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Foreword 

The European Union places great emphasis on plant health and plant protection policies in order to ensure food 
production and competitiveness of  the agricultural sector but also the protection of  human health and the envi-
ronment. In this context, Directive 2009/128/EC, adopted on 21 October 2009, established a new framework to 
"achieve a sustainable use of  pesticides by promoting the use of  integrated pest management and of  alternative approaches 
or techniques such as non-chemical alternatives". In fact, Member States will have to ensure that the general principles 
of  integrated pest management as set out in the Directive are implemented by all professional users by 2014. It is 
clear that research has a major role to play to make this possible.

The Network of  Excellence (NoE) ENDURE, the major project launched by the European Commission (DG- 
Research) to support integrated and outstanding research in durable crop protection strategies, has contributed to 
this debate through research collaboration, coordination and integration between partners from a large consortium 
of  universities, research institutes, farmers' organisations, biological control companies and other stakeholders in 
Europe and beyond. As mentioned by the Commission in its terms of  reference: "The project should establish itself  as 
a world leader for the development and implementation of  durable pest control strategies, and should become recognised as 
the first point of  reference in Europe not only for scientists but also for legislators and users".

Through the development of  new solutions to farmers, ENDURE is also contributing to innovation, which has been 
identified by the EU as a key driver for a prosperous future. In fact, ENDURE is already contributing to two of  the 
three priorities included in the recent Europe 2020 Strategy: "Smart growth: developing an economy based on knowledge 
and innovation" and "Sustainable growth: promoting a more resource efficient, greener and more competitive economy".

Now that ENDURE comes to an end, the European Commission welcomes its continuation as a European Research 
Group (ERG) from July 2010. This group will continue working towards i) the integration of  research capacities and 
resources of  the partner organisations and ii) the dissemination of  excellence to generate European-level and inter-
national synergies. The creation of  ENDURE ERG responds to the Commission's expectation regarding durability 
of  the network beyond the formal end of  the contract.

I am happy to announce that a new project selected under the topic "Integrated pest management in farming systems of  
major importance for Europe" is currently being negotiated and will probably start at the end of  2010 with the overall 
aim of  providing research on novel approaches, strategies, techniques and technologies for IPM. It is important that 
ENDURE ERG establishes links with this initiative in order to maximise synergies and better contribute to the imple-
mentation of  Directive 2009/128/EC and to the innovation policy.

The Commission also welcomes the international conference in November 2010, which is a major milestone for 
ENDURE, a key opportunity to bring together scientists, advisers, policy makers and other stakeholders, and to share 
the results of  four years of  work.

Finally, I would like to thank all people and teams who have directly or indirectly contributed to ENDURE and  
congratulate them for their achievements. 

Timothy Hall

Head of  Unit
European Commission, DG-Research,

Unit on Agriculture, Forestry, Fisheries, Aquaculture
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Diversifying crop protection

These are times of  change for crop protection in 
Europe. In the past, efforts focused on reducing the 
detrimental effects of  pesticides on human and en-
vironmental health, while continuing to mainly rely 
on chemical control. The regulation adopted by 
the European Union in 2009 – the ‘pesticides pac-
kage’ – means that, in the years to come, farmers 
will no longer have access to the entire range of  
pesticides they use today and that they will have 
to adopt the principles of  Integrated Pest Manage-
ment (IPM), incorporating alternative approaches 
or techniques to reduce their dependency on pes-
ticide use. However, efficiently managing weeds, 
diseases and arthropod pests (‘pests’ in a generic 
sense) continues to be essential.  High and stable 
yield and quality in plant production contribute to 
the competitiveness of  European agriculture. Now 
is the time to diversify crop protection.

ENDURE: a transnational  
and multidisciplinary network

Reconciling human health and environmental 
goals with production is a considerable challenge 
for farmers as well as all stakeholders involved in 
crop protection. Expectations are high that research 
will provide solutions. Only by sharing resources 
between member states and by creating synergies 
at the EU-wide level can research rise to this chal-
lenge. While there is a history of  collaborative re-
search on specific pests or crops, member states 
have until now chosen to tackle crop protection as 
a whole on a national basis. The transnational and 
multidisciplinary community gathered in ENDURE 
is unprecedented and in itself  represents a signi-
ficant achievement: around 300 researchers from 
16 institutions in 10 European countries, including 
research organisations, universities, agricultural ex-
tension services and the biocontrol industry have 
been working together over the past four years.

The added value of ENDURE’s  
transnational standpoint

The transnational stand of  ENDURE has already 
generated considerable added value to the exploita-
tion of  pre-existing knowledge. Focussing on a se-
lection of  crop-pest combinations of  major impor-
tance as ‘case studies’, we compared pest problems 
and plant protection practices in a number of  Eu-
ropean countries. Indeed, each country developed 
its own vision of  crop protection issues, rooted in 
the specificities of  its soil and climatic conditions 
and of  its own agriculture, history and sociological 
makeup. We have shown that significant progress 
can be achieved by sharing local experiences and 
by testing their potential for broader European-level 
implementation. Understanding why practices dif-
fer between countries also provided an insight into 
the complex factors that govern pesticide use and 
helped identify the major bottlenecks and gaps of  
knowledge that impede further progress. We have 
developed tools that help specialists maintain a pan-
European vision of  the evolution of  some pests and 
related control methods.

IPM is ENDURE’s central concept 

IPM is the central concept around which we or-
ganised the activities of  ENDURE. It is not a new 
concept and tribute must be paid to those who 
conceived it and especially to the IOBC for its 
continued worldwide action spanning many years 
of  development and support of  this concept, no-
tably with the production of  integrated production 
guidelines. The Directive for the Sustainable Use of  
Pesticides now calls for the rapid mainstreaming of  
IPM in the agriculture of  the 27 member states. We 
believe that this goal requires significant changes in 
the priorities established for research and innova-
tion in crop protection. As a working definition of  
IPM, we have adopted that used in California for 
the implementation of  IPM in practice: “a sustain-

OVERVIEW  
of ENDURE's main achievements
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able approach to managing pests that combines biologi-
cal, cultural and chemical tools in a way that minimises 
economic, environmental and health risks”. The major 
characteristics of  this approach are that it relies on 
a combination of  complementary methods, that it 
has to be locally adapted, and that integrated solu-
tions are comparatively assessed according to the 
multiple criteria by which we can measure sustai-
nability. It is also seen as a continuously improving 
process heading towards farming systems that are 
less conducive and more resilient to pest problems, 
so as to be less reliant on direct control methods. 

ENDURE adopts a holistic approach

One common limitation faced by researchers when 
developing IPM solutions is the fragmentation of  
the crop protection research community. Specia-
lists on different types of  pests and crops, agrono-
mists, ecologists, economists and social scientists 
have little opportunity to work together. ENDURE 
as a highly multidisciplinary community has had a 
unique opportunity to adopt a holistic approach. 
We devised a process (‘system case studies’) in 
which all these different disciplines collaborate in 
both the design of  innovative cropping systems and 
in their assessment of  increased overall sustainabi-
lity. The outputs of  these system case studies have 
confirmed the validity of  the concept. The methods 
and tools developed in this process constitute signi-
ficant contributions that will be re-used in further 
research initiatives to provide IPM solutions for the 
diverse farming systems found across Europe.

ENDURE provides insights into  
major aspects of IPM strategies 

Thanks to the collaboration between scientific dis-
ciplines and expertise pooled among its member 
institutions, ENDURE produced a set of  research 
studies that enriches major aspects of  IPM strate-
gies: increasing the efficiency of  chemical control, 

developing alternatives to pesticides, considering 
the potential for a wider contribution of  ecological 
processes to the management of  pest populations 
over large time and space scales. It was our delibe-
rate choice to cover a wide range of  topics in order 
to assess the opportunities for future breakthroughs, 
so that research can be engaged along the lines that 
emerge from this first appraisal. In so doing, we 
were careful to consolidate our results and research 
tools into a Virtual Laboratory that will support fur-
ther collaborative initiatives on IPM.

Advisers are a major target  
audience for ENDURE

Past experiences in IPM already established that in-
cipient innovations will not be taken up by farmers 
and their implementation will be poor if  research 
stands alone and tries to produce ready-made so-
lutions. Moreover, IPM, which must be adapted to 
local conditions, calls for a co-innovation process in 
which end-users are involved all along. Considering 
the very diverse organisation of  farming communi-
ties across Europe, ENDURE selected advisers as 
its main target allowing widespread impact among 
farmers. Indeed, studies from ENDURE social 
scientists clearly demonstrated that the contribu-
tion of  advisers and the organisation of  advisory 
services are key factors in the implementation of  
IPM. Here, too, we took advantage of  our transna-
tional position to provide added value to advisers. 
We developed a web-based ENDURE Information 
Centre, tailored to advisers’ needs. There, they have 
access to practical IPM-relevant information from 
a wide range of  European countries and validated 
by ENDURE scientists. We also produced a training 
guide and other materials to facilitate training in 
IPM. An international network of  advisers has star-
ted to crystallize around these tools and this unique 
initiative is expected to grow over with time.

overview
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ENDURE brings scientific support  
to policy makers 

IPM implementation is not only a matter of  deve-
loping technical innovation and sharing knowledge 
with advisers and farmers. It involves social, human 
and economic factors that ENDURE researchers 
from both the biological and human sciences have 
jointly tried to identify. By assessing the ingredients 
for successful implementation of  IPM in Europe, 
ENDURE brings scientific support to policy makers 
involved in implementing the new pesticide legis-
lation at both the EU and national levels. To this 
aim, ENDURE is contributing to expert meetings, 
produces ‘policy briefs’ and gathers its internal ex-
pertise on-demand to produce analyses and studies  
on specific issues.

ENDURE has gained worldwide  
visibility 

In the last four years, ENDURE has acquired world-
wide visibility. We implemented mobility schemes 
for researchers and summer schools for PhD stu-
dents to increase the cohesion of  the network. They 
were also opened up to people outside ENDURE 
and they attracted worldwide interest. We conduc-
ted specific actions to establish links with research 
partners outside Europe, in South America, China 
and North Africa in particular. Regarding commu-
nication, all public deliverables and papers from 
the project are accessible on our website which re-
ports in real time the major stories and outcomes 
of  ENDURE through vivid articles. Many activi-
ties produced leaflets synthesising their essential 
findings for non-scientific audiences in a practical 
format. Through our website which has had 36,000 
individual visitors from 189 different countries and 
territories, and our bi-monthly electronic newslet-
ter which has a circulation of  2,000, ENDURE has 
come to be known in nearly all the countries in the 
world.

ENDURE will remain as a reference 
point in crop protection beyond 2010 

Contributing to the sustainable growth of  Euro-
pean agriculture through innovative approaches to 
crop health is a long-ranging goal that requires the 
maintenance of  the collaborative efforts engaged 
between our institutions in the years ahead. The de-
cision of  the members of  our consortium to provide 
in-kind contributions so that ENDURE will continue 
beyond 2010 in the form of  a European Research 
Group is both a recognition of  what has already 
been achieved and the promise for more success. 
We planted a tree; the most valuable harvest has 
yet to come.

overview
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1
Nine case studies were carried out comparing 
pest problems and plant protection practices 
for selected crop/crop pest combinations in 
European countries. Besides describing the 
situation in different countries, another objec-
tive was to analyse why practices are different 
and whether optimum practices developed 
in one country could be adopted by other 
countries. As a follow-up to the case studies 
that focused on changes at the crop level, EN-
DURE initiated three system case studies. The 
objective of  the "system case studies" was to 
study the effects of  redesigning the cropping 
systems, as well as long-term innovations, on 
the overall sustainability of  the systems.  

Case studies       

A core activity of  ENDURE has been to collect and 
exploit the existing knowledge on reducing and op-
timising pesticide use. The current use of  pesticides 
is characterised by a ‘no risk’ attitude by end-users 
that tends to lead to a higher-than-necessary use 
of  pesticides. Nevertheless, experiences from some 
countries have shown that end-users are willing to 
reduce pesticide use when information on opti-
mised pesticide use is available and when they are 
provided with easy-to-use decision support tools. 
To promote the collection and exchange of  infor-
mation on optimised pesticide use, nine case stud-
ies were initiated. Another objective of  the case 
studies was to analyse why practices are different 
and whether optimum practices developed in one 

country could be adopted in other countries. Eight 
of  the nine case studies addressed specific crops 
and pest problems while one was more generic, ad-
dressing integrated weed control in row crops, using 
maize as a model crop. Both major and minor crops 
and annual and perennial crops were included in the 
case studies (Table 1).

The results are available on the ENDURE website 
as guides written for end-users (Figure 1). The main 
outcomes of  the case studies are presented in de-
tail in the following articles of  this chapter. Here we 
will just present a few of  the conclusions that came 
out of  the case studies, highlighting the value of  the 
case study approach.   

Improving the sustainability of  crop 
protection strategies and reducing 
dependency on pesticides

CASE STUDIES

Crop Target pests

Wheat Foliar diseases

Potato Late blight

Tomato Whiteflies

Pome fruit Apple scab, brown spot and 
codling moth

Integrated Weed Management Weeds

Maize All major pest problems

Banana Mycosphaerella foliar diseases, 
black weevil and nematodes

Field vegetables Weeds and soil borne diseases

Grapevine All major pest problems

Table 1 - Target crops and pests considered in ENDURE Case 
Study.
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Example 1: Comparing and explaining  
differences in pesticide use. 

A recent survey by some of  the participants of  the 
wheat case study revealed that the treatment inten-
sity (number of  standard pesticide doses applied 
per hectare per growth season) varies significantly 
between the UK, France, Germany and Denmark. 
The UK tops the list with a treatment intensity of  
7.7 while Danish farmers on average used only 2.3 
standard doses of  pesticides. Germany and France 
were intermediate with treatment intensities of  5.8 
and 4.0. Similar differences were found for winter 
oilseed rape. The survey gave rise to a very intense 
exchange of  views on the causes of  the observed 
differences in pesticide use. The intensity of  pest 
problems caused, e.g. by higher disease and arthro-
pod pest pressure or more widespread occurrence 
of  pesticide resistant biotypes, can only partialy 

explain the observed differences. A wider imple-
mentation of  IPM tools such as national forecast 
and warning systems for some of  the major foliar 
diseases, a more widespread use of  resistant or par-
tialy resistant varieties and the adoption of  reduced 
pesticide doses also contribute significantly to the 
lower pesticide use in Denmark. Another important 
parameter, particularly in relation to use of  rela-
tively expensive fungicides, is to encourage farmers 
to focus on net rather than gross margins (see also 
Chapter 5).      

Wheat is considered to be a crop where sharing 
available information could make a major contri-
bution to reducing pesticide use and dependency. 
To further promote this development, the partici-
pants of  the wheat case study joined forces with 
other scientists both inside and outside ENDURE 
and developed a web-based platform, EuroWheat  

the ENDURE network of  excellence shares 
the fruit of  4 years research with the Crop 

protection community

Figure 1 - Examples of  guides written for end-users
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(www.eurowheat.org), containing information on 
pathogen biology, cultivar resistance, fungicide 
performance and decision support tools. For more  
information see Chapter 4. 

Example 2: Regional differences need to be 
considered in IPM implementation

In contrast to most of  the other case studies, the In-
tegrated Weed Management case study conducted 
a joint experiment in three locations in Italy, France 
and Denmark.. The experiment compared the ef-
ficacy, cost effectiveness and environmental impact 
of  a standard chemical treatment, an integrated 
approach combining herbicide use with inter-row 
cultivation and an advanced integrated approach 
further minimising herbicide use in maize. 

The study revealed that the efficacy of  the standard 
chemical treatment and the integrated approach 
were comparable in all locations. The performance 
of  the advanced integrated strategy was satisfac-
tory in France, partly satisfactory in Denmark but 
unsatisfactory in the Italian location. Only minor 
differences were observed in the costs of  treatments 
but the environmental impact, assessed by using the 
French indicator I-pest, revealed a significant reduc-
tion with the advanced integrated approach. The 
experiment demonstrated that herbicide use can be 
reduced but that local conditions will determine by 
how much. 

Example 3: Adoption of  IPM can be influenced 
by the market

Scab, brown spot and codling moth are major pest 
problems in pome fruit. The pome fruit case study 
examined the state-of-the-art of  prevention and 
adoption of  IPM strategies in six pome fruit pro-
ducing regions: Germany/Switzerland, Spain, Italy, 
Belgium, The Netherlands and Sweden. 

The study revealed that information about IPM 
was available in all regions and widely adopted by 
producers, that modern communication tools are 
routinely used and that the same IPM tools are ap-
plied in all six regions. Although IPM in pome fruit 
is more widely adopted than in most other crops, 
bottlenecks do exist such as the lack of  acceptance 
of  resistant varieties by the market, highlighting the 
need to involve the entire food supply chain in IPM 
implementation.  

System case studies

While the case studies focused on short-term 
changes at the crop level, the system case stud-
ies were dedicated to examining how re-designing 
the cropping systems and envisaging future inno-
vations could further reduce the dependence on 
pesticides and improve the sustainability of  major 
European cropping systems. Three case studies 
were launched: two on arable cropping systems 
and one on a perennial crop. One focused on winter 
crop based cropping systems dominated by crops 
such as winter cereals and winter oilseed rape and 
typically practiced in north-western Europe. The 
other arable system case study focused on maize-
based cropping systems. Maize is an important 
crop throughout Europe but is primarily grown 
for grain production in southern Europe and for  
silage in northern Europe. The perennial system 
case study dealt with pome fruit, a crop grown for 
direct consumption, i.e. food chain considerations 
and the actors in the food chain, including consum-
ers, play a more important role when it comes to 
crop protection procedures and IPM implementa-
tion than is the case for arable crops. 

The two arable system case studies started out by 
describing existing cropping systems then moved 
on to designing ‘advanced cropping systems’ mak-
ing use of  available technologies including the ones 

chapter 1 | case studies



not yet widely implemented. The last step was to 
design ‘innovative cropping systems’ for the future, 
i.e. systems implementing emerging technolo-
gies that are expected to become available in the 
foreseeable future. The advanced and innovative 
cropping systems were developed using a scenario 
building approach. The results of  the arable system 
case studies are presented in more detail in two ar-
ticles of  this chapter. 

The overall sustainability (economic, environmental 
and social) of  the three systems was assessed us-
ing DEXiPM, a model developed within ENDURE 
for an expert-based ex-ante sustainability assess-
ment of  innovative crop protection strategies. Using 
DEXiPM allows for an iterative process re-designing 
the cropping systems until sustainability has been 
maximised. For more information see Chapter 4 

The ENDURE system case studies represent one of  
the first attempts to design and assess future Euro-
pean cropping systems. Although it is a rather theo-
retical exercise we believe that systems case studies 
have provided valuable input and ideas for future 
field experimentation on IPM strategies.       

Conclusions  

The case studies have shown that focusing on short-
term changes at the crop level can result in signifi-
cant reductions in pesticide use but rarely reduce 
the dependence on pesticides. Nevertheless, pick-
ing these ‘low hanging fruits’ is the first step towards 
implementing IPM and sharing experiences across 
borders can promote this. The second step towards 
IPM, developing more sustainable cropping sys-
tems with reduced reliance on pesticides, is much 
more complicated but the outcomes of  the system 
case studies clearly indicate that this is possible. 
Future experimentation and assessment will reveal 
whether we can realise the ‘innovative cropping sys-
tems’ outlined by ENDURE’s system case studies.

Improving the sustainability of crop protection 
strategies and reducing dependency on pesticides

Integrated Pest Management in Europe | 11
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What are the alternatives to the intensive use  
of pesticides in viticulture?  
Bottlenecks and conditions of adoption in Europe

The sensivity of  grapevine to major pests and diseases justifies a high level of  protection. To this end, there are 
alternatives to pesticides based on ecologically sound methods, but they are unequally adopted in the European 
wine growing regions. The ENDURE grapevine case study evaluated five technical alternatives presently avai-
lable, and identified the factors affecting their efficacy, factors influencing the decision of  farmers to adopt them, 
the bottlenecks, and the ways to promote them.

Grapevine requires a high level  
of  protection…
In the European Union, the total amount of  plant protection 
products used in viticulture is high: 21.4kg active substance/
ha (of  which 14.9kg/ha is sulphur), compared to 6.9 and 1.1kg 
active substance/ha in fruit trees and arable crops, respec-
tively. These products may diffuse to various compartments in 
the environment (soil, surface and ground water, air), contami-
nate them and can be potentially harmful to human health and 
various living organisms. Furthermore, traces of  contaminants 
may be found in wine, which can reduce consumer interest in 
the product. Given this context, public regulations tend to be 
increasingly severe, including measures such as a reduction of  
the number of  authorised active substances, controls on the 
quality of  water and of  food products, and agri-environmental 
incentives.

… yet alternatives to pesticides  
are available
The ENDURE grapevine case study identified five techniques 
that can contribute to reduce pesticide use:
• �Changing the plant material by planting grapevine 

cultivars resistant to fungal diseases
• �Using alternatives to herbicides such as cover cropping and 

tillage
• �Using alternatives to insecticides such as mating disruption 

and biocontrol agents
• �Using alternatives to fungicides such as biocontrol agents
• �Reducing the number and dose of  pesticide applications 

using Decision Support Systems.
Yet none of  these techniques is currently widely used in Euro-
pean vineyards. 

The wine industry must familiarise itself  
with new fungus-resistant grape varieties 
The dissemination of  resistant varieties is strongly influenced 
by the marketing strategies of  winegrowers and by the expec-
tations of  the wine market.

Products with a perfect wine quality should be used to promote 
the new varieties, towards both consumers and winegrowers. 
To this end, the process of  vinification should be optimised for 
each new variety.

Target consumer groups should be identified for the wines 
made from new varieties (for example, young people with high 
environmental consciousness). These wines should create a 
certain image that the target groups are looking for.
In the regions producing geographically protected wines, the 
legal framework needs to be adapted. 

To give up herbicide use, new equipment 
and techniques must be introduced
Specific equipment is needed for tilling and/or maintaining 
cover crops. For cover cropping, few species with low growth 
rate and low resource demand are available, and Decision 
Support Systems are missing. 

The wine industry should improve the way it integrates envi-
ronmental practices in its marketing strategy(at present, this is 
only true for organic viticulture).
The extra-cost of  mechanical soil surface management could 
be covered by subsidies, conditional on compliance with envi-
ronmental targets.

©INRA.



Integrated Pest Management in Europe | 13

Improving the sustainability of crop protection 
strategies and reducing dependency on pesticides

Decision Support Systems (DSS),  
a matter of  data and networks
In several places, bottlenecks for decision support are the 
availability of  weather data and easy communication tools, 
and the lack of  validation and follow up of  DSS at the local 
scale.
Extension services, advisers and farmers should be trained in 
using DSS and integration of  the information in the farm man-
agement.
Trust from farmers depends on the local validation of  DSS, 
and on their engagement with information shared within farm-
ers’ networks.

Biological control is still poorly  
supported and spread 
Biological control still needs R&D studies aimed at solving its 
gaps and weaknesses, and communication on its application 
protocols and its efficacy towards advisers and growers. 
Regulations should be improved to facilitate the registration 
of  products in all countries. Public support for the adoption 
of  biological control and certification to acknowledge it would 
encourage growers.

Mating disruption needs resources and 
cooperation
Mating disruption is expensive; yet in the European countries 
or regions that provide government aid for its application, its 
diffusion is high. Furthermore pheromone application may be 
used as a marketing instrument.
The technique must be applied on large areas so vine growers 
should organise themselves into collaborative networks. 

The bottlenecks and conditions of   
adoption for alternatives to pesticide use
There are often pre-requisites for the development of  an al-
ternative to pesticide use, for example, the availability of  
weather data for DSS or a minimum surface area of  treated 
vineyard for mating disruption. The efficacy of  the technique 
may depend on biotic or abiotic factors, for example climatic 
extremes limit the efficacy of  microbial biocontrol agents; if  a 
variety is only resistant against one fungal disease but planted 
in an area with high pressure from another fungus, there might 
be disease outbreaks if  the number of  fungicide sprays is re-
duced. Several factors may affect the decision to adopt, for 
example the availability of  labour resources for tillage, costs 
for mating disruption, the fit between wine produced from new 
cultivars with market requirements or local regulations. Finally, 
several types of  bottleneck can limit the adoption of  innova-
tions: registration of  the product (biocontrol agents, sexual at-
tractants for mating disruption, resistant cultivars etc), public 
support, cost and growers’ skills.

Contact: Christian Gary, gary@supagro.inra.fr 
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IPM in the production of field vegetables:  
how to meet the requirements for high quality, food safety 
and environmentally friendly production? 

With regard to pesticide use, vegetable production has to focus on meeting challenging demands: healthy diet 
(consumers), cosmetic quality (retailers) and higher availability of  crop protection methods (growers). There is 
thus a need for combining sound agro-ecological methods that reduce the vulnerability of  vegetable cropping 
systems to weeds, pests and diseases, through a redesign taking into account crop succession and the land-scape 
dimension, in order to minimise pesticide use. 

Field vegetables: high value crops with 
strong quality requirements
Field vegetables represent an important part of  European ag-
riculture, with an 8.9% share of  the overall output value of  the 
European agricultural industry. Vegetables are recognised for 
their nutritional value and for their impact on human health. 
Consumers are encouraged to eat at least five portions of  a 
variety of  fruits or vegetables a day. To meet the expectations 
of  consumers and the wider society, it is important that the 
production of  vegetables meets high standards with respect 
to sustainability and safety. The well-directed use of  plant pro-
tection products (PPPs) is a key factor with respect to both 
environmentally sound production and to the avoidance of  
unwanted chemical residues on harvested produce.

Growing vegetables in different  
countries means relying on different 
crop protection methods
In a project conducted within the ENDURE field vegetable 
case study, the different PPPs options that were available to 
growers in seven European countries (Denmark, France, Ger-
many, Italy, Spain, Switzerland and The Netherlands) for five 
major vegetable crops (cabbage, onion, carrot, leek, lettuce) 

were reported for 2008 and the differences between countries 
analysed. For a given crop, the numbers of  active ingredients 
(AI) registered greatly varies among the countries. For exam-
ple, methods to control weeds, insects and diseases on cab-
bage rely on 60 active ingredients in Switzerland compared to 
43, 42, 29, 28 and 9 for Spain, France, Italy, The Netherlands, 
Germany, and Denmark, respectively. Denmark is the country 
with the lowest number of  pesticide options. Switzerland is 
the country with the greatest numbers of  proposed biocontrol 
options.

Although economically important, field 
vegetables are minor crops and crop 
protection options fall under the "minor 
use" category
Most vegetable crops are minor crops grown on a compara-
tively small production area and thus of  low economic inter-
est for the pesticide industry when applying for approval of  
new PPPs. This means that, even through derogation systems 
or possible extension of  authorisation that may apply in new 
regulations, it will be difficult to match the availability of  PPPs 
to the need for controlling every pest, weed, or disease that 
may develop in current cropping systems. Therefore, public 
research must be mobilised to provide for alternative methods 
to the use of  pesticides and/or more environmentally friendly 
methods. Nevertheless, it also appears necessary to consider 
the conception and construction of  innovative cropping sys-
tems less dependent on the use of  pesticides.

Making field vegetable cropping systems 
less vulnerable to weeds, pests and dis-
eases
Every step that can reduce the vulnerability of  cropping sys-
tems to weeds, pests and diseases must be taken prior to con-
sidering the use of  pesticides, even where these are  available. 
In the particular case of  vegetables, the minor use issue and 
consumer demand mean there is a strong requirement for do-
ing so. With consideration to the facts that some dynamics 

Diversification in vegetable cropping systems. ©INRA.
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take place mainly in the soil, at the field scale and depend on 
previous crops and/or on the management of  inter-crops, and 
that others will develop through aerial dispersal within and be-
tween fields, at the landscape scale, we propose the following 
options.

Controlling weeds and soil-borne pests 
and diseases
Before crop establishment, soil steaming can be an efficient 
alternative in terms of  control but may be slow to perform 
and costly in energy use. Applying the technique only on the 
row, with soil cultivation between rows during the crop, can be 
a good alternative as far as weeds are concerned and possibly 
for most soil-borne diseases, especially for transplanted crops.
Biofumigation, although resulting in incomplete and some-
times inconsistent control, must still be regarded as a prom-
ising option to control soil-borne pests and diseases, and 
probably weeds. Most of  the work done so far on biofumiga-
tion has been applied research with expectations to quickly 
yield ready-to-use technology. The variability observed in the 
results is probably partly due to the brassicas that were used 
and the specific glucosinolates they contain (and isothiocy-
nates they can release) in relation to the sensitivity of  the pests 
and diseases targeted. Indirect control through changes in the 
soil microflora should also be more widely documented from 
an epidemiological perspective.

Controlling air-borne insects
A number of  methods are proposed at the field or field mar-
gin scale, from improving conservation biological control 
(for example augmentation or insectary plants) or targeted 
use of  pesticides (for example push-pull and attract-and-kill 
methods, parapheromones and male annihilation techniques). 
Landscape management based on landscape and functional 
ecology should also be considered, though it is less easy to im-
plement. One important point is that there is no unique recipe 
and that efficient solutions will come from local analysis of  
the problem that needs to be controlled as well as the poten-
tial offered by the production situation. There is a need for 
research on landscape and functional ecology to propose a 
framework in which such local studies will be considered and 
developed. There is also a need for more research on chemical 
ecology, as it offers the opportunity to develop molecules with 
new modes of  action allowing regulation of  plant/pest/pest 
enemy interactions.

Contact: Philippe Lucas, Philippe.Lucas@rennes.inra.fr 
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Results of the potato case study 

Late blight can completely destroy a crop in two weeks and is therefore considered the most serious potato  
disease. The fungicide input used to control late blight is very high. An inventory of  the best practices to control 
late blight was made, the conclusions of  which are presented in four ENDURE "From Science to Field" guides ai-
med at agricultural advisers and extension services. The best practices to be combined in an IPM strategy include 
measures to reduce primary inoculum sources, the use of  resistant cultivars, chemical control strategies and De-
cision Support Systems (DSS) to acurately pin-point the timing of  spray applications.

Late blight (caused by Phytophthora infestans) is the most se-
rious potato disease and, when first introduced into Europe 
in the 1840s, was responsible for the Irish potato famine. A 
conservative minimum estimate of  combined losses and costs 
of  control of  blight worldwide is 4 billion (4 x 109) euros per 
year; half  of  this loss occurs in Europe. Higher amounts of  
fungicide are applied to control blight than in any other crop. 
Integrated management therefore requires a combination of  
management techniques to keep disease levels low and at the 
same time maintain the quality of  the environment. In EN-
DURE the potato case study team made an inventory of  the 
best practices to control late blight in a number of  European 
countries. Four guides dealing with these best practices were 
published on both www.endure-network.eu and www.eurob-
light.net. 

Best practices
Control measures can be divided into strategic measures and 
tactical measures. Strategic measures designed to reduce dis-
ease pressure include rotation, cultivar choice and measures 
to prevent primary inoculum sources. These strategic meas-
ures are mainly influenced by economic and social factors. 
Tactical measures include fungicide choice, number of  sprays 
and use of  DSS. By restricting fungicide choice, residues or 
environmental input, consumers, buyers and governments can 
influence the strategic and tactical decisions made by farmers. 
Best practices are effective measures still under development 
and being tested by applied research institutes in agricultural 
practice. For widespread implementation in practice a number 
of  barriers (economic, costs, risk, risk perception) have to be 
solved. 

Primary inoculum sources
The first step in an integrated control strategy against potato 
late blight is to reduce the primary sources of  inoculum. In a 
number of  European countries it has been shown that most 
late blight epidemics start from infected plants on dumps. In 
the Netherlands, for example, regulations force growers to 
cover dumps with black plastic before April 15 every year to 
remove this inoculum source. Infested seed tubers are another 
major inoculum source, and certified seed should be used 

whenever possible. Testing for latent infections in seed tubers 
remains problematic; Guide 1 provides advice on strategies for 
tackling this.

Oospores have been indicated as another inoculum source in 
several European countries. Oospores are a threat, especially 
when short crop rotations are employed. Volunteer potatoes, 
which facilitate oospore formation, must be controlled, even 
though this may be difficult and labour-intensive. Indeed, there 
were strong indications that in 2007 infected volunteers acted 
as primary infection sources rather than serving to accelerate 
the late blight epidemic.

Cultivar resistance
Late blight resistance of  a cultivar offers significant potential 
in reducing fungicide input as part of  an integrated control 
strategy. Both partial resistance and fungicides can slow the 
development of  late blight. Many reports show that partial re-
sistance in the foliage can be used to complement fungicide 
sprays, cutting fungicide use through reduced dose rates or 
extended intervals between sprays.

The use of  resistant cultivars varies across Europe. In West-
ern Europe, resistant cultivars are not grown on a large scale 
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Guide 1: The ENDURE Guide ‘Reducing Primary Inoculum 
Sources of  Late Blight’.
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because commercially important characteristics such as qual-
ity (taste, colour, suitability for frying), yield and earliness are 
usually not combined with late blight resistance. However, in 
countries where fungicides are not available or relatively ex-
pensive, of  resistant cultivars is one of  the most important 
ways to reduce blight damage.

Breeders are constantly trying to produce cultivars that com-
bine commercially important characteristics with late blight 
resistance, either by conventional breeding or using GMO 
techniques. Using cisgenesis - genetic modification using a 
natural gene from a crossable plant - may prove more accept-
able to the public. However, a major barrier remains the du-
rability of  resistance, testing for which should be conducted 
according to EUCABLIGHT harmonised protocols. Guide 4 
examines the current situation in Europe, the prospects for 
further progress and sources of  information for advisers and 
growers.

Fungicides
Fungicides play a crucial role in the integrated control of  late 
blight. IPM strategies to control late blight balance a number 
of  factors concerning fungicides, including efficacy and side-
effects, but also economic and social factors in addition to the 
legislation in place.

Control strategies are primarily preventive, but when blight en-
ters the crop the strategy must focus on stopping or reducing 
the epidemic. A control strategy can be based on a schedule 
with more or less fixed intervals or based on recommenda-
tions derived from a DSS. In a strategy, the first spray, product 
choice, dose rates, timing and last spray are important ele-
ments that can differ from country to country depending on 
growing conditions, varieties, registered fungicides and weath-
er conditions. It is therefore important that information on all 
these elements is available to the adviser and/or farmer so he 
can base his decisions on this information and control blight 

efficiently. Guide 3 identifies sources for this information and 
presents a table of  fungicides registered for late blight control 
in five European countries.

Decision Support Systems (DSS)
DSS integrate all relevant information to generate spray ad-
vice, in terms of  both timing and fungicide choice. Much can 
be gained by their wider adoption. DSS increase the efficacy 
of  control strategies without increasing risk. DSS can also 
be used in situations where the number of  sprays or product 
choice is limited by legislation.

All potato growing regions in Europe have one or more DSS 
available. These DSS can improve the efficacy of  control strat-
egies and optimal timing of  sprays can, on average, produce a 
saving of  one or two sprays per season. Applying an effective 
preventive strategy can also avoid dramatic disease outbreaks 
that have to be stopped by using intensive spraying regimes. 
Guide 2 examines the DSS currently used in Denmark, France, 
Italy, The Netherlands and Poland. 

Contact: Huub Schepers, Huub.Schepers@wur.nl 

 

Guide 4: The ENDURE Guide ‘Using Cultivar Resistance to  
Reduce Inputs Against Late Blight’.
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Implementation of IPM programmes in European 
greenhouse tomato production areas. Tools and 
constraints identified in the tomato case study.

Whiteflies (Bemisia tabaci and Trialeurodes vaporariorum) and whitefly-transmitted viruses present some of  the 
most intractable constraints to European tomato production. The main objectives of  the tomato case study were 
(1) to identify where and why whiteflies were a major limitation, (2) to collect information related to whiteflies 
and associated viruses, (3) to establish which management tools are available and (4) to identify key knowledge 
gaps that limit the uptake of  Integrated Pest Management (IPM) programmes and research priorities that would 
promote their successful application.

Evaluation of  applied pest control  
strategies 
Two studies were conducted in 2007 and 2008. The first ques-
tionnaire (TCS-Q1) surveyed 10 countries on whitefly species, 
B. tabaci biotypes, insecticide resistance, whitefly-vectored 
virus species, whitefly natural enemies and their use in bio-
logical control, other control tools and sampling techniques 
for decision making in greenhouse tomato crops. The second 
questionnaire (TCS-Q2) was restricted to four areas selected 
due to their different levels of  B. tabaci pressure and virus inci-
dence: Germany, southern France, northern Spain and south-
ern Spain. TCS-Q2 data were grouped according to growing 
cycles and four different pest control strategies were defined: 
Chemical (based only on the use of  insecticides), IPM-Insec-
ticide (IPM based on the rational use of  insecticides), IPM-
BC (IPM based on biological control) and organic production 
(insecticide-free approaches). 

