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Executive Summary

Although organic farmers may use intercropping® more than conventional farmers, both organic and
non-organic farmers seem to adopt similar approaches to intercropping. For organic farmers, the use
of plant teams provides a source of nitrogen (N) in particular since they rely solely on biological N,
fixation by legumes or/and organic manure for N inputs. Conventional farmers provide N from
inorganic fertilisers and intercropping with legumes offers an option for reducing fertiliser costs.
Surveys, face-to-face, and phone discussions with Participatory Farmers (PFs) that were delivering
on-farm trials as part of the DIVERSify project allowed the main socio-economic barriers for
implementing intercropping to be established. PFs involved in the project were interested in or
already including intercropping in their cropping systems, and collaboration to systematise barriers
to its implementation was crucial for this study. The barriers can be classified as straightforward
socio-economic barriers, such as limited market for mixed grains and limited market for legumes, or
as a consequence of a significant number of agronomic limitations such as: lack of advice and
support from extension services on selecting the right crop combinations for their pedoclimatic
condition; the need for adapted machinery; how plant team management per se affects weed and
pest control. Certain PFs pointed out the need for clearer mechanisms for supporting intercropping
through the Common Agricultural Policy.
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1. Introduction

The bottom line for the global population is sustainability: “Humanity has the ability to make
development sustainable to ensure that it meets the needs of the present without compromising
the ability of future generations to meet their own needs” (World Commission on Environment and
Development 1987). If practices in production, consumption, and water management damage that
bottom line of sustainability, those practices should change. While the global population depends on
agriculture for survival, agriculture has become a major cause of biodiversity decline, erosion and
soil quality loss, and greenhouse gas (GHG) emissions. Unsustainable agricultural practices cause a
decrease in production capacity of agro-ecosystems, environmental pollution, and damaging
chemical exposure for flora and fauna. The European Union (EU) launched strategies for Integrated
Production (IP) practices, which included Integrated Pest Management (IPM) to diminish
environmental impact of agriculture. These IP practices were developed by each Member State (e.g.
see here for Spain), so that farmers had to follow these practices in IP and IPM. It is also interesting
to highlight other initiatives such as EISA: European Initiative for Sustainable Development in

Agriculture, 2012) and the Opinion of the European Economic and Social Committee on ‘Integrated
Production in the European Union’ (2014/C 214/02). Through its Framework Directive 4, the
European Commission promotes the use and implementation of IPM techniques, in particular the

Annex lll of the Directive; further action was also required at the local and regional level (see here).
In parallel, organic production and labelling was establish in 2007 (No. 834/2007), to be later
updated in 2018 via Regulation (EU) 2018/848 of the European Parliament and of the Council of 30
May 2018 on organic production and labelling of organic products and repealing Council Regulation
(EC) No 834/200).

The EU Regulations for IP and Organic Agriculture (OA), however, have not been sufficient for
improving sustainability. The last few generations of farmers have benefited from advances in
technical and scientific farming that massively increase yields and reduce labour. Agricultural
training schools and extension services widely adopted high-input technical farming. Despite policy
efforts and a movement towards sustainable agriculture, damage to the environment, including
biodiversity loss, and increased difficulty in pest and weed control continue to occur. Improvements
in agricultural practice can reverse these trends and contribute to different sustainable development
goals (SDGs). This requires further development of crop management practices that have positive
economic, environmental, and social justice outcomes (IPBES 2019). The recent European Green
Deal, the EU Farm to Fork Strategy with a target for 25% OA, and the EU Biodiversity Strategy 2030
have been established to work towards this.

The use of intercropping! (i.e., growing two or more crops in close proximity) is a polyculture
practice that has proven to deliver ecological benefits while improving yields and reducing inputs

1 We use the terms “plant teams” and “intercropping” interchangeably in this report.
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(Villegas Fernandez et al. 2019, Scherber et al. 2020). Intercropping implies cohabitation in space
and time of two or more plant species and involves varying degrees of niche differentiation and
competition. Intercropping practice can be very diverse. Agro-silvo-pastoral systems, for example,
where woody vegetation is integrated with a pasture or crop, are a classic polyculture system.
Intercropping with herbaceous components is common in forage production and pastures, however
grain-based mixtures have been emerging as an opportunity to achieve sustainable intensification of
agriculture (Martin-Guay et al. 2018).

There is some evidence that intercropping is ecologically beneficial, but results vary widely. It can
increase crop productivity and stabilize crop yields (Raseduzzaman and Jensen 2017), and improve
the land utilization ratio (Li et al. 2020, Xu et al. 2020). Where legumes are included, intercropping
can reduce fertiliser inputs (Jensen et al. 2015, Rodriguez et al. 2020) and use of herbicides (Verret
et al. 2017). Intercropping is especially relevant in organic farming systems, where nitrogen (N) is a
limiting nutrient and herbicides are not used (Bedoussac et al. 2015). Intercropping can in some
cases increase water retention and use efficiency (Yin et al. 2020), but results vary.

While increasing agro-biodiversity is an important goal, and intercropping shows promise in helping
towards this aim, one of the key questions that remains is how intercropping affects the farmer’s
overall bottom line: their profit. If farmers have access to innovations and incentives that will
support their economic bottom line, they may be willing to try them. The returns on using plant
teams in Europe are mixed. Some intercrops reduce costs but also reduce production (and, thus,
revenue); others increase costs in some areas (e.g., labour) while reducing costs in others (e.g.,
nutrient inputs); and yet others reduce inputs and increase yields. The economic outcome of using
plant teams is difficult to generalise.

The DIVERSify project has focussed specifically on the practice of cereal-legume and species-rich
grassland intercropping and aimed to design innovative plant teams for ecosystem resilience and
agricultural sustainability. This project has worked with organic farmers and integrated livestock and
crop production to introduce, encourage, and support them to further adopt sustainable agricultural
practices.

The benefits of using intercrops evaluated in this project are related to pest and weed control,
resilience to weather variability, and, when a legume is included in the mix, a reduction in synthetic
N fertilisation. Barriers to the employment of plant teams include the need for adapted machinery,
the need for knowledge about using different crop management strategies, and the higher costs for
harvest and grain separation. Other problems include lack of market for farmers’ produce.

This report is framed by the known barriers to adopting plant teams identified in previous work in
the project, and specifically in Deliverable 1.1, The Synthesis Report on National Stakeholder
Meetings (Pearce et al. 2018), and Deliverable 4.5, Report on Practical Restrictions Imposed by Plant
Teams (Tippin et al. 2019). These two reports provided insights into main practical barriers to
adoption of intercropping identified by project stakeholders and participants. The value proposition
of this present report is that it tests that framework against the experiences of 21 of the projects’
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participatory farmers (PFs) who evaluated intercrops in their own farm conditions. Vignettes of their
experience with barriers and solutions are provided in Annex 1 of this report.

