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1 Introduction

1.1 Introduction

This report collates the research outputs generated by this process in the ten VALERIE Case
Studies (CS) in six countries (see Table 1.1). The premise of the VALERIE project is that many
research projects in agriculture and forestry provide excellent scientific results but that
outreach and translation of these results into farming and forestry practices is not always
effective. The challenge is therefore seen as boosting innovation by facilitating the uptake of
formal and empirical knowledge, and its integration into field practices. The project aims to
address this by translating research outcomes with a special interest in innovative and
applicable approaches into end-user content and format (for farmers, advisers, supply chain
actors etc.). It does this by extracting and summarising knowledge from national, international
and EU research projects and studies concerning innovations in agriculture and forestry (with a
focus on six selected themes). However, rather than a top down process of translation or
transfer of scientific outputs to practitioners, the project has adopted an interactive co-
innovation approach working with stakeholders in the CSs. Central to this approach is an
iterative methodology in which the project can collect a wide range of innovation issues, learn
how potential users articulate questions for research about these issues, and understand how
they screen, filter and test extracted research outputs. This approach understands that
solutions derived from research need to be utilised and re-built in the field, with the involvement
of relevant actors. This stakeholder-driven process has generated research outputs in different
formats, and from a number of sources throughout the project. These are the subject of this
report.

1.2 Aims

The VALERIE co-innovation process, as detailed in Deliverable 3.341 Co-innovation plans:
report of first round of case study meetings and described below, has resulted in a number of
research outputs in each CS. This report aims to collate research outputs from the co-
innovation process in the CSs and to describe the process by which they were created.

- Valerie



Table 1.1 VALERIE Case Studies

Nameof CS S e Topic Stakeholders
country
Sustainable forest |TAPIO Sustainable forestry Researcherdprest ownersforestry

biomass Finland management and smart |organisationswood ash supply chag
use of biomass

Agroecology: CETIOM Sustainable cereal Farmers, technical institutes,

managing plant France cultivation agricultural chambers, machinery

protection companies

Innovative arable |ACTA Reducing hericides use in|Technical institutes, agricultural

cropping France arable crops chambers, farmers, research

institutes, storage agencies
Sustainable forest |USSE Improving the economic |Forest owners, municipalities, fore
management and |Spain and environmental authority and extension service,

ecosystem services

performance of forestry in
Navara

value chain organisations

Improving milling  |Cadir Lab |Fertilisation, IPM and fungFarmers, wheastocking
wheat quality Italy control in sustainable cooperatives, seed companies,
milling wheat supply chainpesticide companies, whedituying
companies
Drip irrigation Cadir Lab |Sustainable water and  |Farmers, cooperative for tomato
management in Italy nutrient management transformation, public experimenta

tomatoes and maize

station

Sustainable onion
supply chains

DLV
Netherlands

Improvement in onion
guantity and quality

Farmers, seed companies, packer
exporters, suppliers of fertilizers ar
pesticides

Sustainable potato |DLV Sustainable potato Farmers, processing and exporting
supply chains Poland production for the French |industry, suppliers of fertilizers and
fry industry pesticides, exprimental station and
research
Catchment scale GWCT Sustainable farming at  |Environment agency, NFU, R,
resource use UK landscape scale professional nutrient management

efficiency

group, agric. levy boards

Soil management in
livestock supply
chains

GWCT
UK

Sustainable soil
management in livestock

production

Farmers, advisers, supply chain

1.3 Context and background to the tests in the case studies

This Deliverable concludes the Work Package 3 (WP3) activities in that it brings together all
the CS research outputs generated in the project. These outputs represent innovation solutions
provided by research (extracted by WP2) and translated into field practices through
stakeholder testing and screening. The documented results are codified in trial leaflets which
are annotated and added to the ask-Valerie.eu document base, thus competing the VALERIE
cycle shown in Figure 1.1. The project relies on a basic structure that links three work
packages in an iterative cycle, driven by stakeholders (see Figure 1.1). We shall refer to the

t hree work OExtract

60nt ol ogy6é6

packages
(WP4) .

as: knowl edged6 (WP2
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Figure 1.1 Schematic presentation of iterative, stakeholder-driven process of identifying
innovation needs and tailoring the retrieval and translation of matching information

WP2

Test innovative < Compile &Translate
solutions knowledge

Find & annotate

Refine innovatjon relevant knowledge

needs
START
* Identify relevant Create &
domain knowledge refine ontologies
WP3 WP4

2 Co-innovation methodology

Case studies and their stakeholder communities are at the core of the co-innovation process
as described in Deliverable 3.341. Ten CSs were selected to represent different regions and
production systems across the themes, and are organised around a particular supply chain,
sector, or landscape, and so cover different scales and dimensions and incorporate different
stakeholder communities.

The methodology is underpinned by an iterative or cyclical process based on regular
participatory meetings with stakeholders in the CS (see Figure 2.1). The cycle starts with
stakeholders in each CS identifying innovation issues and articulating these as issues,
research needs or questions in participatory meetings. These meetings are facilitated by Case
Study Partners (CSPs), project partners who are extension specialists connected to the CS.
Thematic Experts, who are project scientists (who also attend the meetings) then search
existing scientific literature for innovation solutions to address these issues, and extract,
synthesise or summarise the relevant solution-oriented research findings (factsheets).
Stakeholders screen, evaluate and refine these solutions for their innovation potential and
feedback to the project Thematic Experts, thus completing one cycle. The cycle is repeated
and, at each iteration, innovation issues and solutions are reviewed, re-articulated and refined,
further information or clarification (by stakeholders and Thematic Experts) is sought and new or
modified innovation issues and solutions are generated.

A key tool in the process is the Dynamic Research Agenda (DRA) which CSPs use together
with stakeholders to monitor, review, revisit and refine the innovation issues and solutions at
each meeting. A minimum of five stakeholder meetings are held in each CS over the project
period, however, stakeholder and CSP interactions take place throughout. As the cycles
progress the stakeholders identify trials to apply and test the potential of selected innovation
solutions in the local context (trial plans and reports). The research team has been working
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together with the stakeholders to apply, test and refine screened research outputs in CS,
evaluating their innovation potential in the local context, assessing the viability of solutions.
These trial results feedback into the iterative process and provide co-created empirical
knowledge (trial leaflets) to be integrated into ask-Valerie.eu. The trials are particularly
important for the stakeholders as it provides a concrete output of their involvement in the
project. This tangible output was considered an important element of the project and of the co-
innovation process overall. Selecting and operationalizing the trials themselves ensures that
they address issues of significance and relevance to stakeholders.

Figure 2.1 Stakeholder interactive methodology

| Dynamic Research Agenda

ask-valerie.eu : : U

Stakeholders LAV G 9 L
identify and
Outputs: Trial review
reports, leaflets, '“?S"S‘La:;m
videos etc %
Thematic
Outputs: | Select, testand Expzr:;:;arch, a Outputs:
Trial plans tf'a;;:;;v::'m L Factsheets
research for
Stakeholder soiifions
: Stakeholders Stakeholders
feed back to review and
Thematic evaluate
Experts solutions

u

Outputs: Revised
or new Fact sheets
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3 Research outputs

3.1 Introduction

As such research outputs are created as tangible outputs at different stages of the process
(see Table 3.1):

1 Identifying innovation issues. Monitoring the process, feedback, adaptation with the
Dynamic Research Agenda.

i Translating research outcomes with innovation potential into formats for use by end-
users (farmers, advisers, and enterprises in the supply chain) creates factsheets.

1 Testing and refining research outputs in CS settings creates trial plans, reports and
leaflets.

Table 3.1 Research outputs produced in each stage of iteration

Stage of iteration Research outputs

Identifyinginnovation issues. Monitoring the
process; prioritization, feedback, adaptation
etc.

1 Dynamic Research AgendaR/®) diagram

Translating research outcomes with innovation
potential into formats for use by endsers

(farmers, advisers, and enterprises in the supp 1 Mini factsheets on innovation
chain)

Factsheets on innovation

Trial/demonstration plans and reports

Testing and refining researdutputsin CS 1 Stakeholder trial/ demonstration leaflet
settings
CSP produced outputs (leaflets, articles,

farm walks/open days, videos etc.)

3.2 Dynamic Research Agenda

The DRA were used as a tool in each CS to identify the innovation issues and then monitor,
review, revisit and refine with stakeholders the innovation issues and solutions at each meeting
and document the co-innovation process. The DRA is modified from the Dynamic Agenda, a
reflexive learning-oriented monitoring process (Van Mierlo et al., 2010). DRAs were created in
each CS by the CSP following training and guidelines provided and with WP3 input. They
document a process of moving from an unstructured, generic problem to a series of specific
issues that contribute to a problem. From this series of specific issues, the CSP and the
stakeholders are trying to focus down and identify the subject of a trial. The DRA also provides
a means of understanding the iteration, dialogue and adaptation following the Thematic
Expertsdéd inputs and the stakehol dersd feedback.
understand user requirements (and contexts), interpret research outputs and factsheet design
and how stakeholders evaluate, utilise and adapt research. The DRA illustrate how the process
is not always linear or straightforward with stakeholders sometimes lacking consensus on the
topic or the CSP steering the selection to ensure that the trial is within the scope and timeframe
of the project. As such the DRA reveal and document the complex and flexible process of co-
innovation.

3.3 Factsheets on innovation

In the preliminary meeting stakeholders identified innovation issues and research needs. In
response the project Thematic Experts created bespoke factsheets summarising and
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synthesising the relevant research to provide an innovation solution. In extracting research,
Thematic Experts apply a systemic and organised search for published scientific knowledge
using conventional search engines. They also search national repositories and databases,
EU sources (CORDIS, EIP) and international projects. Reports, scientific publications, grey
literature, technical notes relevant to the CS issues are retrieved and provided to stakeholders.
The most relevant are used to prepare factsheets of specific innovation solutions for the
stakeholders, typically a two page synthesis with a common template (innovation issues,
innovation challenges, innovation solution, evidence of benefits, and drawbacks). A list of the
factsheets prepared for the CSs is presented in Annex 1.

Stakeholders evaluated these following a structured process common to all CS and fed back
on both the content and the format, asking for more details, clarification or a different focus, as
described in Deliverable 3.341. These factsheets provided the basis for the dialogue that
continued in the subsequent meetings. Whilst some were unused, others stimulated further
more focused interest in a topic and led to the selection of trials to test out the research. These
factsheets also provide useful synthesises of research which have been added to ask-
Valerie.eu.

In addition to these bespoke CS factsheets, a number of mini-factsheets were also created by

project Thematic Experts identifying innovations related to the 6 project themes, as described

in Deliverable 2.261 Mid-term version catalog potential innovations for the methodology. A

mini-factsheet is a short document containing an overview of the innovation, links to practical

and scientific documents describing the innovation, links to projects where the innovation was

studied or developed, the issues that the innovation wants to address, and the related

concepts (terms taken from VALERI EYaerieem.tMni ogy t o
factsheets include both scientific papers and practically-oriented documents (e.g. factsheets,

guidelines). A list of the mini-factsheets prepared for the CSs is presented in Annex 2.

3.4 Stakeholder trial/demonstration leaflets

Each CS, after 2-3 stakeholder meetings, identified a topic for a trial based on evidence
provided by factsheets and internal negotiation. The aim of the trials was to test and screen
research outputs in the local context and at farm level. In most cases the trials were conducted
on stakehol der s gedih scepk, dosmat aridhengsh dronrfamal scientific trials to
less formal demonstration plots and one-off field trips. Some developed existing research ideas
while others pioneered new research. For many the innovation was as much about the overall
approach of involving stakeholders as it was about in producing rigorous scientific outputs. The
trial plans were provided by CSPs for each CS followed guidelines provided by the WP3 team
and according to allocated budgets. Subsequent report sheet protocols were completed by
CSPs when the trial results were available.

Based on the trial sheet reports each CSP compiled a trial/demonstration leaflet. These are 2-4
page illustrated leaflets in pdf format which will be used to disseminate main trial findings. They
follow the same template and intend to describe the stakeholder involvement in the trial
process as well as the main research findings. Where appropriate they are accompanied by
annexes containing more detailed results. Stakeholders were keen to share their findings with
others working on similar issues. They also favour short precise factsheet or technical note
format. Their preferences helped to steer the design of the leaflets.

3.5 Case Study Partner produced outputs

In a number of the CSs additional material about the trials and CS activities in general were
prepared such as leaflets created by stakeholders, articles, and videos. Activities including
farm walks, open days and technical expert presentations were also part of the CS portfolio of
research outputs.
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4 Sustainable forest biomass, Finland

4.1 Context

Wood ash is a waste product from biomass power stations. There is a need to understand the
potential value of wood ash as a forest fertilizer, and so contribute to the circular economy in
Finland. Wood ash fertilizer is already used effectively on peat forest soils in Finland but little is
known about the impacts of using it on mineral forest soils. The possibility of using wood ash
for road construction is also of interest to the stakeholders.

TAPIO working with the VALERIE project has brought together forest owners and managers,
ash producers, ash operators, researchers, developers, and policy-makers to identify
innovations in forestry practice in Finland. It was particularly important to get the decision
makers to understand the value of wood ash.

4.2 Dynamic Research Agenda

The first meeting included a wide range of stakeholders with an interest in the use of forest
biomass for energy production and wood ash recycling. In the participatory workshop during
the drafting of the DRA a range of issues were identified relating to regulations for ash
recycling, heavy metal concentration in ash, low profitability of ash recycling and small size of
the forest plots. After the initial discussion 4 main innovation issues were identified for further
consideration:

1. Use of wood ash in construction.
2. Use of wood ash as a fertilizer.
3. New products from wood ashes.

4. Energy production.

As the DRA in Figure 4.1 shows the stakeholders then identified 10 priority issues. In the
second meeting the priority issues were revisited and stakeholders identified additional
research questions. Stakeholders also reported that a major issue preventing the recycling of
wood ash is the lack of information about the positive impact of wood ash among key decision
makers (e.g. cities, municipalities and regional organisations). The stakeholders and CSP
decided that the trial could be used to help address this. The main area of interest is the use of
wood ash as a fertilizer for forest mineral soils, wood ash is already used for forest peat soils.
As forestry trials take a long time to establish and provide results, the trial took the form of a
demonstration field trip showing stakeholders existing research plots where wood ash is
already being applied. This provides an opportunity to demonstrate existing trials and to collect
information about the benefits, the barriers and the feasibility of using wood ash as a fertilizer.
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Figure 4.1 Sustainable Forest Biomass Case Study Dynamic Research Agenda

1

¥

Innovation issues

Use of wood ash in
construction

Use of wood ash as a
fertilizer

New products from
wood ashes

Energy production

2

3

Priority issues

Use of wood ash in construction
Road construction

Construction of buildings

Use of wood ash as a fertilizer
Logistics

Fertilizing forests

Heavy metal concentration

Ash for fertilizing farmland
Phosphor

New products from wood ashes
Useful component of wood ash
New materials

Energy production
More efficient ways of producing

Refined issues

Added to the priority
issues:

New wood ash
spreading systems

What is known about
the environmental
impacts of aluminium in
wood ash?

Information on wood
ash recycling, and
related regulations and
practices from other

Trial topics

To demonstrate wood ash
fertilization in forests on
nutrient-poor mineral soil.

There is a lack of
information for decision-
makers concerning the
benefits of ash recycling. It
was decided to show
stakeholders existing
research plots where
wood ash is already being
applied.

European
energy
4 < Factsheets S 3
,’ « Application of wood ash fertilizer for
1 enhanced forest growth 1

\

I
N = Recycling of wood ash as fertilizer ’
7

- —_———

Two factsheets were produced after the first meeting by the Thematic Experts:

1 Application of wood ash fertilizer for enhanced forest growth.

1 Recycling of wood ash as fertilizer.

In the second meeting the stakeholders reported that they were mainly satisfied with the
subject matter of the factsheets but they should be translated from English to have a greater
impact across the target audience, many of whom did not speak English. The review of the
DRA identified two additional topics which the stakeholders thought would benefit from
factsheets.

Valerie



4.3

Factsheets on innovation

Valerie

Application of wood ash fertilizer
for enhanced forest growth

W R - & -

Pucture source: bmp . eoergaaklan workpresacom 20120424 og the-15-1 2. may-an-ash-secychag- benchmadang-was-held o vaxo.

What is it?

Approximately 600.000 tonnes of wood and peat ash is generated in Finland annually as
by-product of energy production. Of this, wood ash represents about 150 000 tonnes per year
(25 %5). In Sweden, 800 000 tonnes of ash are produced anuually, Of this, 300 000 tonnes
consist of pure wood ash that is capable of being recycled’, Ash effectively reduces soil
acidity and pure wood ash contains all the nutrients that trees need for their growth. except
nitrogen (N)'. Ash fertilization can be used 1o restore the nutrient imbalance in intensively
managed forest and increase forest production.

9 Valerie




Problem to be solved

Less than half of the toral amonnt of pure wood ash produced in Sweden and Finland is
currently re-used as fertilizer' and large amounts of wood ash are still disposed of in landfills.
There are opportunities to reduce the amount of wood ash disposed in landfills and re-use thus
useful material ro a greater extent, for mstance as a forest fertilizer.

How does it work

Before application, the wood ash has to be stabilised to avoid problems with dust, and to
avoid direct damage to soil or vegetation. Therefore, only granulated or self-hardened ash is
permitted for use as forest fertilizer. Granulation is the most effective ash stabilisation method
currently in use. The fertilizer product can be enhanced during the granulation process by
mixing together different types of ash or by adding nutnients. Boron, and occasionally
phosphorus or potassium, are added into ash products that are intended for forest
fertilization’. After granulation the ash is spread to the forest by tractor or helicopter.

Woed ask ferulizes by Ecolas

Advantages and disadvantages of the practice

+ Positive lmpact on tree growth, especially on draloed peatland forests

Ash fertilization causes long-lasting improvements in a stand’s nutrient condition. These
effects last at least 30 years® and sometimes up 1o 50 years, which is considerably longer
compared to chemical fertilizers’. Most likely this long lasting effect can be attributed to an
optimized pH of the soil which stimulates microbial activity (including nitrifying bacterin)®,
Ash has good fertilization effects on nitrogen-rich drained peatlands, where tree growth is
limited by poor availability of potassium and phosphorus. These sites are typically Vaccinium
vitis-idaea and Vaccinium myrtillus type forests with a thick layver of relatively decomposed
peat™”. Ash fertilization increases tree growth depending on the amounr of nitrogen in peat’.
On nitrogen-rich sites the increase in tree growth is approximately 2-6 m*/hay and on
nitrogen-poor sites 1-3 m’/ha'y during one rotation. In Finland, depending on the nutrient
contents, approximately 3-5 tonnes’ha of ash needs to be spread in peatland forests in order to
meet the recommended nutrient quantities for fertilization (P 40-50 kg/ha and K 80-100
kg/ha)®. Due to the fast dissolution of potassium and possible leaching, some sites may need

-
-

e,
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two rounds of fertilization per rotation'”. In Sweden, the maximum amount allowed is 3
tommes/ha per 10 vear period, or 6 t'ha during the whole rotation period,

+ Speed up re-vegetation in cut-away peatiands

Ash fertilization is suitable for cut away peatlands that will be afforested for energy wood
production or re-vegetated for environmental reasons. Tree growth on cut-away peatlands is
mostly lunited by a lack of phosphorus and potassium aud occasionally also by lack of boron.
Ash fertilization is a good alternative for commercial P-K fertilizers. The reconunended
dosage is: P 50 kg/ha, K 80-150 kg/ha and B 1.5 kg/ha'. This equals to about 3-5 tonnes
ash/ha’.

