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EXECUTIVE SUMMARY

Background

Tasks within EUCLID Work Packages (WPs) focus on identifying,
developing and improving control measures for a variety of pests and
pathogens of lettuces, tomatoes and grapes. The knowledge gained
has been used to assemble EUCLID IPM packages. In this deliverable
the performance of the packages is analysed using indicators of:
Efficacy, Health & Safety, Direct cost, Environmental impact, Time &
management, and Scale & independence.

Objectives

To evaluate and compare project-derived solutions using
environmental, social and economic indicators and by using a
Pesticide Environmental Accounting tool. To inform the development
selection of IPM policy and strategy within the EUCLID project,
contributing to business models for the new technologies and offering
a potential framework for IPM decision-making more generally
within the EU.

Methods

An Excel-based, menu-driven EUCLID IPM Package Assessment Tool
was developed to assess the performance of current (“Baseline”) pest
management practice against IPM packages proposed and tested in
EUCLID field trials. Performance criteria were elicited from
developers and users and the tool uses both empirical evidence and
expert opinion to rate each measure in each of the indicators. For
each rating an uncertainty score is used to express the confidence
that the expert has in that rating. The tool uses the expert’s rating
and uncertainty scores to define discrete probability distributions, to
visualise the expert’s judgment (for expert feedback and for other
users), and to permit the application of Bayesian Network methods
that enable the distributions to be combined into summaries of IPM
package performance.

Results
& implications

The results of the work illustrate the use of the system using EUCLID
results for two case studies on Grapes and Lettuces, respectively. The
analysis of the environmental, social and economic sustainability and
benefits of innovative IPM solutions provides useful information to
researchers and suggestions to policy makers at different levels
(local, regional, national, European), including growers as well as
agro-food, processing, and food distribution companies in adopting
and supporting new and improved IPM technologies. The
Assessment Tool is flexible and can be used to assess IPM packages
for similar crops in China as well.
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Introduction
Tasks within EUCLID Work Packages (WPs) focus on identifying, developing and
improving control measures for a variety of pests and pathogens of lettuces, tomatoes
and grapes. These measures include:
•
biological control agents (BCAs),
•
pesticide choices and combinations
•
agronomic and cultural practices
•
ecological enhancement activities
Knowledge gained from these tasks has been used to assemble measures for inclusion in
EUCLID IPM packages within Task 3.3 of WP3 for the three crop types. The novel EUCLID
IPM packages were tested for efficacy in field trials during the field seasons of 2017, 2018
and into 2019. However, “Efficacy” is only one aspect of performance and other
important factors should be considered when assessing an individual pest management
measure or the performance of a combination of different measures (FAO, 2018). The
more complete set of performance criteria used in the EUCLID project includes:
•
Efficacy expressed in terms of residual commodity “Losses” after the use of the
measure
•
“Health & Safety” aspects for growers, labour, contractors and consumers
•
“Direct costs” for the grower
•
“Environmental” impacts, for example on groundwater, air-quality and non-target
organisms
•
“Time & management” requirements to install, apply or maintain-the-efficacy-of a
measure
•
“Scale & independence” of a measure. Does the measure have to be adopted across
many farms/orchards for it to be effective? Can the measure be implemented
independently of other measures or does it have to be used alongside them?
An Excel-based, menu-driven EUCLID IPM Package Assessment Tool was developed to
assess the performance of current (“Baseline”) pest management practice against IPM
packages proposed and tested in EUCLID field trials. The initial prototype was developed
in EUCLID and subsequently improved and applied to two case studies in the EC FP7
DROPSA project (DROPSA, 2018). The work described here is a further development and
new parameterisation of the EUCLID-derived DROPSA DSS Evaluation Tool. The initial
tool prototype was co-developed as a component of the DROPSA project (DROPSA
Deliverable 6.3, 2017). A key extension of the Tool is coverage of multiple pests and
multiple measures, the earlier version dealt only with multiple measures for single pests.
The tool uses empirical evidence and expert opinion to rate each measure in each of the
six criteria above. For each rating an uncertainty score is used to express the confidence
that the expert has in that rating. Uncertainty can be caused by natural variation
(aleatory uncertainty) or the degree of knowledge/experience that the expert has of the
technology for that indicator (epistemic uncertainty). The system converts the expert’s
rating and uncertainty scores into discrete probability distributions. These are used in
two ways:
1.
to visualise the expert’s judgment (for expert feedback and for other users) and
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2.
to permit the application of Bayesian Network methods that enable the
distributions to be combined into summaries of multiple measure performance at an
indicator level and for the performance of an IPM package as a whole.
The EUCLID IPM Package Assessment Tool is divided into 5 modules that can be
navigated using the Graphical User Interface (GUI) on the “Main” page of the spreadsheet
platform. Details of each module will be given under Methods in Section 1, below.
The report is made up of three sections. The first is a description of the EUCLID IPM
Package Assessment Tool and how it works and the second and third sections illustrate
the use of the system using EUCLID results for two case studies on Grapes and Lettuces,
respectively.

Figure 1. Conceptual flow of information within WP3 and the role of Task 3.2 within
that.

1. SECTION 1. DESCRIPTION OF THE EUCLID IPM PACKAGE
ASSESSMENT TOOL
1.1.

INTRODUCTION

Section 1 describes the design and function of the EUCLID IPM Package Assessment Tool
that will be illustrated with case studies in Sections 2 and 3.
Pest management measures are constrained by factors other than a lack of efficacy or
high direct cost. Other pest management objectives have become increasingly important
to growers, consumers and policy makers (FAO, 2018; EUCLID Deliverable 3.1). These
include factors relating to health and safety of farm workers and consumers,
environmental impacts, the time and effort required to implement a measure and the
scale on which a measure must be applied for it to be effective. Applying and analysing
multiple indicators for collections of many individual IPM components is difficult. The
EUCLID IPM Package Assessment Tool is designed to support those considering questions
such as: How does the suggested EUCLID IPM package compare with Current practice?
What are the strengths and weaknesses of particular packages of measures? Which
package has the least overall constraint across all indicators? The tool is designed to
provide a consistent, generic framework for comparing packages of measures against
each other.
1.2.
METHODS
1.2.1. “Main” worksheet

The EUCLID IPM Package Assessment Tool is a spreadsheet that is structured as 5 basic
modules with different functions and purposes. Each of the modules and the worksheets
within each module can be navigated using macro buttons associated with each text box
illustrated in Figure 2. The function of each module is described separately in the
following subsections.
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Figure 2. Screenshot of “Main” page.
1.2.2. Pesticides and Bio-pesticides Module

The system uses the Pesticide Environmental Accounting (PEA) methodology
(originally developed in the EC FP6 CLEANFRUIT project) to estimate the risk presented
to human health and the environment by different pesticides and bio-pesticides used in
Baseline (Current practice) or EUCLID IPM packages defined in the comparisons. The
risk ratings for “Human Health” and “Environment” are calculated using this module
based on data about the environmental and eco-toxicological behaviour of each
pesticide. The PEA is integrated into the EUCLID IPM Package Assessment tool (Figure
3). For a full description of the PEA methodology please see Leach and Mumford (2008,
2011).