The objective of this report is to present information provided by farmers in this project on (a)
motivations for testing intercropping, (b) challenges to using intercrops, and (c) suggested solutions
to the challenges. We provide some emphasis on the qualitative aspects of the socio-economic
dimensions of employing plant teams or intercrops. While one goal of the project was to produce a
guantitative economic analysis of the trials, we believe that the extremely adverse weather during
two trial years curtailed farmer’s ability (or willingness) to provide a cost/benefit accounting of the
trial operation. Thus, our discussion of economic aspects of using plant teams is qualitative and to
some degree theoretical.

2. Report methodology

Thirty-three farmers in seven countries participated in 41 on-farm trials of plant teams as part of the
DIVERSify project. Of these, ca. two-thirds employed organic production systems while the rest were
following EU Integrated Production with no certification. Thirteen farmers responded to
guestionnaires and interview requests in detail and their farms were located in Denmark (ID
number: PF1909; PF1910; PF2005), the United Kingdom (PF1820; PF1824 who also conducted a trial
in 2020 (PF2001); PF1826; PF2007), Portugal and Spain (two IDs for same farmer but different trials:
PF1831 and PF1832; PF1838; PF1841; PF1842; PF1846) and Italy (two IDs for same farmer but
different years and trials: PF1811; PF1901), in two pedoclimatic zones: Atlantic/Nemoral and
Mediterranean. Farms were of different sizes and types, ranging from a subsistence experimental
farm, to a sheep farm with oak trees, and with more traditional arable cropping systems in between.
Motivations of the PFs for using specific plant teams varied from specific, like using cereals for
providing physical support to lentil plants, to the very general.

Plant teams used by PFs were mainly cereal-legume and grass-forage legume mixtures, but there
were some trials with cereal mixtures and oilseed crop-grain legume mixtures. The specific plant
teams tried in this project were defined during early stakeholder workshops (Task 1.1) or had
previously been tested by farmers’ own initiative. Information on the farms and trials was primarily
gathered in “Completed Trial Scientific Summary” as well as “Trial Feedback Questionnaire”
documents organised by WP4, a summary of which will be available on the DIVERSify legacy website
(www.plant-teams.org). Elements of those summaries were used to inform this report. Collaboration

with WP4 has greatly facilitated our interactions with farmers and has been essential for producing
this current report.

The participating farmers were early adopters; most had already tested several plant teams. The
sample of farmers is neither statistically robust nor unbiased; rather, they provide valuable
experiential and empirical knowledge of intercropping that can serve to guide and inform both
farming peers and researchers. Some encountered but overcame barriers even prior to joining the
project, and others discovered barriers during their participation. Thus, while the findings on barriers
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to using plant teams we report here are not necessarily generalisable, they do represent many of the
common challenges and concerns. We present qualitative results and case-based information to
share knowledge that might be useful to other farmers.

Farmers collaborated with project partners during the growing seasons from 2018 to 2020, some for
one year and others for multiple seasons. Results of agricultural trials of just one or two years are
not generalisable, given significant interannual variations in weather, prices, and markets. Therefore,
these results should be taken with some caution. In 2018 some of the trials of participating farmers
were affected by a severe drought and high temperatures (Beillouin et al. 2020), in some cases
resulting in total failure of the crops.

The results reported here are based on survey instruments designed to solicit feedback on intercrop
system performance during the farmer’s participation in the project as well as to solicit their
informed opinions based on experience and future foresight.

Data sources include interviews, surveys and evaluations undertaken by WP1 and WP4. A first survey
on ranking of their production costs was carried out after the first two years of on-farm trials and
results are included as part of the Summary Table in Annex 1. Because of the short duration of the
farmer participation, and the limited numbers of participating farmers, this report is based on a
qualitative analysis. The interviews undertaken were designed to assess the interest of farmers in
intercropping and their attitude towards future inclusion of intercropping in their production
systems. We treat them as case studies to drill down into their own experience with intercropping.

Each participatory farmer engaged in the project was ‘buddied’ with an in-country scientific partner
to support agronomic and socio-economic data collection (Banfield-Zanin et al. 2018, Deliverable
4.3/D28). Of the 33 participating farmers, we have data from 9 (43%) through post-trial
questionnaires filled out either by the farmer or the buddy, 18 (81%) trial scientific summaries
written by the buddies, and 14 (67%) ‘interviews’, which were a mix of actual live interviews of the
farmer and farmers filling out the interview guide themselves. The 2018 post-trial questionnaires
provide information related to the farmers’ motivations for using plant teams, trial outcomes,
challenges for the trial, and future interest in intercropping. The scientific summaries provide details
on trial objectives and protocol, production outcomes, and challenges faced. The adverse weather
(drought) in the 2017-2018 cropping season in the northern European trials and in the 2018-2019
season in the southern European trials may have overshadowed other challenges the farmers have
faced in their plant team trials. Nevertheless, several farmers had taken their own initiative in the
2019-2020 cropping season to employ the plant teams again, or some variation of the initial trial.

3. Motivations for using plant teams

Although organic farmers may use intercropping more frequently than conventional farmers, both
organic and non-organic farmers seem to adopt similar approaches to intercropping, although they
may do it for different reasons. For organic farmers, the use of plant teams is attractive for providing
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a rich source of nitrogen (N) since they rely solely on organic manure inputs and biological N,
fixation by legumes. Conventional farmers provide N using inorganic fertilisers, the price of which is
increasing. Thus, intercropping with legumes offers an attractive option for increasing productivity
and profit for both types of farms: for organic, intercropping improves availability of N, and for
conventional, intercropping reduces costs of N. Intercropping was also adopted by PFs for a range of
other motivating factors including weed control and support/scaffolding for a legume crop.

For commercial farmers — at any scale — the main motivation for adopting on-farm innovation is to
improve profits in the present and for the long term. A survey of project PFs supported this notion.
Farmer answers to the “Trial Feedback Questionnaire” indicate that their main objective was to
increase profit through increasing yields and/or decreasing costs. Cost reduction was expected to
occur through fewer N inputs and shortening the supply chain for feed when providing on-farm
production of high protein animal feed. Weed control (specified as pest, disease, weed control) was
the other important issue and was pointed out by farmers in our visits.

The post-trial questionnaires were established to further specify ways to reach the main goals of the
farmer in terms of increasing profits or gains. Depending on the farm type, farmer motivations
included: (a) reduce inputs, mainly N, i.e. reduce production costs; (b) produce good quality feed in
situ for sale, or for their dairy or animal production farm enterprise; (c) weed control (specified as
pest, disease, weed control); (d) increase soil organic matter, reflecting a desired environmental
outcome, such as increasing soil carbon and water holding capacity; and (e) increased knowledge for
future improved management and profit.

A weighted ranking of the motivations (Figure 1) clearly shows that for most farmers, improving the
economic outcomes of farming is the most important motivator.