+ Possibilities to enhance tree growth on poor mineral soils

On mineral soils, tree growth is lumited by a lack of nitrogen, and therefore ash
fertilization nusually does not increase tree growth. However, i mineral soils ash fertilization
can be used to prevent growth disorders caused e.g. by nutrient imbalances or lack of boron®.
In addition, ash fertiizers can be supplemented with nitrogen. Experiments have
demonstrated increased tree growth on poor mineral soils after applying ash fertilizer with
added nitrogen®**’, Nitrogen fertilization gave a positive effect on tree growth which lasted
for about 5-7 years. When nitrogen fertilization was applied in combination with wood ash,
this positive effect on tree growth lasted for longer periods, in some cases up to 30 vears’™”,

+ hmpact on soil

Ash fertilization reduces soil acidity and causes a long-lasting increase in the total mutrient
stores of the surface soil®. Ash can be used to replace nntrient losses caused by wood biomass
harvesting and to prevent soil acidification. Ash fertilising can be supplemented with added
calcium or lime’. In Sweden, ash fertilization has been applied mainly as a measure to
counteract acidification®. Moreover, ash fertilization increases soil microbial activity which in
turn speeds up the decomposition of organic matter and the release of nitrogen to plants which
is beneficial for plant growth™®.

- Heavy metal concentrations

Some power plants and some areas m Finland generate wood ash that exceeds the
maximum concenirations allowed for heavy metals. For example. the cadmimm concentration
of ash may not exceed 25 mg/kg and the arsenic concentration cannot exceed 40 mg/kg'’.
Small amounts of contaminated fuel fractions can already cause high concentrations of heavy
metals in the ash. Therefore, it is recommendable that power plants ensure that wood and peat
fuels do not use any polluted fuels sources such as lead-contaminated demolition wood".

Costs
Ground spreading by tractor is more common and more cost-efficient compared to aenial
spreading by helicopter (see also factsheet “Recycling of wood ash as fertilizer'). In Finnish
conditions, the costs for aerial spreading were about 241 €/ha and for ground spreading about
167 €/ha'’.
3

e,
11 Valerie




Other resources required

In Finland, recomumendations for ash recycling are provided by Forestry Development
Centre TAPIO*. The wtilisation of ash as fertilizer is regulated by the Fertilizer Product Act
(539/2006) and related decrees (Ministry of Agriculire and Forestry Decree 24/11)". The
Finnish Food Safety Authonty Evira is in charge of the supervision of fertilizer products. Ash
samples need to be analysed by a qualified laboratory before the ash cau be used as a forest
fertilizer. In general, samples should be taken from lots of 250 - 500 tonnes of ash, or at least
once per firing season’. For Sweden. recommendations for ash recycling are given by the
Swedish Forest Agency”.

Contacts (manufacturer, service provider, developer)

FA Forest Oy, PO Box 2000, 70601 Kuopio, visiting address: Viestikan 3, 70600 Kuopio,
www.ecolan.fi

Forestry Development Centre Tapio, Pohjoinen Rautatiekatn 21 B, FI-00100 Helsinki,
Finland, www.tapio.fi

Swedish Forest Agency, Head office: Vallgatan 8, Jénkdping, Postal address: S-551 83
Jonkoping, Sweden, www.skogsstyrelsen se

Source of the research

The Gramulation of Ash in North Ostrobothnia project [In Finnish: Tubkan rakeistus
Pohjois-Pohjanmaalla] Europesu Regional Development Fund (ERDFN2007-2013) of the
European Union

hU foe project ReCash [Regulm‘ Recychng of Wood Aah 10 Pm'eul Wasle Producuou]

mjektfkecAsl»
National research, eg. by the Fmmsh Forest Research Institute (METLA)
httpy/www.metla.fi/
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11 pp. The Finnish Forest Institute, Muhos. PDF  version (in Finnish) Available online:
http:! ‘www.metla.fi julkaisut muut’ suopohjien- metsittaminen ' suopolyien_metsittaminen, pdf

! Saarsalmi, A.. Kukkola, M., Moilanen, M. and Arola. M. 2006. Long-teem effects of ash and N fent{lization
on stand growth, tree nutrient status and soil chemistry in a Scots pine stand. Forest Ecology and Management
235: 116-128,

¥ Saarsalmi, A., Smolander, A, Kukkola, M., Moilanen, M. and Saramilki, J. 2012. 30-Year effects of wood
ash and nitrogen fertilization on soil chemical properties, soil microbial processes and stand growth in & Scots
pmeaxand Forest Ecology and Management 278: 63-70.

* Viithinen, K., Siipimnta, E., Riiisiinen, M. And Tahvanainen, T, 201 1. The costs and profitability of using
granulated wood ash as a forest fertilizer in drained peatlands. Biomass and Bioenergy 35: 3338-3341.
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= Ministry of Agriculture and Forestry (2011), Ministry of Agricultuze and Forestry Decree on fertiliser
products, Decree 24/11.  Helsinki, 13 September 2011, Available online (in  Finnish):
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Valerie

Recycling of wood ash as fertilizer

PULP MILL
—

ROUNDWOOQD

WOODWASTE

NUTRIENT CYCLE

BURNING

v
GRANULATING WOODASH
Picture source: www promobio.en

What is it?

Ash from energy wood can be pelletized and returned to the forest to maintain the nutrient
balance and reduce acidity of forest soils.

Ash contains all the nutrients that trees need for their growth, except nitrogen, and
returning these helps to maintain or increase forest production. Ash also contains heavy
metals and is classified as waste. In Sweden and Finland there is wide experience with
legislative and techmical aspects of recycling of wood ash as fertilizer. Tlus knowledge 1s
transferable 1o other contexts.

Problem to be solved

Energy production from forest biomass generates large volumes of ash that may end np in
landfill. Recycling of the ash reduces landfilling. and 18 required to mamntain fernlity and
reduce acidification of forest soils. For energy production, annually about 300 000 tons of
pure wood ash is produced in Sweden and 150 000 tons i Finland. In addition. power and
heating plants produce peat ash in larger volumes, and it is sometimes mixed with wood ash.
The pulp and paper industry also produce substautial amounts of ash. Pure wood ash has most
oppormunities for recycling because of a more suitable nutrient ratio compared to peat ash.

1
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How does it work

Ash is granulated or pelletized and remmed to forest area. The granulated ash can be
spread through ground application or by helicopter, and if needed combined with lime and/or
nitrogen fertilizer. Dosage depends on soil fertility and in Sweden maximum values are given
for forest fertilization to prevent negative impacts: 3 Uha of ash dry martter per 10 year period,
or 6 tha during the total rotation period. The fertilizer effect lasts for decades as the ash
gramules slowly dissolve,

Advantages and disadvantages of the innovation

Ash recycling maintains the nutnent balance of forest soils and reduces soil acidification,
thereby maintaining forest productiviry on the long term. Heavy metal concentrations m ash
can exceed the maximum allowable limits, depending on the concentration in the harvested
biomass. Use of waste wood or mixing ash from fossil fuel may also mcrease heavy metal
content. In addition. mixing with peat ash may lower the nutrient concentration (Ca, P and K),
making the ash less suitable as fertilizer.

Costs

Ground-based spreading is cheaper than spreading by helicopter (Table). A study in
Finland on fertilization of peat-land forest with wood ash showed a positive mtemal rate of
remirn of investment of 3-12 percent.

Table. Comparison of costs (€ha) of forest fertilizarion with gramwated wood ash and chemical
Sfevtilizer in Finnish conditions (dara from 2006; sonrce: Vaatainen et al,, 2011).

Gramdated ash Chemical fertilizer
Helicoprer Forwarder Helicoprer
Price of fertilizer sa 80 156
Transportation costs 28 28 9
Spreading costs 118 44 23
Supervision costs 15 15 15
Total costs 244 167 203

Large ground spreaders can drive on skid roads while smaller tractors. usually farm
tractors of various types, can be driven info the stand withont using skid roads. If ash is
applied to wet ground, in association with precipitation or at the wrong tune of year, the
spreading vehicle may cause machine tracks and root damage. On peat soils it is
reconunended to carry out ash spreading in winter when the ground is frozen and protected by
a thick snow cover.

Helicopter spreading is more flexible than ground spreading as it avoids problems
concerning the bearmg capacity of the soil, Spreading by helicopter can also be a viable
option in dense stands where there are no roads, on steep slopes or in other inaccessible
terrain where ground spreading s difficult, However, the cost of helicopter spreading is
lhigher compared to ground spreading.

(=]
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Legal aspects and guidelines

Policy. legislation, certification, and recommendations and guidelines differ between
European countries, and an overview is given by Stupak et al. (2007). Utilisation of wood for
energy is often not encouraged in forest legislation. and somenmes even restricted for
environmental reasons. For Sweden, updated recommendations for ash recycling are given by
the Swedish Forest Agency (2008), referring 1o Swedish legal regulations. For Finland.
recomunendations for ash recycling are provided by the Forestry Development Centre TAPIO
(2014) and is regulated by the Fertiliser Product Act (539/2006) and related decrees (Ministry
of Agriculmure and Forestry Decree 24/11).

Contacts (manufacturer, service provider, developer)

FA Forest Lid, P.OBox 2000, 70601 Knopio. visiting address: Viestikam 3, 70600
Kuopio, Finland (www.ecolan.fi/)

Swedish Forest Agency, Skogsstyrelsen, SE- 551 83 Jankdéping, Sweden, =46 36 35 93 00
www.skogssiyrelsen. se/en/

Source of the research
Projecis: RecAsh, PromoBio (EU but not FP5-7) and Wood-en-man
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4.4 Stakeholder trial/demonstration leaflets

Valerie

This projoct s nded as o collaborative progect undar
the 7in Europesn Framework Programme, Geant
Agreement No.- FPT-KEBBE-2013.7-613825-VALERIE

Duration: January 2014 <« Decamdar 2017

Valorising European Research for Innovation in Agriculture and Forestry

VALERIE Stakeholder Trials:

Demonstrating the use of wood ash as a forest fertilizer on
mineral forest soils in the Joensuu area, Finland

The problem

Wood ash is a waste product from biomass power
stations in Finland. There is a need to understand the
potential value of wood ash as a forest fertilizer, and so
contnbute to the goals of a circular economy in Finland
The volume of ash is increasing all the time and recycling
it Is expensive. There 15 a lack of information about wood
ash use for the growing number of people involved in
small energy and heat plants, Use of wood ash fertilizer
presenis a potentially econcmically viable solution to
address problems with nutrient poor forest solls and
associated declines in trae growth. Wood ash fertilizer is
already usead effectively on peat forest soils in Finland but
litthe is known about the impacts of using it on mineral
forest solls.

The proposed solution

The target of this ‘rial is to demonstrate wood ash
fertdization in forests on nutnent-poor mineral soil. Under
current forest management, the stands are harvested
by logging and the nuirients are removed from the site.
Using the wood ash offers a chance 1o retum nutrients to
the soil as has already been demonstrated in peat soils
Other recycling options such as road construction were
also discussed and demonstrated but are not reported
here

Stakeholders

making them one of the key stakeholders.

TAPIO working with the Valerie project has brought together forest owners and managers, ash producers (e.g.
community energy cooperatives), ash processors and operators, researchers, developers, energy providers and
policy-makers to identify innovations in forestry practice in Finland. These stakeholders identified the potential for
wood ash to be used as a fertilizer on mineral forest soil. In the Joensuu area the share of bioenergy in energy
production is very high and thete are plenty of organisations who are interestad in wood ash recycling. Ecolan {(an
ash processor) has a long practical experience of wood ash analyses, forest fertilizers and other wood ash products

@Valerie_project

www.valerie.eu

17

Valerie



Valei?e Valorising European Research for Innovation in Agriculture and Forestry

Aims and Method

As forestry trials take a long time to establish and provide results it was decided to show stakeholders
existing research plots where wood ash is already being applied. This provided an opportunity to
demonstrate existing trials and to collect information about the benefits. the barriers and the feasibility of
using wood ash as a fertilizer.

Demonstration field trips were held with TAPIO organisers and some 20 stakeholders from a range of
organisations in the Joensuu area to lock at:

«  Demonstration of the use of wood ash plus nitrogen fertilization on mineral soil at a pilot study site run
by Ecolan

* A40 year old wood ash fertilized peatland forest and a control stand without wood ash

During the field trip, stakeholders were also asked to complete a questionnaire about the barriers to wood
ash use. In addition to the site visits there were expert presentations about the chemistry of wood ash
and its effect on mineral soils, the influence of the wood ash on forest berries and mushrooms and forest
biodiversity

Demonstration of wood ash fertilization with nitrogen
on the mineral soil.

Ecolan presented 8 new fertilizer where wood ash has
been combined with nitrogen (urea from Yara) and
granulated to make its spreading easier. In this established
demonstration (with different treatments of wood ash),
wood ash wath nitrogen was used fo fertilize the mineral soil
forest. In totai the fertilizer treatment consisted of 2700kg/
ha wood ash with 300kg/ha nitrogen, Newly developed
machinery was demonstrated for wood ash spreading in
the mineral soil forest. Results from this formal tral were
not ye! available. The stakeholders were enthusiastic
about the new product and saw the machinery, which was
. - new to them, spread the ash easily. They also leamed
Granuiated wood ash fertilization samples that the rainfall dissolved the wood ash quickly making it
with and without nitrogen available for uptake by trees

/ ‘i'

Demonstration of a 40 year old wood ash fertilized
peatland forest

The stakeholders visited an old wood ash ferilizer
experiment on a drained peatiand where they obsarved
the positive influence of wood ash on peatland forest. The
fertilization, which took place 40 years ago, increased
growth of Scots pine trees and the financial performance of
forest management has increased significantly compared
o a control plot. The stakeholders were particularly
interested in the obvious differance between fertilized and
unfertilized stands and this stimulated discussion about
the importance of old expenmental stands

Wood ash spreading equipment mounted
on a forwarder

alene.eu @Valene_project
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The development of annual volume growth of
Scots pine 1985-2010.

PK = PK for peatlands 600kg ha"',

Apa =Apatite 385kg ha”;

Bio = Biotite 1700kg ha'";

Ash = Wood ash 4500kg ha ", dust-like woaod ash from
a heating plant in Oulu city

(Moilanen et al., 2015)
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The area fertiized by ash The control area
The ash fertilization has compensated for the lack of phosphorus and potassium and increased the volume
growth six times compared to the control Photos: Jorma lssakainen

Overall stakeholder involvement and feedback

The demonstrations improved the stakeholders’ awareness of using wood ash fertilization in forest mineral
solls. They valued the opportunity to see demonstrations in the field, this helped to stimulate discussion and
identify the stakeholders' expectations and opinions about wood ash fertilizer. In summary

+ Stakeholders strongly support ash fertilization because it offers a use for the waste product of the
combustion process. It is a natural fertilizer and helps to restore the nutrient balance of forest soil after
felling. For them the positive impact on soll fertility is that it lasts considerably longer than that of artificial
fertilizers.

« The most significant obstacle to ash utilization seems to be the lack of knowledge about the beneficial
effects (on soil nutrient content and tree growth) of wood ash fertilizer. The higher total cost of ash
fertilization compared to artificial fertilization and the lack of operators offering ash fertilization were aiso
mentioned as limitations.

« The main risks and challenges of ash fertilization (compared to the use of artificial fertilizers) according to
the stakeholders are:

« the product and its composition (e.g. N-content) are unknown,
« the ash quality is important, any contamination with other wastes will negatively affect the quality
of ash
+ demand and supply (ash production and granulation) do not necessarnly coincide in the same
area
« the spreading of dry ash is especiaily difficult, and
« there Is a lot of requlation related to ash fertilization
When asked what should be done to remove the barriers, stakeholders agreed that improved information
and practical education (work guidance, workshops etc.) showing the positive growth effects, and making the
price competitive, are needed. In particular, they felt that policy makers and forest owners need to understand
the value of wood ash, and regard it as a useful by-product rather than a waste product

www.valerne eu @Valerie_project
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Key findings

+ Stakeholders identified wood ash fertilzer use
on mineral soils as a key innovation opportunity.

+ Exsting demonstration sites and trials provide
evidence and practical insights of spreading of
wood ash and its impact on yield.

* The barriers of using ash (include limited
Iinformation, unknown quality, practical and
institutional limitations) should be addressed
through dissemination of information and
awareness raising.

Further reading

Moilanen M., Hytonen J,, Hokka H., Ahtikoski A, (2015). Fertilization Increased growth of Scots pine and
financial performance of forest management in a drained peatiand in Finland. Silva Fennica vol. 45: 3
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5 Agroecology: managing plant protection, France

5.1 Context

This CS is concerned with agro-ecological farm management. It draws on an existing project
run by the Qualisol cooperative. This cooperative has set up a project funded under the agro-
ecological plan for France called CASDAR "collective mobilization project for the agroecology".
This builds on a previous initiative with 31 interested farmers. Covering the area of a
watershed, the project brings together relevant technical partners: two other cooperatives,
technical institutes, an agricultural college, a water association and research teams. The
project focuses on the thematic priorities for Arable Farming Systems in a water stake territory:

1 Reduction in the use of plant protection products (main theme of the project).
1 Agro-ecological management of pests and risk-taking.

1 Lengthening the rotation and its economic consequences.

1

Limiting nitrate leaching and its impact on changes in agricultural techniques.

5.2 Dynamic Research Agenda

The DRA (Figure 5.1) shows that 4 broad themes of research need were identified by the
stakeholders in the initial meeting: Reduction of the use of herbicides and the optimization of
fertilization in arable crops; Agro-ecological management of pests and risk taking; Lengthening
the rotation; Limiting nitrate leaching. The 4 themes were explored in more detail by the
stakeholders, which in turn generated 10 priority issues. The stakeholders then went on to
identify further research needs: Test flour derived from associations durum / peas or lens; Crop
selection according to the weed, and Bio-herbicides, biocontrol - improve the plant health by
using Plant Defences Simulators (PDS). The topic Bio-herbicide control was primarily selected
for trial: "Bio-herbicides and regulation of plant cover" and stakeholders requested further
information to support this trial. However it became evident that this was not possible due to
restrictions in using the bio-herbicides. Following a reappraisal between the CSP and the
stakeholders, the trial topics as listed in the DRA were selected and implemented.

- Valerie



Figure 5.1 Agroecology Case Study Dynamic Research Agenda

1

Innovation issues

Reduction in the use of
plant protection products
(main theme of the
project)

Agro-ecological
management of pests and
risk-taking

Lengthening the rotation
and its economic impact

Limiting nitrate leaching
and its impact on changes

2

Priority issues

Methods to increase the efficiency of
products

Mechanica! weeding methods

Evaluation of the use and impactof
pesticides other than IFT indicators

Mixed methods: désherbinage, herbi-
seeding {on the row).

Spatial management of varieties to
control pests

Promotion of vegetal proteins for
human health

Maintaining a pseudo-permanent
ground cover

Precise fertiliser placement
Intra-parcel cultural practices

Cover management.

