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Evaluation of Decision Support Tools
Part 1 1 Summary Report

R. K. Laursen, F. Bondgaard, P. Schipper, K. Verloop, L. Tendler, R. Cassidy, L. Farrow,
D. Doody, F. A. Nicholson, J.R. Williams, I. Wright, J. Rowbottom, |. A. Leitédo, A.
Ferreira, B. Hasler, M. Glavan, A. Jamsek, N. Surdyk, J. Van Vliet, P. Leendertse, M.
Hoogendoorn and L. Jackson-Blake.

EXECUTIVE SUMMARY

A comprehensive evaluation of selected European decision support tools (DSTs) has been
conducted based on testing of appropriate DSTs across the FAIRWAY case study sites. The
tested DSTs cover farm, catchment and regional scales and support nutrient or pesticide
management, including risk assessment and identification of cost-effective mitigation measures.
The overall purpose of the evaluation is to provide information and input data for subsequent
development of a framework to highlight the ways in which DSTs can be applied successfully to
establish and improve awareness of diffuse pollution of vulnerable drinking water resources among
farmers and other stakeholders.

Following a survey and review process which identified 36 potential DSTSs, a shortlist of twelve

DSTs have been tested at nine FAIRWAY case study sites across the EU. The participating case

study sites all face different challenges; therefore different DSTs were identified for testing. After

selection of the DSTs for each case study site, bilateral contact with the owners of the DSTs was

established to obtained support and access to the software. This was followed by a trial period,

using local data for each site, and involving meetings with and demonstrations to stakeholders.

During the process, barriers to exchange between countries were identified. Additionally,

inf ormati on about the farmers and stakeholders oOne
DSTs, including their attitude toward DSTs, were collected. Being able to exchange and test this

number of DSTs across EU is unique and has provided valuable information and insights.

Results of the evaluations indicate that exchange of DSTs between countries is challenging due to
various barriers to use e.g. different legislation, input data requirements and regional differences in
precipitation, soil types etc. Therefore, most countries have comparable DSTs designed to address
similar problems. During the trials all case studies found inspiration and ideas from other countriesd
DSTs which they would consider implementing in their own area. Thus, the conclusion was that the
countries preferred to adopt ideas and either enhance existing or develop new region-specific
DSTs, rather than to attempt to modify a DST developed for another country.

Based on the tests of DSTSs, criteria relating to functionality, use, access and output were identified
which a DST should fulfil if it is likely to be successful. However, it was emphasized by the test
persons in the FAIRWAY case study sites that support and advice from well-educated and
communicative skilful advisors are highly valuable for the end user to make the right decisions.



1. AIM AND OBJECTIVES

The aim of Task 5.2 was to evaluate a selection of decision support tools (DSTs) and the mitigation
measures incorporated within them in the FAIRWAY case study sites at farm, catchment and
regional scale. The detailed objectives were to:

T I'dentify the 6éneedsd in terms of functionality
1 Evaluate selected DSTs using available datasets in case study sites where appropriate.
1 Demonstrate and/or test the DSTs in cooperation with farmers and other stakeholders, and

measure attitudes towards the demonstrated DSTs and the incorporated mitigation

measures both before and after the demonstration period.

The overall purpose of the task was to provide information and input data for Task 5.4, where a
framework will be established to highlight the ways in which DSTs can be applied successfully to
establish and improve awareness of diffuse pollution of vulnerable drinking water resources among
farmers and other stakeholders.

Thisreportentitted6 Eval uati on of De ¢diddedinto tv®ypatp. Parttlisd ool s 6
summary report including the main findings and conclusions. Part 2 includes detailed descriptions

of the work undertaken and the findings of the testing of the DSTs and the mitigation measures
incorporated within them in the participating FAIRWAY case study sites.

2. APPROACH AND METHODOLOGY

Task 5.2 is a continuation of Task 5.1. In Task 5.1 a literature survey and review of the existing
DSTs used by farmers, farm advisers, water managers and policy makers for water, nutrient and
pesticide management in the project partner countries involved in this task, and elsewhere in
Europe, was conducted.

The review resulted in a selection of a set of 36 DSTs (see Table 5 in report D5.1, Nicholson et al.,
2018) that could be further assessed for their potential suitability for managing nitrate and pesticide
losses to water within the case study catchments of the FAIRWAY project.

A set of information sheets (see delivery D5.1, Nicholson et al., 2018) that summarised the
operation and outputs of the tools were produced to provide an easily accessible source of key
information on DST capabilities. A subset of the DSTs were demonstrated to a group of project
partners and Multi Actor Programme (MAP) leaders at a workshop the 17" of April 2018 at ADAS,
Boxworth, UK. Videos of the presentations about the DSTs were made for dissemination to the
other project partners. Additionally, a 'distribution key' (see milestone M5.1) was developed based
on specified characteristics of the DST, i.e. targeting groundwater or surface water, nitrate or
pesticides, and meant to support regional policy makers or sustainable farm management.
Moreover, DSTs were categorized on the basis of their functionality (i.e. evaluation of current
practices, strategic advice farm management and implementation of mitigation measures;
operational management i.e. climate smart, innovations for equipment, IT-apps, instructions/rules
for sustainable application).

Based on the information provided by Task 5.1 the MAP leaders initially selected the DSTs they
intended to demonstrate and/or test as part of Task 5.2. The initial selection can be found in
milestone M5.1.



2.1 OVERALL WORKPLAN

In Task 5.2 the focus was on testing and evaluation of selected DSTs in the FAIRWAY case study
sites. Thus, Task 5.2 was divided into three phases:

1. Selection and planning
During Phase 1 each FAIRWAY case study site focused on finalising the selection of DSTs
they would test and/or demonstrate. To help this process the participating case study sites
were asked to fill out Evaluation Scheme 0 (See Appendix). This required the participating
case study sites to re-evaluate the 36 DSTs (see Table 5 in report D5.1, Nicholson et al.,
2018) identified as of national importance to the project partner countries for managing
nitrate and pesticide losses to water as part of Task 5.1, and identify barriers for
transferring a DST into a new context. Once the case study sites had selected a set of
DSTs for testing, the planning of the 2"® and 3™ phases started, and each case study site
produced a workplan for the testing and/or demonstration of the DSTs (the workplans are
presented in Part 2 of this report).

2. Testing and demonstration
In Phase 2, the participating case study sites established bilateral contact with the owners
of the DSTs and obtained access to the software. Pre-testing of the DSTs then started, and
any necessary test datasets were prepared. At the beginning of this phase, Evaluation
Scheme 1 (See Appendix) was completed. The evaluation scheme was designed to help
the MAP leaders evaluate the selected DSTs further with regard to scale, data
requirements, level of experience/training required, stakeholders etc. Once the pre-testing
of a DST had proven successful (i.e. the case study site could obtain software access, get
support from the owner of the DST and provide the required input data), the testing of the
DST and evaluation of results started. In many case study sites this also included
demonstration of the DST to relevant stakeholders and recording of the outcomes.

3. Implementation
In Phase 3, the participating case study sites evaluated the possibilities for implementation
of each the DSTs (or parts of the DST) in a national or federal state context, based on the
results and findings of the testing. This was further discussed during a workshop held the
12" of March 2019 at Aarhus University, Roskilde, DK. At the workshop the results of the
testing of the DSTs were demonstrated and implementation discussed.

In Part 2 of this report, a detailed description of the assessment and testing of the DSTSs,
evaluation of the results and findings, and a discussion of the implementation can be found for
each of the participating FAIRWAY case study sites.

In the following chapter of Part 1, the main results and conclusions of the testing and
demonstration of the DSTs (and any mitigation measures incorporated within them) in the
participating FAIRWAY case study sites are presented.



3. RESULTS AND DISCUSSION

In Task 5.2 the DSTs selected for testing and/or demonstration by the participating FAIRWAY case
study sites are listed in Table 1, which also notes the target application in terms of nitrate or
pesticides and the scale of application.

Table 1. DSTs selected for test and/or demonstration by the participating FAIRWAY case study sites.

Target
No. | Case study site DSTs select_ed for test and/or Scale N: Nltrate
demonstration Pe:
Pesticide
A historical case study where testing of a
1 Island Tung (DK) DST is not relevant as the problem has been
solved
On-farm use
Environmental Yardstick for Pesticides* (NL); | (*); catchment
2 Aalborg (DK) SIRIS ** (FR); scale and Pe
TargetEconN ** (DK) regional scale
**)
3 Anglian Region (UK) | Environmental Yardstick for Pesticides (NL) On-farm use Pe
4 | LaVoulzie (FR) SIRIS (FR) Catchment )
scale
Mark Online (DK);
5 Lower Saxony (DE) NDICEA (NL) On-farm use N
6 Axios River (GR) Not involved in Task. 5.2
SCIMAP** (UK) On-farm use
Phytopixal** (FR); (*); catchment
! Derg catchment (IE) Farmscoper* (UK) and regional Pe
scale (**)
8 Overijssel (NL) Dungeplanung (DE) On-farm use N
9 Noord Brabant (NL) Plant Protection Online (DK) On-farm use | Pe
10 | Vansjg (NO) Not involved in Task. 5.2
11 | Baixo Mondego (PT) | MANNER-NPK (UK) On-farmuse | N
12 | Arges-Videa (RO) Not involved in Task. 5.2
13 | Dravsko Polje (SI) ANCA (NL) On-farm use N

Table 1 shows that the selected DSTs differ in focus and application. Accordingly, the DSTs have
been divided into categories to ease comparison and draw conclusions on specific issues:

1. Farm level DSTs
Aims: Improve individual farm nutrient or pesticide management, contaminant load estimation,

farm management. Two types of DSTs were considered:

1.1.

Improvement of on-farm nutrient management

(Mark Online, Dungeplanung, MANNER-NPK, ANCA, NDICEA)

1.2.

Improvement of on-farm pesticide management by considering potential

identifying cost-effective mitigation measures, compilation of relevant data, documentation of

environmental harm (Environmental Yardstick for Pesticides, Plant Protection Online)




2. Catchment and regional level DSTs
Aims: Identify high-risk areas for losses and prioritise mitigation measures; identify cost-
effective management options to decrease nitrate or pesticide pollution. Three types of DSTs
were considered:

2.1. Risk assessment of pesticide applications
(SIRIS, SCIMAP, Phytopixal)

2.2. ldentify cost-effective measures to reduce nitrate and pesticide loads to water
(Farmscoper)

2.3. Identify cost-effective allocation, location and choice of nitrogen (N) mitigation
measures in order to reduce N loads to water (TargetEconN)

The above two categories have been used to structure the presentation of the results and
conclusions. The report concludes with general remarks that apply for all case studies.