Distribution of  whitefly and whitefly-
transmitted viruses 
Tomato crops were found to be affected by several insect 
pests and diseases, some being widely distributed and others 
restricted to specific areas or crop cycles. Two whitefly species 
affect European tomato production, Bemisia tabaci (Figure 1), 
which may cause severe losses due to the plant viruses it can 
transmit, and T. vaporariorum. B. tabaci is widely distributed 
in Europe and single infestations are reported from Israel, and 
some regions of  Spain, Greece, Morocco and Turkey. Single 
populations of  T. vaporariorum are usually found in northern 
Europe, and mixed infestations of  the two whitefly species are 
common in most of  the tomato growing areas. Bemisia-trans-
mitted viruses include some of  the most damaging viruses, 
such as the group of  species responsible for Tomato yellow 
leaf  curl disease (TYLCD) (Figure 2). TCS-Q2 revealed that 
wherever the pressure of  B. tabaci was high, TYLCD was clas-
sified as important or very important. 
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Figure 1: The whitefly Bemisia tabaci. 
© IRTA / J. Roig.

Figure 2: Symptoms of  TYLCD in tomato. 
© IRTA / J. Arnó.
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Pest control strategies 
Data from TCS-Q2 revealed that in greenhouses, IPM-insec-
ticide was used in 70% of  the surveyed area, IPM-BC in 25%, 
chemical control in 5% while organic production was rare. De-
cisions on a calendar basis were generally restricted to chemi-
cal strategies. Sampling techniques for decision making were 
generally based upon whitefly densities and were not related 
to control strategies or growing cycles but to the country or 
region. Whitefly populations were usually sampled weekly or 
fortnightly and whitefly species were identified. As expected, 
the number of  insecticide treatments per month for whitefly 
control was generally higher in IPM-Insecticide than in IPM-
BC. IPM-Insecticide uses 18% less active ingredients (a.i.) per 
application than the chemical strategy but 17% more a.i. per 
application than IPM-BC.

Unlike other pest species on tomatoes, the ranking of  the 
importance of  B. tabaci within each of  the four surveyed re-
gions closely correlated with insecticide use, showing that B. 
tabaci was one of  the principal pests determining insecticide 
use. This is due to the threat of  TYLCD and the low tolerance 
thresholds. Confirmed cases of  resistance have been reported 
for both T. vaporariorum and B. tabaci to most of  the active 
ingredients used for whitefly control.

TCS-Q2 revealed that IPM-BC was applied in all four regions, 
the largest acreage (>2000 ha) being in southern Spain. Bio-
logical control of  whiteflies was mainly based on inoculative 
releases of  the parasitoids Eretmocerus mundus and Encarsia 
formosa and/or the polyphagous predators Macrolophus pyg-
maeus (commercially labelled as M. caliginosus) and Nesidi-
ocoris tenuis. Biological control was applied mainly within the 
framework of  IPM and selective pesticides were applied for 
pests lacking biological solutions or when biological control 
failed to control the target pest. Natural enemies were also 
used in organic production but the acreage of  tomatoes under 
this production system is limited. 

Other important components of  IPM strategies were green-
house screening and double-door entry systems to reduce B. 
tabaci movement into greenhouses and the use of  TYLCD 
tolerant tomato varieties. Most tolerant commercial cultivars 
show a reduced susceptibility to the virus rather than resist-
ance, and they need additional protection from viruliferous 
insects during the first months after planting. No tomato varie-
ties fully resistant to whiteflies were available. 

Pest control recommendations
Based on the obtained results it was concluded that IPM-BC 
is the recommended control strategy for sustainable tomato 
production. The most important limitations for uptake of  IPM 
programmes identified in the tomato case study were the lack 
of  a biological solution for some pests and the cost of  nat-
ural enemies. Other limitations were the low acceptance of  
the method among farmers, especially around the Mediter-
ranean basin, the costs associated with technical advice and 
low pest injury thresholds, mainly in areas with high incidence 

of  TYLCD. To overcome these limitations, research on the fol-
lowing domains are proposed: (1) emergence and invasion of  
new whitefly-transmitted viruses; (2) the relevance of  B. taba-
ci biotypes regarding insecticide resistance; (3) biochemistry 
and genetics of  plant resistance; (4) economic thresholds and 
sampling techniques of  whiteflies for decision making, and (5) 
knowledge on native whitefly natural enemies and on other 
natural biological agents for tomato pest control. 

New invasive pests
From the time the tomato case study surveys were made until 
now a new invasive pest, Tuta absoluta that can cause severe 
damage reaching up to 100% (Figures 3 and 4), has quickly 
spread in the most important tomato production areas in the 
Mediterranean basin. This pest has slowed the expansion of  
IPM-BC in tomato although predators used for whitefly con-
trol, M. pygmaeus and N. tenuis, consume a high number of  
eggs of  T. absoluta and when they are very well established 
in the crop act as very effective control agents. Today, finding 
additional biological control agents for this pest is the corner-
stone for improving the acreage under tomato IPM-BC.

Further reading: Arnó, J.; Gabarra, R.; Estopà, M.; Gorman, K.; 
Peterschmitt, M.; Bonato, O.; Vosam, B.; Hommes, M.; Albajes, 
R. 2009. Implementation of  IPM programs on European green-
house tomato production areas. Tools and constraints. Edicions de 
la Universitat de Lleida (Lleida, Spain), 44pp. 

Contact: Judit Arnó, judit.arno@irta.cat 

Figure 3: Tuta absoluta damage in tomato fruit.
© IRTA / J.Riudavets

Figure 4: Tuta absoluta damage in leaf. 
© IRTA / A.Mussol.
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Tracking the ways to reduce pesticide use  
in banana production 

The banana case study provided a challenging opportunity for participants to unite their efforts in taking stock of  
alternative approaches and innovations to reduce pesticide use in banana production, and to disseminate scienti-
fic or technical information to encourage changes in practices. Integrated crop protection is a key target point to 
promote sustainable production in bananas. 

Banana is one of  the most traded fruit crops in the world. On 
the European market, more than 4.5 million tonnes of  banan-
as are traded annually. Even so, intensive banana crops have 
long been disparaged because of  their high inputs of  chemical 
pesticides, and the potential hazardous effects the pesticides 
could have on the environment and human health. Accord-
ingly, partners of  the banana case study agreed to: (1) produce 
and disseminate scientific knowledge on short- or mid-term 
innovations designed to reduce pesticide use in banana pro-
duction and address knowledge gaps, (2) develop and launch 
projects dealing with some of  these gaps and (3) design a set 
of  guides for farmers, field officers, policy makers and other 
stakeholders that showcase key alternative or innovative strat-
egies to reduce pesticide use in banana production in the 
major European banana-producing countries as well as other 
banana-producing countries in the world.

Producing and disseminating scientific 
knowledge, addressing gaps of  knowl-
edge to reduce pesticide use 

To address this issue we delivered seven scientific papers de-
picting or exploring short- and mid-term innovations to reduce 
pesticides in banana cropping systems. These papers:

• Make an inventory of  current alternative and innovative 
practical strategies to achieve pesticide reduction in banana 
production systems through IPM approaches

• Review specific strategies implemented to control plant par-
asitic nematodes in bananas without chemical nematicides.

• Describe a predictive model to analyse the dispersal of  the 
black weevil Cosmopolites sordidus in banana fields. Such a 
simulation tool should allow for the optimisation of  the or-
ganisation of  vegetation in banana fields in order to delay 
colonisation and alleviate damage from black weevil without a 
permanent recourse to insecticides.

• Depict some laboratory tools we designed to monitor fun-
gicide resistance in the foliar pathogen Mycosphaerella musi-
cola, causing the well-known Yellow Sigatoka Disease, or that 
of  the fruit pathogen Colletotrichum musae, responsible for 
post-harvest damage, and to tackle the assessment of  diversi-
ty in Mycosphaerella fijiensis populations with VNTR markers 

(Variable Number Tandem Repeats). These fungal pathogens 
are amongst the most damaging - and fungicide consuming - 
in banana agrosystems. 

Developing and launching projects  
dealing with identified gaps of  knowledge 
to reduce pesticide use in banana  
production
We developed two research proposals addressing gaps of  
knowledge for pesticide reduction in bananas. The first is a 
project submitted to the French National Agency for Research. 
The objective of  the project is to analyse and model the spatial 
effects of  crop organisation on the spread of  pests in the frame-
work of  integrated crop management. It targets the design of  
generic tools for reducing pesticide use in cropping systems. 
The second project, an ATF project (French National Coopera-
tion) addresses the management of  fungicide resistance of  M. 
fijiensis, causal agent of  Black Leaf  Streak Disease of  bananas. 
It was accepted and the project has been launched.  

chapter 1 | case studies

The legume Stylosanthes guianensis: a promising cover crop for 
banana agrosystems.



Integrated Pest Management in Europe | 21

Producing five guides summing up  
key alternative strategies and cropping 
practices to reduce pesticide use in  
banana production 
Designed for farmers, field officers, policy makers and other 
stakeholders, our guides emphasise innovative strategies that 
are compatible with integrated crop protection (http://www.
endure-network.eu./endure_publications/endure_publica-
tions2). The first guide examines the lessons learned from an 
overall analysis of  pesticide use in banana-producing coun-
tries, including representative European countries. It then goes 
through the main alternative or innovative solutions to reduce, 
in the short and mid-term, pesticide use in banana produc-
tion. The following four guides give specific examples of  the 
solutions recommended in the first guide. They provide infor-
mation on the sustainable control of  Mycosphaerella foliar 
diseases, new integrated pest management strategies for black 
weevil Cosmopolites sordidus, plant-parasitic nematodes and 
practical ways to grow bananas under the standards of  inte-
grated or ecological production as exemplified by growers in 
the Canary Islands.  

Conclusion
Our work shows that the scientific and technical background 
to change practices, and encourage banana production in sus-
tainable cropping systems less reliant on pesticides, is already 
partly available. Most of  the alternative or innovative strate-
gies we highlighted are currently being further implemented at 
a larger scale in the framework of  two development projects 
involving three European banana-producing countries. The 
first project, BIOMUSA, is led by ICIA (Canary Islands, Spain) 
with the participation of  the University of  Azores (Portugal), 
the University of  La Laguna (Spain), the Regional Directorate 
of  Agriculture and Rural Development of  Madeira (Portugal), 
and of  the Association of  Banana Producers in the Canary Is-
lands. The second project, called Plan Banane Durable, is led 
by CIRAD and the banana growers’ association of  the French 
West Indies (France). 

Contact: Jean-Michel Risède, jean-michel.risede@cirad.fr 
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State of the art of integrated control of major 
pome fruit pests and diseases

We collected information on the integrated control methods which are used in 10 major pome fruit production 
regions of  Europe. Integrated control of  codling moth (Cydia pomonella), brown spot of  pear (Stemphylium vesica-
rium) and apple scab (Venturia inaequalis) was studied. Analyses showed that, although the spread of  new integra-
ted methods is rapid and well dispersed in the major pome fruit production areas, there are social, technical and 
economic bottlenecks for the further implementation of  integrated fruit production.

Integrated control of  pome fruit pests and diseases is well 
established in Europe. Cornerstones of  integrated pome fruit 
production are the biological control of  spider mites, such as 
Panonychus ulmi with the predatory mite Typhlodromus pyri, 
and the use of  Decision Support Systems (DSS) for the control 
of  apple scab caused by Venturia inaequalis. Practical grow-
ers choose their chemical pesticide products based on the 
criterion that they will not affect predatory mite populations. 
However, due to continuous developments, integrated control 
is not a steady state of  affairs. 

Continuous developments of  pest  
control methods 
Society continuously changes. Pesticide residues on fruit 
are a recent societal change that influences integrated pro-
duction of  fruits, and new pesticides are released and older 
ones banned. Furthermore, many research groups continu-
ously work on new elements of  integrated control in pome 
fruit. They deliver, for example, advanced warning systems, or 
new environmentally friendly control strategies. New scientific 
methods of  integrated control in pome fruit have to find their 
way into practice. Often new developments are first introduced 
into practice locally by researchers themselves and sometimes 

directly for a whole country. Secondly, advisers have to be con-
vinced of  the advantages of  the new method before they start 
promoting it. Further introduction is much dependent on inte-
grating the new method within the total management of  the 
orchard system in practice. That is why there are differences 
in orchard management systems across Europe. New develop-
ments in integrated control measures can be found in scientific 
literature and congress proceedings. However, it is not clear 
which integrated control measures are really used in practice.

Therefore, an inventory of  integrated control measures used 
in a number of  European pome fruit production regions was 
conducted by ENDURE. 

Focusing on key pests to reduce  
pesticide use
In this study, the integrated control methods were collected for 
apple scab (Venturia inaequalis), brown spot on pear (Stem-
phylium vesicarium) and for codling moth (Cydia pomonella) 
because these are the pests responsible for a substantial share 
of  the pesticides used to reduce the risk of  severe losses in 
pome fruit production in Europe. This was completed for the 
following regions: Lake Constance (Germany and Switzer-
land), Catalonia (Spain), Emilia Romagna, South Tirol and 
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Apples with lesions of  the major disease apple scab caused by 
Venturia inaequalis. Warning systems against apple scab are the oldest 
among decision support systems. They are very advanced and help to 
reduce fungicide use.

Scorpionfly (Panorpa communis) is a generalist predator in orchards, 
eating all sorts of  soft insects such as aphids. Males have enlarged geni-
tals that look similar to the stinger of  a scorpion.
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Trentino (Italy), Rhone Valley (France), Belgium, Netherlands 
and Sweden. Further implementation of  integrated control 
measures for these pests will reduce substantially pesticide 
use in pome fruit production. A questionnaire was created for 
codling moth and adapted for apple scab and brown spot of  
pear. The questionnaires in English were e-mailed to scien-
tific colleagues and to plant protection officers across Europe.  
Personal interviews were carried out in some cases.

Highlights of  findings
The inventory showed that control is highly dependent on the 
use of  pesticides, especially in the case of  pathogens. A sum-
mary of  the conclusions is presented below. 

Spreading knowledge of  new integrated control methods
• New knowledge of  integrated control methods is, in general, 
quickly and broadly spread in the European countries involved 
in this study.
• Spreading of  knowledge is done by governmental or private 
organisations, including those comprised of  growers and re-
tailers, and often by advisory services.
• Information on the timing of  pesticide applications based on 
Decision Support Systems often relies on modern communi-
cation technologies such as SMS and e-mail.

Comparing the regions
• Toolboxes in the various regions contain the same tools, such 
as mating disruption for codling moth and sanitation practices 
for apple scab, for integrated control of  pests in all the regions 
covered in this study. Hence, there are no differences between 
northern or southern regions of  Europe on this aspect.
• Even the importance of  the different tools is very similar in 
northern and southern regions in Europe.
• There are only small differences in the percentage of  grow-
ers using the different tools for integrated control between  
European fruit producing regions.

• It is unknown if  newer European member states have access 
to updated information on tools for integrated control. Newer 
European member states could profit from existing knowledge 
through ENDURE’s channels of  communication.

Major bottlenecks to the adoption of  integrated control 
methods
• There are clear bottlenecks in adopting newer tools for inte-
grated control. For example, the major bottleneck for growing 
less susceptible or resistant cultivars is that these cultivars tend 
to be less economically profitable, because marketing strate-
gies fail to achieve good prices for these cultivars.
• A major bottleneck, in general, for integrated control is the 
lack of  selective pesticides. For codling moth this is not the 
case. For many other pests and diseases, the non-selective 
pesticides available harm natural enemies and antagonists.
• A bottleneck is that the registration of  products, including 
products which are generally regarded as safe, is slow and 
costly. Bottlenecks for the implementation of  new integrated 
control measures concern multiple technical and economic 
factors which need to be tackled in parallel.

Contact: Bart Heijne, bart.heijne@wur.nl 

Pear fruits affected with brown spot of  pear caused by Stemphi-
lium vesicarium. This disease caused a substantial increase in fungicide 
use in pear ochards.

Apple with penetration of  codling moth (Cydia pomonella). Seve-
ral methods, such as the use of  mating disruption and the use of  granulo-
sis virus are available for sustainable IPM.

Improving the sustainability of crop protection 
strategies and reducing dependency on pesticides
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Orchard system descriptions:  
guide to future durable apple production.

Four "orchard system" types were defined for sustainable apple production in five European regions: a baseline 
system, two advanced systems and an innovative system. The base-line system was defined as a reference system 
in which only synthetic and commonly advised pesticides are used. The advanced systems were composed of   
locally used IPM methods together with a limited use of  pesticides. The innovative system consisted of  alternative 
measures to reduce the application of  chemical plant protection products to a minimum.

Apple production in Europe is continuously working towards 
more integrated crop protection. However, in practice a sub-
stantial amount of  pesticides is still being used. A range of  
bottlenecks, both social, economic and technical prevent large-
scale implementation of  IPM methods. The development of  
an assessment tool, which evaluates the effect of  newly intro-
duced IPM methods, can help to identify possible bottlenecks 
for introduction into practice. To develop such an assessment 
tool, both qualitative and quantitative descriptions are neces-
sary. In close cooperation with assessment tool developers, 
such descriptions were made for five European regions. They 
were Lake Constance (Swiss side), Lake Constance (German 
side), the Lleida (Catalonia) region in Spain, the Rhone Valley 
region in France and the whole of  The Netherlands.

Studied systems 
Four orchard system descriptions were defined for sustain-
able apple production. These were a baseline system (BS), two 
advanced systems (AS-1 and AS-2) and an innovative system 
(IS). The base line system (BS) was defined as a referent sys-
tem in which only synthetic and commonly advised pesticides 
are used. The advanced systems (AS) were composed of  re-
alistically possible IPM methods together with a limited use 
of  pesticides with good ecotoxicological profiles. And in the 
innovative system (IS) alternative measures currently being 
tested in the field were implemented and combined in order to 

reduce the application of  chemical plant protection products 
to a minimum. The use of  resistant cultivars is an important 
element in these systems. The time horizon for the innovative 
systems is about 10 years.

Highlights from different regions
The Netherlands
In the base line system (BS), priority is given to optimal con-
trol and reducing the risks of  crop losses. This results in the 
use of  broad spectrum pesticides, with impacts on non-target 
beneficial organisms and substantial drift of  pesticides. In the 
advanced system (AS) priority is given to using alternative 
methods whenever possible to control pests or diseases. This 
system often comprises the use of  selective pesticides and 
non-chemical methods. Drift reduction of  90% is achieved 
in orchards adjacent to water bodies. The innovative system 
(IS) consists of  a combination of  resistant or tolerant cultivars, 
high precision pest control and natural pest control. It brings 
together the best properties of  high technology methods with 
ecological principles. Selective and environmentally friendly 
pesticides are used for corrections, using only high-precision 
applications.

Switzerland
The BS follows national guidelines for integrated pome fruit 
production in which the application of  direct control measures 
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Modern apple orchard with nearly ripe crop.Blossom of  a just planted, modern apple orchard.
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for the major pests is based on the use of  tolerance levels and 
forecasting services. The main innovations in AS-1 are scab-
resistant cultivars and mating disruption for codling moth. 
In AS-2, even more alternative strategies are used. In AS-2, 
protection and enhancement of  beneficial organisms are 
strengthened compared to AS-1, allowing further reductions in 
the number of  insecticide applications. In addition, exclosure 
netting prevents pests from invading the orchard and supports 
fire blight control. In IS the cultivars have resistance/tolerance 
genes against a variety of  diseases and aphids, based on pyra-
midised genes which makes fungicide treatments to conserve 
genetic resistances obsolete. Alternative pest control strate-
gies include attract-and-kill, sanitation and entomopathogenic 
nematodes.

Spain
As is the case for the other regions studied, BS pest control re-
lies only on the use of  officially permitted chemical pesticides. 
Resistance management is taken into account, as pesticides 
with different modes of  action are applied. All the pests are 
kept below economic thresholds. Herbicides are used to main-
tain a weed-free strip. In the AS-1, arthropod pest control in-
cludes the use of  mating disruption for codling moth and other 
pests (leopard moth), mass trapping and attract and sterilise 
(or kill) for medfly, and biological control against European red 
mite. In AS-2, landscape elements are planned from a crop 
protection point of  view to increase natural control. Conse-
quently, the number of  applications is drastically reduced, and 
more selective chemicals are used.  In the IS, the amount of  
water applied is further reduced to 5,000m3/ha. The percent-
age of  surface with hail nets increases to 50%. Drift reduc-
tion sprayers are used in 100% of  the acreage. The use of  all 
innovative control techniques is considered. Among the new 
ones, push and pull strategies for some arthropod pests, such 
as aphids, might be available in the future. The control of  dis-
eases relies on the use of  sanitation measures, varieties resist-
ant to apple scab and powdery mildew and rootstock resistant 
to phytophthora (monogenic and multigenic resistance), an-
tagonistic microorganisms, resistance inducers and chemicals.

Germany
In the BS the production goal is achieved with conventional pes-
ticide management and sensitive cultivars. The plant protection 
products have a moderate impact on specific beneficial organ-
isms. Alternative pest management methods are not applied. 
AS-1 is representative for the region as growers follow guidelines 
for integrated pome fruit production. In the AS-2, the ecologi-
cal and environmental sustainability of  the production system 
is further improved. Although the collection of  pesticides used 
is comparable to AS-1, the application frequency is lower. This 
is achieved with an increased use of  alternative pest manage-
ment methods, especially for arthropod control. The IS is the 
most sustainable production system in terms of  environmental 
impact. Arthropod control is achieved without chemical pesti-
cides thanks to the use of  resistant varieties, pheromones and 
bio-pesticides. For disease control, technical measures such as 
rain shelters are installed. The cultivars have resistance/toler-
ance genes against multiple diseases.

France
In the BS system only synthetic pesticides are used, all reg-
istered and commonly advised in 2008. They include broad 
spectrum pesticides with high efficacy and low cost but poor 
ecotoxicity profiles. With the exception of  herbicide applica-
tions, no drift-reducing equipment is used. In AS-1 the use of  
chemicals is reduced as much as possible through the intro-
duction of  sanitation practices to reduce the pressure from 
major pests and diseases. In AS-2 mating disruption is not 
only targeted at codling moth, but also controls oriental moth. 
Moreover the variety planted presents a higher tolerance to 
aphids. In the IS, the orchard is completely packed in an exclo-
sure net, suppressing all treatments to control codling and ori-
ental moth as well as other Lepidoptera. This net is combined 
with the use of  sanitation practices as well as all the previously 
mentioned methods to decrease aphid pressure.

Assessment results
The assessment tool SustainOS was developed by Swiss re-
searchers within the ENDURE project. The development of  
this assessment tool and the descriptions of  the orchard sys-
tems were produced simultaneously. As expected, the final run 
with the SustainOS assessment tool showed that sustainability 
generally increased going from BS, via AS towards IS for all 
European regions. The attributes for ‘environmental sustain-
ability’ are rated better for AS-1, AS-2 and IS compared to BS 
and the attributes ‘economic sustainability’ are rated worse for 
AS-2, AS-1 and BS when compared to IS.

Conclusion
The use of  the SustainOS qualitative multi-criteria assessment 
tool can help European apple production to identify more sus-
tainable apple production systems for the future. 

Contact: Bart Heijne, bart.heijne@wur.nl 

Modern young pear orchard with nearly ripe fruit.
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Yield and yield losses due to diseases
Wheat is the most important cereal crop grown in the EU. The 
yield levels and cropping conditions vary considerably between 
the different EU countries. In the countries most suitable for 
wheat production (Germany, UK, France, Belgium, The Neth-
erlands, Ireland, Denmark) average yields vary between 7 and 
8 tonnes/ha, whereas in countries with sub-optimal cropping 
conditions (Hungary, Italy, Spain, Poland, Greece) yields vary 
between 2 and 4 tonnes/ha. 

Based on national estimates, septoria tritici blotch, brown rust, 
take-all and fusarium head blight are considered the most im-
portant diseases in the main wheat growing countries with re-
spect to yield loss and quality of  grain. Yield losses between 
0.5 and 2.0 tonnes/ha are common in many regions. Yellow 
rust, powdery mildew, tan spot and eyespot are also regarded 
as important diseases; however, their distribution is much more 
regional.  

IPM elements
The use of  resistant cultivars with effective resistance genes is 
an important measure to reduce the risk of  disease develop-
ment and yield loss. The genetic resources used across Europe 
vary greatly as few cultivars are grown in more than one coun-
try. All countries conduct extensive testing of  new cultivars but 
resistance characteristics rank differently across countries. The 
exploitation of  resistance genes in different countries was also 
found to vary. Data from cultivar testing has commonly shown 
profitable yield responses from fungicide treatment in even the 
most resistant cultivars, indicating that the resistance genes 
rarely cover all potential diseases. Levels of  resistance in culti-
vars are also known to be changeable due to shifting going on in 
the pathogens’ virulence.

Several cultural measures are known to reduce disease pres-
sure. They include factors such as delayed sowing, ploughing 
rather than non-inversion tillage, crop rotations avoiding wheat 
and maize as previous crops, reduced nitrogen input and re-
duced seed rates. However, several of  these factors have a 
significant negative impact on yield and are therefore only uti-
lised to a limited extent. Good risk-assessment systems have 
been developed for control of  Fusarium head blight in many 
countries. Avoidance of  minimal tillage in combination with 
maize in particular as a previous crop is of  major importance 
in order to reduce the risk of  Fusarium head blight.

Wheat disease management – possibilities for IPM – 
presenting good examples and limitations

Information was collected on disease control strategies in winter wheat in eight European countries. The main 
focus of  the work was to share existing knowledge on sustainable disease control systems. As an element of  
European Union (EU) legislation, the importance of  IPM including the use of  resistant cultivars will have to  
increase. Few fungicide groups and a high risk of  fungicide resistance also call for broader use of  IPM in order 
to safely manage diseases in winter wheat. Specific information collected from the case study can be found on 
www.eurowheat.org.

Fungicide requirement at economic optima for disease resistant (left) 
and disease susceptible (right) varieties indicating that the required 
optimum is very dependent on cultivar resistance (UK).

Safe and sustainable control of  Fusarium head blight requires 
use of  cultural factors like crop rotation and tillage methods. 
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Delayed sowing can reduce the risk from several diseases (take 
all, eyespot, septoria tritici blotch), but may also increase the 
severity of  others (powdery mildew and yellow rust). In par-
ticular, sowing of  second year wheat should be delayed in order 
to minimise the risk of  take all. A major delay in sowing will 
have a negative impact on the yield. The seed rating should be 
adjusted to the sowing time in order to avoid very dense crops, 
which increase the risk for diseases such as powdery mildew, 
but also the risk of  lodging. 

The nitrogen levels which are recommended for wheat varies 
significantly between countries (150-250kg N /ha). Very high 
nitrogen levels increase the severity of  diseases such as pow-
dery mildew. However, in the ranges which are recommended 
in most countries (150-200kg N/ha) the impact on diseases is 
regarded as small.  

Monitoring and use of  DSS: the use of  control thresholds 
in combination with field scouting can be a great help when  
deciding on the need for treatment. As seen in many countries, 
specific field scouting can be supported by regional monito-
ring data updated at weekly intervals. Decision Support Sys-
tems (DSS) are available in many countries but are rarely used 
by farmers as they are often considered not to be user-friendly, 
too time consuming and may 'fail' by being too risky or too 
risk-averse. However the potential for reduction in fungicide 
use, if  applied at the right time, is considered to be significant. 
Results from analysis of  historical trials data at a national or 
regional basis can be used to make general risk assessments 
and evaluation of  expectations for achieving profit from fungi-
cide applications.

Chemical control measures	
The strategy for chemical disease control varies significantly 
between countries. In Poland, Hungary and Italy fungicides 
are used to a lesser extent than in France, UK, Germany, The 
Netherlands and Denmark. The number of  fungicide applica-
tions in winter wheat varies from zero to five treatments per 
season, depending on the region and disease problems. 

The actual input of  fungicides can in many situations be re-
duced by optimising the choice of  product and timing. Good 
experiences from using reduced and appropriate doses have 
been generated in many countries. The focus in these strate-
gies has been to optimise economic benefit rather than maxi-
mising yield. 
Only relatively few groups of  fungicides are available for the 
control of  the main diseases (triazoles, strobilurins, morpho-
lines, carboxamides and chloronitriles). This makes it difficult 
to implement anti-resistance strategies that could prolong the 
life of  the fungicides and help to avoid the erosion of  their 
efficacy.   

Perspectives and dilemmas
There are several dilemmas when trying to implement lower 
inputs of  fungicides in winter wheat. Some of  these are related 
to the following points: 

1/ The risk factors associated with not spraying are high, par-
ticularly with the high price of  wheat. Most farmers and ad-
visers are very risk-averse, aiming to protect potentially very 
valuable crops. This can often lead to supra-optimal doses 
being used. 

2/ Success stories cannot be directly transferred from one re-
gion to another. Many tools and principles can easily be trans-
ferred but the actual optimal combination of  control measures 
and the optimal input use is expected to vary considerably 
across the wheat growing countries.

3/ It has to be recognised that for several specific diseases the 
exact risk of  disease development cannot be forecast or esti-
mated because their development is very weather dependent.

Contact: Lise Nistrup Jørgensen, LiseN.Jorgensen@agrsci.dk 

 

Septoria tritici blotch is the most economically  
important disease in Europe.
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Why focus on crop rotations?
Crop rotation has long been a fundamental tool for farmers to 
maintain crop health and soil fertility. A changing sequence of  
crop types in a field brings nutritional demands on the soil into 
balance and interrupts cycles of  pest build-up. Crop rotations, 
together with the technologies used to manage the crops with-
in them, can therefore have a very significant impact on the 
need for pesticides. The ENDURE project brought together a 
group of  scientists, advisers and farmers with a range of  ex-
pertise to explore and evaluate options for reducing depend-
ence on pesticides in winter cereal based cropping systems in 
Denmark, France and the UK. Using this exciting opportunity 
to combine their knowledge of  agronomy, of  weed, pathogen 
and insect pest ecology and of  management technologies, the 
group found considerable potential for pesticide reduction. 

What do crop rotations in Europe look 
like today?
• Crop rotations in wheat growing areas of  the UK and Den-
mark are very variable (Table 1). Even the most common crop 
sequence occurred in less than 10% of  fields.
• In France, crop sequences are even more diverse, depending 
on the region analysed.

How much pesticide do we use  
in Europe today?
ENDURE calculated the pesticide usage for some typical cur-
rent crop sequences in the main wheat growing areas of  each 
country. Examples are given in Table 2, columns 1-3.

Pesticide use varies remarkably between countries and is es-
pecially low in Denmark. This implies that the potential for 
reducing pesticide use also varies from country to country.
• The ENDURE case study on winter wheat suggests that the 
main reasons for this variation include differences in :
• Climatic conditions and associated pest and disease pres-
sure
• The prevalence of  pesticide resistance (particularly against 
herbicides) 
• Government policy action plans for pesticide use reduction 
• Sources of  advice used by farmers
• The scale and organisation of  farming operations. 

Reducing pesticide use intensity in European  
crop rotations

The ENDURE project provided a unique opportunity to bring together scientists, advisers and farmers across 
Europe to assess the potential for reducing dependence on pesticides in winter cereal based cropping systems. 
We conclude that changes in cropping systems and new management technologies offer remarkable potential to 
achieve reductions in pesticide use.  

Table 2: Pesticide usage measured as the annualised Treatment 
Frequency Index (TFI) for typical current rotations. 

See Table 1 for key to crops.

W: winter wheat, B: winter barley, SB: spring barley, C: other cereals, R: 
oilseed rape, P: pulses/legumes, G: grass, M: maize, SGB: sugar beet, H: 
hemp, BE: spring beans

Table 1:  Most common crop sequences in England (after wheat) 
and Denmark.

Country Cropping sequence

England (2006) R,C,
W,W

W,W,
W,W

R,W,
P,W

R,C,
W,R

W,R,
W,W

% of  crop sequences 6.40 4.40 4.40 4.40 3.80

DK W,W,
W,W

B,R,
W,W

W,W,
W,R

M,M,
M,M

G,G,
G,G

% of  crop sequences 3.6 2.8 2.8 1.6 1.5

Country Typical 
current  
rotation

TFI Rotation 
with off-
the-shelf  
technolo-

gies

TFI 
reduc-

tion

Rotation 
with 

developing 
technolo-

gies

TFI  
reduc-

tion

DK B-R-
W-W 

2.5 B-R-W-
W-SB-SB

-6% B-R-W-
W-SB-SB

-37%

England W-W-
R

6.2 W-BE-
W-SB-R

-39% W-BE-
SB-R

-56%

France SGB-W-
R-W

7.2 SGB-W-H-
W-R-W

-74%
Apera spica venti, an annual grass weed
© Aarhus University, Bo Melander.
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How much pesticide reduction could  
be achieved with off-the-shelf  or  
developing techniques?
• The group calculated that with currently available tech-
niques and technologies pesticide usage could be reduced to a 
remarkable extent (Table 2, columns 4 and 5) and they could 
be reduced still further using technologies likely to be available 
in the next five to 10 years (Table 2, columns 6 and 7). The 
maximum potential for reduction was calculated to be 75% 
or more in France, more than 50% in England and more than 
a third in Denmark, despite the relatively low current level of  
usage in that country. 

• Some of  the most important ways this was achieved were: 
• Changes to crop sequence and increased crop diversity, use 
of  spring crops 
• Use of  new resistant cultivars and weed-competitive 
cultivars/crops
• Precision agriculture, pesticide targeting 
• Forecasting and decision support – improved systems and 
increased uptake
• Tailoring tillage regimes to specific pest pressures, mechani-
cal weeding
• Habitat management at various scales for conservation 
biological control
• Trap crops and catch crops.

Would such changes in crop rotation 
and management be sustainable?
An expert assessment of  the proposed new rotations exam-
ined the potential effects of  the changes on environmental, 
economic and social sustainability at the farm scale:
• The overall environmental sustainability of  the proposed 
rotations was judged to be significantly improved in France 
and England and even in Denmark, where the current level of  
pesticide usage is markedly lower, environmental quality was 
improved. 
• Economic sustainability was judged to be reduced in some 

or all of  the proposed rotations in each country. It was judged 
that the new rotations may be associated with more risk and 
reduced investment capacity. 
• Social benefits (for example, ease of  farm operations, em-
ployment, landscape amenity value) associated with the new 
rotations were usually improved in France but little changed in 
England and Denmark where current social acceptability was 
considered strong. 

Beyond the farm scale, the proposed rotations have clear 
strategic implications for policy makers. For example, crop 
rotations that achieve large-scale reductions in pesticide use 
almost always have a smaller proportion of  wheat, a major 
staple and traded commodity.   

Where do we go from here?
Achieving this strong potential for reducing pesticide use in 
European crop rotations will depend upon the strategic in-
volvement of  policy makers in the development and imple-
mentation of  regulatory and advisory frameworks. If  the 
complex balance between pesticide use, environmental and 
economic sustainability and food production security is to 
be appropriately struck, pesticide reduction strategy must be 
underpinned by a multi-disciplinary, multi-site platform for 
research on crop rotations that includes the incorporation of  
new and emerging technologies.               

Contact: Bo Melander, bo.melander@agrsci.dk

Inter-row cultivation in winter oil seed rape © The Knowledge Centre for agriculture, Peter Bro and Torkild Søndergaard Birkmose
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Designing cropping systems with reduced pesticide inputs 
usually implies the analysis of  several alternatives. Assess-
ing them before the in-field test (ex-ante) is a prerequisite for 
making it easier to explore truly innovative solutions and to 
increase the efficiency of  the innovation process by reduc-
ing the number of  solutions to be tested in field experiments 
(Figure 1). In the evaluation step, it is important to take into 
account that candidate cropping systems can have different 
and conflicting impacts on agricultural sustainability, meant in 
its three classical dimensions: economic, environmental and 
social. Moreover, taking into account pedo-climatic as well as 

socio-economic contexts is a way to explore a large range of  
scenarios accounting for the innovative cropping systems in a 
given context. In this case, the ex ante evaluation makes it pos-
sible to consider innovative systems that may not be feasible 
or sustainable today, but which might be “tomorrow” in a dif-
ferent context. DEXiPM is a hierarchical and qualitative multi-
attribute model allowing the evaluation of  cropping systems 
sustainability according to this complexity. It has been devel-
oped for ex ante assessment of  the sustainability of  arable 
cropping systems, particularly Integrated Crop Management 
Systems with a limited use of  pesticides.

Figure 1 - General description of  DEXiPM (b.), detail of  the upper part of  the decision tree (c.) and how DEXiPM is included in a looping 
process for the design of  innovative cropping systems (a.).

DEXiPM, a model for ex-ante sustainability assessment 
of innovative crop protection strategies.

DEXiPM model is a tool developed to assess the multiple aspects of  the sustainability of  innovative crop protection 
strategies. It is meant to be used during the design phase of  cropping systems, making it possible to select the most 
promising strategies before testing them in the field. A wide range of  criteria, covering economic, ecological and so-
cial dimensions is considered. In addition, the model helps identify which conditions (market, policies, pedo-climatic 
conditions) could increase the sustainability of  a specific strategy. The overall structure of  DEXiPM was developed 
to support the design of  innovative arable cropping systems but its generic structure could easily be adapted to other 
cropping systems such as vineyards and vegetable-based systems.
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Model description
DEXiPM was implemented within the DEXi decision support 
system, which allows breaking a problem into smaller thematic 
attributes, organised hierarchically in a decision tree. In DEX-
iPM the overall sustainability is divided up into three compo-
nents, economic, social and environmental sustainability, and 
each of  them is detailed in smaller and less complex issues. 
Inputs of  the model are either a description of  the cropping 
system (crop sequence and crop management) or a descrip-
tion of  the context. Intermediate attributes are qualitative indi-
cators of  sustainability. DEXiPM has been developed by three 
agronomists and one sociologist and then submitted for ap-
preciation by experts from various fields (e.g., weed scientists) 
in order to validate the choice and hierarchy of  the attributes. 
DEXiPM is based on the MASC model and several attributes 
derived from other models and studies have been added. In 
comparison to other assessment tools, special attention has 
been paid to the social and biodiversity aspects.