3

Refined issues

Test flour derived from
associations durum /
peas or lens

Crop selection
according to the weed

Bio-herbicides,
biocontrol - improve
the plant health by
using Plant Defences

Trial topics

Mix fertilisation, and
intercropping of cereals
and leguminous crops

Improve the nutrition of
the plant by adapting the
densities of sowing and
the amendments
according to the
characteristics of the soil

Simulators (PDS) ~

//’ Factsheets $i%

¢+° * Methods to reduce reseeding plots N

/ weed seeds \
/’ = Recovery chaff \\
] * Low Volume SprayTechnique

! * Désherbinage

1 * Herbi-planting

\ = Association of vegetative cover with

\ rapeseed /
N * Improve the quality of bread wheats /’
3 by late mineral fertilization z

\
|
|
I
/

- -

The Thematic Experts prepared 7 factsheets. The factsheets were reviewed and evaluated by
the stakeholders and two of them were considered to identify important innovations which
should be explored further. Overall the stakeholders found the contents of the factsheets to be
too general or covering techniques already mastered by farmers.
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5.3 Factsheets on innovation

Valerie

Combine row crop sowing and herbicide band-spraying
Contact: Yolaine Hily (INRA, UMR AGIR, yolaine. hily@toulouse.inra.fr)

Whatis it?
Row crop sowing and pre-emergence herbicide band-spraying performed at the same time. Soil active
herbicide is only sprayed on the row; consequently the herbicide quantity is reduced.

Problem to be solved
According to a European directive, pesticide use has to be reduced, This technique can ensure both an
effective weed control and a significant reduction of pesticide applied (40 to 60%).

How does it work?

Sowing of row crops (maize, oilseed rape, sunflower, saybean, sugar beet...) s combined with band-
spraying of pre-emergence soil active herbicide. This spraying is localized on the crop row (intra-row).
Inter-rows hoeing can be performed afterward to control weeds between rows

Optimal conditions:
This technique is adapted to almost all soil types, except stony soils. Soll active herbicides are also more
efficient on moist solls, and on soils with low organic matter,

Material:
- Spraying tank {200 to 1500 L)
- Electric pump
Pressure regulation: manual or efectronic
- Uniform coverage flat fan nozzles (spraying has to be homogeneous since there is no
overlapping)
- Filters, pipes, anti-drip systems {one for each nozzle)

Principle of operation: Exemple of
Pressure placement

The spraying tank is placed on the front regulation {

(better weight repartition) or behind the device Feeder

tractor (over the sowing machine) and ™ pipe (1)

supplies a nozzle per row. The spraying Seed hupper Distribution

tank is linked, through the pump, to a Feeder v pipe

distribution pipe which includes one exit pipe (2)

per nozzle/seeding unit, The regulation

device ensures the continuous treatment
delivery and the right dose/ha, Herbicide | Mol

Press wheels
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treatment is applied directly after the press wheels of the seeding unit; the sprayed
area is restricted to a band (10 to 20 cm on the both sides of the row = 20 to

40cm, picture below).

Inter-rows have to be maintained weed-free by hoeing, weed contraol can then be
compieted by localized herbicide spraying as well {fact sheet available). If needed,
conventional spraying operations can be further performed.

Performances:

If the conditions are favorable (moist soll but no long rainy periods, no soll
compaction), this technique associated with inter-row hoeing can be more efficient

than conventional herbicide spraying (chort below).

Final weed control according to cropping
practices (% compared to the untreated control)

100%
a0
60%
aon
20%

on

*FO - Full Dose

S liowe s
Qiseed rape

]
Bl 3

a% s

{2) F* Beocadcast
\praying program

(3} Mechanical weed
aragement | Hoeing

{1} FD* Band- speaying
during sowing + hoeing

Advantages and limits of the technique

Sowce CETIONM

According to field trials, combined band-
spraying and sowing ensure an effective
weeds management on the row if the weed
pressure is low or medium. In case of extreme
weather conditions favorable for weeds (rainy
spring), this technique has to be assodated
with other weed control methods.

Remark: if a field is not perfectly square and if
corners can’'t be maintained by hoeing, these
latter have to be sprayed conventionally to
reduce weed pressure.

+

40 to 60% herbicide use reduction

=» Economic and environmental benefits
Improved treatment efficiency since the soil
has been freshly tilled
* Almost no drift (nozzles are close to the soil)
No weed competition on the row up to one
month
Time-saving technique

« Weight repartition on the tractor due to the
additional spraying tank

« The efficiency of the technique Is variable
according to the weather conditions

* Higher concentration required from the driver
to manage seeding and spraying at the same
time

Costs

Cost of the equipment between 1000 and 6000€ (French data, without VAT) according to:

= the volume of the spraying tank;
nozzles;

- options for the pressure regulation {electronic / manual).
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Chaff recovery

What is chaff?

Chaff is composed of finely chopped straw, protective casings of the seeds of cereal crop, and parts
of weeds (straw, seeds, flowers...). Generally, chaff is dispersed during harvest and buried into the
soll during tillage. The seeds of weeds into the chaff are able to germinate, so it is necessary to use
herbicides on the next crop.

The chaff quantity let into the field is the equivalent of the half the straw harvested:

23t/ha 15t/ha | 08t/ha
4.2 ttha At/ha 231t/ha
80 q/ha 70 q/ha 40 o/ha

Source: E7S Thierart

Problem to be solved

Chaff recovery allows to reduce the use of herbicides by exporting weed seeds out of the field, this is
also a new product to valorise.

Principle: 2 methods
There are 2 methods to recover chaff:

* The method of recovery on the swath;
This method is easier regarding the logistic. Chaff gets out at the
back of combine harvester by a turbine. This turbine projects
chaff on the swath by a PVC pipe. So chaff is compacted with
straw. This straw used as bedding in livestock farming contains
viable seeds of weeds. So manure resulting of this bedding
contains these seeds as well. Before using manure, It is
necessary to compost it to destroy the seeds.

e The method of full recovery:
This method requires more workforce and equipment. A
recovery system is Installed at the combine harvester, The
system s either (I) 2 trailer coupled at the combine harvester
and the chaff is projected Inside by a blower, or (i) a
compartment installed at the back of the combine harvester to
stock chaff, the compartment is regularly emptied at the end of
the field. Chaff is taken by a container or a baler. With this
method, chaff can be used in more diverse ways.

Advantages
* Recovery of weed seeds and small or broken seeds of the harvested crop possible
valorisation,
¢ Reduction of weed Infestation with an impact on the soll seed bank and a significant effect
after 2-3 years,
Saving on herbicides.

Limitation of the fungal diseases propagation like Fusarium head blight which develops on
the protective casings of the seeds.

No tillage and direct seeding facilitated,

A solution to control herbicide resistant weeds in recovering the seeds of these weeds,
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e ltis applied at different crops: cereals, winter rape, peas, sunflower and corn,
for the method of recovery on the swath:

* Bale of straw density is higher. The weight of the bale is increased by 15%.
for the method of full recovery:

o Chaffis harvested alone. But can be valorised

Disadvantages

The impact on the weeds is variable. It concerns only weeds which are mature at the harvest.
Loss of organic matter in case of chaff recovery and no applications of organic fertilisers.
The chaff yield is variable and depends on the conditions (time of the day, moisture) and on
the type of combine harvester. The chaff yield is highest in the morning.
Higher oil consumption of the combine harvester,
Important financial investment for the equipment, This investment is different for both
methods.
For the method of recovery on the swath;
Risk of jam if chaff has a high moisture content and is in high volume.
Obligation to reduce the speed of the combine harvester to keep the harvest clean.
The system is difficult to dismount.
The use of a swather is banned to keep the advantages of the method.
Wind speeds can have a negative effect in making chaff fall next to the swath.
For the method of full recovery:
*  Extra harvest time of 1 h/ha (emptying time and place),
o Difficulty to take chaff {pressing, loading, transport...).
*  20% of the combine harvesters can’t be equipped.,

Costs

The price Is around 8 S00€ for the method of recovery on the swath and around 28 000€ for the
method of full recovery. But the price depends of the combine harvester to equip.

Uses of the chaff

* Food for farmed animals:
Interesting for chicken because chaff is rich in silica and trace elements and composed by small
seeds. Rich in fibres and facilitating the ruminant digestion, chaff is also interesting for cattle. In
addition, it is palatable food supplement.

» Bedding for farmed animals:
Chaff has over 4% of dust and a better absorption capacity than straw. In addition it has also a rapid
warm-up due to the low moisture content.

*  Methanization:
The chaff methanogenic power is two and a half times higher than corn silage methanogenic power
and ten times higher than manure methanogenic power. Weed seeds are destroyed during the
digestion.

*  Alternative fuel:
Transformed into compact briquettes or granules, chaff is a good alternative fuel with a calorific
value of 15 000 ki/h. So 1 ha of chaff is the equivalent of 520 L of oil or 3 cubic meters of wood.

- o
Chaff can be entered in the composition of insulation or building materials,

Contact: Aurélien Lepennetier (ACTA, aurelien.lepennetier@acta.asso.fr)
Hélene Gross (ACTA, helene gross@acta.asso.fr)
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Low Volume spraying (LVS)
Contact: Yolaine Hily (INRA, UMR AGIR, yolaine.hily@toulouse.inra.fr)

What is it?

Low volume spraying consists in reducing the amount of water used to dilute the active ingredients In crop
protection spraying treatments. Spraying volume is considered as low up to 80L/ha. This technique can be
used for every crop (cereals, beets, oliseed rape, maize, vegetables...) and with most of the sprayers but
must be adapted to pesticide formulation and target characteristics. This technic is more and more used but
requires control of the main spraying parameters.

Spraying volume can be reduced to 30L/ha (Ultra Low Volume) but up to S0L/ha specialized sprayers have to
be used.

Problem to be solved o AL12 km/h

Spraying volume reduction is not systematically associated with =12 At 14 km/h

100 150

200

a chemical dose reduction, even If farmers associate these 3 10 + ;
techniques often. The main objective of this technique is more g
to optimise spraying operations, Indeed, work rates for a given
field spraying system are Influenced by: §
) filling cycle,
i) sprayer forward speed, 75

iii) above all, application volume (chart below). Application volume (L/ha)
Sowre | Computer madeNing - TAG Sioe Sproy oppiicotions

How does it work

The most important issue in low volume spraying is to guarantee 3 good spraying quality, Le. target
coverage (percentage of treated surface area that has a chemical deposit, related to the amount of impacts
on the target) and uniformity of the deposit. These parameters depend on amount and size of droplets and
spraying pattern, but they are not influenced (within a certain range) by the amount of water used for
spraying.

Lower carrier volume requires spraying medium-sized droplets (250-350um), to reach optimal impact
amount. But the smaller the droplets, the higher the risk of spray drift. Technical adaptations have to be
implemented to ensure the spraying quality:

« Choose spraying parameters : driving speed, pressure and flow
* Spray with optimal environmental conditions is necessary when using low volume spraying:

Temperature 15 to 20°C during the day
Alr moisture 75-B0% (dew is really helpful in LVS)
Wind speed Less than 5-10km/h

| Soll moisture (for soll active products) Moist soil ks needed to secure the efficiency

Optimal spraying conditions are early in the morning or late in the evening.
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* Adapt nozzles {find a compromise between number and size of droplets) and filtration systems
(regularly maintained : the thinner the nozzle, the more risks of obstruction)

* Use eventually spraying adjuvants {oils/salts/wetting agents...): they must be adapted to the product
applied and spraying conditions

Effects on the products:
Notice that the efficacy of plant protection products can be influenced by different parameters:

Impact of different factors on products Soll active | FONr Follar | Both follar
performances products contact systemic and .soil
products products active

Mixture properties Lower carrier volume

Adjuvants
Weather conditions Temperature

T variations

Humidity

Dew

Sowrce - Arvabs (France]
Generally speaking, low volume spraying can benefit to systemic pesticides but can alter the protection
efficacy of some contact products.

Chemical dose reduction may be possible but only for some products and in association with the best
spraying conditions and preventive management (agronomy, regular monitoring).
Low volume spraying requires high technical skills to adapt the volume/products/parameters to
crop/target/weather conditions. It takes several years to master the technique and technical advice is highly
recommended to Implement it on a farm.

= Always consider your local conditions and consult a qualified agronomist if necessary

Advantages and disadvantages of the innovation

|
1 + a
= Time-saving {filling cycle and transport) = Highly technical, technical advice required
- Cost reduction: Less water and fuel - Reducing drift nozzles could be necessary but few
- Easily implemented on regular sprayers of them are adapted to carrier volume reduction
- Homogeneous / best spraying conditions {when (not under 80L/ha)
properly operated) - Requires optimal spraying conditions > reduced
- Possible chemical doses reduction useful time “windows"
- Possible protection efficiency enhancement (less | -  Risks of leave damages if too high concentration of
Interaction with water components, higher pesticides
concentration)
Costs

Low investment required for this technique {easily implemented with most of the regular sprayers). Nozzles
and filters maintenance is key factor for the efficiency of the technique (around 300-400€; French data).

Other resources required
Weather measuring devices (measuring application conditions): thermometer, anemometer, hygrometer
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Methods to avoid weed reseeding

Problem to be solved

Weeds present into a field are able to set seeds and so they are the main source of recharging the soil
seed bank of the next years. The weed seeds are also brought into the field by the agricultural
equipment, crop and cover crop seed, organic fertilizers, wind, animal, etc. Some methods limiting weed
seeds inputs exist and can reduce the use of herbicides,

Methods to limit inputs of exogenous weed seeds
Weed seed inputs in the field can be limited by applying prevention methods:

¢ Using certified seeds:
The certified seeds have a specific purity guaranteed (percentage of
impurities). In France, the State Service for control and seed certification
establishes specific purity standard between 95% and 99% according to
the crop species. Seed sorting is under control by professionals, so the
weed seed rate is very low.

* (Cleaning of the farm equipment:
Soil tilling equipment can be a dissemination vector of perennials

between fields. Harvesting equipment is also a dissemination vector for
many weeds. So to avoid transfers, It is necessary to clean the soll tilling
and harvesting equipment. It is preferable to harvest first the cleanest
fields and to finish by harvesting the most contaminated fields, Cleaning
the combine harvester between two fields is also recommended, The
combine harvester must be placed on a lane, in front of uncultivated area
to be cleaned. If there is wind, the back of the combine harvester must
be protected from wind to avoid the weed seed dissemination.

» Composting of the manure:

The application of manure can be a source of contamination by the seeds
present inside fodders eaten by animals and straw used as bedding. A
technique to destroy an important part of seeds present in the manure is
to compost it. It is necessary to reach high temperatures for a few days.
For example, a temperature of about 50°C during 3 days of composting
fully devitalizes seeds of Amaranthus retroflexus and Echinochloa crus-
galli. Generally, the time to compost manure in order to destroy all seeds
is longer than 1 month. The outside temperature of the manure pile is
lower than the inside temperature. So it is necessary to turn the pile
regularly.

. aintenance fi 1

The field borders are sources of contamination by weed seeds. Wind and
water can transport weed seeds from field border which contaminate the
field itself. These areas may show positive environmental functions as
they can be refuges for beneficial insects or act as buffer zones to protect
water courses from plant protection product and/or nutrient transfer due
to runoff, So the fully destruction Is not advised, but it s possible to mow
these borders before weeds set seeds. To limit the seed transport by
wind, it is advised to plant hedges on the field borders. Ditches and irrigation canals must be maintained
too.
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Methods to limit the self-supply of the field on weed seeds
Some methods avoid the weed seed production or the weed seed fall on the soil:

Principle: Generally, there is a difference in size between weeds and crop
(weeds are higher than crop). The weed topping exploits this difference.
The machine cut the flower of weeds before seeds are produced. The
machine is placed in front of the tractor on the loader or at the place of
counterweights. The cutting height is nearest and just over the crop.
Weed topping can be used as a complement to other weed control
methods.
Crop: This method can be used for all types of crop.
Efficacy: The efficacy depends on the height difference between crop and
weed and the weed stem rigidity, If weeds are very flexible, they will be
laid down and not cut by the machine. They keep growing after.
Advantages:
- Good efficiency against Rumex crispus and Cirsium arvense.
- Quick operating speed which is variable between 1 and 3 ha by
hour.
Disadvantages:
- The machine is delicate and sensitive to jams and wind,
Low efficiency against some weeds, for example wild oat (Avena fotua).
Costs: between 3 000€ and 11 BOO€ for a weed topping machine

. f
Principle: Chaff recovery allows to recover weed seeds contained in chaff
and to export them out of the field, There are 2 methods to recover chaff.
The first method is to recover chaff on the straw swath. The second
method is to install a compartment at the back of the combine harvester
or to couple a trailer at the combine harvester where the chaff, with
weed seeds, is projected inside.
Crop: This method can be used on cereals, winter rape, peas, sunflower,
and corn crops.
Efficacy: The reduction of weed seeds in the soil seed soil is significant
after 2 or 3 years.
Advantages:
- No tillage and direct seeding facilitated.
- A solution to control herbicide resistant weeds in recovering the
seeds of these weeds.
- Chaff has various applications.
Disadvantages:
- The impact on the weeds is variable, It concerns only weeds which are mature at the harvest.
Loss of organic matter if chaff is recovered and there are no applications of organic fertilisers.
Higher oil consumption of the combine harvester,

Costs: The price is around 8 S00€ for the method of recovery on the swath and around 28 000€ for the
method of full recovery. But the price depends of the combine harvester.

Contact: Aurélien Lepennetier (ACTA, aurelien lepennetier@acta.asso.fr)
Héléne Gross (ACTA, helene gross@acta.asso.fr)
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Improving “Superior Bread” and “Improver Wheat” quality through late
mineral fertilization

What is it?
It is a strategy of late-season N muneral fertilization based on granular and/or foliar application 1o
increase protein content and unprove protein quality of bread wheat..
The following wheat quality categories (Foca et al., 2007) are considered:
1) umprover wheat (FF): protein content (% dry matter) >13.5 and dough strength (W) =200,
2) superior bread making wheat (FPS): protein content >11.5 and W >250.

Problem to be solved.
To foster late N uptake in wheat between booting and mulk development stages.

How to employ:

Improver wheat (FF) and superior bread making wheat (FPS)
Objective: incresta protein content and W

“ menaral N e mitrate or wea)
L Fotior S N foritans %
1* strategy: total N supply 170 kg hs ! (Cantrol 133) (Comtrai31y) 2
§ TP “H N Haognnat 5% %0
T steategy: total N suggty 210 hg ha *
 ETTE J roongwna® P eoxnne’ 1% 3 )
3" strategy: total N supply 135 kg ha*
Wsognnas P ovennaT Skt I 1 314

Souece: moddfied from Blandino et al | 2010
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Positive side effects

1) Stability of yield and quality in FF and FPS wheat quality categories;

2) Reduction of potential N leaching in sandy soil when foliar replaces granular fertilizers:
3) Foliar spraving let late N application in climatic zones with insufficient spring rainfall.
4) Foliar spraying can be coupled with pesticide application reducing application costs.

Disadvantages

1) Foliar sprays strategy can damage canopy dunng heading and flowering stage in high daily
temperature conditions (= 26 C°) especially if N supplied is more than 10-15 kg/ha. It is suggested
to supply this type of liquid fertilizers only in cool climatic conditions,

2) N uptake consequent to Urea or Ammonium Nitrate granular fertilization can be very low in
climatic zones with insufficient spring rainfall. Foliar spraying is suggested,

3) N use efficiency of late N application can be quite low. Catch crop after wheat harvest can be
required 1o recover mineral N in soil.

Costs
Strategy Application Cost increase
1 Centrifugal spreader -37%
2 Centrifugal spreader +58%
Application with sprayer bar:
3 Only foliar fertilizer +41%
) Togheter with anti- fungal —18%

The different strategies uuply a cost mcrease. Values reported in the table refers to the percentage
of increase with respect to an usual fertilization management based on two distributions of granular
fertilizers and a total supply of 130 kg N ha™’ (RDP threshold).

Contacts
prof Amedeo Reyneri, amedeo. reyneri@unito.it
dott. Massimo Blandino, massimo blandino@unito.it
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Combination of rape and temporary plant cover

What is it?

