also 
considerably diversified their crops, whereas they tended to shift their marketing 
channels towards shorter ones. Indeed, in the case of local channels, marketing 
requirements in terms of product diversity go hand-in-hand with the enhancement 
of planned biodiversity and natural regulations, whereas visual quality criteria 
are less limiting (Navarrete 2009). On the other hand, farmers who converted 
more directly to OF and substituted organic inputs for chemical ones were also 
often more specialised and generally remained in the long marketing channels 
(see Table 23.1).

However, many farmers actually combined different types of marketing chan-
nels. Some who were in the process of an extensive redesign of their farming and 
marketing systems maintained long marketing channels for several years, while 
others built more lasting complementarities between different types of products 
(mainly fruits, wine grapes and vegetables) and outlets, thus combining short food 
chains (box schemes, open air markets, on-farm sales, collective farmers’ shops) 
and longer food chains (public organic food procurement, organic wholesalers, lo-
cal fruit cooperatives).

In addition to the progressive redesign of the farming and marketing system 
that involves a diversification of products as described above, a sociological study 
about organic or converting-to-organic farmers’ trajectories carried out in 2009 in 
the south of the Ardèche department in France also revealed two other types of 
transitions.

The first type of transition involves conventional farmers who diversify towards 
organic farming in a context of crisis for their main products (fruits and wine). In 
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their case, a partial transition to OF3 makes it possible to balance economic risks, as 
well as to experiment with innovative technical management without endangering 
the sustainability of the entire farm. In fact, we observed that these farmers not only 
converted some plots and crops to OF, but also changed some of their techniques in 
the plots and crops that were still under conventional farming (e.g., they increased 
their use of biological control on their trees). In some cases we can expect this 
combination of OF and conventional (actually, IPM) modes of production to be 
temporary, a step on the way to a 100 % organic farm, but in others it might also be 
considered as being more sustainable in economic terms, especially when the local 
outlets are not ready to absorb a high increase of organic production.

The other type of transition corresponds to some farmers who would, in oppo-
sition to the very first type of transition described above (progressive redesign of 
the farming and marketing system and diversification of products), progressively 
change from such highly diversified systems towards more specialised ones, often 
linked to an extension of their surface areas and the development of mechanisation. 
A few years after the legal conversion period, this partial specialisation of the farm 
is generally a way to simplify cropping patterns and labour organisation, which 
are tricky on highly diversified market garden farms. This phenomenon was prob-
ably also involved in the farms previously analysed from an agronomic perspective, 
whose farmers specialised their crops after the introduction of green manure and 
solarisation. This progressive specialisation goes hand-in-hand with a combination 
of longer and shorter food chains.

As a conclusion, this study identified three types of farm transition pathways 
linking production and marketing strategies, the first one corresponding to the Re-
design paradigm associated with the high diversification of crops:

1.	 Diversification of both production and marketing outlets (high added value food 
chains) within an already organic system; farmers adapt their system to its actual 
potentialities (surface areas, material, work load); they tend to specialise in high 
value short food chains.

2.	 Diversification of conventional farmers towards organic horticulture and towards 
new outlets; farmers diversify towards organic farming in a context of crisis in 
the fruit and wine sectors and of increasing opportunities in OF; they combine 
short and long food chains as well as organic and conventional (indeed, IPM) 
farming.

3.	 Rationalisation of production (surface areas, mechanisation, partial specialisa-
tion) and marketing (combination of short and long chains) within an already 
organic system; farmers rationalise their system for a better viability; they com-
bine short and long food chains.

This typology confirms the idea that the ESR grid should not be understood within 
a normative and teleological perspective (the “good” goal in the long run being 

3  In Europe, according to organic farming legislation, transition to OF does not imply the conver-
sion of the entire farm area, providing that organic and conventional crops and products can be 
clearly distinguished (RCE 834/2007).
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the redesign step, generally linked to the high diversity of products), and that it 
encompasses not only technical practices, but marketing strategies and organisa-
tional issues as well because of their close interrelationships. Therefore, the results 
of our different studies allow us to suggest that possible combinations of products 
(fruits and vegetables, for example), marketing outlets (short and long chains) and 
sometimes even modes of production (OF and IPM) should be taken into account. 
Moreover they also lead us think that the redesign step might be given a larger 
definition: from certain perspectives, a process of re-specialisation (the third type 
of transition described above) might appear as a form of redesign, even though this 
might seem paradoxical at first glance.

23.4 � Transitions at the Collective and Local Scales

The reconfigurations and interrelationships between production and marketing 
strategies previously analysed at the farm level also involve collectives of farmers 
or, in some cases, non-agricultural networks and the civil society. We will now anal-
yse how professional networks (other farmers in the same area, advisory services, 
marketing networks) and non-agricultural networks (including local authorities and 
civil society) might facilitate or impede farmers’ transitions.

23.4.1 � Professional Networks

Many studies have pointed out the effects of collective dynamics and networks on 
learning and technical change: in professional groups and networks, whether local 
or not, farmers can support one another on technical aspects, moral and economic 
considerations (Darré 1994; Norton et al. 1999; Warner 2007). In the case of organic 
as well as IPM production, belonging to a professional group helped farmers to 
build a collective identity in a professional world that is (or was) largely sceptical 
about chemical input reduction or suppression. In fact, turning to low-input prac-
tices often hurts the bases of a farmer’s professional identity and the image of pro-
fessional excellence, since crops might host higher levels of pests and lead to lower 
yields (Lamine 2011). However, these organic and IPM farmers often said that they 
were also re-discovering the core identity of their profession and that they liked the 
experimental and technical sides of such changes. Belonging to these groups helped 
them to overcome the apprehension linked to profound changes in their practices. 
This also indicates that risk aversion is as much collective as individual – contrary 
to prevailing economic interpretations.

Another major influence is of course linked to advisory systems. Generally 
speaking, advisory systems appear to be market-led, which means that farmers 
are clients that the various extension services do not want to lose. Therefore, 
advisors become rather risk-adverse and reluctant to promote alternative strate-
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gies that could lead to lower yields. However, some actors who are considered to 
provide advice designed to promote their “sale and purchase” business interests 
(input suppliers, farmers’ cooperatives and trade partners) have begun to have more 
positive attitudes towards low-input practices (Blanc et al. 2010). For example, in 
our studies, farmers who were in the process of converting to organic farming or 
considering it (and were currently adopting biological control strategies), reported 
that even “classical” input suppliers progressively enlarged the range of biological 
products they proposed. However, as previously mentioned, this favours substitu-
tion strategies more than redesign ones. Providing advice about alternative systems 
is particularly challenging because most of the techniques involved generally have 
long-term benefits and often only partial effects. As a consequence, advisors have 
to move from a prescriptive activity to a constructive one by accompanying farm-
ers in a global reflexion on system redesign. Since the economic sustainability 
of the new farming systems is sometimes uncertain, especially on the short-term, 
their activity may become more risky. Agronomical models and systemic studies 
that make it possible to evaluate the long-term consequences of alternative models 
should be developed in the coming years as a way to foster system redesign (e.g., 
Navarrete et al. 2010).

As regards marketing networks, our study in southern Ardèche has also shown 
that the interrelationships between production and marketing strategies often con-
cern not only the farm scale, but also farmers’ collectives as well. The combinations 
of products and outlets that we described at the farm level in the previous section 
are facilitated by the insertion of farmers into various professional networks: or-
ganic farmer networks and informal local farmers’ groups that gather and market 
products for wholesalers or that also supply schools, in addition to sharing equip-
ment and technical advice. As an example, the development of collective farmers’ 
shops, which offer a variety of farm products and share marketing time between 
several farmers, makes it possible to find a balance between (1) the necessary di-
versification as an agronomical lever, (2) the difficulty for one particular farm to 
supply short channels alone, and (3) the attempt to rationalise production systems 
as indicated above.

These transitions also partly rely on institutions that are not specifically devoted 
to organic farming, but that can support de facto the development of organic prod-
ucts and offer already available infrastructures. An example would be the case of 
a local fruit cooperative that decided to enlarge its range of organic products in the 
context of a sectorial crisis.

23.4.2 � Interactions with Non-agricultural Networks and Civil 
Society at the Local Scale

As our second case study has shown, the transitions towards OF involve not 
only producers, but other local food chain actors and non-agricultural actors and 
networks as well, mainly local authorities and civil society. Many short food 
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chains are linked to non-agricultural organisations (such as AMAP4 or consum-
er cooperatives), and organic farmers are partly supported by localised public 
policies aimed at developing organic farming and/or food for local schools. In 
this regard, farmers’ transitions have to be considered beyond the agricultural 
sphere.

Our third study in the Paris area was precisely centred on these possible roles 
of civil society and public policies in farmers’ transitions to OF as well as IPM. 
Based on a study of farmers’ transition processes, as well as on an ethnographic 
analysis of local projects linked to agricultural and food issues, we analysed how 
non-agricultural actors within the civil society (mainly local environmental and/or 
consumer organisations) may more or less directly influence the evolution of agri-
cultural practices (Cardona and Lamine 2010). We identified three modes of action 
of such organisations:

•	 They may urge public authorities to deal with environmental issues such as land-
scape (preservation of agricultural land from urbanisation), water quality and 
providing food for public schools;

•	 They may initiate their own projects and either develop marketing outlets that 
facilitate farm transition towards OF such as box schemes or, in some cases, pur-
chase agricultural land in order to facilitate the installation of organic farmers;

•	 They may also directly take responsibility for the implementation (and related 
advice) of agri-environmental measures (mainly for the reduction of inputs in 
conventional agriculture and its transition towards IPM) or the supply of food to 
schools (food hubs or platforms that centralise local organic or low input prod-
ucts) in the place of public institutions; in that case public actions are delegated 
to civil society organisations.

Concerning the effect of such actions, we observed that the first mode of action 
tends to bring about a favourable context for agricultural practice changes and tran-
sition pathways towards OF. With the second mode of action, the requirements of 
civil society organisations can be strongly expressed and can lead to the redesign of 
the farming systems or at least part of them. With the last mode of action, changes in 
farming practices seem to be limited to efficiency or substitution. In this case, civil 
society organisations have to reach a compromise with various actors and have to 
be less demanding in terms of farming system redesign.