Figure 3. The Pesticide module of the EUCLID IPM Package Assessment Tool.
The PEA method provides a monetised 1 estimate of risk to Human health and the
Environment of a single application of a particular pesticide. Data for parameterising the
PEA is taken from the Pesticides Properties Database (PPDB, 2018) and the BioPesticides Database (BPDB, 2018) hosted by the University of Hertfordshire and includes:
 Human Health
o Systemicity of (bio)pesticide
o Acute effects
 Dermal mammalian toxicity
o Chronic effects
 Reproductive
 Mutagenicity
 Carcinogenicity


1

Ecological effects
o Soil adsorption (Freundlich number)
o Leaching (GUI index)
o Soil degradation (half-life)
o Plant surface degradation (half-life)
o Bird acute toxicity
o Fish acute toxicity
o Bee acute toxicity
o Non-target arthropod acute toxicity

Euros per hectare
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The Pesticide Module can be accessed from the top left section of the “Main” worksheet
of the tool (Figure 2).
Four worksheets can be opened from the PEA (pesticide) module (Figure 4.):
1) The “External Costs of Pesticides” worksheet presents the apportionment of costs
to pesticide hazards. No user inputs are required (though the authors perform
periodic updating of currency conversion and deflator information to keep prices
up to date).
2) The “EIQ and Costs” worksheet is a part of the PEA that relies on the
Environmental Impact Quotient (EIQ) system developed by Kovach et al. (1992).
This worksheet is a data-input page for entering eco-toxicological and
environmental behaviour characteristics of each active ingredient to parameterise
the EIQ system.
3) The “Table of Hazards (a.i.)” worksheet is a collated, sorted table of active
ingredients from the “EIQ and Costs” page. This sheet is used as a look-up table for
other parts of the system. When new pesticides are added to the “EIQ and Costs”
worksheet, the macro at the top of this page must be re-run to update the new
active ingredient to this table.
4) The “Table of Risks (Field)” worksheet adjusts the EIQ and PEA scores for an active
ingredient into a Field value (corresponding to how the compound is used in the
field, so adjusting for application rate and formulation) by multiplying the values
for the pure active ingredient by the formulation concentration and field
application rate of the formulation. Only those pesticides anticipated for use in a
Baseline or EUCLID IPM package for a commodity-pest combination need to be
included in this table.

Figure 4. Pesticide Environmental Accounting sub-main worksheet.
A total of 122 conventional pesticides and bio-pesticides registered for use in the EU have
been parameterised within the EUCLID IPM Package Assessment Tool. This is in itself is
a significant output within this Deliverable D3.2. The active ingredients of the pesticides
cover a broad range of impacts, from those with low human health and environmental
impacts (Figure 5.a) to those with very high impacts (Figure 5.b).
Table 1 shows a partial screenshot of some of the pesticides parameterised for potential
use in the Tool, these values are then adjusted for formulation concentrations and
application rates used in the field (Table 2) against some of the principle EUCLID pests
and pathogens. The values calculated in this module are used automatically in the
elicitation module alongside the ratings for the other indicators that are elicited directly.
This expert judgement is not therefore required for “Health and Safety” and
“Environmental” indicators of pesticides and bio-pesticides.
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a)

b)

Figure 5. Screen shots of EIQ scores and PEA costs for two pesticides at opposite ends of
the human health and environmental impact scales: a) Low impact, Propamocarb - a
fungicide used against Phytophthora and Pythium spp. (EIQ = 15.17); b) High impact,
Copper oxychloride - a protectant copper fungicide and bactericide used as a foliar spray
against leafspot and downy mildews (EIQ = 53.33).

Table 1. Partial screenshot of a table showing some of the 122 active ingredients
parametrised in the PEA system and collated alphabetically.

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement n°633999

Copyright © 2015, EUCLID Consortium

Page 11 of 49

Table 2. Partial screenshot of pesticides for potential use in the baseline and EUCLID IPM packages for grape. PEA values here are adjusted
for formulation concentration and field application rates. Red cells indicate where that active ingredient or combination of active
ingredients is also used on other crops as a method to prevent duplication of active ingredients in the table.

1.2.3. Elicitation module

With the exception of “Health & Safety” and “Environmental” impacts for pesticides,
ratings and uncertainty scores in the EUCLID IPM Package Assessment Tool are provided
by elicitation of expert opinion by EUCLID partners during 2017/8. In the selection of
experts for the elicitations the main criteria were: 1) an extensive knowledge of local
agronomy of the crop and specific knowledge of pest/pathogen management in the
region in which an IPM package is intended, and 2) detailed knowledge of the
performance of current and novel measures. The experts were selected from within the
project as they had the greatest knowledge and experience of the performance of
measures used within the Baseline and IPM field trials. The ratings and associated
uncertainty was based on their personal experience and, where possible, evidence from
referenceable scientific documents. Elicitation worksheets for each crop can be
navigated from the Elicitation module (Figure 6).

Figure 6. Screenshot highlighting the navigation buttons to the elicitation dataframes.
For each measure, the expert is required to select a rating and uncertainty score in each
of six categories:
1) Residual losses after use of the measure (an indicator of efficacy)
2) Health and Safety
3) Direct cost
4) Environment (impact)
5) Time and management
6) Scale and independence
Expert ratings are based on a five-point scale (Very low, Low, Medium, High and Very
high) which reflects the constraint that the measure has in relation to that indicator; so
a “Very low” rating reflects a very low constraint on the measure by that indicator (good
This project has received funding from the European Union’s Horizon 2020 research and innovation
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performance) whereas “very high” indicates a very high constraint (poor performance)
of the measure in relation to that indicator.
With the exception of “Residual losses” 2 all the indicators listed above use the same
textual descriptions for the rating definitions. See Table 3 for a list of the full textual
statements and response definitions for each indicator.
Table 3. Rating definitions for each indicator
Indicator
Losses

Statement
Crop loss when using the
technology is:

Code
1
2
3
4
5
1
2
3
4
5

Text
Very Low
Low
Medium
High
Very high
Very Low
Low
Medium
High
Very high

Health and
Safety

Exposure to physical
risks/side-effects/residues
for applicators, pickers and
consumers is:

Direct cost

The cost of the measure to
users is:

1
2
3
4
5

Very Low
Low
Medium
High
Very high

Environment
(impact)

The potential
environmental impact of
the measure is:

1
2
3
4
5

Very Low
Low
Medium
High
Very high

Time and
Management

The time and effort
requirement of the user to
implement and/or
maintain the effectiveness
measure is:

1
2
3
4
5

Very Low
Low
Medium
High
Very high

Scale and
independence

The effort required to
implement the measure on
a scale to be effective is:

1
2
3
4
5

Very Low
Low
Medium
High
Very high

Rating definition
Sufficiently effective
Usually sufficiently effective
Moderate contribution
Weak contribution
Little contribution
Acceptable
Probably acceptable
Will be a consideration in decision to
use
Likely to dissuade from use
Not acceptable
Acceptable
Probably acceptable
Will be a consideration in decision to
use
Likely to dissuade from use
Not acceptable
Acceptable
Probably acceptable
Will be a consideration in decision to
use
Likely to dissuade from use
Not acceptable
Acceptable
Probably acceptable
Will be a consideration in decision to
use
Likely to dissuade from use
Not acceptable
Acceptable
Probably acceptable
Will be a consideration in decision to
use
Likely to dissuade from use
Not acceptable

The expert is also expected to express their uncertainty in the rating they have provided.
The uncertainty score is expressed on a four-point scale (Very low, Low, Medium and
High). The definitions of uncertainty broadly follow IPCC (2005) guidelines and indicate
the proportion of the actual distribution that will be in the expert’s selected rating (Table
4). The system converts the rating and uncertainty scores into a discretised Beta
distribution following these rules (see examples in Figure 7).