Using those data and other discussions, the DIVERSify project aims to provide guidance and
information to farmers related to using plant teams in five motivation areas:

Input reduction

Increased production of home-grown proteins
Reducing biodiversity losses

Resilience to climate change

vk wnN e

Rural innovation.

These areas will be revisited in Section 5 of this report.
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Motivation for using PT

4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

Weighted rank

Increase profit Reduce N use Animal feed Reduce pest,
disease, weed
control

Figure 1. A weighed ranking of the responses by participants about their motivations for choosing
and using plant teams (weighted total rank = sum[rank frequency/rank]). Note, however, that these
categories all conflate with increasing profit by reducing costs.

4. Barriers and constraints to using plant teams

DIVERSify project Deliverable 1.1 (Pearce et al. 2018) identified 25 specific barriers to plant team
adoption through project discussions and a series of multi-stakeholder workshops. Further analysis
presented in Deliverable 4.5, Report on perceived or realised practical restrictions imposed by plant
teams (Tippin et al. 2019), revisits the Deliverable 1.1 (Pearce et al. 2018) barriers and includes new
information from barriers identified in other Horizon 2020 projects and from field trials. For the
present report, a new list of barriers was gleaned from the different data collection methods
performed with PFs during and after their trials (Table 1). These, together with barriers identified
previously, are summarised in Figure 2. In this section, we present the barriers and constraints
identified by PFs.

The barriers listed in Table 1 are partly due to the technological and economic lock-ins that many
farmers face today in the environment of mechanised conventional agriculture. The technological
lock-ins are mainly based around the fact that the machineries for planting, fertilisation, harvesting,
threshing etc. are designed for monocultures, which can present a significant hindrance to adoption
of intercropping. Economic lock-ins can be another significant factor where the farmers are assured
a minimum price for their sole crop produce by their buyers, whereas plant team produce does not
have an assured price for the farmer, hindering the confidence of the farmer to adopt plant teams.
Hence, the barriers listed here should be considered within the socio-economic contexts of
economic and technological lock-ins that the farmers face more widely today.
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Table 1. Barriers cited by Participatory Farmers to implementing plant teams.

Category Barriers that farmers faced to adopt intercropping

Agronomic Information: finding optimal sowing density and timing for both crops.
Sowing: machinery to sow mixture of seeds.
Suppression of autumn grass under barley.
Cover crop reduced maize yield.

Intercropping threatens "rotational hygiene" (weed proliferation, pests associated with
certain crops).

Intercropping lowered yield of target crop (pea) but did help provide physical support.
Processing, no huller for micro-scale oats.

Lack of knowledge and data on best varieties, other aspects.

Processing separation of grains: timing is too slow for market.

Separation of grains: machinery.

Need at least 3 years results before uptake.

Economic Sowing: high labour requirement to sow twice.
Limited market for mixed grains as product for sale.
Limited market for legumes.
Cost, generally.

Market: low demand for intercropping or organic. Local cattle production no demand for IP
products.

Market value increases only if seeds can be separated.

Institutional CAP: no premium for intercropping, general.

Social Contractor mismanagement of implementation.

Cultural: minimise risk and apply management they know.
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Figure 2. Four categories of barriers (and, eventually, of solutions), with specific examples found in
this project.

4.1. Institutional

Institutional barriers come in the form of policy and regulations, lack of appropriate knowledge and
technology, educational services, training, and advice.

4.1.1. Policy

Several PFs identified a lack of policy support for using plant teams. Farmers in the interviews
mentioned that there is no premium for products grown in plant teams, nor is there specific policy
support through the Common Agricultural Policy (CAP) for intercropping systems. Because the
current CAP does not consider intercropping, there is confusion about how to apply for support
through this policy. For example, the system is set up for listed single crops in a system. Farmers do
not know what to claim when they have two (or more) crops in one system, or if one of the crops
used in the intercropping system should not be listed.

Some farmers expressed a belief that policy does not recognise the ecosystem services from
agricultural systems, which is one of the key non-consumptive, ‘public good’, and non-monetised
benefits of using plant teams. Ecosystem services remain as externalities, but they should be
receiving policy and market support.
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4.1.2. Advisory services

As Bybee-Finley and Ryan (2018) suggest, “intercropping can be knowledge intensive” and requires
“a greater understanding of ecology and the interconnectedness between crops and their
environment to fully realize the potential benefits” (Section 3). PFs from the UK and Denmark
indicated that a barrier was the lack of knowledge on the optimal plant combinations for a given
objective and field conditions, and on planting details — sowing density, sowing timing, and fertiliser
needs. Furthermore, they reported a lack of relevant information and support from advisors. This is
an institutional problem of limited extension or advisory services available. A related issue is the lack
of independent advice. Too often, farmers report, information is pushed on them by private
companies that are promoting their own products for profit. Finally, at least one farmer indicated
that their farm workers lacked the knowledge and expertise to implement plant teams.

Advisory services are dependent on the availability of information, and the relevance of that
information to specific pedoclimatic, market and policy conditions. Just about all farmers in one way
or another indicated that the lack of precise agronomic information specific to their pedoclimatic
zone or their objectives was a challenge. As mentioned in Deliverable 1.1, the challenge is that “the
unique nature of each farm and system could end up dissuading farmers from trying to use plant
teams.” Access to knowledge and information is an institutional barrier in as much as institutions
support both the generation of knowledge and the dissemination of information.

Older, more conservative and small-scale farmers are more resistant to adopting new practices
related to sustainable land management in general (Mills et al. 2020). One farmer indicated that
they refrain from adopting new crops or management activities until results from three years of
trials were available to minimise risk.

4.2. Agronomic

Since intercropping for grain production is relatively new to many farmers, effort (i.e., thought, time,
money, space) must be put into discovering the best crop combinations and cultivar selection.
Multiple farmers expressed a desire to have better information on which cultivars work well
together and in their pedoclimatic zone. They expressed concern that appropriate cultivars may not
be available for these systems. Variety trials to ascertain performance in low-input and organic
systems are often lacking. Similarly, farmers felt that information on the efficacy of intercropping for
weed control and reduction of pest and disease is lacking, though research suggests that it is
effective for weed control (Corre-Hellou et al. 2011, Verret et al. 2017, Radicetti et al. 2018) and pest
control (see references cited in Bybee-Finley and Ryan 2018, and in Weih et al. 2021)

4.3. Technical

Challenges of separating grains after harvest is high on the list of problems for PFs. The difficulties
with this node in the supply chain relegates much of the intercropped production to animal feed,
effectively cutting off additional optionality for the system. But even there, the proportion of pulse
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to cereal that might be ideal from an agronomic standpoint, for example, might not provide the ideal
nutritional mix for livestock.

Several farmers had this challenge solved mechanically, by adapting their own machinery to the
challenge, or developed alternative routes to market. Other farmers stated their wishes for
commercial solutions.