This technique consists in sowing at the same time rape and frost-
susceptible associated cover crops. Assoclated cover plant Is a
temporary plant cover which is sown in combination with a cash crop
to improve the agronomic performance, technical and economic
results of the main crop. The cover crop must have these
characteristics:
* It must have a good cover power to compete with weeds.
e It must be frost-sensitive to be destroyed during the winter
without herbicide.
e It must supply nitrogen to rape in improving rape root growth
and/or mineralizing in the spring.

This technique is not advised when the weed Infestation risk is high
because is not efficient. Combination of rape and @ mixed

plant cover (common vetch, purple
vetch, Egyptian clover) QCETIOM

Problem to be solved

Rape is a crop which requires high nutrient, herbicide and insecticide inputs. So the CETIOM (French
agricultural institute of oleaginous crop), developed this technique to reduce inputs in the Northern part of
France. The combination of rape and plant cover reduces fertilizer, herbicide and insecticide application rates
and improves the soil quality,

How does it work?

AUTUMN SPRING
-
o
g &
-4 N
& -
+ veVY VT TS
3 T TrTRNew B T T YV T 1 5
— - )
Seecing P Cotyledons Fuwtles! 2 lesves 3 leawen  End of rowtts vty Wflarescence Separate  Flower stalh  Frst Fint petaly 0% of pack =l pocta
emergence oot Samery taden hawe resched  hawe reached
Irtanedes tnal saw sl v
Augast Septamber  October November December  lanuary  Feliruary March April May une Juby
8
s >
a8 AT !L ’.v:., -«
‘h' *\' - et ~ S\ a
Key stages of rape and plant cover combination {Source modified from A, Davoine - 2013)
Principle

In autumn the plant cover grows quickly, so it exerts competition against weeds. During winter, it freezes and
dies. In February it decomposes and releases nitrogen for the neighbouring rape. Furthermore, the plant cover
will disturb the life cycle of autumn insect pests (cabbage fly - Delio radicum, cabbage stem flea beetle -
Psylilodes chrysocephala and rape winter stem weevil - Ceutorhynchus napi) because it hides rape at the
beginning.

Rape has to be sown early; both implantations of rape and companion plant can be combined (one operation)
or require two different and successive operations. If the rape seeding is after the plant cover seeding, there is
an important risk of competition between them. If the plant cover is sown too late, there is no competition
with weeds. The simultaneous seeding of rape and plant cover can be done in one if the sowing machine has
two hoppers, one for rape and the other for plant cover, or if rape and plant cover are mixed in a single
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hopper. In this case, several types of seed size are necessary. At least 3 seed sizes for the cover crop can avoid
stratification in the sowing machine. It is possible to do the seeding in two operations in the same day, the
plant cover can be sown by cereal or broadcast sowing machines, and the rape by precision sowing machine,

Choice of associated plant cover

The plant cover must not be very sensitive to herbicides compatible with rape because some herbicides can be
applied before the rape emergence. Mixing different plant species for the cover can secure the combination,
vary seed sizes and multiply effects of different species,

Toble with choracteristics of some species for plant cover

species Seed rate Effect Frost-sensitivity m”mm’;
Lentil - Lens culinaris 12:25kg/ma | U708 S04 COver rﬁm ° High
Faba bean - Vicia fobo 50-70 kg/ha 5°'1 l’l'r':‘::" 10°C Low
Common or purple veich - | .15 kg/ha | Sollcover, nitrogen 10°c Medium
::;l:smg vetch - Lathyrus 30-40 kg/ha Nll;zze:{nsmou ucrt:m -5 a:;z'ce a;:;redlng Medium
FI:W - Trigonella 2030 keg/ha Nh::en. m:“ c':v« 5 l:;:i:’i‘tiﬂﬂn‘ Medium
if::::‘;;m Trifoliom. | 1029 kg/na Nitrogen 'w.c':ic:::“ to Medium

Effects of associated plant cover

There is not enough experimentation to show a significant effect of the associated plant cover on autumn
insect pests. Experiments show that the associated plant cover reduces the competition between weeds and
rape but it does not limit the amount of weeds (weed/m?). So its effect consists only in weed biomass
reduction, A broadleaf herbicide treatment may be necessary but at a lower dose, Furthermore, the associated
plant cover can make available from 20 to 60 kg N/ha to the rape.

Advantages
e The yield is higher or equal compared to the yield of a single rape crop in 75% of cases. In rare cases,
the yield is reduced by 200 kg/ha.
* Competition with weed in autumn. This competition has a significant effect on Geranium but no effect
on Galium.
The plant cover mineralization makes nitrogen available to the rape.
The rape root growth Is better due to the root system of the plant cover,
Global improvement of the soil quality.
Reduction of nutrient inputs (about 39%), energy inputs (11%) and greenhouse gases emissions (6%).

Disadvantages

* In case of mikd winter, the plant cover is not destroyed. So an additional herbicide treatment or/and
mechanical weeding are required. Sometimes, the field can’t be harvested because the cover crop
surpasses the rape.

* Requires more labour and a long time before the farmer masters this technique (highly technical
method)
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Costs

Some companies sell seed mixtures dedicated to companion planting. The prices vary from 20 to S0 €/ha. But
regarding the input reduction, It is possible to reach an overall cost reduction of 50 €/ha.

Contact:  Aurélien Lepennetier (ACTA, aurelien lepennctier@acta.asso.fr)

Hélene Gross {ACTA, helene.gross@acta.asso.fr)
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5.4 Stakeholder trial/demonstration leaflets
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Valorising European Research for Innovation in Agriculture and Forestry

VALERIE Stakeholder Trials:
Demonstration of combined cropping of wheat and lentils

The problem The proposed solution

InFrance, asnmuchof Europe, many farmer cooperatives
are dependent on the import of protein crops for livestock
feed Demand for protein crops is high in organic and
conventional sectors and some farmers are growing
lentils and high protein wheat to meet their protein deficit,
although problems associated with establishment of
lentils and lodging of both crops remains a challenge in
both sectors in the Midi-Pyrénées region

Developing lentil produchon and supply in orgamnc and
conventional sectors can partially meet farmer demand
and offer diversification opportunities. In particular,
growing wheat in combination with lentils provides an
opportunity to maximize lentil production and increase
protein content In the wheat However applied field
expenments and demonstrations are stil needed to
determine the most effective establishment methods 1o
achieve the best outcome for both crops. Thisresearch has
been enabled and facditated by the Qualisol cooperative
which has acquired an optical sorter to help harvest the
combined crops The development of this technology has
allowed the cooperative to justify testing wheat and lentil
intercropping at a large scale.

Stakeholders

The main stakeholder groups are the farmers and supply chain actors of the Qualisol cooperative. One of the aims
of the cooperative and its members is to diversify the crops in conventional and organic agriculture and to develop
markeis to secure agricuttural income within the territory The Toulouse agroecology platform (located at Auzeville
agncultural college) supports the Qualisol Technical Service in testing the technical feasibility of intercropping. The
different ideas tested in the field have originated from Qualisol farmer groups, including the EEIG (Economic and
Environmental Interast Group), Post-Maet Gimone project partners and farmers in organic farming systems.

www.valerie eu @Valerie_project 1
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Aims and Method

The man aim of the trial was 1o assass the effect of wheat and lentil intercropping on wheat protein and lentil
performance, specifically examining different establishment methods and seed rates. These trials can be considered
more as demonstrations as they are primarily intended to support discussions between Qualisol techniclans
and farmers. Indeed the co-development process involving farmer groups and students prepanng a diploma on
Agronomy Crop Production was one of the main nnovations reported here. All the stakeholdars were invalived in
field trial implementation

The tnal aims to evaluate how different sowing and establishment methods for intercropped wheat and lentils affect
lentil performance (yield and quality) and wheat protein content

Three treatments were tested

« Testing different lentil seeding methods (oversown into established wheat or undersown with the wheat)
* Tesling a winter improved soft wheat variety and a spring wheat variety

* Testing 3 sowing densities of both wheat vaneties

Sowing with a single seed dnil Sowing with a weeder harrow & delimbe type seed drill
(wheat and lentil mixed in the seed drill box) after sowing wheat with a single disc seeder

The wheat varieties were matched separately with specific crop establishment methods: lentils were oversown
into the winter wheat vanety, and undersowing of lentils was carned out with spring wheat. Both vaneties of wheat
were sown at three seeding rates; 75%, 50% and 25% of the recommended dose in monovarietal plantings. For
the wheat sown on January 15, the lentils were oversown into the established wheat on March 17 Prior to the lentil
sowing, a rotary hoe was used 1o facilitate soil to lentil seed contact

Matiére séche pour 3*0,36 m?
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Different modes of crop establishment
Undersown lentlls after wheat establishment. The aim was to optimise wheat emergence by dnlling in the optimum
period for germination (1e in mid-January) and to sow lentils in the wheat (mid-March). However, oversowing the lentils
created too much competition for the lentits and resulted in reduced lentil yield. Wheat outcompetes lentils for light,
water and nutnents in this type of sowing. The poor rooting of the lentils sown in wheat did not allow good establishment
resulting in losses at the seedling emergence stage. Duning periods of soil moisture deficit, the wheat. which was well
rooted, outcompeted the lentil crop for water. There were no differences in yield between sowing with a single-disc or
weeder harrow,
Lentils undersown with wheat (simultaneous drilling). This method Involves sowing wheat and lentl crops
simultaneously at the optimum time for lentil establishment, thereby reducing the workload for the farmer Sawing
with a single-disc provides better quality seedlings (securing the emergence of the wheat and the lentiis) compared to
sowing with a weeder harrow, and better lentil rooting, developmeant and yield It also improves the lentil stem height
This treatment resulted in higher wheat protein content, most probably due to the N fixed by the lentils. There were also
indications that this intercropping establishment method reduced past pressure.
Sowing density. Lentils are sensitive to competition from any other plant species, thus oversowing into a growing crop
resulted in significant yield penalties for the lentil crop (> 50% loss compared to the monocropped cantrol: “single lentils”).
Simultaneous sowing secured lentil yelds, provided that the wheat seed rate was less than 50% of the recommended
rate to limit the competition from the wheat crop.
Next steps
The results from the field tnal show that it is also necessary to adjust the seed rate according to the solil type. The high
sensitivity of the lentils to water stress should be taken into account both in the choice of field plots and the seed rates
recommended by technicians. Intercropping helped to reduce pest pressure Nevertheless when pest pressure was
high, it still had a significant (negative) impact on yield. In an attempt to better control disease pressure on wheat, some
new formulations designed to stimulate the natural crop defence mechanisms will be introduced in the next intercropping
experiments. The intercropping tnals will be extended, with research into using companion plants such as wild flax
(Camelna sativa) to provide support 1o the cash crops and reduce lodging

w.valerie.eu @Valerie_project
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The proposed tnals are aligned wath Qualisol's aim
to diversify farming systems by integrating different
techniques such as cover cropping and intercropping,
and supporting new innovations to develop appropriate
crop management on each farm

Thas progect aimed lo have animpact across the whole area
covered by the Qualisol cooperative and was validated
through an EIP-Operational Group in September 2016
(a project for Total Quality Agnculture)

Overall stakeholder involvement and feedback

Tho involvement of farmers, students, field technicians and the development service throughout the trial ensured
engagement and interest from all stakeholder groups and a good level of understanding. This led to an increase m the
area growing intercropped wheat and lentils in organic and conventional agrcuiture. More than 300 ha of intercropped
wheat and lentils have now been esfablished within the Qualisol territory In conventional agncuiture, more than 700
ha of lentils were introduced. The results in tarms of lentil and wheat yields were very encouraging, demonstrating real
economic benefits o the farmer. However some technical difficulties in sorting grains post-harvest do remain.

Farmers wisded the demonstrations during the AgroEcology platform open days at the agncultural college. The trials were
presented by Agronomy and Crop Productions Diploma students to more than 150 farmers in the Midi-Pyrénées region;
there was also a specific visit with technicians and development services (5 leader farmers and 3 Qualisol tachnicians),
Feedback on the tnals from Qualisol farmers was conducted in February 2017 for the launch of the new campaign

Key findings

Oversowing lentils info an established wheat crop
created too much competition for the lentil crop and
resulted in significant yield losses.

«  Simultaneous undersowing of lenlils with spring
wheat provided more positive results and sowing with
a single-dise resulted in betler emergence

*  Simultaneous sowing secured good lentil yields,
provided the wheat density was less than 50% of the
recommended seed rate

« Strong farmer and student involvement throughout
the development of the tnal ensured engagement and
interest

*  More than 300 ha of intercropped wheat and lentils
have now been established within the Qualisol
ferritory
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6 Innovative arable cropping, France

6.1 Context

The arable farmers in the Berry region from central France (departments of Indre and Cher)
grow mainly rapeseed, wheat and winter barley. Their farms are between 100 and 500
hectares and contain a variety of soil types but mainly superficial calcareous clay. Despite
progress in crop genetics, the average yields on these farms have not increased for over 20
years.

Since 2005, some of the farmers have met in a group with their advisor to find solutions to the
problem of maintaining the economic viability and sustainability of their farming systems. For
these farmers who are keen to move towards more efficient systems, in economic terms and
productivity, improving soil quality is the primary objective.

Short rotations have been identified as a weakness in the system, being responsible for
recurrent weed problems. To tackle them, farmers have gradually shifted towards simplified
tillage in terms of number of operations and working depth. However, this simplified tillage is
not always beneficial to the structural qualities of the soil. In the last ten years there has been
some crop diversification to extend the intensive, high input production systems based on a
short rotation of rapeseed, wheat and winter barley. Farmers have introduced a variety of
crops: sunflower, corn, durum wheat, and legumes mixed in the crop or between crops.

The group of farmers, coordinated by the advisor, aim to develop new techniques and
investigate alternative approaches that reduce the impact of farming on the environment and
improve soil properties. These aims include:

1 Improving the quality of oilseed rape drilling and autumn growth in order to better
withstand autumn weed and disease threats, and limit spring nitrogen input.

9 Direct seeding in permanent cover: e.g. oilseed rape sown together with cover crops,
then direct seeding of wheat under cover of clover or alfalfa.

Group discussions, regular meetings and on farm testing have been undertaken since 2005.
Thegroupexpandedi n 2013 with the introd®¥¢RPREDN dfora trhe w
project, a dozen farmers meet 3 to 4 times a year to discuss and learn about innovative

cropping systems.

6.2 Dynamic Research Agenda

In this CS, stakeholders selected issues already known to them, but were able to progressively
construct a set of new specific questions. In the first meeting the CSP considered it was not
necessary to ask the group to identify their wider goals and visions as they have been active
together since 2005 and these are well known. Stakeholders formulated innovation issues
collectively. The process involved gradual construction of research questions from keywords
and issues shared by farmers and produced a refined list of five questions. The DRA (Figure
6.1) shows how the five issues are progressed with reviews in each meeting, and used to
select and formulate the trial protocols. Of the five questions there was a particular interest in
the effects of agricultural practices such as direct sowing, cover crops and soil tillage on soil
and yield and in how to evaluate in the field the properties of the soil (its structure, texture and
health); this formed the basis of the trial as described in the DRA.
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Figure 6.1 Innovative Arable Case Study Dynamic Research Agenda
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Innovation issues

* Rapeseed drilling with
which legume crops?

* Proper drilling
techniques for the
region

* Successful drillingin a
covered soil

* Using strip-till for better
soil structure

* Which crops in rotations
for sustainability?

* Managing intercropping

» Catch crop or intercrop?

* Benefits of permanent
soil cover

* Good drilling to limit
pests

* Intercrop impact on
pests
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2

Priority issues

What are the effects of direct
sowing, cover crops and soil
tillage on the nitrogen and
organic matter cycles and
availability?

What influences the
germination of the weeds?

How can we evaluate in the
field the properties of the

soil?

How to best drill through
crop cover/residue?

What are the impacts of
using alternative plant
controls and protection

T

-

Factsheets

-

-

\
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3

Refined issues

What results do we get
on trials of the varieties
of rapeseed, wheat and
protein crop plots,
according to farming
practices (direct
sowing, cover crops,
different land tillage,
association of crops
etc)?

— —

—

-
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d’évaluation rapide,

\ visuelle & descriptive
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Trial topics

Rapeseed, wheat and
protein crops with direct
sowing; cover crops;
land tillage; and
association of crops

Evaluation of soil structure
and quality of the crop

Measurement of crop
growing structure, density;
evaluation of the quality of
roots

MA group of 7 to 10 farmers
will meet 4 times over the
growing season to assess
soil and crop quality using
and refining the Guide

Preliminary factsheets were prepared by Thematic Experts synthesising scientific papers, and
providing potential innovation solutions to CS issues. These are two page illustrated formats

with scientific information presented as graphs, and costsofte c hni gue s

det ai

comments primarily concerned the credibility of content. Due to local CS arrangements the
factsheets were prepared before the first meeting so although they provided evidence from
research material, they did not directly address stakeholders questions.
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6.3 Factsheets on innovation

Valerie

Combine inter-row hoeing and intra-row herbicide treatment on
the same tool

© PHYT'EAUVERGNE - FREDON Auvergne - 2007

Principle

The technique consists in combining inter-row
mechanical weeding (hoeing) and intra-row

spraying of post-emergence herbicides in a

unique operation, Hoeing and herbicide

spraying overlap on 5 cm, /

This method provides an effective weed

control and reduces the use of herbicides by . “~
[ 38 = 2

over 60%. r -
This weed control technique is used for ma'lze € > € > € >
and it can be used for several row-crops like

beet, sunflower or ollseed rape, 25¢m 50to 60 cm 25am

INustration of the principle for malze
Example for maize
For maize two operations are needed:

e The first intervention should be performed when crop Is at the 3-5-leaf stage with hoeing and
herbicide treatment combined. To have a good efficiency, It is necessary to do this intervention
before the 2-leaf stage of weeds, The recommended operating speed is 6-8 km/h,

e The second intervention should be performed when crop is at the 8-10-leaf stage and consists in
hoeing only. The recommended operating speed Is 10 km/h.

Problem to be solved

According to Directive 2009/128/€C, farmers will have to reduce their use of pesticides. Techniques have to
be developed to reach this first objective without reducing crop economic performances.

How does it work?

Materlal

Spray equipment for localised treatment can be added on hoeing machine. The spray equipment is
composed by (i} two nozzles for each crop row linked to (ii) a control system. Generally, this equipment is
located at the back of the tractor. The distance between rows must be the same for the sowing machine
and the hoeing machine. To operate more precisely, it is possible to use an auto-guidance system (GPS).
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Environmental conditions of use

The optimal conditions for hoeing (hottest hours of the day and dry conditions) are the opposite of the
best/optimal conditions for herbicide treatment (moderate temperature and high hygrometry). So, to have
efficient weed control it is necessary to find a compromise between these conditions. Rain events
immediately after the intervention may reduce overall efficacy by reducing herbicide absorption in weeds
in intra-row and by reducing desiccation of partially uprooted weeds In inter-row.

Efficacy

For this technique, the intra-row efficacy is higher than the inter-row efficacy. When the environmental
conditions are good, the efficacy of this technique Is approximately similar to chemical weed control and
the intra-row efficacy is better because the herbicide ts provide closer to weeds.

For maize, the hoeing in second intervention Is not always necessary.

Advantages

* 60 to 70% reduction of herbicides.
e Efficient weed control in the row.
e Destruction of the dicotyledonous weeds which are difficult to control by herbicides in the intra-
row.
e Destruction of environmental habitat for some crop pests like slug.
* Reduction of herbicide resistance selection due to the lower use of herbicides.
* Advantages of hoeing :
o Destruction of the siaking crust, so support the infiltration of water and limit the runoff,
o Improve drought resistance,
o Better soil heating,
o Better soil oxygenation, so a better organic matter mineralization.
* Noyield loss despite S to 10% uprooted maize plants.