We have highlighted here the importance of professional networks – some of 
them quite informal – and the role of local public policies and non-agricultural 
networks (civil society) for facilitating transitions towards organic farming as 
well as other forms of ecological agriculture. This should promote social studies 
on these networks and local scale initiatives in order to analyse their effects and 
limits.

4  AMAP (Associations for the Maintenance of “Peasant” Agriculture) are comparable to Commu-
nity Supported Agriculture (CSA) initiatives.
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23.5 � Conclusion

Based on the ESR grid and on a sociological study of farmers’ trajectories, we dem-
onstrated in this paper how the combination of different products, different market-
ing outlets and even, in some cases, of different production modes can facilitate 
transitions towards organic farming. This goes against several classical oppositions 
between specialisation and diversification, between long and short food supply 
chains and, of course, between organic and conventional farming. It also shows that 
what some researchers and organic farming advocates consider as the ‘ideal’ of OF 
is a much narrower view than what many farmers strive for.

At the farm scale, our analysis has emphasized the accurateness of the ESR grid 
for analysing current changes in practices and comparing several production sys-
tems. Efficiency and substitution are often a first step that leads farmers to initiate 
their reflection on their practices and possible changes, thus facilitating possible 
future redesign. The analysis also confirmed that there is often overlapping between 
the three levels of the grid (e.g., Hill et al. 1999): farmers maintain, for example, 
substitution practices in an overall redesigned farming system. Besides, our results 
show that the ESR grid should also take the possible complementarities between 
several systems of production into account. For example, the combination of OF 
and IPM on the same farm, which is allowed in Europe, might make it possible 
to balance economic risks (as could the combination of short and long marketing 
channels), as well as to experiment with innovative technical management without 
endangering the sustainability of the entire farm. It may also facilitate learning pro-
cesses. The positive effects of such combinations, especially in economic terms, 
would require further research.

Finally, on the basis of our interdisciplinary comparisons, we can highlight a dif-
ferent and complementary definition and use of the ESR grid in our two disciplines. 
For the agronomist, this grid is useful for describing successive steps and for classi-
fying the types of technical changes at the farm level. For the sociologist, it instead 
describes transition processes, whereas the three paradigms of the ESR grid define 
the overall objective of the farmer rather than the current state of his system. The 
combination of our agronomical and sociological points of view allowed us to dem-
onstrate that few technical elements can be altered at the farm scale without rethink-
ing other compartments of the farm system. We focused on the interactions between 
production choices and marketing issues here, but changes in labour organisation 
are also concerned (know-how, availability throughout the year, organisation at the 
farm level) and should also be investigated.

The sociological approach also showed that transitions had to be considered be-
yond the farm scale, at the collective and/or local scales. The local environment 
may favour or impede the technical evolutions at the farm scale, depending on 
whether it creates favourable conditions for technical change or not. The main trig-
gers appeared to be the professional networks and the availability and organisa-
tion of advice, local policies and the civil society. Therefore, the notion of transi-
tion, whether approached through the ESR grid or through a sociological study of 
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farmers’ trajectories, has to be expanded from the farm level to the agrifood system 
level. In this context, our analysis is also a contribution to transition theories. In-
deed, while studies of agricultural changes are often at the micro-level of plots or 
farms, and studies of transitions at the macro-level of the technological regimes 
(Geels and Schot 2007), it is necessary to insist on the necessity of considering the 
“meso” levels of the socio-technical agrifood systems, defined as encompassing 
not only agricultural production, transformation and distribution, but the diverse 
agricultural and food institutions, the advisory sector, the upstream industries, and 
the role of regulations and civil society as well. A growing number of authors have 
recently suggested applying these transition theories to the organic sector as a whole 
(Sautereau and Bellon 2010) or have focused on alternative food systems (Brunori 
and Rossi 2010), but without any clear reference to the actual agricultural models 
farmers are likely to apply. Our suggestion is that this socio-technical system should 
be dealt with at the scale of small regions, where interdependencies between the 
different components of the system can be studied and lead to the production of 
reliable scientific data, and where these interdependencies can be discussed and 
possibly redesigned. This is why we are exploring the notion of territorial agrifood 
systems in our current research projects (Lamine et al. 2012).5 Besides, while these 
transition theories suggest the idea of a stable configuration both before and after 
the actual transition process, we argue instead that farms (and agrifood systems) of-
ten remain in a dynamic situation where farmers’ experiences, social and economic 
contexts and opportunities continue to reconfigure farm activities on the long-term.

An important point we want to conclude with, whether at the local or national (or 
larger) scale, is the necessity to consider the different forms of ecological agricul-
tures together. Whereas OF and IPM are usually considered as separate paradigms, 
more for historical and sociological reasons than for technical ones, our research 
clearly demonstrates that they are closely related. Thus, the transitions towards IPM 
or OF have many points in common in terms of learning processes, changes in 
conceptions, relationships to others and graduality (Lamine 2011). Indeed, as de-
veloped in this paper, IPM might appear as a step in a transition towards OF or as an 
element of a mixed system that combines IPM and OF. Finally, after a period where 
organic farming was disregarded by conventional farmers and technical advisers, it 
is now considered as a source of inspiration and alternative methods for all profes-
sionals in search of more sustainable farming systems (Cardona and Lamine 2010).
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Abstract  Organic farming is built on systemic principles that include environmen-
tal as well as social and political aims. Indeed, the aims are to produce wholesome 
food in an environmentally-friendly way, as well as to contribute to social justice, 
e.g., by preserving the family farm and rural communities. However, as organic 
farming has grown out of its niche, a broad range of practices have emerged. The 
current diversity is partly a result of internal processes and partly a result of its 
involvement with the dominant agri-food system. In fact, as a result of its involve-
ment with the agri-food system, organic farming attempts to modify it by resisting 
its reductionist logic. As such, organic farming could be conceived of as being in a 
co-evolutionary dance with the dominant agri-food system: being changed by it, as 
well as contributing to its transition to sustainability. It is argued here that if organic 
farming is to serve as a prototype for sustainable agriculture, it will not only have to 
show that it can produce high-quality food in an environmentally-friendly way, but 
also demonstrate its ability to work with and induce a transformation of the rest of 
the food chain (including food handling, marketing and consumption). To achieve 
this, it will have to reintegrate and better articulate issues related to economic sus-
tainability and social justice, possibly through alliances with other alternative food 
systems.

Keywords  Conventionalisation · Evolving practices · Adaptability · Systemic approach 
· Social equity · Public health · Economic viability · Alternative practices · Co-evolution 
· Co-construction

24.1 � Introduction

Organic farming is usually understood as a systemic approach to agriculture and 
food production. It is associated with ecological aspects such as nutrient cycling, 
social aspects such as the preservation of family farms and providing nutritious 
foods to consumers, as well as economic aspects that ensure the viability of the farm 
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as a cornerstone of rural areas (Woodward et al. 1996). These aims are reflected in 
the four principles of organic agriculture formulated by the International Federation 
of Organic Agriculture Movements (IFOAM): health, ecology, fairness and care 
(Luttikholt 2007). Organic farming would thus seem to be well positioned to be a 
prototype for sustainable agriculture, the proposition that is the underlying rationale 
of this book.

To contribute to this proposition, I clarify its various terms. Firstly, I would like 
to define the term ‘organic farming’ by pointing out that it seems helpful to differ-
entiate between organic farming principles as an ideal, and the diversity of organic 
farming practices. This diversity has been highlighted within the framework of the 
conventionalisation debate, which I will briefly review. Secondly, it seems help-
ful to clarify how comprehensively the term ‘sustainability’ is meant: does it refer 
primarily to the environmental impact on-farm, or does it have a wider meaning all 
along the agro-food chain? The specific issues linked to sustainability have evolved 
over time, and organic farming—at least in its present form—might not be able to 
address them all equally. Finally, I clarify the meaning of ‘prototype’ by assess-
ing whether this refers to a set of standardised practices, or whether it includes 
a dynamic component that allows organic farming to co-evolve with its context. 
I propose that for organic farming to contribute to a transition to sustainability 
(i.e., to transform the dominant agro-food regime), it might have to be reflexive 
and harness its internal diversity while building alliances with other alternative 
movements.

24.2 � Conventionalisation and the Diversity  
of On-Farm Practices

Organic farming has made substantial contributions to various aspects of environ-
mental sustainability, especially regarding on-farm production methods. While 
these contributions are acknowledged, it has also been pointed out that on-farm 
practices are very diverse, so that these potential environmental benefits are not 
necessarily achieved in each and every case. The observed heterogeneity of on-farm 
practices has been characterised as ranging from ‘input substitution’ to ‘system re-
design’ (Lamine and Bellon 2009; Hill 2014 Chap. 22). Thus, while at one end of 
the spectrum, organic farmers redesign their whole farm over time in an ongoing 
effort to implement a holistic understanding of organic farming, on the other end, 
farmers implement only limited changes, in effect substituting prohibited for al-
lowed inputs. As a result, on some organic farms, production practices differ only 
marginally from conventional practices. These observations have spurred a scien-
tific debate around the ‘conventionalisation’ of organic farming (Guthman 2004; 
Lockie and Halpin 2005; Rosin and Campbell 2009).

The conventionalisation debate has highlighted the diversity within organic 
farming, pointing out that organic practices are not necessarily associated with the 
principles underlying organic farming. Instead, there is a common core, which is de-



44124  Contributing to a Transition to Sustainability of Agri-Food Systems

fined by the legal standards. Beyond this, a broad range of factors—characteristics 
of individual farms and farmers, institutional support, agricultural policy, mar-
kets—influence to what extent the principles of organic farming are implemented. 
The debate has especially identified the involvement of agribusiness in organic pro-
duction, and of large retailers in marketing organic foods as a main driver of the 
conventionalisation process (Guthman 2004). Indeed, in many instances, ‘conven-
tionalised’ practices are most pronounced on large farms that tend to be specialised 
and to focus on long food chains (De Wit and Verhoog 2007; Stassart and Jamar 
2008). These farms are the most highly exposed to the demands of multiple retailers 
that require large batches of standardised, uniform goods (Guthman 2004).

