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Abstract: Crop diversification is often presented as a way to improve the sustainability of agri-
cultural production systems (reduction in the use of inputs and environmental damage resulting
from their excessive use - pesticides, fertilizer, water). However, despite these benefits and vari-
ous incentive programs, crop diversification is gaining little ground in France.

The objective of this study is to identify: i) the main obstacles to crop diversification at agro-
industrial supply chain and farm levels; ii) the levers that can be employed to encourage these
stakeholders to integrate greater crop diversity within their production system.

An interdisciplinary analysis framework was used, integrating farming system agronomy, socio-
technical transition approach and new institutional economics. This theoretical framework is cen-
tred on the "technological lock-in" theory, derived from the innovation economy, and socio-
technical transition theory, which proposes potential "break-out" avenues.

This framework is tested on twelve crop diversification cases studies with three in-depth anal-
yses. Our results show that the socio-technical system organized on the basis of dominant crops
and the simplification of cropping plans is therefore an obstacle to the development of diversifi-
cation crops as a result of various closely interlinked processes: (1) genetic progress that is less
rapid than for "major crops"; (ii) a lack of crop protection solutions (agrochemicals one but also
genetic and agronomic ones); (iii) a shortage of technical references concerning minor crops to
explain low yield or quality defects at regional scale; (iv) a competition with "major crops" on the
raw material market not only due to price but also accessibility and homogeneity differences (v)
the diversity of coordination methods between the different stakeholders in the supply chains
Finally, to encourage the development of diversification crops, it would appear to be essential to
act simultaneously on three levers supported by public action: (1) Promotion of new market out-
lets, (2) Coordination of stakeholders and structuration of supply chains and (3) getting R&D,
advisory and plant breeding actors involved on a national and regional level to develop innova-
tive technologies and varieties.
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Introduction

The post-war agricultural revolution led to a significant intensification of French agriculture in
the use of the mechanisation and the inputs accompanied by the progressive specialisation of
farms. Furthermore, the parallel structuring of agro-industrial sectors has promoted a high level
of regional specialisation of agricultural systems, aiming to be more effective quality control,
volumes and supply logistics (Chatelier & Gaigné, 2012). This specialisation of farms and re-
gions has been accompanied by a decrease in the variety of crops, a shortening of crop rotations,
with as a consequence the growing efficiency of plant health (chemical) products reducing the
detrimental effects of short rotations and monoculture (Schott et al., 2010; Fuzeau et al., 2012).

Several recent studies and expert reports conducted by French National Institute of Agronomic
Research (INRA) at the request of the public authorities have highlighted crop diversification —
meaning the diversification of the crop types grown within a farm or region as a way to reduce
the use of pesticides or pressure on irrigation water (Butault ez al., 2010; Amigues et al., 2006 ).
The effect of crop succession on input use has been widely studied by agronomists (Debaecke
1997; Mediene et al., 2011). Despite its contribution to the production systems in terms of eco-
logical and economical sustainability (risk-spreading) and its integration in various incentive
plans and regulatory frameworks, diversification of crops is growing very slowly. While French
agriculture needs to become more sustainable, it also needs to remain competitive within the con-
text of a global market economy. If there is a burgeoning literature studying the economic effects
of a broader diffusion of the “integrated production systems” (Jacquet et al., 2011), the analysis
of economic benefit that may generate crop diversification is still underinvested. Hence the mar-
ket outlets of diversification crops are underpinned by agro-industrial strategies, consumer de-
mand and the technological innovations.

In this context this paper aims to answer two questions: 1) what are the main obstacles to crop
diversification at agro-industrial supply chain and farm level? ii) what are the levers that can be
employed by the public and private stakeholders to develop crop diversity in the production sys-
tem?

The novelty of our paper is to implement a cross-disciplinary analysis framework, combining
integrating farming system agronomy, new institutional economics (e.g. Williamsom, 1998;
Coase, 2005) and the multi-level approach developed by Geels (e.g. 2011) to understand the tran-
sition of the dominant agricultural socio-technical regime toward a more sustainable socio-
technical regime of production and consumption. We present the method in section 2 with the
analysis framework and the choice of case studies tested. In section 3 we present the results and
local discussion with a subpart on obstacles and another one on levers to crop diversification. In
section 4 we conclude on the main levers for public action.