Model use and conclusions
The model has been used to assess existing or innovative 
cropping systems described within the ENDURE arable rota-
tions system case study.

• Assessment of  cropping systems showed that innovative 
cropping systems with a limited use of  pesticides can have a 
better overall sustainability, despite the fact that some of  the 
attributes can be negatively impacted.
• Because most of  the relevant knowledge on agricultural 
sustainability has been grouped and organised in the decision 
tree, DEXiPM is a good tool to encourage discussions on pro-
posals for innovative systems and should therefore help in the 
design of  innovative cropping systems that will then be tested 
in field.
• The design of  DEXiPM is also based on a state of  the art of  
agricultural sustainability which led to point out gaps in knowl-
edge.

What's next?
Possible improvements were highlighted and the model will 
evolve according to feedback from users and from the on-go-
ing sensitivity analysis.

Contact: Gabriele Fortino, Elise Lô-Pelzer, 
epelzer@grignon.inra.fr 
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Maize case study: current status of pests, pesticide use 
and alternative options in European maize production.

Using maize as a case study, we identified the most serious weeds, arthropod pests and fungal diseases as well as 
classes and amounts of  pesticides applied in eleven European maize growing regions. Several weed and arthropod 
species cause increasing problems, illustrating that the goal of  reducing chemical pesticides is challenging. Poten-
tial options to reduce pesticides and their restrictions are discussed.

Overview of  maize cultivation practices
Our survey, based on data from publications, databases and 
expert knowledge, revealed that maize production systems 
differ across Europe (Figure 1). While mainly silage maize is 
produced in the north, grain production dominates in central 
and southern Europe. Crop rotations range from 80% continu-

ous maize in southwest France to more than 80% well-planned 
rotation systems in the Ebro Valley (Spain), southwest Poland 
and Békés county (Hungary). While wheat was the most com-
mon crop rotated with maize, rotations with up to five crops 
have been practiced in Europe. Despite differences in maize 
cropping, a common set of  weeds, arthropod pests and fungal 
diseases are responsible for the main problems across Europe.

Figure 1: Maize production characteristics. 
Pie diagrams: Maize production type. Numbers in diagrams: Total maize area in the region (in million hectares), numbers out-
side diagrams: average temperature and precipitation from April to October and fertilisers (synthetic and organic) applied per 
year. Bar diagrams: percentage of  maize under IPM (including organic), crop rotation (no maize after maize), and ploughing 
versus low tillage (including no tillage).
Adapted from Meissle et al. (2010), J. Appl. Entomol. 134: 357-375 (Blackwell Verlag GmbH).
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Weeds
More than 50 weed taxa cause problems in European maize 
production. The most important monocotyledonous weeds in 
Europe are Poaceae, such as Echinochloa crus-galli and Setaria 
viridis. Sorghum halepense is a major weed in central and south-
ern regions, while Elymus repens and Poa annua are important 
in northern regions. The dicotyledonous weed Chenopodium 
album is perceived as very important by the experts from all 
countries. Furthermore, Amaranthus spp., different Polygo-
naceae and Solanum nigrum are significant. Some regions 
report increasing problems, mainly with late germinating 
and perennial weeds. Weeds were controlled with herbicides, 
mainly post-emergence, in all European regions on more than 
90% of  the maize production area.

Arthropod pests
The most important arthropod pest is the European corn borer 
(Ostrinia nubilalis), which is present in infested areas in a large 
proportion of  fields (from 20% in Hungary to 60% in Spain) 
and causes yield losses of  between 5 and 30% without control 
measures. In France and Spain, the Mediterranean corn borer 
(Sesamia nonagrioides) causes additional economic damage. 

Between two and four million hectares of  maize in Europe suf-
fers from economic damage due to corn boring pests. Within 
the past five years, populations of  corn borers and other lepi-
dopteran pests have been observed to spread. The western 
corn rootworm (Diabrotica virgifera virgifera), introduced in 
Europe in the 1980s, is currently invading the continent. his 
beetle, which is the most destructive maize pest in the USA, 
causes economic damage in Hungary and other central Euro-
pean countries. Seed treatments and soil insecticides are ap-
plied mainly against wireworms and corn rootworm larvae, 
while foliar insecticides are used to fight corn borers and corn 
rootworm adults.

Fungal diseases
More than 95% of  the maize seeds planted in the surveyed 
regions were treated with fungicides. Fusarium spp. causing 
ear, stalk and root rot are rated as the economically most  
significant diseases in Europe. Major problems are the myco-
toxins due to Fusarium spp., such as fumonisins, trichothecenes 
and zearelenone, which cause severe health problems for ani-
mal livestock and humans. While Fusarium problems have in-
creased slightly in southwest Germany and southwest Poland, 
they decreased in Spain. This can be linked to the growing of  
genetically modified (GM) maize in Spain, which suffers less 
damage by corn borers thus providing fewer opportunities for 
Fusarium spp. to enter and infect the plants. 

Options to reduce pesticides 
Reducing pesticide applications is challenging, especially in 
southern and central Europe, where the pressure from high-
ly competitive weeds and arthropod pests is higher than in 
northern countries. Options to reduce the input of  pesticides  
include choice of  variety, cultural control measures, biological 
control, optimisation of  pesticide application techniques and 
the development of  more specific and less toxic treatments. 

Against weeds, mechanical weed control has already proven to 
work under commercial conditions in several European coun-
tries: in The Netherlands, Italy, France, Spain and Hungary. 
Pre-emergence control using a stale seedbed, as well as post-
emergence cultivation between and within rows, is possible. 

Against the European corn borer, biological control with para-
sitic Trichogramma spp. wasps is practiced on about 150,000 ha 
in Europe with the largest area in France. Efficacy and price 
can be comparable to insecticides unless pest pressure is very 
high. One person can apply egg cards to between three and 
five hectares per hour against first generation corn borer con-
trol. Forecast systems to determine the timing for application 
and efficient logistics are needed for successful application. 
Another strategy to control corn borers including the Mediter-
ranean corn borer is the use of  GM maize expressing an insec-
ticidal protein derived from the bacterium Bacillus thuringiensis 
(Bt). In the EU, Bt maize was cultivated on 107,000 ha in 2008, 
mainly in Spain.

Major restrictions on alternative pest 
control methods
Pesticides are relatively cheap and efficient, supply chains ex-
ist and growers are equipped to apply them. Several restric-
tions need to be overcome to enable alternative pest control 
methods to replace pesticides in an economically competitive 
way:

1/ Availability. Technology and machinery need to be availa-
ble and new methods, new application techniques or schemes 
for reduced pesticide doses need to be adapted to regional 

The European corn borer (Ostrinia nubilalis) is the most important 
arthropod pest in Europe. 
© Agroscope ART. / Gabriela Brändle.
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environmental conditions and pest problems. In the case of  
GM crops, the denial of  authorisation by regulatory agencies 
limits their availability to growers.

2/ Organization. Alternatives to chemical pesticides often re-
quire a reorganisation of  cultivation steps. Exact timing de-
mands flexibility and in some cases additional workers within 
a window of  a few days. Sharing of  machinery and services 
from specialised contractors may solve this problem.

3/ Grower knowledge and training. Growers often perceive 
alternative pest management strategies and IPM concepts 
as complex, which limits their willingness to change farming 
practices. Grower-advisor-researcher partnerships, participa-
tion in commercial field trials, grower schools with field train-
ing days, and education of  consultants may lead to success 
that motivates other growers to follow.

4/ Economics. New strategies can only be sustainable if  they 
provide longer term benefits and are economically competi-
tive with current strategies. Subsidies or authorisation rules 
can help to initially establish environmentally friendly meth-
ods. The new production system needs to result in an aver-
age income for the grower comparable to the previous system. 
Production costs, yield, market prices and costs for new equip-
ment need to be considered.

5/ Interactions of  different strategies. For new pest man-
agement strategies applied to solve one particular problem, 
potential consequences for other pest complexes need to be 
considered. While interactions are generally limited for rather 
specific methods, such as mechanical weed control, biologi-
cal control or Bt maize, cultural methods, such as the change 
of  planting date, crop rotation, or tillage regimes, often have 
complex consequences on the cropping system.

Further reading

Meissle et al. (2010) Pests, pesticide use and alternative op-
tions in European maize production: current status and future 
prospects. Journal of  Applied Entomology 134: 357-375. 
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-
0418.2009.01491.x/pdf

Three Maize Case Study Guides are available on http://www.
endure-network.eu/endure_publications/endure_publications2:

Guide 1: Non-chemical control of  corn borers using Tricho-
gramma or Bt maize 

Guide 2: Western corn rootworm in Europe: Integrated Pest 
Management is the only sustainable solution

Guide 3: Prevention of  ear rots due to Fusarium spp. on maize 
and mycotoxin accumulation 

Contact: Franz Bigler, franz.bigler@art.admin.ch
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Evaluating strategies for Integrated  
Weed Management in arable crops 

Integrated Weed Management is a key issue for European arable crops. An experiment conducted on maize crops 
in three European locations showed that there is a potential for reducing the reliance on herbicides. However, IWM 
should be designed and evaluated over the long term and preferably on diversified crop rotations to monitor weed 
community dynamics and identify possible trade-offs between agronomic, environmental and economic issues.

This article is based on the activities completed within the 
Integrated Weed Management case study conducted by the 
ENDURE network. The group included weed scientists from 
Denmark, The Netherlands, Germany, France and Italy.

Why is weed management a key issue 
for European agriculture?
Weed management is a key issue for European agriculture, 
particularly in arable crops, because (a) it is currently based 
on frequent herbicide treatments (typically a Treatment Fre-
quency Index ranging from 1.5 to 2.5 in most crops throughout 
Europe, except of  course in organic farming), (b) herbicides 
are the most frequently found pesticide residues when analys-
ing the quality of  surface and ground-waters, and (c) the devel-
opment of  weed populations resistant to the most frequently 
used herbicides is a real threat for the sustainability of  current 
chemical weed control strategies. Weed management is also 
a key issue because farmers involved in participative research 
for reducing pesticide use have often been unsuccessful in re-
ducing herbicide inputs.

What is Integrated Weed  
Management (IWM)?
The concept of  IWM is to maintain balanced weed floras 
and to reduce the reliance of  cropping systems on herbicides 
by adopting all available tools for decreasing weed pressure 
and competition. Because the available techniques typically 
have lower individual efficacy than herbicides, IWM requires 
the combining of  different measures, hence deeply modifying 
cropping systems.

IWM in maize: a joint multi-local  
experiment
A joint multi-site experiment was performed in 2007 within the 
IWM ENDURE case study. The experiment compared three 
weed management systems in maize, namely a) a standard 
reference following the local common weed control measures, 
b) an intermediate IWM system, and c) an advanced IWM 
system. The experiment was repeated in three locations, Pisa 
(Italy), Dijon (France) and Flakkebjerg (Denmark), and both 
the standard reference and the IWM measures were adapt-
ed to local constraints. Similar levels of  IWM were achieved 
through different combinations of  pre-emergence cultivations, 
pre-emergence harrowing, increased crop density, N banded 
fertilisation, reduced post-emergence herbicide doses, band-
spraying of  herbicides, mechanical weeding using weed har-
row and/or inter-row hoeing.

Is IWM efficient for controlling weeds 
with low levels of  herbicide inputs?
In all three locations, herbicide use was reduced in IWM plots, 
either expressed as the amount of  active ingredient per hec-
tare or as Treatment Frequency Index (TFI). The environmen-
tal impact evaluated with the I-pest indicator was also lower in 
IWM. Weed control efficacy was high and satisfactory in the 
intermediate IWM system in all three locations as well as in the 
advanced IWM in Dijon. However, the quality of  weed control 
was lower in advanced IWM both in Pisa and in Flakkebjerg. 

Herbicide use and associated estimated environmental impact in the three weed control strategies and the three locations.  
A: amount of  active ingredient per hectare; B: Treatment Frequency Index (TFI); C: I-pest index, an indicator of  environmental impact developed 
by INRA-Colmar
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Is IWM easily adopted by farmers?
There are many factors hampering the adoption of  IWM by 
farmers, among which the most important are related to the 
very high efficacy of  chemical control and to the increase in 
the complexity of  the system associated with the implemen-
tation of  IWM. Hoeing with currently available tools is more 
time consuming than spraying herbicides. Crop yield might be 
lower in IWM, either because of  increased competition from 
weeds (as probably happened in the Pisa experiment) or be-
cause of  the direct effects of  the weed management option 
(as happened in Dijon, as a consequence of  post-emergence 
weed harrowing). However, lower yields might be compen-
sated by lower input costs. Another limit for IWM adoption 
is the rational fear of  an increase in the seed bank that might 
occur, even with a small decrease in weed control efficacy. 
Any increase in weed seed production should be countered 
by measures taken at the cropping system level, such as di-
versifying crop rotations, a measure that is likely to affect the 
system’s economic profitability and requires deep changes in 
the organisation of  the agricultural market.

What are the future prospects for IWM 
research and development?
The development of  IWM both at research level and field im-
plementation will depend on four major factors:
• A network of  long-term experiments for testing various 
IWM strategies, including strategies based on diversified crop 
rotations, and assessing their agronomic, environmental and 
economic sustainability
• The development of  novel technologies for improving weed 
control with lower herbicide use, such as precision mechanical 
weeding
• The availability of  user-friendly, locally adapted and reli-
able Decision Support Systems for the major European arable 
crops
• The testing of  novel IWM strategies has thus far been poorly 
investigated in Europe, particularly strategies based on direct 
seeding in mulches and cover crop residues. Such strategies 
are radically different from previously tested ones, which were 
based on soil tillage and mechanical weeding, and might be a 
way of  solving the trade-offs between pesticide use, economic 
profitability and other environmental issues.

Contact: Bo Melander, Bo.Melander@agrsci.dk 
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A systems approach to improve the sustainability 
of crop protection in European maize production

Maize-based cropping systems differ significantly across Europe, so a specific activity within ENDURE produced 
a description of  the current situation, and listed and analysed advanced and future innovative tools for IPM. The 
results of  two expert-based surveys were evaluated using a SWOT analysis and a qualitative and multi-attribute 
model developed within ENDURE. They showed that although maize is cropped differently across Europe, some 
recommendations regarding the use of  five innovative tools are common to all countries.

From a ‘crop x pest’ approach to  
a system approach
In order to properly address crop protection in European 
maize production and achieve more sustainable production 
with less pesticide use or dependence, a regionally or even lo-
cally adapted maize based cropping system (MBCS) approach 
is essential, i.e. crop protection should consider not only single 
‘crop x pest’ binomials but all variables, constraints and op-
portunities within the cropping systems where maize plays a 
major role.

Current, advanced and innovative MBCS 
evaluated in four EU regions
MBCS differ significantly across Europe, so a specific project 
within ENDURE began by producing a description of  the cur-
rent situation, followed by a list and an analysis of  possible 
advanced and innovative tools in IPM. MBCS were classified 
on the basis of  three important parameters that strongly de-
termine the characteristics of  the system and its crop protec-
tion practices: the type of  maize production (grain or silage), 
the cropping sequence (crop rotation or continuous maize) 
and irrigation (irrigated or not). Four important and diverse 
European maize producing regions were considered as case 
studies: the northern region consisting of  Denmark and The 
Netherlands, the central-eastern region represented by Hun-
gary, the south-western region represented by the Ebro Valley 
in Spain and the southern region with the Po Valley, Italy. 

Expert-based surveys to acquire  
and exploit diffused knowledge 
Two expert-based surveys were conducted; in the first, experts 
were asked to identify main MBCS across the four European 
regions, their current crop protection status, plus advanced 
practices (i.e. already available but not implemented) against 
major pest, weed and disease problems in these systems; while 
in the second they were asked to evaluate the potential nega-
tive, neutral or positive agronomic, environmental, economic 
and social impacts that innovative IPM tools (those that could 
be developed and implemented within the next five to 10 
years) could have on MBCS in the future. An analysis was per-
formed on MBCS of  the four European regions to determine 
the strengths, weaknesses, opportunities and threats (SWOT) 
of  the systems identified. Using the data collected from the 
expert-based surveys, partners of  the MBCS group described 
current systems (CS) and proposed the equivalent advanced 
(AS) and innovative (IS) systems by providing the general in-
formation/context (site, soil, climate, regional context) and 
the main crop protection and management practices for each 
system/region. The DEXiPM® model for arable crops, a qual-
itative and multi-attribute model developed within ENDURE, 
was used to evaluate and compare the environmental and 
economic sustainability of  the current, advanced and innova-
tive systems of  each region. The social evaluation was done 
through an adaptation of  the social parameters of  DEXiPM.

Maize crops in Hungary. 
© Szent István University / Peter Hoffmann.

Maize crops in Denmark. 
© Aarhus University / Per Kudsk.
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Different cropping systems across Europe 
but some common recommendations
In the northern region, maize is mostly cultivated as non-irri-
gated continuous silage maize or rotated with grasses, while 
in the central-eastern region the major systems are non-irri-
gated continuous grain maize or in rotation mainly with win-
ter wheat, or oilseed rape and sunflower. In the south-western 
region, irrigated grain and silage maize/winter wheat rotations 
are prevalent, as well as irrigated continuous grain maize. In 
the southern region, irrigated grain maize rotated mainly with 
winter wheat or soybean is the main system identified, while 
other important systems include rotated and irrigated silage 
maize, as well as continuous and irrigated grain maize.

 The SWOT analysis highlighted agronomic, environmental 
and economic strengths as well as more economic weak-
nesses for MBCS in rotation; whereas economic strengths, 
and more agronomic and environmental weaknesses, were 
identified for continuous MBCS. The same opportunities were 
identified for both types of  systems, while more threats were 
highlighted for continuous MBCSs. In most of  the studied re-
gions, crop rotation is considered a key factor for crop protec-
tion sustainability.

The results of  the expert based surveys gave advisers and 
farmers indications on the options available for crop protec-

tion in MBCS for immediate implementation of  IPM. The 
experts’ proposals and consideration of  advanced practices 
stressed the diverse crop protection situations in Europe, as 
practices already implemented against a specific pest in one 
region were proposed as advanced or even innovative in an-
other. However, experts from all regions recommend using five 
innovative tools for IPM implementation in MBCS. This signifi-
cant outcome shows that in the future IPM could be unified at 
the European level. These recommendations included:
• Tolerant/resistant maize cultivars 
• Early detection methods
• Pest and disease forecasting models 
• Precision/patch spraying using GPS spray maps, 
• Community-based decisions through information sharing. 

Environmental, economic and social  
sustainability were evaluated
The DEXiPM evaluation of  continuous and rotated CS/AS for 
each region showed an improved environmental sustainabil-
ity in northern and central-eastern regions, and overall higher 
environmental quality in the AS proposed for all countries/
regions. It also indicated improved (southern region) or stable 
economic sustainability in the AS proposed for all countries/
regions. The evaluation showed that proposed AS are environ-
mentally and economically acceptable for testing under ‘real’ 
field conditions. In contrast, CS/AS of  all countries/regions 
were not sustainable from a social point of  view, although the 
northern region had a higher level of  sustainability in all sys-
tems due to higher on-farm knowledge and skills, and better 
external support network (poor in Spain, Italy and Hungary). 
An evaluation of  innovative systems and comparison with the 
equivalent (continuous or rotated) current and advanced ones 
is underway. 

Regional policies that promote applied multi-disciplinary re-
search and incentives to encourage the adoption of  advanced 
and innovative IPM strategies in MBCS are essential. This re-
search should evaluate systems that are economically com-
petitive with current ones but have longer term benefits.

Contact: Jozsef  Kiss, Jozsef.Kiss@mkk.szie.hu 

Rotated maize in the Ebro Valley, Spain. 
© UdL  / Belén Lumbierres and Xavier Pons.

Maize plants damaged by European corn borer  
(Ostrinia nubilalis Hübner). © CNR / Maurizio Sattin.



Integrated Pest Management in Europe | 39

Improving the sustainability of crop protection 
strategies and reducing dependency on pesticides



endure diversifying crop protection

2
To meet the EU-policy on crop protection, 
new scientific operational IPM-tools have to 
be developed, integrated, validated and dis-
seminated to farmers and, most importantly, 
used by them in their daily practice of  farming. 

This chapter is dealing with the last links of  this chain 
which are probably the most difficult parts. Farming 
is very complex and crop protection is only one part 
of  the day-by-day management. Chemical crop pro-
tection has for a long time been a reliable insurance 
for harvesting a productive crop. Although during 
the last decades IPM methods have been developed 
for practical use, with focus on prevention, warning 
systems, control methods without pesticides, and 
precision technologies, not much has been imple-
mented yet by the farmer. It is not unwillingness but 
IPM is a much more complex practice for crop pro-
tection than the present pesticide-use. The farmer 
must have much more knowledge on prevention 
methods as intercropping, seed quality, monitoring 
devices to follow-up epidemiology of  the pest, know 
how of  damage thresholds and of  Decision Support 
Systems which include bio-control as well. Integrat-
ing all this, he/she must be able to take an appropri-
ate measure at any time during the growing season, 
and trust that the risk of  crop loss will be acceptably 
low at harvest time.  And this complex system has 
to fit in the already complex day-by-day decisions 
the farmer has to take to run his farm. Therefore it 
is understandable that it is very difficult for a farmer 
to replace the current practices of  pesticide-use by 
IPM. 

This poses the challenge of  how to create a break-
through in the current way of  working by farmers 
and how to get them use IPM as a reliable crop 
protection method. A common approach is that sci-
entists show farmers that IPM is working in dem-
onstration fields. A criticism by farmers is that a 
demonstration field is not a farm, interesting but not 
applicable in a real farm. And even if  IPM is suc-
cessfully demonstrated at a real farm a common ar-
gument is that this farm is completely different from 
his own a few kilometers away. And the farmer is 
probably right!

So if  bringing science to practice is already a big 
challenge regionally, how can we expect that EN-
DURE-knowledge from all over Europe can be 
useful for the individual farmers in the various coun-
tries? Is it not an unrealistic Sisyphus job?

Maybe, but there is one advantage: farmers rely 
heavily nowadays on the advise of  highly skilled and 
specialized crop protection advisers.  Innovative ap-
proaches from advisers are trusted by the farmers 
as long as the outcome turns out well. Therefore we 
decided that for extension Endure should focus 
on advisers rather than on farmers directly. Another 
advantage is that most advisers in the EU have a 
grasp of  English the lingua franca of  all ENDURE 
output. We also tried to avoid the pitfall of  the one-
way knowledge route from science to advisers. In 
many countries we had already experienced that 
supply driven knowledge transfer does not work. 
Most scientific information is not applied enough to 

Interfacing with European farm 
advisers and IPM trainers 

EXTENSION
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be translated by an adviser for practical use. And a 
psychological burden is that one does not happily 
embrace information you have not asked for. What 
we needed was a demand driven chain, but how do 
you create a demand from advisers? 

We tried to tackle this problem in two ways. First 
we informed advisers about ENDURE and tried 
to form a network of  advisers. Secondly we set up 
the ENDURE Information Centre (ENDURE IC), a 
web-based data system on IPM, with science based, 
(but not scientific papers) very applied information 
on IPM from the various EU-countries. We antici-
pated that most advisdrs have no good international 
network and do not have good access to applied 
information from abroad. We also anticipated that 
advisers are interested in new knowledge as they 
also live in a competitive world, with a need to con-
tinuously innovate their advices.  So we made a 
prototype of  ENDURE IC specially designed for ad-
visers, we invited advisers from different countries 
during some field demonstration events where we 
had a booth with our protoptype, and asked them 
to give serious feed back after trying-out.  We also 
presented some card games and other new training 
material where the player should choose the cor-
rect IPM-measure for a pest diagnosis, as the ad-
viser comes across every day. In this way we hoped 
to accomplish both assets, a network where advis-
ers learn from each other and learn from science by 
adopting the ENDURE IC as their own knowledge 
platform. In this way we tried to accomplish a more 
demand driven knowledge platform for advisers.

The two following articles give more details. The 
first one informs on how the ENDURE IC has been 
build, what information has been and will be up-
loaded, and how information can be retrieved by 
advisers in an interactive way. The second article 
is about the testing of  the prototype, the criteria of  
selection of  sources, the important feed back of  the 
advisers testing groups and the way to enlarge the 
content and the network of  advisers.

The ENDURE scientists form just the interface of  
the ENDURE IC. We realize that the success de-
pends on an enlarging enthusiastic user group of  
advisers, which will depend on the quality and the 
increasing amount of  new and valuable knowledge 
that can be retrieved. Therefore we decided that 
after the end of  EU funding of  ENDURE, the EN-
DURE IC will be continued, updated and enlarged 
to benefit the advisers network.

But there is only one way to convince you…try EN-
DURE IC yourself  at the congress in Paris during 
the workshops (and after that whenever you like).
 

the ENDURE network of  excellence shares 
the fruit of  4 years research with the Crop 

protection community
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Endure Information Centre linking European 
researchers and advisers

The ENDURE Information Centre is an online web-application which aims at disseminating knowledge on IPM 
and non-chemical alternatives towards advisers. Developed by scientists with the support of  advisers, it enables 
interactive searches of  crop protection measures by crop, pest and region. The system is available at http://www.
endureinformationcentre.eu. 

Search in ENDURE IC
ENDURE IC database contains up to 1000 national docu-
ments, reviews and links about IPM and non chemical alterna-
tives of  several European Countries. The application provides 
an interactive tool which enables multilingual searches in a 
database.  The search can be done by combinations of  crop, 
pests, diseases, measure and region or by a free text search 
system.

After the search, the title of  an English abstract and a one line 
summary are displayed in an overview result list whereupon 
the user can select the detailed view. The detailed view con-
tains the English summary based on the national documents 
and the original documents or sources if  available.

Development of  the system
The development of  ENDURE Information Centre (ENDURE 
IC) followed a prototyping approach, based on the joint col-
laboration of  advisers with researchers. First, to identify the 
needs a quick scan was conducted among the target end  
users, i.e. advisory organisations. Researchers and representa-
tives of  advisers involved in ENDURE used the results of  the 
questionnaire to build a first version of  the application. Special 
attention was paid to the layout, to make the interface intuitive 
and easy-to-use. Information needs and functionalities were 
then discussed with advisers during test sessions organised 
in Germany, United Kingdom, France, Denmark, Spain and 
The Netherlands and during 2 international agricultural events 
(Euro Potato, 2008 in France and Cereals 2009 in United King-
dom). Discussions provided feedback to improve the application. 

Quality selection
The aim of  the ENDURE IC is to present a European quality 
selection of  sources and documents about integrated and non-
chemical control measures in plant protection. All presented 
measures are aimed to result in less reliance on pesticides.  
The majority is ready to use in practice. This means that the 
information is scientifically sound, but also that the measures 
were tested in the field, and cost-effective. Other results (ex-
perimental) inform users about measures which can provide a 
solution for a given problem but cannot be recommended as 
best practice: they have been tested in experimental fields, but 
adoption is only possible under specific conditions. 

Knowledge for this quality selection is generated from vari-
ous national sources as well as inside the ENDURE Network. 
Sources can be research reports, journal and magazine arti-
cles, “grey literature” such as trial reports, websites, leaflets, 
reports, videos, articles, newsletters etc. The selected sources 
have the potential to be shared across Europe and provide in-
formation and has been judged by members of  the ENDURE 
network. 

Even if  only ENDURE members have uploaded documents 
until now; external experts are invited to contribute to the 
ENDURE IC. A manual is developed to explain the selection 
criteria for the content, to guide the upload and a harmonised 
presentation of  content.

Endure Network of  Advisers
To stimulate a successful dissemination of  IPM with ENDURE 
IC the involvement and commitment of  advisers is a key fac-
tor. The ENDURE Network of  Advisers gathers advisers from 
different European countries, linked by their interests in differ-
ent areas of  crop protection. It is a unique space for communi-
cation and knowledge exchange among advisers from Europe, 
which is challenging considering that there is no such tradition 
and that advisory systems differ greatly among countries. The 
members of  the ENDURE Network of  Advisers get informed 
by electronic newsletters about the application and new con-
tent and are encouraged to provide feedback, share informa-
tion and contacts.

Contact: Herman Schoorlemmer, 
Herman.Schoorlemmer@wur.nl  
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The IPM training guide, an Endure tool  
to facilitate training on IPM.

This guide is a collection of  IPM information in the format of  leaflets, data sheets and training modules to be 
adopted by farm advisers and trainers involved in the implementation of  IPM in Europe. 
The information is based on the general European IPM principles and participative form of  trainings. Thanks 
to the information in the Training Guide, each trainer has an efficient starting point for building locally adapted 
training courses in IPM. More particularly, the Training Guide helps finding information or documents on the 
ENDURE website.

The Training Guide consists of  the following four sections:
• Convincing arguments
• Training methods/methodology
• Tools
• Content and modules

Lying as a backbone in all sections, is the principles of  IPM, 
meaning that all materials are collected and described in ac-
cordance with the IPM principles, as mentioned in annex III 
of  the EC directive.

The Training Guide is designed as a tool for teachers and 
trainers. It should provide them with enough information and 
materials for them to build their own local training sessions. 
The Training Guide is not meant to be the only source of  
information about IPM, but should rather function as a solid 
starting point for teachers and trainers.

Besides an introduction to each of  the 4 sections, the TG con-
sists primarily of  sheets describing the arguments, methods 
and tools. The content and modules section consists mainly 
of  ready-to-use presentations from which the trainers and 
teachers can take relevant passages and include in their own 
training materials.

The sheets are one-page descriptions of  the principle in focus. 

The sheets are all build over the same frame, with WHAT IS, 
WHY, HOW and SOURCES as the headlines.
• �WHAT IS gives an introduction to the argument, 

method or tool. 
• �WHY justifies why it is relevant in an IPM training context. 
• �HOW gives information about how to apply the argument, 

method or tool in a training session (e.g. for which type of  
audience a special methodology is especially relevant).

• �SOURCES tells the trainer or teacher where to find further 
information about the subject described 

A number of  Training Leaflets are also linked to the Training 
Guide. These leaflets provide a more thorough description of  
a subject of  relevance to the trainers.

The ENDURE IPM Training Guide is available through the 
ENDURE Homepage (www.endure-network.eu) and the EN-
DURE Information Centre (http://www.endureinformation-
centre.eu/).

Contact: Philippe Delval, Philippe.delval@acta.asso.fr

Interfacing with European  
farm advisers and IMP trainers
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ENDURE Information Centre  
a tool for knowledge integration and dissemination

The ENDURE Information Centre (ENDURE IC) is a dynamic web-application which disseminates scientific 
knowledge and practical information on integrated pest management (IPM) outside the network, thus supporting 
the adoption of  IPM across Europe. It is available online via: http://www.endureinformationcentre.eu.
Inside the ENDURE network it provides knowledge management services 

The ENDURE IC has made an important contribution to the 
integration and dissemination of  crop protection knowledge 
across Europe. A central point of  reference in integrated crop 
protection was created.  Expert knowledge, recommendations 
and advice about measures and strategies in integrated pest 
management, including non-chemical alternatives, are made 
accessible for extension services, advisers, farmers and re-
searchers. For working with the ENDURE IC a user interface 
was created that allows public users to sift through the content 
and enables registered users to include new content.

In addition, the back office facilities of  the application serve as 
a tool for the integration and management of  internal knowl-
edge and research results inside the ENDURE network. It is 
limited to authorised users based on a log in. The search and 
upload mechanisms are identical to the mechanisms of  the 
ENDURE IC.

Technical implementation
The multipurpose roles of  use of  the ENDURE IC, for public 
online use and for internal knowledge management, require 
a suitable data model containing the meta-data and the con-
tent. The ENDURE IC is not a database from a technical point 
of  view but it does use a database to save the content in a 
structured manner. Working with such structured data requires 
processing it before presenting it to the user. The model dis-
tinguishes between information-based data (crop, pests and 
diseases, topic) and knowledge-based data (report, project, 
internal backoffice, abstract, source). 

To enable collaboration between the different applications 
developed by the ENDURE network, the members of  the 
Technical Task Force agreed on introducing the concept of  
‘knowledge types’. This concept uses an abstract entity (data 
unit) called ‘knowledge’ to determine which meta-data are 
commonly shared by all ENDURE applications. Among other 
information these meta-data include categories crop, pest and 
topic. Therefore the content is represented by the abstract en-
tity ‘knowledge’ which is extended for each single application 
by the application-specific information.  Thus the approach 
presents two advantages. It allows cross-application searches 

among these meta-data and the data need to be created only 
once and are shared across the different applications. 

In the ENDURE IC the data structure is extended by several 
types of  ‘knowledge’. These knowledge types (blue in figure 
1) reflect different kinds of  information which is offered for 
different target groups, i.e. for public online use or internal use 
by scientists. The reports of  specific IPM methods, e.g. ‘ex-
pert reviews’ or ‘document summaries’, projects are directly 
accessible for public use. In contrast, the Internal Backoffice is 
designed to distribute ENDURE work documents, intended for 
internal use only or even comprising confidential information.

Within the database the described knowledge is associated 
with the true data (in green colour). Each knowledge type 
contains the abstract as the content part covering multilingual 
textual information as well as its sources (files, links, and lit-
erature).

Dissemination and Integration  
into the future
The successful development of  the ENDURE Information 
Centre contributes with its multiple functions to the integra-
tion and dissemination of  practical and scientific knowledge 
on integrated pest management to and for different stakehol-
der groups. In the future also external experts, after registra-
tion, can integrate their knowledge via the online interface into 
ENDURE IC. The application will be sustained beyond the EC 
funding period in the ENDURE European research group and 
provide a valuable tool for practitioners and research in the 
future. 

Contact: Silke Dachbrodt-Saaydeh, 
silke.dachbrodt-saaydeh@jki.bund.de 
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Figure 1 – Implementation concept.

Interfacing with European  
farm advisers and IMP trainers
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3
In a case study we investigated the elements 
that need to be considered in an overall sus-
tainability assessment. Experts from five re-
gions suggested crop protection strategies that 
were analysed by life cycle assessment, envi-
ronmental risk assessment and full cost calcu-
lations in order to aggregate these results to 
an overall sustainability rating. As a result we 
present a new tool for rating sustainability and 
highlight the potential of  new crop-protection 
strategies to improve the environmental and 
economic sustainability.

A network to cope with the  
complexity of IPM in orchards

European agricultural policy requires the imple-
mentation of  integrated pest management (IPM) by 
2014 and all members of  the EU have to propose a 
national action plan adapted to regional conditions. 
Therefore methods and tools to evaluate the over-
all sustainability of  region-based IPM strategies are 
needed. Methods that include environmental and 
socio-economic aspect do exist (e.g. RISE) how-
ever, these tools do not attempt to aggregate the 
various aspects of  sustainability to a rating of  the 
overall sustainability of  a system. Multi-attributive 
decision making offers a methodological framework 
suitable to define hierarchical trees of  attributes that 
build up a rating for an overall sustainability. Such 
multi-attribute studies have in common that they 
allow reflecting the complexity of  agricultural sys-

tems adequately. The number of  attributes used 
in such models is very high, usually more than 80 
attributes. Although such large attribute trees can 
easily be handled by computer programs, much ef-
fort is required to understand and communicate the 
cause-effect relations in these complex models. The 
goal of  the research activity on multi-criteria as-
sessment was to investigate a suitable methodology 
to evaluate sustainability of  current and novel crop 
protection systems. Examples of  apple production 
in five European regions demonstrate the utility of  
the proposed methods. We experienced that the so 
called ‘SustainOS’ methodology highly supports de-
fining and optimizing region-specific crop protec-
tion strategies for orchard systems. A network as we 
established during the orchard system case study is 
a very effective way to cope with the complexity 
of  crop protection optimization in order to discover 
the relevant points for improving the sustainability 
of  orchard systems.

Defining new crop protection 
strategies in apple orchards

The crop protection strategies address major* and 
minor problems. For disease control these are: ap-
ple scab* (Fig. 1), powdery mildew, fire blight, stor-
age diseases, others e.g. calyx rot. For arthropod 
control: coddling moth* (Fig. 2), other lepidopter-
ans, aphids, spider mites and other pests. For weed 
control: dicots, monocots and root sucker.