A more contentious aspect of the conventionalisation debate is whether conven-
tionalisation inevitably affects all organic farmers, i.e., whether the structural condi-
tions set by agro-industrialisation processes systemically undermine the ability of 
even the most committed producers to practice an alternative form of farming, i.e., 
remain true to the principles of organic farming (Rosin and Campbell 2009). This 
proposition is based on market dynamics that lead to lower prices for organic prod-
ucts, thus pressuring all organic farmers to reduce production costs, e.g., by disre-
garding practices that serve to implement organic principles but that are not man-
dated by legal standards (Stassart and Jamar 2008; Pratt 2009). However, despite 
these economic constraints, small-scale organic producers persist in most regions, 
as do production practices that are in line with a comprehensive understanding of 
the principles of organic farming. Conventionalisation, while present to some ex-
tent, may not systematically undermine the ability of organic farmers to implement 
a comprehensive approach to organic farming (Rosin and Campbell 2009).

The conventionalisation debate has thus shown that the development of organic 
farming over the last 20 years is more complex than the initial dualism, ‘true to 
principles’ vs. ‘conventionalised’, suggested (Lockie and Halpin 2005). Such a 
dualism—as well as others, e.g., large vs. small producers, producing for the do-
mestic market vs. for export, focusing on short vs. long chains—may thus not be 
useful since it tends to cloud the diversity within organic farming, as well as how it 
changes over time. Indeed, organic farming may not be a matter of ‘either/or’ but 
rather a matter of ‘both/and’. It is not that a farm is either ‘small, involved in direct 
marketing and true to principles’ or ‘large, oriented towards export and follows 
an input substitution approach’. In practice, many organic farms are involved in a 
multitude of evolving practices and several marketing chains. While the pioneers 
might have had fairly unitary organic farming practices, these practices have be-
come diverse as they have spread. Not only has diversity increased, but this diver-
sity remains fluid and dynamic as a result of ongoing contestation and negotiation 
processes. In other words, organic farming practices are not a homogeneous and 
static set, but a diversity that evolves in time and in space. The changes, driven by 
endogenous processes within the organic movements, are a response to opportuni-
ties and constraints in the context, and emerge from the interplay of various actors 
along the food chain.

While this diversity and fluidity might be problematic to those actors who have 
a stake in a specific definition of organic farming, it might well be a strength of 
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organic farming: fuelling its adaptability and thus contributing to its durability. 
Indeed, taking a systemic and dynamic perspective, if organic farming is to be a 
prototype for sustainable agriculture, it needs to be able to ride the dynamics of 
change, taking advantage of new opportunities as they arise. However, this is not 
meant to imply that organic farming should embrace an ‘anything goes’ approach. 
While exploring new approaches is likely to help identify promising avenues, it 
needs to be balanced with a reflexivity that makes it possible to constantly reassess 
boundaries between practices that are desirable and those that are no longer justifi-
able (Woodward et al. 1996).

These negotiations need be context-specific, i.e., to respond to concerns that are 
voiced at a specific time and a specific place. To illustrate the type of dynamics 
involved, I briefly review the broad range of current sustainability issues linked to 
farming and food towards which organic farming might be expected to contribute. 
I group them along the three dimensions of sustainability, while highlighting their 
systemic implications.

24.3 � A Systemic Approach to Sustainability

A systemic approach emphasizes the interdependences between elements and 
between sub-systems. The interdependencies within the agro-food system highlight 
that changes in one sub-system (e.g., on-farm practices) are both constrained and 
enabled by the dynamics in other sub-systems (e.g., processing, marketing and con-
sumption practices). Thus, if organic farming is to be a prototype of sustainable 
agriculture, it might need to show that it can address practices at the various sub-
system levels along the agro-food chain, as well as address the various dimensions 
of sustainability.

24.3.1 � Environmental Protection

The environmental impact of intensive, industrial agricultural practices has received 
much attention since the 1980s, and has been at the centre of agricultural policies 
in Europe, leading to the agri-environmental programme and compulsory environ-
mental standards on farms. However, this approach to environmental sustainability 
privileges a particular definition of sustainability, one that is measured by specific 
criteria at the level of individual farms, e.g., the reduction of nitrate leaching from 
fertilisers and the reduction in the use of harmful pesticides and herbicides. As a 
result, most of the assessments of the environmental impact of organic farming 
stop at the farm gate (e.g., Stolze et al. 2000; Nemecek et al. 2011), thus sidelining 
more systemic definitions of agro-food sustainability. In particular, the environmen-
tal cost of industrial food handling, processing and marketing is rarely taken into 
account. However, if organic food is as transport-intensive, undergoes the similar 
high-energy processing, and relies on the same retailing systems as conventional 
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food (Yakovleva and Flynn 2009), then the difference in its ecological footprint is 
likely to be minimal. As the public concern shifts from the environmental impact 
of on-farm practices to climate change (e.g., energy use and CO2 emissions), issues 
such as ‘food miles’ become more prominent (Pretty et al. 2005; Coley et al. 2009). 
This has led to doubts about the relative environmental benefits of organic foods if 
they too are flown around the globe, and to highlighting the fact that organic is no 
longer synonymous with regional food (Lobley et al. 2013).

The focus on farm-level practices has also tended to obscure the fact that the 
room for manoeuver that a farmer has to implement environmentally-friendly pro-
duction practices is limited by the requirements of the transport and processing 
industry, as well as the specifications of large retail chains (Green and Foster 2005). 
This is problematic since these quality specifications may or may not be compatible 
with production methods that contribute to environmental protection.

In the context of environmental impact of agro-food practices, the role of house-
hold routines has also been highlighted (Shove and Walker 2010). Consumers of 
organic foods are not necessarily inclined to reduce the frequency of their shop-
ping trips, to renounce globally sourced commodities such as coffee or cocoa, or 
to accept the restrictions imposed by the seasonality of regional fruit and vegetable 
production. However, all these elements contribute to the environmental impact of 
the weekly food basket (Pretty et al. 2005).

If organic farming aims to be a prototype for environmental sustainability, focus-
ing only on farm-level practices may be too limited. The notion of sustainability in 
its deeper meaning requires thinking in systemic terms (Green et al. 2003; Thomp-
son and Scoones 2009), i.e., requires taking the whole agro-food chain into con-
sideration. In other words, enhancing the sustainability of organic farming requires 
an integrated perspective on the social, economic and organisational structures in-
volved from an organic farm to the consumer’s fork.

24.3.2 � Social Equity

At its outset, social aspects were an integral part of the values of organic farm-
ing (Woodward et  al. 1996). However, in order to expand, organic farming has 
heavily relied on market-based mechanisms, thus implicitly accepting the neolib-
eral logic of consumer choice and individual responsibility (Guthman 2008; Allen 
2010). Since markets serve those who are able and willing to consume, they do not 
inherently encourage social equity or democratic participation (DeLind and Bingen 
2008). As a result, issues linked to social sustainability such as production and trade 
relations based on democratic and participatory control, transparency and account-
ability, rights of labourers, fair and stable pricing, or the preservation of farming 
livelihoods and local knowledge (DFTA 2008; Brown and Getz 2008; Padel et al. 
2010) have been sidelined. Indeed, values such as support for small farms and com-
munity cohesion are now often associated with local foods rather than with organic 
foods (Winter 2003). Similarly, consumers seeking direct contact with producers 
may turn to conventional as well as to organic farmers (Adams and Salois 2010).

24  Contributing to a Transition to Sustainability of Agri-Food Systems
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Organic farming practices at this time have no privileged association with the 
concept of ‘civic agriculture’, with its emphasis on an agro-food system that is em-
bedded in the community and that addresses the needs of local growers, consumers 
and rural communities (DeLind 2002; Lyson 2005). In other words, while these ide-
als are still present within organic farming, they are not a constituent part of organic 
farming practices (Woodward et al. 1996, Goldberger 2011).

In addition to issues linked to social justice, social sustainability can also be 
understood as including the contribution of agro-food systems to public health and 
human well-being. Indeed, in the consumer’s motivation to purchase organic foods, 
issues related to human health play a key role (Wier et al. 2008). Organic foods may 
thus contribute to human health, e.g., through lower pesticide residue levels (Lairon 
and Huber 2014 Chap. 16). However, health is also related to diet composition. It is 
well known that the excessive consumption of energy-dense nutrient-poor foods—
which tend to make up the wide-spread high fat, high sugar, high salt diets—while 
being pleasurable, is unhealthy (Kearney 2010). Such foods—often associated with 
refined and processed foods—have been linked to the obesity pandemic, heart dis-
ease and type 2 diabetes (McMichael et al. 2007). However, despite the fact that 
organic standards limit the use of certain additives, processing aids and methods, 
there is a growing range of processed food, convenience food and food supplements 
made from organic ingredients. This may be seen as an indication that there is no 
privileged relationship between organic food and a balanced, nutritious diet.

These emerging trends do not imply that organic farming actors make no efforts 
to include social and ethical practices in organic farming (e.g., Schäfer et al. 2010; 
Padel et al. 2010). However, currently organic farming is not inherently construed 
as contributing to social sustainability. As a result, organic farming practices do not 
necessarily address issues such as fair market relations, diets that contribute to hu-
man health, democratic participation in decision-making or civic responsibilities.

24.3.3 � Economic Viability

Studies of economic aspects of organic farming are often focused on comparing the 
profitability (or gross margins) of conventional and organic farms. Comparisons are 
usually made at the whole farm level to take account of the fact that organic farms 
tend to have different crop rotations to ensure soil fertility, and that there may be 
crop-livestock interactions, i.e., through closing nutrient cycles and reducing the 
purchase of off-farm inputs such as animal feed. Many studies have shown that 
organic farms can be more profitable than conventional farms, usually due to a com-
bination of lower production costs and price premiums (Nemes 2009). However, 
some authors point out that organic farms in Europe tend to be dependent on direct 
payments (Offerman et al. 2009). Also, it is unclear if economic profitability can 
be maintained once farm-gate prices for organic products drop (Smith and Marsden 
2004).