Method

The theoretical framework

The term "technological lock-in" is used to describe a situation whereby the technology initially
chosen remains the norm, despite the fact that a more efficient technology exists. The original
technology has become so standard for society that it appears to be difficult to change it (Arthur,
1994). This "lock-in" effect can concern a technical production, product, norm or paradigm
choice. Lock-in of a production system leads to a sorting process between innovations: those that
are completely compatible with the reference technology have a chance to develop, while those
that differ from either the reference technology of the relationships between the main stakehold-
ers of the supply chains, have less chance/potential to develop. Lock-in does not result from a
deliberate strategy on the part of one or another stakeholder, but from self-reinforcement mecha-
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nisms created around a technological solution (David, 1985): the initial training of the stakehold-
ers involved, the accumulation of knowledge and complementary technologies, and the links that
structure the various stakeholders in a supply chain are built up in line with the standard technol-
ogy and increase the cost of adopting an alternative technology (Arthur, 1994). In agriculture,
situations of lock-in have been analysed for pest control (Cowan & Gunby, 1996; Lamine, 2011),
agroecological innovations (Vanloqueren & Baret, 2009) or advisory service (Labarthe, 2012).

According to the socio-technical transition theory (Kemp, 1994; Geels, 2005)), the dominant pro-
duction system, also called socio-technical system, is generally not totally/completely uniform.
Innovation niches may appear creating a space partially isolated from the normal operation of the
system and, in particular, from the processes that select markets and technological innovations
(Schot, 1998). Operating with different norms and institutional rules, niches allow learning and
the construction of economic networks that may support innovation development. But to generate
the same self-reinforcement effects than the one developed by the standard socio-technical sys-
tem, the niches need to be tightly coordinated. That is, a minimum level of coordination between
the different stakeholders involved in a niche supply chain is a necessary condition to ensure this
development.. New Institutional Economics provides a theoretical framework to analyse the dif-
ferent modes of coordination (or governance structures) between the stakeholders involved in a
supply chain (Williamson, 1998; Sykuta and James, 2004; Fares, 2006; Fares et al., 2012)..These
different modes of coordination need to be aligned with the specificity of the investments devel-
oped by the stakeholders in the supply chains. When this specificity is low, the Market is the
most efficient coordination mode to choose. In contrast, when this specificity is very high, only
an integrated s

tructure (a unique firm) or a quasi-integrated structure (long term contractual relationships be-
tween the stakeholders of the whole supply chain) can secure those very specific investments.
When this specificity is intermediate, a hybrid form (intermediate term of contractual relation-
ships with possible spot relationships) is efficient.

Since the transition towards a sustainable agricultural production regime induces a high specifici-
ty of the investments undertaken in the innovation niches, our hypothesis is that only an Integrat-
ed or a Quasi-Integrated Form can ensure the development of these investments. A second best
solution is the Hybrid Form and the worst solution is the Market.

In the subsequent sections, we first analyse the different obstacles to the transition of the whole
supply chain, and thus the necessary investments needed to support the development of niches
supply chains, using twelve case studies of crop-diversification. Then, we select three case stud-
ies, among the twelve, that illustrate our three coordination modes. Our objective is to test the
main hypothesis derived from our theoretical framework.

The Case studies

This hypothesis was tested on specific crop diversification cases studies we have chosen to cover
a large overview of obstacles and levers. Three main factors drove the choice of the twelve cases.
To concentrate on the fields crops systems we avoided the diversifications associated to too obvi-
ous obstacles for the farmers or the supply chains as mixed, vegetables or tree cropping. To study
mechanisms of sociotechnical lock in, we avoided very new plants without any agronomic or
economic references in France as stevia rebaudiana, camelina sativa, panicum virgatum. Finally,
to be able to survey farmers and other supply chain stakeholders in different agronomical situa-
tions we fixed a minimum area of 2000 ha in France.