3.1 REMARKS ON FARM LEVEL DSTs

In some cases, existing DSTs used in the case study area were evaluated in comparison with the
test DST, while in others the motivation for testing the DST was the absence of a useful alternative.
Key objectives of the implementation and testing of each DST in the case studies related to i)
evaluating the potential benefits/opportunities presented by the DST, ii) identifying any barriers to
implementation and iii) assessing stakeholder perception of the DST and these are presented in
the following. In Part 2 of this report, a detailed description of the testing of the DSTs in each
participating case study site is presented.

3.1.1 Improvement of on-farm nutrient management

Improvement of on-farm nutrient management was the focus of testing 5 DSTs (Mark Online,
Dungeplanung, MANNER-NPK, ANCA and NDICEA) across 5 case study sites. The main results
related to the objectives of the testing and the advantages, disadvantages and stakeholder
perception for each of the DSTs are summarized below.

DST: Mark Online (developed in Denmark) was tested at Case Study no. 5 in Lower Saxony
(Germany). Key outputs from Mark Online include farm fertilizer plans (for arable and grassland
crops) to be directly used by farmers, and nutrient balances at both field and farm scales. The
objective of testing was to see how fertilizer planning, documentation and control are undertaken in
other countries and how the DSTs for that purpose are designed. Mark Online has similarities to
Dungeplanung which is already used in Germany and so was a useful comparator DST.

Advantages: The key advantage of Mark Online was the comprehensiveness of the model and
the inclusion of cross-compliance checking (e.g. it covers Greening targets) - only one tool is
required to cover all on-farm nutrient management budgeting. The Danish approach uses a
farm-specific N-quota that limits the total amount of fertilizers to be applied, but allows flexibility
and farmer judgement on how allocation of nutrients in an agronomically sensible way should
take place within the farm. At the same time, it also renders stricter controls within farms
possible. The potential to link soil type to yield level, following the Mark Online approach, would
have benefits in the Lower Saxony case study in the future.

Disadvantages: The complexity of the all-inclusive system, however, means that advisory
assistance is necessary for use in most cases. Geographic differences included the need to
translate soil types present in Lower Saxony into their Danish equivalents, differences in the
Danish and German legal frameworks, and in the way databases are linked. In Denmark more



open and linked agricultural databases (e.qg. fertilizer sales, stocking rates, manure transport)
are available than in Germany.

Stakeholder perception: Participating farmers in the case study area liked the modular design
of Mark Online and the possibility to compile useful management information within the
software. It covers more aspects than the German software Diingeplanung, however, Mark
Online reflects current Danish legislation. Although most farmers in the case study complied
quite well with it, some would face problems with their current management practice if they had
to follow Danish law (e.g. the obligation to establish cover crops, restricted fertilizer use in
autumn, strict soil phosphorus - P-levels).

DST: Dingeplanung (developed in Germany) was tested at Case Study no. 8 in Overijssel

(Netherlands). The main output from Diingeplanung is a farm-level nutrient plan. The objective of

the testing was to evaluate D¢ngeplanung in compa
(parcel distributer). This DST was developed for grassland and fodder crops in the Netherlands but

does not extend to arable crops. As Dingeplanung covers all crop types, the testing provided an

opportunity to suggest and plan extensions to the existing DST for the benefit of more farmers.

Advantages: The conceptual model and specific functions within Diingeplanung could be used
to extend the existing Dutch DST for fertilizer planning. Moreover, interesting characteristics are
the broad spectre of crops addressed in Diingeplanung as well the consistent and accurate
correction of fertilizer rates for residual nutrients that are released by fertilization of crops grown
in earlier years. Further exchanges between the Dutch and German developers will be
necessary.

Disadvantages: Dlungeplanung could not be implemented directly in the case study area due to
differences in the input data and parameters used in the Netherlands. One of the issues is that
rates of organic and mineral fertilizer N and P are limited in the Dutch regulation. On the basis
of these limits expressed in kg per ha and the areal of the farm land a farm budget for N and P
is established. This budget, just like in Denmark, can be freely allocated to the crops and
parcels over a farm. Thus farm fertilizer plans should respect the farm N quota, and when N
guota are lower than the fertilizer recommendations, they should suggest an optimal distribution
of the N and P quota. Uncertainty regarding the applicability of German fertilizer
recommendations to Dutch conditions would also require additional tests and comparisons.

Stakeholder perception: Diingeplanung was demonstrated and discussed with farm advisors.
They recommended to adopt strong characteristics in the Dutch systems like the
PerceelVerdeler and to waive immediate implementation in the current case of Overijssel.

DST: MANNER-NPK (developed in the UK) was tested at Case Study no. 11 in Baixo Mondego
(Portugal). The main outputs from MANNER-NPK are estimates of crop available nutrients based
on applications of organic manure, as well as N losses and N use efficiency. These can be used to
develop on-farm nutrient management plans. The PLANET DST available from ADAS which
incorporates MANNER-NPK is an extension tool which could be used for this purpose. The
objective of testing in Portugal was to identify a DST which could be used to address nitrate issues
affecting drinking water quality. Although fertilizer plans have already been made by some farmers,
there are currently no DSTs available for this purpose in Portugal, so the development of a similar
DST could be of great benefit.

Advantages: A DST with MANNER-NP K& s f unct i o nfhendfitttoffarnmes inkthd be o
case study area, since they would have access to information they do not have with the current
fertilizer plans. No equivalent exists at present.



Disadvantages: MANNER-NPK was developed for the UK and uses UK climatic data so the
applicability of the DST directly to the case study area is limited. Farm record keeping in the
case study area was not accurate enough to provide reliable data on nutrient applications.
Currency values and cost estimates provided by the model would also have to be adjusted for
Portuguese conditions.

Stakeholder perception: There is support for the provision of a similar DST. Clear benefits to
users were identified.

DST: ANCA (developed in the Netherlands) was tested in Case Study no. 13 in Dravsko Polje
(Slovenia). The main output from the DST is a farm-level assessment of nutrient flows on dairy
farms. These can be used to identify management changes on the farm which may reduce
emissions and improve sustainability. The objective of the testing at the Slovenian case study site
was as a potential DST to demonstrate that dairy farmers have produced milk in accordance with
sustainability standards. No equivalent tool is available in Slovenia.

Advantages: The DST provides insights into Slovenian farming systems. Use of ANCA
highlighted important differences between the farming systems in the Netherlands and Slovenia
including poor crop nutrient uptake efficiency from organic fertilizers on Slovenian farms, high
GHG emissions due to the lack of modern equipment and looser restrictions on organic nitrate
application in The Netherlands (170 kg/ha; derogation for farms with grazing livestock 250
kg/ha) compared to Slovenia (all farms 170 kg/ha).

Disadvantages: Differences in farming systems between Slovenia and the Netherlands limited

the application of the DST. There is no facility within the DST to alter grazing or cropping

systems to be more applicable to Slovenia. Some data, such as soil texture, required for

ANCAb6s operation are not readily available in SI
Dutch.

Stakeholder perception: Farmers perceptions differed from advisors. Farmers perceive DSTs
as an administrative burden and are concerned about them being difficult to use. Farm advisors
were very supportive of DSTs (particularly with a visual display output) and would be keen to
get access to them.

DST: NDICEA (developed in the Netherlands) was tested in Case Study no. 5 in Lower Saxony
(Germany). The main output from the DST is an estimate of N-mineralisation in the soil. It goes
beyond simple N budgeting for each crop since it accounts for the complex interaction of the soil-
crop-management system. By integrating live weather data, it takes into account the most variable
influence factor for crop development. The objective of the testing was a comparison with the
German DST Integrated Plant Production System (ISIP) which also estimates N availability to the
crops. Specifically, the testing focussed on whether NDICEA could be more precise in mapping N-
dynamics in the soil, since NDICEA considers more information than ISIP concerning soil
properties and soil tillage.

Advantages: The DST provides information on N availability in the soil, based on the most
relevant factors; optionally own (farm) data on soil and crop quality can be used. The DST has a
user-friendly design, self-explanatory application and provides results as clear graphical
representations.

Disadvantages: Output crucially depends on the quality of input data (comprehensive
calibration is needed). Since local climate data is not readily available in the case study in
Lower Saxony and has a high spatial variability, the obtained results are not reliable.
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Stakeholder perception: Farmers generally like the idea of having an estimate of N availability
in the soil during the growing period. But the feasibility crucially depends on the reliability of the
results. Since it was not possible to run the DST with local climate data and validation (with
measured against modelled numbers) of the results is missing, there was no benefit for farmers
in using it at the current time.

3.1.2 Improvement of on-farm pesticide management by considering potential
environmental harm

Improvement of on-farm pesticide management by considering potential environmental harm was
the focus of testing 2 DSTs (Environmental Yardstick for Pesticides and Plant Protection Online)
across 3 case study sites. The case study site objectives and the advantages, disadvantages and
stakeholder perception for each of the DSTs are summarised below.

DST: Environmental Yardstick for Pesticides (developed in the Netherlands) was tested in
Case Study no. 2 in Aalborg (DK) and in Case study no. 3 in Anglian Region (UK). Itis a
management DST for farmers and advisors, and key outputs include the assignment of
environmental impact points for the risk to water and soil organisms, as well as the risk of leaching
to groundwater. In Denmark, the objective of the testing was to see how pesticide management
and risk assessment is undertaken in other countries and compare it to the Danish pesticide tax
system, which reflects the risk of the pesticides. In the UK the Environmental Yardstick for
Pesticides was tested to see whether it can supplement existing DSTs, and be used by
agronomists and land managers to enhance knowledge of pesticides that can contaminate drinking
water resources.

In the following section advantages, disadvantages and stakeholder perceptions are summarised
for the testing of the Environmental Yardstick for Pesticides in Aalborg (DK) and Anglian Region
(UK) respectively.

Aalborg (DK):

Advantages: In Denmark, the key advantage of the Environmental Yardstick for Pesticides was
found to be the visual representation of the risk of a pesticide leaching to the groundwater. This
visual approach would be beneficial to include in for example the Danish DST Plant Protection
Online as it would make it easy for farmers and advisors to understand the risks of pesticides. In
Denmark the risk is controlled by taxes on pesticides (i.e. a high tax means high risk). However,
no visualisation is provided of whether the tax is high due to risk of leaching to the groundwater,
risk to water and soil organisms, human health etc.

Disadvantages: Application of the Environmental Yardstick for Pesticides is less relevant to
Denmark than the Netherlands, as the Netherlands has more products available for the control
of weeds in maize, potatoes and winter wheat. Additionally, the Environmental Yardstick for
Pesticides is mostly designed for single products and not mixtures, which means it cannot
calculate the risk when products are mixed to avoid the resistance challenge in weed control,
pest and fungal diseases.