4.4, Economic

The economic aspects of using plant teams are also little known. It can be difficult to obtain financial
data from farmers in general, either because they do not want to share, or do not keep sufficient
records for the required analyses, or do not feel confident in costing their time. Furthermore,
because some of the trials for this project were adversely affected by the severe weather, few
farmers reported the costs and revenues from the trials. Generally, organic farmers and forage
producers indicate that the inclusion of legumes in the plant team is essential to achieve cost savings
in N inputs on an area basis, as well as weed control.

There are additional costs to using plant teams. The cost of seed increases on a per area basis where
the intercropping is an additive design (>50:50), where there is an additional crop added, or where
the more appropriate variety might be more expensive than the usual cultivar. Farmers also
mentioned the higher cost of labour required for using plant teams related to double sowing, and
time required to adjust sowing and grain sorting machines.

Intercropping did allow farmers to diversify their rotations and income streams. In some cases, they
were growing niche crops (e.g., linseed) that they were able to generate higher returns from than
commodity crops. Intercropping a structural cereal component with a grain legume cash crop by
farmers in the UK did improve the quality of the grain yield (if not the quantity), thus increasing
revenue.

Cost savings can mainly be found in a reduction of N inputs (either chemical or natural fertilisers),
and reduction in weeding or herbicide use.

4.5. Market

Considerable concern was expressed by PFs about the market for crops originating in intercropping
systems. The grain legume markets are equally not well developed across Europe, especially outside
of the southern Mediterranean region. There is little demand for grain blends aside from animal
feed, resulting in the need to separate intercropped grains. One farmer expressed concern about the
low supply volume of harvested product from new crops or crop mixtures, which hinders value chain
development efforts.

A related question raised by interviewed farmers is whether there is enough consumer awareness
and consumer demand to support a market for plant team products.

Accessing markets with the products from the plant team depends on (a) there being a market for
mixed grains, or (b) the cost viability of grain separation. It may also be difficult to control the quality
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of grains produced in intercropping systems, simply due to the introduction of increased interaction
effects in a more diverse cropping system, and production may not meet the standards set by
supermarkets. Overcoming this quality barrier is related to consumer awareness and consciousness,
as reported in Deliverable 1.1: “Frequently, farmer stakeholders felt that consumers wanted
environmental responsibility while still demanding flawless produce, as encouraged by the
supermarkets” (Pearce et al. 2018).

4.6. Adaptation to climate change

Research does show that the use of intercropping can help mitigate climate change impacts on the
farm and help farmers adapt to the climate change impacts (Beillouin et al. 2020).

The extreme weather (drought) in several experimental years of the project, i.e., one in the northern
regions and the other in the southern ones, took a toll on the plant team trials. The poor
performance of those trials could erode confidence in using plant teams. On the other hand, the
poor performance in the very bad year(s) also provides information for what not to do next time. In
the interview, we asked about whether using plant teams might be beneficial in general in the face
of climate change. The answers were as variable as there are climatic zones, but the general feeling
among farmers was that weather variability is part of the business, and they shall continue to adapt
as best they can. Several farmers said they cannot comment on the relevance of intercropping to
dealing with the impacts of climate change given the short time frame of evidence generated by
using plant teams.

Farmers using intercropping as forage had the following to say to the question, ‘Does using plant
teams provide any advantage in the face of climate change?’

e Yes, using plant teams improves the quality of forage, and there are varieties [to use] that
are more resilient with climate variability.

e Yes, there is no bad year because plant teams produce good forage.

e Yes, plant teams are viable in various markets, so depending on the year [and the production
outcome], | can sell [either] grain or fodder.

Farmers producing food had mixed answers, according to their locale or the plant team employed:

e No, in a drought, one crop outcompetes the other, in the end reducing the yield by a high
percentage.

e No, drought can damage the crops, and we need to develop varieties that are more tolerant
to temperature and drought extremes.

e Yes, the plant team produces more stable yields due to the deep roots of at least one of the
crops, which increases the area of exploitation of water and nutrients.

e No, using plant teams is a disadvantage in rainy years, since it requires entering the field
twice to sow the different crops due to lack of adequate machinery for sowing mixtures.

e Not relevant, since climate extremes are less in their maritime region.
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5. Enabling adoption with sustainable solutions

In this section we look at how to mitigate the barriers to plant team adoption. Table 2 links the main
barriers identified by PFs to seven areas for innovation identified by the project team, which are
explored in six subsections below. To ground these recommendations in the needs of farmers, we
return to the five motivations that might draw farmers into using plant teams. Table 3 lists these and
highlights the opportunities they generate, barriers they may face and the general type of solution
that can help.

Table 2. Barriers and enabler recommendations from the DIVERSify project.

Barrier (this report) Enabler

High cost of adoption 1. Incentives/payment schemes, developed in Deliverable 1.6.

(labour, seed, land) and low Policy Guide to plant teams (Minguez et al. 2021).

revenue (no market, low

price)

Lack of access to appropriate | 2. Extension services, information/resources for practitioners

(and independent) and support.

knowledge and information

Lack of evidence of benefits | 3. Participatory research and field demonstrations hosted by

of plant teams farmers.

Lack of information on 4. Increased understanding of traits/mechanisms that deliver

specific plant team for optimal performance in plant teams. Develop a menu of

specific objectives and under plant teams with different seeding and mixing ratios to

specific conditions achieve different objectives e.g., local feed, food products,
separation, and valorisation of each components.

Lack of access to cultivars 5. Breeding for optimal varieties. There is a need to breed

optimized for use in plant varieties suited for plant teams with high trait plasticity to

team, and which are complement and facilitate the resource use efficiency for

optimised for climate enhanced productivity, environmental benefits, and quality

change resilience production.

Difficulty in sowing, 6. Innovations in machinery and technology and knowledge

harvesting, and processing sharing. This is part of the technological lock-ins and there is

plant teams a need for support from policy to overcome this obstacle.

Lack of market for plant 7. Access to processing and novel markets. There is a need to

team products valorise produce from plant teams for different food and
feed products and add value for multiple uses.
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Table 3. Motivations and potential benefits or opportunities of using plant teams (PT), barriers
identified by participating farmers, and solutions required.

Motivation Benefits Barriers identified by participating farmers | Solution
Reduce insecticides
PT can disrupt rotational hygiene.
Reduce fungicides
L. Input Optimizing PT crops, sowing density for
reduction Reduce herbicides primizing ps, sowing Y
weed control. .
Agronomic research
imizing PT . ity f
Reduce synthetic fertilisers Opt|m|2|ng CTOPS, Sowing density for
nutrient use efficiency.
Improved legume Optimizing PT crops, sowing density for
agronomy nutrient use efficiency.
2. Increased

production of
home-grown

Food market opportunities

No market for mixed PT grains.