However, most of these economic assessments focus on short-term efficien-
cy and not on long-term sustainability. Indeed, if economics is to contribute to 
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sustainability, it will have to shift from its ingrained short-termism to a long-term 
perspective. Such a longer-term perspective will need to take the concept of uncer-
tainty seriously (Stirling 2010). At the farm level, uncertainty implies that profit-
ability considerations need to be balanced with issues such as adaptability, flexibil-
ity and resilience since they are likely to be key attributes to ensure the long-term 
survival of a farm (López-Ridaura et al. 2005; Darnhofer et al. 2010).

To contribute to sustainability, economics will also have to reflect the true cost 
of resources (Pretty et al. 2005). This implies, among other things, the need to in-
ternalise currently externalised environmental and social costs (e.g., those related 
to greenhouse gas emissions or to the global sourcing of phosphate and soy-based 
animal feed). Indeed, whereas neoclassical economics aims at efficiently satisfying 
human needs and wants, sustainability aims at justice within and between genera-
tions, as well as in the domain of human-nature relationships (Fullbrook 2004). In 
other words, the tools currently used by economists seem to only partially cap-
ture the sustainability of farming. To adequately assess the economic viability of 
farming within a comprehensive understanding of economic sustainability, a farm 
should no longer be conceptualised as a profit-maximising firm but, instead, as a 
‘political economic organisation’ (Söderbaum 2008). As such, an organic farm is a 
product of its history, has social responsibility, farmers are guided by their ideologi-
cal orientation and make choices based on multiple criteria. Since economic assess-
ments of organic farming are usually based on neoclassical economics, they may 
well underestimate the economic viability of organic farming.

24.3.4 � Diversity

As this very brief overview has shown, there is a range of sustainability issues that 
are not necessarily addressed by all organic farming practices. However, this is 
less a failure of organic farming principles, but is instead linked to the diversity of 
organic farming practices. Indeed, organic farming does not preclude sustainable 
practices, nor does it impose these practices. It is thus dependent on the actors’ 
choices and on the structural context that may encourage or discourage specific 
practices that have the potential to address specific sustainability issues.

At the same time as recognising the diversity of organic practices along the agro-
food chain, it is helpful to recognise that the various sustainability issues are also 
being addressed by ‘conventional’ farming. Indeed, a whole range of alternative 
practices (e.g., permaculture, agro-ecology, local food, farmers’ markets, tradition-
al specialties, fair trade, slow food, community-supported agriculture) are just as 
likely to be based on organic as on conventional production methods. Through the 
growth of diversity in organic practices and, simultaneously, the growth of a diverse 
set of alternative practices, they have come to propose innovative approaches to a 
range of sustainability issues. What they all have in common is that they are niches 
developed in response to concerns regarding intensive, conventional agricultural 
practices that constitute the dominant regime.

24  Contributing to a Transition to Sustainability of Agri-Food Systems
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24.4 � A Transition to Sustainability

24.4.1 � A Co-Evolutionary Perspective

What the various studies on the development and practices of organic farming 
have shown is that while the legal definition of organic standards has promoted its 
spread, it has not led to a transformation of the whole agro-food chain. However, 
for organic farming to be a prototype of sustainable agriculture, it not only needs 
to show that it can effectively address a range of sustainability concerns, but it also 
needs to show that it can successfully work with the dominant agro-food regime. 
Indeed, if organic farming remains a niche (one amongst a number of ‘alternative’ 
niches) without successfully working with and transforming the dominant regime, 
it may have only a limited contribution to sustainability.

Transition studies build on a co-evolutionary understanding of change (Kemp 
et al. 2007). In this perspective, agricultural practices, as well as supermarket and 
consumer habits are part of an ongoing co-adaptive dynamic, the outcome of which 
is neither linear nor uniform. The co-adaptive dynamics are fuelled by actors’ evolv-
ing projects, by actors reacting to changes in their environment, as well as by actors 
anticipating changes in the context and thus preemptively changing their strategies 
(Vasileadou and Safarzyńska 2010).

A co-evolutionary understanding also points out that the ability to directly influ-
ence the trajectory of organic farming is limited. Thus, the past development of 
organic farming should not be seen as the direct outcome of strategic decisions by 
actors within organic farming (Kjeldsen and Ingemann 2009) but, instead, the result 
of the co-evolution of strategies and actions by organic actors and a range of exoge-
nous factors. Indeed, organic farming had been a niche for well over 30 years before 
it received broader public recognition and policy support. In much of Europe, the 
‘breakthrough’ of organic farming was not so much the result of one-sided activities 
by organic actors. Instead, a ‘window of opportunity’ was created through a con-
stellation of broader societal trends (e.g., policy makers looking for ways to reduce 
over-production, neoliberalism becoming the dominant perspective, thus pushing 
for new agro-environmental policies, NGOs raising consumer awareness of health 
risks related to chemical use in agriculture, etc.). This broader context allowed vari-
ous actors (e.g., stakeholders in organic farming, policy makers) to build coalitions 
and design measures that allowed organic farming to spread.

Similarly, the further development of organic farming will not be the direct re-
sult of actions taken by organic farmers or organic associations since the efficiency 
of these actions is context-dependent. How organic farming develops will be the 
result of the dynamic interaction between the actors and the context in which or-
ganic farming is embedded, i.e., farmers’ associations, processors, retailers, policy 
makers, etc. Markets and user practices are co-constructed, changing as new op-
tions and new practices arise. This co-construction takes time and involves interac-
tions between producers, retailers and consumers (Shove and Walker 2010; Spaar-
garen et al. 2012). For example, current, busier lifestyles are making it harder to 
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meet nutritional requirements, so that some consumers are attracted to functional 
foods (Kearney 2010). It is unclear to what extent unhealthy diets will be addressed 
through ‘more of the same’ (e.g., highly processed convenience foods supplement-
ed with functional foods), and to what extent organic and alternative agro-food 
systems will be successful in their efforts to reshape diets, consumption patterns 
and lifestyles to be more sustainable. Whereas individuals and groups will become 
involved with and further shape alternative practices, a system-wide transformation 
will depend on the spread of changes in the expectations, beliefs and perceptions of 
consumers, and the strategies of retailers and policy makers.

Various current trends might well converge to create a ‘window of opportunity’ 
for organic farming. Indeed, political awareness of a need to transform the agro-
food system towards a more comprehensive understanding of sustainability is in-
creasing (e.g., Heinberg and Bomford 2009; SDC 2011; Freibauer et al. 2011). The 
combined crisis of nutrition, energy, peak oil and climate change emphasize the 
need for a transition towards sustainability by shedding light on the ‘externalities’ 
produced by the industrial agro-food system (Pretty et al. 2005). Research on food 
regimes (Campbell 2009) has also shown that there might be an emergent regime 
that is building on various forms of localism promoted by movements such as Slow 
Food, Via Campesina, and Community Supported Agriculture. There is thus the 
distinct possibility of a decentralised and ecologically-grounded agro-food system 
in which the production methods and principles of organic farming could play a 
central role.

24.4.2 � Obstacles and Potentials for a Systemic Transformation 
Towards Sustainability

To initiate a transition, organic farming needs to identify social innovations that 
make it possible to overcome the contradictions between the market-driven logic 
that focuses on input efficiency, high labour productivity and economies of scale, 
and the ability to enact organic farming’s principles and values (e.g., equity, trans-
parency, solidarity and reciprocity) on a broader scale. This search will obviously be 
constrained by powerful interests (e.g., some large retailers, transnational corpora-
tions, national and international bodies) that have high stakes in the current status 
quo (Jaffee and Howard 2010).

This dominant regime also includes consumer practices, e.g., shopping habits, 
food preparation practices and dietary choices. A systemic approach to sustainabili-
ty crucially implies that a growing number of consumers be willing and able to shift 
their consumption practices (Green and Foster 2005; Shove and Walker 2010). It 
may include a transition from the currently dominant consumer expectations (con-
venience, choice, low cost) towards accepting less choice and cooking healthy food 
sourced regionally within a fair economic system. It may also include issues such 
as accepting the seasonality of fruits and vegetables, selecting food with less pack-
aging, reducing the number of shopping trips with a car, and becoming involved in 
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some form of local food system. Since the currently dominant practices are deeply 
embedded in modern lifestyles, only a systemic approach will bring about substan-
tial steps towards a transition to sustainability.

Gillespie (2010) has pointed out that the biggest challenge in achieving a sustain-
able food system is not defining what it is, but understanding the collective action 
needed to implement it. While organic farming has done much to define sustainable 
production practices and to establish their feasibility, its ability to participate in col-
lective action and social learning processes is now challenged. Indeed, for organic 
farming to be able to effectively adapt the dominant food regime, it will have to 
harness its internal diversity to propose a coherent answer to challenges such as fair 
trade relations and healthier diets. To do so, organic farming movements will have 
to overcome their internal inertia and resistance (Woodward et al. 1996). Currently, 
within organic farmer associations, there is little consensus on the way forward, 
e.g., on whether standards of animal welfare should be raised or whether social 
standards should be mandatory (Milestad et al. 2008). Similarly, little effort is made 
to find ways to build synergies with other alternative agro-food movements.

The ability of organic farming to enact its potential for being a prototype for a 
sustainable agro-food system may be contingent on its ability to harness the creative 
potential inherent in its internal diversity, as well as its ability to build alliances 
with other alternative agro-food chains. By seeking such alliances, the organic agro-
food system may offer opportunities for inclusion, innovation and participation, 
thus—ironically—getting closer to its own original principles. It could become a 
discursive space, a space for reflection, communication and experimentation, with 
alternative social structures, structures that are oriented towards meeting people’s 
needs rather than subjecting them to the market logic (Guthman 2008; Clarke et al. 
2008; Niggli et al. 2008).

The question then concerns what social innovations are needed to build sustain-
able agri-food networks (Lamine et al. 2014 Chap. 23). The challenge for organic 
farming actors is to recognise the potential and to be able to mobilise a sufficiently 
large share of their constituency to experiment and commit themselves. This may 
allow for new development pathways to unfold, taking organic farming into a tran-
sition where it embodies a more comprehensive understanding of sustainability. 
Such synergies may make it possible to push for new policies, policies developed 
on the basis of inputs from both the agriculture and health sectors. Coherent inter-
sectorial policies that systemically address food, health and the environment could 
enable the implementation of development policies that support agriculture and 
farm families, as well as the environment and healthy diets.