Disadvantages

e Difficulty in finding good conditions for both hoeing and spraying,

e Low operating speed.

o Difficulty with weeds which emerge in stages. These weeds can emerge again in the row after the
intervention.

* Risks of nozzles obstruction due to the soil proximity. Earth particles splashed up. 5o it is necessary
to monitor the nozzles carefully.

* |mportant financial investment,

Costs

The costs are variable. It depends on the number of rows on the hoeing machine and the type of spray
equipment.

Investment
Lowest price: simple 4-rows hoeing machine + spray equipment 5 300€
Highest : 12-rows machine + spray equipment + GPS guidance 27 000€

{Average costs in France in 2012}

Contact:  Aurélien Lepennetier (ACTA, aurelien.lepennetier@acta.asso.fr)
Héleéne Gross (ACTA, helene gross@acta.asso.fr)
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Chaff recovery

What is chaff?

Chaff is composed of finely chopped straw, protective casings of the seeds of cereal crop, and parts
of weeds (straw, seeds, flowers...). Generally, chaff is dispersed during harvest and buried into the
soll during tillage. The seeds of weeds into the chaff are able to germinate, so it is necessary to use
herbicides on the next crop.

The chaff quantity let into the field is the equivalent of the half the straw harvested:

23t/ha 15t/ha | 08t/ha
4.2 ttha At/ha 231t/ha
80 q/ha 70 q/ha 40 o/ha

Source: E7S Thierart

Problem to be solved

Chaff recovery allows to reduce the use of herbicides by exporting weed seeds out of the field, this is
also a new product to valorise.

Principle: 2 methods
There are 2 methods to recover chaff:

* The method of recovery on the swath;
This method is easier regarding the logistic. Chaff gets out at the
back of combine harvester by a turbine. This turbine projects
chaff on the swath by a PVC pipe. So chaff is compacted with
straw. This straw used as bedding in livestock farming contains
viable seeds of weeds. So manure resulting of this bedding
contains these seeds as well. Before using manure, It is
necessary to compost it to destroy the seeds.

e The method of full recovery:
This method requires more workforce and equipment. A
recovery system is Installed at the combine harvester, The
system s either (I) 2 trailer coupled at the combine harvester
and the chaff is projected Inside by a blower, or (i) a
compartment installed at the back of the combine harvester to
stock chaff, the compartment is regularly emptied at the end of
the field. Chaff is taken by a container or a baler. With this
method, chaff can be used in more diverse ways.

Advantages
* Recovery of weed seeds and small or broken seeds of the harvested crop possible
valorisation,
¢ Reduction of weed Infestation with an impact on the soll seed bank and a significant effect
after 2-3 years,
Saving on herbicides.

Limitation of the fungal diseases propagation like Fusarium head blight which develops on
the protective casings of the seeds.

No tillage and direct seeding facilitated,

A solution to control herbicide resistant weeds in recovering the seeds of these weeds,
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e ltis applied at different crops: cereals, winter rape, peas, sunflower and corn,
for the method of recovery on the swath:

* Bale of straw density is higher. The weight of the bale is increased by 15%.
for the method of full recovery:

o Chaffis harvested alone. But can be valorised

Disadvantages

The impact on the weeds is variable. It concerns only weeds which are mature at the harvest.
Loss of organic matter in case of chaff recovery and no applications of organic fertilisers.
The chaff yield is variable and depends on the conditions (time of the day, moisture) and on
the type of combine harvester. The chaff yield is highest in the morning.
Higher oil consumption of the combine harvester,
Important financial investment for the equipment, This investment is different for both
methods.
For the method of recovery on the swath;
Risk of jam if chaff has a high moisture content and is in high volume.
Obligation to reduce the speed of the combine harvester to keep the harvest clean.
The system is difficult to dismount.
The use of a swather is banned to keep the advantages of the method.
Wind speeds can have a negative effect in making chaff fall next to the swath.
For the method of full recovery:
*  Extra harvest time of 1 h/ha (emptying time and place),
o Difficulty to take chaff {pressing, loading, transport...).
*  20% of the combine harvesters can’t be equipped.,

Costs

The price Is around 8 S00€ for the method of recovery on the swath and around 28 000€ for the
method of full recovery. But the price depends of the combine harvester to equip.

Uses of the chaff

* Food for farmed animals:
Interesting for chicken because chaff is rich in silica and trace elements and composed by small
seeds. Rich in fibres and facilitating the ruminant digestion, chaff is also interesting for cattle. In
addition, it is palatable food supplement.

» Bedding for farmed animals:
Chaff has over 4% of dust and a better absorption capacity than straw. In addition it has also a rapid
warm-up due to the low moisture content.

*  Methanization:
The chaff methanogenic power is two and a half times higher than corn silage methanogenic power
and ten times higher than manure methanogenic power. Weed seeds are destroyed during the
digestion.

*  Alternative fuel:
Transformed into compact briquettes or granules, chaff is a good alternative fuel with a calorific
value of 15 000 ki/h. So 1 ha of chaff is the equivalent of 520 L of oil or 3 cubic meters of wood.

- o
Chaff can be entered in the composition of insulation or building materials,

Contact: Aurélien Lepennetier (ACTA, aurelien.lepennetier@acta.asso.fr)
Hélene Gross (ACTA, helene gross@acta.asso.fr)
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Low Volume spraying (LVS)
Contact: Yolaine Hily (INRA, UMR AGIR, yolaine.hily@toulouse.inra.fr)

What is it?

Low volume spraying consists in reducing the amount of water used to dilute the active ingredients In crop
protection spraying treatments. Spraying volume is considered as low up to 80L/ha. This technique can be
used for every crop (cereals, beets, oliseed rape, maize, vegetables...) and with most of the sprayers but
must be adapted to pesticide formulation and target characteristics. This technic is more and more used but
requires control of the main spraying parameters.

Spraying volume can be reduced to 30L/ha (Ultra Low Volume) but up to S0L/ha specialized sprayers have to
be used.

Problem to be solved o AL12 km/h

Spraying volume reduction is not systematically associated with =12 At 14 km/h

100 150

200

a chemical dose reduction, even If farmers associate these 3 10 + ;
techniques often. The main objective of this technique is more g
to optimise spraying operations, Indeed, work rates for a given
field spraying system are Influenced by: §
) filling cycle,
i) sprayer forward speed, 75

iii) above all, application volume (chart below). Application volume (L/ha)
Sowre | Computer madeNing - TAG Sioe Sproy oppiicotions

How does it work

The most important issue in low volume spraying is to guarantee 3 good spraying quality, Le. target
coverage (percentage of treated surface area that has a chemical deposit, related to the amount of impacts
on the target) and uniformity of the deposit. These parameters depend on amount and size of droplets and
spraying pattern, but they are not influenced (within a certain range) by the amount of water used for
spraying.

Lower carrier volume requires spraying medium-sized droplets (250-350um), to reach optimal impact
amount. But the smaller the droplets, the higher the risk of spray drift. Technical adaptations have to be
implemented to ensure the spraying quality:

« Choose spraying parameters : driving speed, pressure and flow
* Spray with optimal environmental conditions is necessary when using low volume spraying:

Temperature 15 to 20°C during the day
Alr moisture 75-B0% (dew is really helpful in LVS)
Wind speed Less than 5-10km/h

| Soll moisture (for soll active products) Moist soil ks needed to secure the efficiency

Optimal spraying conditions are early in the morning or late in the evening.
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* Adapt nozzles {find a compromise between number and size of droplets) and filtration systems
(regularly maintained : the thinner the nozzle, the more risks of obstruction)

* Use eventually spraying adjuvants {oils/salts/wetting agents...): they must be adapted to the product
applied and spraying conditions

Effects on the products:
Notice that the efficacy of plant protection products can be influenced by different parameters:

Impact of different factors on products Soll active | FONr Follar | Both follar
performances products contact systemic and .soil
products products active

Mixture properties Lower carrier volume

Adjuvants
Weather conditions Temperature

T variations

Humidity

Dew

Sowrce - Arvabs (France]
Generally speaking, low volume spraying can benefit to systemic pesticides but can alter the protection
efficacy of some contact products.

Chemical dose reduction may be possible but only for some products and in association with the best
spraying conditions and preventive management (agronomy, regular monitoring).
Low volume spraying requires high technical skills to adapt the volume/products/parameters to
crop/target/weather conditions. It takes several years to master the technique and technical advice is highly
recommended to Implement it on a farm.

= Always consider your local conditions and consult a qualified agronomist if necessary

Advantages and disadvantages of the innovation

|
1 + a
= Time-saving {filling cycle and transport) = Highly technical, technical advice required
- Cost reduction: Less water and fuel - Reducing drift nozzles could be necessary but few
- Easily implemented on regular sprayers of them are adapted to carrier volume reduction
- Homogeneous / best spraying conditions {when (not under 80L/ha)
properly operated) - Requires optimal spraying conditions > reduced
- Possible chemical doses reduction useful time “windows"
- Possible protection efficiency enhancement (less | -  Risks of leave damages if too high concentration of
Interaction with water components, higher pesticides
concentration)
Costs

Low investment required for this technique {easily implemented with most of the regular sprayers). Nozzles
and filters maintenance is key factor for the efficiency of the technique (around 300-400€; French data).

Other resources required
Weather measuring devices (measuring application conditions): thermometer, anemometer, hygrometer
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Combination of rape and temporary plant cover

What is it?

This technique consists in sowing at the same time rape and frost-
susceptible associated cover crops. Assoclated cover plant Is a
temporary plant cover which is sown in combination with a cash crop
to improve the agronomic performance, technical and economic
results of the main crop. The cover crop must have these
characteristics:
* It must have a good cover power to compete with weeds.
e It must be frost-sensitive to be destroyed during the winter
without herbicide.
e It must supply nitrogen to rape in improving rape root growth
and/or mineralizing in the spring.

This technique is not advised when the weed Infestation risk is high
because is not efficient. Combination of rape and @ mixed

plant cover (common vetch, purple
vetch, Egyptian clover) QCETIOM

Problem to be solved

Rape is a crop which requires high nutrient, herbicide and insecticide inputs. So the CETIOM (French
agricultural institute of oleaginous crop), developed this technique to reduce inputs in the Northern part of
France. The combination of rape and plant cover reduces fertilizer, herbicide and insecticide application rates
and improves the soil quality,

How does it work?

AUTUMN SPRING
-
o
g &
-4 N
& -
+ veVY VT TS
3 T TrTRNew B T T YV T 1 5
— - )
Seecing P Cotyledons Fuwtles! 2 lesves 3 leawen  End of rowtts vty Wflarescence Separate  Flower stalh  Frst Fint petaly 0% of pack =l pocta
emergence oot Samery taden hawe resched  hawe reached
Irtanedes tnal saw sl v
Augast Septamber  October November December  lanuary  Feliruary March April May une Juby
8
s >
a8 AT !L ’.v:., -«
‘h' *\' - et ~ S\ a
Key stages of rape and plant cover combination {Source modified from A, Davoine - 2013)
Principle

In autumn the plant cover grows quickly, so it exerts competition against weeds. During winter, it freezes and
dies. In February it decomposes and releases nitrogen for the neighbouring rape. Furthermore, the plant cover
will disturb the life cycle of autumn insect pests (cabbage fly - Delio radicum, cabbage stem flea beetle -
Psylilodes chrysocephala and rape winter stem weevil - Ceutorhynchus napi) because it hides rape at the
beginning.

Rape has to be sown early; both implantations of rape and companion plant can be combined (one operation)
or require two different and successive operations. If the rape seeding is after the plant cover seeding, there is
an important risk of competition between them. If the plant cover is sown too late, there is no competition
with weeds. The simultaneous seeding of rape and plant cover can be done in one if the sowing machine has
two hoppers, one for rape and the other for plant cover, or if rape and plant cover are mixed in a single
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hopper. In this case, several types of seed size are necessary. At least 3 seed sizes for the cover crop can avoid
stratification in the sowing machine. It is possible to do the seeding in two operations in the same day, the
plant cover can be sown by cereal or broadcast sowing machines, and the rape by precision sowing machine,

Choice of associated plant cover

The plant cover must not be very sensitive to herbicides compatible with rape because some herbicides can be
applied before the rape emergence. Mixing different plant species for the cover can secure the combination,
vary seed sizes and multiply effects of different species,

Toble with choracteristics of some species for plant cover

species Seed rate Effect Frost-sensitivity m”mm’;
Lentil - Lens culinaris 12:25kg/ma | U708 S04 COver rﬁm ° High
Faba bean - Vicia fobo 50-70 kg/ha 5°'1 l’l'r':‘::" 10°C Low
Common or purple veich - | .15 kg/ha | Sollcover, nitrogen 10°c Medium
::;l:smg vetch - Lathyrus 30-40 kg/ha Nll;zze:{nsmou ucrt:m -5 a:;z'ce a;:;redlng Medium
FI:W - Trigonella 2030 keg/ha Nh::en. m:“ c':v« 5 l:;:i:’i‘tiﬂﬂn‘ Medium
if::::‘;;m Trifoliom. | 1029 kg/na Nitrogen 'w.c':ic:::“ to Medium

Effects of associated plant cover

There is not enough experimentation to show a significant effect of the associated plant cover on autumn
insect pests. Experiments show that the associated plant cover reduces the competition between weeds and
rape but it does not limit the amount of weeds (weed/m?). So its effect consists only in weed biomass
reduction, A broadleaf herbicide treatment may be necessary but at a lower dose, Furthermore, the associated
plant cover can make available from 20 to 60 kg N/ha to the rape.

Advantages
e The yield is higher or equal compared to the yield of a single rape crop in 75% of cases. In rare cases,
the yield is reduced by 200 kg/ha.
* Competition with weed in autumn. This competition has a significant effect on Geranium but no effect
on Galium.
The plant cover mineralization makes nitrogen available to the rape.
The rape root growth Is better due to the root system of the plant cover,
Global improvement of the soil quality.
Reduction of nutrient inputs (about 39%), energy inputs (11%) and greenhouse gases emissions (6%).

Disadvantages

* In case of mikd winter, the plant cover is not destroyed. So an additional herbicide treatment or/and
mechanical weeding are required. Sometimes, the field can’t be harvested because the cover crop
surpasses the rape.

* Requires more labour and a long time before the farmer masters this technique (highly technical
method)
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Costs

Some companies sell seed mixtures dedicated to companion planting. The prices vary from 20 to S0 €/ha. But
regarding the input reduction, It is possible to reach an overall cost reduction of 50 €/ha.

Contact:  Aurélien Lepennetier (ACTA, aurelien lepennctier@acta.asso.fr)

Hélene Gross {ACTA, helene.gross@acta.asso.fr)
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Combine row crop sowing and herbicide band-spraying
Contact: Yolaine Hily (INRA, UMR AGIR, yolaine. hily@toulouse.inra.fr)

Whatis it?
Row crop sowing and pre-emergence herbicide band-spraying performed at the same time. Soil active
herbicide is only sprayed on the row; consequently the herbicide quantity is reduced.

Problem to be solved
According to a European directive, pesticide use has to be reduced, This technique can ensure both an
effective weed control and a significant reduction of pesticide applied (40 to 60%).

How does it work?

Sowing of row crops (maize, oilseed rape, sunflower, saybean, sugar beet...) s combined with band-
spraying of pre-emergence soil active herbicide. This spraying is localized on the crop row (intra-row).
Inter-rows hoeing can be performed afterward to control weeds between rows

Optimal conditions:
This technique is adapted to almost all soil types, except stony soils. Soll active herbicides are also more
efficient on moist solls, and on soils with low organic matter.

Material:
- Spraying tank {200 to 1500 L)
- Electric pump
Pressure regulation: manual or efectronic
- Uniform coverage flat fan nozzles (spraying has to be homogeneous since there is no
overlapping)
- Filters, pipes, anti-drip systems {one for each nozzle)

Principle of operation: Exemple of
Pressure placement

The spraying tank is placed on the front regulation {

(better weight repartition) or behind the device Feeder

tractor (over the sowing machine) and \ ™ pipe (1)

supplies a nozzle per row. The spraying Seed hupper Distribution

tank is linked, through the pump, to a Feeder v pipe

distribution pipe which includes one exit pipe (2)

per nozzle/seeding unit, The regulation

device ensures the continuous treatment
delivery and the right dose/ha, Herbicide | Mol

Press wheels
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treatment is applied directly after the press wheels of the seeding unit; the sprayed
area is restricted to a band (10 to 20 cm on the both sides of the row = 20 to

40cm, picture below).

Inter-rows have to be maintained weed-free by hoeing, weed contraol can then be
compieted by localized herbicide spraying as well {fact sheet available). If needed,
conventional spraying operations can be further performed.

Performances:

If the conditions are favorable (moist soll but no long rainy periods, no soll
compaction), this technique associated with inter-row hoeing can be more efficient

than conventional herbicide spraying (chort below).

Final weed control according to cropping
practices (% compared to the untreated control)

100%
a0
60%
aon
20%

on

*FO - Full Dose

S liowe s
Qiseed rape

]
Bl 3

a% s

{2) F* Beocadcast
\praying program

(3} Mechanical weed
aragement | Hoeing

{1} FD* Band- speaying
during sowing + hoeing

Advantages and limits of the technique

Sowce CETIONM

According to field trials, combined band-
spraying and sowing ensure an effective
weeds management on the row if the weed
pressure is low or medium. In case of extreme
weather conditions favorable for weeds (rainy
spring), this technique has to be assodated
with other weed control methods.

Remark: if a field is not perfectly square and if
corners can’'t be maintained by hoeing, these
latter have to be sprayed conventionally to
reduce weed pressure.

+

40 to 60% herbicide use reduction

=» Economic and environmental benefits
Improved treatment efficiency since the soil
has been freshly tilled
* Almost no drift (nozzles are close to the soil)
No weed competition on the row up to one
month
Time-saving technique

« Weight repartition on the tractor due to the
additional spraying tank

« The efficiency of the technique Is variable
according to the weather conditions

* Higher concentration required from the driver
to manage seeding and spraying at the same
time

Costs

Cost of the equipment between 1000 and 6000€ (French data, without VAT) according to:

= the volume of the spraying tank;
nozzles;

- options for the pressure regulation {electronic / manual).
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6.4 Stakeholder trial/demonstration leaflets

Valerie

This projoct s naed a5 o collaborative progect undar
the 7In Ewropesn Framework Programime, Grand
Agreement No.- FPT-KEBBE-2013.7-613825-VALERIE
Duration: January 2014 <« Decamdar 2017

Valorising European Research for Innovation in Agriculture and Forestry

VALERIE Stakeholder Trials:

Sustainable innovative practices in the central region of
France: a focus on soil structure assessment in the field

The problem

Arable farming in Berry, in the central region of France
(departments of Indre and Cher), is characternised by
ollseed rape, wheat and barley grown in rotation. Over the
last 20 years yields have been decreasing or stagnating
An agronomic diagnosis (2005-2012) based on 500
agricultural plots linked the problem to short rotation
weeds and pests (especially insects). The quality of the
seed planting phase, germination, rooting and weed
infestation, as well as crop growth in the autumn, were
Identified as the main factors limiting potential crop yleld
To tackle the short rotations identified as responsible
for recurrent weed and insects problems, farmers have
gradually shifted towards simplified tillage in terms of
number of operations and working depth. However, this
simplified tillage is not ahways beneficial to the structural
qualities of the soll.