2

Referred to as “Losses” from hereon

At the beginning of each elicitation exercise, the concept of Baseline and EUCLID IPM
packages was carefully explained and the crop, the pest and the region for which the
elicitation was relevant was defined. The rating and uncertainty score definitions were
clearly explained before each elicitation and regularly reviewed during the exercise to
ensure that the experts were mindful of the definitions and implications of their
uncertainty choices. Ratings and uncertainty scores were assigned for each measure
separately, independent of other measures. Potential interactions between measures
were reflected in the uncertainty associated with these measures. An example of a
completed elicitation sheet can be seen in Figure 8, further details on each of the case
study elicitations can be found in Sections 2 and 3 of this report.
Table 4. Uncertainty score definitions.
Uncertainty score
Very low
Low
Medium
High

Code
1
2
3
4

% of distribution in expert’s selected rating
90%
80%
50%
35%

Figure 7. Discrete Beta distributions of all twenty combinations of five ratings combined
with four uncertainty scores.
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Figure 8. Screenshot of an example completed elicitation sheet. Note that elicitations are not required for “Health & Safety” and
“Environmental” aspects of the chemical-based options as these are calculated by the PEA tool embedded in the Pesticides module. It
should also be noted that for IPM packages that address multiple pests the “Losses” performance is greyed-out at this stage because
individual loss performances are not collated when measures affect a range of different pests; in these cases an overall assessment of
Losses for the entire package is elicited directly from the expert in Part D of the tool (described further below in that section).

In the Task description, the plan was to conduct elicitations remotely using an online
elicitation template. This was replaced by a face-to-face exercise, either in person or using
tele-conferencing software, which proved more effective and reliable for two principal
reasons:
1. highly dynamic dialogue between the elicitors and the elicited parties was
essential to ensure that rating and uncertainty scoring definitions were well
understood
2. it was important for the experts to explain their reasons for selecting particular
ratings and uncertainties, which provided useful information to the elicitors and
allowed for instant clarification or corrections of any misunderstandings on either
side
3. more consistent documentation of the justification for scoring and uncertainty
was achieved by directly questioning experts in elicitations.

1.2.4. IPM package module

The IPM package module handles the user-input that enables the Baseline and EUCLID
IPM packages to be assembled for a particular crop-pest combination. It comprises three
subsections that can be navigated from the “Main” worksheet (Figure 9). The IPM
package module allows the user to:
1. select the crop and the pest (Part A),
2. shortlist the measures for inclusion (Part B) and then
3. assemble the measures into the Baseline and the EUCLID IPM packages (Part C).
Part C also provides visual feedback (in the form of histograms [Figure 7]), of the
performance of each measure in each of the indicator areas.

Figure 9. Screenshot highlighting the navigation buttons to the IPM package module
subsections.
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Part A. Select Crop and Pest
The user is asked to select the crop and the pest for evaluation from the dropdown boxes
(Figure 10). When these are selected the appropriate information is drawn from the
elicitation dataframes for use in Part B. Some summary information is also automatically
drawn from the dataframe about Country and Region, the persons concerned in the
elicitation, their organisation and the date. The relevant elicitation dataframe can also be
reached directly from this worksheet.

Figure 10. Part A: Screenshot of the page showing the background information.
Part B. Shortlist measures for inclusion in Baseline and EUCLID IPM packages
Part B comprises two tables. This first table uses a macro to import the list of all the
measures from the appropriate Elicitation dataframe for the choices made by the user in
Part A. In the second table (Figure 11) the user can use dropdown boxes to select a subset
from the first table of only those measures that are to be included in the Baseline and
EUCLID IPM packages. Once the shortlist is compiled the user must click on the macro
button below the table to create the list that is passed to Part C.

Figure 11. Part B: Screenshot example of shortlisted measures to be used in Part C. “AI”
refers to active ingredient.
Part C. Visualise measures and Assemble Baseline and EUCLID IPM packages
The measures shortlisted in Part B are presented with rating descriptions (High, Low,
etc.) and uncertainty scores alongside a histogram that provides a visualised summary of
the expert’s elicited values for each measure for each of the six indicators (Figures 12 and
13). The conversion of the ratings and uncertainty scores into single, discretised Beta
distributions also allows the EUCLID IPM Package Assessment Tool to use discrete
Bayesian models to combine expert inputs into summaries of overall package
performance (described in the following section).
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Figure 12. Part C: Partial screenshot of the expert ratings and uncertainty scores
visualised for the “Losses” and “Health and Safety” indicators for a series of available
measures. Note that individual “Losses” are greyed-out for IPM packages that address
multiple pests; in these cases an overall assessment of Losses for the entire package is
elicited directly from the expert in Part D of the tool.
Lower down on the Part C worksheet is the section where the expert can select measures
from dropdown boxes for the Baseline and the EUCLID packages. Figure 14 shows an
example of the measures used for foliar pathogens in Italy. For each measure, the
distribution parameters for each indicator are then passed to the Bayesian module for
combination and summary.

Figure 13. Part C: Partial screenshot of the expert ratings and uncertainty scores visualised for the “Direct cost”, “Environment”, “Time
and Management” and “Scale and Independence” indicators for a series of available measures.
This project has received funding from the European Union’s Horizon 2020 research and innovation
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Figure 14. Part C: Screenshot of table in which the expert assembles measures for a Baseline and a EUCLID IPM package. Note that each
measure is a single use of a treatment or technology; where a treatment/technology is used more than once in the growing season this is
reflected in multiple entries in the table.

1.2.5. Probabilistic IPM Package Performance Calculations using Bayesian
Networks

Components of the Bayesian calculation module can be navigated from the Main page of
the EUCLID IPM Package Assessment Tool (Figure 15). No user inputs are required in
this section as the necessary data is passed to it from Part C of the IPM Package module
and all calculations are run automatically.
The approaches used in the EUCLID project were first applied in the context of Pest Risk
Analysis (PRA) (Holt et al., 2012), developed extensively in the EC FP7 PRATIQUE project.
In PRA, the large number of question ratings and uncertainty scores make the task of
summarizing each section of a PRA and its uncertainty quite difficult. Two graphical tools
were developed to aid this task: the PRA Risk rating and uncertainty distribution
visualizer (Figure 7) and the Rule‐based matrix model (RBMM). The visualization
provided a case summary on a single page in such a way that the risk assessors and peer
reviewers could see rating scores and uncertainties; the RBMM integrated all the
individual questions in the assessment through a hierarchy of rules that attempted to
mimic the logic used by the assessors and arranged them in the form of a flow chart to
give an overall rating with an accompanying expression of uncertainty (Holt et al., 2012).