Within a co-evolutionary framework, organic farming is involved in a dance 
where each step redefines what is thinkable and what is possible, where each step 
challenges what has been achieved so far and extends boundaries. What these next 
steps are and how they may be coordinated depends on the ability of the organic 
movements to energise their constituency and build synergies with other move-
ments that seek to promote a more sustainable future. Since future dynamics are a 
result of emergent co-evolutionary processes between the various actors and net-
works, they cannot be pre-determined, pre-ordained or imposed.

I. Darnhofer
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24.5 � Outlook: Transition to Sustainability?

As research on societal transition has shown, any transition to sustainability will 
imply a substantial degree of socio-cultural change as well as technological change 
(Elzen and Wieczorek 2005). It is thus unlikely that organic farming will be a pro-
totype for a sustainable food production system if the focus is exclusively on the 
technical aspects of production (i.e., agronomy and livestock production methods) 
without requiring more systemic approaches on the farm, the inclusion of social jus-
tice issues, more energy-efficient transformation and distribution systems, as well 
as sustainable consumption patterns. To achieve a transition, there needs to be an 
emphasis on the co-evolution of technical and societal change. Such a transition 
will involve the development of new (social) technologies embedded in new eco-
nomic, social, institutional and cultural relations.

To achieve such a transition, barriers embedded in the current system, as set by 
production methods, regulations, user practices, cultural values, patterns of behav-
iour, infrastructure requirements, investment needs, technological lock-ins, power 
relations, etc., need to be overcome. This is not a trivial endeavour. However, the 
agro-food system is subject to co-evolutionary processes, subject to ongoing chang-
es. The diversity of organic farming practices testifies to learning, networking, vi-
sioning and experimenting processes. These experiments take place both within or-
ganic farming and in the interaction between organic farming and other alternative 
agro-food practices. Within these experiments, various attempts at reintegrating a 
broader meaning of sustainability are playing out. They include issues such as envi-
ronmental sustainability, democratic control over economic life, cultural diversity, 
food access and security, energy use, as well as nutrition and public health.

These social innovations are kernels that, given appropriate opportunities, can 
engender a transition process. Such a transition is a long-term process and is in-
herently complex (Elzen and Wieczorek 2005; Spaargaren et al. 2012). Thus, the 
question is whether organic farming will be able to fruitfully engage in the co-
evolutionary process, i.e., by transporting values of deep sustainability to strengthen 
internal coherence, integrating social justice, building strategic alliances with other 
alternative food movements and working with consumers to develop healthier di-
ets. The need for a transition towards sustainable agro-food systems is increasingly 
recognised. The challenge for organic farming is to recognise and build the alliances 
necessary to take advantage of the ‘window of opportunity’, thereby growing out of 
its niche and engendering a broad transition.
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Abstract  Is the regional conversion to Organic Farming (OF) possible? What could 
be the consequences at different scales in terms of social and economic develop-
ment as well as nature conservation? Taking the heterogeneity of farms and farming 
systems in the region into account, are there farmers more prone to conversion and 
others that face greater obstacles?

The objective of this paper is to shed light on some of these question by present-
ing the results of a scenario assessment carried out with regard to the extension of 
OF in the Camargue region in southern France. The application of different model-
ling approaches with great potential for the multi-scale and multi-criteria evaluation 
of the extension of OF is presented: bio-economic models, agent-based models and 
land-use/cover change models. According to our results, the most probable conver-
sion in the near future in the Camargue would take place in fields with low salt pres-
sure that belong to livestock breeders and diversified cereal producers. However, the 
regional conversion to OF is plausible since the region could maintain its economic 
productivity while decreasing potential harmful impacts on the environment. Fi-
nally, the possible conversion trajectories suggest that certain farmers (specialised in 
rice production) might need greater assistance to ensure such conversion to OF since 
their economic performance would be hampered during that period.

The application of these three approaches to explore the same scenario in one 
region revealed their complementarity for tackling the complex issue of regional 
conversion to OF from different angles.
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25.1 � Introduction

Organic farming (OF) has reached the status of a viable option for more sustainable 
agriculture among farmers, policy makers and consumers. In 2009, it was practiced 
on over 3.5 million hectares in the EU25, representing 5.1 % of the agricultural area. 
In some countries such as Austria, Switzerland, Sweden, Estonia and the Czech 
Republic, OF occupied more than 10 % of the agricultural area in 2009, and in other 
countries such as Spain, Greece and Portugal, the surface area allotted to OF has 
tripled in the last ten years.1

This rapid growth of OF suggests new horizons for the future evolution of agri-
culture in general and of organic agriculture in particular. At the farm scale, the con-
ventionalisation of OF has been widely discussed by Darnhofer et al. (2010) with, 
on the one hand, an increase in the size of organic farms and their specialisation 
and, on the other, higher intensification of agricultural practices (e.g., greater use 
of concentrate and disease treatments for animals and the intensive use of organic 
fertilisers on arable land).

The effects of this extension of OF creates new challenges for agricultural re-
search where new questions are arising as to the effect of total or partial conversion 
to OF of a given region (Acs et al. 2007).

For example, is the regional conversion to OF possible? What would its conse-
quences be at different scales in terms of social and economic development as well 
as nature conservation? Taking the heterogeneity of farms and farming systems in 
a region into account, are there farmers more prone to conversion and others that 
face greater obstacles?

To answer such questions, a prospective analysis is needed to assess different 
future scenarios on the extension of OF. Such assessments must be able to take the 
different objectives (e.g., economic, environmental, social) of stakeholders related 
to agriculture in a given region into account by means of indicators relevant to the 
scales at which they operate (e.g., field, farm, watershed, region).

Such a multi-scale integrated assessment of scenarios is the core of this chapter. 
To illustrate the assessment of scenarios related to the extension of OF, different 
approaches based on modelling tools have been developed and applied to the 
Camargue region in southern France. The objectives of this chapter are: (i) to 
present the results of the assessments of different scenarios on the extension of OF 
in the Camargue; and (ii) to identify the potential complementarities of the different 
modelling approaches for a multi-scale, integrated assessment of scenarios.

In the following section, we briefly describe three modelling approaches used in 
the prospective analysis of agricultural change (bio-economic models, agent-based 

1  http://epp.eurostat.ec.europa.eu/portal/page/portal/agriculture/data/database. Accessed in April 
2010.
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models and land-use/cover change models) and the Camargue case study. Section 3 
shows the results of the application of these approaches to assess the extension of 
OF in the Camargue, and Section 4 discusses some of the main findings of the sce-
nario analysis and the complementarities of the three methods to make a prospective 
multi-scale, integrated assessment of agricultural change.

25.2 � Three Approaches, One Case Study

25.2.1 � Approaches for Prospective, Multi-Scale  
and Integrated Assessment of Agricultural Systems

In relation to agricultural systems and land use, we identified three approaches 
commonly used for scenario analysis (Delmotte 2011; Delmotte et al. 2013b): (i) 
land-use change modelling (LUC); (ii) bio-economic modelling (BEM); and (iii) 
agent-based modelling (ABM). These three approaches are briefly described in the 
next paragraphs.

The objective of LUC models is to describe the actual land use and to provide 
insight into the possible changes of land-use patterns that would occur in the near 
future following either some biophysical or demographic (Veldkamp and Fresco 
1996), or economic and structural changes (Verburg et al. 2004). LUC approaches 
cover a wide range of methods but most of them are “descriptive models that aim at 
simulating the functioning of the land use system and the spatially explicit simula-
tion of near future land use patterns” (Verburg et al. 2004).

LUC models are based on the identification of drivers that are correlated with 
the observed past or current land use. These driving factors can be socio-economic 
aspects such as demography, commodity demand and infrastructure development 
(e.g., a new road or the presence of a market), or biophysical aspects such as type 
of soil and climate. This makes it possible to identify the most probable spots of 
changes, i.e., locations where changes are more likely to happen. LUC has been 
widely applied in different case studies and different models exist in the literature 
for deforestation (Pontius et al. 2001), urban extension (White and Engelen 2000) 
and agriculture (Verburg et al. 2002). In CLUE (Conversion of Land Use and its Ef-
fect2), correlations are used to evaluate what would be the probable change in land 
use following, for example, a change in commodity demand, policy instruments and 
infrastructure development (de Koning et al. 1999).

Bio-economic models (BEM) aim at identifying optimum allocation of agricul-
tural activities (e.g., cropping, livestock), in space and time, which maximise or 
minimise an objective (see Jansen and van Ittersum (2007) for a review on BEM). 
In integrated assessment, optimum systems are obtained by including several cri-
teria and indicators, using a Multiple Goal Linear Programming model (MGLP) 
(van Keulen 1990). In MGLP, one criterion is defined as the objective function 

2  http://www.cluemodel.nl/.



456

and the other criterion is set as the constraint. This optimisation has been done for 
objectives defined at different scales, most commonly at the farm (Janssen and van 
Ittersum 2007) and regional scales (Laborte et al. 2007).

In BEM, cropping and livestock activities are quantitatively described at the 
scale of the field or livestock unit in terms of their contribution to indicators at 
higher levels of aggregation (e.g., the farm, the region). Such technical coefficients 
that describe agricultural activities include the inputs needed (e.g., capital, labour, 
fertilisers, pesticides, fuel) and the desired as well as undesired outputs (e.g., grain 
yield, N lost). These technical coefficients are the building blocks in the model 
and the data used as a basis for optimisation. Systems (e.g., farms or regions) are 
described by their resources (e.g., area of lands and their soil types, water for irriga-
tion, labour available), which are set as constraints for optimisation. Different types 
of scenarios can be evaluated such as the impacts of a change of context (change of 
prices or subsidy levels) and the impacts of the introduction of an alternative system 
(e.g., organic farming) (Lopez Ridaura 2005).

Agent-based models (ABM) represent systems as agents in interaction, with a 
social structure and that use resources in an environment. Agents perceive, self-rep-
resent and act in their environment by making decisions and interacting with other 
agents. Each agent has its own tendencies and objectives (Bousquet and Le Page 
2004; Ferber 2006). ABM is an approach originally developed in computer sciences 
to study the dynamics of complex systems and to reproduce phenomena that emerge 
from the addition and interactions of individual behaviours. ABM can be based on 
multiple formalisms for representing decision-making by the agents. In the case of 
human agents, decision-rules are often defined with thresholds and if-then rules.