Stakeholder perception: In Denmark stakeholder perception was not evaluated. This was
because the risk profiles generated by the Environmental Yardstick for Pesticides for the
pesticides allowed for use on maize, potatoes and winter wheat in Denmark did not always
match those in the Danish Pesticide taxes (see section 3.2.1 on the French DST SIRIS). A DST
must be more relevant for the stakeholders before involving them in the assessment.
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Anglian Region (UK):

Advantages: The Environmental Yardstick for Pesticides brings together several interesting
sources of information in a way that appears to be more accessible to farmers and agronomists
than currently available tools in the UK. The DST is especially valuable as an informative DST.
Additionally, pesticides are considered together and can easily be compared.

Disadvantages: For implementation and application in the UK, adaptation and new data (e.g.

label and authorisation data, integrated pest management (IPM) data) would need to be added;

some of this data is less easy to find. Moreover, the DST focus on environmental impact

including rate and risk of drift, which is not the only aspect driving product choice. Efficacy, the

need for repeated applications, harvest intervals etc. also need consideration. Whilst the

red/amber/green (high, medium and low risk) was liked by some, others feared that markets,

using selected information, mi ght ask growers no
these might be the best in regard to efficacy.

Stakeholder perception: The Environmental Yardstick for Pesticides was found to be a useful

DST by most farmers and agronomists. However, they would prefer it to be incorporated into an
existing DST.

DST: Plant Protection Online (developed in Denmark) was tested in Case Study no. 9 in Noord
Brabant (Netherlands). Plant Protection Online includes several plant protection tools for weeds,

di seases and pest control in individual fields. F
problem solversd (Pesticide (mix) selection for s
respectivel y) ; Ot he Il dentification keyo6 (identify/recoc

mi xtured (compare efficacy of mixtures on weed sp
Brabant province because it has been directed to reduce pesticide leaching to groundwater. The
Environmental Yardstick for Pesticides is already used in the case study area, but a specific advice

tool for farmers does not exist and Plant Protection Online could provide the inspiration for the

development of a new DST.

Advantages: Plant Protection Online has interesting components that are useful for advisors,
e.g. the advice on low/reduced dosages, no treatment and information on damage thresholds.

Disadvantages: Plant Protection Online, in its current form, would be difficult to implement in
the Netherlands, as it was not developed for Dutch crops and pesticides. Thus the DST is
lacking in a number of the crops and pests/diseases present in the Netherlands.

Stakeholder perception: It is not practical for farmers as it involves too many steps, too much
input data is necessary, and it is not practical for use in the field (e.g. there is no mobile app). If
implemented, it would be preferable to incorporate the interesting components of Plant
Protection Online into existing apps.

3.2 REMARKS ON CATCHMENT AND REGIONAL LEVEL DSTs

3.2.1 Risk assessment of pesticide applications

Risk assessment of pesticide applications was the focus of testing 3 DSTs (SIRIS, SCIMAP and
Phytopixal) across 3 case study sites. The case study site objectives and the advantages,
disadvantages and stakeholder perception for each of the DSTs are summarised below.
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DST: SIRIS (developed in France) was tested in Case Study no. 2 in Aalborg (Denmark) and in
Case study no. 4 in La Voulzie (France). The main output from SIRIS is a ranking of pesticides
according to their potential to reach surface water and groundwater. In Denmark, the objective of
the testing was to see how pesticide risk assessment is undertaken in France and compare it to
both the Danish pesticide tax system, which reflects the risk of the pesticides in Denmark, as well
as the output from the Dutch DST Environmental Yardstick for Pesticides (refer to section 3.1.2). In
La Voulzie (France) SIRIS was selected as it is one of few DSTs available for predicting pesticide
loss at the catchment scale, and it has not yet been tested there. The objective of the testing was
to compare the modelled pesticide risk at catchment scale with the measured pesticide
concentrations in the groundwater.

In the following section, the advantages, disadvantages and stakeholder perceptions are
summarised for the testing of SIRIS in Aalborg (Denmark) and La Voulzie (France) respectively.

Aalborg (Denmark):

Advantages: A good surveillance program for experts which can handle leaching of pesticides
at catchment level.

Disadvantages: The risk profiles generated by SIRIS and the Environmental Yardstick for
Pesticides for the pesticides allowed for use in maize, potatoes and winter wheat in Denmark do
not always match each other and the Danish Pesticide taxes; e.g. Roundup Bio (glyphosate 360
g/litre) was assessed to have a high risk in France, low risk in the Netherlands and low-medium
risk in Denmark. However, comparison of the risk assessments is difficult due to different
assessment methods, soil types etc. The differences should be explored further if
implementation is to be considered.

Stakeholder perception: It is worrying for stakeholders that one DST can indicate that a
pesticide should be banned (high risk) in one country, while another DST finds the same
pesticide to be safe to use (low risk) in another country.

La Voulzie (France):

Advantages: SIRIS is a web-based DST developed for French conditions. It is easy to use for a
watershed or water company manager or non-specialist modeller with knowledge relating to
transfer of pesticides. Input data is easily available via a database and the DST can easily be
applied in other catchments. Overall the DST is suitable for working at the catchment scale and
identifies pesticides that must be restricted.

Disadvantages: Comparison of results from SIRIS with measured data show differences that
are difficult to explain. Some features of the model systematically prevent SIRIS from correctly
reproducing the behaviour of certain pesticides. SIRIS does not propose mitigation measures,
which means the DST cannot be used for creating scenarios where practices are changed. It is
not possible to simulate the impact on groundwater of unauthorized products and metabolites.
Difficult to transfer from France for use in other countries.

Stakeholder perception: Not evaluated.

DST: SCIMAP (developed in the UK) was tested at Case Study No. 7 site in the Derg cross-border
river catchment in Northern Ireland (NI) and the Republic of Ireland (Rol). Overland flow is the
primary pathway for contaminants in the case study area. SCIMAP is a GIS-based spatial
modelling approach which identifies areas in the landscape (based primarily on an elevation model
and incorporated land use information) at greatest risk of overland flow generation, and thus
contaminant mobilisation, during rainfall events. DST outputs are maps at a range of scales which
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can be integrated with other data and used in management decisions. The objective of testing was
to assess the potential of the DST as a management tool for stakeholders (water companies,
catchment managers) and to aid in prioritising areas for implementing mitigation measures against
MCPA pesticide impacts.

Advantages: The visual mapping of risk provided by this approach is very useful and intuitive
for users. The GIS based system (available also in open source formats) is easy to use with
basic training and the maps, once generated, can be used by diverse groups and experience
levels.

Disadvantages: No consideration of groundwater pathways is included in the model, so it is
only applicable in cases where surface flow dominates. The locations of pesticide sources are
also not explicitly defined in the model i the user needs to add additional expert information on
fields where pesticide applications are likely and combine that with overland flow risk. For the
case study the biggest limitation is data availability. The accuracy of the SCIMAP approach is
limited by the resolution of the digital terrain model (DTM); a 1-2 m resolution DTM is necessary
to resolve high risk areas at sub-field scale and the available 5 m DTM for testing is too coarse.
SCIMAP is only as good as the input data used. The software is only available to non-UK users
as a web-version going forward and the user must provide all input data.

Stakeholder perception: Stakeholders appreciated the ease-of-use of the approach and found
the visual maps of results easy to interpret. Some concerns were raised about data availability
and costs in NI and Rol. Other countries have LIDAR (light detection and ranging) coverage of
the surface of the Earth i in NI/Rol it is only available at high cost from commercial suppliers.
The SCIMAP approach is now being used in the INTERREG Source to Tap
(www.sourcetotap.eu) project which is ongoing in the same catchment.

DST: Phytopixal (developed in France) was tested in the Case Study No. 7 site in the Derg cross-
border river catchment in Northern Ireland and the Republic of Ireland. Phytopixal is similar in
objective to SCIMAP, but is a protocol implemented by the user to produce spatial risk maps that
are used to identify areas in the landscape at greatest risk of overland flow, and thus pesticide
mobilisation, during rainfall events. The objective of the testing was to assess the potential of the
DST as a management tool for stakeholders (water companies, catchment managers) to assess
the cost/benefits of available mitigation measures within the catchment.

Advantages: As the DST is a protocol rather than an application or toolbox, input data can be
selected and defined by the user in whichever GIS platform they are familiar with. Results can
be resampled to whichever scale the user requires (farm, sub-catchment or catchment levels).

Disadvantages: Phytopixal is a written protocol which has to be developed into a risk

assessment framework by the user within whichever GIS software they have access to. This
requires a higher | evel of GI'S experthesteelaihd mor
DSTs. As with SCIMAP, the model is only as good as the input data used.

Stakeholder perception: Stakeholders with GIS experience appreciated the protocol-based
approach and stakeholders generally found the visual maps of results easy to interpret. As with
SCIMAP, some concerns were raised about data availability and costs.


http://www.sourcetotap.eu/
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3.2.2 Identify cost-effective measures to reduce nitrate and pesticide loads to water

Identifying cost-effective measures to reduce nitrate and pesticide loads to water was the focus of
testing the DST Farmscoper at one case study site. The case study site objectives and the
advantages, disadvantages and stakeholder perception for the DST are summarised below.

DST: Farmscoper (developed in UK) was tested in the Case Study No. 7 site in the Derg cross-
border river catchment in Northern Ireland and the Republic of Ireland. Farmscoper is an advanced
export coefficient model which estimates diffuse losses of P, N, pesticides and sediment from
single or multiple farms and quantifies the expected impacts and economic costs of mitigating
losses to water or the atmosphere. Outputs from the DST are graphical and tabular estimates of
contaminant loads, on farm nutrient budgets and the economic costs of measures and
combinations of measures.

Advantages: Farmscoper is easy to use with an intuitive Excel-based interface. Data are input
at farm level and multiple farms can be combined up to catchment scales. The model export
coefficient approach has a strong scientific basis. Actual farm data can be used or
representative farm type data from censuses. The capability to evaluate the cost-benefits of
combinations of mitigation measures is a potentially powerful tool to support water managers in
drinking water catchments. Outputs from the DST are clear graphics and tables.

