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Abstract: Beyond the ecosystem benefits of diversification through wheat–pea intercropping, this
review analyzes the barriers and levers to its adoption and diffusion. The present review shows that
structuring the value chain around the products of this innovative cropping system faces a set of
technical (i.e., varietal selection, phytosanitary issue control, crop management sequence, collection
management, and storage), economic (i.e., cost, price, market opportunities, and contracting),
and public policy (i.e., subsidies for ecosystem services provided by intercropping) obstacles that
contribute to its slow adoption and dissemination in Europe. However, the value chain resulting
from the wheat–pea intercropping system has levers to be exploited at all levels, particularly in terms
of its competitive advantages, ecosystem benefits, and superior product quality. The results of this
review help to identify priorities that actors of the value chain can address to better focus their efforts
on significant problems and solutions that can accelerate the adoption and dissemination of this
agroecological system.
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1. Introduction

The development of agriculture in developed countries since the end of the Second World War
was driven by the use of chemical inputs and genetic selection. The use of chemical inputs has
made it possible to shorten crop cycles and reduce rotation times, with the possibility of switching
to monoculture in some cases. Even though they dramatically increased the agricultural yields,
such practices have also led to a decline in species diversity. Coupled with varietal selection within
species, these practices have greatly reduced crop biodiversity and its associated natural biodiversity,
which is also declining at the same rate [1]. Diversification by intercropping facilitates the partial
restoration of biodiversity by introducing new species and lengthening the crop rotation cycle.

The cereal–legume association is of great interest in terms of increasing biodiversity in the field [2].
This association represents an agroecological practice based on the biodiversity of a multispecies system
that reintroduces synergistic effects between plants and other regulatory mechanisms conducive to the
resilience of ecological sustainability [3,4].

Cereal–legume intercropping using crops such as wheat and pea represents one of these
diversification systems. It promotes a certain ecological intensification through which one can ensure a
quantitative dry matter yield equivalent to that produced by the same two pure crops while increasing
protein yield and reducing nitrogen fertilization [5]. This system aims to establish two crops that
are complementary in nutritional and morphological terms. The symbiotic relationship between
the legume (pea) and the bacteria housed in the nodes of its root system enables the plant to fix
atmospheric nitrogen, thereby allowing it to meet its nitrogen nutrient requirements. Due to the high
competitiveness of cereals in terms of nitrogen uptake and the sharing of soil with legumes, wheat can
benefit from the natural nitrogen supply released by pea roots [2,6,7]. For farmers, interest in this
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system is twofold: (1) reducing nitrogen inputs and production costs while (2) ensuring production
with less pollution, since the mineral nitrogen typically used in conventional agriculture is very
leachable. The competitiveness of cereal crops in terms of nitrogen absorption allows them to capture
residual mineral nitrogen from previous crops, whereas the symbiotic fixation of atmospheric nitrogen
by legumes provides a cleaner resource for its needs while helping to meet the nutrient requirements
of its partner [8–11]. Some studies [12,13] have shown that the natural N input associated with mineral
N supply can be an important technical lever to control the yield of the cereal–legume intercropping.
Finally, the residual organic matter of this system, which is proportionally richer in nitrogen compared
to monocropping, can help to replenish the soil’s mineral reserves and, thus, preserve its natural
fertility [10,11,14,15].

The best complementarity observed between wheat and peas is that of nitrogen, which is achieved
through the optimal use of soil mineral nitrogen (by wheat) and fixed nitrogen (by pea) in their
different growth cycles, thereby leaving fewer resources for weed development. The cereal (wheat),
which is already more competitive in its use of mineral nitrogen, impulses the legume (pea) to fix more
atmospheric nitrogen by symbiosis to meet its needs, which hinders the development of weeds due
to the lack of nitrogen resources [16–18]. Another factor that can explain the reduction of weeds and
infectious diseases in intercropping is allelopathy, which is the direct or indirect biochemical interaction
exerted by associated plants to inhibit weeds or pathogens [19–22].

Thus, this intercropping meets not only the need to reduce chemical inputs (fertilizers and
phytosanitary products) and their associated production costs but also the need to secure yields to
address interannual variability [23–25]. The better quality of wheat produced in intercropping with
pea can also have economic benefits for farmers by increasing the protein rate. In organic farming,
the production of common wheat is more valuable on the market due to its high protein content.
However, nitrogen input is the main factor limiting this highly sought-after qualitative performance [26].
To remedy the lack of mineral fertilization in organic farming, the intercropping of common wheat with
legumes such as peas is an interesting technical and economic alternative [27]. However, this farming
practice must be considered in its context to highlight the levers that can be exploited and the barriers
that must be lifted for its successful implementation.