Technological
innovation

proteins No market for green premium on feed,
Feed market opportunities |optimizing PT crop ratio for yield with|Market, research
required protein yield for feed.
Attracting beneficial insects
3. Reducing . Unless an economic incentive is provided, .
L . Increase crop species and . . . Policy - market for
biodiversity .y . this will be relegated as co-benefit to .
genetic diversity . . - ecosystem services
losses increasing production.
Grassland diversification
Yield stability and bet-
hedging Availability of appropriate cultivars for PT
y .p.p P Agronomic - breeding
4.Resilience | Resilience to that are also resilient.
to climate environmental stress
change - - .
8 . Unless an economic incentive is provided, .
Increase soil carbon . . . Policy - market for
this will be relegated as co-benefit to .
storage . . - ecosystem services
increasing production.
Diversify income streams Market for other products. Market development
. . Lack of services, inadequate training of
Informed advisory services . N .
advisors, commercial biases of advisors.
. Institutional
Peer-to-peer learning and o
5 Rural knowledge exchange Lack of organization. development
innovation

Co-research opportunities

Lack of opportunity or incentive.

Equipment and PAT

Lack of machinery in the marketplace, high
cost of adaptation.

Technological
innovation

Breeding opportunities

Lack of value chain coordination.

Market

and innovation programme under grant agreement No 727284
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It should be noted that no enabling condition can be taken alone, as all are interconnected.
Institutional support to promoting sustainable agriculture, such as using plant teams, can come from
policymakers and regulators, outreach programmes, networking associations, educational centres,
and research entities. Policy can influence markets; innovations and new knowledge can be
generated through research; and outreach programmes, education and networking can influence
farmer knowledge and decisions, and, ultimately, agronomic practices. Generating information and
innovations through research requires public-private collaboration and investment. Sharing the
information with decision makers, including policymakers, farmers, and consumers, requires
educational programming, technical training, and stakeholder networking.

5.1. Policy

Intercropping is a practice with environmental benefits that represents a change in production
systems. Policies can incentivise and support the use of plant teams through subsidies for
intercropping practices and products. Potential mechanisms for this are outlined in Deliverable 1.6,
Policy guide to Plant Teams (Minguez et al. 2021).

Among the targets of the new Common Agricultural Policy (CAP) derived from the Farm to Fork
Strategy, there are three that relate directly to intercropping:

¢ Reduction of fertilisers.
¢ Reduction of pesticides.
¢ Increasing agro-biodiversity, and pollinators in particular.

Farmers that are making a transition to meet the targets established in the Farm to Fork Strategy,
partly through intercropping, by doing their on-farm trials to reach optimum mixtures and
management, and adapting their machinery, will require some financial support. DIVERSify PFs
highlighted this issue, i.e., they need to maintain profits.

However, within the framework of the new CAP, the Member States will be responsible for
channelling financial support through either direct payments in the new conditionality requirements,
which could recognise the role of intercropping in rotational diversification, or else as (a) an eco-
scheme which supports longer term changes in crop management, the need for new or adapted
machinery, income foregone or reduced profits, and/or (b) an agri-environmental measure that
provides compensation for income foregone or smaller profit. Facilitating access to the ‘Farm
Advisory Service’ is also within the ambition of the new CAP that will be implemented from January
2023. Similar approaches are also being followed in non-EU Member States, although specific
mechanisms relating to how the strategic targets will be implemented and monitored remain to be
seen.
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5.2. Agronomic innovation

More public and private research and development in intercropping is needed, and especially on the
plant traits, mechanisms, and agronomic practices (sowing arrangements, sowing densities, input
levels) that deliver optimal performance in plant teams. Together with this, plant breeding is needed
to produce optimal varieties for specific cropping objectives, systems, and pedoclimatic zones.

Research and demonstration that highlight multiple benefits of plant teams is needed, and especially
to hedge against failure in one area. The use of multiple-purpose mixtures can hedge against
unexpected weather. In a drought, for example, water shortage can adversely affect a legume crop
component more than, say, a cereal crop. The harvest can be sold for forage rather than food to
mitigate profit decreases or losses. Using multi-purpose mixtures is a well-established agronomic
practice than can be adopted more widely.

5.3. Technology innovations

One of the main barriers to adoption of plant teams is the lack of equipment suited to sowing,
harvest, and grain processing of mixed crops. Several farmers reported having solved these
mechanical problems, while others felt that appropriate machinery was unavailable in the market or
that adjusting their own machinery was labour intensive. Networking among farmers related to the
adaptation of existing equipment can help, as will commercial innovations. Some call on the private
sector to develop new machinery and to make it available in the market. Within the DIVERSify
project, a Trouble Shooting Matrix of PAT practical solutions has been developed (George et al. 2020,
Deliverable 4.6/D32). Within this report, it is highlighted that a range of solutions to many of the
technological barriers identified throughout the DIVERSify project may already exist without need
for significant investment, through modification of existing options.

5.4. Participatory research

Participatory research can be an important contributor to overcoming barriers for adoption of plant
teams. In participatory research, plant team trials are hosted by the farmers in close collaboration
with the advisory services and researchers, and the joint evaluation of plant teams with farmers
provides a common platform to address the field-level constraints for adoption of plant teams.
Trialling plant teams themselves can help to overcome barriers associated with perceptions, lack of
knowledge, and the tradition of using conventional agriculture practices. Agricultural trial research
has an important role to play in providing validated information on crop varieties, crop mixtures, and
sowing densities and timing, appropriate for local conditions. Participatory research is an effective
way to target research questions to the real conditions of farming.

As a consequence of their participation in the DIVERSify project, on the agronomic side, farmers
indicated that they met their expectations for a decrease in the use of N and the possibility for
better weed control. They also valued the new knowledge acquired in the trials and in visits with
other PFs via the demonstration events within the project. One said it was helpful to have weed
scientists on hand to identify some of their weeds. They appreciated the low-risk opportunity
exploring new forms of crop diversification with no financial outlay of their own. Despite the very
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extreme weather during some of the trial years, PFs do consider intercropping to be an interesting
alternative practice to be included in their rotations and applied in the future, including testing new
mixtures of plant teams.

5.5. Advisory services

Many farmers requested access to objective data, information, and recommendations about the use
of plant teams. The project has also heard the same request directly from agricultural advisors. The
provision of advisory services is dependent on structures for communication and other types of
outreach. They only work if they can reach farmers, or if farmers can reach them. PFs in this project
mentioned that a benefit from their participation was to have direct access to the advisory services
the project provided. They also appreciated the information provided by the researchers, for
example on trial design and data collection, which helped to validate their observations in the field.

On-farm research might be most useful since it is based in real conditions that farmers face.
Research outputs sometimes then need to be translated to be relevant to a wider group of farmers
and for policymakers.

Useful information can come from the empirical experiences of farmers, farm labourers, equipment
developers and suppliers, and it can come from trials run by researchers. Knowledge exchange
among farmers is also critical. This project has motivated some PFs to continue to experiment,
looking for optimum sowing densities, more suitable crop varieties, and different crop combinations.
Some fed back that neighbouring farmers were now interested in trying intercropping. Not all
farmers have the space, time, or financial resources to experiment, and thus rely on advisory
services.