Disadvantages: Pesticide usage in the model is not as well-defined as for nutrients and based
on general pesticide usage data for England/Wales. Usage in NI/Rol is different and this limits
the application of the DST in the case study catchment. It would be possible to modify the DST
to account for these differences. Similarly, geo-climatic differences between Ireland and
England/Wales mean that runoff estimates are lower than actual when the model is applied.
This would require significant re-development of the DST. Farm level data availability is limited
in NI/Rol due to farm confidentiality and this will limit the application of the model using
individual farm rather than census data. Mitigation measure options and economic costs also
need to be updated for NI/Rol

Stakeholder perception: Stakeholders were very positive about the potential utility of
Farmscoper, particularly in modelling multiple scenarios of mitigation options and identifying
which will be most cost-effective. No similar DST exists in NI/Rol and the water companies, in
particular, expressed an interest in seeing if the model could be adapted for use. There were
some concerns raised about the restrictions of data availability in NI/Rol.

3.2.3 ldentify cost-effective allocation, location and choice of nitrogen (N) mitigation
measures in order to reduce N loads to water

Identifying cost-effective allocation, location and choice of N mitigation measures in order to reduce
N load to water was the focus of testing the DST TargetEconN at one case study site. The case
study site objectives and the advantages, disadvantages and stakeholder perception for the DST
are summarised below.

DST: TargetEconN (developed in DK) was tested in Case Study No. 2 in Aalborg (DK).
TargetEconN minimizes the total costs of achieving N load targets in a catchment, down to ID 15
catchment level (i.e. catchments of approximate 15 km?). The model provides detailed results on
the cost-effective allocation of N abatement as well as the choice of measures and the amount of
each measure. The objective of the testing was to assess how and where to apply N mitigation
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measures, to minimize the costs of meeting the nutrient load reduction target in the Water

Framework Directive (WFD). The testing of TargetEconN will continue as part of Task 5.3
fAssessment of cost and benefits for far mer s, wat
the FAIRWAY project.

Advantages: An advantage of TargetEconN is the identification of which mitigation measures
are cost-effective at field parcel level, including which measures to apply.

Disadvantages: The data inputs to the model on crops grown and fertilizer inputs are
extensive, and was feasible since Denmark has good access to data. A further disadvantage is
that the model is set up in GAMS, which is optimisation software that requires expert knowledge
to be run.

Stakeholder perception: Aalborg Water Utility finds that information down to field level is
attractive, but that information about the cost-effective mitigation solutions might not be, as
involvement and acceptance by farmers is essential for them and negotiations are part of the
solutions.

The Ministry of Environment and Food had a contradictory opinion; the Ministry found that field
level results are too detailed, but that the assessment of the cost-effectiveness of N mitigation
measures is highly relevant.

3.3 MAIN FINDINGS FROM THE TESTING OF DSTs

The testing of DSTs in the FAIRWAY case study sites has shown that many countries have
developed similar DSTs to address similar problems. Thus important steps in the exchange
process were to understand what other countries are doing, compare the tested DSTs with existing
national DSTs and get some inspiration for enhancing existing DSTs used in the case study sites.
In a few cases where no equivalent DST exists, the testing aimed to assess the potential for a DST
to be used in that country and to draw on the ideas presented.

The main findings from testing of nutrient management DSTs at the FAIRWAY case study sites are
summarised in Table 2.
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Table 2. Main findings from the FAIRWAY case study sites testing of nutrient management DST. The asterisk (*)

indicates that these findings recur for Pesticide management DSTs, Table 3.
Nutrient management DSTs

Topic:
1 AllDSTs aim to assist farmers in efficient nutrient use / efficient fertilizer planning.
Input data:
1 Complexity of input data varies* (e.g. number of relevant nutrients).
1 Soil data is an obligatory input, but the DSTs use different soil classification systems.
1 Current crop information is an obligatory input, but information on crop rotation (field history) is not
always included.
1 Reliable records on fertilizer use are obligatory, but these are not always available.
1 Weather data is necessary for most DSTs. No single DST covers all EU climate zones.
1 Individual (farm-specific) measurements (e.g. soil mineral N) can be included in some DSTs.
1 Databases must be regularly updated and maintained*.
Output:
91 All DSTs provide information on restrictions on fertilizer use. These, however, are presented in
different formats (N-quota, field-specific max. amounts, etc.).
1 Outputs are clear recommendations e.g. max. amounts of fertilizers to be purchased, etc.
1 Advice is provided at different levels* (farm level, field level).
1 The output depends on the quality of the input data*.
1 Mitigation measures:

Hardly any concrete advice on measures*.

But most DSTs can handle catch crops (e.g., Mark Online, Dungeplanung, NDICEA).
Environmental effects of measures are generally not quantified*.

Difficult to transfer from one country to another as the DST is developed for country
specific situations (differences in climate, geographic, soil types, fertilizer
recommendations, legal frameworks, farming systems, etc.).

O O O O

Operational issues:

1

=

Language skills needed (most DSTs and supporting documentation are only available in the local
language) and require knowledge of national conditions/site conditions*.

DSTs need to be continuously improved e.g. via feedback by users*.

DSTs need to be continuously updated and maintained (e.g. to match current law, new findings,
etc.)*.

Input data has to be updated regularly* (e.g. changes in farm management).

For the pesticide management DSTs several of the main findings from the testing of the nutrient
management DSTs recur (marked with an asterisk (*) in Table 2). Some additional findings for
pesticide management DSTs are added in Table 3.
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Table 3. Additional findings from the FAIRWAY case study sites testing of pesticide management DSTs. See Table 2 for

findings that recur for both Pesticide and nutrient management DSTSs.
Pesticide management DSTs

Topic:
1 The DSTs make relevant information accessible and easily available by bringing them together in
one tool.
Input data:

1 Exchange of pesticide management DSTs seems difficult because the use of and restrictions on
individual pesticides differ from one country to another. Additionally, the risk profiles are not
similar.

1 Output for mixtures of products is not always available. This would be beneficial for farmers as
they often use this strategy.

9 Pesticide management DSTs that include mitigation measures are difficult to exchange between
countries as they have been developed for country- or case study-specific situations and the
effectiveness and costs differ regionally.

Output:

1 Several of the tested pesticide management DSTs provide overland flow risk mapping. The visual
representation is useful, as it is intuitive.

1 The output and the interpretation can be too simple because not all processes and factors are
included in the DST. In this case, a user must understand the background of the DST and its
limitations (e.g. only surface water is considered).

3.4 GENERAL OVERVIEW OF DST FUNCTIONALITY

For all the DSTs tested, summary information was collated covering cross-case-study issues which
could influence future development and implementation. This information was collated and
grouped into the following categories: (1) Barriers to exchange (2) Requirements of a DST in terms
of functionality, use and access and (3) Stakeholder attitudes to DSTs and mitigation measures.

3.4.1 Barriers to exchange

During the final selection of the DSTs valuable information about the barriers which may prevent or
limit the exchange of a DST from one country to another was collected. The information from each
participating case study site was collected in Evaluation Scheme 0 (see Appendix). Additional
barriers were identified during testing and are described in Part 2 of this report. Table 4
summarises the identified barriers.



18

Table 4. Identified barriers to the exchange of DSTs from one country to another.

Barriers

Note

Language

At the outset of the project, all countries, responding to an assessment of
36 potential test DSTs (see Table 5 in report D5.1, Nicholson et al., 2018),
identified language as a key barrier to transferring DSTs from one country
to another. As reported in Task 5.1, often the DST and supporting
information are only available in the local language (Nicholson et al., 2018).

Lack of support /
documentation

For some DSTs the case study test groups identified lack of support and
supporting documentation as a barrier to exchange.

Specialist software or skills
required

Some of the complex DSTs require specialised personnel to run them and
interpret the results (e.g. the DST requires expertise in GIS).

Software access

Some DSTs are commercial products requiring passwords for login. If the
DSTs are not owned by project partners, software access has been
reported to be a barrier to exchange.

Financial cost

For several DSTs financial cost has been reported to be a barrier for
exchange from one country to another.

Data requirements

There is a wide variation in the data requirements for the DSTs as they vary
in sophistication. Thus, most case study sites reported that data
requirements might be a barrier for transferring a DST from one country to
another. For example, in Northern Ireland little farm data is publically
available, in contrast to Denmark where a large amount of data is publically
available. Since different classification systems are used in different
countries, data conversion to the required format is often required. This is
crucial since the quality of the input data determines the quality of the
output.

Developed based on
country specific legislation

Some DSTs are developed based on country specific legislation, which is a
barrier to a direct exchange of the DSTs. However, part of the DST and/or
the principles could be exchanged. For example, Mark Online (DK) was
successfully tested in Lower Saxony and it was found that some elements
could be integrated into the German system. However the different
legislation and its implementation in Denmark and Germany must be
respected and limits the direct exchange of a DST between these countries.

Differences between
regions (e.g. climate) / farm

types

Regional differences can present a barrier for exchange (e.g. the
precipitation pattern in Britain and Northern Ireland is not the same) or farm
types (e.g. farms in Slovenia are much smaller than farms in the
Netherlands). Generally, it is difficult to exchange software if it is calibrated
to national conditions.

Due to the identified barriers (Table 4), the results of the testing of DSTs in the FAIRWAY case
studies concluded that direct exchange and implementation of a DST is generally not possible. In
all cases it was reported that some kind of adaption/re-development of the DST would be required
first. However, in many cases the exchange of a conceptual model and/or specific functions or
modules would be possible.

Furthermore, every country, at some level, seeks ideas/inspiration for develop i n g

rather than

their

using an existing DSTs, and

with government funding to address a specific need in that country or region. The funding is not

provided for

t he baelnoe fuiste rosf eol tsheewh efirpeo tienn ttih e

would entail cannot be justified). Commercial applications face similar limitations but tend to be
less geographically constrained e.g. is Plant Protection Online applied in Denmark, Baltics and
Poland. A new EU DST that is currently under development is the Farm Sustainability Tool for
Nutrients (FaST) which aims to help all farmers in the EU manage the use of nutrients on their
farms (https://ec.europa.eu/info/news/new-tool-increase-sustainable-use-nutrients-across-eu-2019-

feb-19 en). The FaST is not yet available for assessment as part of the FAIRWAY project,
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however it will be interesting to follow the development, performance and implementation of this
DST, as it is the first farm nutrient management DST developed with full EU coverage. The
strategies it incorporates to avoid the issues and barriers identified in this study will be of great
interest to DST developers and stakeholders in all regions.

These findings are very much in line with the research of Rose and Bruce (2018) and Lundstréom
and Lindblom (2018) who concluded that involvement of stakeholders in the development of a DST
is a prerequisite to successful implementation. This prerequisite has not been met in any of the
attempts to implement the DSTSs in the designed exchange processes reported here. A more
logical pathway is to organize exchange and inspiration at the level of the researchers involved,
and give them the opportunity to set the timing and approach for incorporation of the intellectual
harvest of the exchange into their own scientific and stakeholder communities.