The analysis presented in this paper is based on a literature review of the current context of
diversified cultivation through wheat–pea intercropping in Europe. This synthesis is part of the
ongoing work (June 2017 to May 2022) of the European project DiverIMPACTS (Diversification
through rotation, Intercropping, Multiple cropping, Promoted with Actors and value chains towards
Sustainability), which aims to explore the full potential of crop system diversification to improve
productivity, the provision of ecosystem services, and sustainable and resource-efficient value chains in
Europe. This process involves assessing the performance of crop diversification to provide stakeholders
with the tools and innovations required to remove existing barriers and ensure the effective use of crop
diversification benefits at the farm, value chain, and territorial levels while making recommendations
to policymakers to facilitate the coordination of all relevant actors within the value chain.

Beyond highlighting the benefits of this agroecological cropping system, the objective of this
paper is to analyze the barriers and levers to its adoption and diffusion. Therefore, this review aims to
identify priorities to be addressed by research and development (R&D) and wheat–pea value chain
actors to better focus their efforts on significant issues and solutions to accelerate the adoption and
dissemination of this innovative system. Following this introduction, the first part of this paper presents
an analysis of the technical, economic, and public policy obstacles to the adoption and dissemination
of wheat–pea intercropping in its current state of practice in Europe. The second part of this paper
provides an analysis of the possible levers to endorsing the dynamics of adopting and disseminating
this agroecological practice at several levels of the value chain (from production to consumption)
through public, private, and market incentive mechanisms. This discussion is followed by an overview
of the conclusions of this review.
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2. Barriers to Developing the Wheat–Pea Intercropping Value Chain

2.1. Lack of Specific Input Suppliers

As with most innovative products on the market, specific inputs adapted to wheat–pea
intercropping (e.g., seeds, fertilizers, and plant protection products) are protected by marketing
licenses. Moreover, the R&D cost of these patents is reflected in the price negotiated by intermediaries
(input suppliers), which may also represent a barrier to their marketing. Moreover, the multiplication
of “rights-holders” (i.e., research laboratories, seed companies, and agricultural supply companies)
considerably increases the transaction costs required to market innovative inputs adapted to new
cropping systems. These two factors cause a “tragedy of enclosures”, reflecting a situation of self-locking
where excessively strong property rights on innovative inputs lead to their under-marketing [28,29].
Notably, the availability of input suppliers has often been an important lever for the adoption and
diffusion of new technologies [30–33].

2.2. Lack of Technical References and Specific Advice for Production

The design of a technical guide remains difficult to establish given the variability and complexity
of the agroclimatic parameters specific to each agrosystem. Varietal choice (see below) can affect the
sowing and harvesting dates and optimal timing for treatment or fertilization, and, thus, yield quantity
and quality. Various studies performed in this area have recommended certain practices without
defining technical references. Such works also involved experiments that aimed to define the dosage
at sowing (e.g., wheat/pea ratio, spacing), fertilization, and treatment (where applicable) [23,34–45].
Despite their convergence on certain issues, these studies do not provide a universal technical guide
that farmers can use for wheat–pea intercropping. The current state of technical knowledge may be a
source of failure for wheat–pea intercropping in the short and medium-term, which can result in its
long-term abandonment by farmers.

The lack of proven technical knowledge to clarify and advise economic operators in the value
chain adds to the lack of technical reference systems at the farm level. Currently, neither the technical
advisors of professional agricultural organizations nor those of cooperatives can provide detailed
technical advice on the practice of wheat–pea intercropping [46]. Even computer-based tools used
to simulate and assess the agronomic and environmental performance of cropping systems are not
parameterized to support the activities of these actors [47]. While individualized technical advice is
conceivable, the associated costs and funding sources remain largely unknown. As such, the cost of
technical learning and its coverage for implementing innovative agricultural practices remain obstacles
to its adoption [48]. Learning new knowledge related to the practice of wheat–pea intercropping
remains hindered by the conventional training and agricultural advisory system, which is limited to
the dissemination of standard knowledge on the practice of conventional crops [49]. Compared to
conventional crops, wheat–pea intercropping does not benefit from the learning effect that leads to
the accumulation of knowledge and increasing yields over time. The few experiments conducted by
farmers that support the credibility and technical and economic viability of this practice do not make it
possible to consolidate the production and dissemination of knowledge in this field.