These individual centred approaches are increasingly used to represent 
nature-society interactions (Ligtenberg et  al. 2004; Monticino et  al. 2007), 
particularly in the domain of natural resource management (NRM) (Mathevet 
et al. 2003; Bousquet and Le Page 2004). Specific platforms such as Cormas® 
(Bousquet et al. 1998) or NetLogo (Wilensky 1999) make it possible to create 
simulations where agents interact with one or more resources. In the context of 
NRM systems, ABM often integrates a spatial representation of the land to rep-
resent the decision-making process of individuals deciding on the use of these 
spatial units (Bousquet and Le Page 2004). This makes it possible to study 
the interaction between the resources and the agents’ decisions in a dynamic 
manner and to calculate the impact of these decisions at different aggregation 
levels.

25.2.2 � The Camargue Case Study

In Camargue, a deltaic region in the south of France, OF has been presented as a 
potential way for reducing the externalities of current agricultural practices. Agri-
culture plays a crucial role in the economic, ecological and social equilibrium of the 
region. The region has been recognised as a Biosphere Reserve (Man and Biosphere 

S. Lopez-Ridaura et al. 
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Program of UNESCO) since 1977, and hosts a natural regional park, a national re-
serve and many other associative and private protected areas.

Farming systems based on the production of cereals and on livestock breeding 
represent 37,000 ha in the Camargue. The main crops of the region are rice, durum 
wheat and, in smaller quantities, sunflower, maize, oil seed rape and sorghum. Ir-
rigated rice is the main cropping activity with about 20,000 ha devoted to it each 
year. Irrigated rice can grow in the four main soil types of the region: deep soils are 
sandy or loamy-clay soils since sandy soils are less favourable for rice cultivation 
due to the difficulty of maintaining water in highly draining soils. Shallow soils are 
clay loamy or salty and hydromorphic soils. Both require a high frequency of rice 
cultivation (a minimum of one year out of three in salty and hydromorphic soils to 
desalinate and allow the production of rainfed crops (Mailly et al. 2013).

Cropping systems play a crucial role in the water dynamics of this deltaic re-
gion. Most of the land is at sea level and salinisation is a natural process due to the 
negative water balance between rain and evapo-transpiration. Irrigation of rice then 
plays a role in desalinating the soils. Irrigation water that enters through pumping 
from the Rhone River also has a key function in maintaining the level of water 
and salt concentration of the central lagoon of the Camargue, the Vaccarès Lagoon 
(Colour plate 25 Fig. 1), which is the temporary habitat of several migrating bird 
species.

However, conventional rice production uses large quantities of pesticides, main-
ly herbicides. These herbicides are dispersed throughout the environment and, giv-
en the high diversity and interest of the local fauna and flora, ecologists have long 
called for a reduction in the use of pesticides (Comoretto et al. 2008). The extension 
of OF in the Camargue would certainly imply a decrease in the area of irrigated 
rice due to the difficulty of managing weeds in these systems (Mailly et al. 2013). 
In fact, one crop of organic rice on a single field has to be separated by at least five 
other crops (i.e., by five years), whereas in conventional cropping systems, it is pos-
sible to grow rice on a continuous basis by using herbicides (Lopez Ridaura et al. 
2010; Mouret 2010).

For the evaluation of scenarios on the extension of OF in the Camargue, a wide 
range of cropping activities were defined and quantitatively described. The defini-
tion of the agricultural activities is based on the concepts developed by Hengsdijk 
et al. (1999) and corresponds to the combination of a biophysical environment and 
a crop or animal activity under specific management. Sixteen hundred agricultural 
activities are possible taking these features into account. However, due to the lack 
of references concerning OF systems in the region, only one intensity level was 
described for organic crops. All together, we obtained 1,200 possible agricultural 
activities. Each activity was described quantitatively by the calculation of different 
technical coefficients such as the labour demand, inputs used or the cost of pro-
duction. Inputs for the different activities (fertilisers, pesticides, seeds, machinery, 
labour) were calculated based on several technical reports from the region, more 
than 20 reports from students who interviewed farmers and a series of interviews 
with key farmers to complete the data (LeQuere 2010). Rice yield was estimated 
based on a database analysis containing more than 350 fields surveyed in different 
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years (Delmotte et al. 2011). Yield for other crops was estimated together with ex-
perts from local technical institutions and from average yields reported for the re-
gion by the grain millers. For the calculation of economic indicators, average prices 
of inputs declared by input suppliers and crop prices declared by the cooperative 
from 2009 and 2010 were used. Current subsidy levels were used and obtained from 
farmers’ interviews.

To up-scale the assessment from field to farm level, a farm typology was built 
(Delmotte 2011). In the Camargue, about 180 farmers depend on crop production 
for their economic viability, according to the rice producers’ union. Using several 
databases, we developed a farm typology based on farm size, the proportion of rice 
in their cropping system, the presence of livestock activities, and their orientation in 
terms of conventional or organic management. This typology resulted in nine farm 
types: (1) specialised large-size rice producers (farm area greater than 265 ha, more 
than 80 % of area cultivated with rice) (16 % of the total cultivated area of the terri-
tory); (2) specialised middle-size rice producers (farm area less than 265 ha, more 
than 80 % planted with rice) (20 % of the total cultivated area of the territory); (3) 
large-size rice producers (farm area greater than 267 ha, between 60 and 80 % culti-
vated with rice) (9 % of the total cultivated area of the region); (4) middle-size rice 
producers (farm area less than 267 ha, between 60 and 80 % cultivated with rice) 
(12 % of the total cultivated area of the region); (5) partially organic rice producers 
(same land use as middle-size rice producer but an average of 20 % of land under 
in organic) (18 % of the total cultivated area of the region); (6) livestock breeders 
(around 35 % rice, 35 % forage crops and 30 % other crops) (5 % of the total culti-
vated area of the region); (7) organic livestock breeders (same land use as livestock 
breeders but with partial or total area in organic) (9 % of the total cultivated area of 
the region); (8) diversified crop producer (more than 50 % of durum wheat and other 
crops, an average of 35 % rice) (9 % of the total cultivated area of the region); (9) 
organic diversified crop producer (same land use as diversified crop producer but 
with partial or total area in organic) (2 % of the total cultivated area of the region). 
Due to the existence of geo-referenced datasets with the farm perimeters in the 
region, a spatial distribution of different farm types in the region and sub-regions 
was possible.

25.3 � Scenario Assessment on the Extension of Organic 
Agriculture in the Camargue

25.3.1 � Probable Spots of Change to OF in the Camargue 
(LUC)

Land-use change models may help to identify the most probable fields and farms 
to be converted to OF based on past trends of conversion in the Camargue region. 
Instead of using external drivers like in most of the LUC analyses, an agronomic 
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point of view was adopted where the cropping system characteristics where taken 
into account (i.e., soil suitability and crop rotations).

A shared vision among agronomists working in the Camargue is that converting 
to OF implies the lengthening of the crop rotation and the consequent reduction of 
the area devoted to rice, in order to avoid weed pressure (Delmotte et al. 2011). Not 
all soils in the Camargue are equally suitable for this conversion since shallow soils 
might present salinity problems after a few years of rainfed crops. Since different 
farm types have different soil type distribution, it is possible to identify the most 
probable soil types and farm types to be converted to OF in the future by the inten-
sity of rice within the crop rotation.

To understand land use and land-use change, a geo-referenced dataset from La 
Tour de Valat3 was used. This database, covering large areas of the Camargue, con-
tains fields under rice production from 1998 to 2008 (except for 2007 that was 
missing). All together, 9,130 fields are described in these databases. Crossing these 
databases with the soil map4 and the spatial distribution of farm types, we calculated 
two indices to identify past trends in terms of rice intensity: (i) the change in the 
proportion of rice production at the farm scale for each farm type; and (ii) the fre-
quency of rice over the 11 years for each field in relation to the soil type.

Colour plate 25 Fig. 2a shows the evolution of the proportion of surface area 
devoted to rice production per soil type. At the sub-regional scale, it can be seen 
that rice production does not occur with the same frequency on the different soils. 
Fields with shallow soils are the ones that are the most frequently cultivated with 
rice since between 45 to 55 % of the area is cultivated with rice each year. About 
37 % of the alluvial hydromorphic fields were cultivated with rice in 1998. How-
ever, this figure increased up to nearly 48 % in 2008, a level close to the one 
of shallow clay loamy soils. It can be seen that the deep loamy clay soils had a 
slightly lower frequency of rice in 2008 than shallow clay loamy soils and salty 
and hydromorphic soils, while deep sandy soils were always managed with lower 
rice frequency.

The conversion to OF of fields with shallow clay loamy soils and salty and hy-
dromorphic soils would be less probable, which may be explained by the need to 
desalinate these soils since they are the most prone to salinity problems. Farmers 
with a high proportion of these types of soils will also probably face greater prob-
lems converting to OF than farmers with higher proportions of deep soils.

Colour plate 25 Fig. 2b shows the evolution of the percentage of fields cultivated 
on rice for the nine farm types. First of all, it should be observed that the typology, 
which was done on an independent dataset, is validated by this figure: livestock 
breeders have a lower proportion of rice on their farms than diversified crop produc-
ers (either organic or conventional) and rice producers or specialised rice producers. 
Both systems that are totally in organic (livestock breeders and diversified crop 
producers) have a stable proportion of rice that is always lower than 0.5. However, 
partially organic rice producers have a proportion of rice that is not different than 

3  http://www.tourduvalat.org/.
4  http://www.gissol.fr/programme/bdgsf/bdgsf.php.

25  Multi-Scale Integrated Assessment of Regional Conversion ...



460

that of non-organic rice producers. This corresponds to the partial conversion (e.g., 
20 %) of the farm area into organic farming.

Conversion to OF therefore seems to be possible in two ways: attaining a lower 
rice proportion in land use, the situation of diversified crop producers, or convert-
ing only a part of the farm to OF as shown by the partially organic rice growers that 
maintain a high proportion of the farm in conventional management.