3.4.2 Identification of DST requirements in term of functionality, use, and access

Information on the requirements of DSTs in terms of their functionality (cost, accessibility, data
input and output formats, interoperability with other DSTSs), use and access was also identified
during the testing.

Functionality:

A A DST must be simple (user friendly, self-explanatory application), not too time-consuming
and practical for farmers/advisors to use. However, the level of complexity depends on the
target users and the objective of the DST. Sometimes more complexity is needed;
particularly for DSTs that operate at the catchment scale and if complex environmental
interactions are simulated.

A DSTs which can complete complex calculations (e.g. nutrient load calculations, pesticide
dosage needs etc.) for the user with minimum data input requirement are useful. However,
the DST should still provide some flexibility in order to react to specific situations (e.qg.
extreme weather events, specific regulation in some areas, etc.) and respect user
judgement (e.g. on allocation of nutrients in an agronomically sensible way).

A The DST should support and secure correct advice in regard to e.g. cross-compliance
checking.

A Free availability of reliable data and open source formats are important for innovation,
development of (new) DSTSs etc. Restricted access to farm data (e.g. in Northern Ireland)
limits the extent to which DSTs can be applied and new DSTs developed.

A Introduction of new regulations (which are usually more complex) must be supported by
providing some assistance for those affected. DSTs to ensure that farmers and other end
users comply with legislation are helpful. Furthermore, clear information about the
derivation of the outputs produced by the DST should be provided (e.g. data source,
assumptions applied etc.). However, it must be simple and easy to see whether the
legislation/rules are being followed.

A When new regulations or scientific findings are introduced, DSTs must be updated
immediately if they are to retain their relevance and the trust of the end user. A well
implemented, simple-to use DST can help to ensure that farmers and other end users
comply with legislation.

A Consistency in outputs between different DSTs is important. For example during testing at
the Aalborg (DK) case study site, the Environmental Yardstick for Pesticides, SIRIS and the
Danish Pesticide tax system all gave different results for the risk from pesticides applied to
certain crops. This does not inspire stakeholder confidence.
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Financial support/funding is important to develop, update and implement DSTs. Generally,
it is important that DSTs are updated regularly to make sure they comply with the newest
rules, scientific knowledge etc. in order to increase trust and thus the adoption rate of a
DST. Governments may consider paying for upgrades, development etc. as, farmers will
rarely pay for them; however, this depends on the type of DST and the benefits farmers can
obtain from it.

Use:

A

Advisory assistance is needed in order to encourage farmers to use DSTSs, to assist in their
application and to interpret their results. Thus, the success of a DST also crucially depends
on the skills and experience of the advisor, who should be able to understand both the
science and the applicability of the DST.

An advisory service system is an important requirement in order to establish recognised
communication pathways with farmers. On a personal level, one to one talks are often the
most powerful form of communication. Additionally, the advisor must have the skills to
communicate complex issues to farmers.

When applying a DST, a user must be made aware of any potential financial or other gains
in order to change their behaviour (e.g. increased crop yield; reduced pesticide costs;
improved water quality).

Successful use of a DST is likely if end users and stakeholders to some extend have be
involved in the development of the DST, as the DST can be targeted to the needs of the
end users.

Public recognition of success will be beneficial especially for DSTs applied at catchment
level i.e. demonstration of best practice.

Government involvement in getting a DST adopted by farmers may, in some cases,
increase its uptake and use. Currently adoption is often decided by market forces.

Access:

A

3.4.3

DSTs which are accessible online via PC and mobile apps are likely to have higher take-up,
however in some cases poor internet connections may limit the access and lack of
technical knowledge may deter some users.

Some DSTs should be free because they benefit the environment (common good).
However, in many cases farmers use them because they gain economic benefits from
reducing the pesticide/nutrient load not because they want to reduce the environmental
impact. It is recognised that not all DSTs can be free, as commercial developers must get
money to continue to produce and improve the DST if there is no public funding available.

Attitudes towards decision support tools and mitigation measures

The attitude of users towards the tested DSTs and the mitigation measures incorporated within
them can be summarised as follows:

1 A DST must be user-friendly and intuitively designed, i.e. have a clear structure, possibly with a
modular design with a stepwise form that helps with fulfilling complex tasks, complying with
rules etc.

1 The results must be trustworthy and reliable. Thus, the DST must be based on sound
evidence/knowledge. Information on data sources used should be provided.

1 Supplementary information (manuals and supporting documentation) must be available in the
national language or at least in English to answer the most frequent FAQ.
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1 The DST must be frequently updated to make sure the software complies with the most recent

legal restrictions.
1 A centralized and holistic approach should be taken, where data only needs to be entered
once. There should not be a multitude of DSTs available for a single purpose as this can lead

to confusi on; integration of 6 sbmbehefficmlk 6 DSTs 1 nt «
T DST should contain some fireal ity checkso i or d
9 Itis advantageous, if it is possible, to make easy multiannual analysis of data possible.
1 The DST must provide clear results and outputs; graphical representations can be very useful

in some cases.
9 It can be useful to provide various ways for data to be input and output (web-interface, excel-

sheet, pdf, etc.) to suit the userds preference:

In FAIRWAY Case study no. 3 in the Anglian Region (UK) agronomists, farm advisors and farmers

were asked about their general opinion of DSTs. It was clear from this group of respondents, that
DSTs encompassed in existing software were deemed most useful. Detailed background
explanations of many of the points above can be found in Part 2 of this report.

4. CONCLUDING COMMENTS

Twelve different DSTs were tested or demonstrated at 9 of the FAIRWAY case study sites located

across the EU. The selected DSTs were a mixture of farm level tools which aimed to improve on-
farm nutrient and/or pesticide management, and catchment/regional level DSTs which aimed to
provide:

i) Risk assessment of pesticide applications;
i) Identify cost-effective measures to reduce nitrate and pesticide loads to water;
iii) Identify cost-effective allocation, location and choice of nitrogen (N) mitigation

measures in order to reduce N loads to water,
The findings of the testing process indicated that:

1 Most countries have similar DSTs designed to address similar problems.

1 Exchange of DSTs between countries is challenging due to various barriers to use e.g.
different legislation, input data requirements and regional differences in precipitation, soil
types etc.

1 All countries were keen to take inspiration from others and to learn from ideas developed by

other Member States.
1 The consensus opinion was that it was preferable to adopt and enhance existing DSTs or

to develop new country-specific DSTs rather than to attempt to adapt a DST developed in a

different country.

A model DST that is acceptable to the majority of end users should fulfil most if not all of the
criteria summarised in Figure 1.
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USE

* Continuous update, improvement and maintenance of software
* Direct assistance from advisor with appropriate training

* Supplementary information in national language

U

ACCESS FUNCTIONALITY
* Free availability of DST DECISION SUPPORT TOOLS * Simple and self-explanatory but still able

(preferably online) to handle complexity

* Open source format E:> D ? ! N <::| * Centralized and holistic approach

* Supplementary data free and * Integrate "smaller” DSTs into a single DST
easily available é _ * Flexibility of data input and output

+ "Reality” and consistency checks included
* Clear references of data sources

Vs

OUTPUT

* Information on whether regulations are met

* Thrustworthy, reliable and clear results and recommendations
* Visualization of data (graphical)

* (Financial) gain for end users

* Public recognition

Figure 1. Criteria that DSTs should fulfil.

A DST that fulfils the criteria in Figure 1 and can deliver a range of functions is more likely to be
successful, as end users prefer to limit the number of DSTs that they need to use. Additionally,
good advisory assistance is important. The DST is only as good as the input data, and therefore
support and advice from well-educated and communicative skilful advisors are highly valuable for
the end user to make the right decisions.

The main results of Task 5.2 (Part 1 and Part 2 of this report) will, together with the findings in Task
5.1 (Nicholson et al., 2018), be used in the next task (Task 5.3), and especially Task 5.4, where a
framework will be established to highlight the ways in which DSTs can be applied successfully to
establish and improve awareness of diffuse pollution of vulnerable drinking water resources among
farmers and other stakeholders.
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Evaluation of Decision Support Tools
Part 21 Case Study Results

R. K. Laursen, F. Bondgaard, P. Schipper, K. Verloop, L. Tendler, R. Cassidy, L. Farrow,
D. Doody, F. A. Nicholson, J.R. Williams, I. Wright, J. Rowbottom, |. A. Leitédo, A.
Ferreira, B. Hasler, M. Glavan, A. Jamsek, N. Surdyk, J. Van Vliet, P. Leendertse, M.
Hoogendoorn and L. Jackson-Blake.

5. FAIRWAY CASE STUDY RESULTS

Part 2 of the FAIRWAY report6 Eval uati on of De cantains dataile8 depcpptions T o o |
of the work and findings of the testing of decision support tools (DSTs) in the participating

FAIRWAY case study sites. For the overall purpose of the work see Part 1, which also contains a

summary of the main findings and a conclusion.

In Part 2, the following sections present the work and results of the assessment, testing and
implementation of the selected DSTs for each participating FAIRWAY case study site in the order
presented in Table 1 (Part 1).

5.1 DENMARKT AALBORG

The FAIRWAY case study site at Aalborg is located in one of the most vulnerable areas in
Denmark with regards to nitrate and pesticide leaching to groundwater. In Denmark, the DSTs
MarkOnline and Plant Protection Online are available to support sustainable nutrient and pesticide
management at the farm level and are operated within Danish legislative requirements. Thus, it is
assumed that these DSTs improve the efficient use of nitrogen and pesticides and by that improve
water quality. Based on the findings summarised in evaluation scheme 0 (see Appendix), it was
found that the Dutch DST Environmental Yardstick for Pesticides and the French DST SIRIS do
the same with regard to pesticide management in the countries for which they were developed.
These DSTs were therefore tested and assessed in a Danish context and compared to Danish
pesticide tax system, which reflect the risk of the pesticides.

Additionally, the Danish DST TargetEconN was tested to assess how to apply N mitigation

measures and where to apply them, to minimize the costs of meeting a nutrient load reduction

target (the WFD targets are currently considered). The testing of TargetEconN will continue as part

of Task53i Assessment of cost and benefits fioWoK ar mer s
package 5.

5.1.1 Workplan

The workplan for application of Environmental Yardstick for Pesticides, SIRIS and TargetEconN in
the FAIRWAY case study site at Aalborg is summarized in Table 5.
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Table 5. Workplan for the FAIRWAY case study site at Aalborg, Denmark.