Demonstration in the case of  apple orchards

Multi-criteria  
assessment of  
sustainability
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Experts in five countries defined crop protection 
strategies for apple orchards with quantitative data 
from their respective region. For each country a 
baseline, two advanced and one innovative system 
had been defined as follows:

BS = Baseline System
It is used as the reference system for comparison 
of  the Advanced and Innovative Systems. It is not 
necessarily representative of  what is carried out in 
each region. It is defined as a crop protection sys-
tem where only synthetic chemical pesticides are 
used. The pesticides are selected and used within 
the legal framework referring to the year 2009. The 
criteria to select the pesticides are mainly efficacy 
and price and, secondarily, selectivity to the main 
natural enemies. Pesticide resistance management 
and decision support systems for the main pests are 
taken into account and used.

AS1 and AS2 = Advanced Systems
Both of  them are defined as crop protection sys-
tems where non-conventional chemical control 
techniques are preferred to pesticides. AS2 is a 
more advanced system than AS1, in terms of  crop 
protection techniques used and ecotoxicity. The 

techniques used in AS1 are available in the market, 
and might be used by the average grower in about 
five years. The techniques used in AS2 are in their 
final steps of  implementation, and, consequently, 
they may be used by pioneer growers. Pesticide re-
sistance management and decision support systems 
for most of  (AS1) or all the pests (AS2) are taken 
into account and used. The criterion to select the 
pesticides is mainly ecotoxicity, paying special at-
tention to selectivity to the main natural enemies.

IS = Innovative System
It is defined as a crop protection system where the 
ecotoxicity is further reduced to the minimum. The 
crop protection techniques used are not yet com-
mercially available, but already under research, such 
as multi-gene resistance.

Countries/regions under study: CH = Switzer-
land - Lake Constance region, GER = Germany - 
Lake Constance region, NEL = The Netherlands, 
FR = France - Rhône valley, ES = Spain – Lleida.

Multi-criteria  
assessment of  
sustainability

the ENDURE network of  excellence shares 
the fruit of  4 years research with the Crop 

protection community

Figure  1 - Apple scab on leaf  and fruit. © Agroscope ACW.

Figure  2 - Coddling moth: adult and damage. © Agroscope ACW.
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Orchards in different  
countries need different  
IPM strategies

Over all, AS1 and AS2 demonstrate that in all five 
countries the “ecological sustainability” can be im-
proved using alternative measures that are available 
on the present markets. The optimization was mainly 
achieved by using the ‘SustainOS’ tool in an iterative 
process including experts from each country. The 
information concerning the environmental quality 
and human toxicity was provided by Life Cycle As-
sessment and the risk indicator model SYNOPS for 
each active ingredient. Most of  the time, the toxicity 
of  the crop protection systems was mainly caused 
by only one or few active ingredients. Thus, the op-
timisation process was based on the following three 
optimization approaches:

• �Replace active ingredients (A.I.) with the highest 
environmental impact with A.I. with a lower im-
pact, if  possible

• �Replace or reduce the number of  applications of  
A.I. by alternative crop protection measures (e.g. 
exclosure netting, resistant cultivar, pheromones)

• �Enhance drift reduction to more than 75% (e.g. 
special sprayers, hedges).

The current situation for apple production is that 
farmers apply crop protection strategies which are 
combinations of  our defined Baseline System (BS) 
and the Advanced Systems (AS1 or AS2). The por-
tion of  these three strategies might be different from 
country to country and from region to region. It is 
very likely that an increase of  AS2 strategies in all 
countries would improve the ecological sustainability. 

Since the Innovative Strategy (IS) has the most 
promising potential for improving the overall sus-
tainability of  crop protection in apple orchards, 
we recommend furthering all measures that would 
speed-up the time for alternative methods that are 

today only working in trials or laboratories to be 
available in the market. 

IPM strategies have to be developed and imple-
mented on region-specific characteristics since the 
design of  advanced strategies differ in many details 
among the regions. A tool like “SustainOS” could be 
very helpful for defining and optimising advanced 
and innovative systems. 

Contact: Franz Bigler, franz.bigler@art.admin.ch 
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Methodology for evaluating environmental  
and economic sustainability of crop protection 
systems

We developed and applied quantitative and qualitative methodology to evaluate the sustainability of  four crop 
protection systems in apple orchards. Quantitative methods were used for economic analyses, for Life Cycle As-
sessments (LCA) and for assessing the potential terrestrial and aquatic risks of  pesticides. The values calculated 
were then entered as qualitative output variables in a multi-criteria approach rating the overall sustainability of  
crop protection systems. The methodology and its tool was developed in our study and is called “SustainOS”. 

“SustainOS” – A new methodology for 
assessing sustainability
We developed and applied a multi-criteria procedure for sus-
tainability assessment of  orchard systems that includes five 
elements. The starting point is to choose parameters that de-
scribe the farming systems (Figure 1, a). These parameters 
are then used to conduct quantitative assessments referring 
to the main pillars of  sustainability. In our case we focused 
on ecology and economy (b). Results of  the quantitative as-
sessments (e.g. the terrestrial ecotoxicity of  pesticide use cal-
culated with Life Cycle Assessment) are then entered at the 
bottom of  a hierarchical attribute tree as basic attributes (c). 
These are marked in green on Figure 2, at the bottom of  each 
branch. Here the quantitative results are rated relatively to a 
reference system called the Baseline System (e.g. “better than 
Baseline”, “worse than Baseline”). We then apply the multi-
criteria method in order to aggregate them into attributes of  
higher levels (d). The aggregation process results in the rating 
of  the overall sustainability of  the described crop protection 
system (e). However, optimising crop protection systems re-
quires knowing which parameters have the highest influence 
on the overall sustainability. Such cause-effect relations can be 
easily obtained by investigating the results top-down (white ar-
rows) in the following scheme:

Figure 1 - The ‘SustainOS’ methodology for optimising the 
overall sustainability of  orchard systems. Red arrows mark the 
direction of  the assessment process. White arrows show the direction of  
the reflection process in order to optimise the system description.

Quantitative assessment methods
The economic assessment highlights the average profitability, 
the financial autonomy and the income risk. Crop profitability 
evaluates the economic efficiency of  the orchard systems by 
calculating the family income per labour hour, the total pro-
duction cost per kilogramme of  first-class apples as well as 
the net profit per hectare. Farm autonomy is represented by 
the amount of  invested capital per hectare and the return on 
investment. Production risk is represented by calculation of  
the income variability due to the standard deviation of  yield 
and fruit quality over the life span of  the orchard. Further-
more, the income risk is considered by estimating the portion 
of  years with a dramatic yield loss, i.e. years with less than half  
of  the average harvest. 

The eco-inventories were calculated using the information 
provided by the expert group and the inventories from the 
ecoinvent and ART databases (ART = Agroscope Recken-
holz-Tänikon, Switzerland). The analysis includes the infra-
structure, inputs and processes used in the apple orchards. 
Assessment models developed by ART are used to estimate 
the various direct field emissions (i.e. NH

3
, N

2
O, Phosphorus, 

NO
3
-, heavy metals and pesticides). Referring to the basic at-

tributes related to LCA the following impacts are calculated: 
demand for non-renewable and renewable energy resources, 
global warming potential over 100 years, terrestrial and aquat-
ic eco-toxicity potential, human toxicity potential, eutrophica-
tion potential. 
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The indicator model SYNOPS assesses the potential risk for 
terrestrial (i.e. soil and field margin biotopes) and aquatic  
(i.e. surface water) organisms caused by the application of  pes-
ticides. SYNOPS estimates for each application the loads of  
active ingredient in the soil, edge-biotopes and surface water 
considering the exposure pathways drift, run-off, and drainage. 
Based on the estimated loads of  active ingredients a time-
dependent curve of  the predicted environmental concentra-
tion (PEC) is derived. From the time-dependent concentration 
curves, the acute and chronic risk potentials are derived by 
relating the maximum PEC values to the lethal concentration 
(LC50) and to the no-effect concentration (NOEC).

Economic and environmental  
sustainability rating
A hierarchical attribute tree was built both from top-down as 
well as from bottom-up. The resulting tree is given in Figure 
2.: From top-down the ecological attributes  'Resource use', 
'Environmental quality' and 'Human toxicity' as well as the 
economic attributes 'Profitability', 'Production risk' and 'Au-
tonomy' were selected referring to literature. From bottom-up 
the basic attributes were given by the results of  the economic 
analyses, the Life Cycle Assessment and the SYNOPS results. 
Since the rating of  ecotoxicity is the focus of  our study, this 
attribute is represented with the most sub-attributes providing 
detailed information on how the ecotoxicity is influenced. 

The numeric values derived from the quantitative assessment 
methods need to be rated indicating if  the results of  Advanced 
(AS1 and AS2) and Innovative (IS) crop protection systems 
differ substantially from the Baseline System (BS). The defini-
tion of  the four systems is given in introduction of  chapter 
3. The following five rating classes were applied: 1 = much 
worse than BS; 2 = worse than BS, 3 similar to BS; 4 = better 
than BS; 5 = much better than BS. After the 21 basic attributes 
were rated the ratings of  the 13 aggregated attributes were 
calculated by applying the weights given in Figure 2. With 
this approach we can easily investigate the reasons for the 
outcomes and determine the most important parameters of  
ecological and economic sustainability of  apple orchards. The 
“SustainOS” methodology developed in ENDURE for creating 
and rating new crop protection strategies for apple orchards 
can now be adapted to other perennial crops. 

Contact: Patrik Mouron, patrik.mouron@art.admin.ch
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Figure 2 - Hierarchical attribute tree for assessing the ecological and economic sustainability of  orchard systems. Basic attributes are 
in green print; the attribute being optimised primarily is in yellow print.

Multi-criteria assessment of sustainability
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Economic assessment of crop  
protection strategies

The economic sustainability of  apple orchards may be improved with advanced or innovative systems. To achieve 
this, it is necessary to secure yields and fruit quality. Furthermore, costs of  non-chemical strategies and innova-
tive products should be comparable to expenditures in pesticides, and the increased demand for labour should not 
outstrip the reduction of  machinery use. 

Crop protection strategies
The four crop protection strategies in five European coun-
tries/regions as described in the introduction of  chapter 3 are 
taken into consideration for calculating economic indicators.

Economic indicators
Crop profitability, farm autonomy and productivity risk of  the 
orchard production were evaluated. Crop profitability is meant 
to evaluate the economic efficiency of  the orchard system 
in securing grower’s incomes. Farm autonomy is centred in 
analysing the grower’s capacity to invest, and the economic 
viability of  the production. Production risk is intended to mak-
ing estimations of  the potential costs that could be caused, or 
the potential benefits that could be attained due to the vari-
ability of  crop yield and fruit quality. The economic indicators 
were calculated with the Arbokost model, which was created 
by Agroscope Changins-Wädenswil and has been tested with 
data collected in Swiss orchards.

Production costs and family income
The economic indicators for each orchard system in each re-
gion are presented in terms of  relative values where the base-
line system (BS) represents 100%.

Production costs

The installation of  a hail net acts to increase this indicator 
(CH: AS1, DE: AS2). This higher investment is compensa-
ted with savings in irrigation costs (ES: IS) and reduction in 
functioning costs (FR: AS2). Full IP implementation does not 
always reduce crop protection costs (NL: AS2). Increments in 
yield and fruit quality matter (CH and DE: IS).

Return on investment

Figure 2- Return on investment.

The explanatory reasons following Figure 1 are confirmed. 
Furthermore, reduction in productivity (yield) are worthy, 
always when the quality is increased (class-1 share) and the 
direct costs are reduced. This means that labour costs do not 
exceed savings on machinery use, and the value of  non-che-
mical strategies and innovative products do not exceed costs 
of  conventional pesticides (FR: AS2).

Risk related to family income variability

chapter 3 | sustainability

Figure 1 -Production costs per kg apple class-1.

Figure 3 - Risk related to family income variability.
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The values for this indicator were determined by a group of  
experts in crop protection. For them the uncertainty associ-
ated to production under BS and IS is the same (except in 
Spain where yield variability is expected to be reduced). More 
uncertainty in the production in terms of  yield and fruit qual-
ity are either linked to AS1 (FR and DE), or AS2 (CH). In the 
Netherlands, the uncertainty is lower, even when the price is 
the highest because only the yield variability is pointed out as 
a risky factor. In Germany and Spain the low risk observed in 
the IS is boosted by extremely high shares of  class-1 fruits.

Regional differences
Securing high yields and improving fruit quality contributes to 
enhance the economic productivity and to acquire higher au-
tonomy in terms of  return on investment. 

The design and implementation of  crop protection strategies 
would be successful only when these strategies are adjusted to 
the regional conditions (irrigation requirements, necessity to 
install a hail net, potential occurrence of  pest and diseases). 

Crop protection techniques which are under development (in-
novative systems) are promising in guaranteeing stability of  
the production in a comparable (or even better) level than the 
chemical control does. With the crop protection techniques 
which are currently available in the market (AS1 and AS2), the 
stability of  the production can be fulfilled when very high lev-
els of  fruit quality (share of  class-1) are obtained, since the 
income variability can be reduced. 

The transition from BS to IS is worthy, because profitability is 
increased, rates of  return are enhanced and risks related to 
income variability are maintained or even decreased. Interme-
diate stages (AS1 and AS2) are competitive only in the case of  
increased crop yields and fruit quality. Furthermore, expendi-
tures in pesticides or their equivalents should be reduced while 
expenditures in labour costs for crop protection (training in in-
tegrated crop protection and time invested in decision-making 
on fields including monitoring and visual control) should not 
increase. In a contrary case, a bottleneck can occur in the im-
plementation of  IP. 

Contact: Gabriele Mack, gabriele.mack@art.admin.ch 

Multi-criteria assessment of sustainability
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Environmental risks related to pesticides 
at the landscape level
The application of  advanced and innovative cropping strate-
gies in orchards may contribute strongly to an overall reduc-
tion of  the environmental risk related to pesticides. To quantify 
the impact of  new IPM strategies on the environmental risk 
and to analyse information of  the farmers’ willingness to 
adopt these strategies, it is mandatory to assess the potential 
risk in the context of  the landscape. For this purpose the GIS-
based risk-assessment method SYNOPS was applied to four 
orchard regions in Europe: Lake Constance in Germany, Lake 
Constance in Switzerland, Rhone Valley in France and Emilia-
Romagna (part Ferrara) in Italy.

SYNOPS, a tool for regional risk  
assessment
SYNOPS-GIS was developed to assess the environmental risk 
potential of  plant protection strategies on a landscape level 
using GIS functionalities by linking it to geo-referenced data-
bases for land use, soil conditions and climate data and to a 
dataset of  regionalised surveys of  pesticide application. The 
GIS databases were established by integrating all environmen-
tal information on a field level which is necessary to estimate 
the environmental exposure by drift, run-off  and drainage 
(Figure 1). 

What is the environmental impact of pesticides  
in apple orchards?

To quantify the impact of  surveyed and new IPM strategies on the environment, the potential aquatic and terres-
trial risk was assessed  at the landscape level. For this purpose the GIS-based risk-assessment tool SYNOPS was 
applied to four European orchard regions which differ in respect to their environmental conditions, pest pressure, 
intensity of  pesticides use and possibilities for innovation.

chapter 3 | sustainability

Figure 1 - Overview on GIS-related 
input data and risk analysis with 
SYNOPS.
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In a first step all necessary field-related and environmental 
data were collected for the four regions. The data sources de-
pended on the different regions. For Germany and Switzerland 
national GIS data on land cover, soil and climate were avail-
able. For the Italian region a combination of  CORINE land 
cover data and region-specific data for soil, slope and climate 
were provided. For the French region specific digitalized field 
data was used. The data of  all regions was collected in a uni-
fied spatial database, which was linked to information of  cur-
rently used pesticide strategies either from field-based surveys 
(France, Switzerland and Germany) or from advisors’ surveys 
(Italy). The application calendars were randomly distributed 
to the orchards.

Aquatic risk potentials 
Using this database, the regional risk potential was assessed 
with SYNOPS for all orchards within each region. The assess-
ments were conducted on the one side with drift reducing 
measures assuming a realistic distribution of  hail nets, hedges 
and usage of  drift reducing equipment, and on the other side 
without these measures. The results for the Rhone Valley in 
2008 are shown as an example in figure 2.

The field based risk potentials are then aggregated to repre-
sent the regional risk by calculating the 90th percentile or the 
orchard area above a certain risk level (e.g. ETR>1). The ag-
gregated acute and chronic aquatic risk potentials with and 
without considering the drift reduction measures are summa-
rised for the years in which survey data was available for each 
region. The results calculated with drift reduction measures 
show a reduction of  the 90th percentile of  risk potential in the 
region by 77%. The orchard area above the tolerable risk level 
(ETR>1) was reduced by 23% (Tab.1). 

In the French region no significant differences could be ob-
served between different years (2006-2008). In the German 
orchard region a significant reduction of  the aquatic risk could 
be observed from 2001-2007. The final results of  each region 
will be demonstrated in the presentation at the final ENDURE 
conference.

Potential for reducing environmental risks
Besides environmental risk assessment based on surveys of  
pesticide use, the impact of  the baseline, advanced and in-
novative systems were assessed by distributing the defined 
application calendars of  each system to the geo-referenced 
orchards in the different regions. We showed that the region-
al aquatic risk potential of  the baseline system (BS) is in the 
same category as the risk potential calculated with the actual 
pesticide use surveys when no drift mitigation measures are 
considered. The advanced systems AS1 and AS2 and the in-
novative system (IS) showed a significant improvement of  the 
regional risk potential. 

Contact: Joern Strassemeyer, joern.strassemeyer@jki.bund.de

A B
Figure 2 - 

Maps and frequency 
distribution of  chronic 
aquatic risk potentials 
in the French orchard 

region Rhone Valley cal-
culated with SYNOPS 

for 2008. 

A) without considering 
drift reduction measures  

and B) with drift reduction 
measures.

drift  
reduction 
measures

number of  
orchards

area 
[ha]

area  
with ETR>1
[ha]  %

90th
percentile

no 3157 1871 703 37.6% 89.64

yes 3157 1871 535 28.6% 19.99

Multi-criteria assessment of sustainability
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Crop protection strategies
The crop protection strategies taken into account for this Life 
Cycle Assessments (LCA) are the systems described in the in-
troduction of  chapter 3 (page 10). The analysis encompasses 
the production of  all inputs and all activities in the orchards 
within a year of  its full productivity period. Quantitative data 
were collected by partners from the respective countries and 
regions. The task of  the LCA was to calculate and analyse 
the crop protection systems according to LCA standards. The 
Swiss Agricultural Life Cycle Assessment tool (SALCA) was 
used for calculating the impact assessment (including environ-
mental inventories of  agricultural inputs). The estimation of  
direct field emissions was performed according to methods 
developed by Agroscope ART (http://www.agroscope.admin.
ch/oekobilanzen/index.html?lang=de). For the impact assess-
ment, the following methods were used:
• �Demand for non-renewable and renewable energy 

resources (Hischier et al., 2009)
• �Global warming potential over 100 years (IPCC, 2006)
• �Terrestrial and aquatic eco-toxicity potential 

(USES-LCA, Guinée et al., 2001)
• �Human toxicity potential (USES-LCA, Guinée et al., 2001)
• �Eutrophication potential (Hauschild & Wenzel, 1998)

Comparison of  environmental impacts 
Agriculture has to fulfil multiple functions, which cannot be 
covered by a single functional unit. We used the following func-
tional units: 1) Area occupation (ha*year), representing the 
function of  land cultivation (sustainable land use, landscape 
protection, limited use of  basic life resources) and showing 
the level of  production intensity; 2) yield (kg), representing the 
productive function. The results could be used to compare the 
environmental impacts of  several plant protection strategies 
within a region. A comparison across regions is not feasible, 
because a regional assessment would have needed a larger 
data source and a different approach.

Non-renewable energy and eco-toxicity
Figure 1 shows the impacts linked with the management of  re-
sources (energy demand, global warming potential and ozone 
formation potential). The results generally strongly depend on 

the field operation intensity, the amount of  mineral fertilisers 
applied and the hail net construction. For these impact cat-
egories, the systems AS1, AS2 and IS show lower values than 
the BS. This is caused by a decreased number of  the pesticide 
applications and a reduced quantity of  pesticides used. 

The environmental and human toxicity values strongly de-
pend on the active ingredients applied exemplarily shown for 
the aquatic ecosystem here (Fig. 2). The results differ consid-
erably between the systems (Fig. 2). In all regions AS 1, AS 2 
and IS show lower impacts than the BS system.

Conclusion
This study shows the potential to decrease the environmental 
impacts for all impact categories in all regions when shifting 
from the baseline systems to more advanced and innovative 
systems. However, especially the impacts of  the innovative 
systems were underestimated, because several alternative 
methods (resistant varieties, confusion techniques) could not 
be assessed in the LCA, due to a lack of  corresponding LCA 
data.

Contact: Frank Hayer, frank.hayer@art.admin.ch

Life Cycle Assessment of apple crop protection 
strategies

The goal of  the Life Cycle Assessment was to calculate the environmental impact of  four plant protection systems 
in five regions across Europe. Our calculations show that the non-renewable energy demand and the eco- and hu-
man toxicity can generally be decreased by applying advanced and innovative systems. The nutrient enrichment 
is very low for all regions and there are only small differences within a region, because the fertilisation is the same 
in all systems. 

chapter 3 | sustainability
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Figure 1: Non renewable 
energy demand . Impacts are 
presented relatively to the BS 
strategy. CH = Switzerland, DE
= Germany, ES = Spain, FR = 
France, NL = Netherlands, BS 
= Baseline system, AS = Ad-
vanced System, IS = Innovative 
System

Figure 2: Aquatic ecotoxi-
city according to USES-
LCA. Impacts are presented 
relatively to the BS strategy. CH 
= Switzerland, DE = Germany, 
ES = Spain, FR = France, NL = 
Netherlands, BS = Baseline sys-
tem, AS = Advanced System, 
IS = Innovative
System

Multi-criteria assessment of sustainability
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Sustainability rating of crop protection  
strategies for apple orchards

We present the methodology “SustainOS” for defining, assessing and rating region-specific crop protection stra-
tegies. It will be demonstrated how an orchard system can be optimised regarding ecotoxicity while other sus-
tainability attributes are also regarded. Results show that in all five European regions under study optimisation 
potential can be identified by integrating alternative crop protection measures such as using resistant cultivars, 
exclosure netting, pheromones and drift reducing equipment.

chapter 3 | sustainability

Figure 1 - Ecotoxicity is a sub-attribute of  
the ecological sustainability.

Figure 1 - Ecotoxicity is a sub-attribute of  the ecological sustainability.

The place of  ecotoxicity among other sustainability attributes
The goal of  our study is to propose crop protection strategies with an optimized ecotoxicity. Figure 1 shows where ‘ecotoxicity’ 
is situated among other sustainability attributes relative to the ecological and economic sustainability. 

Figure 1 shows the three top attributes of  the ecological sustainability and of  the economic sustainability. Further details are 
given in the article “Methods for evaluating sustainability of  crop protection systems” at the beginning of  chapter 3.

Defining new crop protection strategies
We studied the four crop protection strategies (BS, AS1, AS2 
and IS) in five European countries/ regions as described in the 
introduction of  chapter 3. The proposed advanced and inno-
vative strategies comply with the guidelines for integrated pest 
management (IPM) of  the respective country. 

Rating new crop protection strategies
Twenty-one single results, called basic attributes, from life cy-
cle, risk and economic assessments were qualitatively rated 
using the following classes: 

1 = much worse than BS;   2 = worse than BS;   3 = similar to 
BS;   4 = better than BS;   5 = much better than BS.

We defined rating scales that produce robust results. Thus, one 
rating class above or below means that the crop protection 
strategy increases or reduces the sustainability to a relevant 
extent. The rating class 5 or 1 means that the system differs 
very strongly from the Baseline System. 

The assessment results of  the 21 basic attributes were aggre-
gated hierarchically. The following results are derived from the 
SustainOS tool we developed for defining, assessing and rating 
apple orchard systems. 
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General potential to improve  
the ecological sustainability
The AS1 strategy in all countries improves the ’ecological 
sustainability’ compared to the BS strategy. This progress is 
relatively stronger in Germany, France and Switzerland than 
in Spain and The Netherlands. The AS2 strategy shows strong 
improvement compared to the AS1 in the case of  The Neth-
erlands, France and Spain, but the progress is relatively low in 
Germany and nil in Switzerland. In contrast, for Switzerland 
the improvement of  the IS strategy is strong compared to the 
AS2, while in Germany and The Netherlands this progress is 
only moderate and nil for France and Spain. Over all, AS1 
and AS2 demonstrate that in all five countries the ecological 
sustainability can be improved using alternative measures that 
are available on the present market. 

Among the three sub-attributes of  the ecological sustainabil-
ity it is ‘Human toxicity’ that has the highest potential for im-
provements in all countries (Fig. 3). The ‘Environmental qual-
ity’ also has a serious potential to be optimised in all countries.  
In contrast, ‘Resource use’ is not much affected by the opti-
misation of  the plant protection strategies. Further improve-
ments concerning the ‘Resource use’ could be possible as well. 
For example Spain demonstrates that an improved irrigation  
system has a strong positive effect on lowering the water use. 

But the optimisation of  ‘Resource use’ was not the focus of  
our study.

Figure 2 - Ecological-economic sustainability rating for five 
countries and three crop protection strategies in apple orchard 
systems; rating classes: 1 = much worse than BS, 2 = worse than BS, 
3 = similar to BS, 4 = better than BS, 5 = much better than BS; BSis the 
Baseline System of  the respective country.

Figure 3 - Ecological sustainability rating for five countries and 
three crop protection strategies in apple orchard systems; rating 
classes: 1 = much worse than BS, 2 = worse than BS, 3 = similar to BS, 
4 = better than BS, 5 = much better than BS; BS: Is the Baseline System 
of  the respective country. 

Multi-criteria assessment of sustainability
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Figure 5 - Economic sustainability rating for five countries and 
three crop protection strategies in apple orchard systems; rating 
classes: 1 = much worse than BS, 2 = worse than BS, 3 = similar to BS, 
4 = better than BS, 5 = much better than BS; BS: Is the Baseline System 
of  the respective country.

Conclusion
Further improvements of  the ecological-economic sustaina-
bility can be expected if  the innovations presumed for the IS 
strategy become commercially available. One example is the 
breading of  new cultivars with multigene resistance against 
several major pests. Experts estimate a time horizon of  30 
years for a genetic solution for apple scab, fire blight, powdery 
mildew and aphids integrated in the same cultivar. In addition, 
it takes at least ten years for a new cultivar to be established 
in the apple market to a relevant portion. The assumed higher 
yield per hectare and the higher portion of  1st class fruit for 
the IS strategy are the prerequisites for the economic success.

Contact: Patrik Mouron, patrik.mouron@art.admin.ch 

Figure 4 - Ratings for the ecotoxicity of  three different systems 
in five countries compared to a respective Baseline System.

Rating results for ‘Ecotoxicity’
‘Ecotoxicity’ is a sub-attribute of  the ‘Environmental quality’ 
and the central attribute of  our study. Figure 4 demonstrates 
that for all regions the AS1 strategy got a rating above 4, indi-
cating that they are better than the BS strategy of  a specific 
region and that for each region AS2 and IS strategies result in 
better ratings than AS1. 

Achieving such progress is possible if:
a) scab tolerant/resistant cultivars are planted;
b) the environmentally worst active ingredients are replaced;
c) drift reduction is enhanced up to 90% through spray tech-
niques and drift-reducing elements such as hedges;
d) alternative methods such as mating disruption, attract and 
kill, exclosure netting or introduction of  predators and parasi-
toids are applied.

General potential to improve  
the economic sustainability
Economic disadvantages are the price for the ecological 
progress for AS1 and AS2 strategies in the case of  Switzer-
land, Germany and France (only for AS1) as Fig. 2 shows. In 
contrast, for The Netherlands and Spain a win-win situation 
is indicated between ecology and economy not only for the 
AS1 strategy but also for AS2 and IS (Fig. 2). However, the IS 
strategy shows for all countries an improved economic situ-
ation compared to the BS strategy (Fig. 2), based on higher 
or more stable yield and portions of  1st class fruit. While the 
economic sub-attributes ‘Profitability’ and ‘Autonomy’ for all 
countries show a parallel improvement among the strategies, 
the ‘Production risk’ might be over proportionally increased 
like in the case of  The Netherlands or decreased like in the 
case of  Germany (Fig. 5). 
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4
A significant amount of  existing knowledge 
can be exploited to reduce pesticide use and 
risk, as the ENDURE case-studies have shown 
(see chapter 1). However, the case-studies have 
also identified bottlenecks and knowledge 
gaps that impede further progress. Innovation 
is also needed to develop more sustainable 
approaches to crop protection that are less re-
liant on pesticide use.

Developing these innovations poses a tre-
mendous challenge to researchers, especially 
since a large range of  disciplines needs to be 
involved. It has been an essential role of  EN-
DURE, as a network of  excellence, to con-
struct a pan European and multidisciplinary 
research community that can rise to this chal-
lenge.

But what research is relevant? Our basic un-
derstanding of  crop-pest systems has con-
siderably improved in recent years, without a 
great deal of  impact on farming practices. So, 
just investing in more research is not enough. 
Identifying priorities, exploring edge-cutting 
areas and advanced technologies to assess 
their potential contributions to IPM, and de-
veloping and sharing tools and resources to 
assist the crop protection research commu-
nity have been main areas of  focus over the 
last four years of  ENDURE. 

IPM does not come as a unique and final 
recipe. It requires gradual progress through 
the incorporation of  different scientific and 
technological contributions. Some of  the con-
tributions of  ENDURE aim at increasing the 
efficiency of  chemical control in order to re-
duce its impact. Others have considered how 
alternatives to pesticides can be made more 
effective and accessible. In the longer term, 
our vision of  IPM extends beyond changing 
individual inputs to encompass the ecological 
processes involved over the temporal and spa-
tial scales at which they operate.

Improving chemical control  
efficiency

At this level, one should exploit as much knowledge 
as is available on the behaviour, ecology and epide-
miology of  pests together with the characteristics 
of  control methods in order to carefully optimise 
the number, type and timing of  chemical treat-
ments. Decision Support Systems (DSS) are needed 
to support this complex process. Many such sys-
tems, based on different approaches, are already 
available. ENDURE has surveyed 70 European DSS 
with the aim of  identifying the “best parts” of  each 
ones, that could be combined in a new generation 
of  improved systems that would be better adapted 
to the goals of  the Directive for the sustainable use 
of  pesticides. 

Decisions (if, when and how to treat) should be based 

Priorities and prospects in IPM 
research and technology

RESEARCH
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not only on modelling and forecasting but also on 
‘real-time’ monitoring of  pests and environmental 
conditions before, during and after the growing sea-
son. Inclusion of  these data into decision engines 
promotes more carefully-tailored control actions 
and can also guide precision spraying devices, 
leading to substantial reductions in the amount of  
pesticide applied. Although the innovative systems 
sketched by ENDURE scientists can look quite fu-
turistic, some of  the components and technologies 
are becoming available. Indeed, it has already been 
possible to test the concept of  a task controller for 
precision spraying at the field level.

Overcoming limitations on  
developing biological alternatives 
to pesticides

Biocontrol agents have proved very effective in 
controlling arthropod pests, diseases and weeds in 
certain situations. However, considering the amount 
of  research invested for decades in these methods, 
the restricted availability of  biocontrol agents on 
the European market and the extent of  application 
of  biocontrol in practice are rather disappointing. 
Furthermore, most use of  biocontrol is in protected 
crops and it has hardly impacted on the much larger 
acreages of  arable and horticultural crops. In the 
context of  new pesticide policy, there are oppor-
tunities for further development and ENDURE is 
making recommendations on how to improve the 
prospect of  biocontrol, from a technical point of  
view but also including economic and social issues. 
Our studies also reviewed the concept of  conserva-
tion biocontrol of  invertebrate pests and identified 

priorities for research on landscape ecology that 
would support habitat management for beneficial 
organisms.

Increasing the role of  plant resistance is the fore-
most way of  reducing reliance on pesticides, for 
plant diseases at least. A major limitation is the 
speed at which pathogen populations can evolve to 
overcome the resistance traits bred into crop cul-
tivars. From the perspective of  sustainable devel-
opment, resistance genes must be treated as rare 
natural resources and must be deployed with care. 
Within ENDURE, a large group of  scientists (geneti-
cists, plant pathologists and modellers) have collab-
orated to explore ways of  exploiting plant genetic 
resistance to ensure its durability. The results, from 
theoretical and empirical studies, provide guidance 
on how to choose and combine resistance genes in 
breeding strategies and on how to deploy resistance 
varieties in space and time.

Managing ecological processes over time and space
Because of  the persistence of  seed banks in soil, 
weed management cannot be considered over a 
single cropping season. Experiments in different 
countries suggest that manipulating crop rotations 
is a potent lever for obtaining a balanced weed flora, 
thus reducing the reliance on chemical weed man-
agement. ENDURE has undertaken an analysis of  
field data from five European countries. A methodol-
ogy has been developed to compare weed amounts 
in these different sets of  data. Preliminary results 
suggest that rotations can indeed be used to change 
weed infestations to a large extent and that this

the ENDURE network of  excellence shares 
the fruit of  4 years research with the Crop 

protection community
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effect can be related to a combination of  sowing 
dates and of  crop and herbicide choice over a three 
year crop sequence. The effects of  crop manage-
ment on weed communities can also be investigated 
using functional traits that define the life-history, 
physiology and competitiveness of  individual weed 
species. ENDURE has created a Weed Traits Da-
tabase for 21 common European weed species to 
assist with the modelling of  weed population dy-
namics, and includes all the relevant parameters to 
simulate the whole weed life-cycle.

Pest migration or dispersion and pest control by 
natural enemies are processes that develop at spa-
tial scales that exceed the limits of  the farmer’s field 
and need to be approached at the landscape level. 
It is increasingly accepted that landscape manage-
ment can be used for pest control, yet there are still 
few examples of  actual implementation. Combining 
expertise in agronomy and pest ecology, ENDURE 
has reviewed the existing knowledge worldwide. The 
conclusion is that, within agricultural landscapes, the 
spatial distribution of  resources and their dynamics 
through time markedly affect the abundance of  in-
sect pests, via their natural enemies, and also affect 
weed diversity. Therefore, the landscape design has 
the potential to make a strong contribution to IPM.

Keeping in line with IPM principles

The above topics have been selected in the EN-
DURE research program because of  their contribu-
tion to the different elements needed for IPM. It is 
at the core of  the concept of  IPM that you do not 
rely on a single method but on the combination of  
different complementary approaches. Typically, in 
an IPM perspective, farmers should first implement 
the prevention principle by taking some strategic 
decisions before the start of  the growing season: 
choose a rotation that reduces weeds and soil-born 
pest problems, select varieties having appropriate 

resistances, and decide on the spatial lay out of  the 
different crops and varieties and on the introduction 
of  non cultivated areas to favour a pest-suppressive 
landscape. Then, during the growing season, they 
should give priority to non chemical control meth-
ods - the use of  biocontrol agents for instance - be-
fore deciding to rely on pesticides. They also should 
manage control methods on the basis of  forecasting 
and monitoring the pest status within their fields to 
reduce the use of  pesticides to the necessary mini-
mum, with the help of  a DSS.

Researchers too have to integrate this IPM perspec-
tive in their own approach. It means that the innova-
tive methods they may design will not be assessed 
for their individual efficacy, but rather for their ability 
to combine with other methods into an overall ef-
fective strategy. Indeed, within ENDURE, a group 
of  scientists from several institutions and countries, 
often combining different disciplines, was in charge 
of  each research topic. These groups worked sepa-
rately for one part, but they also collaborated to the 
System Case Studies, providing inputs to the design 
of  advanced or innovative systems (see Chapter 1). 

The Virtual Laboratory: a resource 
for supporting crop protection-
related research

Research results produced by ENDURE are not in-
tended to be final achievements but rather starting 
points for future research to support the develop-
ment and the implementation of  IPM in Europe. 
The multidisciplinary scientific community gath-
ered by ENDURE has been careful to consolidate 
the knowledge, data bases and tools accumulated 
during the project into a common resource: the Vir-
tual Laboratory (VL). This resource is designed to 
support collaborative research on IPM by ENDURE 
and beyond. Indeed, the VL is an invaluable as-
set that ENDURE is proud to maintain, enrich and 
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share with the crop protection research community.

Some of  the key features in the VL, among others, 
are illustrated in this chapter:
• the Weed Traits Database already mentioned; 
• EuroWheat, a comprehensive information plat-
form supporting Integrated disease management  
in wheat;
• Wheatpest, a model for analysis wheat yield losses 
from multiple pests;
• Quantipest, a collaborative platform to unify infor-
mation on pest characterisation;
• UniSim (Universal Simulator), an open-source 
software package for collaborative ecological mod-
elling.

A research community looking 
ahead

Conducting research together and setting up the 
lasting resource of  the Virtual laboratory have been 
means for creating, for the first time, a transnational 
and multidisciplinary research community working 
on crop protection. We were also eager to share our 
objectives with younger scientists to make them re-
sponsive to IPM issues and attract them to this criti-
cal area of  research. Three summer schools were 
held on important topics: “Biodiversity supporting 
IPM”, “Modelling approaches to support IPM” and 
“New and emerging agricultural pests, diseases and 
weeds”. This initiative generated a strong interest 
from nearly 300 applicants, from whom we selected 
a total of  49 PhD students from 29 countries repre-
senting five continents.