The data and information generated through research and knowledge sharing can be made visible
and available to a broader audience through several channels:

Publications (print, electronic)
Advisory services (in person, remote consultation, workshops)
Demonstration sites (research trials, farmer plots)

P wnNPR

Social media.

Developing long term (i.e., funded) communication channels will address this key barrier to the
adoption of plant teams. Different institutions have a role to play, including research institutions,
government extension services, non-governmental organisations, and private companies.

5.6. Private sector and markets

The market can drive increased interest in the use of plant teams. The market is influenced by
consumer knowledge and preferences, and product availability and price. In as much as the private
sector is a driver of the market, it can play a large role in encouraging the use of plant teams. Seed
companies can support research and development of appropriate cultivars and provide multi-species
mixtures; equipment companies can innovate and make available specialised equipment; and grain
buyers can set purchasing standards. Food businesses have their part to play by providing consumers
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with motivational information on the health, environmental and social justice benefits of products
emerging from the use of plant teams.

6. Conclusions

To some degree, all the barriers indicated by the PFs somehow impact the economic outcomes of
farming, which, for most farmers, is their bottom line. Lack of advice and support from extension
agencies, for example, on selecting the right crop combinations for their pedoclimatic conditions,
can lead to poor system productivity, resulting, of course, in lower financial gain. Lack of policy
clarity or absence of relevant policy can lead to real opportunity costs of employing a plant team. For
example, one farmer reported that employing a cereal-based plant team in a rotational system with
cereals can interrupt the “rotational hygiene” of the system. The cost will be in cleaning up the
subsequent disease, or pest or weed outbreaks.

To be viable, the plant teams or intercropping system must be:

e flexible to interannual variation in weather, prices, markets
e adaptable to changing policy

e productive

e cost-effective

e supported, or at least not restricted, by policy

e market demand competitive — consumer acceptance

o beneficial to society — co-benefits and public goods.

To achieve these conditions, we need investments in experimental trials, on-farm trials, plant
breeding on the agronomic side, technological innovations on farm machinery, market analysis and
value chain development in the private sector, and farmer, advisor, and consumer education and
outreach. Government policies can help, but sustainable solutions are likely to be rooted in the
private sector of agriculture.

References

Banfield-Zanin J.A., Rubiales D., Villegas A., Bickler C., Pearce B., Karley A., George D.R. (2018).
Deliverable 4.3 (D28) — Communication plan for liaising with CPs and PFs. Developed by the EU-
H2020 project DIVERSify (‘Designing innovative plant teams for ecosystem resilience and agricultural
sustainability’), funded by the European Union’s Horizon 2020 Research and Innovation programme
under Grant Agreement Number 727284.

Bedoussag, L., E.-P. Journet, H. Hauggaard-Nielsen, C. Naudin, G. Corre-Hellou, E. S. Jensen, L. Prieur,
and E. Justes. 2015. Ecological principles underlying the increase of productivity achieved by cereal-
grain legume intercrops in organic farming. A review. Agronomy for Sustainable Development
35:911-935.

Page 21
This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 727284




2y
Y
[ 4

DIVERSify: Designing InnoVative plant teams for Ecosystem
DY Resilience and agricultural Sustainability

DIVERS
i

Beillouin, D., B. Schauberger, A. Bastos, P. Ciais, and D. Makowski. 2020. Impact of extreme weather
conditions on European crop production in 2018. Philosophical Transactions of the Royal Society B:
Biological Sciences 375:20190510.

Bybee-Finley, K. A., and M. R. Ryan. 2018. Advancing intercropping research and practices in
industrialized agricultural landscapes. Agriculture (MDPI) 8:10.3390/agriculture8060080

Corre-Hellou, G., A. Dibet, H. Hauggaard-Nielsen, Y. Crozat, M. Gooding, P. Ambus, C. Dahlmann, P.
von Fragstein, A. Pristeri, M. Monti, and E. S. Jensen. 2011. The competitive ability of pea—barley
intercrops against weeds and the interactions with crop productivity and soil N availability. Field
crops research 122:264-272.

George D.R., Manfield, A., Banfield-Zanin J.A. (2020). Deliverable 4.6 (D32) — Report on Trouble
Shooting Matrix of PAT practical solutions. Developed by the EU-H2020 project DIVERSify (‘Designing
innovative plant teams for ecosystem resilience and agricultural sustainability’), funded by the
European Union’s Horizon 2020 Research and Innovation programme under Grant Agreement
Number 727284.

IPBES, editor. 2019. Global Assessment Report on Biodiversity and Ecosystem Services of the
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. S. Diaz, J. Settele,
E. S. Brondizio E.S., H. T. Ngo, M. Gueze, J. Agard, A. Arneth, P. Balvanera, K. A. Brauman, S. H. M.
Butchart, K. M. A. Chan, L. A. Garibaldi, K. Ichii, J. Liu, S. M. Subramanian, G. F. Midgley, P.
Miloslavich, Z. Molnar, D. Obura, A. Pfaff, S. Polasky, A. Purvis, J. Razzaque, B. Reyers, R. Roy
Chowdhury, Y. J. Shin, I. J. Visseren-Hamakers, K. J. Willis, and C. N. Zayas (eds.). IPBES secretariat,
Bonn, Germany.

Jensen, E., L. Bedoussac, G. Carlsson, E.-P. Journet, E. Justes, and H. Hauggaard-Nielsen. 2015.
Enhancing yields in organic crop production by eco-functional intensification. Sustainable Agriculture
Research 4:42-50.

Li, C., E. Hoffland, T. W. Kuyper, Y. Yu, C. Zhang, H. Li, F. Zhang, and W. van der Werf. 2020.
Syndromes of production in intercropping impact yield gains. Nature Plants 6:653-660.

Martin-Guay, M.-O., A. Paquette, J. Dupras, and D. Rivest. 2018. The new Green Revolution:
Sustainable intensification of agriculture by intercropping. Science of The Total Environment
615:767-772.

Mills, J., J. Ingram, C. Dibari, P. Merante, Z. Karaczun, A. Molnar, B. Sanchez, A. Iglesias, and B. B.
Ghaley. 2020. Barriers to and opportunities for the uptake of soil carbon management practices in
European sustainable agricultural production. Agroecology and Sustainable Food Systems 44:1185-
1211.

Minguez, M.1., Bardaji, I. Bickler, C., Karley, A.J. 2021. Deliverable 1.6. Policy guide on plant teams for
intercropping. Developed by the EU-H2020 project DIVERSify (‘Designing innovative plant teams for
ecosystem resilience and agricultural sustainability’), funded by the European Union’s Horizon 2020
Research and Innovation programme under Grant Agreement Number 727284.