Action Action details Target Involved
deadline partners

Describe expectations/expected

Overwew.of selected DSTs and outcome by DST. Use evaluation October SEGES, AU
data requirements . 2018
scheme 1 (See Appendix).
Contact the owners of the DSTs
Secure access and pre-test and obtain access to DSTs. Pre- November SEGES. AU
selected DSTs test the DST and ask for support if | 2018 '
necessary.
Enter own data and run model. December
Bilateral correspondence with the 20181 SEGES, AU,

Testing of selected DSTs owners of the DSTs about results January CLM, BRGM

and improvements of simulations. 2019

Evaluate results and compare with

Describe and evaluate results the Danish pesticide taxes and February SEGES, AU
2019
other models.
Evaluate impact on practical . .
management and implementation in D'SCU.S.'S results with experts and February SEGES, AU
. practitioners 2019
a Danish context
Summarize successes and March
difficulties 2019 SEGES, AU

5.1.2 Assessment, testing and implementation of selected DSTSs.

In Denmark, farmers are only allowed to use pesticides approved by the Danish Environmental
Protection Agency. The chemical agents are tested in the Danish Pesticide Leaching Assessment
Programme to provide an early warning of the risk of groundwater contamination when approved
pesticides are used in accordance with current regulations. If a pesticide or its degradation
products leach to the groundwater, the monitoring results generated by the programme provide a
basis for reassessment of the substance by the Danish Environmental Protection Agency.

In the following sections pesticides approved in Denmark for application in maize, potatoes and
winter wheat were tested using the Dutch DST Environmental Yardstick for Pesticides and the
French DST SIRIS. The results were compared with the Danish pesticide tax.

This is followed by the results of the testing of TargetEconN.

Environmental Yardstick for pesticides

a. Assessment

Environmental Yardstick for pesticides is a Dutch DST applied to quantify the environmental impact
of the use of pesticides. For each permitted pesticide in the Netherlands, the Environmental
Yardstick for Pesticides assigns environmental impact points (EIP) at the recommended product
dose per ha to express the risk to water organisms, the risk of leaching to groundwater and the risk
to soil organisms. High EIP (i.e. >1000 EIP) means high risk for the environment and this shows up
as red in the Environmental Yardstick for Pesticides. A score of 1007 1000 EIP shows up as
orange and means medium risk, and low risk is green and has 0 i 100 EIP. Based on the EIP, the
user can compare agents and choose the least harmful crop protection strategy.

In Denmark, to reduce the use of pesticides, DSTs such as Plant Protection Online and the Agent
Database combined with the field experiments in the Nordic Field Trial System (NFTS) form the
basis of recommendations to local advisors in relation to the composition of the weeds to be
controlled. Agricultural advisors making field visits to farms in the growth season to help evaluate
the correct dose are also important.



https://plantevaernonline.dlbr.dk/cp/menu/Menu.asp?SubjectID=1&ID=djf&MenuID=10009999&Language=en
https://middeldatabasen.dk/default.asp
https://middeldatabasen.dk/default.asp
https://www.landbrugsinfo.dk/planteavl/landsforsoeg-og-resultater/oversigten-og-tabelbilaget/sider/startside.aspx
https://nfts.dlbr.dk/Forms/Forside.aspx?&applLangID=en
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In winter cereals, a low dose strategy is based on knowledge of the composition of the weed
population and early control. Often the weed will be controlled before germination or just after
emergence at a very early stage, which requires in depth knowledge of the weed composition at
field level. Often, very broad-spectrum spraying agents are used. The farmers and the advisors
enter into Plant Protection Online and they fill in their experiences on the weed composition in the
current field and the program calculates which pesticides are most effective to use. Based on this
Plant Protection Online is a useful DST for advisors and farmers to make the right decisions.
Testing the Environmental Yardstick for pesticides in a Danish context is therefore an interesting
exercise.

b. Testing
Results of the tests with approved Danish pesticides in maize, potatoes and winter wheat using the
Environmental Yardstick for Pesticides are presented in the following sections.

Maize

In the Netherlands, there are 72 different products approved for control of weeds in maize. In
comparison, Denmark only have 5 of the approved products available: Callisto, MaisTer, Harmony
SX, Starane 333 HL and Fighter 480. These 5 products have been tested using the Environmental
Yardstick for Pesticides (Figure 2). The results show that it is better to use the herbicide Callisto in
maize than MaisTer, with respect to pesticide leaching to groundwater.

Callisto, MaisTer, Harmony SX, Starane Top (DK Starane 333 HL) and Basagran (DK Fighter 480)
are all the same only with different names.

Enviranment impact paints at recommended dase praductiha Organic matter <153 Organic matter 15-3: COrganic matter 363 Organic matter 6125 Organic matter » 1252

-] Dosage - vttt [ty [ sprima | utenn initite [ tprina | outeme [l suitite [ sprina | wutems | suitite [ Jsprine | uteme |~ suitite [ spvien | iene
151 ar 2 zz7 I 2 58 530 2
ron+ 11 gk iodaz 0150 kg £ 1 7 a4 13 & EE] i
rrrrrr thyl ¥ 452 gib 0,015 by &3 0 0 0 0 0 0 0
e

54 1 =7 I s 3 210 14 0 3 [rs

oo
=
coro

[
I
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I

FigUré 2. Results d'f'téstiﬁz; "\/\'/i'th'approvednbanish pesticides“in maize usihg the Environmental Yardstick for Pesticides.
Environment impact points at recommended product dose/ha. Green (low risk): 0-100 EIP, Orange (medium risk): 100-
1000 EIP and Red (high risk): >1000 EIP.

However, in Denmark farmers often use a combination of 2-3 products. As an example, cranesbill
(in Danish: storkenaeb) is often a problem in maize and requires a combination of herbicides.
Callisto and MaisTer have a low effect on Cranesbill (Table 6), so MaisTer, Callisto and Fighter
480 are used in a combination (Table 7). Therefore, a typical strategy for weed control in Denmark
is to mix products in order to control different weed species (Table 7).

roe oo do
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Table 6. Effect of herbicides on different weed species in Denmark. It is important to select the right combinations of
herbicides. Many stars = high effect. Translation of column headings - DK: Ukrudtsarter = UK: Weed species, DK:
Tokimbladet ukrudt = UK: Dicotyledonous weeds.

Q) SEGES

Harmony MaisTer,
SX, 75g/ha | Starane 333 | Stomp CS, Xinca,

Callisto, | Fighter480 | 56g/ha |(foramsulfur HL 1,01/ha | 0,51/ha

0,75 I/ha 0,51/ha |[thifensulfur| on+iodosulf | 0,151/ha |(pendimeth| (brom-
Ukrudtsarter {mesotrion) | (bentazon) | on-methyl) uron) (fluroxypyr) alin) oxynil)
Tokimbiadet froukrudt
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Table 7. Standard strategy for control of different weed species in maize with herbicides in Denmark. The strategy is
developed by SEGES experts based on field trials. Often mixed products and a split application strategy are used in
maize fields. Translation of column headings - DK: Skadeggrere = UK: Gras & dicotyledonous weeds, DK: Tidspunkt =
UK: Time, DK: Lgsning = UK: Solution to solve the problem, DK: Dosis pr. hectare = UK: Dose per hectar, DK:
Behandlingsindeks (Bl) = UK: Treatment Index (TI), DK: Pris = UK: Price/cost.

Skadegerere Tidspunkt Lesning Dosis pr. ha. Bl Pris
1. jtning, ukrudt max. 2 lavbiad Calisto + MaisTer + MaisOil (04+30+04)-(08+50+ 0,47-0.73 178-281
0.67)

Agerstedmoder, burresparre, endrig rapgrs,
fuglegraes, hvidmelet pasefod, hyrdetaske, kamille,
korsblomstret ukrudt, pileurt, red tvetand.

glaurt, sort vejpileus,

Agerstedmoder, burresparce, 20drig rapgr=s, 1. sprajtning, ukrudt max. 2 levbiad Caliisto + Harmony SX + Renal {04+56+05)-(05+56+ 1,141,37 350-440
fuglegraes, hvidmelet gasefod, hyrdetaske, kamille, 0,5)
korsblomstret ukrudt. pileurt, red tvetand, S s 3 o
- P 2. sprajtning 7-10 dage senere, nar n=ste hold Callisto + MaisTer + MaisOil (0.4+35+045)-(05+50+
rlepileurt, sort 8 . vejpil v e
snerlepileurt, sort natskynge, storkenaeb, vejpileurt, ukrudt er sphet frem 0.67)