Figure 15. Screenshot highlighting the navigation buttons to the Bayesian calculation
components.
The RBMM is a form of Bayesian Network in which all variables are expressed
categorically (e.g. very low, low, medium, high, very high) and are integrated, two at a
time, using deterministic conditional probability tables which encapsulate easily-stated
principles or concepts such as ‘maximum’, ‘minimum’, ‘average’ or ‘interval’. A family of
such concepts or utility functions and their use in PRA and other decision analyses is
described in Holt et al. (2013) and when tested in workshops, PRA practitioners thought
that the approach accorded with both the logic and the level of resolution that they used
in the risk assessments (Holt et al., 2013).
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The analysis of the performance of IPM packages presents similar technical problems to
PRA. Firstly, because each Indicator is rated for each measure used in the package, a
method is required to provide summary ratings of each indicator for the IPM package as
a whole. For example, if a package comprised ten separate measures then there are ten
separate ratings for environmental impact which need to be taken into account to arrive
at a summary rating of environmental impact for the whole package. The tool, therefore,
incorporates a calculator to determine an IPM package performance probability
distribution for an IPM package comprising two or more measures.
The concept, minimum, is used to calculate one of the indicators, the ‘Losses’ associated
with the IPM package and the conditional probability expressed by the result
corresponds to the least loss from the joint loss probability of the individual measures.
Thus, as more measures (having some effect on losses) are added to the package the
losses associated with the overall package are reduced. The concept, maximum, is used
to calculate the conditional probability distributions of the other indictors and the result
corresponds to the greatest effect from the joint probability of the effects of the individual
measures. For example, as more measures (having some impact on ‘Environment’) are
added to the package the impact on environmental associated with the overall package is
increased. A corresponding calculation applies for the negative impacts on ‘Health and
Safety’, ‘Direct costs’, Time & Management’ and ‘Scale and Independence’. The actual
calculation is performed as a sequence, building up the overall package distribution for
each indicator one measure after another. In the case of maximum and minimum
conditional probability tables (only), this implies nothing about the sequence in which
measure effects are incorporated.
Where the Tool is used for a single pest species, the elicitation of residual losses is
relatively straightforward and can be evaluated in the manner described above. With
multiple pests it was impossible in the calculations to consider the losses as a single
variable as they arise from different causes and are affected by different management
actions. Related to this, is the difficulty of eliciting losses from multiple measures acting
on multiple pests and pathogens through time. Instead of attempting to calculate the
effects of losses from multiple pests, a single elicited overall estimate of losses from the
package of measures was used. This was more reliable because the expert was very
familiar with losses resulting from trials with their own packages.
The overall
assessment of Losses for the entire package is elicited direct from the expert in Part D of
the tool.
Another Bayesian Network was used to solve the second problem of indicator
combination, that of calculating an overall performance rating for the package which
takes into account all of the separate indicator rating distributions as well as the relative
importance of each indicator in the calculation of overall performance. It should be noted
in interpreting the results that the calculation is done in terms of constraint to EUCLID
IPM package performance, so a package that has a distribution of possible outcomes
towards the low end of the scale is better than one which has a distribution towards the
high end of the scale. Colour coding of the histograms assists in the interpretation with
Green, Yellow, Orange, Red and Dark Red used for Very low, Low, Medium, High and Very
High, respectively.

The network arrangement was constructed to introduce a weighting on the effect of an
indicator on the overall result. Three subgroupings can be identified (Figure 15) and Subgroup 2, Health and Environment, has nominally the same weight as Sub-group 3, Cost
and Difficulty. These two sub-groups combined have nominally the same weight as Subgroup 1, Losses. In practice, the actual weights are dependent on the component indicator
distributions themselves, as well as the network arrangement. If the distributions are
simplified to the use of two adjacent categories only (the others being set to zero) then
sensitivity can be measured by the extent of the shift of the overall result from one
category to the other. The relative sensitivity of the Combined Performance Constraint
to ‘Losses’, ‘Health and Safety’, ‘Environment’, ‘Direct costs’, Time & Management’ and
‘Scale and Independence’ is x, x/4, x/4, x/4, x/8 and x/8, respectively. For example, an
increase in ‘Losses’ by a certain amount results in a change in Combined Performance
Constraint equal to x, and an increase in the effect on ‘Environment’ of the same amount
results in a change in Combined Performance Constraint equal to x/4.
In obtaining a combined rating of two indicators, all Conditional Probability Tables
(CPTs) (CPT 1 to 5 in Figure 16) use the assumption that the resulting combined rating is
equally likely to lie anywhere between the ratings of the two inputs so the conditional
probability of the result is a uniform interval between the two inputs. In this way, highly
divergent ratings from different indicators are reflected by higher final variance. The final
result is arrived at via the hierarchy set out in Figure 15, so it is possible to examine the
rating distributions at any level. For example, the rating distribution associated with CPT
2, Cost and Difficulty, indicates the combined constraint associated with the three
indicators in Sub-group 3.
The final results show the rating distribution for the overall performance constraints
associated with the IPM package, so again the more the distribution is located to the left,
the better the expected performance of the IPM package. The evaluation tool is set up to
show a comparison between a current IPM package and an improved package, proposed
in part through the efforts of the EUCLID project. Comparison of both the modal values
and the uncertainty (spread) of the distribution may be informative. A package with a
lower modal value is likely to be better, but if its uncertainty is also higher this implies
that it performs well in relation to some indicators but poorly in relation to others.
The Indicator performance distributions calculated by the Bayesian Networks provide
summaries of each indicator as well as a summary of the overall IPM package
performance constraint, which takes into account all indicators. As described above,
these summaries take the form of discrete probability distributions of indicator values
with five categories, Very low to Very high. In order to provide a single value which could
act as a comparator between distributions, a utility function was defined as follows:
5

𝑢 = ∑ 𝑤𝑘 𝑢𝑘
𝑘=1

where:
wk is the probability of output state k;
k is the distribution category having five possible states, 1,2…5 described as Very low,
Low, Moderate, High and Very high, respectively;
uk is the utility associated with state k and has values 1, 0.75, 0.5, 0.25 and 0 for k = 1,2…5,
respectively.
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The utility function is a measure of IPM package performance that has a range 0 to 1,
corresponding to 100% Very poor performance and 100% Very high performance,
respectively. A utility of 0.5 corresponds to 100% Moderate performance or to any
symmetrical distribution centred on Moderate. The function provides a measure of the
overall balance of expected utility. The distributions themselves should be consulted to
assess the associated uncertainty. The use of the two Bayesian Networks and the results
they produce is described in the case studies for Grape pathogens and Lettuce
pathogens/pests in Sections 2 and 3, respectively.

Figure 16. Bayesian Network arrangement providing a view of how the rating distributions of the six constraining performance indicators
combine to calculate the distribution of possible outcomes for the overall performance constraint associated with an IPM package.
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1.2.6. Summary Module

The Summary Module has two components: Part D which summarises the Baseline and
EUCLID IPM packages using the Bayesian methodology described in the previous section
and Part E that sums the chemical impacts on “Health and safety” and “Environment”
packages in € per hectare from the integrated PEA tool which is described in the Pesticide
module section.
Part D Summary of package performance from Bayesian Network calculations
In the Summary Module of the IPM Package, the results of the Bayesian Network
calculations are provided. As explained above, a ‘Baseline’ or typical set of Current
practices was compared with a set of practices put forward by the EUCLID project. The
rating distributions for the performance of the IPM packages in terms of each indicator
are shown as a set of histograms. In the example (Figure 17), and comparing the EUCLID
to the Baseline package, the expected ‘Losses’ were reduced, as were ‘Health and Safety’
and ‘Time and Management’. Improvements in impact on ‘Environment’ and ‘Scale and
Independence’ were very minor. The ‘Direct costs’ appeared not to be reduced, but the
uncertainty was lower.
For the performance constraint for the packages as a whole the EUCLID rating
distribution is slightly more shifted to the left than the Baseline, so in terms of the set of
indicators distinguished, the EUCLID package is likely to offer a better outcome than the
Baseline. It was also clear that the variance in possible performance constraints is very
large reflecting large differences between the indicators; both packages therefore have
desirable and undesirable properties. The difference between packages anticipated by
the assessors were both larger and clearer (each with less uncertainty) than those
obtained by calculation. The calculated result is not necessarily more correct but it uses
clearly-stated, consistent assumptions and provides a basis for comparison between
packages and between different pest/crop systems.
Part E Summary of package performance by PEA
Part E shows the costs of chemical impacts for the Baseline and EUCLID IPM packages
expressed in Euros per hectare and sums these to show savings to “Health and Safety”
and “Environmental” from adopting an IPM approach that reduces pesticide use. Figure
18 shows an example of the summary output and the reduction in impact of using fewer
chemical applications for a EUCLID IPM package. The details of the example shown are
discussed in more detail in Section 2.
1.3.