The proposed solution

Sustainable Innovative practices, which Involve
adjusting tillage practices (no- or reduced- tillage) and
sowing dates, lengthening crop rotations, and growing
cover crops and new crop associations (ollseed rape
in legumes cover, winter pea and barley/wheat), were
identified by farmers as having the potential to address
these problems. Specifically farmers requested better
decision support to help them select the most appropriate
practices for managing the soil (e.g. no-til, cover crops,
crop association, sowming dates, etc) under particular
climatic and environmental conditions, and as part of this
a field method to assess sod structure was proposed

Stakeholders

A group of 15 arable farmers and 5 public and private advisors have besn working together with group discussions,
regular meetings and on-farm testing since 2015 and are supported by an agronomist from Terres Inovia. The farms,
which vary in size from 100 to 500 hectares, are located in the departments of Indre and Cher, where the soils are
typically calcareous clay (stony) soits. These farmers regard soil quality as the key factor In achiaving more productive
and efficient systems. This group Is accustomed 1o interacting with research projects.
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Aims and Method
The trials aim to,

+ Examine how management of soll tillage (deep tillage, no-tillage, reduced-tillage, etc.), cover crops
and crop associations affect soil quality characteristics

+ Examine how soil quality influences crop growth processes and yields for different soil and crop
management

» Collect data to create a decision support tool to guide farmers in selecting innovative cropping
practices. This tool includes simple field soil structure assessment.

Field experiments

On-farm trials were conducted in a network of 10 farms over two years (2015 & 2016). Conventional and
innovative practices are compared in the same plot with data collected on 19 oilseed rape plots, 16 wheat
plots and 7 protein crop plots (pea, faba bean).

The tested innovative practices were:

+ Seeding methods: No-till versus strip-till.
Conventional seed drill or seed drill equipped with
tine coulter and alternations of seeding methods.
The performance of a prototype no-till seed drill was
also tested.

« Lengthening of the rotation: Introduction
of protein plants

« Cover crops in intercropping: As frequently
as possible

« Associations of crops: Service plants (oilseed rape/
legumes), assaciation of two cash crops (wheat/grain
legumes).

Data Collected

Main visual analysis of solls:

« The colour: using organic matter content and the presence of hydromorphic features
+ The type of clods: Indicates level of compaction

» The porosity: biological {(earthworms, roots), structural (peds) and textural indications
+ The presence of organic matter

Main observations on crops are:

+ At the beginning of winter: stand structure, roots and aerial growth, nitrogen content, Nitrogen Nutntion
Index

» At flowering stage: sanitary state, grawth, nitrogen content, Nitrogen Nutrition Index
« At G4 stage of oilseed rape: health state, growth, nitrogen content
* At harvest: crop yield

A group of 7-10 farmers met at four key perlods over the crop growing season to assess soll and crop
quality and to help select the most effective practices. The group was coordinated by the Terres Inovia
agronomist and a technical assistant (wha carried out soil sampling, photography, inventory of samples,
database management elc.). Farmers were invited to join in the sampling and in-field soil structure
evaluation (on some 25-30 field plots). At each occasion, discussion amongst farmers helped to improve
and adapt a quick, visual, demonstrative soil quality assessment method on successions of oilseed rape
in cover plants and wheat in association with grain legumes.

www.valene.eu @Valene_project
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Fleld evaluation farmers, advisers and soil scientists

Field trial on soil structure Fleld tests with the 15 farmers of the Berry group. 5 regional advisers and a

characteristics soil scientist tested a tool based on quick visual assessment of structure and
porosity using a spade test,

Measurements of plant structure, | Measurements were made during autumn in 2015 & 2016

density and growth

Evaluation of the quality of roots | The tap root lengths were measured at the beginning of winter (2015-16) with

(length, biomass) comparnsons between different sodl tillage

Evaluation of sod structure and | The state of the sod structure and its porosity were evaluated dunng the

quality of the crop autumn 2015. Measurements of plant growth were conducted during the

flowering and G4 stage of oillseed rape.

Results are summansed from the on-farm trials camed out over two years (2015-2018) on 25-30 field plots over 10
farms, Full results are available in the Annexes,

At the beginning of winter, there was no difference in tap root length of oilseed rape between conventional or
innovative plots.

During the autumn, there was a high % of healthy ptants (in relation 1o flea baetles or rape winter stem weevils)
In innovative® oilseed rape compared to conventional, A strong correlation was observed between the % of healthy
plants and crop biomass at this stage.

During spring, innovative cilseed rape presented better
biomass growth and nitrogen dilution curves showed that
nitrogen concentrations in soils were not limiting. For all
plots, ylelds were also higher for innovative compared to
conventional oilseed rape, 34 vs, 27 quintaux**/ha

After innovative ollseed rape, wheat crops, associated
with or without legumes presented similar yields limited by
water excess and low solar radiation. Yields were lower
with N fertibzation (34 vs. 47 quintaux’ha) but unfertilized
crops did not show diseases and presented higher grain
qualty compared to fertilized plots.

Odseed rage mith campanon plents (imding the impact of
autumn snsects) and of alseed rape alne

The field trials were used 1o develop and test a decision
support tool based on four steps

1. Field information (weeds, pests, risks etc.)

2. In-field assessments (soll structure, crop residue etc,)
3. Decision making (use of mnovative practice?)

4, Evaluation

A simple guide for field assessment of soil structure was
developed to support this process (Annex 2 & 3).

*Oltssed rape in assocabon with legume cover with or without Fevmars and 8cvisers sssessment of the on-fald method
N fertilization in no-tilage or simpiified tilage o assess doff qually
Picture: Teyres novia

“quintaux = 100kg

www.valere eu @Valerie_proje
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Overall stakeholder involvement and feedback

The farmer group, together with their agroncmist, have been central to the Identification of the trial topic, the on-farm trial
design, and data collection and tool development. Holding farmer meetings on the plots, at each of the four key growth
penods, to sample and discuss results provided stakeholder input throughout.

In addition annual group meetings were held, together with a wider and larger groups of farmers and advisars in the
region, to view different plot comparisons and discuss the resulls of the growing season (of ciiseed rape and wheat/
protein crops)

Although the stakeholders found the results interesting and co-daveloped the fisld soil assessment method, they agreed
that further trials and testing with farmers is neaded to fully address the issues raised. Even for these innovative farmers
observation of soll structure is unfamiliar, so further training is needed to support them in soil assessment. They found
the contnibution of the soil scientist was very beneficial to help them better understand their soils, but they reported that
the focus on the long term assessment of soil and its intervention did not address their need for short term diagnostics
for crop management. They proposed some revisions 1o the tool, amongst them use of non-scientific terms to describe
soll peds,

Key findings

Qilseed rape in a no-till or reduced-illage situation in
association with cover plants:

+ Decreases weed and insect pressure. Good odseed
rape biomass at the beginning of winter can be hinked
to 8 decrease in weeds and insact pressure,

+ Increases ylelds of cdseed rape and of the following
wheat

+ The decision support tool coudd help the farmers
and advisers choose the best practices in these new
cropping systems,

Further reading

Annex 1. Trial details - matenal, method and main results

Annex 2. Field tnal on soil structure characternsation

Annex 3. Evaluation of Scil Structure (French)

Annex 4. A video demonstrating the decision support tool (in French with English subtities)
hitpslyoutubel/uaE-4xGYow,

Annex 5. Detailed results (French)
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www.valene.eu @Valene_project

e,
57 Valerie




6.5 Case Study Partner produced outputs
The CSP produced 5 Annexes to accompany the stakeholder trial leaflet:
T Annex 1. Trial details - material, method and main results
1 Annex 2. Field trial on soil structure characterisation
1 Annex 3. Evaluation of Soil Structure (French)
1

Annex 4. A video demonstrating the decision support tool (in French with English
subtitles) https://youtu.be/u4fE-4x6Y pw.

1 Annex 5. Detailed results (French)

The Annexes can be found on the VALERIE website at; http://www.valerie.eu/
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7 Sustainable forest management and ecosystem services, Navarra
and Basque Country, Spain

7.1 Context

In many parts of the Pyrenees sustainable forest management had declined in recent decades.
Forest ownership is often characterized by small and fragmented plots which are a barrier to
economically viable forest management practices and the maintenance and enhancement of
biodiversity and ecosystem services. There is an opportunity for forest owners to achieve
sustainable management through joint forest management planning. However, a major barrier
in the planning process is a lack of empirical data on the physical characteristics of the forest
which can be used to inform management. Light Detection and Ranging (LIDAR) technology
has the potential to provide much of the required information.

The VALERIE project has brought together a wide range of stakeholders, including individual

forest landowners, the local authority, technical staff and forest engineers from the Navarra

Forestry Society (Foresna), technical staff from the Mediterranean regional office of the

European Forestl nst i tute (Efimed) and the Government of
responsible for the Roncal area. Meetings have been carried out with forest owners to identify

their problems and to show them the proposed innovation. There are also regular meetings

with the Government of Navarre’s technicians and officers.

7.2 Dynamic Research Agenda

This CS is notable for its focus on social innovations in relation to sustainable forest
management. In the first meeting the CSP and stakeholder identified three broad themes
where innovative solutions were required:

1 Reversing the decline of sustainable forest management in the Pyrenees

9 Overcoming barriers to economically viable forest management practices and the
maintenance and enhancement of biodiversity and ecosystem services

1 Low awareness and appreciation of ecosystems and the services they can offer to the
community.

The DRA (Figure 7.1) shows that stakeholders then identified 5 priority issues for further

investigation through the production of factsheets. The CSP and stakeholders were interested

in a particular set of issues surrounding the cr
management plan as a means of promoting and achieving sustainable forest management in

the Roncal valley. As the project developed the CSP and stakeholders worked together to

create the forest ownersé group and joint forest
CSP and stakeholders discussed and addressed any issues that arose. One area of interest

was the use of LiDAR technology to inform forest management and at the same time reduce

the cost of producing a joint management plan. This interest in LIDAR became the topic of the

trial.
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Innovation issues

P

3

4

Figure 7.1 Sustainable Forest Management and Ecosystem Services Case Study
Dynamic Research Agenda

- : : Priority issues
Rever‘smg the decline of Refined issues
sustainable forest How to set up a forest ) Refined issues = -
management in the owners group The costs of setting i Trial topics
Pyrenees up a joint forest The use of LiDAR to o .
How to identify forest Sieiia—" . reduce inventory Using LiDAR to inform
* Overcoming barriers to . g p joint forest
. . owners and their land. drninicteati costs J
economically viable (administration, .
. management planning
forest management How to persuade the surveys, data The use of LiDAR to
practices and the owners to set up a collection and improve forest Testing the potential to
maintenance and forest owners group analysis) management reduce the costs of
enhancement of . S . Besiin ciiteiis for developing Forest
biodiversity and aw to.deyelp A jpint gf 5 Management Plans by
ecosystem services management Plan f‘new OES using LiDAR data
’ infrastructure
» Low awareness and How to raise awareness collected through
appreciation of and appreciation of The economic aerial survey to replace
ecosystems and the forestry ecosystem viability of the some elements of
services they can offer to services forest owners ground surveys.
the community. group. (supply
chain, new
products and
markets)
" . — R
- ~ — c— —
o -~ Factsheets ~ N e e e
, Howtosetup a forest owner group N\ / e Factsheet ~ N
/ How to persuade the owners to set up a Method.s, approache.s and \
/IR —— \ mechanisms for valuing J
. ecosystem services v
\ How todevelop a joint Management / S g
N P\Ian % / S
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The Thematic Experts produced 3 factsheets after the first meeting and an additional one later
in the project. The CSP reported that the factsheets produced after the first meeting were very
useful in providing ideas for the creation o f

T —— ——

-

t he

f orest

owner s o

management plan. In this CS there was a very close working relationship throughout the
project between the Thematic Experts for forestry, the CSP and the stakeholders. When the
CSP and stakeholders expressed an interest in the use of LiDAR technology for forest

management the Thematic Experts were able to produce mini-factsheets on the use of LIiDAR

to reduce inventory costs and to improve forest management.

group
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7.3 Factsheets on innovation

Valerie

Valerie

How to set up a forest owner group?

What is it?

The forest group can be defined, according to current forest legislation, as an association
of natural, legal or private persons who voluntanly or mandatory (if determined by the
government) bring together the forest properties over which they hold auy right, in order to
make a jomnt management thereof.

The forestry land group can be:

Case 1: The lands are grouped to be managed and/or exploited and each landowner, who
is a member of the group, keeps the property over their forestry land.

Case 2: Specific ownership disappears and the member is then holder of an abstract
portion instead of a specific forest land.

The fact that the forestry lands are adjacent or neighbornng is an advantage but not a
requirement. The namire of the forest land group is deternuned by comprehensive planning
and management.
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Problems to be solved

Forests of the Pyrenees from both Spanish and French sides are neglected because:
- The properties are very atomized, there are many small plots. An average of 2 ha per
plot represents the average area of management today.

- There are owners who do not know where their plots or their plot limits are. There is a
lack of forest culture and unawareness of silviculture and technical management plans.

- Itis somerimes difficult to find the forest owner as they are living outside the territory.

- The land registry is out of date and in most cases does not match the boundaries that
are recognized in the Poblic Registry of Property. In some cases it is difficult to define
the property (e.g.: dual ownership lands or undefined boundaries),

- Ageing in much of the Jandowner population and the new generation who will be
taking over is unaware of the forest knowledge and management.

- Actions in the forest become more expensive due to the different orography feanires
of the land and such exploitation has no profitability for the owner or the industry.

- Difficulty for the creation and maintenance of joint infrastructures,

- The territories are away from the companies and transport makes the product value
more expensive,

- The quality of products 1s low and the level of extraction is less than nairal growth.
- Lack of awareness of territorial initiatives on the critical roles of forests.

- As a result of the above, the Pyrenees, which used to be a very active aerea, now lack
forest management, which is detrimental to the forest from three points of view:

1*' Environmental:
- Aging, deterioration and imbalance of the masses,

- Increased risk of fires.
- There is a greater presence of disease in the forest.
- The risk that some trees are blown over by wind or snow increases.

- Delay w the forests by the lack of silvicultural treatments that can even lead to
endangering forest persistence.

- The non-intervention causes decreased tree growth and increased quality of the surface
covered with weeds, hampering further work and increasing the nsk of fire,

L[]
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2% Econommic:
- At the moment there is a source of untapped resources that are wasted n the forest,
wood, hunting, mycology and other products.

- Many local industries have to go get their raw material further afield with all that
unplies, such as a higher cost and increased poliution.

3 Psvchological and Human!
- Rural areas are abandoned and the remaining population is aged.

- The generational change does not occur because there are no alternatives.

- There is a major loss of culmre and knowledge of the region. Many traditions
disappear and with them, the cultural past of a place,

Image: Atomization of the property

OBJECTIVES

The aum is to achieve a reunification of forest owners, through cooperation in the
submission of services and timber market, The idea is to train larger management umts which
will generate a greater benefit when an increase in the economy of scale is given (joint timber
sales, work organization, purchase of materials, etc).

It is intended by this concentration of territory:

- To promote rational management of forests.

- To define n management project of the masses that propose innovative silvicultural
solutions adapted to different sitmations of the chosen massif.
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To enhance production through diversification: sales ro paper mills. board
manufacturers, energy sector (biomass), hunting, mycology.

To get the PEFC label for sustainable forest management,

Not only to improve and regenerate the health of forests of the Pyrenees, but also to
INProve resources,

To establish partnerships between companies and government agencies for research
and development.

How does it work

1)

3)

Search for potentially producing areas that are neglected and unmanaged because the
owners have small, fragmented and diverse plots.

Looking to mtroduce the idea of grouping it is necessary to convene a briefing to see
if the actors of the involved rerritory are interested. Afterwards, several meetings must
be held to inform and ask for the administrative documentation and to see the
dimension of the group 1 terms of area and owners, The legal form of incorporation,
by-laws and membership of the organization must be explained.

In terms of the territory it must be taken into account:
Relief: areas with rugged relief, over 60% slope in general, will be excluded,

Density of tracks; search for areas with an adequate network of tracks, to start work in
the short, medium term. and from there, to be able to plan new ones.

Stands: inreresting areas of Scots pine (Pinus sylvestris) and Silver fir (Abies alba).

Avoid areas with figures of comprehensive protection: because of the difficulty with

expleitation and achievement of short-teriu goals it wonld entail.

Advantages and disadvantages of the innovation

The group makes forest owners stronger:
- Greater negotiation power with industries,

- Improvement of forest product prices, since more products are put in the
market and the costs are lowered,
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- Greater recognition by Aduumstrative Entities and Governunent that recognize
them as valid interlocutors.

- Communication is faster and smoother and safety is generated among
individuals when being part of a collective.

- Drawbacks:
- It is a slow process and motivation and energy must be kept high.
- Sometimes internal or external tensions and suspicions are risen,

- They have a high cost for previous work performed.

Costs

There will be costs in the first year, when a preliminary meeting must be held to see if
there 1s interest. Other costs will be generated during the search for interesting areas, their
development and the meetings held until getting the administrative documentation, together
with all the technical material.

Staff: Forest Engineer: €30,000 per year.

Technical support staff: €10,000 pér year.

Travel expenses: depending on the area and the number of joumeys to be made
Office supplies. printing, maps, cartography: €6,000

LEGAL ASPECTS

1. Forest legislation of the country where it operates must be considered

Possible environmental laws, and from local and national administration must be
considered.

3. Laws relating to data protection mnst be considered.
4. Consider social figures given by the Civil and Commercial Law or the cooperative
legislation of each country in order to build these organizations.

19

Contacts (manufacturer, service provider, developer)
FORESNA, EFIMED

Source of the research
Innovation was conducted and further developed with funds from Foresna-Zurgaia and
collaboranon with the Government of Navarra in the case of the Forest Owner Group from
Roncal.

s
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How to persuade the owners to set up a forest owner

group?

Image lunal simanoen of tie dimbomion of the glon

What is it?

As detmled i Factsheet |, the forest owner group can be defined, according ro current
forest legislation, as an association of natural, legal or private persons who voluntarily or
mandatory (if determined by the government) bring together the forest properties over which
they hold any right. i order to make a joint management thereof.

Thus, the first probiemn that arises is how to mitiate the creation of this group, given the
multitude of actors involved.

Problem to be solved

When looking to come up with the creation of a forest owner group, we come against
some problems: whether the owner trusts the person proposing the idea of union and the
distrust that joining others generates. Some owners see the forest owner group as an
opportunity as they think they could benefit from its collective mode of operation. whereas
others raise the possibility of being harmed by neighbours they don’t like.
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How does it work?
Basic tools:

- Presentations made to owners dealing with: legal issues, operation of the group. plots
problems i the area and possible technical solutions, strengths, weaknesses,
opportunities and threats.

- Consideration of potential costs and benefits,
- Discussions m assembly, the meeting to provide a platforin for discussion.

- Individual survey on expectations about forest ownership and the group, It can be
conducted at some point in any sefting meeting, and its resulis can be explained in the
next meeting.

Conducting the survey involves: designing, monitoring while it is being filled and
analyzing results, The basic criteria for design would be: concision (short sentences, few
questions=max | page), objective question wording (aveid leading questions). key
questions (addressing key points). The information extracted is valuable for both the
ortentation of the activities, and for the subsequent management plan

Both the presentations and the questions made afterwards are 1o convey transparency
and professionalism. They miust be short enough for people to stay focused (eg max. 45
min in total to give information, the rest of the tune for the debate). The presentations will
be made in easy-to-understand language: little technical and near the local lingo. If there
are complicated issues which require charts or diagrams, they should be given in a
pamphiet to be read quietly at home. Different issues should be dealt with in different
meetings. Doubts that arise should be noted down for future meetings.
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Speaking protocol: at meetings where there is a government institution, the Mayor of
the place will preside and will speak as they are the highest mstitution in the place, except
that they want 1o give this honour to other person, out of courtesy. The technician in
charge will take over the meeting in all other matters,

Advantages and disadvantages of the innovation

- A survey involves preparation and analysis time, but the information extracted can
confirm whether the owners' concerns match the technicians’, or if there is a need 1o
work in either direction to improve comumuication on certain issues or to include
other criteria that has not been covered yet.