Agerstedmoder, burresnerre, enirig rapgres, 1. jtning, ukrudt max. 2 levbiads Callisto + Harmony SX + Renol (04+56+05)-(08+56+ 1,16-1,.29 337-388
legre=s, hvidmelet gasefod, hyrdetaske, kamille, 0.5)
%uudn pleur rod tvetand. 2. sprajtning 7-10 dage senere. ndr n=ste hold Starane 333 HL + MaisTer + (015 + 50 + 0.45) - (0,15 + 50 +
=renpris ukrudt er spiret frem MaisOd 0.67
Agerstedmoder, burresnerre, endrig rapgr=s, 1. jtning, ukrudt max. 2 lavbiadi Callisto + Fighter 480 + Renol 04+03+05)-(08+04+ 151-1,83 458-577
legr=s, hejrenzb, hvidmelet gasefod, hyrdetaske, 0.5)
tvetand, snerlepileurt, sort natskyage. slorkenaeb',m 2. sprajtning 7-10 dage senere, ndr n=ste hold Callisto + Fighter 430 + MaisTer+ (0,5 + 0.4 +35+0,45)- (05 +
veipileurt, =renprs ukrudt er spiret frem MasOd 0.5 + 50 + 0.67)
Agersennep, a$rstedmoder. bleg pileurt, 1. jining, ukrudt max. 2 levblad Callisto + Harmony SX + Renol {04+56+05)-(08+56+ 1,59-1,82 440-554
burresnerre, enarig mpgres, farskenpileu, 0.5)
legraes, hejrenaeb, hvidmelet gasefod, hyrdetaske.
kamille, korblomst, red tvetand, sneriepileurt, sort = : 5 5
et o rroe et P = 2 sprajtning 7-10 dage senere, nar n=ste hold Callisto + Fighter 480 + MaisTer + (05+04+35+045)-(05+
fatskyage. storkenzsb. vejpilewst. srenors ukrudt er spiret frem MaisOR 0.5 +50+087)
Agerstedmoder, burresnerre, endrig rapgr=s, Fer afgredens framspiring Lepacy 500 SC 0,05-0,075 - 278-414
legraes, hejrenab, hvidmelet gasefod, hyrdetaske. o
kamille, korsblomstret ukrudt, pil red tvetand, Forar pa ukrudtets stadium 10-12 (0-2 levbiade) Callisto + MaisTer + MaisOil (0.5+50+087)-(0.75+75 +
snerlepileurt, sort natskygge, storkenzeb, vejpileurt, 1)
2renpris
Agerstedmoder, burresnerre, endrig rapgras, 1. jtning, ukrudt max. 2 levbiad Callisto + Harmony SX + Renol 075+:56+05 144171 474-576
e j 3 j 2,
kamille, korsblomstret ukrudt, pileurt, rad tvetand, 2. sprejtning 7-10 dage senere, nar n=ste hold Callisto + MaisTer + MaisOil (0.5+35+0,45)-(0.75 + 50 +
snerlepileurt, sort natskypgge, storkenzeb, vejpileurt,  ukrudt er spiret frem 0.67)
@renpris
Agermynte, agersyi Ik, alm. h 1. jtning. ukrudt max. 2 levblad Callisto + Harmony SX + Renol 075+56+035 204221 704-767
tokimbladet fraukrudt 2. sprajtning 10-14 dage senere Callisto + MaisTer + MaisOil 05+75+1
3. sprajtning MaisTer + MaisOil {50 + 0,67)-(75+ 1)
Agerstedmoder, burresnerre, endrig rapgr=s, 1. jtning, ukrudt max. 2 levbiad Callisio + Fighter 430 + 03+03+01+05 1.41 482
legras, hejrenz=b, hvidmelet gasefod, hyrdetaske Starane 333 HL + Renol
A T 2. sprojtning 7-10 dage senere, nér n=ste hold Callisto + MaisTer + MaisOil 03+30+04
snedepiieurt, sort natskygge, storkenzeb, vejpileurt Lo el spirst frem e
3. sprajtning 10-14 dage efter 2. sprajtning Callisto + MaisTer + MaisOil 03+30+04
Agerstedmoder, burresnerre, enérig rapgrEs, 1. jtning, ukrudt max. 2 levbiads Callisto + Xinca 05+02)-(075+0.4) 1,04-165 371-576
. D hyrdetaske, kamille.
korsblomstret ukrudt, pileurt, raigrees, red tvetand, 2. sprojtning 10-14 dage senere Callisto + MaisTer + MaisOil {0.4+35+045)-(06+50+
snerlepileurt, sort natskynge, veipileurt, vindaks, 0.67)
2xrenpris
Agedidsel, gribynke, spi 1. sprajtning. ukrudt max. 2 levblad Callisto + Harmony SX + Renol 05+56+05 1,61-1.71 538-576
fioulsid. yopdpilent 2. sprojtning 10-14 dage senere Callisto + MaisTer + MaisQil (0.5+35+0,45)-(0.5+ 50+
0.67)
3. sprajtning Callisto 05
14.11.2018 Dansk Landb, 23 | SEGES

The test in maize shows that the Environmental Yardstick for Pesticides is not able to provide
advice on which weeds are controlled by which products. This makes the tool less useful at field
level. In Denmark, the dose recommended by the producer is not used. Instead lower combination
doses based on field trials are used in order to control the exact composition of the weed species
(Table 7).

Potatoes

As with maize, the availability of herbicides used on potatoes in Denmark is very limited (Figure 3)
in comparison to the Netherlands, where 47 different products are available for potatoes.
Additionally, the products are used in very different ways, which makes the Environmental
Yardstick for Pesticides not relevant. Because only a few herbicides are available and because
they have different effects, this means that there is no need for a DST, which can separate the risk.
Only if there are more than 5 pesticides with nearly the same effects does it make sense to use the
Environmental Yardstick for Pesticides.

From 2020 Denmark will not be allowed to use Reglone anymore.
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Figure 3. Results of testing with approved Danish pesticides in winter potatoes using the Environmental Yardstick for
Pesticides. Environment impact points at recommended product dose/ha. Green (low risk): 0-100 EIP, Orange (medium
risk): 100-1000 EIP and Red (high risk).

Table 8. Standard strategy for control of different weed species in potatoes with herbicides in Denmark. The strategy is
developed by SEGES experts based on field trials. Translation of column headings - DK: Skadeggrere = UK: Gras &
dicotyledonous weeds, DK: Tidspunkt = UK: Time, DK: Lgsning = UK: Solution to solve the problem, DK: Dosis pr.
hectare = UK: Dose per hectar, DK: Pris = UK: Price/cost.

Skadegerere Tidspunkt Pris
Graesukrudt, fokimbladet ukrudt 1. sprajtning inden kar a 50-100
Grasukrudt, fokimbladet ukrudt 1. sprojtning inden g Reglone + Sprede-ki=bemidde| {1.25+0,15) - (1.75 + 0,15) 280-403
Tokimbladet ukrudt Fer kartoflernes fremspiring (se bemaerkninger) o84
Bumesnerre, sort natskygge Efter afgradens fremspiring 380-540
Hvidmelet g3sefod Forar under gode temperaturforhold 8-21
Gresukruds, fokimbladet ukrudt 1. sprajtning i god tid inden kartoflernes fremspiring. 75-100
Eft udfares mekanisk bek p

Kuik Forar nar kvikken har 3-4 blade og er i god vakst 120-192
Kuik Forar nar kvikken har 3-4 blade og er i god vaskst 302-383
14.11.2018
Winter Wheat

In winter wheat, the recommendations are often complicated because low dose mixtures are often
used to ensure high effect and prevent herbicide and fungicide resistance in Denmark. Figure 4
shows the results from the Environmental Yardstick for Pesticides tested with approved Danish

pesticides in winter wheat.
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crop || Product - -] Gompasition -] Dozage - et
Wwhast  Adimax Harbicide 00 gil prosulfocart « 10 gfl clodinatop-pi 4|

wheat  Atiantiz 00 Hurbicide 30 g1 mefenpyr-disthyl [ 25.5 g/l meFenp 0,75 1

rheat Buxcr#F\duxiF\ow Herbicide 00 gl prosulfocark 41

whest  Cozzack O Herbicide 225 g/l matenpyr-dicthyl [* 13,1 g/l mefen| 0,33 1

whaat  Huzzar un Hurbicide 300 g/l mefanpyr-dicthyl [ 255 il mafang 0,0751

Wheat  Huzzar Pluz 0D Hurbicide 250 gt mefenpyr-dicthyl [* 212 g mefeng 0,051

Wheat  Othella Hurbicide 50 g/l diflufenican + 225 all mefenpyr-distt 121

Wheat  Primera super ¢ Fostrat Herbicide 63 gfl Fenaxaprap-F-athyl [* 63,6 gil fenoy 11

Whaat  Stomp SC Hurbicide 455 901 pendimathalin 10 liter

Whaat  Ally SX Harbicide 200 g/kg matculfuran-mathyl [7 193 g/kg m 0,002 kg

Wheat  Starane XL 2.5 gl florazulam + 100 gl Aurosypyr 11

Wheat  Mustang Forte 5 gfl Florazulam + 150 gl 2,4-D + 10 gl amir 0,15 |

wheat  Primus XL 5 gfl flarazulam + 100 g Furcxypyr 1

Wwhast  Tombo + PG 26N [ail] 25 gikg Harazulam + 50 glkg minopyralid - 0,2 ka

wheat  Atiantiz OO Harbicide 30 91 mefenpyr-disthyl [ 25.5 g/l mefenpy 0.3 1

Wheat  Huzsar Pluz OD » Mera EG 80 foil Harbicide 250 gll mefenpyr-diethyl [* 212 !l mefenpy 0,14 1

whest  Cozzack O + Renol 225 g/l matenpyr-dicthyl [* 13,1 g mafenp 0,33 1

whast  Atiantiz 00 Hurbicide 30 gl mafanpyr-disthyl [ 25,5 g/l mefenpy 0,31

Wwheat  Comet Pro Fungicide 200 g/l pyracloztrabin 1251

rheat Fungicide &1 gil eporiconazol + 253 gll boscalid 151

Wheat  Coando 300 g/l matrafenon 151

whaat  Flaxity Fungicida 300 g/l matrafenan o.5|

Wwhaat  Praling EC 250 250 gl prothicconszal

Whest  Praline ¥part &0 gl tebucanazel + 160 gl prothioconase o 1s|

Wheat  Progara EC 250 125 gl tobucanazol + 125 gl prothiocanazc n s [

whest  Rubric 125 g/l eparicanazol 253
whaat  Wirerds « Ultimats § 50 g/l spoicanazel + 60 91l pyraclactrobir 2 5| 668
Wwheat  Prapulze SE 250 + Comat Pra. 125 gl prathiazanazal + 125 9/l Huspyram i 11+ 1251 5.5
Wheat  Propulse SE 250 + Orius 200 Ew' 125 gl prothioconazel + 125 gil fluopyram i 11+ 1251 163
whest  Propulze SE 250 125 g/l prothiocanazal +125 gl fuapyram | 11

Wwhaat  Wirsrds + Prazars EC 250 + Ultinate § 50 g/l sporiconazcl + 60 97l pyracloctrobin + 140 g/l bozcalid & 125 gl tabucar
Wheat  Ball+ Prosara EC 250 61 g/l sporicanazel + 233 gll boscalid & 12 151 +11

Wheat  Bill « Praline Xpert &1 gil eporiconazol » 253 gil boscalid & 61 15 1+ 0,751 451
Wheat  Wirerda + Proline Xpert » Utimate § 50 g/l eporiconazol + 601 gfl pyraclastrobi 251+ 0,751 "
whaat  Armurs 150 g/l difanacanszel « 150 g/l propicansac 0,5 | 20
Whest  Prozars EC 250 125 g/l tebucanazol + 125 gl prothiacansad 11 ]
Wheat  Karate 25 WG Inchticide | 25 glhg lambda-cyhalothrin Odha

Wheat  Kaizo Sorbie 50 gikg lambda-cyhalothrin 0,15 kg

whest  Pirimor G Inschticide | 500 gtkg pirimicarb, 02kg

Wwhaat  Teppeki 500 gfkq Flonicamid 01 kg

wheat  Cycocel 150 Growth regulate TS0 g/l chlormequat-chlorid [ 552 gil chlor 15 1

Wheat  Stabilan Extra Girowth regulate 750 gil chlormequat-chlorid [ 552 gif chlor 1,21

wheat  Treee 150 Growth regulate T50 g/l chlormequat-chlarid [~ 552 gil chlor 1,21

what Moy 250 gl trinsapac-sthyl [* 222 gil trinexap 0,4 1

wheat  Maddus Start 250 gl trinexapac-cthyl [* 222 gil trinexap 0,3 1

Wheat  Medax Max 75 gtkg tinexapacrothyl [ 66,7 gk trinex 0,15 kg

Wheat  Maddus M Growth regulate 250 gl trinerapac-othyl [* 222 gil trinexap 0,4 |

whaat  Trimax 175 gl trinsscapac-sthyl [ 156 il trinezapac 0,4 1

Wheat  Cuadro NT 250 gl trinexapac-cthyl [* 222 gil trinexap 0,4 1

Wheat  MeduxTop 300 g/l mepiquat-chlorid [ 229 afl mepiqu 15 1

Wheat  Terpal 155 g/l cthaphan + 305 g/l mepiquat-chlorid 121

Figure 4.
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.
Results of testing with approved Danish pesticides in winter wheat using the Environmental Yardstick for

Pesticides. Environment impact points at recommended product dose/ha. Green (low risk): 0-100 EIP, Orange (medium
risk): 100-1000 EIP and Red (high risk).
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Table 9. Standard strategy for control of different weed species in winter wheat with herbicides in Denmark. The strategy
is developed by SEGES experts based on field trials. Translation of column headings - DK: Skadeggrere = UK: Gras &
dicotyledonous weeds, DK: Tidspunkt = UK: Time, DK: Lgsning = UK: Solution to solve the problem, DK: Dosis pr.
hectare = UK: Dose per hectar, DK: Behandlingsindeks (Bl) = UK: Treatment Index (Tl), DK: Pris = UK: Price/cost, DK:

Bemeerkninger = UK:

Remarks.