CONCLUSION

The EUCLID IPM Package Assessment Tool provides a consistent, generic framework for
comparing different combinations of measures in IPM programmes. It provides a method
for including considerations beyond efficacy and direct costs so that, for example, health
and safety and environmental impacts of individual measures can be integrated into
summaries of package performance. The tool has broad application for any project in
which a consistent, iterative methodology to enter, verify, collate and process data is
required to assess the potential of IPM package performance indicators. In the current
application, the EUCLID IPM Package Assessment Tool is designed for six indicators,
derived from EUCLID Deliverable 3.1.

Figure 17. Results of the calculations from the Bayesian Networks: the rating distributions for the performance of each indicator showing
the Baseline and EUCLID scenarios side by side (left), the rating distributions for the Baseline and EUCLID IPM packages overall (top right)
and the corresponding performance rating distribution of the package provided independently by the assessor prior to running the
models. The results shown are for one of the cases examined, foliar pathogens in grapes, and these are discussed in detail later in this
report.
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Figure 18. Part E: Example economic (PEA) assessment of reduced pesticide use of a EUCLID IPM package versus current baseline
practice. Note that each measure is a single use of a treatment or technology; where a treatment/technology is used more than once in
the growing season this is reflected in multiple entries in the table.

2. SECTION 2 - CASE STUDY OF FOLIAR PATHOGENS IN GRAPES
IN ITALY
2.1 INTRODUCTION

Yields of Grape vines in northern Italy are highly affected by three major fungal
pathogens: Downy mildew (Peronospora spp.), Powdery mildew (Erysiphales spp.) and
Grey mould (Botrytis spp.). Two other diseases of lesser importance may also reduce
yields: Dead-arm (Phomopsis spp.) and Black rot (Guignardia spp.). Unlike grapevines
grown in hotter, drier areas of Europe where the dominant pathogen tends to be Powdery
mildew, the wetter cooler climate of north-west Italy provides conditions that cause
Downy mildew to be the most important pathogen. Nevertheless, losses attributable to
both Powdery and Downy mildews may cause losses of 95-98% in some years if left
unmanaged.
The EUCLID IPM Package Assessment Tool (described in Section 1) has been used to
assess the performance of different combination of measures in three novel IPM packages
and compare that with the performance of Baseline (Current practice) methods that rely
solely on the application of conventional fungicides. The performance of each package is
assessed across six different indicators (Losses, Human health, Direct costs,
Environment, Time and management, Scale and independence). A weighted summary of
overall performance of each package is then calculated using Bayesian methods.
2.2 METHODS
2.2.1 Elicitation

The parameters used in the model were elicited from Massimo Pugliese (AgriNewTech)
on 6th October 2018 by Adrian Leach.
2.2.2






Modelled scenario

Wine grapevines (cv. Moscato) in open field in Northern Italy
240cm between rows and 90cm between plants. 42 plants per row.
Pathogens targeted by measures: downy and powdery mildews and grey mould
Baseline (Current practice) compared against three IPM strategies
2.2.3

1) IPM1
a.
b.
2) IPM2
a.
b.
3) IPM3
a.

Products tested and rates in IPM and Baseline trials

Ant-Ca (1%) every 7 days starting from 8/5/2018
Ant-Ca (2%) every 7 days from 14/06/2018
Ant-Ca (1%) at beginning of bud swelling; 1 application every 15 days
Ant-Ca (2%) during development of fruits; 1 application every 15 days
Ant-Ca (2%) every 7 days starting from 14/6/2018
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b. MACH1 (1%) at beginning of bud swelling and during development of
fruits (2 applications every 15 days)
c. Penconazole (Topas 10EC) (1 application)
d. Metalaxil (Ridomil Gold 150) (1 application)
e. Dimethomorph and Mancozeb (Forum MZ WG) (2 applications)
f. Bupirimate (Nimrod) (2 applications)
4) Baseline (Current practice)
a. Dimethomorph and Mancozeb (Forum MZ WG) every 15 days starting
from 8/5/2018 at 2 kg/ha (3 applications in total)
b. Bupirimate (Nimrod) every 15 days from 8/5/2018 at 1 l/ha (3
applications in total)
c. Penconazole (Topas 10EC) every 15 days from 7/6/2018 (5 applications
in total)
d. Metalaxil (Ridomil Gold 150) from flowering 2-4 treatments every 15
days from 7/6/2018 at 4 l/ha (2 applications in total)
e. Mevlaxil Cobra (Metalaxyl + Copper II hydroxide) (2 applications)
f. Scala (Pyrimethanil) (1 application)
2.2.4

Ratings and Uncertainty Scores

Tables 5 and 6 show the expert-elicited ratings for the performance of measures used in
the baseline and IPM packages. Ratings for conventional pesticides for the Health & Safety
and Environment indicators are calculated automatically by the PEA/EIQ system which
is integrated into the tool.

1
1

1

1

Chem - Fungicide - Nimrod - Baseline - Bupirimate
Chem - Fungicide - Topas 10EC - Baseline - Penconazole
BCA - ANT Mach1 - EUCLID - CiC
Chem - Mevlaxil Cobra - Baseline - Metalaxyl + Copper II hydroxide
Chem - Scala - Baseline - Pyrimethanil

Environment U

Environment R
2
2

2
2

1

2

Scale & Independence U

1
1

Scale & Independence R

Fertiliser - ANT-Ca 2% - EUCLID - CiC

2
2
2
2
2
2
2
2
2

Time & Management U

Fertiliser - ANT-Ca 1% - EUCLID - CiC

1
1
2
2
1
1
3
1
1

Time & Management R

Chem - Fungicide - Ridomil Gold - Baseline - Metalaxyl + Mancozeb

Direct Cost U

Chem - Fungicide - Forum MZ WG - Baseline - Dimethomorph + Mancozeb

Direct Cost R

Health & Safety U

Losses U

Losses R

Type-Measure/AI

Health & Safety R

Table 5. Ratings (R) and uncertainty scores (U) assigned to each foliar pathogen control
measure by an expert from AgriNewTech. “Losses” are greyed out as the performance of
the entire package is assessed by the expert for multi-pest/pathogen systems (see Table
6). Pesticides did not require expert rating for “Health & Safety” and “Environment”
indicators as these were calculated in the Pesticide module. Indicator rating range is 1-5
and uncertainty score range is 1-4. For explanations of ratings and uncertainty scores see
Section 1.