The twelve crops studied are: alfalfa, chickpea, faba bean, hemp, linseed and flax, lupin, condi-
ment mustard, pea, sorghum, soybean and sunflower. These crops are all marginal in France in
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terms of surface area™’ (compared to major annual crops), whereas outlets exist in France for
their development (either in place of other crops or in place of imports). In addition, these crops
offer a diversity of situations: they differ in terms of their current surface areas and trends (sur-
face areas decreasing, relative expansion or highly fluctuating) and their potential outlets, on a
variable number of markets (each variable in terms of size and dynamics). Some of these crops
are concerned by large, highly competitive markets for "standard" agricultural raw materials
(production of livestock feed, in particular), whereas others have niche markets in the human nu-
trition sector (condiment mustard, chickpea, soybean, etc.), eco-construction sector (hemp, flax)
or animal feed sector (linseed oil). To perform the comparative analysis of those cases we studied
scientific, grey and extension literature and expert analysis collected by surveys in the main
French Agricultural and Agro-industrial Technical and Scientific Institutes.

Of these twelve cases, three were then selected for in-depth analysis of the way the supply chains
operate (pea, hemp and linseed). We selected them because they illustrate the three types of coor-
dination modes we would like to study. The objective of the in-depth analysis was to examine the
whole supply chain (from downstream to upstream) in order to understand the influence of its
organisational structure on the development of the crop. The analysis focused on all the produc-
tion processes (at agricultural and agro-industrial level), the coordination between the stakehold-
ers involved (contracts, specifications, market structure) and their capacity to generate enough
incentives to adopt the crop at the various links in the chain. For this purpose we completed the
general first study of each supply chain by surveys in farms and firms in one or two local supply
chains concerned by the three crops (table 1). Semi structured interviews were performed in both
firms and farms. In farms we asked for the evolutions of their crop rotation, the reasons why the
diversification crops were adopted, abandoned or kept in the farm, and the main adaptations, con-
straints and difficulties (agronomic and economic ones) farmers had to face. In firms we asked
for strategic, logistic and economic organisation of the production, collection and processing of
those crops with a particular view on the coordination means (contracts, prices, specifications

).

Table 1: summary of in-depth case studies local surveys

Hemp Linseed Pea Three

Region of France West North-East West Centre  Centre France
Extension  ser- Cham ber of Agricult

. agriculture CA CA CA CA Co
vices Managt. Council

(CA)
Seed producers the only one 1 1 INRA
Farmers 6 7 5 6 6 UNIP CETIOM
Disposal compa- 1 1 1 1 1 National Group
ny (collector) coop coop coop coop coop of cooperatives
. Feed & la-

Processor Insulation Paper beled meat feed

29 Less than 100 000 ha, except for sunflower which is a major crop in the south of France, but a marginal crop in the north, and
pea (120 000 ha in 2013) which areas have been divided by five for twenty years.

1331



Results
We get two kinds of results. First, we characterize the three main (agronomic) obstacles to the
development of crop diversification in the niche supply chains (3.1). Then, we show how the dif-

ferent coordination modes may impact on the efficiency of the niche supply chains of diversifica-
tion (3.2).

Three main agronomic obstacles to the crop diversification

Genetic progress is less rapid than for major crops. One of the obstacles frequently cited by farm-
ers and cooperatives is the limited range of available crop varieties, with varieties not always
adapted to the soil and climate conditions, plant health risks and qualities demanded by the mar-
ket. The markets for these crops are too small to guarantee a return on the substantial investments
required for their genetic improvement. However, the creation of varieties does not appear to be
uniform between crops: very low for some (Chickpea), it can also remain relatively active for
crops in which the surface area is barely more extensive (field peas), or be boosted (lupin, mus-
tard) when the economic actors invest in the development of a market outlet (the CAP regulation
on winter cover crops has boosted the seeds production for mustard involving condiment ones).

For a plant breeder, investing in an emerging supply chain is a major risk, particularly if the qual-
ity criteria sought have still not been clearly defined (hemp for example). The public authorities
undoubtedly have a role to play by helping plant breeders (as was done for peas or lupins in the
1970s and 80s) to invest in a few strategic crops, within the framework of a coordinated Europe-
an process. There is a strong demand on the part of the stakeholders in the supply chains for a
reinvestment of public research in the field of "minor crops” genetics and selection.

A lack of crop protection solutions. Paradoxically, pest control in diversification crops appears
to be an obstacle to their development, even though it is one of the reasons for seeking to diversi-
fy cropping plans and rotations. The approval of plant health products suitable for diversification
crops is impeded by the low economic value represented by these crops for agrochemical compa-
nies and by the difficulty the supply chains concern funding their approval. The absence of a
chemical solution to address parasite or weed problems is perceived as an additional risk by
farmers and therefore constitutes an obstacle to the development of diversification crops. Other
biological or agronomic solutions often exist (although not always), but these are very little used,
partly, undoubtedly, because they are still little known, but also because they are based on tem-
poral (agronomic principles in terms of the rotation) and spatial (collective management on a re-
gional scale) approaches that are more complex to implement.