Another ENDURE activity was to identify what fur-
ther priorities should be set up in research to meet 
the challenge placed by the new pesticides legisla-
tion on European agriculture. To support this analy-
sis, ENDURE has looked at the possible futures of  
crop protection in Europe. The five scenarios build 

in the ENDURE foresight study ‘European crop pro-
tection in 2030’ differ in agricultural context and in 
the options taken to manage pests. This exercise 
provides a useful basis for research planning. It will 
also help policy-makers and other stakeholders in 
the agri-food system to set their own priorities and 
thus it also contributes to the objectives presented 
in Chapter 5.

Priorities and prospects in IPM research  
and technology
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Towards a generic decision-support system  
for weed management

Following a detailed evaluation of  nine existing decision-support systems (DSS) related to weed control, three 
were selected that contained features especially relevant to the construction of  a new DSS of  generic application 
to optimizing the choice and application of  herbicides based on a series of  biological, toxicological and economic 
criteria. The new system (‘IPM-DSS’) will also incorporate option for non-chemical weed control.

Background and approaches
A survey of  70 decision-support systems (DSS) for crop pro-
tection analysed by ENDURE researchers (see article on pota-
to late blight in this chapter) included nine related specifically 
to weed control. Based on a number of  criteria, we selected 
three systems that have particular potential for reducing the 
use of  herbicides, and also offer opportunities for integration 
into a single generic DSS. The three systems were: 

•‘DECIDHerb’, constructed by INRA in France with features 
that predict the timing of  emergence of  different weeds, as-
sess the probability of  short- and long-term needs for weed 
control, and enable the user to rank alternative treatment op-
tions according to their preferences.

•‘GestInf ’, constructed by CNR in Italy, with features that pre-
dict relative yield loss as a function of  increasing weed den-
sities, and also estimate short-term yield loss and expected 
economic net return of  alternative treatment options.

•‘CPOWeeds’, constructed by Aarhus University in Denmark, 
with features that estimate dose-response functions of  single 
herbicides incorporating differences between weed species, 
weed growth stages and climatic conditions, and can also rec-
ommend tank mixes of  herbicides to contend with specific 
combinations of  weed species, weed growth stages and cli-
matic conditions, and optimized for arbitrary constants relat-
ing to herbicide dose rates, e.g. cost or indexes.

Towards a new DSS 
A basic rationale behind a new DSS incorporating the above 
features is that weeds are not homogeneously distributed in 
time and space, and the efficiency of  various control meas-
ures depends on conditions in time and space, why all treat-
ments should be based on field registrations. This requirement 
has specific implications for the interactions between the DSS 
and the end-user. The DSS will also include guidelines specific 
for combinations of  crop and region when different types of  
weeds should be considered throughout a full growing season. 
The user will initially enter a field report, and the DSS will then 
run through three main steps:

1/ Evaluate the need for control

2/ Identify herbicides and doses rates specific for the target by 

use of  dose-response functions and considering the possible 
use of  mixtures

3/ Present and rank alternative treatment options according 
to a series of  attributes including cost, efficacy and other con-
siderations

For a selected crop x region combination, the new system 
(termed ‘IPM-DSS’) can be customized to consider only cer-
tain of  the possible criteria. Work is underway to incorporate 
non-chemical control measures as well as herbicide applica-
tions, according to the requirements in Directive 2009/128/
EC. A simple but functional DSS prototype, which may be 
used to test functional integrity of  components with different 
origin, will be available in the Virtual Lab by the end of  Sep-
tember 2010

Contact: Per Rydahl Nielsen, per.rydahl@agrisci.dk 

Sprayer
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Evaluation of decision support systems  
for potato late blight

We have evaluated several existing decision-support systems (DSS) for control of  potato late blight, in order to 
identify their best features and compare their performance. Seven systems have so been installed on the Euroblight 
website and can be linked to weather data from different parts of  Europe to predict periods of  outbreak and com-
pare these predictions against real data on disease incidence. We are developing recommendations for building a 
new, unified DSS encompassing the best features of  existing systems and potentially applicable throughout the EU. 

Computer-based decision-support systems (DSS) have estab-
lished an important role in European agriculture for assisting 
growers and advisors with aspects of  agronomy and crop pro-
tection. However, they have so far focused on a limited number 
of  crop-pest combinations and their uptake has been patchy 
for a variety of  reasons. Researchers in ENDURE have done a 
detailed review of  available systems in order to identify some 
of  the attributes underpinning success or failure and features 
that can be included in DSS in the future.
70 European DSS related to crop protection were surveyed 
in our study. Of  these, 15 concerned pathogens and diseases 
in potato including the very damaging potato late blight (Phy-
tophthora infestans) that can cause high losses of  yield and 
requires relatively high input of  fungicides.

Approaches
Most existing DSS for potato late blight use meteorological 
data to calculate infection periods and subsequent risks of  epi-
demic progress. These calculations are used as a basis for rec-
ommending timing of  the first fungicide application and often 
to predict the need for subsequent applications. 
In order to facilitate comparison of  the available DSS mod-
els for late blight, a testing platform has been installed on the 
established Euroblight website (http://www.euroblight.net/
EuroBlight.asp). This testing platform is targeted primarily at 
researchers and advisors, who have special interest in develop-
ment of  new tools and new concepts to improve management 
of  potato late blight.

On this platform, the different systems can be uploaded and 
installed. There is also a facility for uploading and storing 
different weather datasets to compare the predictions and 
robustness of  the systems. Seven different DSS have been in-
stalled on the test platform so far, and weather data originating 
from many locations in Europe in the period of  2006-2009 
have been entered in the weather database.

Selected DSS can be run on selected weather datasets, and re-
sponses from the DSS’s can be evaluated and related to other 
information such as data on timing and severity of  late blight 
attacks. One output of  particular interest is to define ‘blight fa-
vourable weather’ in which severe outbreaks are most likely to 
occur. Initial results show good correlations between weather 
variables and periods with high and low risk for infection dur-
ing a growing season. 

A model capable of  describing fungicide degradation has also 
been installed, in order to predict how long time a fungicide 
application will maintain satisfactorily levels of  efficacy with 
different time intervals between applications.

The future 
Our study has identified several features of  existing systems 
that could potentially be combined in a new, unified European 
DSS for potato late blight. A new system should include:
•recommendations for timing, selection of  fungicide com-
pounds and dose rates, so the total number of  applications 
and the total input of  fungicides (cost or TFI) is minimized
•provisions that ensure that environmental risk is minimized
•integration of  principles of  integrated Pest Management 
(IPM) 

Contact: Bent Jorgen Nielsen, BentJorgen.Nielsen@agrsci.dk

Potato flower

Priorities and prospects in IPM research  
and technology
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A model for an innovative crop protection system 
in the future illustrated for maize

To show how innovative techniques for monitoring and precision spraying can be used we have developed a gene-
ric model for crop protection system for future high tech cropping systems. We have illustrated how to work with 
it taking maize as a model crop.

Plant diseases, pests and weeds are major problems in crop 
production where they lead to yield and quality losses. Atten-
tion to the pesticides used to control these problems has been 
increased as they can have detrimental effects on the environ-
ment and human health.  

A system whereby diseases, pests and weeds can be identified 
at a much earlier stage than is now the case would make it 
possible to limit the amount of  chemicals to be applied. Ear-
lier identification could also allow the grower to use biological 
control or take other, localized measures. Moreover, applica-
tion of  pesticides using optimal spraying techniques, or other 
environmental friendly control measures can add to the sav-
ings of  pesticide use.

Assuming in the future that use of  only minimal amounts of  
pesticides is allowed, the challenge was to investigate how this 
could be achieved if  not restricted by the costs or the amount 
of  required research needed for operation of  the crop protec-
tion system to be developed. The result was a model for an 
innovative crop protection system for the future. Subsequently 
we have investigated what it will take to implement such a sys-
tem and what is the potential of  the system. Which techniques 
are already available and which innovations are to be expect-
ed? Because of  the complexity, the focus was on one crop 
only. Maize was chosen as a model crop since for this crop 
knowledge is available regarding existing expertise on myco-
toxin producing Fusarium species, application of  beneficial 
organisms, monitoring of  pests, diseases and weeds and the 
application of  innovative precision spray technology in one 
system, illustrating how the model could be used.

A generic model for an innovative crop 
protection system
It is crucial that one should take actions before, during and after 
the growing period. Before growing a crop one should collect 
(environmental) data that characterize the (history of) field and 
environmental conditions and make sure that starting material 
(seeds, bulbs or seedlings) and soil are clean with respect to rel-
evant diseases for the crop to be grown. Once the growing pe-
riod has started one should on a regular basis scan the field for 
the presence of  diseases, pests and weeds. First this should be 
done on a macro scale level (field level). This will indicate the 
location where special attention is needed. This identified spot 

should subsequently be monitored in detail on the micro scale 
level (on plant level), to specify the nature, stage, development, 
severeness of  the infection(s) and/or infestation(s). Additional-
ly the field should also be monitored for environmental factors 
using the same approach. Gathered data should be analyzed 
in a holistic way in a so called “decision engine” resulting in 
an action plan for measures to be taken on the different levels 
(see Figure 1 for a schematic representation of  this model).  

Innovative techniques for monitoring 
environmental data, weeds, pests  
and diseases 
Cameras can be used to visualize pests, fungi and weeds. How-
ever, it is desirable to be alerted for risks of  pests or diseases 
in a crop before the symptomatic phase. This can be done 
by getting information about environmental data that promote 
disease development. Alternatively characteristics of  plants 
can indicate the presence of  pests, diseases or weeds.

There is a broad range of  innovative vision technologies availa-
ble that can be used for these monitoring purposes, sometimes 
combined with micro-sensors or satellites so that localization 
of  measurements can be fixed by GPS coordinates. By meas-

Figure 1 - Generic model of  an innovative crop protection 
system. Steps 1, 2 and 3 are performed before the growing period; the 
other steps during the growing period.
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uring changes in reflectance characteristics (using spectral 
analysis), we can get insight in the kernel maturation stage of  a 
maize crop, the incidence of  aflatoxin within silk and cob, dis-
eases in the plant, the level of  soil humidity distributed over the 
field, spatial patterns of  clay and humus in the field, presence 
of  residues of  crops or weeds, etc. By measuring fluorescence 
of  green parts of  plants, plant stress can be detected which 
can be an indication for the presence of  pathogens. The use 
of  IR cameras enables the measurement of  crop temperature. 

Molecular techniques that detect DNA or RNA that is specific 
for the harmful pathogens, pest organisms or weeds, can iden-
tify these long before disease symptoms or weeds are visible. 
All types of  developmental stages of  viruses, bacteria, nem-
atodes, fungi, insects, etc. can be detected in plant material, 
seed, soil, water, air or any other environment using PCR- or 
sequencing based methods. Seeds or seedlings of  weeds can 
also be detected this way in soil. The simultaneous detection 
of  multiple organisms is possible, as well as quantification or 
discrimination between living and dead organisms.

Serological techniques, such as ELISA-based methods, can 
detect specific proteins of  viruses and bacteria. These tech-
niques enable a very fast detection of  pathogens in numerous 
environments.

Pests and diseases can also be detected indirectly by measur-
ing volatiles. These can be produced by a plant upon attack of  
a pathogen and can subsequently be measured by so called 
electronic noses. Pheromone traps enable the detection of  
pests. 

A potential monitoring technique for pests is based on acous-
tic detection, as sounds produced by insects can be species 
specific

Innovative precision application  
techniques
It is recommended that plant protection products are applied 
as targeted as possible. Pesticides can be automatically ap-
plied using programmed spray volumes and required doses of  
pesticides in combination with a GPS system and a spraying 
robot. Some precision spray techniques are combined with vi-
sion technology, for instance for individual weed plant control.

Alternative control measures
Examples are biological control, application of  plant extracts, 
use of  pheromones, application of  beneficial organisms, cul-
turing measures, use of  vacuum cleaners to suck up insects, 
UV treatment to kill microorganisms, use of  pheromones for 
mating disruption, mass trapping, lure and kill, destruction of  
weeds by burning, high pressure air or finger hoeing, etc. A 
potential innovative measure could be laser beam killing of  
insects.

Conclusions
The individual elements of  the system presented are gener-
ally available but still have to be improved before they can be 
linked together in an innovative crop protection system. This 
also requires knowledge about damage-thresholds, dose-re-
sponse relations, biology, ecology, population dynamics, etc. 
It will obviously not be implemented in the near future but is 
meant as an inspiration to solve upcoming challenges in future 
farming if  the use of  pesticides will be even more restricted. 

Contact: Carolien Zijlstra, carolien.zijlstra@wur.nl 
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Documentation and proof of concept  
of a precision agriculture task controller

A precision agriculture task controller (PATC) is a user operational and mobile work unit that is able to control the 
dose rate of  e.g. a field sprayer based on imported geo-referenced data. 

Field tests of  the PATC as the communication link between 
a farm management and information system (FMIS) and a 
sprayer controller was successfully completed. Only a few 
user inputs via the PATC terminal were required before and 
after the field operation. The PATC system transferred the field 
operational plan, generated within the FMIS, to real dose rate 
control, contemporary with data transfer from the sprayer to 
the FMIS. The data was stored and utilized by the FMIS for ac-
counting the field operation in terms of  ha/h, costs/ha, dose 
rate, area covered, time and date, and applied amount. Addi-
tionally, on-line maps of  environmental sensitive areas border-
ing on to e.g. water courses, lakes, marsh (http://kort.arealinfo.
dk) was used with the PATC to automatically ensure that the 
farmer complies with the local regulations.

Innovative technology for precision  
agriculture task control
The objective within ENDURE was to demonstrate a proof  
of  concept of  an on-line information flow between a sprayer, 

and a central database (FMIS). Figure 1 shows the principal  
information flow as regards to PATC relevant entities. A novel 
web server technology based distributed electronic control 
system was developed in a Danish innovation project and used 
as part of  the proof  of  concept PATC (Nørremark et al., 2009). 
The sprayer control was operated from the systems client, a 
ruggedized personal computer (PC) based terminal placed in 
the cabin of  the self  propelled sprayer, communicating with 
the SprayMaster 9500 web server (Lykketronic A/S, Løgstør, 
Denmark). The system provided full leverage of  standard PC 
architecture and web server technology. The PATC user in-
terface required a standard web browser on a terminal (de-
picted as PC terminal in Fig. 1) where the PATC system was 
activated by accessing the web services of  eDag and aPlan 
(Agromat Data, Vejle, Denmark) (depicted as users/service 
providers, expert systems etc. in Fig. 1). Software installed on 
the PC terminal ensured that the web services provided by 
the SprayMaster 9500 was passed on to eDag and aPlan. The 
eDag and aPlan servers acted as relays for the sprayer data, 
and passed on data further to the FMIS (DBLR Plante IT, Ske-
jby, Denmark) (depicted as field databases etc. in Fig. 1). 

Figure 1 - Generic model of  an innovative crop protection system. Steps 1, 2 and 3 are performed before the growing period; 
the other steps during the growing period.
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Conclusions
It was possible to demonstrate a PATC for a spraying opera-
tion using novel agricultural machinery technology. The proof  
of  concept PATC used both commercialized and semi-com-
mercialized products. It was shown that it is possible to ease 
the user operability with the needs of  task control in real-time. 
The open source and standards used for the proof  of  concept 
components offered a suitable and inexpensive basis for the 
realization of  a PATC and served as the hardware solution for 
numerous combined control and information and communi-
cation technologies in relation to integrated pest management 
strategies. As an example, the PATC demonstration showed 
that the task of  avoiding spraying of  environmental sensitive 
areas can be automated based on a few user inputs.

Perspectives
Based on this study, it was realized that there is a large need 
for a common agreement to multi-purpose and semantic web-
service oriented ICT architecture for integrated pest manage-
ment within the domain of  agricultural machinery electronics, 
task controllers and FMIS. It should take all its important 
aspects into consideration, including available technologies 
and protocols, interoperability, information on regulatory and 
monitoring requirements, standardization, human-machine 
coordination, and interests of  different stakeholders. In addi-
tion the degree of  automation in data communication, and 
geo-data handling and representation to the users should be 
maximized. The latter is of  vital importance for the durability 
of  ICT and automation at on-going field operations and farm 
management for sustainable agriculture. 

Contact: Michael Nørremark, Michael.Norremark@agrsci.dk
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Evaluating gaps and opportunities for biocontrol 
in Europe 

A detailed analysis of  the successes and failures with biocontrol in Europe, focused on microbial control agents for 
plant pathogens and conservation biological control of  invertebrate pests, has identified some of  the key biologi-
cal and economic constraints to the evaluation and commercial development of  biocontrol agents, and ways these 
may be overcome by research, technical improvements, industry initiatives and policy interventions. 

In the past 20 years there have been significant developments 
in the biological control of  crop pests and diseases. In ad-
dition, several pesticides have been withdrawn because of  
health and environmental concerns associated with their use. 
There is therefore increased interest in the development of  
alternative methods of  control, including the use of  biological 
agents. Within ENDURE we have reviewed gaps and opportu-
nities for biocontrol, focusing on the development of  microbial 
biocontrol agents (MCBAs) for plant pathogens and the role of  
conservation biocontrol (CBC) of  invertebrate pests. A brief  
summary of  results and recommendations is provided below.

Factors influencing the success  
or failure of  biocontrol
Despite increasing demand for alternatives to chemical con-
trol, the role of  biological control in crop protection has re-
mained quite modest despite decades of  research.  One key 
step in the registration of  a plant protection product in the 
EU is its inclusion in the list of  active substances (Annex I 
of  former Directive 91/414/EEC). Fourteen MBCAs were in-
cluded in the list in 2010 (with seven more pending). We ana-
lysed 90 published reviews of  CBC and found good evidence 
that management of  farmland can increase the abundance or 
activity of  naturally-occurring antagonists. However, there is 
a need for more research on the ecology and behaviour of  

natural enemies, invertebrate communities and their perform-
ance at different spatial scales. Within ENDURE, specialists in 
biocontrol have worked with landscape ecologists to identify 
priorities for strengthening CBC and improving its ecological 
context.

Screening criteria for the development 
of  commercial bio-products
Programs for screening antagonists for disease control of  plant 
pathogens are often focused on testing antagonistic properties 
in vitro, in bioassays and subsequently in crops. For commer-
cial use, however, antagonists must fulfill many more criteria 
and we have identified several that should be considered. 
These include (i) the spectrum of  activity and likely market 
size; (ii) availability of  rapid-throughput methods for eliminat-
ing candidates with undesirable characteristics; and (iii) ease 
of  mass production and evaluation in field experiments. 

Economic considerations:  
cost and profitability analysis 
We have made comparisons between costs for a typical 
chemical pesticide and for an MCBA in terms of  production 
costs (including raw materials, packaging, energy, manpower, 
and consumables), as well as costs of  registration, sales, re-

Petri dishes containing different species of  the biocontrol agent 
Trichoderma .
© IP-CNR / Michelina Ruocco.

A parasitic wasp that attacks pollen beetle in oilseed rape.
© Rothamsted Research.
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search and administration. The development and commercial 
success of  biocontrol agents is constrained by the size of  the 
companies involved and the fact it is a young, relatively unde-
veloped market. Four areas relating to cost and profitability 
have been considered: 

Size of  the target market - Most MBCAs are being devel-
oped for small, if  not niche, markets. In addition, the potential 
market for MBCAs is fragmented, taking in minor crops of  
little interest to large chemical companies.

Cost of  production – Unlike most chemical synthesis, pro-
ducing MBCAs requires a complicated and much more expen-
sive four-phase production process starting with fermentation 
and running through extraction, purification, and formulation 
and packaging. 

Cost of  registration - The estimated cost for registering a 
MBCA is currently lower than that for a chemical pesticide, 
though the size of  the investment is still very high in compari-
son with the potential market. 

Business profitability - Comparing estimated production 
and other costs relative to the sales value at plateau level, 
highlights large differences between chemical pesticides and 
microbial biocontrol agents. The gap between the two in terms 
of  estimated profit is nearly 10-fold in favour of  chemical pes-
ticide. Options for the smaller biocontrol businesses include devel-

oping into larger markets such as grapevine and field crops 
through venture capital backing or entering into agreements 
with other manufacturers or suppliers to expand a product 
portfolio. In contrast, CBC is associated with relatively few 
saleable products except plants or seeds for habitat creation. 
This, together with the desirability in many cases of  coordi-
nating habitat management over a large scale, means that the 
adoption of  CBC is likely to be driven to a large extent by 
government policy through incentives, regulation and exten-
sion services.

Conclusions 
The main technical conclusions of  the study and perspec-
tives for future R&D projects highlight the need to improve the 
screening of  biocontrol agents, to improve knowledge on effi-
cacy-related issues, to promote multi-disciplinary approaches 
to integrate biocontrol with IPM, to develop adapted delivery 
technologies and to safeguard the durability of  biocontrol. For 
CBC the priority is for research on ecological interactions, es-
pecially at large scales, and to demonstrate the effect on pest 
suppression. Other key issues relate to training of  advisers and 
farmers, the development decision-support systems and the 
establishment of  farmers' networks.  Future issues for industry 
include quality control and the improvement of  distribution 
systems.  

Contact: Michelina Ruocco, miruocco@unina.it 

In vitro competition assay for testing the mycoparassitic activity 
of  Trichoderma hatzianum against Rhizoctonia solani .
© IP-CNR. / Michelina Ruocco

Post harvest biocontrol: tomato treated witn a BCA product in 
post harvest to control the pathogens Botrytis cinerea and Peni-
cillium expansum .
© IP-CNR / Michelina Ruocco
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Exploitation and durable management  
of plant genetic resistance for IPM

Pest and disease resistant cultivars are key elements for pathogen control, pesticide reduction, and food security. 
However, their resistance is often overcome by pathogen evolution. Combining different resistance factors in va-
rieties, evaluating the selection pressure on pathogen populations, and modelling pathogen evolution are corner-
stones of  durable and well-designed breeding and deployment strategies for this component of  IPM.

All cultivated plant species are susceptible to pests and dis-
eases. However, natural plant genetic resistance is available in 
almost all plant species, either in cultivated species or in wild 
relatives. For example, wheat is generally susceptible to yel-
low rust, but resistance can be found in several wheat varieties 
and related species. Apple is susceptible to scab, but strong 
resistance is observed in old cultivars and wild Malus species. 
Genetically based resistance may thus be a simple and effi-
cient solution to protect plants against pathogens. However, 
pathogens and pests evolve. Thus, when a resistant variety is 
planted and exerts selection pressure on a local pathogen pop-
ulation, the result may be pathogen adaptation to the newly 
introduced resistance. Durable management of  plant genetic 
resistance is therefore a major issue. 

Approaches
An ENDURE research group is specifically addressing the 
question of  optimal exploitation of  plant genetic resistance. 
It aims to assess and predict the impact of  disease resistance 
genes in crops on pathogen population dynamics to yield de-
cision support for choosing resistance genes (and gene com-
binations) in breeding strategies and to optimise deployment 
of  resistant varieties in space and time. Two areas of  research 

were developed: one dealing with biological experiments to 
assess selection pressures exerted by resistance genes on 
pathogen populations, and one focussing on modelling patho-
gen population dynamics and evolution to derive effective re-
sistance deployment strategies in time and space. 

Biological experiments
Our experiments targeted several pathosystems (wheat rust, 
wheat septoria blotch, oilseed rape black leg, pepper/tomato 
nematodes, apple scab, and grape mildew) to examine diver-
sity changes in pathogen populations and the fitness of  differ-
ent pathogen strains subjected to host genotypes differing in 
resistance factors. 

Modelling
Modelling approaches were based on three models con-
structed previously at INRA, Wageningen and Aarhus Uni-
versity. These were extended or adapted to new situations or 
pathosystems. The models consider main features of  host-
pathogen systems such as crop growth, pathogen dispersal 
capacity, proportion and spatial arrangement of  resistant and 
susceptible varieties, types of  resistance (complete or partial, 
pyramiding several resistances in a single variety versus using 
them in separate varieties), corresponding pathogen fitness, 
and rotation of  varieties with diverse resistance properties in 
time. The models describe the dynamics of  pathogen density 
in time and space with corresponding disease severity and ge-
netic composition of  the pathogen populations in relation to 
landscape, agronomic measures and weather conditions. 

Apple scab resistance assessment in a glasshouse (INRA). Fore-
ground: actively growing grafted plants; background: plastic film cove-
ring the inoculated plants to maintain a high relative humidity during the 
first 48 h after inoculation. ©INRA.

The goodness-of-fit of  the INRA model (solid line) to data 
(points) of  the yellow  rust severity on a susceptible variety in 
pure stand in field plots inoculated by a yellow rust pathotype. 
(Vallavieille-Pope et Goyeau, 2004).
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Results
Some of  our key results are as follows:

• random spatial patterning of  different monogenic (sin-
gle gene) resistance traits can reduce pathogen density and  
corresponding disease severity at the same level as multigenic 
resistance (based on more than one gene); thus pyramiding 
major resistance genes can be favourably replaced by breed-
ing several monogenic resistance varieties to be grown in mix-
tures.

• maintaining high proportions of  cultivars with non-specific 
(partial) resistance and/or deploying cultivars with high levels 
of  such resistance are durable option for resistance deploy-
ment.

• combining monogenic resistance and quantitative (partial) 
resistance in a single variety was shown to extend the time 
span during which monogenic resistance remains effective.

• rotating cultivars with major genes for resistance over time 
and/or pyramiding several of  such genes into single cultivars 
risks the evolution of  pathotypes with multiple virulence traits.

• if  pathogen races able to breakdown mono- or multigenic 
resistance exhibit reduced fitness, spatial heterogeneity of  
resistant/susceptible varieties can significantly decrease the 
pathogen density and the rate of  spread of  new races. How-
ever, such reduced fitness is not always observed.

• the use of  susceptible varieties in mixtures with moderately 
resistant varieties decreases mixture efficacy, favouring multi-
virulent pathotypes. Varieties with moderate levels of  resist-
ance can be effectively exploited in mi xtures including highly 
resistant varieties. 

• at the landscape level, fine-scale mixing of  resistance (within 
field mixtures) is the most effective option. 

• pathogen dispersal capability does not influence the relative 

contribution of  landscape level measures to disease suppression.

• combining spatial heterogeneity and rotation in time (for an-
nual crops) of  genetic resistances with other non-genetic IPM 
methods (sanitation, biocontrol, reduced spraying etc) should 
be the best way to preserve the efficacy of  genetic resistance 
over time.

• the tactic of  combining reduced rates of  fungicide with par-
tial plant resistance deserves more attention both experimen-
tally and by computer simulation.

Contact: 
Charles-Eric Durel, Charles-Eric.Durel@angers.inra.fr, 
Natalia Sapoukhina, Natalia.Sapoukhina@angers.inra.fr 
 Experimental design for testing adult wheat plants resistance to 

Septoria tritici under polytunnel conditions 
©IHAR
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Durability of resistance to root-knot nematodes 
in tomato and pepper

Incorporating durable root-knot nematode resistance into Solanaceous crops like tomato and pepper is a major 
challenge for plant breeders. Our aim in ENDURE was to evaluate the effects of  resistance genes used in different 
genetic contexts on the ability of  virulent nematodes to overcome them, in order to promote the durability of  
these genes in time and space. 

Root-knot nematodes (RKN) (Meloidogyne spp.) are major 
plant pathogens of  vegetables in most production areas, in-
cluding the Solanaceous crops tomato and pepper. Due to the 
banning of  chemical nematicides, current control strategies 
are based mainly on the deployment of  resistance (R) genes, 
eg Mi(s) in tomato and Me(s) in pepper. These genes are effec-
tive against a wide range of  RKN species, including M. are-
naria, M. incognita and M. javanica, the most common species 
in temperate and tropical areas. However, the recent emer-
gence of  virulent populations able to overcome the resistance 
conferred by some of  these R genes may constitute a severe 
limitation to their use in the field. Our major objectives were 
to evaluate and promote the durability of  these R genes under 
agricultural conditions. For that purpose, we designed a set of  
experiments to evaluate the effects on the nematode popula-
tions of  the selection pressure of  R genes used in different 
genetic contexts: pyramiding versus alternation of  R genes, 
quantitative effects of  different genetic backgrounds, and dos-
age effects of  R alleles (homozygous versus heterozygous). 

Evaluation of  resistant genotypes
Using molecular markers developed for marker-assisted selec-
tion, we have constructed and evaluated tomato and pepper 
resistant genotypes. First, we showed that the tested R genes 
direct different response patterns in root cells depending on 
the pepper line and nematode species, and that these different 
response patterns are linked to the possibility or not for viru-

lent nematodes to overcome the R-genes. For this reason, the 
pyramiding of  R genes based on their complementary mode 
of  action may make it possible to prevent the breakdown of  
RKN resistance. 

By comparing the resistance conferred by heterozygous or 
homozygous R genotypes in susceptible or partially resistant 
genetic backgrounds, we showed that both the number of  R 
alleles and quantitative non-specific effects may influence the 
selection pressure exerted by the R-genes on RKN popula-
tions. In all these experiments, the life-history traits and re-
productive fitness of  virulent and avirulent nematodes were 
compared. Interestingly, a fitness cost was found associated 
with unnecessary virulence (i.e., when virulent nematodes in-
fested susceptible plants) in laboratory-selected populations. 

These results indicate that, although plant resistance can be 
broken, it might prove durable in some conditions if  the viru-
lent nematodes are counterselected in susceptible plants. This 
could have important consequences for the management of  
resistant cultivars in the field.

Perspectives
Three-year field experiments are currently in progress to 
compare i) the alternation of  single R-genes in rotation, ii) a 
mixture of  lines bearing single R-genes sown in the same plot, 
and iii) the pyramiding of  two R-genes in one line. Results will 
allow the identification of  conditions lowering the emergence 
of  virulent biotypes of  RKN in the field, and to assess the 
time required for the improvement of  soil health (reduction 
of  parasites under their damage threshold) using R-plants as 
RKN "traps”. This transfer from the laboratory to the field will 
constitute the ultimate validation of  the previous observations. 

Contact: 
Caroline Caporalino, caroline.caporalino@inra.sophia.fr 

Damage on susceptible plant.
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The effects of crop rotation on weeds in arable 
cropping systems across Europe

We tested whether crops, grown in sequence (‘rotations’), have important effects on the standing weed amount 
in arable fields across Europe. Data were provided by ENDURE partners on percentage area of  ground covered 
by weeds (weed %cover), count and biomass. Analysis of  these data showed that measurements of  weed amount 
could be converted to counts for analysis. We find that rotations can be used to produce predictable changes in 
weed amount and might be manipulated to achieve EU-wide targets for crop yield.

Weeds are extremely important components of  the agricul-
tural ecosystem. They are probably the single most important 
constraint on crop productivity. However, they also support 
wider functional biodiversity, such as bio-control, either by 
providing food or shelter for beneficial organisms. Getting the 
balance right between these competing beneficial and detri-
mental properties of  weeds is a primary goal of  ENDURE and 
a necessary prerequisite for achieving Food Security-driven 
goals of  increases of  at least 50% in food production by 2030 
with minimal impact on the environment (OECD-FAO 2008; 
Royal Society 2009). Within ENDURE we have asked whether: 
1) rotations might be used to changes in weed amount, irre-
spective of  the levels of  pesticide management; and, 2) the 
resulting patterns of  weed amount might be applied EU-wide?

Weed data
Data were provided on weed %cover, count and biomass, and 
the cropping sequence, for fields from Denmark, Germany, 
Hungary, Italy and the UK. As these different measures of  
weed amount could not be analysed together, we asked wheth-
er the measures could be standardized by converting them to 
weed counts?

We found that both weed %cover and biomass were strongly 
related to weed count. These relationships were not greatly 
affected by the country or crop the weeds samples were meas-
ured in. We also found that there was little difference in the 
relationships for grass and broadleaved weed types. Unsurpris-
ingly, there were important effects of  the timing of  sampling; 
the weeds were found to grow larger over time. The fits of  the 
full models were good, indicating that %cover and biomass 
could be converted in counts for our analysis of  rotations.

Rotational analysis
The rotational analyses on the EU data are currently ongoing. 
Preliminary analysis of  the UK weed data-set has shown there 
are historical effects of  past crops on weeds for up to 3 years. 
We also find that the crops may be simplified to crop manage-
ment classes describing the sowing date, crop and herbicide 
type; for example winter wheat becomes a winter-sown ce-
real with similar properties to other winter sown cereals. We 
have validated the model predictions against an independent 
dataset. This work shows that rotational analyses could be a 
powerful tool for estimating and predicting weed abundance 

in current crop sequences, potentially allowing sequences 
that better reconcile the competing needs for weed control 
to maintain crop productivity and the demand for increased 
farmland biodiversity to be identified.

Conclusions
• Different measures of  weed %cover and biomass can be 
standardized by conversion to weed counts;
• relationships were not greatly affected by country or crop, 
and there was little difference in the slopes of  grass and broad-
leaved weed types;
• weeds were found to grow larger over time, changing the 
relationships;
• preliminary analysis of  the effects of  rotations shows there 
are historical effects of  past crops on weeds for up to 3 years; 
• crops may be simplified to crop management classes de-
scribing the sowing date, crop and herbicide type;
• the rotational model predictions have been validated against 
an independent dataset;
• this suggests that rotations might be used to predict and 
achieve EU-wide targets for crop productivity and functional 
biodiversity for IPM.

Where now?
We believe that rotations might be used to achieve EU-wide 
targets for crop productivity and functional biodiversity, and 
we can predict weed count values for particular crop sequenc-
es. These predictions should be experimentally tested and 
validated across the EU. To show that we can predict in-field 
weed counts from crop sequences would be extremely power-
ful, not just for farmer stakeholders, and emphasise the great 
value of  EU-wide scientific research.

Contact: David Bohan, David.Bohan@bbsrc.ac.uk 
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The Weed Traits Database:  
a resource for predicting shifts in weed communities

The weed community present in any given field is largely a product of  management history including crop ro-
tation, herbicide choice and type of  cultivation. Therefore, any changes in crop husbandry associated with in-
creased uptake of  integrated pest management strategies may result in shifts in the weed spectrum regardless 
of  whether those strategies are directly targeted at weeds. We have constructed a Weed Traits Database for 21 
common European weeds in order to predict these shifts in weed communities and allow future problems to be 
anticipated and mitigated. 

Recent decades have seen dramatic shifts in the species com-
munity composition of  arable weeds both on a National and 
European scale. Increased use of  fertilisers and herbicides, to-
gether with changes in cropping patterns have selected against 
certain groups of  weeds and left present-day communities of  
competitive species or ones that have developed herbicide 
resistance. These changes can be interpreted in the context 
of  plant traits (or characteristics) that have responded to the 
changes in management. For example, a shift from spring to 
autumn cropping has selected against obligate spring emerg-
ing weeds in the UK. The trait-based approach also has the 
potential to predict future shifts in weed communities in re-
sponse to novel crop management strategies, including the 
uptake of  integrated pest management, and the consequences 
for production and biodiversity.

Why do we need a Weed Traits  
Database?

Using plant traits to predicting the impact of  changes in crop 
management or climate on weed communities involves a 
number of  steps:
• Define specific drivers such as timing of  cultivation associ-
ated with changes in crop management
• Identify traits that will respond to these drivers
• Use computer models to generate scenarios and quantify 
relative importance of  drivers.

• Interrogate traits database to identify weed species that will 
be positively or negatively affected by management change.
The last step in this process relies on a source of  data on 
relevant weed traits. The majority of  these data are already 
present in the literature for the commonest weeds in Europe. 
However, the data are difficult to find. We have therefore built 
a web-based Weed Traits Database (WTDB) for 21 common 
European weeds (Figure 1). The choice of  traits to be included 
was driven by the requirements of  a weed population dynam-
ics model developed within the Universal Simulator software 
(see companion article in this chapter). 

Weed population models have been criticised in the past for 
promising much in terms of  predicting of  absolute numbers 
of  weeds under different scenarios but delivering little in terms 
science that is of  practical use to a farmer. The development 
of  WTDB addresses this concern.  We acknowledge that pre-
dicting the dynamics of  a single species in a field may never be 
achieved with sufficient accuracy to inform control decisions 
without prohibitively detailed measurement of  environmental 
variables. However, we do believe it is possible to use models 
to identify qualitative shifts in weed floras by identifying the 
traits that respond to management and comparing the values 
of  those traits within the species pool.

A future for the WTDB
The intention has been to make the WTDB as complete as 
possible for the traits and species currently included. However, 
for it to be a useful tool for the future advance of  weed sci-
ence, three things need to be done. Firstly, the usefulness of  
the trait based approach needs to be demonstrated by validat-
ing the functional predictions against published data on weed 
community shifts under changing management. Secondly, the 
WTDB needs to be dynamic in that new data should continu-
ally be entered and analysed by the international weed science 
community. Both of  these objectives rely on a final criterion: 
the continued funding of  the IT infrastructure and scientists 
to support the database. The scientific consortium responsi-
ble for the development of  this valuable tool is committed to 
meeting these objectives.