Colour plate 25 Fig. 2c represents all farms on the basis of the past (1998–2005) 
standard deviation of the percentage of rice (X axis), to identify the historical vari-
ability of rice production on farms in relationship to the current proportion of rice 
production represented by the deviation between the average of 1998–2005 and the 
average of 2006 and 2008 (considering that 2007 data was missing) (Y axis).

Colour plate 25 Fig. 2c can be interpreted by grouping the farms. The “stable” 
group includes farms that have a low variation of area devoted to rice (low stan-
dard deviation), meaning that the production is quite stable. The “variable” group 
includes farms that have neither a clear decrease nor increase in surface area under 
rice, but where a high standard deviation exists (the difference between 2006–2008 
and 1998–2005 averages is small). Finally, two groups reveal interesting trajecto-
ries in terms of conversion to OF: the farms that belong to the “increase” group are 
characterised by a positive difference between 1998–2005 and 2006–2008. These 
farms mainly belong to the “specialised rice producer” and “rice producer” catego-
ries. Their trend towards increasing the proportion of rice on the farm does not seem 
to be favourable for future conversion to OF because, as said before, OF requires 
a lower proportion of rice within the rotation to avoid herbicide use. The farms 
contained in the “decrease” group have a tendency to reduce their rice production 
area. These farms belong to the “rice producer” and the “diversified crop producer” 
groups that have been decreasing the proportion of rice production in the last 10 
years and, therefore, seem more prone to be converted to OF.

This LUC analysis using a farm typology and a retrospective analysis of rice 
frequency per soil type shows that farms have different possibilities of converting to 
OF in relation to the proportion of different soil types present on the farm.

•	 Diversified crop producers and livestock breeders, with their current low rice 
intensity, have favourable conditions for the conversion to OF. However, at the 
regional scale, if all these farms were totally converted to OF, it would represent 
less than 15 % of the area.

•	 Other farm types with a high frequency of rice and less prone to conversion 
represent more than 50 % of the conventionally-managed agricultural area today. 
The partial conversion to OF of these farms on favourable soil might represent a 
possibility for increasing the proportion of the region under OF.

25.3.2 � Plausible Scenarios for OF in the Camargue (BEM)

Two BEMs were developed that allocate optimum agricultural activities in rela-
tion to different indicators: one model that optimises land use at the farm scale and 
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another one that optimises land use at the regional scale. Twelve indicators repre-
senting the economic, social and environmental criteria related to agricultural issues 
were included in the models. At the farm level, these indicators included, among 
others, the gross margin of the farm and of the different agricultural activities, 
labour required, production costs and pesticides. At the regional level, indicators 
included the value of agricultural production, the employment generated, the level 
of subsidies, water and pesticide use, among others. In both models, all indicators 
can be either maximised or minimised depending on the objectives of stakeholders 
at different scales. Indicators may also serve as constraints for optimisation (see 
Delmotte (2011) and Delmotte et al. (2013b) for details about the model).

The results presented here are related to the maximisation of economic indica-
tors (i.e., gross margin and value of agricultural production for the farm and the 
regional level, respectively) with either conventional activities, organic or both.

Colour plate 25 Fig. 3a presents a radar graph with six major indicators for a 
specialised rice producer farm under the current situation and when the gross mar-
gin is maximised with either conventional or organic activities. Values presented 
are normalised in relation to the best value for each indicator (the outer circle of the 
radar). Organic and conventional activities provide similar gross margin, costs, sub-
sidies and labour. Water used in the current situation is similar to that under organic 
production (in both cases, less water is used than in the conventional optimisation). 
In terms of pesticide use, it can be seen that the reduction of pesticides used can be 
achieved without considerably decreasing the gross margin and can even improve it.

Compared to the current situation, it can be seen that the gross margin can be 
nearly doubled with both conventional and organic forms of production. However, 
it has to be taken into account that the MGLP optimises a single year and allocates 
most land under irrigated rice and rainfed cereal production (sorghum or maize or 
wheat) with a large proportion under rice. In the agricultural activities used by the 
model, only the preceding crop is taken into account, whereas in the current situa-
tion, longer rotations are used, including alfalfa, and the level of economic produc-
tivity may therefore decrease for the previous and/or following years.

In Colour plate 25 Fig. 3b, two contrasted scenarios maximise the value of agri-
cultural production at the regional scale with either conventional or organic produc-
tion. While the conventional scenario shows marginally better values of agricul-
tural production and employment, the organic scenario results in lower levels of 
subsidies, pesticide use and fuel consumption. In the conventional scenarios, rice 
is chosen as the main crop (67 %), which implies a high level of mechanisation of 
agriculture and a consequent increase in labour demand (employment), as well as 
higher fuel consumption.

Water use is less than half in the organic scenario than in the conventional one. 
However, it cannot be said that the less water used, the better, since it plays a 
crucial role in the ecological functioning of natural wetlands. Too little of it might 
result in an increase in the salt concentration and too much of it might, besides de-
creasing the salt concentration in the water, increase the water level of the central 
Vaccarès Lagoon.
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25.3.3 � Conversion Pathways to OF in the Camargue (ABM)

We developed an ABM for assessment of scenarios by interactive simulation with 
farmers and the analysis of their adaptation strategies (Delmotte 2011; Delmotte 
et  al. 2013a). The ABM was developed under the Cormas® platform (Bousquet 
et al. 1998) and is based on individual interfaces for each farm type. Each partici-
pant represented a farmer of a defined farm type having specific resources in terms 
of farm size, soil type distribution and initial condition of cropping system.

The scenarios evaluated with farmers included issues related to subsidy sup-
pression following the PAC reform (Delmotte et al. 2013a). Results presented here 
related to the conversion towards OF were obtained during interactive simulation 
sessions with nine MSc students from Sustainable Crop Production in 2010 (SupA-
gro Montpellier), each representing one farm type. Each participant decided which 
agricultural activity to allocate in each field. Their decision concerned the choice of 
crops, style of production (conventional or organic) and the level of inputs for each 
field. Participants also had to consider the total area of each crop on a given year at 
the farm scale, and the preceding/following crop couple at the field scale, in order 
to maintain coherent rotations. The interactive simulation was conducted for seven 
time steps, a time step corresponding to a year. Students were given the objective 
to partially or totally convert their farm to OF while maintaining their gross margin 
and the labour demand at the farm scale as much as possible. During the two-year 
conversion period to organic agriculture, inputs and outputs for organic activities 
were used while conventional production prices were maintained. Once choices 
were made by each player for a time step, indicators were calculated at the farm 
and regional scales. After each time step, discussions were held among participants 
about their individual performance and its effects at the regional scale.

In Colour plate 25 Fig. 4a, the evolution of the gross margin and the progressive 
conversion to OF is shown for two different farm types, a middle-size rice producer 
and a livestock breeder. It can be seen that for the livestock breeder, the conversion to 
OF has little effect, with the gross margin quite stable throughout the simulation. For 
the specialised large-size rice producer, the diversification of production and, there-
fore, a reduction in the surface area devoted to rice are implied. At the end of the sim-
ulation, this type of farm will possibly have a higher gross margin value since once 
the transition period has ended, the prices of organic products and subsidies for main-
taining OF are used for the calculation of the gross margin. Figure 4b illustrates the 
evolution of different indicators for the rice producer. While water use and pesticide 
use are greatly reduced due to conversion to OF, the proportion of subsidies remains 
similar and working time increases, demonstrating the multiple criteria, beyond the 
gross margin, that a farmer must take into account during the conversion to OF.

Applying this ABM made it possible to determine that different farm types have 
different capabilities for converting to OF. The conversion of the specialised large-
size rice producer implies a reduction of the gross margin in the first year of conver-
sion, even if the conversion is supported by a subsidy of € 150 per hectare, as was 
the case in the simulation. There is less impact on the livestock breeder because he 
is less dependent on rice and has a greater crop diversity on the farm.
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25.4 � Regional Conversion to OF: Probable Changes, 
Plausible Futures and Possible Trajectories

In this chapter, we have shown three approaches that contribute to assessing sce-
narios of agricultural development and their application to the regional conversion 
to OF in the Camargue in southern France. These approaches address different and 
complementary issues related to the regional conversion to OF.

The LUC model allowed us to identify the most probable spots for conversion 
to OF in the Camargue. By analysing the past trends of farming systems in the Ca-
margue, livestock breeders with a high proportion of shallow clay loamy soils and 
salty and hydromorphic soils (mainly under pasture) and diversified cereal produc-
ers are the farm types the most prone to switching to organic cropping systems due 
to a suitable combination of soil types and farming orientation to lengthen the rice 
rotation. Specialised and non-specialised rice producers might restrict themselves to 
a partial conversion to OF in specific fields with suitable soil types.

The main conversion trend in the near future will most likely take place in the 
deep soil of farms with a low proportion of rice in their cropping systems. However, 
this expected change concerns only 20 % of the arable land of the Camargue. Other 
farmers such as the specialised rice producers and rice producers with a fair pro-
portion of shallow clay loamy soils and salty and hydromorphic soils, representing 
45 % of the arable land of the region, would see conversion as a much more difficult 
task. In any case, it seems improbable that we will see a spontaneous (vs. assisted) 
conversion to OF in the near future.

The BEM model allowed us to explore options in what could be called plausible 
futures (van Ittersum et al. 1998). It also allowed us to calculate several indicators 
for multi-criteria analysis of scenarios revealing some of the trade-offs among indi-
cators in the event of total conversion to OF. Total conversion of the region to OF is 
plausible. At current prices, the region would not lose in terms of economic produc-
tivity by converting to OF and, at the same time, it would protect the environment 
from the potential harmful effects of pesticides (Comoretto et al. 2007; Höhener 
et al. 2010). However, the required extensification of cropping systems (i.e., less 
rice in the rotation) will plausibly have negative effects on employment generation 
in the sector. Moreover, the volume of fresh water that is pumped into the delta 
might decrease and have possible effects on the level and salinity of the central lake 
and on the conservation of the wild habitat of fresh water species.