A shortage of technical references. The lack of technical references available to farmers repre-
sents an obstacle to develop most minor crops (Figure 1). In particular, these deficiencies concern
management of the crops in various soil and climate conditions, their effects on the subsequent
crop and the causes of poor yields. These shortcomings affect the competitiveness of production.
In addition, when a new crop gathers momentum, competition between growing areas can also
delay the development and dissemination of these references.
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Figure 1: Number of references disseminated on the internet by technical institutes and in the farming press over the
period 2009-2012 concerning each of the diversification crops studied

Number of
referances

Very often, diversification crops are less well mastered than major crops from a technical point of
view or confronted with as yet unresolved problems. This is the case for pest control, as well as
for planting and harvesting. Crops wrongly reputed to be undemanding are thus sown in low-
potential fields, leading to harvests falling well short of the yields expected. For the majority of
diversification crops, given the inadequate knowledge of their physiology, farmers and their ad-
visers do not have the diagnostic capacity to explain a low yield or quality defects of a harvest.
The inability to identify the reasons for a failure can further reinforce rejection of the crop, some-
times for several years. The regional adaptation of references requires the performance of agro-
nomic trials and the long-term implementation of networked observations, something that is often
too expensive for "small supply chains".

While several of the experts consulted identified the low availability of references concerning the
effect of diversification crops on the subsequent crops as an obstacle to their development, a
bibliometric analysis of the technical publications (2009-2012) demonstrates the existence of
knowledge that is sometimes extensive (pea, alfalfa, linseed), but often incomplete and of highly
variable quality depending on the crops. The accounting and management bodies that calculate
for the farmers (their customers) average profit margins per crop in their region, do not have the
data required to perform calculations over a period of two or several years. While price fluctua-
tions encourage the adoption of a short-term approach to cropping plans, farmers tend to lose
sight of the benefits of a rotation-based approach, which would be favourable to diversification.

The supply chain modes of coordination as obstacles/"break out" mechanisms

Competition with "major crops" and the inefficiency of Market. Numerous diversification
crops have outlets (real or potential) in the animal nutrition sector. However, the production of
compound feeds, based on the constant optimization of the nutritional composition and feed
costs, leads to competition between numerous raw materials (grains as well as by-products of
human nutrition or agrifuel sectors) and is mainly supplied by "spot" markets. These economic
approaches select raw materials on the basis of their nature as "commodities", i.e. the fact that
they constitute standardised products with perfectly defined and known characteristics and hence
are easily substitutable. The criterion to choose between commodities is therefore primarily based
on their price per tonne, but also their accessibility (availability, logistics costs). Despite the high
level of substitutability of raw materials, the result of these approaches is a tendency to simplify,
favouring the wheat — soybean meal pairing.

Disadvantaged due to their limited production in terms of volume (depending on the year) and
geographically dispersed, diversification crops are only able to compete with commodities if they
present specific properties such as nutritional ones, known and valued by the market. This is the
case for linseed, the seeds of which have a fatty acid composition (high omega 3 content) bring-
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ing that of animal products (milk and meat) more into line with current nutritional recommenda-
tions. Other crops have beneficial properties (high protein content of lupin seeds, etc.) but still
remain little known.

Diversification crops are faced with similar competition in other industrial sectors, particularly
the building insulation segment, in which hemp (and flax) fibres compete with glass wool, which
1s less expensive.

Organisations that collect and store harvested crops, be they brokers or cooperatives, favour the
most profitable markets and tend to specialise in a small number of crops in order to reduce their
logistics costs. Once again, diversification crops have to compete with dominant crops for
transport and silo space, again difficult to make profitable with low volumes.

From Market to Quasi-Integration: the efficiency of coordination modes. The various supply
chains illustrate three great types of modes of coordination announced by the literature and so-
called as: “market”, “hierarchy” and “hybrid” forms (Ménard 2012). As regards agricultural sec-
tor, we can define “market” coordination links as the ones on spot markets (i.e. Commodities
markets) with common quality standards. The “hierarchy” form, also called integrated form, re-
fers to strong links between stakeholders, such as financial links (properties rights) or long-term
contracts. Such links are necessary to secure specific investment for high quality standards. Be-
tween those two forms we can find “hybrid” forms for intermediate investments: some links
through the supply chain are spot market links and some other are more integrated ones, depend-
ing on the specificity of the standards through the supply chain.