- It has been shown that owners consider four axes/dimensions when managing:
economic expectation over the property, a sense of moral duty. the model of how the
forest should be, and the attiude towards natural hazards (Dominguez & Shannon,
2011),

- Knowing the motivations of owners help deal with individual preference elements in
contrast with elements of cooperation among owners (Kittredge, 2005). The benefirs
of coordinated action may not be visible for many of the actors, therefore they need to
be explained (Rickenbach et al., 2006). Also, the costs in terms of loss of decision
making power (deleganion of management, delegation of factical decisions) have to be
explained.

- Presentations on current issues of great value for the owners show that the rechnician
does not act with their own agenda but adapts to the owners’ interests,

- It has been shown that techuical solutions suggested by technicians are widely
considered by the owners in their decision making. Technicians are an important agent
of influence on the opwmion forming of the owner when considenng different
management alternatives (Prunmer & Karppinen, 2010 Gossum Vau etal.. 2005)
(including parficipation in cerfain granis, programs, accepling certain forestry
inerventions).

In addition. it has been shown that in cases of high uncertainty (eg. fluctuating wood
prices, climate change) and complexity (eg. imterrelations between technological
unprovements and geopolitics of oil prices, etc.), owners rely on people and
organizations that convey confidence, and take the mental models they provide,
(Schititer & Koch, 2009)

- Having the political establishment gives a character of seriousness | solemnity to the
meeting. Not respecting the more or less formal protocols of the area can lead to
estrangement.
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- Owners’ criteria: it is often "I want it to be without any cost for me, and if possible, to
make a profit from it™ The efficient management of the group is required.

- Encourage interaction among different members of the group mvolves creating new
relationships among strangers (weak ties) and strengthens the relationshups among
acquaintances from the specific forest field (strong ties). There is evidence that
members often talk about their property problems with an average of three members
of the group and with rechnicians (strong ties), and consider the rest (weak fies)
reliable (M. Rickenbach. 2009) . This facilitates joint decision making,

Costs

Transactional costs connected with setting meetings, in order to present the institution and
the idea.

Time devoted to designing and analyzing the survey.

They will depend on how structured the forestry sector has been so far, as well as on the
knowledge of the property.

Legal aspects

- Check budget lines allocated to this kind of uutiatives by local. regional or national
governments, and sustainable forest management.

- Assess and be aware of the fiscal improvements or possible deductions that may exist
for forest owners.

- Smudy which of the different models under the law of each country is the most
appropriate for each situation of the territory.

Contacts (manufacturer, service provider, developer)
FORESNA. EFIMED

Source of the research

Innovation was conducted and further developed with funds from Foresna-Zurgaia and
collaboration with the Government of Navarra in the case of the Forest Owner Group from
Roncal,
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How to develop a joint Management Plan?

5 .+ ER LR A D

What is it?

Forest planning should be carried out by Technical Management Plans grouping properties
and forests of various individuals, and not be managed from an individual but global view,
So, there is a need of Technical Management Plans that bring together various owners, and
the methodology for their implementation must be established.

Innovation would be part of the global planning of forests, considering its services 1o society,

Problem to be solved

Grouping the owners must be considered and achieved. and conduct a planning document that
meets all their demands, and the demands of society. Within the Technical Management Plan
the following issues must be resolved primarily:

- Idennfving infrastrucnure fo create.
- Inventory of actual stocks and accurate characterization of habitats,
- Planning of forestry interventions: type, location, intensity and timing.

- A minimum of 10 years is reconunended, consistent with the specifications that may
be established in the legislation of each zone is recommended.
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How does it work?

These s

teps must be taken for proper operation:

1) Grouping the owners and their lands {previons Factsheets)

2) Meeting and interviewing the owners to find out about their interests

3) Office working to establish fieldwork

4) Visit and field inventory

5) Meetings to define the objectives with the owners or the Board (management body)

6) Establishment of a ten-year planuing

7) Approval of the Technical Management Plan by all the actors, first by the owners, and

subsequently by the Governunent.
Individual CHOOSE /| Managing Board PECIDE | Intermediary (eg.
(representatives) - ">
owners DISCUSS
ASSEMBLIES
DIALOGUE
GOVERNMENT

Advantages and disadvantages of the innovation

The development of a joint Technical Management Plan shows the following advantages and
disadvanrages:

Advantages:

Inventory may be interesting for some owners to know the contents of their property
and its value / potential.

Transparency of interventions and benefit sharing.

"~
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- Advantages and disadvantages of the different approaches 1o participation. in terms of
perception of legitimacy, fair treatment and transparency. Eg.: Focus groups for
management plans in community forests in Galicia (Marey-Pérez, Calvo-Gonzilez, &
Dominguez-Torres, 2014)

- How to explain the benefits of jomnt action (Paige Fischer & Chamley, 2012)
- Comprehensive management of the forest and joint benefit.

- Planning according to global needs and, in rum, introducing requirements of society
and taking into account the services offered by the forest.

- Greater ease in handling by the anthonties.

Disadvantages:

- Internalization of adjacency externalities: when an intervention for the sake of the
group affects negatively an owner, compensation mechanisms must be searched in
order to have a sense of fair treatment,

- Areas where no action is established may lead to addirional costs so they should pot be
introduced.

- Greater efforts 1n the implementation.

Costs

Individual Planning Jolnt planning

Accoerding to productivity and field location.

50 - 80 €ha 10 - 30 €ha Variable

Contacts (manufacturer, service provider, developer)
FORESNA, EFIMED

Source of the research

Innovation was conducted and further developed with funds from Foresna-Zurgaia and
collaboration with the Government of Navarra in the case of the Forest Owner Group from
Roncal,
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Methods, approaches and mechanisms for valuing ecosystem services

What Is this factsheet about?

This factsheet provides an overview of différent methods, approaches and mechanisms for valuing
ecosystem services.

Problems to be solved

A major problem s that most services that are public goods are under pressure because there is no
financial value in the marketplace. This factsheet gives i) an overview of metheds for evaluating the
value of different types of ecosystem services, il) guidelines for effective organizing of funding
mechanisms for ecosystem services and i) practical examples of valuing of and payment for ecosystem
services,

Introduction

Ecosystem services are the diverse benefits we derive from the natural environment. They are ecological
characteristics, functions and processes that directly or indirectly contribute to human wellbeing
(Costanza et al. 2017). Examples are the supply of food, water and timber (provisioning services), the
regulation of air quality, climate and flood risk (regulating services) and opportunities for recreation,
toursm and education (cultural services) (AECOM, 2015). Most provisioning services refer to private
goods. Most regulating services are public goods and most cultural services consist of a mix of private
and public goods. Public goods are non-excludable and multiple users can benefit from using them
{Constanza et al, 2017). Supportive services like soil formation, nutrient cycling and provisioning of
habitat contribute indirectly to human well-being by maintaining the processes and functions necessary
for provisioning, regulating and cultural services (Constanza et al. 2017), The majority of ecosystem
services have been degraded in previous decades while food production has increased (MEA, 2005).
While some ecosystem services like food and timber hisve 8 financial value in the marketplace, others
that are also vital to our wellbeing are not. Ecosystem managers (farmers, loggers or protected area
managers) often receive fewer benefits from land uses preferred by the community than they wouk!
receive from alternative land uses that produce negative externalities.

Payment of Ecosystem Services

Payment by the service users can help to make conservation the more attractive opbon for ecosystem
managers, Payment of Ecosystem Services (PES) has gained a lot of attention. PES seeks to internalize
what would otherwise be an externality (Pagiola and Platais, 2007). Payment for ecosystem services was
defined as a voluntary transaction between service users and service providers that are conditional on
agreed rules of natural resource management for generating offsite services (Wunder 2005; 2015). In
practice many PES like schemes were realised that did not meet the exact definition of PES (Prokaflieva,
2016). Therefore broader definitions emerged like: the transfer of resources between social actors, which
aims to create incentives to align Individual and/or collective fand use decisions with the soclal interest in
the management of natural resources (Marudian et al, 2010)

The thinking of valuing ecosystem services has been shaped mainly by economics. Economic value is
often defined in strict economic terms as “aggregate willingness-to-pay for the stream of services or to
accept compensation for their loss” (Constanza et al, 2017). Within the group of economic techniques ,
contingent valuation s the most frequently applied method, followed by market price approaches and the
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travel cost method. Other methods are hedonic pricing, benefits transfer and cholce experiment and
dehiberative economic valuation (Probst-Halder, 2015),

Figure 1 gives an overview of the economic oriented approaches to value ecosystem services {Probst-
Hauder, 2015).

Market-based Non -market
valuation valuation
Direct &
Surrogate Mypothetical
Indirnct ket et
market
* Market price Revealed Stated
« Producti Preference Preference
function L P L]
| Damages/
mmm * Travel cost * Choice
modeling

Figure 1. overview of the economic onented approaches to value ecosystem services

Table 1 gives an ovérview of the recommended method to valuate different types of cultural ecosystem
services including a short explanation of the different methods,

Table 1. Overview of recommended methods to valuate cultural ecosystem services (after Farber et al.
{2006), Pagiola, von Ritter, and Bishop (2004) and Bell et al. (2009)).

Proposed methods for evaluation

Amenability
for economic
Ecosystem Contingent Choice v ¢
service valuation experiment =l Hadonic pricing valuation
s ; ' Service demand
Service demand i ': elicited may require travel, Service demand
may be elicited by v the costs of which may be reflected
based on the
posing renkdng. rating oF can reflect the in the process
hypothetical i g of na implied value of  people will pay
scenanos that altema:ve chbloes the service (e.g.  for assocated
Involve some eka Which have recreation areas  goods, such as
valuation of for distant visitors  housing prices
X different 3
alternatives, e.9. who are willing to  near attractive
willingness to pay comtination pay for the green spaces
attributes
Joumney)
Recreation x x X x High
Aesthetics  x x x x High
Education - - - - Low
Spiritual x x - Low
2
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Issues to take in consideration are (Engel et al. 2008)

* payment offered to ecosystem managers must exceed the additional benefits they would recelve
from the alternative land use and must be less than the value of the benefit to ecosystem users;

« for payments to be conditional It must be possible to verify the existence of the service and to
establish a baseline against which additional units provided can be measured;

« ideally payments must be based on ES provided {output based); in many cases this Is not
possible and payments are directed to adoption of particular lend uses, (input based payment
programmes

In practice there are user financed programs where the service buyers are the actual service users - like
water quality, watershed protection, financed by a municipality, electricity consortium, urban water users
{by a fee) and government financed programs where service buyers are a third party (typically the
government) kke conservation of forest area financed by a central government or state agency and user
financed programs

Examples of user financed program are i) Vittel (Nestlé waters) that initiated a watershed program with
payment to all 27 farmers in a watershed to assure good water quakty and i) Northesm project for
agrobicdiversity in Germany; payments to farmers for changed land uses. A private foundation pays
farmers to reduce agricultural Intensification and to adopt practices that favor species richness. (Wunder
et al, 2008).

Alternatives for the strict economic oriented approaches

Some researchers stress that prcing s a reductionist approach to our understanding of ecosystem goods
and services and they are more worth than a predefined price (Kosoy et al, 2010; Small et al, 2017).
Ecosystem services are the direct and indirect contributions to sustainable human wellbeing which Is
more than only the sum of individual, self-assessed welfare (Constanza et al, 2017). Ecosystems have
mixed groups of beneficianes, Therefore It is crucial that ecosystem goods and services are valued
defferentiy by multiple stakeholders and that these values will not be captured by market prices alone
(Small et al, 2017).

There is also an Intninsic value of ecosystems. Davidson (2013) distinguished two types of non-use
values: warm glow value related to the satisfaction people may derive from altruism towards nature and
existence value related to the satisfaction people may derive from the knowledge that nature exists and
ariginating in the human needs for self-transcendence,

Other authors pointed at other values for ecosystem services based on the the sub-goals for
sustainability wellbeing: the fairness of distribution of services at the community scale and the
sustainability goals for whole systems (Constanza and Folke, 1997, Constanza et al. 2017).

To include these issues, alternative to the strict conventional economic oriented spproaches have been
developed. Non-economic technigues for valueing have been proposed like consultative methods,
questionnaires, In depth interviews, citizen juries. They are participatory methods and valuations where
combinations of valuation methods are used involving many stakeholders with different perspectives
(Christie et al. 2008; Constanza et al. 2017).

Classification systems

Different frameworks have been developed to link ecosystem services to socetal benefits, like the
Miflennium Ecosystem Assessment (MEA) linking ecosystem services and constituents of wellbeing (Braat
and Groot, 2012}, The Economics of Ecosystems and Biodiversity Project (TEEB), the Common
International Classification of Ecosystem Services (CICES), the Final Ecosystem Goeds and Services
Classification system (FEGS) and the National Ecosystem Services Classification System (NESCS).

The frameworks of MEA and TEEB are presented below,
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Figure 2. Overview of the MEA Framework (Braat and Groot, 2012)
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Figure 3. Framework of linking ecosystems to human well-being in the TEEB framework (Braat and
Groot, 2012)
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Figure 4. Steps in the TEEB framework procedure (Braat and Groot, 2012}

The largest global effort in establishing a framework for ecosystem services is that of IPBES: the
Intergovernmental Platform on Biodiversity and Ecosystem Services. It's aim is to develop assessments
matched to policy needs and support capacity bullding across scales and topics (Diaz et al, 2015), The
kay elements are nature and the benefits people derive from nature and & good quality of life. It
highlights the central role of institutions and governance and decision-making and includes multiple
knowledge systems, It uses a pluralistic valuation integrating biophysical, socio-cultural, economic,
heaith, and holistic valuations, Intagrated into policies based on shared responsibilities (Pascual et al.
2017; Costanza et al, 2017).

Chotmet (Rt o B tirscnite Fiste ey

Figure 5. Pluralistic valuation in the IPBES framework (Pascual et al. 2017)
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FOCI OF VALUE TYPES OF VALUE EXAMPLES

NATURE

NATURE'S

QUALITY
OF
LIFE

Curvent Op n

Figure 6. 1PBES framework, The divers values related to nature, nature’s contribution to people and a
good quality of iife (Pascual et al., 2017)

Camvmrw Oppwvere bn Livermrerarial Sastu istvsty

Figure 7. The IPBES approach for assessing values and conducting valuation studies. This five step
approach gives structure and transparency to the accountability of the valuation process, It may be used
at a community, landscape, bloreglonal and national level for raising awareness, decision making, or
conflict resolution (Pascual et. el. 2017).
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Governance systems

Given the public goods nature of many ecosystem services, well-functioning Institutions and governance
systems are needed that can deal with the perspectives of different stakeholders in the valuation of
different types of services. They have to employ an appropriated combination of private, state, and
common property right systems (Costanza et al. 2017). Successful funding mechanisms reguire a
thorough design and a well-functioning governance system. Mechanism design issues are issues like
what the payments are made for, how the funds are collected and distnibuted, Identifying the recipients
of the funds and Issues like contract length, payment type, frequency and timing (Prokofieva, 2016).

Generally, three main types of governance structures can be identified: hserarchies, markets and
community management {Vatn, 2010). Hierarchy: the power of decision rests with a top level like the
government. Market: This is a system of voluntary exchange. The final allocation of resources Is
determined by the largest willingness to pay. Individuals, firms and governments may be agents in
markets, Community management: this s based on cooperation, Individuals formulate both individual
and common goals. Community allocation seems to rest to a large extent on a general rule of reciprooty.
In reality there are asymmetries in power and sccess making additional specific rights concerning access
and withdrawal necessary.

Several issues have been |dentified that need consideration for developing well-functioning and fair
governance systems for ecosystem services Wunder et al. 2008; Vatn, 2010, Carius, 2012; Constanza et
al. 2017)

» It asks efforts to create a market; service and rights, groups of users and providers must be
specified, Often an intermediary is needed to define goods and establish group of sellers and
buyers and the peice. An issue is the transition costs.

*  User based systems are generally more efficient than government financed systems. However
when the number of agents involved increases, using markets becomes more costly and public
bodies can much easler ralse the necessary funding through taxes or fees,

* One should be careful that payments do not crowd out normative obligations based on
sophisticated cultural process of regulating mterconnection. The distinction between payment as
an incentive and as a compensation is important.

« For administrative or contracting purposes, PES tend to separate ecosystem services. Yet
ecosystems usually provide multiple benefits, The joint consideration of bundhng of various
functions could generate synergles and co-benefits,

*  The effectiveness of PES schemes may be reduced by leakage that occurs when the provision of
ecosystem services in one locabon reduces ecosystem services in other sites. This should be
addressed in contracts

This leads to several recommendations for policy makers (Vatn, 2010; Braat and Groot, 2012; Carius,
2012; Constanza et al, 2017)

*  We should use Integrated measurements, valuations and decisions support, ideally using
transdisciplinary teams and strategies In close collaboration with ecosystem stakeholders,

* We need to better understand how payment of ecosystem services can be formulated to
strengthen not ruin cooperative will,

* We should examine the potential to contribute to sustainable development of princples such as
‘polluter pays', beneficiary pays and full-cost-recovery”; we should develop tocls to facilitate
principtes of no net koss and net positive impact to make them normal business practice; we
should focus more energy on involvernent of stakeholders in ecosystemn services management,
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* We should pay sufficient attention to the design phase of PES schemes. Expertise of
governmental and non-governmental organizations, research teams or consultants should be
used for the central technical and coordinating tasks.

Practical examples of valuing of and payment for ecosystem services

In different reports concrete examples of payments for ecosystem services have been described
(Eustafor, 2011; Matzdorf et al. 2014; DEFRA, 2016; Visziai et al. 2016)). Buyers of services can be
water companies, recreational visitors, local tourism business, local authorities, industry, developers,
central governments and consumers and local communities (DEFRA, 2016).

In practice three broad types of PES haye been identified (AECOM, 2015):

« Public payment schemes through which government pays land or resource managers to
enhance ecosystem services on behalf of the wider public

« Private payment schemes, self organized private deals in which beneficiaries of ecosystemn
services contract directly with service providers and

+ Public-private payment schemes that draw on both government and private funds to pay
land or other resource managers for the delivery of ecosystem Services,

They have been developed at a range of spatial scales; international, national, catchment and kocal.

Examples of Private-public schemes for provisioning and cultural ecosystem services (Matzdor!
et al. 2014; Eustafor, 2011)

Recreational Ecosystem Service. Westcountry Angling Passport UK: Initiated by the Westcountry Rivers
Trust and peivate landowners, Recreational anglers are granted access to private fishing grounds for a
fee. Beforehand, the owners Invested in the unkeep of the waters and the riparian zones to increase the
recreational value for the paying guests, Overall ecological condition of the water bodies is being
improved. Tokens which can be purchased and redeemed through the environmental organization serve
as » means of peyment,

Blodiversity, Bluhendes Steinburg, Germany: The Stiftung Naturschutz Schleswig-Holstein and the local
farmers' asseciation are testing two mnovative mechanisms for PES as part of the pllot project, Farmers
are paid output-based for the extensive management of grassland, whereby they must show evidence of
Indicator species on their fields, The farmers themselves determine the amount of the payment to be
received In advance following a tendering process.