2.3. Difficulty in Establishing Varietal Choices

The scientific literature dealing with crop diversification highlights some technical constraints
related to the genetic progress of these crops [4,50,51]. This is particularly true for cereal–legume
intercropping, where selecting species should define a balanced proportion of joint satisfactory
production of two products [23,52–54]. In the case of wheat–pea intercropping, the difficulty involves
selecting varieties for two different crops that have a concordant technical production itinerary in terms
of crop calendar (i.e., sowing and harvesting dates) and morphological compatibility. This would allow
wheat with the lowest susceptibility to lodging being used as a stake for the peas due to its creeping
characteristic. While research on this issue is progressing, it remains compartmentalized and more



Sustainability 2020, 12, 6962 4 of 19

oriented toward varietal adaptation to local soil and climate conditions (soil type, rainfall, possibility
of irrigation, etc.) [18,55,56]. The lack of progress in this field is due to the self-reinforcement effect
that characterizes the conventional agricultural research system, where all research and development
resources are oriented toward the production of varieties and species adapted to the conventional
seed market. Notably, this sector is marked by the phenomenon of increasing returns. Therefore,
its players have more interest in working on known and well-worked species or varieties than on new
species or varieties where the expected return on investment is not guaranteed. In addition, varietal
selection is experiencing strong upstream market restriction due to property rights, which result
in farmers’ dependence on seed companies and the under-utilization of genetic progress [28,29,57].
One might believe that wheat—being a major field crop—would have advantages in this area; however,
the problem stems from varietal selection. Based on research work on this intercropping system
using the same varieties used in pure crops, the latter do not behave in the same way [16]. Thus,
the interaction between these two species (wheat and pea) is a major obstacle to selection [58].

2.4. Insufficient Control of Sanitary Issues

Although wheat–pea intercropping can be useful in reducing pests, weeds, and diseases, the health
problems related to this practice are not completely solved. Weed control remains a necessity under
certain agroclimatic conditions [34,37,38,59]. If mechanical weed control is not possible for the intercrop
in the same row, spraying is necessary. In addition, certain pests such as pigeons, aphids, pea Sitones,
and Mycosphaerella pinodes must still be controlled [20,55,60–65]. This must be done in addition to
disease treatments that may be necessary for both species despite the beneficial effect that intercropping
has on pathogen dynamics [66]. Although farmers have enough technical means to treat pure crops,
their challenge in intercropping lies in choosing specific treatments without negatively affecting one of
the associated species. Farmers must not only invest in new machinery adapted to the treatment of
wheat–pea intercropping, but also seek new knowledge on alternatives to the crop protection products
typically used in pure crops. Notably, peas in pure crops suffer from a lack of phytosanitary solutions
for certain soil-borne diseases such as the fungus Aphanomyces euteiches, which causes significant yield
losses and can be a source of great uncertainty for farmers. This disease, which affects pea roots and
for which neither a phytosanitary product nor a resistant variety exists, can remain in the soil for
long periods (at least five years) and thus hinder the extension of wheat–pea intercropping. Against
all expectations, wheat–pea intercropping—which has been promoted for its positive effects on the
management of bio-aggressors—can come with the risk of bio-aggressor proliferation [67,68] and
complications in implementing the usual sanitary protocols. In addition, the extension of rotation by
introducing the wheat–pea intercropping may make weed management more difficult, which further
complicates the implementation of sanitary protocols in diversified farms. The configuration of long or
short rotations for wheat–pea intercropping will inevitably affect the sanitary management of plots.
Long rotations of over six years, which are recommended to avoid pea root rot disease (Aphanomyces
euteiches), are not favorable for enhancing the beneficial effect of the intercropping on the following crop.
Moreover, a long rotation is synonymous with a lower arable land area [68]. For farmers, wheat–pea
intercropping carries a double risk due to the considerable increase in initial investment and uncertain
yield, which heavily depends on sanitary crop management. If the introduction of intercropping in a
short or long rotation can be difficult, its position in the rotation does not matter. Nevertheless, it is
generally advisable to place the intercropping behind a straw cereal or a root crop or even as a third
straw. A previous meadow may also be suitable, but the nitrogen potential will not be valorized as
with a pure cereal. Some people advise placing them at the end of the rotation, before a meadow or
alfalfa, mainly for reasons of controlling soil parasites. Succession of associations is possible if the
alternation of winter and spring associations is respected.
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2.5. Unstable or Inadequate Yield