With the BEM, trade-off curves can be quantitatively described by maximising 
one indicator while setting another one as the constraint and progressively relax-
ing it (Lu and Van Ittersum 2004; Lopez Ridaura 2005). Such a curve might help 
to better understand the trade-off between productivity and the volume of water 
used in relation to the regional conversion of the Camargue to OF and to identify 
an optimal solution where both objectives are simultaneously satisfied. However, 
non-linearities related to the spatial distribution of fields under irrigated rice in the 
region and their interaction, which governs the volume of water that actually en-
ters the lake, might not be captured by this approach, and other types of modelling 
would therefore be needed, e.g., agent-based modelling.

25  Multi-Scale Integrated Assessment of Regional Conversion ...



464

The ABM model presented here was developed for interactive simulation to 
elucidate the possible trajectories towards conversion to OF. In the participative 
exercise presented here, it can be seen that the transition to OF by farms spe-
cialised in rice production is much more difficult than for other types of farms, 
confirming what was seen in the LUC model. However, depending on the con-
version trajectory, it can be seen that after several years, the profit for these 
farmers can almost be recovered (confirming the results of the BEM at the farm 
scale). These results suggest that conversion to OF for these types of farms may 
not be spontaneous and that greater support might be needed, at least during the 
conversion phase. Our current actions related to the development and use of the 
ABM are directed towards the organisation of participatory sessions of interac-
tive simulation with farmers concerning the conversion to OF, in order to have a 
more realistic picture of the trajectories they would take, and towards the inclu-
sion of a spatiallyexplicit water balance calculation to capture the non-linearities 
mentioned above.

The application of the three approaches for assessing the extension of OF in the 
Camargue provided the following lessons: (1) the regional conversion to OF in the 
Camargue is plausible; (2) the most probable spots for change in the near future are 
fields with enough drainage to avoid salinisation problems from livestock breeders 
and diversified cereal producers; and (3) the possible conversion trajectories sug-
gest that certain farmers (specialised in rice production) might need greater assis-
tance to ensure such a conversion to OF since their economic performance may be 
hampered during that period.

Methodologically speaking, the simultaneous application of these three ap-
proaches to explore the same scenario in one region revealed their complemen-
tarities for tackling a complex issue such as the regional conversion to OF from 
different angles: the LUC model provided information about the most probable 
spots of change, the BEM model made it possible to explore different futures and 
to evaluate their plausibility, while the ABM model focused on possible trajectories 
to attain a given objective. The use of these tools in a participatory manner with lo-
cal stakeholders might certainly contribute to the common reflection and possibly 
to the development of joint actions to encourage such conversion to OF and ensure 
an economically-efficient agriculture while reducing its possible environmental 
impacts.
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Colour Plate 4 (Chap. 4, Speiser et al.; Chap. 5,  
Simon et al.): Views of the ‘Self-Regulating’ Orchard

View of the ‘self-regulating’ orchard in the 2nd year.  In the centre, diverse alleyways with 
flowering wild carrots and white clover in the foreground; hail protection net. For preliminary 
results, see Chap. 5 (Simon et al.).

Mulching of alleyways.  The alleyways are 
mulched in a ‘sandwich-system’ to ensure high 
diversity of structures and species.

Tree strips.  Tree strips are tilled in a ‘sand-
wich-system’ to limit weed competition and to 
provide additional floral diversity.
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Colour Plate 5 (Chap. 5, Simon et al.)

Pollen beetle (Meligethes aeneus) and the parasitoid Tersilochus heterocerus (Thomson, 1889) (on 
the right) on an oilseed rape petal (Photos: Copyright, Rothamsted Research Ltd.).

Illustrations of various landscape contexts (from simple to complex landscapes) in northwestern 
France.

Relationships between the proportions of semi-natural habitats (computed within a 2000-m radius) 
and destroyed buds or parasitism rates in northwestern France.



Colour Plate 6 (Chap. 6, Deguine and Penvern): Agroecologi-
cal Crop Protection Applied to the Management of Cucurbit Fly 
Populations in Organic Farming in Reunion Island

Habitat management.  On the left, corn borders (trap plants) around a courgette crop. On the 
right, natural tree border (trap plants) around a pumpkin crop.

Sanitation.  On the left, an augmentorium in a courgette crop. On the right, two adults of B. cucur-
bitae sequestered by the net, and an adult of Phyttalia fletcheri escaped from the net.



Male Annihilation technique.  On the left, a trap without insecticide with a parapheromone 
inside. On the right, two adult males of B. cucurbitae entering the trap.

Conservation Biological Control.  On the left, an adult of the spider Nephila nigra catching an 
adult of D. ciliatus in a chayotte crop. On the right, an adult of the syrphid Ischiodon aegyptius 
preying on aphids.



Figures 8a and 8b.  The use of outdoor pastures or runs recommended by OF is usually associated 
with increased risks to parasites (e.g., helminth infections in chicken) as well as to some opportu-
nities for solutions from the environment (e.g., caprine browsing behaviour favours avoidance of 
the infectious stage of helminths). NB: Fig. 8a:  photo by V. Maurer (FiBL); Fig. 8b:  photo by 
S. Sotiraki (NAGREF).

Colour Plate 8 (Chap. 8, Hoste et al.)



Colour Plate 21 (Chap. 21, Chable et al.): Evaluation of Genetic 
Resources and Participatory Plant Breeding for Vegetable Species 
in the Pays de Loire Region (France)

For six years, farmers, members of the association, Bio Loire Ocean, have collec-
tively assessed and evaluated heirloom vegetable varieties within a participatory 
framework. The scientific partners’ tools, methodology and knowledge are progres-
sively added to the farmers’ know-how.

What are the farmers’ main motivations?

•	 To have varieties adapted to organic farming, to the different markets (short 
circuit/long circuit) and to the environmental conditions of their land, at their 
disposal. Jean-Michel Potiron, a participating farmer, would like “to try to redis-
cover varieties adapted to our land and to break with the adjustable pattern of 
commercial varieties currently available”.

•	 To encourage and develop cultivated biodiversity. Farmers are aware that hy-
brids are unable to evolve with the change in environmental pressure and their 
cropping techniques.

How to meet their expectations?
A four-step approach was developed as the participants’ involvement grew.

1.	 Screening of varieties mainly taken from conservatories ex situ: observation of 
their behaviour in organic farming.

2.	 Selection of varieties judged interesting in the field: meetings between farmers/
scientific and technical stakeholders focused on testing new varieties and defin-
ing criteria for selection together.

3.	 Multiplication of selected varieties by voluntary farmers: maintaining the spe-
cific traits of the variety or directing the selection to favour the expression of a 
specific trait (example of parsnip).

Diversity in carrot  From left to right: (1) ‘Anthocyanée’; (2) ‘Paris Market 2’; (3) ‘Blanche 
demi-longue des Vosges’; (4) ‘Jaune de Lobberich’; (5) ‘Senator’; (6) ‘Chantenay à coeur rouge’; 
(7) ‘Rodelika’

‘Rodelika’, a biodynamic modern variety was used as a control.



4.	 Evaluations over time and in various pedo-climatic environments: monitoring of 
the expression of traits and adaptation to new environmental pressures.

Encouraging Results

Species with 
a pattern of 
selection 
taking shape

Parsnip
 Carrot
 Spinach
 Beans

Selection towards a rounded morphotype (2nd year of 
selection)

 Selection of a tasty variety for preservation
 Selection of a population (3rd year of selection)
 Observation of descendants of variants

Species being 
screened

Radish
 Lettuce
 Tomatoes
 Cabbage

The observations of varieties consistent with farmers’ 
requests are continuing. Additional varieties are added to 
the trials

Species 
introduced in 
2011–2012

Onions
 Peas
 …

At farmers’ requests, additional species are added to 
the programme. Nevertheless, priority is given to the 
previously planted species

First progeny of a parsnip 
selection initiated by the 
producers and favouring 
a round shape. Patrick 
Gauthier, part of the parsnip 
selection said: “This variety 
was cultivated thirty years 
ago but its seeds are 
untraceable today.”



As of today, the results of the experiments are partial and are worth being confirmed 
through additional observations in different environments. However, some patri-
monial populations created by previous generations of farmers and since forgotten 
have already been cultivated again.

Above and beyond the results, the trials are the time and place for the exchange 
of technical knowledge and know-how between producers as well as scientists. 
These meetings make it possible to pool the knowledge of all those involved. Work-
ing with royalty-free varieties offers the prospect of seed autonomy in committed 
farmers’ groups. We also have to bear in mind that a regulation framework needs to 
be set up in cooperation with other seed agents.

The participation in European programmes that promote advancement in relation 
to seed regulation has given confidence to the farmers. It offers a framework that 
has been extended to other regions and European countries to improve methods of 
evaluation and protocols of selection. In parallel, the network created in the Pays de 
Loire region is expanding with new farmers and new varieties by making the most 
of the current dynamism for participatory plant breeding.

“The scientists know the 
origins and traits of different 
types of vegetables that we 
don’t have,” said Nicolas 
Oran, producer. 
“It’s an opportunity to bring 
heirloom varieties back to life 
and to meet organic produc-
ers as well,” added Emman-
uel Geoffriau, responsible for 
the carrot and other Daucus 
species network for genetic 
resources.



Colour Plate 25 (Chap. 25, Lopez-Ridaura et al.)

Fig. 1.  The Camargue Region: the limits of the Biosphere Reserve in black, and the drainage 
perimeters in grey (data from the Parc Naturel Regional de Camargue, the Syndicat Mixte de la 
Camargue Gardoise and the Syndicat Mixte de Gestion des Associations Syndicales Autorisées).



Fig. 2. A.  Three-year average of the proportion of rice fields per soil type at the regional scale. B. 
Three-year average of the proportion of rice fields for the nine types of farm. C. Identification of 
four main types of trajectories of land-use evolution at the farm scale. The reader can refer to the 
text for more details.

Fig. 3. A.  Current situation for a middle-size specialised rice producer and under scenarios of 
maximisation of the gross margin with conventional and organic activity scenarios. B. Scenarios 
of maximisation of the production value in Camargue with organic and conventional activities.



Fig. 4. A.  Simulation of the evolution of the gross margin for two different farm types and the 
proportion of land under OF. B. Evolution of different indicators for a middle-size rice producer.
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