The majority of animal feed supply chains in which diversification crops are used (except for
linseed) are characterised by a spot type organisation. Hence the obstacles to the development of
peas, faba beans, lupins and sorghum originate from this type of market organisation, which pits
them against dominant raw materials (soybean meal, wheat, maize, rapeseed cake, etc.). Conse-
quently, it is difficult to effectively encourage farmers to incorporate these crops in cropping
plans and the same is true when it comes to encouraging downstream stakeholders to use them.

A vertical integration-type organisation is found in the case of linseed oil for animal feed and
several human nutrition supply chains (condiment mustard, field beans for the Egyptian market,
lupins, chick peas). These supply chains are characterised by strong vertical coordination,
through the introduction of production contracts and specifications to guarantee traceable produc-
tion, but also reflecting the need to ensure the specific quality of the raw material. The market
and technological risks are shared between the farmer and the other stakeholders in the supply
chains.

For the “hybrid” organizations we met (hemp, linen, alfafa), upstream of the supply chains are
generally highly vertically integrated (production contracts between collecting and storing agen-
cies and farmers), but the downstream products are subject to competition on a less differentiated
market, confronted with other products with similar properties (for example, hemp panels com-
pete against glass wool, linen clothing against cotton clothing, alfalfa pellets against soybean
meal, etc.).
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Discussion

The network of stakeholders, the innovations and the skill acquisitions that have accompanied the
construction of major crop supply chains give them assets to strengthen their competitive position
on markets. To give a chance to diversification crops, it would appear to be essential to act simul-
taneously and in a coordinated manner on three levers: market outlets, coordination of stakehold-
ers and improvement of production techniques and varieties.

To create new outlets for crop diversification, a constant factor revealed in the case studies is the
importance of basing the differentiation of products derived from specific qualities that are rec-
ognised by the market, such as: nutritional quality (promoted by the Bleu-Blanc-Coeur label in
the case of linseed); technological quality, often associated with a new patented process (for in-
stance: thermo-extrusion of oil and protein seeds by the industrial firm Valorex, production of
lupin protein powder by the cooperative Terrena, extraction of pea starch by the firm Roquette,
etc.); environmental quality in the use of the product (hemp in the eco-construction sector); quali-
ty related to the source (official labels already present or to be created). Promotion of these quali-
ties by the market brings extra added value liable to encourage and support the production of the-
se diversification crops in the early stage. However, this differentiation can lead to transaction
costs (collection, storage, traceability, etc.) that might reduce the economic value, particularly in
the presence of a fragmented diversification crop offer across the territory. The supply chains
related to these crops must manage the various transaction costs that could affect them at various
stages (Charrier et al., 2013): upstream production (choice of management techniques, choice of
varieties, etc.), processing (choice of technological processes, choice of additives and ingredients,
etc.), marketing (choice of distribution channel, etc.). For a farmer, adopting a new crop requires
specific investments (in terms of equipment, as well as training and new knowledge in order to
master management techniques). Opting for diversify is a risky strategy and these investments
can therefore be considered. To encourage farmers to make these choices, it is essential to guar-
antee an adequate and stable return on their investments. To achieve this, it is important that the
supply chain providing access to the diversification crop market be highly coordinated, for in-
stance on the basis of contracts, to guarantee farmers technical support and an outlet for their
product, and securing supplies for processors in the long term. Generally speaking, contracts
signed for a period of several years help to encourage the long-term commitment of the various
links in the supply chain to the specific production process set up (Aghion et al.., 1994 ; Fares,
2006). This approach thus provides greater transparency in terms of production choices, from the
upstream to the downstream, ensuring that added value and knowledge are more effectively
shared between the various stakeholders. However, to ensure the efficiency of a long term con-
tract-based approach public policy regulations may be useful.