Farmers’ lack of control over the technical and economic aspects of production leads to unpredictable
yields, which are a source of uncertainty in terms of the economic viability of intercropping. The results
of full-scale field trials reported by the Belgian Professional Association “ASBL Fourrage Mieux”
(Better Fodder) and in the Hungarian context [69] suggest that the yields of this intercropping system
are insufficient when compared to monocropping. However, some authors [2,70] report less yield
instability and even productivity gains in the context of organic farming in France. In this sense,
an increase of wheat yield from 15% to 21% was also found under intercropping with grain legumes
such as peas in the context of Lithuanian organic agriculture [71]; however, this yield remains unstable
following legume species. Yield is influenced by several pedoclimatic factors in addition to agronomic
practice parameters (i.e., resource availability, the relative frequency of species, and the density of
intercrop components) [23,44,45,63,72–75]. Yield instability is a direct result of the lack of treatment
and fertilization parameter control, which can lead to variability in wheat–pea mixture composition
at harvest [43]. In any case, the uncertainty and comparative cost–benefit weighing of wheat–pea
intercropping compared to field crops (whose technical–economic itinerary—and thus yields—are
well controlled) support the abandonment of intercropping [76]. Moreover, variability in the quantity
and quality of intercropping products does not encourage economic operators in this value chain to
commit to long-term contract relationships [22,26].

2.6. Higher Production Cost

Despite the savings on chemical inputs for fertilization and phytosanitary treatment noted by
several studies [8,12,13,41,60], the production cost of wheat–pea intercropping remains high [2,77–79]
due to the increased costs related to the purchase of specific inputs (e.g., seeds, fertilizers, and
phytosanitary products) as well as sowing, collection, and sorting operations after harvest. In terms of
sorting operations, the farmer must spend or compensate the equivalent of 15€ per ton (estimates made
in France), which includes both separating pure products from the mixture and the loss of peas that
were not separated from wheat. This cost remains partial since it does not consider specific investments
in drying and storage operations borne by the farmers at either the farm or collection and storage level
(i.e., cooperatives and collectors) [2]. In addition, there is a static approach to calculating profitability
that does not consider the effects of this cropping system on the rotation cycle. This cropping system
could gain interest among farmers if R&D agents can provide evidence of the savings implied by a
rotation cycle including wheat–pea intercropping [73,74].

2.7. Difficulties in Collection and Storage

Sorting is a key element that has not yet been perfected since the combine harvesters typically used
to harvest wheat are used to harvest the wheat–pea mixture. Depending on the vertical organization
of the value chain, storage is either provided by the farmer (in the case of sales to brokers or traders),
by a cooperative to which the farm belongs, or by collection and storage providers. However, storage
efficiency depends on the nature of the product stored since the wheat–pea mixture does not store as
well as pure grains of wheat or pea. Moreover, there is a higher risk of mycotoxin development in silos
with the wheat–pea mixture, resulting in the need to sort as quickly as possible.

Collection can also be complicated for cooperatives or collectors if production is dispersed over a
large area with small volumes. High collection costs can quickly become an obstacle to the organization
of the wheat–pea value chain, especially since cooperatives and collectors are accustomed to collection
methods organized by the production basin “pool”. If the volumes produced are sufficiently large in
the same area, storage and collection are not constraints in themselves; however, the major issue for
producers and cooperatives or collectors is sorting to separate peas from wheat.

This mixture is not marketable for human consumption; however, sorting may not be necessary
if the mixture is to be used as animal feed [2,74,80]. While the technological solutions developed to
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date make it possible to sort peas for human consumption, they remain insufficient for wheat [81–83].
Additionally, there is a need for investment in adapting reception and storage infrastructures to manage
both sorting and the flow of mixed or separated seeds. This specific investment is only feasible for
economic operators in the value chain if production volumes are large enough to generate economies
of a scale capable of amortizing investment costs [84]. At this stage, it is mainly the collectors or
cooperatives that encounter logistical difficulties. Here, the technical constraints translate into the lack
of a logistics base adapted to diversification for supply, storage management, and distribution [85,86].
Reception of the wheat–pea mixture requires the construction of a specific space (three silos: one for
wheat, one for peas, and another for waste). Then, sorting requires an investment in establishing a new
processing line. However, such sorting operations are systematically accompanied by a loss of quality
attributed to an increased rate of split peas generated by the multiplication of logistical operations.
The cost of this loss is estimated at 8€/ton [82].