Ukrudtsbekampelse i vinterhvede om efteraret

0112018 w SEG ES|

{0.75 + 5+ 0.05)
007

-(075+8+

Skadegerere Tidspunkt Dosis pr. ha. BI Pris
” Efterér pé sfgradens stadium 10-11 1+0075 138 421 Tidlig saning. Tokimb! ukrudt + enarig rapgra=s + evt. vindaks. Opfalgning
b . _ eftar behow fordr med f eks. 0,5 /ha Cossack OD sller 0,3 Iha Atlantis OD + 80 g
Oplalgning fordr 05205 Broadveay pr. ha
Efierér pd afgradens stadium 10-11 24008 212 T80 Tidlig saning. Alm_ rajgraes, endrig rapgraes og tokimbladst ukrudt
L. 2 sprajtning 14-21 dage seners 02+05 Opfelgning fter behov med f.eks, 0,14 | Hussar Plus, 165 g Groadvay eller 0.8 |
A Cossack OD pr. ha i foraret.
Ewt. opfalgning fordr 014405
Enerér p afgradens stadium 10-11 15+0.05 236 208 Tidlig saning. Alm. rajgraes, enirig rapgras og tokimbladet ukrudt.
y Opfelgning efter behow med f.eks, 0.1¢ | Hussar Plus OD. 165 g Broadway eller
2 sprajining 1421 dage senere 1401 05| Eoteask OF pr o ordver
Ewt. opfakgning fordr Hussar Plus OD + Renol 014405
Efterdr p} afgradens stadium 10-11 Boxer + DEF (0,75 +0.09) - (1 + 0,075) 0.46-0.0 156211 Tokimbl uksudt + enarig rapgras + vindaks. Moderat vindsksbestand, 10-40
b planter pr. m”. Hajeste dosis DFF ved stor bestand af stedmoder og =renpris.
Dosis af DFF pa 0.075 'ha farebygger resistens hos fuglegr=s og kamille
Efierér pé sfgradens stadium 10-11 Boxer + DEF (1+0,05)- (1.5 + 0,075 0.540,80 201301 Tokimbl uksudt + enirlg rapgraes + vindks_ Stor indakshestand, >40 isrter
pr. m". Opflgning mod vindaks efter =hov forar. Hajeste dosis af DFF ved stor
bestand af stedmoder og mrengris. Dasis af DFF pa 0,075 Ima forebygger
resistens hos fuglegrss og kamille.
Efierér pé sfgradens stadium 11-12 Boxer + DEF + Express SX (0.75+ 0,05+ 3)-(1 + 0,075 + 0.66-0,83 185225 Tokimbl ukrudt m::l mange spildraps + enrig rapgras + vindaks.
) for af SU-midler fordr.
Hojeste dors DFF ved sior bestand af stedmoder o serenpris. Dosts af OFF p3
0,075 Uha forebygger resistens hos fuglegr=s og kamille
Efterér pé sfgradens stadium 10-11 Boxer + DEF + Buctril EC 225 (0,75 + 0,03+ 0,35) - {1 + 0.05 0.56-0,79 224300 Kamille + fuglegres + enarig rapgraes + vindaks. Moderst vindakseestand, 10-
b +0.45) 40 planter pr. m”. Buctril forsbygger ALS-resistens hos kamile og fuglegrass.
Hujeste dosis DFF ved stor bestand af stedmoder og renpris.
Efierér pé sfgradens stadium 10-11 Boxer + DEF + Xinca (0.75+0,03 +02)- {1 +005 + 0.57-0,78 183268 Kamille + fuglegraes + enirig rapgrees + vindaks. Moderst vindsksbestand, 10-
s 0.25) 40 planter pr. m”. XincalMaya forebygger ALS-resistens hos kamille og fuglegras
Hajeste dosis DFF ved stor bastand af stedmoder o srenpris.
Efterfr pé afgradens stadium 10-11 Boxer + Stomp GS + DFE (0.4+0.0 + 0.08) - (0.75+ 0.75 0.53-0.88 270-372  Tokimbl ukrudt + valmue + endrig rapgras + vindaks. Hvor der hyppigt er
+0.05 anvendt SU-midler mod valmue. Magst brad sffskt
Efterdr p} afgradens stadium 10-11 Boxer + Lexus 50 WG + DEE 0.710.99 184227 Tokimbl uksudt + komnblomst + storkenzb + enarig rapgr=s o vindaks. Evi.

opfalgning mod kamblomst og storkenz=h bar ske med middel med anden
virkemekanisme end ALS-hsmmer,  eks. Mustang forte med komblomst og Zypar
mod storkenzb.

Often mixed products and a split application strategy are used in winter wheat fields. A
combination of herbicides in winter wheat are often recommended. Table 9 shows the SEGES
Strategy for control of different weed species in winter wheat with herbicides.

Implementation

The Environmental Yardstick for Pesticides focuses on leaching of pesticides to groundwater, and

t he

D Sdangthsis risktntanagement of pesticides. This is useful if the purpose is to select the

most sustainable products from a wide selection. Generally, the Netherlands have more products
available for the control of weeds in maize, potatoes and winter than Denmark. Thus, the
Environmental Yardstick for Pesticides is much more relevant in the Netherlands than in Denmark.
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A combination of the Environmental Yardstick for Pesticides and the Danish DST Plant Protection
Online would be a useful DST. To prevent resistance development, it is crucial to use many
different products with different mechanisms of action, and this requires the use of complex DSTSs.

The Danish DST Plant Protection Online does not visually display the risk effect. In Denmark the
risk is controlled by taxes on pesticides, so a high risk means high taxes. The tax is calculated
based on factors such as health, environmental behaviour and environmental effect.

SIRIS
a. Assessment

SIRIS is a French DST mainly used by the administration to refine pesticide surveillance

programmes. In SIRIS, i .eang o def i nes t-hanpmp@estdge means h lighh hisk A L e
of pesticide leaching. SIRIS does not differentiate risks between spring and autumn applications,

as does the Dutch DST Environmental Yardstick for Pesticides. However, the leaching potential in
SIRIS takes into consideration the organic matter in soil.

b. Testing

SIRIS has, as with the Environmental Yardstick for Pesticides, been tested with pesticides
approved in Denmark for application in maize, potatoes and winter wheat.

In the following, the results of a comparison of SIRIS, Environmental Yardstick and the Danish
pesticide tax system is presented. The test was based on the expectation that there is the same
level of risk for leaching in all countries for each pesticide.

Comparison of SIRIS, Environmental Yardstick for Pesticides and the Danish pesticide tax
system

SIRIS and the Environmental Yardstick for Pesticides were developed to test the risk of pesticide
leaching to the groundwater. In Denmark, pesticide load data and load index and pesticides are
assessed on three different levels:

1. Health (Calculation of the effect of pesticide load on human health)
2. Environmental fate (Degradation in soil, bioaccumulation, mobility in soil)
3. Environmental toxicity (Determined by using several sub indicators in nature)

O6Environmental fatebé is the assessment most compa
for Pesticides. However, note that it is difficult to compare assessments from the individual
countries as they use very different methods and assessments.

In the Danish assessments, Boxer (prosulfocarb) and Stomp (pendimethalin) have high leaching
risks. The rest of the examined pesticides had medium-low leaching risk Table 10.
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Table 10. Danish risk profiles. Load data and load index for selected products. Red and green indicate the highest and
lowest load, respectively. For products, which may be applied to several crops, efficacy and load index for winter cereals
are used. I n t he c¢ ol aredrcolourEandvhighr namber éndidate high fisk of Ed@ching. Table from
Danish EPA - Environmental review no. 2, 2012.

The Danish legislation uses health, environmental behaviour and environmental impact as
parameters and based on this, a pesticide tax is calculated in relation to normal dosage in the
treatment index (TI).

AiThe calculation of the Treatment Frequency | ndex
based on the standard dose of each product for each crop and the annual sales of pesticides. At

farm level, on the other hand, the Treatment Index (TI) reflects the number of times the farmer has

treated his land with pesticides in a growing season if standard doses were used. Tl and TFl are in

many ways one and the same term; application and substitution are done by the farmer whilst the

TFI is a statistical average calculation at national level. The calculation of Tl is used for individual

farms for advisory purposesand t o deci de on the use FomTheesti ci de
Agricultural Pesticide Load in Denmark 2007-2010

Each crop has a dosage corresponding to 1 Tl, e.g. use of Boxer in winter crops have a dosage of
3.5 litres per hectare and a pesticide tax of 26 DKK/litre or approximately 3.5 Euro/litre. This means
that if the farmer applies 3.5 litres in the field, there is a tax of 12.2 Euro. This encourages Danish
farmers to use low doses of pesticides. There are several levels to test and it is complicated if the
farmer uses a mixture of 2-4 different agents, which is very common in Denmark. For this reason,


https://mst.dk/service/publikationer/publikationsarkiv/2012/mar/the-agricultural-pesticide-load-in-denmark-2007-2010/
https://mst.dk/service/publikationer/publikationsarkiv/2012/mar/the-agricultural-pesticide-load-in-denmark-2007-2010/
https://middeldatabasen.dk/Product.asp?ProductID=50113





























































































































































































































































































































































































































































































































