Page 22
This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 727284




2y
Y
[ 4

DIVERSify: Designing InnoVative plant teams for Ecosystem
DY Resilience and agricultural Sustainability

DIVERS
i

Pearce, B., C. Bickler, A. Midmore, L. Tippin, C. Schob, H. EImquist, D. Rubiales, L. Kizer, S. Tavoletti, P.
Vaz, MC, E. Adam, D. George, J. Banfield-Zanin, Fustec, J, |. Bertelsen, A. Olesen, J. Otieno, L. Sbaihat,
C. Scherber, and A. Barradas. 2018. Deliverable 1.1 (D1). Synthesis report on National stakeholder
meetings. Developed by the EU-H2020 project DIVERSify (‘Designing innovative plant teams for
ecosystem resilience and agricultural sustainability’), funded by the European Union’s Horizon 2020
Research and Innovation programme under Grant Agreement Number 727284.

Radicetti, E., J. P. Baresel, E. J. EI-Haddoury, M. R. Finckh, R. Mancinelli, J. H. Schmidt, I. Thami Alami,
S. M. Udupa, M. G. A. van der Heijden, R. Wittwer, and E. Campiglia. 2018. Wheat performance with
subclover living mulch in different agro-environmental conditions depends on crop management.
European Journal of Agronomy 94:36-45.

Raseduzzaman, M., and E. S. Jensen. 2017. Does intercropping enhance yield stability in arable crop
production? A meta-analysis. European Journal of Agronomy 91:25-33.

Rodriguez, C., G. Carlsson, J.-E. Englund, A. Fl6hr, E. Pelzer, M.-H. Jeuffroy, D. Makowski, and E. S.
Jensen. 2020. Grain legume-cereal intercropping enhances the use of soil-derived and biologically
fixed nitrogen in temperate agroecosystems. A meta-analysis. European Journal of Agronomy
118:126077.

Scherber, C., A. Karley, C. Schéb, A. Schmutz, M. Weih, S. Tavoletti, C. Vaz Patto, D. Rubiales, A. C.
Villegas Fernandez, and L. Kiser. 2020. Deliverable 2.4 (D20) - Key mechanisms promoting
performance of plant teams. Developed by the EU-H2020 project DIVERSify (‘Designing innovative
plant teams for ecosystem resilience and agricultural sustainability’), funded by the European
Union’s Horizon 2020 Research and Innovation programme under Grant Agreement Number
727284,

Tippin, L., J. A. Banfield-Zanin, A. Midmer, B. Pearce, C. Bickler, A. Manfield, and D. R. George. 2019.
Deliverable 4.5 (D31) — Report on practical restrictions imposed by plant teams. Developed by the
EU-H2020 project DIVERSify (‘Designing innovative plant teams for ecosystem resilience and
agricultural sustainability’), funded by the European Union’s Horizon 2020 Research and Innovation
programme under Grant Agreement Number 727284.

Verret, V., A. Gardarin, E. Pelzer, S. Médiene, D. Makowski, and M. Valantin-Morison. 2017. Can
legume companion plants control weeds without decreasing crop yield? A meta-analysis. Field crops
research 204:158-168.

Villegas Fernandez, A. M., D. Rubiales, K. A., C. Mitchell, A. Newton, H. Elmquist, M. Weih, I.
Bertelsen, J. Fog-Petersen, S. Tavoletti, M. C. Vaz Patto, A. Barradas, F. Maalouf, J. A. Banfield-Zanin,
and G. D.R. 2019. Deliverable 4.4 (D29) — Interim report on the applied benefits of plant teams.
Developed by the EU-H2020 project DIVERSify (‘Designing innovative plant teams for ecosystem
resilience and agricultural sustainability’), funded by the European Union’s Horizon 2020 Research
and Innovation programme under Grant Agreement Number 727284.

Page 23
This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 727284




2y
Y
[ 4

DIVERSify: Designing InnoVative plant teams for Ecosystem
DY Resilience and agricultural Sustainability

DIVERS
i

Weih M., Alison J. Karley, A.J., Newton, A.C., Kieer, L.P., Scherber, C., Rubiales, D., Adam, E., Ajal, J.,
Brandmeier, J., Pappagallo, S., Villegas Ferndndez, A., Reckling, M. and Tavoletti, S. (2021, accepted).
Grain yield stability of cereal-legume intercrops is greater than sole crops in more productive
conditions. Agriculture.

World Commission on Environment and Development. 1987. Our Common Future. Oxford University
Press.

Xu, Z., C. Li, C. Zhang, Y. Yu, W. van der Werf, and F. Zhang. 2020. Intercropping maize and soybean
increases efficiency of land and fertilizer nitrogen use: A meta-analysis. Field crops research
246:107661.

Yin, W., Q. Chai, C. Zhao, A. Yu, Z. Fan, F. Hu, H. Fan, Y. Guo, and J. A. Coulter. 2020. Water utilization
in intercropping: A review. Agricultural Water Management 241:106335.

Disclaimer

The information presented here has been thoroughly researched and is believed to be accurate and
correct. However, the authors cannot be held legally responsible for any errors. There are no
warranties, expressed or implied, made with respect to the information provided. The authors will
not be liable for any direct, indirect, special, incidental or consequential damages arising out of the
use or inability to use the content of this publication.

Copyright

© All rights reserved. Reproduction and dissemination of material presented here for research,
educational or other non-commercial purposes are authorised without any prior written permission
from the copyright holders provided the source is fully acknowledged. Reproduction of material for
sale or other commercial purposes is prohibited.

Citation
Please cite this report as follows:

Sears, R.R., Minguez, M.1., Bardaiji, I., Bickler, C., Ghaley, B.B. (2021). Deliverable 1.2 (D2). Report on
socio-economic factors affecting farmer adoption of plant teams. Developed by the EU-H2020
project DIVERSIify (‘Designing innovative plant teams for ecosystem resilience and agricultural
sustainability’), funded by the European Union’s Horizon 2020 Research and Innovation programme
under Grant Agreement Number 727284.

Page 24
This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 727284




0

VD)
2 S L . . . i
o N DIVERSify: Designing InnoVative plant teams for Ecosystem Resilience and agricultural Sustainability
i g
= H
O
Appendices
Summary table of the vignettes on barriers and benefits from participatory farmers.
Region Plant team objectives Benefits Barriers
United Kingdom e improve weed control e | weeds e cost of sowing twice
e | crop loss from lodging e drought resilience e cost of seed
¢ | need forinputs o “Myields e intercropping options very limited in this
e M crop quality e ‘M soil structure environment (is not suitable)
e N fun/experiment e /| pollinator presence e lack of knowledge
¢ hedge bet against bad weather e on-farm protein food production e interferes with rotational hygiene
e produce protein (food and feed) e on-farm high-protein feed e lack of a policy incentive (not subsidy, but
on the farm production real incentive)
e M wheat protein content e lack of equipment for grain separation
e sold surplus production ¢ lack of market for mixed product

e revival of a historic practice

Denmark e produce high protein feed on the e M soil fertility e lack of equipment, cost and labour for double
farm e | soil cover sowing, grain separation
¢ | need for inputs (N) e | water use efficiency e cost of see
e ‘M and stabilize yield e lack of knowledge
¢ J need for inputs (N)
e | weeds
e on-farm production of high protein
feed
Italy, Iberian Peninsula e I forage production e | expense for feed e lack of sowing equipment
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e ‘] increase agro-biodiversity and ¢ high cost of labour for sowing and separating
ecosystem services grains
e less soil compaction e no market for organic feed
e | weeds e no market for mixed grain
e | erosion e reporting to the CAP is unclear

e M soil fertility
e ‘M soil water holding capacity
e | need for inputs
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Vignettes of farmer objectives, barriers and benefits to adopting intercropping, with some
requested support or their own solutions.