This coordination between the involved stakeholders is crucial. The case of flax perfectly illus-
trates the risk of a market outlet opening up and then being filled by imports, due to a lack of ad-
equate coordination between production and processing stakeholders (Said Yami Yami, 2008).
This coordination requires specifications to guarantee the quality of the agricultural product and
its traceability. It must also include the development and dissemination of references, as is
demonstrated by the case of peas: it has been shown that it is possible to encourage farmers to
produce a crop with a low annual profit margin by making them aware of the benefits of evaluat-
ing their cropping system over a period of several years. Inadequate structuring of supply chains
and poor coordination between the various upstream and downstream stakeholders appear to rep-
resent a major cause of failure for the building of new chains, as could also suggest the analyses
of Rastoin and Ghersi (2010).

In most of the case analyses, the impetus for diversification was initiated on a local level, ideal
scale for the emergence of coordination between the stakeholders. Sometimes the supply chain
remains limited to this scale (chick peas, mustard) and sometimes it is extended to other regions
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(flax, hemp). Cooperatives play a major role in the construction of these local supply chains, by
mobilising farmers and negotiating agreements with downstream stakeholders, opening up mar-
ket outlets. But the in-depth analysis of the three cases demonstrates the importance of simulta-
neously mobilising other stakeholders: agricultural R&D, plant breeders, management bodies.
What can be done to ensure that the various stakeholders involved in the supply chains (coopera-
tives, processors, distributors) and in agricultural R&D (research bodies, technical institutes,
chambers of agriculture, cooperatives, Civam (French centres that promote agriculture and the
rural environment), etc.) and the farmers coordinate their strategies with respect to a diversifica-
tion crop? Would it be possible to create original partnerships inspired by the industrial clusters
developed in other fields (such as aviation or satellite system? The latter, which are supported by
long-term public policies (10 years, with assessment midway through the period, for example),
could promote the application of technological, agronomic and organisational innovations and
capitalisation on the experience (technical and economic) required for the construction and long-
term future of new agro-industrial supply chains. To this end, European Innovation Partnerships
(EIPs) in the area of "agriculture", as envisaged by the European Commission, could offer the
ideal framework. These EIPs aim to develop "local innovation groups", uniting the various stake-
holders in an area around local issues, while encouraging capitalisation on knowledge and experi-
ence.

Although the impetus for coordination between the various stakeholders often originates at local
level, an investment on the part of national research and development bodies, working in a coor-
dinated manner with their European counterparts, is essential, both to create knowledge relative
to diversification crops (genetics, ecophysiology, agro-ecology, processing technology, econom-
ics of supply chains, etc.) and to provide methodological support to the stakeholders involved in
the emerging supply chains (selection methods, support for the construction of cropping systems
or industrial processes, for example). Investment in some diversification crops is already signifi-
cant, as demonstrated by the bibliometric analysis conducted in this study (Meynard et al.
2013b). However, several crops do not appear to be the subject of any real Research & Develop-
ment (R&D) investment at present, for French conditions: lupins, condiment mustard, chick peas,
as well as lentils, buckwheat, etc.; others are relatively well known on an agronomic level, but
very few basic genetic studies have been conducted: hemp, flax, oats, etc. Setting a national ob-
jective of curbing the specialisation process implies questioning the balance of R&D investments
between major crops (wheat, maize, oilseed rape, etc.) and minor ones. Reinvestment focusing on
the latter needs to be carefully thought out and coordinated on a regional, national and European
level.

On a regional level, it would appear to be essential to consolidate and adapt the references rela-
tive to productivity, profit margins and the effects of diversification crops on subsequent crops.
Although, nationally, the scientific literature often highlights the beneficial effects of diversifica-
tion crops on subsequent crops (and sometimes quantifies these benefits), the references rarely
have a regional focus (Meynard et al. 2013a p19). A sustained effort (on the part of R&D, adviso-
ry and accounting/management bodies) to disseminate quantified information, concerning the
comparative profit margins of rotations diversified to varying degrees, was shown to be essential.
This has to be done along with the organisation of support offered to farmers to help them learn
about new crops, via the reinforcement of trial and advisory networks as well as innovative expe-
rience-sharing between farmers' groups. The production contracts offered to farmers could
schedule the incorporation of simple mechanisms to collect indicators suitable for explaining per-
formance variabilities (between fields, between years) and guiding practices. Thus, as stakehold-
ers in the collective innovation process related to the development of the diversification process,
farmers would be more inclined to invest in the new supply chain for the long term.
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However, tensions were revealed between competing regional trajectories (hemp), which could
be detrimental to the setting of consensual selection objectives and the sharing of references.
While the development of diversification crops remains the domain of local stakeholders, unco-
ordinated on a regional level, it will rapidly reach a ceiling. From the moment that several pro-
duction areas are formed with different stakeholders, it would appear to be essential to construct a
solid structure linking these stakeholders in order, firstly, to initiate dialogue with plant breeders
regarding the selection objectives to be favoured and, secondly, to organise exchange and the
adaptation of references between areas.