2
2
1
1
2
2
1
2
2

2
2
2
2
2
2
2
2
2

2
2
2
2
2
2
2
2
2

2
2
2
2
2
2
2
2
2

Baseline
EUCLID IPM1
EUCLID IPM2
EUCLID IPM3

Losses U

Package

Losses R

Table 6. Overall Loss Ratings (R) and uncertainty scores (U) elicited for each package

1
2
4
1

2
3
3
3

Table 7 shows all the measures used in the package and the number of times each
measure was used.
Table 7. Foliar pathogen control measures employed within the packages named BASELINE and
EUCLID IPM1, 2 and 3. Applications are not listed in the temporal order that they were applied.
Measure
Baseline
1
Forum MZ WG - Dimethomorph + Mancozeb
2
Forum MZ WG - Dimethomorph + Mancozeb
3
Forum MZ WG - Dimethomorph + Mancozeb
4
Ridomil Gold - Metalaxyl + Mancozeb
5
Ridomil Gold - Metalaxyl + Mancozeb
6
Topas 10EC - Penconazole
7
Topas 10EC - Penconazole
8
Topas 10EC - Penconazole
9
Topas 10EC - Penconazole
10
Topas 10EC - Penconazole
11
Nimrod - Bupirimate
12
Nimrod - Bupirimate
13
Nimrod - Bupirimate
14
Mevlaxil Cobra - Metalaxyl + Copper II hydroxide
15
Mevlaxil Cobra - Metalaxyl + Copper II hydroxide
16
Scala - Pyrimethanil
17
18
19

EUCLID IPM1
ANT-Ca 1% - CiC
ANT-Ca 1% - CiC
ANT-Ca 1% - CiC
ANT-Ca 1% - CiC
ANT-Ca 1% - CiC
ANT-Ca 2% - CiC
ANT-Ca 2% - CiC
ANT-Ca 2% - CiC
ANT-Ca 2% - CiC
ANT-Ca 2% - CiC
ANT-Ca 2% - CiC
ANT-Ca 2% - CiC
ANT-Ca 2% - CiC
ANT-Ca 2% - CiC
ANT-Ca 2% - CiC

EUCLID IPM2
ANT-Ca 1% - CiC
ANT-Ca 1% - CiC
ANT-Ca 1% - CiC
ANT-Ca 2% - CiC
ANT-Ca 2% - CiC
ANT-Ca 2% - CiC
ANT-Ca 2% - CiC
ANT-Ca 2% - CiC

EUCLID IPM3
ANT-Ca 2% - CiC
ANT-Ca 2% - CiC
ANT-Ca 2% - CiC
ANT-Ca 2% - CiC
ANT-Ca 2% - CiC
ANT-Ca 2% - CiC
ANT-Ca 2% - CiC
ANT-Ca 2% - CiC
ANT-Ca 2% - CiC
ANT-Ca 2% - CiC
ANT Mach1 - CiC
ANT Mach1 - CiC
ANT Mach1 - CiC
Topas 10EC - Penconazole
Ridomil Gold - Metalaxyl + Mancozeb
Forum MZ WG - Dimethomorph + Mancozeb
Forum MZ WG - Dimethomorph + Mancozeb
Nimrod - Bupirimate
Nimrod - Bupirimate

2.3 OUTPUTS
Comparison by Indicator

Each of the IPM packages is compared against the Baseline (Current practice) reference
point. The performance of the packages in each indicator for IPM1, IPM2 and IPM3 are
shown in Figures 19, 20 and 21, repsectively. Outputs of the model are visualised by
indicator.
2.3.1

EUCLID IPM1

Losses
For EUCLID IPM1 in which ANT-Ca was regularly applied through the season (15 spray
rounds) but no conventional fungicides were used, losses were greater than for the
Baseline (current) practice in which 16 spray rounds of various fungicides were applied
(see Table 7).
Health & Safety (Human)
As a result of using only ANT-Ca, which has very low human health impacts, values were
in the range low to very low for this indicator. For the Baseline, however, the Human
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Health and Safety indictor shows a very high potential for negative impacts. This was
principally a result of the multiple applications of three pesticides with very high impacts,
namely Forum MZ (Dimethomorph and Mancozeb), Ridomil Gold (Metalyl and
Mancozeb) and Mevlaxil Cobra (Metalaxyl and Copper II Hydroxide). The fungicides
Nimrod (Bupirimate) and Topas 10EC (Penconazole) were relatively benign.
Direct costs
The direct costs of IPM1 package were slightly higher than the baseline as a result of the
higher relative costs of Ant-Ca compared to conventional fungicides used in the baseline.
Environment
The 15 applications of conventional fungicides made the environmental impacts of the
Baseline package very much higher than for IPM1 in which only ANT-Ca was applied
(with low environmental impact). Analysis from the integrated PEA/EIQ system showed
that Ridomil Gold and Mevlaxil Cobra were responsible for the two principle agents
causing this high environmental impact for the Baseline.
Time & Management
A less expected result of using Ant-Ca over conventional pesticides was that the Time &
Management indicator was more favourable. This came from the removal of the need to
thoroughly wash-out sprayer equipment and safely dispose of tank washings after the
application of ANT-Ca, activities which are essential for registered fungicides.
Scale and Independence
There was no difference in the Scale and Independence of the two packages and both
were low, showing that the applied measures were reasonably effective irrespective of
local pest pathogen pressure and did not have to be applied on a large, area-wide scale to
be effective.
Overall
Despite the larger losses of IPM1 compared to Baseline (Current practice), the overall
performance of the EUCLID package had greater utility (66% for IPM1 versus 64% for
Baseline). This was largely due to the avoidance of very high human health and
environmental impacts in the Baseline package. However, the higher losses and slightly
higher costs mean that this package may not currently be attractive to growers. This
suggests that improvements to the efficacy of ANT-Ca and a reduction in cost would be
desireable future objectives. The reduction in the need for tank washing and safe disposal
of washings is a feature of the product and of the IPM package that should be highlighted
in future marketing of the product.
2.3.2

EUCLID IPM2

This package featured less regular applications of ANT-Ca (8 spray rounds) than were
used in IPM1 (15 sprays) and compared against the Baseline (Current practice).
Losses
Losses in the IPM2 package were very much higher than those of IPM1, and also
compared with that of the Baseline performance. Reducing the number and frequency of
applications of ANT-Ca caused losses to increase to high levels.

Health & Safety
As for IPM1, avoiding the application of high impact funcgicides means that this package
is a considerable improvement over Current practice in this indicator
Direct costs
The reduced number of applications of ANT-Ca reduces costs compared to IPM1 but
pesticide applications remain the less costly option for growers
Environment
As for IPM1.
Time & Management
Less spray applications mean that even less Time & Management is required for this IPM
package when compared against IPM1 and Current practice.
Scale and Independence
As for IPM1.
Overall
The overall utility of the IPM2 package (49%) was significantly lower than the Baseline
(64%). This was primarily due to the high losses that occurred, combined with the high
weighting of losses in the Bayesian summarising process. Growers would not be able to
accept such levels of crop loss despite benefits in other indicators such as Health & Safety,
Environment, Direct costs and Time & Management.
2.3.3