2.8. Lack of Industrial Buyers

The technology issue is less constraining further down the value chain as processors receive the
wheat or peas separately. However, prerequisite sorting defines the quality of the wheat or peas available
to processors and, thus, its compatibility with their processing technology [87]. The technological
interrelationship that exists between conventional pure product value chains and the new value
chain based on a wheat–pea mixture can contribute to the development and improvement of these
processing technologies. This assumption is only valid if the upstream operators of the wheat–pea
intercropping provide clear information on the intrinsic qualities of their new products, their prices of
interest, and their accessibility in time and space. Intercropping products compete with conventional
products for the supply of raw materials to processors. The latter only choose new sources of supply
if they have comparative advantages over their usual source of supply. For them, there is also the
constraint of making their innovative products recognized and accepted on the market [57]. In the
absence of differentiation based on the quality of wheat–pea intercropping products, they enter into
competition with conventional products, which puts them at a disadvantage on the supply market.
In the conventional wheat value chain, wheat processors impose a major technological constraint on
farmers (varietal choice), who must comply with very strict quality standards. For processors, flour
quality is a key factor to be adjusted according to target markets that must be controlled. However,
the quality of wheat produced from intercropping is not stable due to a lack of agronomic forecasts
and logistical failures related to the storage and sorting of the mixture. For this reason, they prefer to
work with conventional wheat whose varieties and characteristics are known and whose technological
mastery will meet the different expectations of their customers (pastry chefs, bakers, etc.) [88].

2.9. Uncompetitive Prices and Sale Channels

Several works [89–93] have shown that the adoption of eco-friendly technology in agriculture is
closely dependent on forms of market coordination. The products of wheat–pea intercropping can
be marketed for human food or animal feed. In the highly branched and competitive human food
market, the two products (wheat and peas) must be separated. Wheat, depending on its quality, will be
directed through different channels with different transactions. Depending on the cooperatives or
collectors, typical wheat is marketed through several contract arrangements in a highly concentrated
downstream market [81]. These arrangements are outlined as follows:

� Short-term marketing contract without consideration of superior quality. The relationship is
either established directly between the cooperative/collector and the manufacturer or via trading
or brokers with the possibility of price reduction.

� Annual production contract where the price is given by a broker and the quality is compensated
with a “bonus/malus” system.
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� Multi-year production contract without considering the superior quality and the possibility of
a premium.

Operators in the food market use more generic criteria to assess wheat quality (i.e., moisture
content, protein content, specific weight, and Hagberg index) [75,88,94,95]. In all contracting modes,
price and quality are generally at the center of the arrangements between the different economic
operators. Wheat market prices are highly volatile and influenced by international trade. Intercropping
will not be of interest when wheat market prices are high; in this case, producers will choose the
monoculture to maximize their yield and profit. However, wheat–pea intercropping gains interest
when prices are relatively low; however, this is only the case if pea prices are attractive enough to
compensate for the loss in profitability.

The human consumption market for dry peas is not very promising given the current situation,
which is characterized by the increase in import customs duties in India (the world’s leading consumer
of dry peas) and the stagnation of demand in the local European market (approximately 12% of
European production). Transactions are most often organized in physical markets, which hampers the
potential to valorize peas from intercropping in the traditional value chain. Moreover, prices in this
market are highly volatile, which does not offer stability for this value chain. This context can explain
the over 20% decrease in pea cultivated area between 2011 and 2012 in Europe [96].

In the highly concentrated animal feed market, wheat–pea mixture is a single product that can be
used in the feed manufacturing industry or directly integrated by livestock farms with no technological
treatment. In the latter scenario, the increasing constraint of feed safety creates an a priori need to pass
through the industrial circuit to ensure that the raw material complies with health standards (i.e., the
absence of mycotoxins and microorganisms) [97]. This leads not only to a dependence on the feed
manufacturing industry but also to a considerable increase in costs (e.g., transport, storage, processing,
and traceability), which reduces the competitive advantages of intercropped products as animal feed.

In the first scenario, wheat–pea mixtures compete with conventional feed industry inputs (mainly
meals and grains) [98] for which historically established trade relationships are difficult to access.
Even if pea production is historically devoted to animal feed, which absorbs 80% of production in
Europe [96,99], its current use is only considered as a price adjustment variable on the animal feed
market due to its intermediate nutritional profile (energy/protein). With the development of synthetic
amino acids, peas have lost the historical attractiveness they had based on their lysine richness [100].
In addition, the low level of atomization of the feed industry makes small suppliers of raw materials
(such as wheat–pea mixture) face oligopsony, especially since transactions are most often organized
on the spot market. Some studies [81] describe the wheat–pea mixture as incompatible with the
feed market. Notably, the current organization of the feed market does not provide reliable market
opportunities for the wheat–pea mixture, which is reduced to small volumes dispersed over a large
area. Therefore, suppliers of wheat–pea mixture for animal feed will need to contract to better secure
their high valued “niche markets”.