Water gcosystem services, Upstresm Thinking with Westcountry Rivers Trust, UK: A water company
finances various projects In South West England to improve the water quality in key watersheds. Farmers
receive payments if they reduce nutrient and pollutant discharge into waters by improving their land
management. This In turn reduces the company’s water treatment costs,

Multiple ecosystem services. Pumium Project UK: Initiated by the Montgomeryshire Wildlife Trust, the
PES aims to provide ecasystem services in combination with social and economic benefits, Farmers are
encouraged to change their current land management to provide ecosystem services. In order to avold
double funding with government agri-environmental programs, the farmers are paid to maintain the
Infrastructure that the Trust has implemented.

Water quality for companies. In France and Poland arrangements are in place where businesses are
paying land managers, farmers and foresters to maintain the water quality.

Recreational Ecosystem Services. Finland: A partnership is established with the Scouting organisation for
developing permanent outdoor and camping facilities.
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Visitar glying schemes. UK. Visitors and businesses can contribute directly to specific projects in the area
they wisit using mobile digital technologles (apps). (Visit England, 2014)

Payment of Dairy company te farmers for sustainable farming methods. Netherlands. Under the Foqus
program of Friesland Campina, farmers are required to perform sustainability measures like outdoor
grazing and management of the landscape, Farmers receive a bonus on the milk price by the dairy
company. All members of the dairy company pay for this bonus.

Examples of (Voluntary) governmental payments (Matzoorf et al, 2014; Defra, 2013; Eustafor,
2011)

Biodiversity, Naturschutzgerechte Bewirtschaftung von Griinland in der nardrhein-westfilischem Eifel
Germany; Since the mid-19807s, farmers in the Eifel region have been paid to maintain and extensively
cultrvate environmentally valuable land. It has now been in operation for 30 years and Is today a
governmental program coordinated by the biologicel stations in cooperation with the district landscape
agencies.

Multiple ecosystem services. The English Woodiand Grant UK: This Grant scheme was introduced in 2005
with the key aims to sustain and increase the public benefits derived from existing woodlands and
Investing in new woodlands for public benefit. It consists of grants for the management of woodland in
accordance with the UK Forestry Standard covering habitats across England. It is funded by the UK
government,

In some cases demand results from regulatory requirements like the case below.

Blodiversity, 100 Acker fUr die Vielfslt. Germany: The goal of the project, initiated by sclentists,
landscape conservationists and a nature protection foundation, is to establish a national network of
conservation fields for wild arable plant species. Funds for financing land purchases and for paying
farmers tending the land are acquired through a régionally specific mix of payments for compensation
measures, agn-environmental programs, and state and foundation resources,

Carbon markets. There are several voluntary projects to sequester forest carbon. Forest carbon trade is
gaining more Interest and several forest carbon credit projects are Initiated,

Forest diversity services. Forest Diversity Program METSO: Finland. This pregram Is a collaboration
between the ministries of environment, agnculture and forestry, the Finnish Environmental institute and
the forest development centre Tapio. Conservation agreements are either permanent or témporary,
Landowners get financial compensation for conserving areas and tax-free for permanent protection.,
Compensation is based on opportunity costs, which means compensation for lost timber income, There is
no direct payment for nature values,

mmmmmmnm Netheﬂands In the Netherlands reglonal organlzatlons of
farmers have obtained the responsibllities to perform conservation of nature and landscape measures to
realise the international obligations of the Netherlands, Farmers interested in providing nature and
landscape services are member of one of these regional organizations. The regional organizations are
contracted by provinces and financed by a mix of EU and national funding.

Social services integrated in the social, re-integration and healthcare framework

Some of the cultural ecosystem services have been incorporated in the financial frameworks of the
social, re-integration and healthcare sector, Some examples are presented below.

Care services provided by farmers

Nethedands. In the Netherlands farmers providing care services are financed by national and local
funding regulations for social and health care services, They have access to these soclal care budgets
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when they are accepted by local authonties or health insurance companies as care providers. The can be
contracted as individual farmers or as a member of ane of the regional organisations of care farms. In
order to be contracted they need to meet some quality guidedines (Hassink, 2017).

Elanders. In Flanders a regulation has been developed for supporting farmers that provide care and
educational services to drop outs from schools, The funding originates from rural development funds, The
Flemish support organization Groene Zorg takes care of the regulation (Dilacovo and O' Connor, 2009),

Social services provided by farmers

Italy. In Italy socia! farmers and social cooperatives are supported by local and regional authorities,
There are specific financial support structures for sacial farms and social cooperatives (Dilacovo and O°
Connor, 2009; Deli'olio et al. 2017), They can also benefit from tax rebef, In addition social farmers have
a preferred position in the tendering processes of local and regional authorities, like selling of their

products to public canteens. In addition funding ts available for the re-integraticn process of vulnerable
citizens,

Educational services.

In varous countries farmers offer educational services to school dasses,

Netherdands. In the Netherlands they are financed by different mechanisms. They can be contracted by
local nature, environmental educational organizations to provide these services, In some cases they are

paid directly by school organizations (www.boerdenischool.nl) or financed by agricultural companies (like
dairy Industry) as part of the public relations of the agricultural sector (Hassink et al. 2009).
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7.4 Stakeholder trial/demonstration leaflets

Valerie
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Valorising European Research for Innovation in Agriculture and Forestry

VALERIE Stakeholder Trials:

Using LIiDAR to inform joint forest management planning
with a forest owners group in Roncal, Navarra, Spain

The problem

In many parts of the Pyrenees sustainable forest
management had dediined in recent decades. Forest
ownership is often characterized by small and fragmented
plots which are a bamier to economically viable forest
management pracbces and the maintenance and
enhancement of blodiversity and ecosystem services
There is an opportunity for forest owners 1o achieve
sustainable management through joint forest management
planning. However, a major barrier in the planning process
Is a lack of empirical data on the physical characteristics
of the forest which can be used to inform management
Light Detection and Ranging (LIDAR) Is a remote sensing
technique that uses laser pulses to survey the surface of
the Earth and has the potential to provide much of the
required information.

The proposed solution

Gathering empirical data using ground surveys to inform
Forest Management Plans can be time consuming and
expensive. There is potential to reduce the tme and
cost of developing Forest Management Plans by using
LIDAR data collected through aenal survey to replace
some elements of the ground surveys. In this tnal, we are
Implementing the LIDAR technique as an innovation for
joint forest management planning. The trial is taking place
in Roncal, a valley in the north of Navarra. A meeting in
August 2015 Identified the forest owners requirements
In Apnil 2016 the LIDAR data was analysed and the first
results were used to develop the Forest Management
Plan.

Stakeholders

The stakeholders are: individual forest landowners, the local authonty, technical staff and forest engineers from the
Navarra Foresiry Society (Foresna), technical staff from the Mediterranean regional office of the European Forest
Institute (Efimed) and the Government of Navarra's technicians and officers responsible for the Roncal area. Meetings
have been carried out with forest owners to identify their problems and to show them the proposed innovation. There
are also regular meetings with the Government of Navarra's technicians and officers,

Aims and Method

The nature of this trial is scientific demonstration of a new technique in forest planning. The aim is to
transform the scientific results obtained from using the LIDAR technique in such a way that they can be
included in the Forest Management Plan and be easlly understood by stakeholders. The innovative use of
LIDAR technology will assist forest owners with the sustainable management of the forest.

www.valerie.eu

@\Valerie_project
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Amajor advantage of using LIDAR technology for forest planning is that it is cost effective and is able to collect information
on forest characteristics without the need for extensive ground surveys

As part of the trial, information has been expressed in a range of different maps and discussed with stakeholders,
For example

* (Slopes) Map of field slopes

+ (Topography) Map of surface condition

*  (Ho) Map of tree height

+ (Fec) Map of forest canopy cover

Aenal
Photograph

LiDAR
image

Part of the Roncal study area showing management options
for individually owned forest plols

w.valene.eu @Valerne_project
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Working with the different maps we have defined 5 types
of woedlands depending on their characteristics. This is
very helpful as it prondes a first idea of the potential of
wood production in the different areas of the forest. Using
the LIDAR data we can identify the roads that are in use
and their type by measuring their width. We can also find
the location of old roads that are no longer in use. This
I8 very important because current maps do not provide
this information and forest owners have often forgotten
where the old roads are located. Knowing the location of
old abandoned roads is helpful when planning new roads
10 improve access to the forest.Using LIDAR it has been
possible to inform the forest owners of the quality of their
forest and the location of the old forest roads.

This engagement vith forest owners is very important in increasing their motivation towards joint forest management
and addressing difficult issues such as the need to plan for new roads into the forest and proposed management prac-
tice in different parts of the forest.

- T™™oGaa

A A et 00 [ONE e PRam e S b PR e

] ‘—--l o | cLme

Uiines J SEOCROEEN | Lo sion wmaios fo al . €0 cmponen i IBESS L o (1118050 e s
DecrPaon: Prvw *aguiy W IIGEN RAREL SOM UN AXEIN FRNET TIITIA00 (F MONCER S CONT NAGE ITING STl GG § Mee SRperInt 38 Acet CVVIR 56 rester Ermanaee) e genars a8

PRI COORUTI AN, AV § S0 R TR TR B GRASEN P AR B O (s AT A T D B S €A TR Al A O TarS |2
LTI (4800 (8 b S0 o v 0tw v eTTEe LR

[ S ar. WASLE e

Nures sewpmryrwis coleeturn TN (wtew J 7 my
rwrce ", e TSTRLTE AESUSTAD.
e SIS A (buvcon, Ae semge Pt i (Cotwetmn TVN) (onam 1LY
Sexboe 25, dve skt
r A -

wnste Webvs | EOADELAMESE UMD | " abe wace l [ ore S =L L St
ey o | oEENTASE tuew | " Bass | DANS | o R | e

| | { acTEu

o " LOCAEROON | POR BPTINERCR | POT SECEWERROEW ”on,

| - - : - + !

'_ T A v~ ! ] \ ' " | AccasenOAe L e e e e I LR
POBRMBREO e sriie | 3 i y “ e

N som sndm e 1 2 .

. ‘
3
F L

e 4 - - l
ma | m | o | oen |i%
1820 ra) 139 Ty -
SR mm . nix | e -
e L P, 7 B S I
s ol I

PRI T

LiDAR results contnbute to the physical description of individually owned
forest plots and are used to inform their fulure management

Overall stakeholder involvement and feedback

Use of the LIDAR innovation has helped to faciltate joint forest management pianning, which can be seen as a soclal
innovation. Stakeholders motivation is higher now than at the beginning of the process. The LIDAR trial s important in
engaging stakeholders and sustaining their interest in joint forest management. Holding meetings with stakehclders to
discuss the early results from the LIDAR survey was important in maintaining their interest and motivation. Throughout
the LIDAR trial, it has been important to keep all the stakeholders informed of the progress being made and to manage
expectations,

Stakeholders appreciate the reduction of costs in general planning and the improved planning of access to the forest
using the abandoned roads which has resulted from the LIDAR survey. Feedback from stakeholders indicates that joint
forest management and the use of LIDAR technology has the potential to improve sustainable forest management and
wood production in the Roncal area.

The stakeholders are very interested in the potential of LIDAR technology to provide more information on the characteristics
of the forest cover, such as the volume of the trees and a range of other variables needed for further planning. While it is
paossible for LIDAR 1o provide this information, more analysis of the data is required using statistical programs supported
by ground surveys to validate the results.

www.valerie eu @Valerie_project
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Key findings

+« The LIDAR survey collected empirical data on
the physical characteristics of the forest which
was used to inform joint forest management
ptanning in the Roncal area,

* The main problem encountered in using LIDAR
in the trial was the technical knowledge needed
to understand the LIDAR data.

+ Discussion of the early LIDAR results has helped
o engage and promote interactions between the
forest owners and raise interest in joint forest
management.

«  When the LIDAR results are used to inform
the Forest Management Plan the innovation is
helpful for all stakeholders.

+ The stakeholders understand the potential of the
innovation. There are high expectations that the
Forest Management Plan will be able to deliver
improvements in forest management. However,
this may lead to problems if these expectations
cannot be fulfilled.
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8 Improving milling wheat quality, Italy

8.1 Context

Problems with the quality of the local bread wheat production are increasing for many farmers.
This is firstly due to the continuous drop of prices of the global and local market. Secondly, the
national authorities have reduced the number of available and permitted pesticides to prevent
environmental and health issues. Moreover, atypical weather conditions during the growing
season increases the stress on plants while it is developing important tissues and nutrients.
Furthermore, the customer and therefore the industry are more interested in alternative ways of
farming, especially if they help reduce the use of chemicals.

The VALERIE project has brought together farmers, co-operatives offering storage facilities,
millers of various sizes and capacity, seed and pesticides companies (retailers and producers).

8.2 Dynamic Research Agenda

To reflect the stakeholder community the first meeting explored issues in four areas: Field
production; Fertiliser and pesticide supply; Technical assistance; Storage-transformation of
wheat. This allowed sufficient scope in goals and visions across the whole supply chain to be
expressed but generated a long list (17) of issues many of which could not be answered by
scientific knowledge. These issues were narrowed down in a process steered by the CSP and
Thematic Experts, to issues and research questions concerning production, since these could
be potentially resolved with scientific information. The resultant issues were categorised by the
CSP into three different domains:

1. Quick methods for quality assessment of grains.
2. Agricultural practices to save inputs and increase quality.

3. Economical evaluation of the most innovative practices.

The DRA (Figure 8.1) shows how these remain and are reviewed at each meeting, with a
particular focus on quick field testing methods to assess grain quality (to measure grain weight
and moisture) to help farmers to decide when to harvest, which was selected as the topic for
trialling.
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Figure 8.1 Wheat Supply Chain Case Study Dynamic Research Agenda

1

Innovation

Issues

* Field production

* Fertilizer and
pesticide
supply,

* Technical
assistance,

* Storage-
transformation
of wheat

Priority issues

1.Quick methods to assess grain quality

Is it useful to test grain quality before the
harvest and when combining?

How can we use quick and reliable methods
to assess grain mycotoxin concentration?
Can we use remote sensing to monitor crops?
2. Practices to save inputs/ increase quality
How to control weeds and to assure yields
with conservation practices?

How to monitor wheat bugs (Eurygaster
maura, Aelia rostrata) for control?

Does fertilization improve quality in superior
bread wheat varieties?

How can we use catch crops to reduce N
pollution?

How can we optimise weed management to
decrease disease resistance?

How to increase biodiversity in cereal
systems?

Are biostimulants an alternative solution for
wheat diseases control?

3. Economic evaluation of the above
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Thematic Experts summarised and synthesised outputs from several scientific papers to
prepare three factsheets. When these were presented at Meeting 2 the stakeholders felt that
they were not particularly useful or relevant. In the absence of further factsheets from the
Thematic Experts, the CSPs themselves prepared factsheets for three selected issues
identified as important in Meeting 1 using scientific documents provided by the Thematic
Experts but drawing on their own resources and understanding of stakeholders needs.

Together the factsheets from experts and CSPs led to the selection of trials as outlined in the

leaflets below.
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8.3 Factsheets on innovation

Valerie

Improving “Superior Bread” and “Improver Wheat” quality through late
mineral fertilization

What is it?
It is a strategy of late-season N muneral fertilization based on granular and/or foliar application 1o
increase protein content and unprove protein quality of bread wheat..
The following wheat quality categories (Foca et al., 2007) are considered:
1) umprover wheat (FF): protein content (% dry matter) >13.5 and dough strength (W) =200,
2) superior bread making wheat (FPS): protein content >11.5 and W >250.

Problem to be solved.
To foster late N uptake in wheat between booting and mulk development stages.

How to employ:

Improver wheat (FF) and superior bread making wheat (FPS)
Objective: incresta protein content and W

menaral N{ie nitrate or wea)
Foliar Sapeid N fertiliver
‘ Protein content w
1" strategy: tosal N supply 170 kg hs ' (Control 33.3%) (Comtral 311) z
§ TP W owgwna W aognnat 5% 30
T steategy: total N suggty 210 hg ha *
| ST Jroonenhet } T 151% 3 )
3" strategy: total N supply 135 kg ha*
a7 314

Souece: moddfied from Blandino et al | 2010
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Positive side effects

1) Stability of yield and quality in FF and FPS wheat quality categories;

2) Reduction of potential N leaching in sandy soil when foliar replaces granular fertilizers:
3) Foliar spraving let late N application in climatic zones with insufficient spring rainfall.
4) Foliar spraying can be coupled with pesticide application reducing application costs.

Disadvantages

1) Foliar sprays strategy can damage canopy dunng heading and flowering stage in high daily
temperature conditions (= 26 C°) especially if N supplied is more than 10-15 kg/ha. It is suggested
to supply this type of liquid fertilizers only in cool climatic conditions,

2) N uptake consequent to Urea or Ammonium Nitrate granular fertilization can be very low in
climatic zones with insufficient spring rainfall. Foliar spraying is suggested,

3) N use efficiency of late N application can be quite low. Catch crop after wheat harvest can be
required 1o recover mineral N in soil.

Costs
Strategy Application Cost increase
1 Centrifugal spreader -37%
2 Centrifugal spreader +58%
Application with sprayer bar:
3 Only foliar fertilizer +41%
) Togheter with anti- fungal —18%

The different strategies uuply a cost mcrease. Values reported in the table refers to the percentage
of increase with respect to an usual fertilization management based on two distributions of granular
fertilizers and a total supply of 130 kg N ha™’ (RDP threshold).

Contacts
prof Amedeo Reyneri, amedeo. reyneri@unito.it
dott. Massimo Blandino, massimo blandino@unito.it
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Valerie

Catch crops to reduce N leaching

What is it?

Catch crops are subsidiary crops included in crop rotation aiming at taking up available nitrogen
(N) remained in the soil after the harvest of the main crop. They are able to decrease nitrate
leaching from the cropping system (on average by 53% when a grass catch crop is used in the
autumu-spring period), At the end of the growing period they can be left on surface or incorporated
into the soil. In this fact sheet we consider also subsidiary crops that are harvested aud have the
same fnoction of catching N.

Problems to be solved

Nitrate leaching Josses can occur in croplands with a bare fallow in crop rotation, especially during
the rainy and/or low evapotranspiration period with a high probability of draage. In continental
clumates, these periods last from autunm to spring. Summer catch crop can be effective when they
anticipate N uptake before the leaching period.

Positive side effects and different environment (they differ among catch crop
species)

During growth:

1) They control soil erosion.

2) They limit early season weed seed germination.

3) They improve soil structure due fo roots growing and organic matter addition derived from below
biomass.

If incorporated in the soil as green manure:

4) They further improve soil structure due to organic matter addition derived from above ground
biomass.

5) They make captured available N for the following main crop, thus reducing the need for mineral
fertilizers.

6) They mcrease phosphorus and potassium uptake of the following crop.

7) They mncrease soil organic matter and soil organic N. This increase is correlated to the frequency
of catch crops in crop rotation.

8) They supply N from N fixation if legume species are included(in mixture with grass or i pure
stands).
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Disadvantages

1) Nitrogen immobilization may occur if the incorporated biomass has a large C/N (>20), If soil
mineral N is scarce, N inunobilization can decrease the yield of the subsequent crop. One solurion
to this problem is to sow a cover crop mixture {grass with legume species) to reduce the C/N ratio
and increase net N nuneralization.

2) Eventual depressive effects may occur due 1o the release of natural herbicidal molecules into the
soil (allelopathy). To avoid this problem. respect a delay between the incorporation of the catch
crop and the sowing of the following main crop (especially for Brassica cover crops).

3) Irrigation eventually needed for summer catch crops.
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