EUCLID IPM3

The IPM3 package combined the use of ANT-Ca applications (10), ANT MACH1 microbial
biological control agent (3 applications) with use of conventional pesticides but with
fewer sprays rounds (6) compared with the Baseline package (16 fungicide applications).
Losses
Losses in the IPM3 package were comparable to those of Baseline practice providing high
utility scores (95% for each).
Health & Safety
The use of conventional pesticides greatly increased the impacts of Health & Safety of the
IPM3 packages compared to IPM1 and IPM2 but were an improvement over that of the
Baseline package as a result of the reduced number of applications made. More judicious
selection of fungicide with lower human health impacts would have improved this score
as Ridomil Gold and Forum WG were used which the PEA/EIQ analysis showed to have
high potential for negative impact.
Direct costs
The relatively higher costs of ANT-Ca and MACH1 materials meant that this package had
the highest costs (lowest utility for this indicator) of all the IPM packages.
Environment
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As with Health & Safety, the use of conventional fungicides, albeit with fewer spray
rounds, meant that the environmental impact of the package was greater than for the two
other IPM packages but a consdierable imrpovement over the Baseline. Again, the more
judicious selection of fungicides with lower environmental impacts could reduce the
negative impacts of partial reliance on conventional fungicides in this package.
Time & Management
IPM3 represented an imrpovement over the Baseline through the reduced use of
conventional fungicide application and the reduced need for tank washing and safe
disposal of washings.
Scale and Independence
As for IPM1.
Overall
The reduction of losses to those of the Current practice would make this package an
attractive option to growers. However, this comes at the expense of greater human health
and environmental impacts compared to the other IPM packages. However these impacts
are less than those of the Current practice and could be mediated further by the more
judicious selection of “softer” fungicides. The IPM3 package is also the most expensive of
the three, so attention to reducing the production and thus retail costs of ANT-Ca and
MACH1 would make this package more attractive to growers. IPM3 has a utility value of
65%, compared to 64% for the Baseline.
2.4 Comparison of Overall Utilities

Table 8 shows a comparison of the overall utility for each of the packages. The
perfomance of the Baseline, IPM1 and IPM3 are broadly comparable while IPM2 is
significantly lower. The good performance of the Baseline is based upon high efficacy of
the package at the cost of significant negative impacts on human health and the
environment. By contrast the high utility of IPM1 comes from the very low impacts to
human health and the environment (of interest to policy makers and NGOs) but with
higher losses that may be unacceptable to growers. IPM3 represents a compromise
between the strengths and weakness of the Baseline and IPM1 in that it reduces losses
but incurs higher risks for human health and the evironment than the softer IPM
packages. It is also worth noting that the variance of the overall performance distribution
is lower in IPM1 and IPM2 than it is in IPM3 and Baseline. This futher emphasises that
the positive features of IPM3 and baseline are quite heavily counterbalanced by the
negative features, whereas In IPM1 and IPM2 differences in perfoemance between
indictors was less divergent. Nonetheless, the compromise package, IPM3, may be
optimal in the short-term while issues such as the efficacy and cost of novel EUCLID
measures for grapes are further improved.
Table 8. Comparison of overall utility scores.
Baseline
64%

EUCLID IPM1
66%

EUCLID IPM2
49%

EUCLID IPM3
65%

Figure 19. Baseline (Current practice) versus EUCLID IPM1.
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Figure 20. Baseline (Current practice) versus EUCLID IPM2.

Figure 21. Baseline (Current practice) versus EUCLID IPM3.
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3. SECTION 3 - CASE STUDY OF FUSARIUM OXYSPORUM F. SP.
LACTUCAE (RACE 1) AND OTHER SOILBORNE AND FOLIAR
PATHOGENS, AND ARTHROPOD PESTS IN SUMMER GROWN
LETTUCES IN ITALY
3.1 INTRODUCTION

The introduction, establishment and spread of the soilborne pathogen Fusarium
oxysporum f. sp. Lactucae (Race 1) (FOSL) through northern Italy has had a serious impact
on the production of lettuce in the region (EXPAND, add STATS and REFS). The pathogen
is chiefly a disease of Spring and Summer-grown lettuces. Two other soilborne pathogens
also affect lettuce production in the region namely Rhizoctonia and Pythium. The foliar
pathogens, Downy mildew (Bremia lactucae), Grey mould (Botrytis cinerea) and
Sclerotinia spp are also important but tend to be more prevalent during the cool wetter
months of Autumn and Winter when FOSL is less of an issue. Arthropod and mollusc
pests, such as Noctuid moths and slugs, also cause losses and need to be controlled
The EUCLID IPM Package Assessment Tool (described in Section 1) has been used to
assess the performance of different combination of measures in three novel IPM packages
and compare that with the performance of Baseline (Current practice) methods that rely
solely on the application of conventional fungicides. The performance of each package is
assessed across six different indicators (Losses, Human health, Direct costs,
Environment, Time and management, Scale and independence). A weighted summary of
overall performance of each package is then calculated using Bayesian methods.
3.2 METHODS
3.2.1 Elicitation

The parameters used in the model were elicited from Massimo Pugliese (AgriNewTech)
on 6th October 2018 by Adrian Leach.
3.2.2







Modelled scenario

lettuce grown in protective poly-tunnel on ground infected with FOSL
FOSL resistant (Gloriole) and non-resistant (Voulski) varieties of lettuce.
Local planting densities 12 plants per square metre
Pests and pathogens targeted by measures: downy and powdery mildews and
grey mould
Baseline (Current practice) compared against three IPM strategies
3.2.3

Principal FOSL products tested in IPM and Baseline trials

1) IPM1 (Enhanced composts with a FOSL susceptible lettuce variety )
a. ANT Compost in Field + TW2 - CiC + Trichoderma
b. ANT Compost in Nursery + TW2- CiC + Trichoderma
2) IPM2 (BCAs with a FOSL susceptible lettuce variety)
a. Serenade - B. subtilis
b. Remedier WP - T. asperellum + T. gamsii IPM3 (Binab solution)

c. Fertiliser Alexin 95PS in nursery - EUCLID - Potassium phosphite
3) IPM3 (Binab solution with a susceptible lettuce variety)
a. Binab solution in nursery - EUCLID - Trichoderma
b. Binab solution in field - EUCLID – Trichoderma
4) Baseline (Current practice with a resistant variety)
a. Resistant variety (Gloriole)
Ratings and Uncertainty Scores
Tables 9 and 10 show the expert elicited ratings for the performance of measures used in
the baseline and IPM packages. Ratings for conventional pesticides for the Health & Safety
and Environment indicators are calculated automatically by the PEA/EIQ system which
is integrated into the tool.

Agro - Fertiliser Alexin 95PS in nursery - EUCLID - Potassium phosphite
Agro - Fertiliser Alexin 95PS - Baseline - Potassium phosphite

1

1

1
1

1
1

1

1

2
1

2
1

1
1

2
2

1
2

2
2

Chem - Insecticide - Altacor - Baseline/EUCLID - Chlorantraniliprole
ChemBio - Insecticide - Prinial WG/Bactura/Dipel/Delfin - EUCLID - Bacillus thuringiensis Berliner subsp. Kurstaki
BCA - Lacewings - EUCLID - Chrysoperla carnea
Chem - Insecticide - Epik SL/Sipcam - Baseline - Acetamiprid
Chem - Insecticide - Spintor - Baseline/EUCLID - Spinosad
Agro - Blue sticky traps - EUCLID
BCA - EUCLID - Amblyseius cucumeris
Chem - Fungicide - Infinito - Baseline - Fluopicolide + Propamocarb
BCA - ANT Califol 0.5% - EUCLID - CiC
Chem - Fungicide - Switch - Baseline - Cyprodinil + Fludioxonil
BCA - ANT Compost in Field + TW2 - EUCLID - CiC + Trichoderma
BCA - Serenade - EUCLID - B.subtilis
Chem - Fungicide - Teldor - Baseline - Fenhexamid
BCA - Binab solution in nursery - EUCLID - Trichoderma
BCA - Remedier WP - EUCLID - T.asperellum + T.gamsii
Chem - Sportak(?) in Nursery - Baseline - Prochloraz
BCA - ANT Compost in Nursery + TW2 - EUCLID - CiC + Trichoderma
BCA - Binab solution in field - EUCLID - Trichoderma