2.10. Lack of Recognition for the Provision of Ecosystem Services

Recognition of the ecosystem services provided by agriculture is an essential step toward
their valuation and compensation by society [101–103]. Therefore, the evolution of the wheat–pea
intercropping value chain must also be considered in its regulatory and public policy context,
which remains partly unfavorable. Wheat–pea intercropping is not yet recognized by the Common
Agricultural Policies (CAPs). While both cereal and protein crops benefit from coupled aid under
the first pillar of the CAPs [104,105], no regulatory provisions have been adopted for intercropping.
Therefore, the question of whether to declare an intercrop as a cereal or protein crop remains unanswered.
Coupled subsidies are reserved for pure crops, which does not encourage farmers to adopt wheat–pea
intercropping. Furthermore, since the wheat–pea mixture is not stable in plots, farmers risk penalties in
the event of misdeclaration. The same is true for Agri-Environmental and Climate Measures (AECMs)
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premiums in the second pillar of the CAPs, which does not grant any environmental premium for this
form of intercropping despite its benefits to ecosystems.

Furthermore, the European regulatory framework does not provide any mention of official quality
linked to intercropping, crop diversification, and ecosystem services, which add value to products
in the human or animal consumption market. This is necessary to promote the added value and
transmission of incentives in the value chain.

3. Levers for Developing Wheat–Pea Intercropping

3.1. Valorizing the Superior Quality of Wheat–Pea Intercropping Products

The products of wheat–pea intercropping may be of interest in supplying new and innovative
value chains for the production of plant protein material for human food and animal feed [99,106–110].
The high wheat content from the intercropping and the natural richness of protein from peas should be a
real advantage to conquering this flourishing dietetic market. The emergence of new technologies for the
extraction and incorporation of plant protein material and its various uses in manufacturing innovative
products with high added-value [110–112] may provide incentives for downstream investment.
The ecological quality of “environmental value” should also be promoted to consumers as a selling
point to help consolidate the value chain [113–115]. Here, collective action supported by public policy
is needed to get the ecosystem services provided by this value chain recognized.

Otherwise, the diversity of value chains for the products of wheat–pea intercropping must be
considered as a source of wealth for the new “integrated” value chain insofar as the different actors
of classical value chains use their network and fields of influence to promote the construction of
the new value chain. These established relationships of trust and resource sharing can provide the
foundation upon which the new integrated value chain can be built. Complementarities in terms of
skills and resources among actors in traditional value chains can create synergistic relationships that
can overcome the organizational and functional challenges of the new value chain.

Furthermore, the new integrated value chain can benefit from the favorable image conveyed by
organic agriculture to consumers, manufacturers, and policymakers at the local, national, and European
levels. This can attract the interest of large-scale distribution, whose involvement can contribute
to the expansion of the consumer market for the products of wheat–pea intercropping [26,116].
This development path is interesting for peas, whose pure crop production is struggling to develop due
to the difficulties of sanitary management and production. The nutritional characteristics of peas and
their virtues in animal feed—like flax in the Bleu Blanc Cœur value chain [117,118]—can be the subject
of a qualitative differentiation in the market, which can be a source of opportunities for wheat–pea
intercropping development.

3.2. Eco-Labeling the Wheat–Pea Value Chain

The wheat from intercropping has a superior physicochemical quality due to its higher
protein content and the low presence of imperfections (i.e., vitreous aspect and speckle rate) [75].
The stockholders of the value chain must lead their marketing strategy toward differentiation, which will
guarantee secure and competitive access to the already saturated cereals market. The possibility of
wheat–pea production in organic farming gives the stakeholders a real opportunity to conquer this
flourishing market, where supply remains very limited in the face of very solvent demand [119–124].
The environmental benefits offered by wheat–pea intercropping allow it to claim for an eco-labeling
strategy, which could enable its stakeholders to display this quality guarantee as a marketing argument
capable of boosting the value chain and satisfying consumer demand for agri-food products with high
environmental value. The success of the Bleu Blanc Cœur value chain in highlighting the environmental
and nutritional qualities linked to incorporating flax should provide a good practical example of
constructing quality value chains capable of federating the different stakeholders (upstream and
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downstream actors, private R&D centers, public organizations, and environmental and consumer
associations [125]).

In the context of the European regulation on organic certification, which defines the qualifiers
“organic” or “ecological” and the rules of organic agriculture product control and production,
differentiation through quality requires collective and regulatory action. This requires the creation of
environmental and nutritional quality specifications for value chains. For both human food and animal
feed, this strategy of differentiation through quality must be coupled with varietal selection initiated
at the beginning of the value chain. This process aims to develop crops with the physicochemical
and taste qualities requested by processors and consumers. The aim is not only to secure market
channels but also to create contract relationships for specific raw materials that can contribute to the
sustainability of the value chain. The complementarity of organic farming certification and official
quality sign approaches cannot be excluded, especially as products from intercropping systems are
struggling to gain recognition among consumers [126].