Conclusion

One of the major conclusions to emerge from the study, supported both by the scientific literature
(lock-in and transition theories) and the results of the field survey, is that any process towards
diversification is necessarily dependent on the simultaneous and organised mobilisation of nu-
merous stakeholders. The theory of socio-technical transitions provides a useful grid both for the
agronomist and the economist to diagnose the obstacles to the extension of diversification crops
and to propose the coordination of two major categories of levers: (i) develop innovation niches,
places for the implementation of learning processes and the construction of new economic net-
works; (i1) encourage the standard socio-technical system to evolve, to open up new windows of
opportunity, through which certain diversification supply chains will be able to grow and expand
beyond the niche status, or even to form a hybrid with the standard system, thereby contributing
to its evolution, i.e. its transition.

Both levers could be supported by specific means. To encourage the standard socio-technical
system to evolve, in order to more effectively integrate diversification crops, the levers are CAP
and national regulations on the diversification of crops itself or reduction of input use on one
hand and promotion of diversification supply chains via public contracts on the other hand. To
support the development of innovation niches the means are rather different. It needs relatively
long-term (for example 10-year) partnership mechanisms between supply chain, R&D, advisory
and public research actors, plant breeders and local authorities, aimed at constructing diversifica-
tion supply chains on a local or regional level, with means as promotion of labeling, observatories
to monitor minor crops in regions and their role in cropping plans and rotations and sustaining
technological and genetic innovation.

References

Aghion, P., Dewatripont, M., & Rey, P., (1994). Renegotiation design with unverifiable infor-
mation. Econometrica 62 : 257-82.

Amigues, J.P., P. Debaeke, B. Itier, G., Lemaire, B., Seguin, F., Tardieu & A., Thomas (éditeurs),
(2006). Sécheresse et agriculture. Réduire la vulnérabilité de 1'agriculture a un risque accru de
manque d'eau. Expertise scientifique collective, synthése du rapport, INRA (France), 72 p.

Arthur, W, (1994). Increasing returns and path dependence in the economy. Ann Arbor (Michi-
gan): University of Michigan Press.

Butault, J.P., Dedryver, C.A., Gary, C., Guichard, L., Jacquet, F., Meynard, J.M., Nicot, P., Pitrat,
M., Reau, R., Sauphanor, B., Savini, [.& Volay, T., (2010). Ecophyto R&D. Quelles voies pour
réduire I'usage des pesticides ? Synthése du rapport d’étude. Paris: INRA, 90 p.

Charrier, F., Magrini, M.B, Charlier, A., Fares, M., Le Bail, M., Messéan , A. & Meynard, J.M.
(2013) Alimentation animale et organisation des filieres :une comparaison pois protéagineux-lin

1337



oléagineux pour comprendre les facteurs freinant ou favorisant les cultures de diversification,
OCL 20(4) D407. DOI: 10.1051/0cl/2013011

Chatellier, V. & Gaigné, C. (2012). Les logiques économiques de la spécialisation productive du
territoire agricole frangais. Innovations Agronomiques, 22, 185-203.

Coase, R., (2005). L’entreprise, le marché et le droit. Paris : éditions d’organisation.

Cowan, R ., Gunby P. ,(1996). Sprayed to death: Path dependence, lock-in and pest control strat-
egies. 1996. ; Sprayed to death: Path dependence, lock-in and pest control strategies. The Eco-
nomic Journal 1996 ; 106 : 521-542.

David, P., (1985). Clio and the economics of QWERTY. 1985. ; Clio and the economics of
QWERTY. American Economic Review 1985 ; 75 : 332-337.

Debaceke, P. (1997). Le désherbage intégré en grande culture: bases de raisonnement et perspec-
tives d’application. Cahiers Agricultures, 6(3), 185-194.