2

2

2
2

1
2

1

1

2
1

2
2

2
2

2
2

1
2

2
2

Scale & Independence U

Agro - Fertiliser ANT-lettuce program - EUCLID

Scale & Independence R

Agro - Fertiliser NPK 8:6:10 + N organic + C organic - Baseline

1
1
1
1
1
1
1
1
1
2
2

Time & Management U

Agro - Planting Density 12/m2 - EUCLID

1
1
1
2
2
1
1
1
1
1
2

Time & Management R

Agro - Planting Density 16/m2 - Baseline

2
1
1
2
2
1
1
1
1
2
2
2
2
2
1
2
2
2
2
1
2
2
2
2
2
2
1
2
2

Environment U

BCA - Trichoderma W2: transplanting - EUCLID - Trichoderma

1
1
1
1
3
1
1
1
1
1
2
1
2
3
1
2
3
3
1
2
1
3
1
1
1
1
1
1
2

Environment R

BCA - Trichoderma W2: sowing - EUCLID - Trichoderma

1
1
1
2
2
1
1
1
1
1
1

Direct Cost U

Agro - Variety Volare - Baseline/EUCLID

1
1
1
1
1
1
1
1
1
1
1

Direct Cost R

Agro - Variety Voulski - Baseline/EUCLID

Health & Safety U

Agro - Variety Gloriole - Baseline

Losses U

Losses R

Type-Measure/AI

Health & Safety R

Table 9. Ratings (R) and uncertainty scores (U) assigned to each control measure by an
expert from AgriNewTech. “Losses” are greyed out as the performance of the entire
package is assessed by the expert for multi-pest pathogen systems (see Table 10).
Pesticides did not require expert rating for “Health & Safety” and “Environment”
indicators as these were calculated in the Pesticide module. Indicator rating range is 1-5
and uncertainty score range is 1-4. Explanations of ratings and uncertainty scores
(Section 1).

1
1
1
2
3
1
1
1
1
2
2
2
2
2
2
2
3
2
2
2
2
3
2
2
2
2
2
2
3

1
1
1
2
2
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

1
3
3
2
2
1
1
1
1
2
2
1
2
2
1
1
3
2
1
2
1
3
2
1
2
2
1
2
2

2
2
2
2
2
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

Table 10. Overall Loss Ratings (R) and uncertainty scores (U) elicited for each package
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EUCLID IPM1
EUCLID IPM2
EUCLID IPM3

Losses U

Baseline

Losses R

Package

1
2
2
2

1
1
1
1

Table 11 shows all the measures used in the package and the number of times each
measure was used.

Table 11. Foliar pathogen control measures within IPM packages named BASELINE and EUCLID. Applications are not listed in the temporal order that
they were applied.
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3.3 OUTPUTS
3.3.1

Comparison by Indicator

The performance of all three IPM packages was very similar between all three packages with the
overall utility of each package differing by only 2% (63%, 65% and 64% for IPM1, IPM2 and IPM3,
respectively). The pattern of performance of individual indicators between the IPM packages was
also very similar so it was unecessary to show indicator performance results for the three IPM
packages individually. The performance of the IPM packages is ilustrated by describing the EUCLID
IPM1 package in comparison with the Baseline Current practice (Figure 22). Outputs of the model
are visualised by indicator. It is important to note that the Baseline package uses a lettuce variety
that is resistant to FOSL (race 1) while the three EUCLID IPM packages were tested on susceptible
lettuce variety (Voulski). The comparison shows how the EUCLID IPM packages on a non-resistant
variety perform against resistant varieties in the Baseline.
3.3.2

EUCLID IPM1, IPM2 and IPM3 (illustrated by description of IPM1)

The IPM1 package features the use of composts augmented with microbial bio-control agents against
FOSL and treatments for other pest and pathogens using “softer” options compared with Baseline
Current practice. The IPM2 package featured the use of microbial BCAs against FOSL. The IPM3
package examined Binab solution as an application in the nursery situation and field.
Losses
The performance of the EUCLID IPM1 compared reaonably well with the Baseline package but the
measures used specifically for FOSL were not effective enough to reduce losses to the same extent as
the resistant variety.
Health & Safety (Human)
The EUCLID package showed reduced impacts on human health compared with the Baseline despite
the use of a resistant variety in the baseline which meant that no fungicides or other controls were
required for FOSL. The benefits of IPM1, IPM2 and IPM3 came from replacing the application of Epik
(for Aphid and Noctuid moths) and Switch (for Botrytis and Sclerotinia) in the baseline package with
the softer options of Lacewings, Prinial WG and Ant-Ca in the EUCLID IPM package
Direct costs
The absence of need to control FOSL in the Baseline means we should expect the direct costs of the
baseline to be consistently lower than any of the IPM packages. In addition to this, the relatively
higher costs of the BCA compost, BCAs and lacewing larvae compared to conventional control
measures in the baseline meant that direct costs of the three EUCLID IPM packages were more
constraining than for the Baseline.
Environment
There was very little difference in the environmental impact of the IPM and Baseline packages due
to the avoidance of need to apply fungicides for FOSL in the Baseline. Also the Baseline used
pesticides that were in relative environmentally soft options for controlling other pest species.
Time & Management
The Baseline package required less time and management to control the pests and pathogens. Again
this was not surprising given that no time was required to manage FOSL in the Baseline because of
the use of the resistant Gloriole variety. In IPM1, IPM2 and IPM3 time and effort were required to
apply BCA compost and BCAs against FOSL in the field but not in the Baseline.
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Scale and Independence
The Scale and Independence indicator gives a measure of how well the measures performs under
different pest/pathogen pressures. The use of the Gloriole (or any highly resistant) variety in the
package assures good performance in this indicator for the baseline compared with the EUCLID IPM
packages.
Overall
The greater overall utility of the Baseline (80%) over IPM1, IPM2 and IPM3 is caused chiefly by the
use of a FOSL-resistant lettuce variety, obviating the need for many measures that would be essential
for varieties that were non-resitant to FOSL. The application of the tool, described in this section,
was used to simulate the field trials conducted in Northern Italy in the Summer of 2018. The IPM
packages performed significantly better in the Health & Safety indicator.
3.3.3

Comparison of Overall Utilities

Table 12 shows a comparison of the overall utility for each of the packages. The perfomance of the
Baseline was significantly better than the three EUCLID IPM packages but this result was caused by
the use of a resistant variety in the Baseline. Combining the use of the resistant variety with the
‘softer’ options for insect pest control from the IPM packages may have the potential to deliver higher
utility than the current baseline.
For the following field season (2019), it is recommended that the IPM packages be compared against
a baseline in which a non-resistant variety is used. This would simulate the situation where the
market demands a non-resistant variety and would force the use of conventional measures for FOSL
management and thus provide a unconfounded comparison of the EUCLID IPM packages against the
Current practice involving the same variety.
Table 12. Comparison of overall utility scores
Baseline
80%

EUCLID IPM1
63%

EUCLID IPM2
65%
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EUCLID IPM3
64%

Figure 22. Baseline (Current practice) versus EUCLID IPM1. Note that the performance of IPM1, IPM2 and IPM3 were very similar so the
performance of the all the IPM packages is illustrated using the Tool outputs for IPM1 only.
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