Contact: Jonathan Storkey, jonathan.storkey@bbsrc.ac.uk 

Figure 1 - Screen shot of  Weed Traits Database.
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The potential of landscape management in IPM

The ENDURE project provided an exciting opportunity to assess the role landscape management might play in 
suppressing pests and encouraging natural enemies and to identify future research challenges for its implementa-
tion in IPM programs. Our conclusions, drawn from literature reviews and data analyses, are that landscapes can 
markedly affect the abundance of  insect pests, via their natural enemies, and also affect weed diversity. 

The potential for landscape management to reduce pest prob-
lems in agriculture fields has been the focus of  a major study 
within the ENDURE project. Traditionally pest control is fo-
cused in farmers’ fields where the insect, weed and pathogen 
pests do their damage. However, many pests migrate or dis-
perse at a larger scale and may make use of  non-crop ele-
ments of  the landscape at times when they are not damaging 
crops. Natural enemies that control pests also move around 
the landscape and may make use of  both crop and non-crop 
habitats. 

Over the last 20 years it has been increasingly recognised that 
landscape management has a role to play in suppressing pests 
and encouraging their natural enemies. Yet there are relatively 
few examples where the principles of  landscape management 
have been implemented. ENDURE has represented an excit-
ing opportunity to bring together scientists with a range of  
expertise on agronomy and on pest biology and ecology to 
evaluate knowledge on landscape management for pest con-
trol and to explore tools to study and design pest-suppressive 
landscapes.

What is a landscape?
Ecological landscape is the physical arrangement of  different 
elements, such as land use, vegetation types, resources etc, 
and can be described in terms of  the proportion, spatial struc-
turing and temporal dynamics of  the elements. Most impor-
tant for pests and natural enemies are the landscape elements 
that provide them with the resources they need such as food, 
space, favourable microclimatic conditions and refuges from 

their enemies. Each of  these could affect pest abundance di-
rectly by affecting their dispersal, mortality or reproduction, 
or indirectly by affecting pest control by natural enemies. In 
agricultural landscapes, the spatial distribution of  resources as 
well as their dynamics through time are affected by farming 
practices and by the regulatory framework within which farm-
ers operate. 

The questions addressed by  
the ENDURE study:
1/ What is expert opinion of  the potential for landscape man-
agement to suppress insect pests by encouraging natural en-
emies?
2/ What landscape characteristics lead to suppression of  in-
sect pests and weeds?
3/ What future approaches are needed to achieve pest-sup-
pressive landscapes?

Expert opinion of  landscape management 
for insect pest suppression
• In a study of  expert review papers, almost all of  154 reports 
on managing resources in the landscape for pest suppression 
cited a benefit to natural enemies. Half  cited a strong benefit. 
• 82% of  the 77 reports that cited effects on pests indicated 
that landscape resource provision was also linked to a positive 
effect on pest control. 17% showed strong effects.            
• Evidence for benefit was strongest in arable crops, field veg-
etables and vineyards.      

Landscape characteristics that affect 
insect pests and weeds
• Semi-natural habitats in the landscape favour in-field attacks 
against pests by natural enemies. 

• Other beneficial measures include diversification of  crop 
and landscape vegetation, provision of  habitat corridors to 
encourage movement and provision of  refuges.

• There are significant correlations between the area devoted 
to a particular crop at the landscape level and the abundance 
of  pests in these crops.

• Landscape structure appears to affect weed diversity in fields 

A farmed landscape with semi-natural habitats.
© Rothamsted Research.
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more than landscape composition. Weed diversity increases 
when the number of  landscape elements increases, whatever 
the vegetation in these elements. This may be because more 
boundaries between elements, provide more refuges for weeds 
in complex landscapes.

Recommended future approaches  
and conclusions
This ENDURE study has highlighted the potential that land-
scape design has to make a strong contribution to IPM and re-
duce the need for chemical pesticides. Our results indicate that 
landscape characteristics affect the abundance of  pest insects 
via their natural enemies, and affect weed diversity in fields. 
Both composition and configuration of  the landscape have a 
role to play: the presence of  resources (e.g. uncultivated or 
untreated areas) helps to increase biocontrol of  pests, whereas 
landscape structure seems to affect weed diversity.

How can landscape design for IPM be implemented in the real 
world? Most European landscapes are shaped through human 
activity, largely at the level of  the individual but this activity 
is modified through government planning and regulation from 
the local to the European level. The spatial scale at which the 
landscape functions demands the involvement of  government 
planning if  the type and intensity of  land-use is to be modi-
fied to build pest-suppressive landscapes. There are important 
challenges that currently limit the development of  policy for 
encouraging landscape management for IPM. We identify the 
following issues that should be considered by funders and re-
searchers to provide the evidence-base to enable policymak-
ers to implement landscapes for IPM:

• Further progress in the design of  landscapes for IPM is likely 
to depend on future large-scale studies and combined analysis 
of  data from multiple research groups.

• Agreed, common approaches and methodologies are there-
fore needed. The current diversity of  descriptors, measure-
ments and methodologies limits the ability to compile and 
compare the results of  existing studies. 

• Landscape descriptions conventionally used in landscape 
ecology are often not appropriate to the agricultural environ-
ment. In particular, more consideration should be given (i) to 
measurements of  landscape structure and (ii) to recording the 
impact of  farmer practices at a landscape scale. 

• Modelling of  pest and natural enemy behaviour in virtual 
landscapes should be used to enable the testing of  landscape 
arrangements that would be difficult or impossible to replicate 
on the scale of  a real landscape. 

Where now?
This study predicts that pest-suppressive landscapes could be 
achieved by the distribution of  sufficient non-cultivated habi-
tats within them. If  landscape management is to become a 
practical tool for policymakers to reduce dependence on pes-
ticides, this prediction must be tested at a European scale to 
demonstrate the generality and robustness of  the principle. 
We propose a comparative study using paired landscapes with 
different amounts of  non-cultivated habitats and/or crop di-
versity in different European regions, focusing on quantifying 
the effect of  landscape composition and layout on the abun-
dance of  natural enemies, their effect on pests and the benefits 
to crop productivity.  

Contact: Claire Lavigne, claire.lavigne@avignon.inra.fr 

The larvae of  hoverflies feed on aphids.

A farmed landscape with semi-natural habitats.
© Rothamsted Research.

Carabid beetles eat both insect pests and weed seeds.
© Rothamsted Research.
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The ENDURE Virtual laboratory: a resource supporting 
the development and implementation of IPM in Europe.

The ENDURE Virtual Laboratory is a multidisciplinary resource intended to support all aspects of  research on 
crop protection including basic work on novel interventions as well as the integration, through experimentation 
and modelling, of  control tactics into coherent and sustainable IPM systems. Having evolved during the course 
of  the ENDURE project, it is seen as central to supporting the durability and future expansion of  a partnership 
committed to the validation and wider implementation of  IPM for agriculture in the EU. 

Since the inception of  the ENDURE project, partners in the 
consortium have been coordinating research efforts, collating 
existing data and information on IPM, and sharing expertise 
in most areas of  the biosciences that relate to crop protection. 
This work has generated numerous outputs in terms of  new 
results, protocols and tools that provide a foundation for the 
improvement and wider implementation of  IPM strategies in 
an EU context.

The ENDURE Virtual Laboratory (VL) was initially conceived 
as a central repository of  experimental material, facilities and 
methods being contributed by partners to support collabo-
rative research within the consortium. The sharing of  these 
resources was seen as essential to confront new challenges 
posed by the need for sustainable intensification of  agriculture 
and to address new policy requirements introduced by the EU 
and by national agencies. 

Representatives of  all partner organisations contributed the 
data necessary to populate ‘core’ elements of  the VL including 
information on sites for field experimentation and unique col-
lections of  insects, pathogens, seeds etc. As ENDURE as pro-
gressed, the VL has assumed a broader support role through 
the hosting of  research platforms and other outputs of  the 
ENDURE project including databases and modelling tools.

Technical specifications and content
The VL is coded in PHP which integrates with a number of  
central MySQL databases dedicated to specific areas of  the 
VL.  Development work is done locally on servers at Rotham-
sted before the final version of  each release is uploaded to the 
ENDURE Tools Server hosted by JKI in Germany. The entry 
portal (Figure 1) is designed to provide intuitive links to the 
major features, which are either embedded within the VL or 
reached via hyperlinks to resources hosted elsewhere. A sche-
matic showing the key aspects of  IPM research supported by 
the VL is shown in Figure 2. 

Many of  these are under development, awaiting outputs of  re-
search activities reported on elsewhere in this volume. Major 
features include:

• EuroWheat (see separate article) is a comprehensive syn-
thesis of  existing knowledge of  wheat pathogens and their 
control. Information on fungicides is included to assist deci-
sions on optimal choice of  compounds and dose-rates aimed 
at minimising chemical inputs and contending with fungicide 
resistance problems.

• EUResist aims to collate knowledge and ongoing research 
activities across Europe relating to the analysis and manage-
ment of  resistance to insecticides, fungicides and herbicides. 
It complements the outstanding distillation of  information and 
training material provided by the industrially-led international 
Resistance Action Committees.

Figure 2 - A schematic showing the key aspects of  IPM research 
supported by the ENDURE Virtual Laboratory.

Figure 1 - Front page of  the ENDURE Virtual Laboratory (http://
vl.endure-network.eu/) showing the two main sections of  the VL and 
in this case (Physical Resources) the different categories of  resources 
available.
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• QuantiPest (see separate article) is an initiative to support 
field-based experimentation to evaluate and validate IPM tac-
tics. It covers pest diagnosis, sampling and other aspects of  
experimental design.

• Modelling tools (analytical and simulation-based) that have 
a key role in developing a system-based approach to under-
standing ecological and evaluating the sustainability of  differ-
ent crop protection scenarios. This includes the mathematical 
underpinning of  computer-based decision-support models 
developed to aid precision agriculture.

• Databases supporting theoretical investigations of  pest 
population dynamics (eg. the Weeds Traits Database – see 
separate article) or of  trophic relationships between crops and 
pests under different management practices (eg. contrasting 
crop rotations)

Future developments
The VL is seen as a critical component of  the continuation 
of  the ENDURE partnership to underpin crop protection sci-
ence and policy, in conjunction with a other organisations with 
complementary expertise. To reduce the cost and effort of  
expansion, new features can be added primarily as hyperlinks 
although there will be a continuing and important commit-
ment to maintaining and updating the existing content. Future 
development will be linked closely to research projects involv-
ing partner organisations to ensure relevance to the changing 
face of  crop protection in Europe.

Contact: Neal Evans, neal.evans@bbsrc.ac.uk 
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EuroWheat.ORG 
Support for integrated disease management in wheat

Wheat diseases have a major impact on yield, quality of  grain and fungicide requirements. EuroWheat collates 
data and information on wheat disease management from several countries, analysing and displaying this infor-
mation in a European context. It provides significant added value on a European scale to support local advisers, 
breeders and other partners dealing with disease management in wheat through supporting IPM in the broadest 
sense. 

Information in EuroWheat
Fungicides
Many countries provide information about fungicide efficacy 
based on national field trials. EuroWheat has collected this 
information giving an overview of  registered products, their 
efficacy (Fig. 1) and resistance risk:
• Fungicide efficacy ranking – eight wheat diseases ranked by 
five different countries
• Review on problems related to fungicide resistance
• List of  fungicide trade names and actives in different coun-
tries, as a searchable feature
• Survey on pesticide use and yield responses to fungicides in 
some EU countries

Wheat IPM
Under this heading information and links to relevant disease 
management tools are given:
• Overview and links to decision support systems dealing with 
wheat diseases in Europe
• Wheat disease thresholds recommended in eight countries
• Information and thresholds for seed borne diseases
• Overview and documentation of  cultural practices reducing 
specific diseases

Pathogens
Pathogen characteristics such as virulence and aggressive-
ness play a significant role in evaluating the risks of  disease 
epidemics in cultivars possessing various sources of  disease 
resistance. Since many of  the most damaging pathogens, such 
as the rusts, may be spread by the wind across national bor-
ders, updated information about pathogen features in neigh-
bouring countries serve as an ‘early warning’ for farmers:
• Overview and analysis tool for wheat yellow rust virulence 
pathotypes in Europe (six countries)
• Fusarium head blight: how to minimise attack and myco-
toxins
• Cultivar resistance to Fusarium head blight, including rank-
ing of  cultivars

Cultivars and yields
The cultivars grown vary to a great extent between countries. 
Grain yield may vary significantly across cultivars and environ-
ments due to the genetic yield potential and environmental 
stresses, including climate and disease pressure:
• Links to national cultivar databases
• Yield levels in different countries

Contact: Lise Nistrup Jorgensen, lisen.jorgensen@agrsci.dk

Figure 1 - Five countries ranking of  fungicides efficacy for 
control of  different diseases on the EuroWheat.org website.
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WHEATPEST: a new tool to analyse yield losses caused 
by diseases, weeds and insects on wheat.

The primary objective of  crop protection is to limit crop losses. To achieve this goal, prevention of  various pests 
(pathogens, weeds and animal pests) has to be taken into account in the design of  cropping systems (prophylactic 
measures). It is therefore essential to be able to rank yield losses in order to help define priorities, not only in terms 
of  tactical and strategic decisions for farmers but also for defining economically-efficient research programs. A 
model called WHEATPEST was developed within the ENDURE network to help analyse wheat yield losses.

The production system-injury profile 
relationship
A production system is represented by the set of  environmen-
tal (physical, chemical, biological) and socio-economic factors 
underpinning the yield of  a given crop. Production systems 
can be defined on the basis of  the combination of  crop man-
agement practices occurring in a given field. This is because 
strategies and tactics for crop management are a reflection of  
the physical (soil and climate), chemical (soil and atmosphere), 
biological (cultivars and biotic factors), and socio-economic 
(e.g. markets, farm organisation) environments where a crop 
is grown.

An injury profile is defined as the combination of  injury levels 
caused by the multiple pests (pathogens, weeds, animal pests) 
that affect a crop during a growing cycle.

Strong links exist between production systems and injury pro-
files. These links have been demonstrated for several crops 
worldwide. The production system-injury profile relationship 
can therefore be used as a framework to model yield losses 
caused by multiple pests.

Modelling complex systems does not 
require complicated models!
Considerable effort has been made to model both crop growth 
and pest epidemiology. Because of  the complexity of  such 
models, and the numerous interactions they address, it did 
not appear appropriate to increase complexity still further by 
combining a sophisticated crop model with one of  the epide-
miological models already available. A different approach was 
used to develop WHEATPEST. The knowledge available in 
published papers was captured within a simple generic frame-
work that had been already used for rice and potato. All pa-
rameters of  WHEATPEST have been derived from published 
papers.

Input, state and output variables  
of  WHEATPEST
• Three types of  output variables are simulated by WHEAT-
PEST: attainable yield, yield losses caused by individual pests, 
and yield losses caused by the injury profile.

• The state variables of  WHEATPEST are: development 
stage, dry weight of  organs (roots, stems, leaves, ears), and 
Leaf  Area Index.

• Several drivers are required to run WHEATPEST. Climatic 
data describing mean daily temperature and solar radiation 
must be provided as well as the dynamics of  radiation use ef-
ficiency. The dynamics of  13 types of  pest are also required: 
weeds, take-all, eyespot, sharp eyespot, fusarium stem rot and 
head blight, Septoria triciti, Septoria nodorum, brown rust, 
yellow rust, powdery mildew, aphids, and barley yellow dwarf  
virus.

Evaluation and sensitive analysis  
of  WHEATPEST
It is always good practice to evaluate the predictive power of  
a model. Data coming from various trials in France (INRA), 
Poland (IHAR), and Denmark (Aarhus University) were used 
to assess the predictive ability of  WHEATPEST. A wide range 
of  climates and cropping systems were represented in the 
datasets. The performance of  WHEATPEST appeared to 
be reasonable (similar to those of  other crop models that do 
not include pests). However, predicted yields were sometimes 
quite different from the observed values. A thorough sensitiv-
ity analysis was done to identify the most influential param-
eters that will be adjusted to improve the predictive power of  
the model.
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Example of  outputs provided by WHEATPEST for an organic pro-
duction system - RYL IP: relative yield loss caused by the injury profile. 
RYL SII: relative yield losses cumulated over the individual injuries. YA: 
attainable grain yield; YL IP: grain yield loss caused by the injury profile. 
WD: weeds, TAK: take-all, EYS: eyespot, SHY: sharp eyespot, FST: fusa-
rium stem rot, ST: Septoria tritici , SN: Septoria nodorum , BR: brown rust, 
YR: yellow rust, PM: powdery mildew, APH: aphids, BYDV: barley yellow 
dwarf  virus, FHB: fusarium head blight.

A two year experiment in Central Europe
A two year experiment was done in Poland (IHAR) to charac-
terise four contrasting crop management systems for spring 
wheat: intensive, integrated with possible use of  pesticides, 
integrated without pesticides, and organic systems. Climate, 
crop status, injury profiles and yields were monitored. The re-
sults constitute a reference in terms of  agronomic, economic 
and environmental performances of  various crop manage-
ments of  spring wheat in Central Europe. These results also 
contributed to the evaluation of  the predictive power of  
WHEATPEST.

What’s next?
Beyond the potential integration of  new features (e.g. repre-
sentation of  other pests in the model, prediction of  qualitative 
losses), WHEATPEST can be used to perform diagnoses of  
existing production systems of  wheat, to anticipate the risk 
of  yield losses for innovative crop management plans, to help 
design protocols to characterise injury profiles encountered 
in various European production systems, and to help define 
priorities in terms of  research programs. WHEATPEST is al-
ready used as an educational support for pre- and post-doc-
toral students. An online version of  WHEATPEST is available 
through the virtual lab of  ENDURE. This online tool allows 
users to run the model with their own set of  input variables 
and parameters. Numerical as well as graphical outputs are 
downloadable.

Reference

Willocquet L, Aubertot JN, Lebard S, Robert C, Lannou C, 
Savary S. Simulating multiple pest damage in varying winter 
wheat production situations. 2008. Field Crops Research. 107 (1): 
12-28.

Contact: Jean-Noël Aubertot, jnaubert@toulouse.inra.fr 

Experimental wheat field in an organic certified farm Gogole 
Wilekie, Poland.
© IHAR.
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QUANTIPEST:  
a collaborative platform for research on pest characterisation.

QuantiPest is one of  the research platforms of  the ENDURE Virtual Laboratory. It is being developed to support 
experimental design and the sharing of  protocols to characterise pest injuries or pest populations. This will in turn 
improve the consistency and comparability of  work on crop protection.

European agriculture needs to develop and implement new 
crop protection strategies with reduced dependence on pes-
ticide use. Within ENDURE, the Virtual Laboratory (VL – see 
separate article in this chapter) aims to ensure the durability of  
the network by sharing of  knowledge, resources and facilities. 
The VL includes a number of  research platforms on specific 
topics of  importance for research on Integrated Pest Manage-
ment (IPM).QuantiPest is one of  these platforms and focuses 
on pest characterisation by providing information to help de-
sign protocols appropriate for characterising pests or pest in-
juries in small-scale field experiments or in commercial fields.

QuantiPest: aims and objectives
Many references and tools have been produced in order to 
identify and quantify pest injuries and pest populations, but 
this information is fragmented. QuantiPest aims to overcome 
this fragmentation by providing access to the most relevant 
information sources, methods and protocols. The platform is 
not intended to be exhaustive in this respect, but rather to pro-
vide references, methods and tools to help the development of  
protocols adapted to specific experimental objectives.

QuantiPest: content
The types and the sources of  information available in the plat-
form can be diverse. Documents can be website links, article/
book references, pictures, documentation on sampling meth-
ods, examples of  methodological studies and methodological 
tools, protocols, scales for pest pressure characterisation, use-
ful software and numeric applications, computer aided pro-
grams for training purposes. The content evolves continually 
and is updated thanks to users’ contributions.

QuantiPest: structure
The platform is structured around three main areas:
1/ A knowledge area which consists of  educational pages 
containing information on pest and pest injury identification, 
pest and pest injury quantification, methods and tools for sam-
pling.
2/ A documentary management area that allows user to 
search, by keywords, for relevant documents in the documen-
tary database associated with the platform.
3/ A training area that gives access to training programs de-
signed to help users to improve their abilities in pest/pest in-
jury identification or quantification.

QuantiPest: functionalities
As QuantiPest is a collaborative platform, it includes func-
tions that allow users to comment and discuss the informa-
tion provided by the platform. Users can also suggest other 
approaches or references using an input mask linked to the 
documentary database associated to the platform. Another 
function allows the design of  training programs that consist of  
a set of  multiple-choice questions with pictures. “Mosaic of  
pictures” is a function that assists users with identifying pest 
or pest injuries: users navigate through successive sets of  pic-
tures to find the description of  the pest related to the most 
similar pictures.

Target group
QuantiPest is mainly targeted at researchers, engineers and 
technicians that perform experiments in fields or in green-
houses, in order to understand a mechanism under a produc-
tion situation (from plot scale to landscape level) or to assess 
alternative methods to pesticide use and IPM strategies. 

QuantiPest is also targeted at engineers and technicians in-
volved in monitoring or scouting for pests or pest damage in 
commercial fields.

Benefits for QuantiPest’s users
QuantiPest represents a time-saving resource for users, provid-
ing rapid and easy access to information on the most relevant 
and tested protocols. 

It can contribute to aspects of  experimental design and to the 
standardisation of  methods of  data capture and processing. 
The information sources included in QuantiPest are diverse, 
and as well as scientific papers include the content of  the 
‘grey’ of  the grey literature and personal expertise. By facili-
tating these key components of  research on IPM, the platform 
is intended to be a durable resource supporting the sharing 
of  expertise and collaborative research across Europe. In this 
respect, it complements the overall objectives of  the VL.

Contact: Jean-Noel Aubertot, 
jean-noel.aubertot@toulouse.inra.fr 
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Universal Simulator: 
an open-source tool for collaborative ecological modelling.

Universal Simulator (UniSim) is a software package for collaborative ecological modelling, developed within EN-
DURE with co-financing from Danish funders. UniSim is extendible and open for re-use. It is open-source software 
according to the GNU General Public License. UniSim was developed as a tool for better collaboration in ecological 
modelling – to study the dynamics of  pests and to assist with developing and evaluating crop protection strategies.

What are models? According to the philosopher Wittgenstein, 
language itself  is a model of  the world. When we think and 
communicate about the world, we are building upon a model 
of  the world. In the natural sciences, models of  the world are 
formulated in mathematics. The resulting description is pre-
cise, which helps when presenting and discussing the model. 
In addition, the formalism of  mathematics makes it possible to 
infer and hypothesize about the nature of  the real world, based 
on the model description. Thus models can both deepen our 
understanding of  the world and be a tool for practical planning 
and problem solving.

Models in physics are exact descriptions of  the physical 
world. What the mathematical equations describe, and what 
we sense, are equally true representations of  reality. In ecol-
ogy, however, the systems under study are alive, ever-changing, 
complex and incorporate a great deal of  uncertainty. Hence 
ecological models cannot be exact representations of  reality. 
They are reduced versions, representing only the most impor-
tant components and processes and applicable only under 
certain defined conditions.

‘Black box’ approach
Ecological models can easily become very large. The math-
ematical logic of  big models is usually implemented in com-
puter software. Software tools help, both to manage model 
complexity and to analyse model behaviour. 

Due to the many resources going into the development of  big 
models, their software is often proprietary: outsiders are not 
allowed to look inside the model. It is, as if  we now have two 
objects under study (Fig. 1): one is the original system–open 
and full of  nature’s intricacies, the other is the model–a black 
box polished and unyielding to scrutiny. 

For the natural system we can still use the methods of  natural 
science, performing experiments and analyse the outcomes. 
The black box model, however, will remain an enigma, an arte-
fact with some reported structural and behavioural similarities 
with the real system.

‘White box’ approach
Black box models hardly count as scientific products. Even 
though their makers describe how they function, how can we 
tell if  they have not unknowingly made some error in their pro-
gramming of  the model? The most reliable and versatile mod

els in science must be white boxes (Fig. 1): models that are as 
well-documented as their black counterparts but in addition 
are completely open to scrutiny. Whenever possible, scientific 
models should be implemented as open-source software. This 
is the approach adopted with the Universal Simulator.

Universal Simulator
Universal Simulator (UniSim) is a software package for collab-
orative ecological modelling, developed within ENDURE with 
co-financing from Danish funders. It was originally developed 
as a tool for weed-modelling only but we soon realised that it 
had much broader application. Currently it forms the basis of  
models to simulate plant growth and the population dynamics 
of  weeds and insect pests. Current users are found at several 
ENDURE institutions and, in addition, a few researchers from 
the USA. 

UniSim is composed of  a GUI (graphical user interface) main 
module which is used to open and execute model specifications 
read from XML files. The XML files specify the components 
constituting a model. The functionality of  these components 
is defined in plug-in libraries. This makes UniSim extendable 
and open for re-use. It is programmed in standard C++ and is 
open-source according to the GNU General Public License. It 
is available from www.ecolmod.org. UniSim enables modellers 
to focus on just the detail they want to model. For instance, it 
is possible to construct a model for seed germination and then 
combine this with existing models of  weeds, crops and farm 
management to extend its relevance and scope. The primary 
aims are to facilitate collaboration, reduce resource expendi-
ture and maximise scientific progress.

Contact: Niels Holst, niels.holst@agrsci.dk 

Figure 1 - Natural system, black box model and white box model.
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Building scenarios  
for European Crop Protection in 2030 

The legislation on pesticides adopted by the EU in 2009 is setting the frame for a future where crop protection will 
not be able to rely on chemical control as much as it does today. While we are struggling to adjust practices within 
the short deadlines set up the new regulations, it is worth considering also to which crop protection systems dee-
per transformations over the next 20 years could lead. 

To build up the five scenarios proposed in this foresight study, we first considered different agriculture futures and their influence 
on crop protection. In the context of  rising global food demand, Europe could become a more active global trader or it could get 
concerned by food sovereignty and secure a diversified domestic production. European agriculture could ambition to become 
the world’s breadbasket as climates change or it could focus on specialised high-quality products. European populations could 
become more urban and leave room for large scale agriculture or they could populate rural landscapes and expect ecological 
services from their farmers.

Of  course, the five scenarios incorporate contrasted options in crop protection itself. Control methods could remain at the core 
of  pest management, but would rely on a new generation of  ‘green chemicals’ combined with a renewed set of  cultivars with 
multiple resistances to pests. Or the introduction of  multiple advanced technologies could allow efficiently preventing, forecast-
ing and monitoring pest development, reducing the need to apply direct control measures, and finely targeting them so as to 
minimize their impact. Alternatively, the focus could be on designing diversified cropping systems that are inherently less likely 
to generate high pest pressure and more resilient to their effect. Managing the whole agro-ecosystem, beyond the mere culti-
vated area, could recruit functional biodiversity to regulate pest populations while producing other valuable ecological services.
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Scenario 1:  
The Commodity Market Player 
High food demand in 2010 caused trade barriers and subsidies 
to agriculture to disappear. In 2030, agriculture and farmers 
are back in the limelight as important actors of  the European 
economy. The EU competes with other agricultural produc-
tion heavyweights on commodity markets. Land is partitioned 
between regions dedicated to intensive agriculture and pro-
tected non-agricultural areas. Farmers increase their competi-
tiveness on basic crops by reducing manpower and production 
costs. Pesticides are used as best cost/benefit crop protection 
solutions. However, the application of  the “polluter pays” prin-
ciple favours the development of  lower-impact crop protec-
tion strategies. © INRA / M. Fouchard.

Scenario 2:  
The Specialised High-Tech Grower 
Here, high food demand caused trade barriers and subsidies 
to agriculture to disappear. Europe has made the choice to 
adopt precautionary rules stricter than in the rest of  the world, 
encouraging farmers to become entrepreneurs in the knowl-
edge-based bioeconomy advocated in the Lisbon strategy. 
Producers have turned to high added-value specialty crops 
which allow investing in low-impact innovative crop protec-
tion solutions. In 2030, crop protection is treated as an integral 
part of  the production process, and new technologies such as 
robotics, information technologies and nanotechnologies are 
strongly mobilised. Precision agriculture is accompanying pre-
vention. © Aarus University.
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Scenario 3:  
The Sustainable Food Provider 
In this scenario, International authorities have reduced food ten-
sion by redistributing agricultural production. Protection barriers 
have been strengthened around developing countries, causing 
global food market to decline. Consequently, in 2030, the EU 
ensures a diverse food production for its population while con-
serving the resources that are essential for production. Farmers 
are expected to manage robust cropping systems designed to 
deliver reliable and stable production even under unfavourable 
conditions. Cropping systems are made inherently less vulner-
able to pests, and farmers address pest problems by drawing 
from a diverse array of  approaches, including biocontrol, plant 
genetics, cultural and mechanical methods. © INRA / B. Nicolas.

Scenario 4:  
The Energy Saving Producer 
High energy prices prompted the EU to redesign its economic 
landscape. In 2030, people and economic activities concen-
trate in dense urban centers, while the countryside gradually 
loses its population. Agricultural policy is integrated into a 
broader policy on energy and carbon: farmers are expected 
to produce food at low energy costs. In urban and rural areas, 
farmers face the challenge of  managing pests using low-ener-
gy methods. In the cities, fruits and vegetables are grown with-
in zero-pesticide micro-farms and industrial food production 
units relying on composting and recycling. In the countryside, 
arable crops are grown in large farms integrating livestock, 
bulk crops and nitrogen-fixing crops. © INRA / C. Maitre.© Chris jacobs.

Scenario 5:  
The Community-Conscious Farmer 
The EU moves away from being a major exporter of  basic ag-
ricultural products and invests in non-agricultural and service 
sectors. Territoires become instruments for economic growth, 
and agriculture is seen as essential to maintaining economic 
attractiveness. The multiple services rendered by agriculture 
are in tune with the demands of  territoire actors. Crop pro-
tection is required to satisfy specific demands placed on the 
factors affecting the attractiveness of  territoires. Pesticides 
are used as a last resort. Advances in ecological engineering 
allows farmers to manage pests by manipulating ecological 
processes and by increasing spatial, temporal and varietal di-
versity at the landscape and cropping systems levels.

© INRA.

Given the long lag period for the development of  crop protection systems, we should realise that today’s decision will shape the 
future of  crop protection. The scenarios create distinct futures for farmers and other stakeholders and should enlighten their 
reflection according to their own goals. The study signals to policy makers that the change initiated by the new pesticide legisla-
tion requires support from further enabling policies, some of  which reach beyond crop protection proper. Above all, providing 
the knowledge, technologies and innovation on which the scenarios rely is a tremendous challenge for research. In this study, 
ENDURE lays the groundwork for priority setting in a future pan European research program on crop protection.

A full version of  the Foresight study ‘European Crop Protection in 2030’ is available on the ENDURE web site: www. endure-
network.eu

Contact: Pierre Ricci, Pierre.Ricci@sophia.inra.fr
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The ENDURE Summer Schools:  
connecting PhD students worldwide.

As part of  ENDURE’s higher educational activities, three residential one-week Summer Schools for PhD students 
were organised by SSSUP at Volterra (Italy). The aim of  the Summer Schools was to provide high-quality educa-
tional fora for discussion between PhD students working on crop protection issues worldwide and internationally 
renowned experts from ENDURE partners and other institutions.

Subjects
Three cutting-edge relevant interdisciplinary subjects linked to 
the development of  novel strategies for improved IPM were 
selected for the Summer Schools:

“Biodiversity supporting IPM”
The objective was to provide a theoretical framework and 
analytical tools enabling the PhD students to critically review 
projects dealing with biodiversity in agro-ecosystems and to 
set up innovative research examining the elements and as-
pects of  biodiversity which can positively affect sustainability 
related to crop protection. Biodiversity was treated at differ-
ent levels, from gene to habitat and from field to landscape. 
The relevance of  specific genes, species or habitat features for 
crop protection was explored from the points of  view of  the 
cropping system, of  non-cropped elements (e.g. hedgerows, 
landscape configuration) and of  the complex of  noxious and 
beneficial organisms interacting in an agro-ecosystem.

“Modelling approaches to support IPM”
The objective was to provide a profound theoretical basis in 
modelling approaches in general and regarding different IPM 
applications in specific, to make students aware of  the com-
plexity of  IPM modelling and to let them work on models 
created within the ENDURE Network. This has enabled the 
students to gain awareness on the importance of  modelling to 
support field and lab research in IPM, to critically review ex-
isting models for crop protection, and to be more prepared in 
their own research projects to the difficulties rising from such 
complex modelling situations.

“New and emerging agricultural pests, diseases and 
weeds”
The objective was to stimulate students to develop a compre-
hensive approach of  the problems posed by biological inva-
sions in agro-ecosystems and of  the possible solutions offered 
by IPM strategies in the light of  the foreseeable evolution of  
technologies and of  international policies on agriculture and 
trade. The impacts of  new and emerging insect pests, diseases 
and weeds on crop yield, yield quality and the functionalities 
of  agro-ecosystems have been treated in lectures spanning 
from the biology and ecology of  these organisms to their man-
agement (including quarantine issues).

Educational approach
The Summer Schools were characterised by a very high 
level of  interaction among lecturers and students, facilitated 

by team work and discussion sessions. Students prepared a 
poster presenting their PhD project, which was discussed in a 
dedicated informal session at the start of  the week, also aimed 
to break the ice in the group. The interdisciplinary programme, 
the highly diverse composition of  students in terms of  exper-
tise and geographical provenance, and the beautiful venue 
made all three Summer Schools very lively, stimulating and 
enjoyable events.
To sum up, the three Summer Schools involved 49 PhD  
students from 29 countries of  the five continents (Table 1), 
selected from nearly 300 applicants.

Follow-up
Several positive and spontaneous follow-up actions have 
stemmed from the success of  the ENDURE Summer Schools. 
Students' networks have been created through common mail-
ing lists and potential links between ENDURE and students’ 
home institutions have been established.

Contact: Paolo Bàrberi, barberi@sssup.it 

Table 1 - Provenance of  students selected for the three ENDURE 
summer schools.

Country # stu-
dents

Country # stu-
dents

Argentina 2 Italy 3

Australia 2 Lebanon 1

Austria 1 Madagascar 1

Burundi 1 Malta 1

China 2 Nigeria 2

Colombia 1 Pakistan 1

Croatia 1 Poland 2

Denmark 2 South Africa 1

Ethiopia 1 Spain 5

France 3 Switzerland 1

Germany 3 Turkey 1

Hungary 3 Uganda 1

India 2 UK 1

Iran 1 USA 2

Israel 1 Total 49
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5
ENDURE takes a step back to look at the big-
ger picture. Researchers from both the bio-
physical and the social and human sciences 
jointly look beyond the biophysical realm at 
social, human and economic factors key to 
the implementation of  IPM. Their relation to 
policy is addressed. The ENDURE Network 
of  experts offers assessments on specific 
questions relevant to IPM implementation.

ENDURE defines Integrated Pest Management 
(IPM) as “a sustainable approach to managing pests by 
combining biological, cultural and chemical tools in a 
way that minimises economic, environmental and health 
risks."  It sees IPM as a continuously improving proc-
ess in which innovative solutions are integrated and 
locally adapted as they emerge and contribute to 
reducing reliance on pesticides in agricultural sys-
tems.
Historically, IPM is an approach to crop protection 
that emerged from the biophysical sciences in the 
1950s. Since then, researchers and extensionists 
worked hard identifying technical solutions or ap-
proaches to developing solutions for IPM practice to 
become a reality. The need to widely implement IPM 
now appears increasingly both more urgent and more 
feasible. More urgent because of  the current societal  
demands now translated into European, and soon into  
national legislation. More feasible because signifi-
cant advance in biological and agronomic knowl-
edge now make it possible to support IPM practice 
in a number of  cropping systems. Now, the crop 

protection community realises that advances be-
yond the biophysical sciences and outside research 
are also required.

It is akin to taking one step back as a way to get the 
“bigger picture”. A more systemic understanding 
that can help answer questions such as “why haven’t 
farmers adopted IPM yet?” and “what would it take 
for mainstream farmers to widely adopt IPM?”.  
ENDURE researchers from both the biophysical and 
the social and human sciences jointly addressed 
such questions. The research shows that farmers 
are a part of  a larger social and economic envi-
ronment which currently favours pesticide-based 
crop protection. The study of  this stable mesh of  
social interactions and economic forces allows us 
to identify the changes needed for a sustained and 
profound transformation of  crop protection to take 
place. 

The situation can change and ENDURE looked at 
the ways that change occurs and how it could be 
fostered. For example, findings show that farmers 
do not usually transform their crop protection sud-
denly and in isolation. Rather, they move along grad-
ual transition pathways and their practices evolve in 
interaction with their social network (see “Reducing 
dependence on pesticides”). At the ENDURE 2010 
Conference, “IPM in Europe”, three farmers from 
Denmark, United Kingdom and France are invited 
as public speakers to convey their expectations and 
real-life experience and on these questions. 