3.3. Establishing Local Supply Contracts

The new wheat–pea value chain can also develop new coordination relationships that promote
proximity between producers and consumers to take greater advantage of added value and
reduce uncertainty for both producers (i.e., market opportunities) and consumers (i.e., quality and
availability). The development of local value chains can highlight the ecological value of the product,
avoid competition from conventional agriculture, and benefit from the comparative advantages
of geographical proximity. In addition to their geographical proximity, stakeholders can establish
multilateral contracts between the different levels of the new integrated value chain. For example,
cooperatives can play an intermediary role between producers using wheat–pea intercropping and
livestock farmers in the same territory. Some studies [5,18,80,127] place the development of the
wheat–pea intercropping value chain at the center of a territorial autonomy strategy in cereals and
plant proteins.

3.4. Involvement of Public Actors in Building the Wheat–Pea Value Chain

In addition to funding R&D, public agencies can play a catalytic role in developing the wheat–pea
value chain. The ecosystem services provided by this cropping system are a common thread that can
lead to the strong involvement of political authorities in constructing this value chain. The main political
orientations of the CAPs are favorable to the involvement of public stakeholders in encouraging the
adoption of practices with a positive ecological and societal footprint [128–131]. However, the challenge
for the wheat–pea value chain involves grafting itself to this logic in order to be associated with the
agroecological transition dynamics promoted by public stakeholders. Several partnerships or financing
opportunities could be seized by promoters of the wheat–pea value chain. Financial and technical
assistance is now available to stakeholders in diversification value chains, such as diversification
contracts in the different regions in France as well as individual or collective diversification subsidies
granted by various public authorities in France and Switzerland [132]. Furthermore, the diversification
and development of local production are among the priorities of the European Agricultural Fund for
Rural Development (EAFRD) programs in various European territories. This represents an opportunity
for actors in the wheat–pea value chain to find financing sources and develop the positive image
that their activity conveys to their territory. At this scale, other opportunities exist to construct
diversification value chains that are more generic, such as the development of short chains supported
by local authorities in different European countries.

3.5. Involvement of R&D Results in Advice

The diverse and varied benefits of wheat–pea intercropping have been demonstrated by several
works performed by R&D organizations using a multi-disciplinary approach (e.g., agronomic, ecological,
technical, economic, and social) [2–7,10,11,14–18]. This provides the value chain with a range of tools
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that can enable it to find suitable solutions to promote its integration into the agri-food market.
The partnerships founded within the proposed framework including public and private stakeholders,
as well as professional agricultural organizations, allow the value chain to start building its network,
which carries positive economic externalities.

Difficulties in the value chain due to the lack of technical references can be explained also by
the unconnected diversity of the different research done on intercropping. The diversity of the study
contexts and approaches used can only benefit the development of more complete and universal
reference frameworks that enable economic stakeholders to review and solve challenges standing in the
way of adopting activities linked to the wheat–pea value chain. Such action, which is essential for the
development of the integrated value chain, must be based on a local, regional, national, and European
multidisciplinary approach drawn from the multiplicity of stakeholders and their interactions in the
process of building new knowledge on the organization of a new integrated value chain [22,133].
This implies that a collection of results from work already carried out will be analyzed and combined
to form a basis for future research. Notably, future research must address the priorities of economic
stakeholders to avoid dealing with problems that are less relevant and help them to better adapt
to changing market conditions by adopting innovative practices [134]. It also remains essential to
define the role of each stakeholder in the design and implementation of technical reference systems
for the value chain before their communication and extension (advice). The pooling of resources and
coordination of R&D actions are a necessary source of efficiency for the improved control of collective
knowledge related to the development of the wheat–pea value chain. Building and transferring
innovation knowledge requires the a priori ability to act differently, which implies that R&D actors
should establish a consulting approach based on partnership. This represents part of a long-term
process that considers the specificity of each partner while promoting knowledge sharing and collective
learning [135]. The success or failure of the first full-scale experiments carries a risk of misinterpretation
of the results. Profitable production followed by failure (or failure from the first experiment) could
quickly result in individuals turning against the adoption of the wheat–pea intercropping system.
Both success and failure need to be rigorously evaluated by the stakeholders in diversification projects,
where partnership in advisory work could provide a collective learning process favorable to the
adoption of wheat–pea intercropping.