Farmer PF1820
Plant team oat + various
Objectives for plant team:

General

e decrease crop loss

e decrease need for inputs

e improve quality of crop

e is more fun to experiment

e serves as a risk management tool (in the event of crop failure)

Specific

e QOat + lentil, employed to prevent lentil lodging to improve grain quality
e Qat +linseed, employed to prevent pest damage to linseed
e Qat + bean, employed in beans to prevent weeds and disease in beans

Barriers:

e Equipment: grain separation challenge

e Market

e Knowledge: lack of practical information

e Policy: lack of incentive (not subsidy, but real incentive)

Benefits:

e Production: increased yields
e Project: research served to validate their observations

Support / Solutions

e Equipment: own machine innovation for separation allows farmer to clean and save own seed
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Farmer PF2007
Plant team oat + pea
Objectives for plant team:

e experiment with a technique of historical importance
e produce protein on the farm
e regenerative agriculture

Barriers:

e Equipment: no machines exist for very small quantity of oat hull separation
e Knowledge: lack of practical information and availability of appropriate cultivars, and this
practice had fallen out of favour decades ago

Benefits:

e  Cultural: reviving an historic practice
e Production: protein yield on farm for vegan lifestyle
e Project: stimulated farmers to continue to experiment with plant teams

Support / Solutions
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Farmer PF1824

Plant team winter beans + spring wheat

Objectives for plant team:
One single objective: Weed control in the bean fields to improve protein production for cattle feed
Barriers:

e Equipment: must bring in equipment to the field twice to sow two crops at different times and
depths

e Equipment: time required to separate grains prevents marketing (must send grains within 3 days
of harvest)

Benefits:

e Production: wheat had higher protein content, and farmer might “throw beans into other crops”
to get the protein boost

e Production: sold surplus wheat, which was of higher quality than average

e Production: reduced weeds in beans

e Environmental: more pollinator insects were observed, attracted to the bean flower

e Agronomic: speculates that presence of wheat in the bean field may improve soil structure

e Project: participating in research provides empirical data to justify our practices economically

e Project: researchers helped with weed identification

Support / Solutions

e Policy: Subsidies for organic agriculture will be necessary if the green premium goes down (if
many farms convert to organic)
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Farmer PF1826

Plant team peas + triticale

Objectives for plant team:

One single objective: reduce lodging in peas to reduce grain loss

Barriers:

e Knowledge: Need more data to optimise plant team sowing proportions and cultivars to
optimise benefit

e Cost of companion plant seed

e General: use of plant teams is exceptionally rare in this region, and the farmer sees no obvious
reason to try something else. The farmer does employ plant teams in forage fields and as cover
crops, but it does not seem beneficial for harvestable crops.

e Production: Introducing a cereal with the pea disrupts the rotational hygiene (no break in cereal)

e Production: main crop (pea) yield is reduced, but increase proportion of usable grains

Benefits:

e  Production: all crops did well despite the drought
e Production: fewer weeds

Support/ Solutions

e Market: would like to see more farmers growing organic peas
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Farmer PF1831/1832

Plant team vetch + oat, pea + wheat
Objectives for plant team: improve forage production
Barriers:

e Equipment: lack of appropriate equipment for sowing
e Policy: unclear how to report plant teams in the CAP

Benefits:

e Production: less input of fertilisers
e Environmental: reduces soil erosion, GHG emissions; improves soil water holding capacity
e Project: project provided finance to try something new

Support / Solutions

e Subsidy: assistance needed to acquire appropriate equipment
e Market: market could open to higher volume of forage crops to be able to commercialize faster
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Farmer PF1838

Plant team tritordeum + lucerne
Objectives for plant team: Not specified
Barriers:

e Labour cost increase

e Market: there is little demand in the market for organic feed

e Market: organic feed has not reached economy of scale to influence the market: there is little
demand for organic feed by meat producers; there is low production of organic feed, so supply is
not large enough to create a market

Benefits:

e Agronomic: improves soil fertility
e Agronomic: improves water use efficiency
e Environmental: improves agro-biodiversity and associated ecosystem services

Support / Solutions

e Policy: rules for organic agriculture could be a little more relaxed or flexible
e Market: develop specific value chain for organic feed
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Farmer PF1811/1901

Plant team wheat + faba bean / wheat + pea
Objectives for plant team: Not specified

Barriers:

e Equipment: lack of specialised sowing equipment for mixed crops
e Labour: more labour is required to sow and to separate grains at harvest
o Market: no market for mixed grains

Benefits:

e Cost: reduced outlay for animal feed

e Soil: less Equipment required for mixed crop, thus less soil compaction

e Market: one company innovated new product using mixed grains for poultry feed

e Production: cereal controls weeds in the mixed crop field

e Environmental: mixed crop is perceived to lower soil erosion

e Agronomy: improved soil fertility (and less need for fertiliser) due to presence of legume

Support / Solutions

e Agronomic: make available cultivars appropriate to our environment
e Financial: payments to incentivise mixed crops
e Equipment: specialised equipment should be available in the market
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Farmer PF1802

Plant team spring barley + pea

Objectives for plant team: reduce N fertiliser needs, produce on-farm feed

Barriers:

e (Costs: labour for sowing is higher, cost of seed of additional crop
e Equipment: need to have the right equipment for simultaneous sowing

Benefits:

e Production: higher yield, more stable yield

e Production: lower weed pressure

e Production: increased soil fertility

e Production: produce high-quality feed for use on farm
e Cost: less need for N fertiliser

Support / Solutions

e Knowledge: need information relevant for the local context
e Market: need to develop local demand for mixed harvest
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Farmer PF1909 [same as PFDK1803]

Plant team faba bean + triticale (PFDK1803)

Objectives for plant team: produce high-protein feed for use on the farm
Barriers:

e Cost: sowing is labour intensive
e Processing: high cost of dry and separation of grains
e Knowledge: not enough evidence available to fully embrace the practice

Benefits:

e Production: increased soil fertility

e  Production: improved soil cover

e Production: improved water use efficiency

e Environment and cost: decrease need for fertiliser and herbicide

Support / Solutions

e Market: contract farming with a fixed price would be helpful
e Equipment: appropriate equipment for sowing
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