The ingredients for successful IPM 
implementation in Europe

IPM  
IMPLEMENTATION

1  from Cliff  Ohmart, Vice-President SureHarvest, California, USA, 
speaking at Diversifying Crop Protection, ENDURE's 2008 International 
Conference held in La Grande Motte, France in October 2008.
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IPM implementation is certainly a challenge and a 
priority in the years to come, not only for farmers 
and advisers, but also for stakeholders in education, 
research, industry and retail as well as for policy-
makers, environmental and consumer protection 
groups, and regulatory and funding agencies (see 
“Framework conditions for a successful implemen-
tation of  NAPs in Europe”). Indeed, many inter-con-
nected stakeholders beyond farmers are involved in 
making change possible. They are both upstream 
(i.e., national and European policy, chemical indus-
try, research, extension…) and downstream (buyers, 
processors, retail…) in the agri-food supply chain. 
They can even be apparently outside the agri-food 
system and still contribute to change, as one study 
showed (see “The Role of  NGOs in Reducing Pesti-
cides”) by influencing policies aiming at risk reduc-
tion of  pesticide use. 

Understanding how such non-biophysical factors 
can be taken into account to produce policies that 
more effectively support change and generate a 
conducive environment is the subject of  our Policy 
Briefs (see “Policy Briefs - Insights into the condi-
tions for successful implementation of  IPM”). 

At a more macro level, we also compared situa-
tions between member states in terms of  national 
pesticide use trends and general policy approaches. 
When analysing national differences in pesticide 
use in wheat, we find that tradeoffs between yield 
and cost as well as interactions between climate, 
farm management and social and organisational 

factors are tackled in different ways in Europe (see 
“Explaining differences in pesticide use in wheat in 
four European countries”). Examining the national 
policies adopted by various member states allows 
us to extract lessons learned and promote sharing 
of  national experiences (see “Comparative analysis 
of  pesticide action plans in Europe / Addressing 
IPM in National Action Plans”). The Conference 
“IPM in Europe” will offer opportunities to hear 
testimonies from five governmental representa-
tives involved in the development of  their National  
Action Plans in Germany, France, the United King-
dom, Italy, and Lithuania.

And finally, we would like it to be known that we  
offer our services for assessments on questions 
such as those pointed out here that are relevant to 
policies promoting IPM implementation (see “The 
ENDURE Network of  experts”).

the ENDURE network of  excellence shares 
the fruit of  4 years research with the Crop 

protection community
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Framework conditions  
for successful implementation of IPM in Europe

For successful translation of  IPM into agricultural practice, farmers and advisers must be given the appropriate 
motivation and knowledge. Therefore, there is a need for IPM-related educational and advisory services, includ-
ing providing general information on IPM, applied research, introducing innovations, voluntary co-operations 
between farmers and stakeholders, incentives, and social recognition of  IPM. Today the main obstacles are the 
lack of  additional benefits for using IPM, consumer recognition (e.g. labelling is not valued by consumers) and 
difficulties in establishing and funding IPM advisory services. IPM implementation is certainly a challenge and a 
priority in the years to come, not only for farmers and advisers, but also for stakeholders in education, research, 
industry and retail as well as for policy-makers, environmental and consumer protection groups, and regulatory 
and funding agencies.

Conditions for IPM  
in the policy framework 
The successful implementation of  crop or sector-specific 
guidelines for IPM on a voluntary basis and under the exist-
ing economic farm conditions requires the building of  a con-
ducive context. This includes appropriate political, economic 
and social framework conditions including incentives, practi-
cally feasible and innovative solutions and decision support 
systems in plant protection to enlarge farmers’ scope of  action 
in plant protection, as well as adapted IPM advisory services. 
First of  all, the Directive poses a challenge to policy-makers 
in member states to establish the conditions and instruments 
necessary for IPM.

The OECD as a global player, considering national govern-
ments as primary bodies prioritized recommendations for the 
worldwide spread of  IPM. It focuses on the development of  
national policy frameworks, the facilitation of  partnerships 
and discussion forums, increasing applied agricultural re-
search and extension and further developing IPM guidelines 
and standards, improving education on IPM, and creating fi-
nancial incentives for using IPM. 

Policy framework conditions and economic development 
schemes face competitive goals such as use and risk reduction 
in plant protection vs. conservation or minimum tillage to pro-
tect soil fertility and reductions of  energy consumption and 
costs. Sustainable tillage systems are often linked with more 
intensive plant protection (e.g. chemicals) than systems involv-
ing ploughing.

Establishment of  IPM demonstration farm networks in the 
scope of  the NAP is an important way to practice and com-
municate innovative and environmentally-friendly tools and 
obstacles for crop or sector-specific guidelines in IPM at farm 
level. These demonstration farms can strengthen extension 
and improve communication among farmers and between 
farmers and society (i.e. farms open to the public).

The societal consensus on IPM

It seems that with consultation on the new EU plant protec-
tion package from 2009, public opinion has strengthened its 
perception that the use of  pesticides in agriculture is hazard-
ous to human beings, animals and the environment and thus 
must be strictly regulated and reduced. Public debates on 
the registration and use of  endocrine disrupting chemicals 
in plant protection products, chemical residues in foods, the 
use of  GMOs, and bee health or biodiversity raise the sus-
picion that the public is concerned about plant protection in 
conventional farming. The fact that plant protection, including 
chemical plant protection products, is necessary for the ben-
efits of  society is ignored or only grudgingly acknowledged by 
the opinion-makers. There is an urgent need for more realism 
because organic farming can’t feed Europe alone. Transpar-
ency and a broader implementation of  crop or sector-specific 
guidelines in IPM must help to ensure that plant protection 
including pesticides as a last resort finds consensus in society. 

How to protect bees in fields? Communicate with 
beekeepers and use appropriate plant protection measures © JKI.
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IPM has the ability to maintain crop health and productivity, 
secure farm income, protect the environment and conserve 
biodiversity through accompanying measures for the benefit 
of  farmers. All relevant groups should contribute to the devel-
opment and implementation of  crop or sector-specific IPM 
guidelines or to the implementation of  already existing ones 
such as those published and updated by the IOBC.

All stakeholders should communicate the message that, in ad-
dition to plant protection in organic farming, IPM also repre-
sents a sustainable strategy in plant protection in conventional 
farming. A broad societal consensus will strengthen the moti-
vation of  all players to support targets and measures of  NAPs.

Farm scale implementation of  IPM
For full or at least partial uptake of  IPM guidelines, the motiva-
tion and education of  farmers and advisers in IPM is required. 
Farmers and advisers should be willing to acknowledge and 
take advantage of  opportunities provided by the NAPs. All 
specified targets and measures of  NAPs should be compre-
hensible and economically feasible for farmers. Efficient on-
site advisory services to farmers with a special emphasis on 
IPM play an important role in the adoption of  IPM methods. 

Therefore, independent advisory services, applied research 
and short- and long-term field experiments are essential. All 
means should be exploited to finance and establish these serv-
ices.

A part of  the IPM approaches are measures to compensate 
the impacts of  plant protection in and outside the target fields. 
They can be based on voluntary cooperation agreements 
between agricultural and environmental stakeholders or well-
functioning initiatives to strengthen conservation of  the envi-
ronment and biodiversity. These habitat or landscape manage-
ment concepts include ecological enhancement of  arable land 
through flowering or conservation strips, buffer zones around 
fields and in the vicinity of  water bodies, field margins, fallow 
fields, bee pastures, diverse grassland and uncultured plots or 
strips within fields to protect arthropods, European hare, par-
tridges or skylarks.

All non-chemical alternatives, including decision support  
systems, resistant cultivars, biological control agents, and crop 
rotations should be scrutinized without bias concerning their 
practicability in IPM systems. This means learning from each 
other. 

Contact: Bernd Hommel, bernd.hommel@jki.bund.de 
 

The ingredients for successful IPM  
implementation in Europe

How to protect fields from mice? Invite raptors to help 
© JKI.

How to keep skylarks in field? Establish 2 to 3 undrilled patches of  
20 m² per hectare and population will increase  
© LBV/Germany.
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Explaining differences in pesticide use  
in wheat in four European countries

Two ENDURE case studies examined the current situation of  pesticide use in winter wheat with respect to  
diseases and weeds (see Chapter 1). One significant contribution of  the case studies was to provide comparisons 
between situations and practices in different EU countries. Regarding wheat, a remarkable conclusion was that 
there were very significant differences in pesticide use patterns between these countries. Understanding the rea-
sons for such differences could help stakeholders, especially policy makers, to identify factors on which they could 
act to favour pesticide use reduction.

This investigation was undertaken by the ENDURE network 
of  experts at the demand of  the Committee which monitors 
the implementation of  the French pesticide action plan ECO-
PHYTO 2018. Four countries were selected for this compari-
son: Denmark (DK), the United Kingdom (UK), France (FR) 
and Germany (DE). 

Large differences in TFI  
(Treatment frequency Index)
Using TFI as the indicator, the current use of  pesticides on 
wheat is markedly different in the four countries, both in total 
value and in each pesticide category (Table 1). These differ-
ences far exceed what could result from the disparities be-
tween the methods used for TFI computation in each country. 
The lowest values are observed in DK and the highest ones 
in UK. FR is similar to DK for herbicides and insecticides, but 
uses more fungicides and plant growth regulators (PGR). DE is 
intermediate between UK and FR. However, for large countries 
like FR and DE, average values conceal significant regional 
differences.

Four categories of  factors that could explain these differences 
were examined: pest pressure linked to climatic conditions, 
technical choices, social factors, and economics.

Differences in pest pressure
DK and UK, which have the most contrasting TFI values, also 
have opposite climates. In DK, cold winters limit the devel-
opment of  diseases, pest and weeds which find much more 
favourable conditions during the mild UK winters. Data from 
cultivar trials over 7 years in the four countries were used to 
quantitatively estimate disease pressure from the yield gain 
due to fungicide treatments (Figure 1). Results indicate that 
indeed, via pest pressure, there is a link between climatic con-
ditions and TFI. This is confirmed by looking at regional dif-
ferences within DE and FR. In FR, the maps of  local values for 
TFI and for yield gain due to fungicides in cultivar trials show 
strikingly similar geographic distributions.

Pest pressure differs qualitatively. While Septoria tritici blotch 
is the main disease in all four countries, brown rust is more 
important in Southern Europe, and tan spot and eyespot affect 
mostly DE. Because of  mycotoxin risks, fusarium head blight 
induces late treatments, especially in FR and DE. Pesticide re-
sistance, which generally results in higher pesticide use, is un-
equally distributed in pest populations. It is a greater problem 
in the UK than in the other countries for weeds. For fungicides 
it is an increasing problem in all 4 countries.

chapter 5 |  IPM IMPLENTATION

England 
(2006)

France 
(2006)

Germany 
(2007)

Denmark 
(2007)

herbicides 2.43 1.5 1.9 1.71

fungicides 2.26 1.6 1.9 0.56

insecti-
cides

1.08 0.3 1.2 0.15

PGR 0.97 0.7 0.8 0.2

total 6.74 4.1 5.8 2.62

yield t/ha 8.0 6.9 7.3 7.3

Figure 1 - Average yield gain from use of  fungicides 
(data originate from cultivar trials, Average of  7 years: 2003-2009).

Table 1 – Treatment Frequency Indexes (TFI) in wheat.
All countries (TFI measured based on product rate. Herbicides include 
glyphosate. Insecticides include molluscicides, except for Germany. PGR: 
plant growth regulators).
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Differences in technical choices
Cultivars are specific to each country and differ significantly. 
This partly explains the differences in fungicide use. In the 
five most popular cultivars for each country, yield gains due 
to fungicide treatment are below 10 dt/ha for DK and near or 
above 20 dt/ha in FR and UK. The differences in gain between 
the most and least resistant cultivar are respectively around 10 
and 4 dt/ha. Indeed, the use of  resistant cultivars is markedly 
different. In DK, it is a widespread practice. In FR, farmers in-
clude them in their assortment but frequently treat all varieties 
alike. In DE, they are available but seldom cultivated because 
of  priority to yield. In UK, yield is also the main criterion and 
the response to fungicides in all of  the most cultivated varie-
ties is significant.

Other factors in the cropping system and practices influence 
TFI. In FR, different types of  crop management systems are 
correlated to different TFI levels. Systems with late drilled 
wheat, low N input, and hardy wheat cultivars or with long  
diversified rotations in connection with livestock breeding 
have a total TFI around 3. In contrast, systems using high N 
inputs, minimum tillage and short rotations or wheat mono-
culture exhibit TFI near or above 4. A diversity of  cropping 
systems is also observed in DE. In DK, restrictions on N in-
put for water conservation resulting in low risk of  lodging and 
aversion of  cattle breeders to PGR, low sowing densities and 
a common practice of  hand weeding wild oats encouraged by 
the regulation all contribute to a decrease in the use of  partic-
ularly PGR and herbicides. In contrast, UK’s tradition of  early 
drilling when combined with minimum tillage and continuous 
autumn-sown crops results in higher pest problems.

Social and organisational factors
Here we find factors that show a highly contrasted picture  
between UK and DK and have a conspicuous effect on how 
crop protection operates.

The average farm size in UK is larger than in DK. Large farms 
tend to have less available manpower, are more likely to use 
contractors, remote managers or crop consultants. This re-
duces the ability to monitor pests and the flexibility to finely 
adjust treatments to needs, but it also has an indirect effect by 
favouring early drilling and minimum tillage.

Advisory services are privatised in both countries. However, in 
UK individual consultants are often linked to the agrochemi-
cal industry or, when independent, are highly risk-adverse to 
satisfy their clients. In DK, a comprehensive and independent 
agricultural advisory service targets ca. 85% of  the farmers 
and focuses on optimising the farm economic output; it has a 
tradition of  collaborating with research.

In DK, the history of  reducing pesticides doses dates back 25 
years and has been steadily supported by successive national 
action plans. These objectives are also supported by a strong 
system of  field trials producing the substantial amount of  ex-
perimental data needed to convince farmers. 

Economic factors
Variations in wheat prices create uncertainty for farmers who 
are prone to maximise their yield in all circumstances. How-
ever, when they are given proper information, they tend to  
adjust their pesticide use to maximise net returns. Data from F 
show indeed that the decreasing price of  wheat over the 1994-
2004 decade was accompanied by a decrease in fungicide TFI 
which rose again in 2008 together with wheat price.

The cost of  pesticides varies significantly between countries, 
mostly as a result of  taxes. DK imposes a 33% tax (54% on  
insecticides) which results in higher costs for chemicals. In 
comparison, UK has a 17.5%VAT, DE a 19% VAT, and FR a 
5% VAT plus a pollution tax of  3 €/kg active ingredient. Econ-
omists have calculated that achieving a significant impact on 
pesticide use would require much higher taxes.

Conclusion
The four countries show contrasting situations in many factors 
that have a bearing on pesticide usage. As these factors are 
not independent, the reasons that may account for the large 
differences in pesticide use in wheat are multiple and complex. 

Climate conditions obviously have a major role in determin-
ing the level of  pest pressure and, when under high pressure, 
farmers cannot take the risk of  avoiding treatment. Cropping 
management system, cultivar choice and other practices can, 
to some extent, mitigate the effect of  climate on pest pressure 
and allow for reduced direct control. 

However, such technical choices are linked to social and or-
ganisational factors. As farm size tends to increase in most 
countries, it is worth noting that larger farms do not facilitate 
the reduction of  pesticide use, as the situation in UK shows.

Attention should also be given to the role of  the advisory sys-
tem and the need to collect large amounts of  experimental 
data needed to convince farmers to change practice.

Contact: Lise Nistrup-Jørgensen, LiseN.Jorgensen@agrsci.dk

The ingredients for successful IPM  
implementation in Europe
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Reducing pesticide dependence:  
a matter of transitions within the agro-food system as a whole.

The social sciences team of  ENDURE analysed the conditions of  transition towards more sustainable crop protec-
tion practices at different levels in the agro-food system: farmer practices, interactions between farmers and advi-
sers, retailer strategies, governance of  research and extension, and involvement of  civil society. The work is based 
on a variety of  qualitative interviews (n=188) as well as documentary and press corpus analysis carried out by the 
various sociologists of  the project in France, Switzerland, the Netherlands, the UK, Denmark, Italy and Hungary. 

The “paradigm of  intensification”:  
a path-dependency analysis
The path dependency theory suggests that an innovation 
trajectory may become dominant and strengthened by the 
feedback of  its implementation, despite the existence of  al-
ternative innovations which could have offered higher sustain-
ability on the long run. Based on this theory, we analysed how 
the agro-food system gradually embraced, from the 1960s 
on, the “paradigm of  intensification”, due to a convergence 
of  innovations (registration of  new pesticide, selection of  
cultivars, changes in farming practices, etc.) and of  actors' 
strategies. Regarding wheat production, in a model where the 
main aim was to maximise yields, we observe a strong co-
herence between the changes in fertilisation methods (early 
fertilisation) and in dates and modes of  sowing (earlier and at 
higher density) at the farm level, linked to changes in technical  
advice, the prevalence of  varieties which were disease sensi-
tive on the breeding and seed markets, the registration of  new  
insecticides, growth regulators, fungicides and systemic herbi-
cides in the 1970s, the changes in industrial processes in the 
milling industry. All this led to a change from a curative use 
of  pesticides to a more systematic one (preventive) and to 
“lock-in” effects which today impede significant transitions to-
wards IPM. These “lock-in” effects can still be assessed today 
when we consider the different components of  the agro-food  
system: farmers, advisers, research, retailers and civil society.

Current lock-in effects at the farm scale
To analyse changes in farmer practices, we studied the tra-
jectories of  apple and wheat producers through an approach 
combining a sociological analysis of  transitions, networks 
and learning processes and the ESR (Efficiency - Substitution 
– Redesign) framework aimed at characterizing changes in 
crop protection practices (Hill and McRae, 1995). Most farm-
ers only applied part of  the IPM principles: for example, re-
garding wheat production, they used resistant cultivars and/
or decision support systems for their treatments, without any 
major changes in their sowing and fertilization methods and 
in their crop rotations. Their practices could be related to the  
Efficiency paradigm, combined with the Substitution paradigm 
for apple growers who often used some alternative techniques 
such as biological control. These transitions towards IPM  
appeared as rather reversible and highly dependent on the 
economic context. However, such practices were probably 

more environmentally-friendly than conventional ones and it 
should be easier for these farmers to shift to IPM were the 
regulations to change. On the other hand, farmers who imple-
mented all or a large part of  IPM principles could be said to be 
undertaking a systemic change in their practices and therefore 
be characterised by the paradigm of  system Redesign. Their 
transitions were more gradual and more robust and often 
linked to collective dynamics. We can conclude that learning 
processes among farmers are a key factor and require public 
support, which the case of  the transition of  Swiss agriculture 
towards IPM also demonstrates.

Lock-in effects in the advisory  
and research sectors 
Regarding the advisory and research sectors, these are under-
going a reduction in public involvement and broad transfor-
mations in their organisation throughout Europe. As advisory 
systems become increasingly market-led, farmers constitute 
clients that extension services do not want to lose. Advisers 
thus become risk-adverse and reluctant to promote alterna-
tive strategies which could lead to lower yields. Nevertheless, 
some actors often said to provide advice tied to their “sale and 
purchase” business interests (input suppliers, farmers’ coop-
eratives and trade partners) have begun a switch with more 
positive attitudes towards low-input practices.

Interviews with institutional and research actors show that 
these endorsed the economic constraints that seemed dic-
tated by the current system and favoured the improvement of  
techniques (e.g. precision agriculture) rather than more radi-
cal changes of  agricultural and agrifood systems. Agronomic 
research dealing with long-term environmental impact of  
agricultural practices is not receiving sufficient attention and-
funding compared to other fields such as molecular biology.

Lock-in effects at the market level
Does the increasing power of  retailers with their claim to  
environmental-friendliness represent an avenue toward 
change? The quality schemes developed since the mid 1990s, 
such as GlobalGap or other private schemes, are mostly devot-
ed to products traceability and safety. They are generally poor 
in terms of  IPM and environmental aspects and focus mostly 
on record keeping of  practices and Good Agricultural Prac-
tices. They are mainly seen as commercial tools imposed on 
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producers as a precondition to gain market access and there-
fore probably tend to exclude non-competitive farmers rather 
than include more environment-friendly ones. Nevertheless, 
some schemes do include environmental impact standards, 
a positive list of  authorized pesticides, compulsory monitor-
ing procedures and thresholds for pesticide use, or the use of  
alternative techniques such as biological control. Moreover 
they might have led some growers to implement alternative 
techniques thanks to a collective organization, initially built up 
for marketing purposes, which provides them with professional 
advice. 

Lock-in effects at the market level
Does the increasing power of  retailers with their claim to  
environmental-friendliness represent an avenue toward 
change? The quality schemes developed since the mid 1990s, 
such as GlobalGap or other private schemes, are mostly devot-
ed to products traceability and safety. They are generally poor 
in terms of  IPM and environmental aspects and focus mostly 
on record keeping of  practices and Good Agricultural Prac-
tices. They are mainly seen as commercial tools imposed on 
producers as a precondition to gain market access and there-
fore probably tend to exclude non-competitive farmers rather 
than include more environment-friendly ones. Nevertheless, 
some schemes do include environmental impact standards, 
a positive list of  authorized pesticides, compulsory monitor-
ing procedures and thresholds for pesticide use, or the use of  

alternative techniques such as biological control. Moreover 
they might have led some growers to implement alternative 
techniques thanks to a collective organization, initially built up 
for marketing purposes, which provides them with professional 
advice. 

More generally, quality criteria are a major bottleneck to  
increasing the sustainability of  farming practices. For fruit pro-
duction, part of  the pesticide use is linked to the criteria of  size 
and visual aspect (zero-defect). However, some alternative sys-
tems such as community supported agriculture “box” schemes 
show that consumers can accept product irregularities when 
this is perceived to reduce or eliminate pesticide use, which is 
confirmed by the focus group organized in 4 countries within 
ENDURE.

The possible role of  civil society
Finally, civil society has today a key role to play through the 
construction of  the environmental impact of  agriculture as a 
public issue. In recent years, the public debate evolved from 
concerns about the environmental impacts of  pesticides 
to concerns about the cumulative impacts of  pesticides on  
human health, which has influenced changes in pesticide risk 
regulation. On the other hand, transitions towards IPM have 
not been put forward mainly because the civil society’s main 
spokesmen (NGOs, medical doctors or scientists) mostly think 
in terms of  zero-pesticide rather than low-input practices.

Obstacles and opportunities for robust 
transitions 
Our sociological studies show that reducing the dependence 
on pesticides is not only a matter of  changes at the farm 
level. Whereas many actors stress the reluctance of  farmer 
to consider non-chemical alternatives, we show that market 
conditions, governance of  extension and research and pub-
lic debates are framing stakeholder perceptions and actions 
and impeding change. Where farmers themselves talk, often 
in a rather fatalistic way, of  market and legislation as the most 
if  not only factors determining (or preventing) change, we 
show that these factors cannot play a role independently from 
others. Changes in crop protection practices involve a large  
socio-technical system.  There is therefore a need to tackle its 
interdependencies and somehow coordinate the whole. 

Seen from a positive perspective, the different and interde-
pendent aspects we studied also constitute the main condi-
tions for significant change towards IPM: collective dynamics 
among farmers, translation of  changes in farming practices 
into marketing strategies, involvement of  research and exten-
sion, strong public policies, and the involvement of  the civil 
society. In the case of  Switzerland we could demonstrate that 
if  a major change towards IPM was gradually achieved in the 
last decades, it is precisely because all these conditions were 
present.

Contact: Claire Lamine, claire.lamine@grignon.inra.fr

We all have to work together

The ingredients for successful IPM  
implementation in Europe
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The role of NGOs in reducing pesticide risks 

NGOs played a decisive role in the public debate on pesticides and crop protection in Europe. A case study in the 
Netherlands showed how campaigns and lawsuits of  the NGOs resulted in new arrangements for compliance with 
Maximum Residue Limits and new legislation for the registration of  pesticides. Similar patterns were found in an 
analysis of  the public debate in France. The strong focus on pesticide risks for consumers and for the environment 
popped up in EU legislation later. 

Introduction and political context
Pesticide-related campaigns and lawsuits of  NGOs in the 
Netherlands lasted for eight years (1998-2006) and gave 
both private and public policymakers grey hair. The major  
subjects addressed included what they perceived as frequent  
exceedances of  Maximum Residue Limits (MRLs) in fruit and 
vegetables and frequent infringements of  the environmental 
criteria for the registration of  pesticides, especially regarding 
pesticide applications in minor crops. The success of  NGOs in 
the Netherlands in the public debate can be explained by their 
political support enjoyed in Parliament and by the changes in 
power relations between producers and retailers which took 
place in the 1990s. 

Campaigns on MRL exceedances in fruit 
and vegetables
The involved NGOs bought boxes of  strawberries (2000), 
grapes (2002) and nectarines (2003) in randomly selected 
supermarkets, had them analysed for pesticide residues by  
a well-known laboratory and found the presence of  several  
unauthorised pesticides and a large number of  instances of  
MRL exceedances. They filed complaints against supermarket 
companies and took them to court. The supermarket compa-
nies were very reactive to these campaigns and made agree-
ments with the NGOs on MRL compliance. The supermarket 
companies forced their supply chain partners to comply with 
MRL regulations. In fact, they took over from government 
actual inspection for MRL compliance. In 2004 the NGOs 
pushed the Minister of  Agriculture to disclose the MRL data 
of  the Food Inspection Authority. With these data, the NGOs 
monitor and publish the MRL performance of  the various 
companies. Figure 1 shows an example of  how NGOs bring 
attention to the MRL issue.

Lawsuits on infringements  
of  the environmental criteria
The NGOs initiated lawsuits in 1998, 1999, 2000, and 2002 
against the Ministry of  Agriculture on the grounds that pes-
ticide authorisations did not satisfy the required environmen-
tal criteria. An important political debate on the economic 
necessity of  pesticide authorisations for minor crops arose. 
The chemical industry became frustrated with the constant-
ly increasing dossier requirements and decided to merely  

comply with the less demanding EU regulations for registra-
tion. The court refused anticipation of  European authoriza-
tion: 150 pesticides were involved. Consequently the Dutch 
registration policy ended up in an impasse and the Minister 
of  Agriculture announced the development of  a new Pesticide 
Law, adjusted to the European legislation. The new Law on 
Crop Protection and Biocides came into force in 2007.

NGOs as spokesperson for  
the general public
The analysis of  the public debate on pesticides and crop  
protection revealed two opposing social systems (actor 
groups), as shown in figure 2.

The two social systems are separated by a difference in word-
ing: the general public refers to pesticides while the agri-food 
system prefers to refer to crop protection. The NGOs enjoyed 
political support of  various Ministries (Environment, Public 
Health and Labour) and of  the left wing parties in Parliament. 
This explains their success in getting the focus on the reduc-
tion of  pesticide risks.
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Changes in power relations in the 1990s
In the 1990s crucial developments took place in the socio-
political landscape in the Netherlands. NGOs were recog-
nised (1995) as representative of  the general public in lawsuits 
against government decisions and the powerful Agricultural 
Board was abolished (1996). Owing to overproduction the 
power in agricultural supply chains moved from producers to 
retailers. The chain reversal was marked by a report by AT 
Kearney in 1994: ‘Missed the Market’. This report opened 
the eyes of  the sector for consumer interests. The success of  
the consumer strike against Shell (organized by Greenpeace 
against the plans to sink the Brent Spar oil storage facility in 
the Atlantic Ocean) in 1995 confirmed the changes in the 
power relations between the business world and the general 
public. All these changes together facilitated and necessitated 
the development of  new practices and legislation on pesticide 
risk reduction.

The role of  NGOs in France
In France exceeding Maximum Residue Limits in vegetables 
and fruit and pesticide authorization for minor crops were 
also major topics in the public debate. Owing to campaigns 
of  ARTAC (an NGO with a background in medicine) health 
effects and phasing out of  carcinogenic, mutagenic and  
repro-toxic pesticides were rising issues in the pesticide de-
bate in France. The debate on these topics provided context 
for the ‘Grenelle de l’Environnement’ and ‘Ecophyto 2018’, 
two recent milestones in policymaking on pesticides and crop  
protection in France.

Implications for public policymakers  
in Europe
NGOs are unattached actors which can play a very useful role 
in bridging the gap between the general public and the agri-
cultural community. NGOs can only play this role as long as 
they enjoy the political support of  the ministries and political 
parties representing the interests of  the general public. The 
role of  NGOs further depends on their legal recognition and 
on latent changes in the power relations in supply chains. The 
socio-political landscape of  the Netherlands of  the 1990s was 
prone to a shift to pesticide risk reduction. The conditions for 

such shifts can be fully or partly grasped and created by public 
policymakers, in the Netherlands but also in other EU coun-
tries.

Contact: Jan Buurma, jan.buurma@wur.nl 

Figure 2 - Opposing coalitions in the public debate on pesticides  
in The Netherlands.
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• NGOs – Environment
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Keyword: pesticides

Agri-food system

• Ministry Agriculture
• National Farmers Org
• Crop Protection Ass’n
• Right wing parties

Keyword: crop protection
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Policy briefs – Insights into the conditions 
for successful IPM implementation

The ENDURE group working on scientific-support-to-policy conducted work on the drivers and contextual condi-
tions conducive to IPM implementation. The main idea is that progress in IPM implementation requires long-term 
and coordinated action to ensure that interdependent stakeholders – policy-makers, research, extension, farming, 
input supply, retail, consumers, and environmentalists – move together in a compatible fashion. This work is  
encapsulated in a set of  policy briefs specifically formatted for decision makers.

The challenge of  IPM implementation 
“Member States shall establish or support the establishment of  necessary 
conditions for the implementation of  integrated pest management” 

(Directive 2009/128/EC, Art. 14.2)

Over the past 20 years, European pesticide legislation was 
subject to radical change. The position on pesticide use tak-
en by the new EU legislation emphasises the promotion of  
IPM and non-chemical alternatives and requires the manda-
tory implementation of  the ‘General principles of  Integrated 
Pest Management’ by 2014. The ENDURE group working on 
scientific-support-to-policy conducted work on the nature and 
the importance of  the “necessary conditions”, i.e., the contex-
tual conditions conducive to IPM implementation. Our work is 
encapsulated in a set of  policy briefs specifically formatted for 
decision makers at national and European levels.

We look at a number of  technologies, drivers and require-
ments and consider their potential to contribute to successful 
on-farm IPM implementation and how they can be translated 
into levers for action in the policy sphere. Innovation in agri-
culture responds to a range of  interacting drivers and impedi-
ments related to the biophysical and technological factors but 
also to knowledge, the market, regulations, environmental and 
health issues and socio-economics. We collected examples  
illustrating major drivers and impediments to IPM implemen-
tation based on a collection of  experiences and a selection of  
outcomes from several research projects. Even though IPM is 
multidisciplinary by nature, the historical compartmentalisa-
tion of  disciplines has meant that many constraints are only 
addressed in separate fields of  specialised research.

The results underpin the main idea that progress in IPM  
implementation requires long-term and coordinated action 
to ensure that interdependent stakeholders – policy-makers,  
research, extension, farming, input supply, retail, consumers, 
and environmentalists – move together in a compatible fash-
ion. Our intent is to provide a more coherent and multi-facet-
ted picture of  the challenge of  IPM implementation with the 
policy briefs on: Biological control in integrated crop protec-
tion, on real-life examples of  successful IPM implementation, 
and on IPM implementation from the point of  view of  social 
scientists.

The role of  interdependent  
stakeholders 	
IPM strategies can be competitive only when they are used in 
a conducive context. Many components of  the cropping sys-
tem and a wide range of  components in the socio-technical 
environment, ranging from varietal crop development to retail 
need to converge in a compatible fashion. A policy environ-
ment enabling such coordinated changes needs to emerge.

In setting up a governance strategy to promote IPM, the inter-
ests of  all stakeholders should be identified. Concerted action 
of  all stakeholders is needed to ensure that farmers operate 
within an IPM-friendly context. Supermarkets are sometimes 
expected to function as drivers of  change toward more en-
vironmentally-friendly production practices. An ENDURE 
study shows that their contribution can only be modest, con-
tributing mainly to optimising pesticide use and limiting MRL 
exceedances. In that study, apple growers did not perceive 
supermarket IPM schemes as paths toward better environ-
mental practices, but rather as prerequisites for market access 
or for recognition as the preferred supplier. Based on factual 
information, consumers could become sensitive to production 
methods but, in contrast to organic production, it is difficult to 
communicate on IPM to consumers.
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Paris November 2008: Sustainable Agriculture and Pesticides - 
a European policy seminar sponsored by the French presidency of   
the Council of  the EU with the scientific support of  ENDURE.
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Governance and research strategies
Policies that support long-term research and lasting networks 
involving farmers are more likely to be effective drivers. De-
veloping cropping systems less vulnerable to pests and dis-
eases – and therefore less dependent on pesticides – cannot 
be achieved over the short term. To develop IPM, there is 
no standardised and ready-made solution. IPM is more site-
specific than chemically-based protection. IPM therefore re-
quires the development of  practices which must be adapted 
to specific regions, ecological conditions, crops and economic 
situations as well as take into consideration practices already 
implemented locally. Regional networks could be supported 
to implement regionally customized IPM thereby contributing 
to the adoption of  IPM on a national scale. Advances in IPM 
will be more successful if  they are supported by funding pro-
grammes that provide research a certain degree of  freedom 
from present-day market requirements and emphasise long-
term programs. Sociological studies conducted by ENDURE 
researchers show that the most robust and far-reaching transi-
tions along the IPM continuum come from farmers involved in 
lasting collective dynamics. Farmers adapt and gain a sense of  
ownership of  new technologies via a collective learning proc-
ess. Their active involvement in networks thus plays a major 
role in the adoption of  IPM methods.

Integration of  biological control methods
One important component of  IPM holds a high potential but 
is under-utilised: biological control, one of  the major alter-
natives to pesticide use. Biological control agents are widely 
available and adopted in some sectors but in others such as  
arable crops, they are not well covered. Biological control 
agents need to be developed rapidly in Europe. Beyond tradi-
tional R&D, this includes associated efforts at the advisory and 
user level in education and training to support the adoption 
of  bio-control whose use requires qualitatively different skills 
from those required by pesticide use.

The Policy Briefs offer clues on how to integrate positive  
drivers and better coordinate interdependent stakeholders for 
the creation of  an environment conducive to IPM implemen-
tation. 

Policy briefs: 
• �Implementing IPM:  A gradual path involving many 

stakeholders
• Consumers and production systems
• �Creating space for innovation and for the circulation of  

knowledge
• Real-life examples in IPM. What are the drivers?  
• Bio-control in integrated crop protection

Contact: Silke Dachbrodt-Saaydeh, 
Dachbrodt-Saaydeh-Silke@jki.bund.de

Brussels, European Parliament, April 2009: 
Presentation of  ENDURE foresight study to European stakeholders.

The ingredients for successful IPM  
implementation in Europe
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Comparative analysis of pesticide action plans  
in Europe – Addressing IPM in National Action Plans

Several European countries launched initiatives to reduce pesticide use or risk. The ENDURE group on scientific 
support to policy looked at how Denmark, Germany, the Netherlands, France and the United Kingdom addressed 
goal setting, stakeholder involvement and the role of  research and extension in their programmes. At the close of  
the ENDURE 2010 conference, we will update this material with input from governmental representatives from 
Germany, France, the United Kingdom, Italy, and Lithuania. 

A number of  European countries have launched national 
initiatives to reduce pesticide use or risk. These experiences 
offer valuable insights for future programmes. The ENDURE 
group working on scientific support to policy looked at how  
Denmark (DK), Germany (DE), the Netherlands (NL), France 
(FR) and the United Kingdom (UK) addressed goal setting, 
stakeholder involvement and the role of  research and exten-
sion in their programmes.

Goal-setting
There are different ways overall progress was measured in the 
policy initiatives studied. The nature of  targets and indicators 
range from evaluation of  volume, treatment frequency, emis-
sions, to environmental impact, each with its own advantages 
and drawbacks. In DK, DE, NL and FR, an overall quantita-
tive and time-bound target served as a national rallying point 
around which multi-faceted initiatives were built. The historical 
trend seems to be to move away from volume targets in favour 
of  environmental impact reduction. The UK Pesticides Strat-
egy, however, did not adopt overall quantified and time-bound 
targets. Instead it developed six action plans according to a set 
of  six qualitative objectives. Although this more qualitative and 
detailed approach makes it more difficult to evaluate progress, 
it may allow the Pesticides Strategy to place increased com-
munications attention on a broader set of  more specific and 
subtle indicators which may carry more information for the 
wider public.

Stakeholder involvement
In all five countries studied, stakeholder involvement in the 
policy-making process is taken seriously to avoid rejection of  
the policy. The process, which goes beyond mere consulta-
tion, involves trust-building, long-term commitments and —
except in the UK case - rallying behind collectively agreed 
upon quantitative reduction targets. NGO involvement, which 
is a somewhat more recent development, is a challenge for 
governments but probably worthwhile in terms of  long-term 
societal buy-in. There are noteworthy initiatives in the UK (e.g., 
the Voluntary Initiative) and NL (the “Covenant” national alli-
ance on sustainable crop protection) where non-governmental 
groups are handed over partial responsibility for implementa-
tion of  the plan. 