3.6. Involvement of Business Partners in Support and Advice

The changes brought about by implementing the intercropping system should be viewed by
the stakeholders of conventional value chains as an opportunity to offer new products or services.
For example, the need for sorting at collection and storage at the level of the cooperatives–collectors
generates an additional investment cost compared to the conventional value chain. However, the need
for advice and new inputs that are better suited to wheat–pea intercropping may allow them to
develop a more specialized advising activity to partially offset the investment costs. Maintaining
traditional coordination relationships and strengthening them as part of collective learning allows them
to integrate new value-adding activities [46]. The success of work done by the Qualisol Cooperative
and the feed processor Valorex in France can be cited as supporting farmers in innovation (technical,
organizational, and commercial) for the development of wheat–lentil intercropping and successive flax
production [136]. For stakeholders, trust and good reputations are necessary to create new market
operating rules (e.g., the definition of quality standards) and acquire the knowledge necessary for the
functioning of the value chain [4]. They can also rely on more formal relationships where contracting
can provide them insurance for their transaction. The contracting of advisory and support activities for
farmers allows their partners to be immune to uncertainty regarding the availability of raw materials
and the product quality. This gives them incentives to undertake investments that can increase the
productive performance of the value chain.
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3.7. Consolidating Gains in Profitability

Trials of this intercropping system in different areas of Europe show a positive balance in favor
of its biomass weight productivity [137]. Savings made in terms of fertilization and phytosanitary
treatment were also highlighted by different studies. Resistance to the instability of agroclimatic
conditions that characterize the wheat–pea intercropping system gives it an economic advantage over
pure crops by reducing the impact of climatic hazards on yield [55,60,85,138,139]. Its gross margin
compared to that of pure crops shows a significant and more stable gain in annual profitability
from one year to the next (i.e., less vulnerability to the volatility of raw material or finished product
prices) [140]. Some studies [18] propose considering the profitability of this association according to
specific objectives that result from a trade-off between weed management and grain yield. Wheat–pea
intercropping can even improve the yield of the next crop in the rotation [73,74,141]. This finding serves
as an argument to solicit the interest of farmers reluctant to adopt this farming practice. Policymakers
and technical advisors should also use this argument as a key to unlock the division that exists around
conventional value chains and prevent the development of this particular agroecological value chain.
Notably, the economic profitability of adopting such eco-friendly practices represents a strong incentive
for economic stakeholders to develop an integrated value chain [142–144].

3.8. Specialized Training for Farmers

Several studies have made a direct link between farmer training and the adoption of
innovations [145–150]. The participation of farmers in specific training workshops to acquire the
knowledge and skills needed to adopt new technologies accelerates their adoption [49]. The specialized
training of farmers is considered a very useful extension and advisory approach for the adoption and
dissemination of new agricultural practices, particularly for cereal–legume intercropping practices
whose technical itinerary involving two crops remains difficult to drive [151]. Furthermore, it provides
farmers with precise information on both the practices to be undertaken as well as their economic
efficiency (e.g., yield and profitability compared to pure crops) and environmental efficiency
(e.g., mineral nitrogen supply and use, phytosanitary product use, and resistance to diseases and
climatic hazards).

4. Conclusions

Beyond highlighting the agroecological and economic benefits linked to crop diversification
through wheat–pea intercropping, this review calls attention to the literature suggesting that the
structuring of the value chain around wheat–pea mixture products faces a set of technical (i.e., varietal
selection, phytosanitary problem control, production management itineraries, and collection and
storage management), economic (i.e., cost, prices, market opportunities, and contractualization of
exchange), and public policy (i.e., public support, recognition by the CAPs) obstacles that contribute
to its slow adoption and dissemination in the European context. The dynamics of the production as
well as the temporal, spatial, and logistical organization of pure crop value chains (wheat and pea)
do not ensure the spontaneous integration of new intercropping products on the market. This can be
explained by the fact that all economic stakeholders (i.e., producers, collectors, and processors), as well
as technical and scientific support stakeholders, have oriented their strategies to meet the requirements
of the conventional crop market.

However, the value chain stemming from the wheat–pea intercropping system presents areas for
improvement (levers) to be exploited at all levels. The scientific and technical research conducted to
date, the strong dynamics of certain branches of conventional value chains (i.e., niche markets for plant
proteins and labeled products of high environmental value) and work aimed to raise awareness of the
virtues of wheat–pea intercropping provide an impetus for its development. The new value chain must
valorize its competitive advantages—particularly its ecosystem benefits and higher product quality—to
assert its place in the market. It can seize multiple favorable economic opportunities to achieve the
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construction of a sustainable value chain. The results of this review identify priorities that must be
addressed by all stakeholders in the wheat–pea value chain to better focus their efforts on significant
issues and solutions to accelerate the adoption and dissemination of this agroecological system.
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