Fares, M., (2006). Renegotiation design and contractual solutions to the hold-up problem. 2006. ;
Renegotiation design and contractual solutions to the hold-up problem. Journal of Economic Sur-
veys 2006 ; 20 : 731-756.

Fares, M.; Magrini, M.B. & Triboulet, P., (2012). Transition agroécologique, innovation et effets
de verrouillage : le role de la structure organisationnelle des filiéres. Le cas de la filiere bl¢ dur
francaise. Cahiers Agricultures, 21 (1): 34-45.

Fuzeau, V.; Dubois, G.; Thérond, O. & Allaire, G., (2012). Diversification des cultures dans
’agriculture francaise — état des lieux et dispositifs d’accompagnement. Etudes & Documents,
n°67: 24 p.

Geels F , 2005. Technological transitions and system innovations: A co-evolutionary and socio-
technical analysis. Cheltenham : Edward Elgar, 2005.

Geels, F. W. (2011). The multi-level perspective on sustainability transitions: responses to seven
criticisms. Environmental Innovation and Societal Transitions, 1(1), 24-40.

Jacquet, F., Butault, J. P., & Guichard, L. (2011). An economic analysis of the possibility of re-
ducing pesticides in French field crops. Ecological Economics, 70(9), 1638-1648.

Kemp R, (1994). Technology and the transition to environmental sustainability: the problem of
technological regime shifts. 1994. ; Technology and the transition to environmental sustainabil-
ity: the problem of technological regime shifts. Futures 1994 ; 26 : 1023-1046.

Labarthe, P. (2012). Public-Private Innovation Network in Knowledge Intensive Services: Co-
production or Technological Lock-in? FARMSTAR, a Case Study in Advisory Services for
Farmers. In Case Studies in Service Innovation (pp. 49-52). Springer New Y ork.

Lamine, C., (2011). Transition pathways towards a robust ecologization of agriculture and the
need for system redesign.

Mediéne, S., Valantin-Morison, M., Sarthou, J. P., de Tourdonnet, S., Gosme, M., Bertrand, M.,
& Doré, T. (2011). Agroecosystem management and biotic interactions: a review. Agronomy for
Sustainable Development, 31(3), 491-514.

Ménard, C. (2012). II. Organisations et coordination. Repéres, 3, 32-59.

1338



Meynard J.M., Messéan A., Charlier A., Charrier F., Fares M., Le Bail M., Magrini M.B. &
Savini I., (2013a). Freins et leviers a la diversification des cultures. Etude au niveau des exploita-
tions agricoles et des filieres. Synthése du rapport d'étude, INRA, 52 p.

Meynard, J. M., Messéan, A., Charlier, A., Charrier, F., Le Bail, M., Magrini, M. B., & Savini, I.
(2013Db). Freins et leviers a la diversification des cultures: étude au niveau des exploitations
agricoles et des filieres. OCL, 20(4), D403.

Rastoin, J. L. & Ghersi, G. (2010). Le systéme alimentaire mondial: concepts et méthodes, anal-
yses et dynamiques. Editions Quae.

Said Yami Yami, S. (2008). Collective strategy of SMEs and CEOs' perceptions: the case of the
flax industry in the North of France. International Journal of Entrepreneurship and Small Busi-
ness, 5(2), 143-156

Schot, J. (1998). The usefulness of evolutionary models for explaining innovation. The case of
the Netherlands in the nineteenth century. History and Technology, an International Journal,
14(3), 173-200.

Schott, C., Mignolet, C. & Meynard, J.M., (2010). Les oléoprotéagineux dans les systemes de
culture: évolution des assolements et des successions culturales depuis les années 1970 dans le
bassin de la Seine. OCL - Oléagineux, Corps Gras,Lipides, 17 (5): 276-291.

Sykuta, M. & James, H.S., (2004). Organizational economics research in the U.S. Agricultural
sector and the contracting and organizations research institute. American Journal of Agricultural
Economics 86: 756-61.

Vanloqueren, G., Baret P.V., (2009). How agricultural research systems shape a technological
regime that develops genetic engineering but locks out agroecological innovations. 2009. ; How
agricultural research systems shape a technological regime that develops genetic engineering but
locks out agroecological innovations. Research Policy 2009 ; 38 : 971-983.

Williamson, O. E. (1998). Transaction cost economics: how it works; where it is headed. De
economist, 146(1), 23-58.

1339