Research and extension
All national plans studied are associated with substantial  
research and extension efforts. Much of  the research in Den-
mark focused on optimising pesticide use based on existing 
technology. Current French research is set to look at how to 
achieve major breaks at cropping systems level and is engaged 
in long-term and on-farm experimentation. Some of  the Ger-
man research is explicitly targeting the development of  IPM. 
In all cases, the classic diffusion model of  research and exten-
sion – where knowledge is generated by research, then handed 
over to advisory services which then “transfer” it to farmers 
– is increasingly replaced by more collective and participatory 
approaches. The mainstreaming of  practices contributing to 
a reduction in pesticide use or risks is an innovation process 
where new knowledge, tools and services need to be generat-
ed and shared among multiple actors. The process is not self-
generating, it requires substantial investment and promotion.

At the close of  the ENDURE 2010 conference, two sessions, 
“The ingredients for successful IPM practice – learning from 
innovative farmers” and “Addressing IPM in National Action 
Plans”, will enrich this material with input from IPM farmers 
from France, Denmark and the UK and from governmental 
representatives involved in the development of  their National 
Action Plans in Germany, France, the United Kingdom, Italy, 
and Lithuania.

Contact: Marco Barzman, marco.barzman@sophia.inra.fr 
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The ENDURE scientific-support-to-policy team, 
Broom’s Barn, UK, May 2010.
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The ENDURE Network of  Experts was set up in January 2009. 
It is a service provided by ENDURE in response to requests 
related to IPM implementation in terms of  scientific support 
to policy or scientific and technical support for the practical 
application of  IPM. 

It provides science-based collective assessments drawing 
upon the competencies existing within ENDURE in response 
to requests from groups seeking technical, advisory or insti-
tutional support on a specific question related to IPM imple-
mentation. 

It is a live expert component that complements the body of  
information available from the online ENDURE Information 
Centre. It responds to a need for European-level quality tech-
nical recommendations, collective assessments and advisory 
support that can be called upon on relatively short notice.

The Network of  Experts’ achievements 
to-date
• �Since June 2009, the Network of  Experts is a member 

of  and contributes expertise to the Expert Group on the  
Thematic Strategy on the Sustainable Use of  Pesticides. 
Chaired by DG Sanco, this group facilitates the exchange 
of  information and best practices in the field of  sustainable 

use of  pesticides and integrated pest management, it moni-
tors the implementation of  the measures proposed in the  
Thematic Strategy and provides guidance where required. 

• �In August 2009, it delivered upon request from 
DG Environment a contribution to the EC’s docu-
ment “Implementation of  IPM principles - Guidance 
to Member States”. The contribution is available at 
http://www.endure-network.eu/about_crop_protection/
endure_position_papers

• �In February 2010, it accepted a request from the Italian 
National Committee on Integrated Crop Protection to con-
duct a comparative analysis between the parts of  the draft 
Italian National Action Plan that specifically address IPM 
and other action plans. 

• �Since February 2010, the Network of  Experts is a member 
of  the French national Ecophyto Committee of  experts, a 
stakeholder group providing recommendations on the im-
plementation of  the French National Action Plan.

• �In June 2010, it delivered upon request from the Ecophy-
to Committee of  experts two comparative studies: one on 
goal-setting, stakeholder involvement, and role of  the knowl-
edge chain in pesticide action plans in five EU countries, and 
another on explaining differences in Treatment Frequency 
Indices in terms of  pest management in winter wheat in four 
European countries.

Contact: Marco Barzman, marco.barzman@sophia.inra.fr 

The ENDURE Network of experts offers scientific 
assessments on IPM implementation

The ENDURE Network of  Experts provides science-based collective assessments drawing upon the competencies 
existing within ENDURE. It is an on-demand service responding to requests from groups seeking technical, advi-
sory or institutional support on a specific question regarding IPM implementation.

 
Pooling European expertise.  
Shown here are Jozsef  Kiss (Hungary), Per Kudsk (Denmark),  
Franz Bigler (Switzerland), Piet Boonekamp (The Netherlands).

The ingredients for successful IPM  
implementation in Europe
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6
When creating Networks of  Excellence, the 
European Commission made clear its ambi-
tion to build durable cooperation at the Euro-
pean level. ENDURE was one such Network 
of  Excellence. Its overall objectives were to 
(1) restructure European research and de-
velopment efforts on the sustainable use of  
plant protection products and (2) to become 
a world leader in the development and imple-
mentation of  durable pest control strategies. 

During the four years of  EC funding, the Network has 
developed tools to integrate its research capacities 
and to organise and disseminate its produced and 
assembled knowledge to its different targets. To re-
inforce integration among its partners, it has imple-
mented an extensive mobility programme. In addi-
tion, with consideration to the global challenge of  
crop protection and in order to increase its visibility 
worldwide, ENDURE has developed specific links 
with Partners Outside Europe (POE). All these ac-
tions have contributed to the two main objectives 
of  the Network and their future has been envisaged 
in the perspective of  the durability of  the Network. 
The Network has started to prepare itself  to be a 
reference point that will last beyond the period of  
EC financial support, and this will be made possible 
by the creation of  a durable structure that will per-
petuate and strengthen the integration and visibility 
gained so far.

Integrating resources and knowl-
edge and ensuring further develop-
ment of these tools in the future

ENDURE has worked on integrating its tools and 
databases into a single system in order to build a 
central point of  reference in European crop protec-
tion. Gathering all the different information and data 
into one single system allows researchers to share 
knowledge, techniques, methods and consequently 
best practices. Integrated Knowledge Management 
participates to ENDURE’s objective of  becoming 
durable as the tools developed ensure the perpetua-
tion of  the integration built during the four years of  
EC funding between the members of  the Network. 
Technical solutions have been implemented to en-
sure that the tools can be improved, adapted and 
maintained in the future. All ENDURE applications 
have been integrated into a single common server 
at JKI that will continue to be operational after the 
end of  EC funding.

The necessity of  ensuring the future use of  the tools 
developed by ENDURE has led to the development 
of  dedicated Intellectual Property tools and recom-
mendations. The main achievement is the develop-
ment of  a generic agreement that can be used for 
any ENDURE tool to license in material from exter-
nal contributors. This way, maximal use of  material 
is enabled and users have the additional benefit of  
knowing exactly where they stand legally with re-
spect to the use of  the material.

Maintaining a reference point in Europe 
and linking with other continents

A future  
for ENDURE 
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Successful staff mobility  
programme and dedicated work  
to connect with new partners 
worldwide in view of challenging 
global issues

The ENDURE staff  mobility programme contrib-
uted to the integration among its members by sup-
porting the mobility of  64 scientists from ENDURE, 
and supported the creation of  specific links with 
POE as well by allowing eight scientists from POE 
to undertake collaborative work in ENDURE labo-
ratories. Nearly all Endure partners participated in 
the internal mobility plans as sending and/or host-
ing institutions. External mobility targeted POE 
scientists holding a position which allowed them to 
establish a lasting collaboration with the ENDURE 
hosting institution. Mobility has been successful 
in improving integration within the network and is 
therefore one of  the activities that will be perpetu-
ated in the ENDURE ERG.

Along with these specific mobility actions, links with 
Partners Outsides Europe (POE) has been forged 
through several initiatives including the invitation of  
POE scientists to attend workshops, PhD Summer 
Schools and the International Conference. The pro-
duction of  dedicated tools encouraged the creation 
and maintenance of  these links (online communica-
tion tools and Forum of  POEs ‘beyond 2010’). Af-
ter forging the initial links between ENDURE and 
POEs during the four years of  EC funding, a new 
structural approach has been designed by initiating 
four regional networks in the perspective of  the du-
rability of  the ENDURE network (beyond 2010): the 
European Network should now have counterparts 
in China, Brazil/Latin America, the Mediterranean 
area and Sub-Saharan Africa.

Creating a European Research 
Group as the new perennial ENDURE 
entity to take up future challenges

Throughout its four years of  existence, the EN-
DURE Network has contributed to build a durable 
community of  excellence within the European crop 
protection landscape and beyond. Thinking ‘long-
term’ has led to the creation of  the ENDURE Eu-
ropean Research Group (ERG) which will maintain 
the four major activities that will ensure ENDURE 
durability:

1. Joint consultation to identify gaps and overlaps of  
crop protection research in Europe to be promoted 
at the European level.
2. Maintenance and sharing of  research capacities 
and tools for the research community including da-
tabases, education and mobility programmes.
3. Provide scientific expertise in support of  policy 
development and implementation.
4. Provide a portfolio of  ENDURE-validated docu-
ments and information useful to advisors and exten-
sion services.

Over the past four years, the ENDURE Network has 
actively prepared the creation of  the ERG based on 
its Partners’ own funds. This shows political will-
ingness and understanding of  the new challenges 
in crop protection as well as the relevance of  the 
European scale and international cooperation to 
tackle new issues which have gone beyond national 
boundaries. 

the ENDURE network of  excellence shares 
the fruit of  4 years research with the Crop 

protection community
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Integrated Knowledge Management: IKM in IPM.

ENDURE has worked on integrating its tools and databases into a single system. This is an entire part of  its 
strategy to continuously assemble and integrate knowledge to build a central point of  reference in European 
crop protection.

An African proverb says, “Knowledge is like a garden, if  it isn’t 
cultivated, it cannot be harvested.” A lot of  scientific knowledge 
has been accumulated in crop protection; however its fragmen-
tation is a limit for its full use. In order for science and end-users 
to build on this existing knowledge, all the relevant information 
needs to be stored, managed – cultivated – and made available 
to the scientific community and agricultural world.

Just as ENDURE has integrated researchers across the frag-
mented European research area, the Network has also made 
specific efforts to integrate its tools and knowledge in a sin-
gle system. This also contributes to the establishment of  
ENDURE as a point of  reference in crop protection. As the 
different case studies have proved, there is much valuable in-
formation to be found across all European countries, including 
data and tools, but the gathering of  these pieces of  informa-
tion has been lacking. ENDURE has functioned as a prototype 
in this area of  crop protection by collecting and assembling 
experimental data and analysis of  different crop situations in 
different countries.

What is at stake in ENDURE IKM?
Gathering all the different information and data into one single 
system creates added value as it allows researchers to share 
knowledge, techniques, methods and consequently best 
practices. This is also a way to improve analysis by compar-
ing available data, to fill gaps and avoid redundancies, and to 
improve dissemination. This also saves time and thus favours 
innovation.

ENDURE has developed tools such as the ENDURE Informa-
tion Centre (EIC), the Virtual Lab (VL) and a number of  plat-
forms (such as QuantiPest, EuroWheat, etc.) all destined for 
different targets and therefore adapted to them. At the same 
time, a Technical Task Force has been set up to study the in-
tegration of  all ENDURE tools and databases and to ensure 
their compatibility.

Managing knowledge to disseminate it
The internal system feeds the Virtual Lab to provide useful 
tools to researchers. In addition, the ENDURE website and 
external dissemination tools make it possible to inform policy 
makers and the general public of  ENDURE results, and the 
EIC is designed for advisers and trainers, and consequently 
has a educational role.

Collaboration between ENDURE tools
To ensure collaboration between the ENDURE tools (VL, EIC, 
Two-Track System, etc.), the Technical Task Force intro-
duced a general ‘Knowledge’ type, that has been extended 
to all ENDURE tools. ENDURE databases store information 
about various crop protection issues: scientific reports, ex-
perts, decision support systems, projects, research facilities, 
etc. Each of  these elements can be considered part of  the 
Knowledge type, and can be associated to several ENDURE 
keywords. 

These keywords are organised in four categories: crops, 
pests, topics and geographical regions. Each category is a 
hierarchy of  keywords, in this way users can associate each 
database element with general or specific terms (e.g. ‘Insect > 
Diptera > Fruit Flies’ for pest or ‘Preventive measures > Va-
riety/Cultivar choice > Tolerant cultivar’ for topics).
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These keywords are the base of  the ENDURE project taxon-
omy. In order to improve data exchange with other repositor-
ies, the taxonomy has been designed to adopt other existing 
standards. Specifically all taxonomies related with species 
(crop and pest) have been extracted, where available, from the 
EPPO Plant Protection Thesaurus. Users using the ENDURE 
taxonomy to describe new elements can add new keywords if  
the existing ones do not fit their purpose. Knowledge manag-
ers, using a specific interface called Tree Manager, can then 
evaluate these new keywords and integrate them in the EN-
DURE hierarchical classification.

The tools sharing a common database with this original struc-
ture are therefore able to categorise any kind of  data with key-
words from the categories provided by ENDURE’s common 
database. Accordingly this general ‘Knowledge’ type allows 
cross-application search without knowing details about a cer-
tain result type. Searching for a specific pest, topic or crop 
returns as results any data from all the ENDURE applications 
related with the requested keyword.

The creation of  this approach enables the ENDURE Informa-
tion Centre to act as a kind of  central search engine, providing 
access not only to its own content but also to the content of-
fered by all the ENDURE tools (VL, Two-Track System, etc.).

Preparing the future
Integrated Knowledge Management participates to EN-
DURE’s objective of  becoming durable. The members of  the 
Technical Task Force have structured and implemented a sys-
tem which takes into account the constraints linked to time: 
how to ensure that these tools will be perpetuated, that data 
will be added, and that a validation process will be applied to 
new information. Technical solutions have been implemented 
to ensure robustness with the cooperation of  each tool de-
veloper. It has also encouraged the elaboration of  guidelines 
and documentation to ensure that the tools can be improved, 
adapted and maintained in the future.

All ENDURE applications have been integrated into a single 
common server at JKI that will continue to be operational in 
the ENDURE ERG.

Contact: Alexander Herr, alexander.herr@jki.bund.de; 
Diego Guidotti, guidotti@aedit.it

Maintaining a reference point in Europe  
and linking with other continents
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A dedicated licensing-in agreement
for materials for the EIC
The licensing-in agreement comes from the need of  the EN-
DURE Information Centre (EIC) to disseminate information 
that has not been developed inside ENDURE through its web-
site. This agreement can be used whenever information pro-
viders who are not members of  ENDURE agree to provide 
information of  any kind (document, data, pictures, etc.) to EN-
DURE to disseminate this information to the public through 
the ENDURE tools (EIC or Virtual Lab for example).

When EIC users register themselves, they agree to an electronic  
version of  the agreement which allows them to instantly 
download the material collected under this agreement. The 
agreement acts as a kind of  cascade of  links the signatories 
(see Figure 1). This way, maximum use of  material is enabled 
by allowing users of  the EIC to access original documents for 
free with the same terms under which the author agreed to 
provide its documents to the EIC. 

The users have the additional benefit of  knowing exactly 
where they stand legally with respect to the use of  the mate-

rial. For example, publication rights are given provided there 
is attribution. There is no need to acquire advance permission 
from the owner of  the material, with the problems this can 
create.

Current confusions held by the scientific 
community about ‘open source’ and 
‘released into the public domain’
‘Public domain’ is different from ‘published document’. If  
something is public domain, either its period of  copyright 

Right to incorporate the Materials into one or more 
Collective Work (limited to a database located in 
the EIC or to work conducted under the ENDURE 
Trademark)

Right to reproduce the Materials as incorporated 
into the Collective Work

Right to non-commercially publish, distribute, 
archive, perform or otherwise disseminate the 
Materials or the Materials as incorporated in any 
Collective Work, to the public in any material form 
in any media whether now known or hereafter crea-
ted - provided that the distribution is on the same 
terms as this agreement

Attribution must be given to the original creator/
owner of  the Materials

No right to make Derivative Works (= recycle parts 
of  one work) but writing abstract is OK as long as 
access to the original work is indicated or provided

The duty to report how the Materials have been 
used (for this point, users of  the EIC will have to 
register to download the documents for example)

Key Rights Responsibilities

How to ensure future use of ENDURE tools? 
A contribution from the Intellectual Property,  
Use and Dissemination Committee.

The necessity of  ensuring the future use of  the tools developed by ENDURE (such as documentation, data, 
software available from the EIC and Virtual Lab) has led to the development of  dedicated Intellectual Property 
tools and recommendations, which have been made general enough to cover a broad range of  situations and 
should therefore be reusable by other EU projects. The aim of  this work is that the ENDURE tools will still be 
available in the future.

The agreement gives a number of  key rights to the ENDURE Partner who collected the information and as a result to EIC users, but 
it also has a number of  responsibilities:

Figure 1 – What the licensing agreement allows. 
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has expired or the copyright owner has gifted it to the public 
domain, perhaps via CC0 (Creative Commons Zero) or other 
means. Copyright may still subsist in published documents, 
and patents may cover the use of  the ideas in the papers. That 
said the ideas in those published documents, will, in a general 
sense be in the public domain, despite not being public do-
main documents per se. For this reason caution is suggested 
when using the term ‘public domain’.

‘Open access’ documents mean different things to different peo-
ple. It is clearer if  a licence giving wide access is provided to third 
parties (licensees) by the Owner of  the document (licensor).

Open source normally relates to software licences such as the 
General Public Licence, however a wider, looser understand-
ing of  it exists in some circles, applying the concept to mate-
rial transfer agreements for biological materials for example 
(CAMBIA-BIOS).

Recommendation for disseminating
ENDURE tools
All software produced in ENDURE can be registered by its 
developer if  possible (e.g. APP, Agence pour la Protection des 
Programmes in France: http://app.legalis.net).

Software should be disseminated under a licence, even if  it 
is an open source (e.g. GPL, LGPL, Apache). If  not, it cannot 
be considered as properly released. A licence allows other re-
searchers to clearly understand under what terms they can use 
it, and allows for a responsibility disclaimer. ENDURE suggests 
using the licenses indicated in Figure 2.

Figure 2 – Recommendation of  licences in function of  the nature of  the material.

Contact: Richard Nugent, richard.nugent@bbsrc.ac.uk

Maintaining a reference point in Europe  
and linking with other continents
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Promoting the mobility of human resources 
to build the network in IPM

The objective of  ENDURE staff  mobility was to contribute to the capacity and competitiveness of  crop protec-
tion research in Europe through implementing efficient mobility actions targeting both experienced scientists 
and young researchers. Besides promoting job opportunities, ENDURE successfully organised and supported 
the mobility of  64 scientists from ENDURE participating institutions and 14 from Partners Outside Europe 
(POEs) visiting ENDURE labs, for an average of  two months per visit.

Fragmented and localised capacities in Integrated Pest Man-
agement (IPM) research hamper competitiveness and prevent 
us from fully benefiting from the available human resources in 
Europe. Mobility programmes in education demonstrate the 
need for and success of  exchanging scientists. 

The objective of  ENDURE staff  mobility was to contribute 
to strengthening the capacity and competitiveness of  crop 
protection research in Europe, with emphasis on IPM imple-
mentation, by encouraging, supporting and coordinating staff  
mobility within and into the network.

ENDURE adopted various strategies to make movement more 
attractive. At a practical level, it eased mobility by providing in-
formation about opportunities, administrative procedures and 
available accommodation through connections with the Euro-
pean Network of  Mobility Centres EURAXESS. At a strategic 
level, it provided opportunities for staff  exchange amongst 
the ENDURE members as well as with external organisations 
through internal and external calls.

The internal mobility actions targeted both experienced 
scientists and young researchers from ENDURE members.

Number of  scientists from ENDURE members and POEs who benefited from mobility.
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The external mobility actions targeted scientists from Interna-
tional Cooperation Partner Countries (ICPC) holding a posi-
tion allowing them to establish a lasting collaboration with the 
ENDURE hosting Institution.

Twelve job opportunities in crop protection, integrated pest 
and weed management, targeting experienced scientists, 
young researchers and other laboratory staff  were published 
on a dedicated web page.

Mobility has been a useful instrument to develop common ex-
perimental or desk research activities and initiatives, contribut-
ing towards forming an effective and efficient network in the 
field of  IPM. This success has lead to the planning of  future 
mobility activities in the ENDURE ERG that will perpetuate 
some of  the ENDURE activities after EC funding is finished.

A specific task will promote any opportunity for the mobil-
ity of  scientists among the ERG members and facilitate the 
aggregation of  institutions to implement common mobility 
plans. It will facilitate staff  secondment between ENDURE 
members by enquiring about the availability of  mobility grants 
offered by the ENDURE institutions. It will also inform and 
encourage ENDURE institutions to apply to calls for mobility 
grants financed by external sources. This will be achieved by 
identifying and putting in contact those institutions willing to 
participate in a common project. Ad-hoc tools such as web 
pages, mailing lists, and online forms for the promotion of  mo-
bility offers will be developed and regularly updated.

Funds from external sources will be identified in order to 
transform the willingness to exchange scientists among labo-
ratories into a concrete mobility plan for scientists between 
the network of  ENDURE members.

Contact: Maurizio Sattin, maurizio.sattin@ibaf.cnr.it

Senior scientists
(experience  
> 10 years)

Experience of  the participants of  the mobility.

Young Scientists  
and PhDs

(experience < 4 years)

Intermediate
(4 < experience 

< 10 years)

5

10
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20
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30
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40

45

50
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IPM, the global challenge:  
ENDURE fosters worldwide collaboration.

The international context of  Agricultural Research for Devel-
opment (ARD) has changed significantly in the past five years, 
especially after the World Development Report published in 
2008, along with increased awareness of  extremely important 
global issues such as climate change and food security. In ad-
dition, plant pest and disease problems are of  great concern 
in tropical and subtropical countries which are facing major 
development challenges and the responses of  such countries 
to these challenges are very likely to impact significantly on 
Northern countries, through import of  products and possible 
invasion by alien pests. 

Concrete building of  links  
with Partners Outside Europe
During the four years of  ENDURE activities, links with  
Partners Outside Europe (POE) have been forged through  
several actions: 

1) �POE workshops with invited partners have been organised. 
The first one was organised in June 2008 in Rothamsted, 
U.K (see Figure 1). A second took place in October 2008 in 
La Grande Motte, France, back-to-back with the Interna-
tional Conference (see below). A third was held in October 
2009 in Wageningen, Netherlands where the Forum of  POE 
was officially launched. 

2) �The International Conference held in La Grande Motte 
(12-15 October 2008) provided an occasion at which 25 
Partners Outside Europe representing 14 countries were 
gathered. Apart from valuable individual contacts and dis-
cussions, they presented three communications and nine 
posters.

3) �Specific mobility actions for POE scientists: There have 
been three calls (one in 2008 and two in 2009) allowing sev-
en applicants from seven different countries to spend two-
to-three months in the laboratories of  ENDURE partners. 
In addition, a specific call for Argentinean partners was 
launched in 2010, allowing six scientists from Argentina to 
visit ENDURE members’ laboratories.

4) �Participation of  POE students in the Summer Schools. Two 
POE students attended the first Summer School in 2007, 
five attended the second and 10 (two-thirds of  the partici-
pants) attended the third (September 2010). In addition, the 

theme of  the 3rd Summer School was extra relevant for 
POE: ‘New and emerging agricultural pests, diseases and 
weeds’.

5) �Inclusion of  partners in ENDURE’s activities: CARBAP, 
West Africa, has been active in the banana cases study and 
the University of  Talca, Chile, in the grapevine case study.

6) �The Two-Track System (TTS) has been created as a gen-
eral platform for exchanges between ENDURE scientists 
and researchers from outside the Network. The latest re-
lease of  the TTS has been implemented with new types 
of  data, which includes 1) existing working groups and ex-
perts working on crop protection, and events related to crop 
protection; and 2) funding sources for developing specific 
projects or actions with POE. 

7) �Development of  communication tools specifically targeted 
at POEs through the development of  dedicated pages on 
the ENDURE website. Supporting literature has been pro-
duced to raise awareness of  ENDURE among POEs, in the 
form of  a poster for the Annual Meeting in Wageningen in 
2009 and a specific POE leaflet.

8) �Creation of  the Forum of  POE in 2009: During the Annual 
Meeting in Wageningen the Forum of  Partners Outside Eu-
rope was officially launched. By allowing a permanent com-
munication between members, this Forum will be a useful 
tool for linking the ENDURE network with the countries 
outside Europe beyond 2010. 

 

Figure 1: First POE meeting in RRES (UK) on 16- 17 June 2008 
with invited POEs from Embrapa (Brazil), ZAAS (China), ICIPE (Kenya), 
and NARO (Uganda).

European agriculture is not isolated, especially in the context of  an increasingly globalised world. Therefore, 
easing the integration of  research teams from Partners Outside Europe into the ENDURE network has been a 
major priority. In such a rapidly changing context several key points have been taken into consideration in buil-
ding ENDURE’s strategy for developing international links for future partnership:

• �The increasingly important role of  countries with emerging economies 
• �The specific place of  the Mediterranean area in relation to Europe 
• �The recent changes initiated in the International Agricultural Research system (CGIAR) in a more open way.
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Twinning initiative with Argentina
In May 2009 the European Commission, DG-RTD, together 
with Argentinean and MERCOSUR authorities co-organised a 
workshop to launch a twinning initiative between selected Eu-
ropean and Argentinean projects. As a result of  this initiative a 
group of  five Argentinean scientists were invited to participate 
in the 2009 ENDURE Annual Meeting and to be members of  
the Forum of  POE. They also visited laboratories of  four EN-
DURE partners: AU, WUR, RRES and CIRAD. Several areas of  
mutual interest were identified including pest modelling, pest 
outbreak forecasting, pesticide resistance management and 
weed management.

Toward regional networks
As a result of  the various POE activities and the contacts es-
tablished, several regional networks are being considered in 
the perspective of  the durability of  the ENDURE network be-
yond 2010 (see Figure 2):
 

China: The Zhejiang Academy of  Agricultural Sciences 
(ZAAS) participated actively in all our workshops. There is a 
very strong commitment from ZAAS to build an ENDURE-like 
crop protection network in China and to develop strong links 
with ENDURE in Europe.

South America: Embrapa is a large body for plant protection 
research and is influential on the global platform. It places in-
ternational collaboration as a high priority and has developed 
a unique mechanism for achieving this through the ‘LABEX’ 
(External Laboratory) concept. Several LABEX platforms are 
now in place across Europe (CIRAD, INRA, RRES and WUR). 
Embrapa has expressed considerable interest in working more 
closely with ENDURE, and the possibility of  developing a re-
gional network in the Mercosur area will be assessed through 
discussions with Embrapa and Argentinean partners.

Meditteranean Area: In September 2009, CIRAD and INRA 
met several Mediterranean partners at ICARDA (member of  
CGIAR) during an IPM workshop aimed at developing links 

and regional projects. During that workshop the ENDURE 
Network was presented and a concept note was written about 
the building of  a circum-Mediterranean IPM Network.

Sub-saharan Africa: Up to now, contact with African partners 
has been based on personal contacts and the present situation 
of  agricultural research in Africa is not ideal for developing 
concrete joint actions. However, the growing strength of  FARA 
(Forum for Agricultural Research in Africa) is giving new hopes 
for developing more fruitful links with Sub-Saharan Africa. 

Contact: Jean-Louis Sarah, jean-louis.sarah@cirad.fr 

Figure 2 - Regional networks inspired by ENDURE  
in the perspective of  its durability.
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ENDURE beyond the EC funding

From the very beginning, the European Commission has had great ambitions for the ENDURE Network of  Excel-
lence. The first goal of  the Network was to strengthen scientific and technological excellence in crop protection 
through the durable integration of  its partners’ research capacities. ENDURE has worked on this challenge since 
it was launched in 2007. After four years of  EC funding, ENDURE has found a way to continue, relying on 14 of  its 
own members’ funding and commitment: the ENDURE European Research Group (ERG) was born in July 2010!

When creating the Networks of  Excellence, the European 
Commission made it clear its ambition to build durable coop-
eration at the European level to overcome a fragmented Euro-
pean research world and in fine to promote European research 
excellence on the global scale. The context is more challeng-
ing than ever for crop protection which must address both the 
need for mitigating the negative environmental impacts of  
pesticides and the need for increasing productivity coupled to 
increases in the world population while ensuring food safety. 
The European Commission has placed high expectations on 
ENDURE: “the Network should establish itself  as a world leader 
for the development and implementation of  durable pest control 
strategies, and should become recognised as the first point of  refer-
ence in Europe not only for scientists but also for legislators and 
users”. This ambition has guided all ENDURE activities since 
the beginning. 

Throughout its four years of  existence, the ENDURE Network 
has contributed to build a durable community of  excellence in 
the European crop protection landscape and has developed its 
activities according to its ambition of  excellence and sustain-
ability. Thinking ‘long-term’ has led ENDURE to organise its 
strategy for sustainability around four major activities: 

Research agenda: Joint consultation  
on research priorities 
Based on a foresight study on the future of  crop protection 
by 2030 and on the consultation of  non-research stakeholders 
via the proposed ENDURE Club of  Interest, ENDURE ERG 
will identify gaps and overlaps in crop protection research 
in Europe. It will help promote research priorities in the na-
tional agenda and, in the longer term, strategic programmes 
of  the EC to impact the content of  future calls. Maintaining 
collaboration with Partners from Outside Europe (POE) will 
allow the Network to coordinate national actions in relation to 

ENDURE’s research agenda and to have a worldwide visibility 
by continuing to be a point of  reference.

Support to the research community: 
Maintenance and sharing of  research 
capacities and tools for the research 
community
The tools and databases developed by ENDURE Activities 
(including the Virtual Laboratory and its research platforms 
(EuroWheat, EUResist, QuantiPest), common databases (in-
cluding GIS database) and other research tools and databas-
es (WheatPest, WTDB, WeedML, etc.) represent a valuable 
resource for the international scientific community and can 
facilitate joint research programmes. These tools will be main-
tained and their content updated to bring support to the crop 
protection research community. In addition to these tools, 
education programmes aimed toward young scientists and 
mobility between partners’ laboratories for senior scientists 
will be organised.

Scientific support to policy: Provide 
scientific expertise in support of  policy 
development and implementation 
The existing ENDURE Network of  Experts has started to pro-
vide support in the development and implementation of  crop 
protection policies. Because the new Directive on the sustain-
able use of  pesticides has to be implemented in the coming 
years, policy makers at the European and national levels will 
continue to seek the services of  ENDURE. The network will 
produce expert studies upon request from the policy-making 
sphere.

Transition from EC financial support  
to a self  funded Network
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Extension: Provide a portfolio  
of  ENDURE-validated documents and 
information useful to extension 
The ENDURE Information Centre (EIC) provides a central 
point of  reference to extend technical information on IPM 
practice. The EIC content will be continuously updated and 
will actively interact with the ENDURE Network of  Advisers 
who will contribute to the updating and improvement of  these 
learning materials.

This structure also aims at identifying new funding opportu-
nities and at gathering expertise to make the most competi-
tive applications. Successful new projects will have access to 
ENDURE facilities and will strengthen the ENDURE initiative 
at the same time. Fourteen European organisations have de-
cided to gather and coordinate their efforts around these main 
points, using their own funding. All these features will make 
create a point of  reference in crop protection in Europe but 
will depend on the capacity of  the ENDURE ERG to federate 
all the relevant European organisations around crop protec-
tion issues. 

With scientific coordination ensured by INRA, contracts for 
the ENDURE ERG have been signed on 1st July 2010 for an 
initial duration of  four years and will start with a first consor-
tium meeting in Berlin in September 2010. The new structure 
is promising: ENDURE’s future is exciting!

Contact: �Vincent Troillard, vincent.troillard@sophia.inra.fr;
Marco Barzman, marco.barzman@sophia.inra.fr  

Structure of  the ENDURE ERG

Maintaining a reference point in Europe  
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Looking ahead

ENDURE is now looking ahead to build on the success of  the last four years supported by EC funding.  
Its member institutions are pooling their resources to create a permanent European Research Group (ERG). 
In the years ahead, the ambition is to become a major resource for our three target audiences – advisors, 
policy makers and researchers – who are now mobilised throughout the 27 member states by the new and 
challenging policy context. 

For advisors, ENDURE endeavours to become a central point of  scientific and technical reference. The 
ENDURE Information Centre will further develop to become a key source of  practical information and 
training materials in several languages across Europe. The network of  crop advisors that ENDURE is set-
ting up across Europe will make it possible to share diverse national experiences, know-how and to discuss 
the new challenges arising from the new demands. New training material will support farmers in their 
transition towards IPM. 

ENDURE is committed to providing science-based support to policy, in particular in the context of  the 
implementation of  the Framework Directive on the sustainable use of  pesticides and Article 13 that makes 
the implementation of  Integrated Pest Management compulsory for all EU agriculture by 2014. In this re-
gard, it has begun and will continue to provide support for the development and implementation of  Nation-
al Action Plans in member states and to produce expert studies of  interest to the policy-making sphere. 

For researchers both in Europe and internationally, broadly available research tools, cross-national mobil-
ity and participation in educational initiatives are creating an operational community of  practice around 
IPM. The stage is also set to become an institutional space dedicated to long-term strategic thinking and 
coordination of  EU and national research efforts. The ENDURE ERG will strive to become a platform for 
the launching of  European and international initiatives and projects and will promote research priorities in 
national and European agendas. It will maintain the European level momentum to create synergies from 
national efforts to reduce pesticide dependence while preserving the competitiveness of  European agri-
culture.

And for all research and non-research stakeholders concerned by crop protection and the pesticide issue, 
this European Research Group will function as a forum for the identification of  future initiatives in research, 
extension and policy to advance sustainable approaches to crop protection. 

looking ahead
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activities Institution Name First name

Integrating activites

• Ensure long-term strategy of  ENDURE INRA Ricci  Pierre 

     Ensure long-term strategy of  ENDURE INRA Ricci  Pierre 

     Network of  experts INRA Barzman Marco

     European Crop protection in 2030 INRA Latxague Emilie

     Cross-linking with networks and projects CIRAD Sarah 
Hugon

Jean-Louis 
Rémy

     Network durability IT Troillard Vincent

• �Creation of  a networked “virtual” laboratory 
in crop protection

     Sharing of  resources, facilities and protocols RRES Evans Neal

     Development of  a modelling platform  
     and integration of  DSSs

AU Rydahl Nielsen Per

• �Human Resource Exchange CNR Sattin 
Piccolo

Maurizio 
Federica

• �Integrated knowledge and communication 
within the Network

   Tools for integrated knowledge management JKI Dachbrodt-Saaydeh Silke

   Reinforce Communication within the network IT Troillard Vincent

Jointly executed  
research activities

• �Optimising and reducing pesticide use based on 
existing approaches

     > Identification, configuration and evaluation  
         of  case studies

AU Kudsk Per

     > Implementation of  the case studies

          Wheat (ended) AU Nistrup Jørgensen Lise

          Potato  (ended) PRI Schepers Huub

          Integrated weed management (IWM)  (ended) AU Melander Bo

          Pomefruit  (ended) PRI Heijne Bart

          Tomato  (ended) UdL Gabarra 
Arno

Rosa 
Judit

          Banana (ended) CIRAD Cote 
Risede

François
Jean-Michel

          Field Vegetables INRA Lucas Philippe

         Maize AGROS Mouron Patrik

         Grapevine INRA Gary Christian

• �Optimising and reducing pesticide use based 
on existing approaches

   Prevention of  pest damage at the cropping  
   system level

INRA Aubertot Jean-Noel

   Exploitation of  innovative technologies  
   for implementing crop protection strategies

PRI
AU

Zijlstra
Thysen

Carolien
Iver

   Exploitation of  landscape and community ecology INRA Lavigne Claire

   Design of  crop protection strategies  
   through modelling and experimentation

INRA Messéan Antoine

   Orchard system study - Phase 1 PPO Heijne Bart
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activities Institution Name First name

     Designing Innovative crop protectin  
     strategies in arable rotations

INRA
AU

Messéan
Kusk

Antoine 
Per

     Winter Crops Based Cropping Systems (WCCS) AU
RRES

Melander
Evans

Bo
Neal

     Maize Based Cropping Systems (MBCS) SZIE
CNR

Kiss
Sattin

Jozsef
Maurizio

     Meta-analyses of  rotational effects on weeds  
     and pests

RRES Bohan David

• �Multi-sector evaluation of  crop protection 
methods & cropping systems 

      Assessment of  crop protection strategies  
      based on multicriteria methods 

AGROS Mouron Patrik

     Analysis of  economic driving forces related to crop       
     protection systems

AGROS Mack Gabriele

     Environmental risk and benefit assessment JKI Strassemeyer Jörn

     Life Cycle Assessment AGROS Gaillard Gérard

     Societal assessment of  current and novel low  
     input crop protection strategies

INRA  Lamine Claire

• �Improving the basic understanding of  the bio-
logy of  the crop-pest systems 

     Exploitation of  plant genetic resistance INRA Durel Charles-Eric

     Exploitation of  natural biological processes IBMA
CNR

Blum
Ruocco

Bernard
Michelina

     Weed biology and management AU Holst Niels

Spreading activities

• �Joint training and education programmes 

     Joint Programme of  training research,  
      key staff  and end-users

SZIE Kiss József  

     Joint Educational Programme SSSUP Bàrberi ¨Paolo

• �Technology Transfer IT
INRA

Lenée
Barbier

Philippe
Pascale

• �External Communication CIRAD Nouaille Christine

• Development of  ENDURE-Information Centre 
   for use by Advisors

PPO  Schoorlemmer Herman

 • Development of  a framework for interaction 
    between research and policy making

JKI Dachbrodt-Saaydeh Silke

• �Management of  the Consortium IT Troillard Vincent
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