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Executive summary 
Commission proposals for a Regulation to replace Council Directive 91/414/EEC are currently 
being negotiated. The current Directive provides the framework for the authorisation and 
marketing of agricultural pesticides. The Regulation will update the human and environmental 
safety ‘cut off’ criteria by which plant protection products are approved. This may result in the 
prohibition of a significant number of synthetic chemical pesticide products.  The aim of this 
briefing note is to help decision makers understand some of the consequences of the 'cut off' 
criteria for landscape preservation and EU agriculture. In particular, we were asked to provide 
information on technologies that complement, or can be used as alternatives to, the application 
of synthetic chemical pesticides. 

 
Pests (invertebrates, plant pathogens and weeds) are major constraints to agricultural 
production. There is an urgent requirement for systems of pest management with greater levels 
of sustainability. These must be capable of increasing or maintaining food productivity and have 
positive outcomes for environmental services. This would be a significant way forwards for 
improving yields and continued access for EU citizens to reasonably priced, healthy and good 
quality food. The main pathway for achieving this is through Integrated Pest Management 
(IPM).  

 
Chemical pesticides are a vital part of crop protection and they need to be used more within the 
framework of IPM.  At the time of writing, under Commission cut-off criteria, loss of herbicides 
would jeopardise production of minor crops such as carrot, parsnip and onion and fungicide loss 
might result in 20-30% yield losses in wheat.  There would also be implications for pest, disease 
and weed control in other crops. It is difficult to predict the extent to which altered pesticide use 
would have a direct impact on biodiversity. If crop yield per hectare declines then more land 
may be made over to cultivation, which is likely to lead to a reduction in biodiversity.  It is 
unlikely that organic farming could be used to substitute for conventional agriculture because it 
typically produces smaller yields. However, it has much to offer in terms of its emphasis on 
renewable resources, ecology and biodiversity. 

 
The Commission proposals are likely to reduce the range of pesticide modes of action available. 
This is likely to result in a reduced ability to manage resistance in pest populations. 

 
Various non-chemical control methods can make valuable contributions to crop protection.  
These include physical and cultural controls, natural compounds, biological control, plant 
breeding and other genetic methods. In some situations, a combination of methods may be able 
to replace synthetic pesticides, for example where a pest has developed pesticide resistance. But 
in most cases the most practical way forward is to use them with chemicals in a fully integrated 
programme.  

 
Crop rotation is one of the oldest strategies for managing pests and is particularly useful for 
controlling pest species with limited dispersal ability and host range. Other physical and cultural 
control methods have a role to play in IPM strategies for one or sometimes several pests. Much 
research has been devoted to identifying ‘natural’ compounds for pest control and many have 
been used successfully for pest insect monitoring. There are fewer examples of compounds that 
have been used successfully for pest control and considerable research and development 
investment would be required to expand this portfolio. 
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Biological control can be a very successful part of IPM.  Biocontrol agents tend to have a 
narrow activity spectrum. This is attractive from an environmental perspective but it also makes 
them niche market products, which can act as a barrier to their commercialisation. There are 
significant differences in the biological control strategies used in, and the amount of success 
obtained with, glasshouse vs. outdoor crops. More investment in research and development is 
needed, particularly for biocontrol in field crops.  
 
The growing of resistant varieties is often promoted as an alternative to the use of pesticides. 
Although there has been some work to breed for resistance to invertebrate pests, the majority of 
effort has been directed at resistance to microbial plant pathogens. Many hundreds of pathogen 
resistance genes have been identified in crop species. However, no plant variety is resistant to all 
diseases and pests, and the choice of variety is always a balance between different traits. 
Moreover, most resistance is ephemeral due to the ability of pathogen populations to overcome 
it through natural selection. Host resistance must be used, therefore, as part of IPM in order to 
achieve durable crop resistance. 
 
There is evidence that GM crops can provide economic and environmental benefits. However if 
the technology is not used according to IPM principles then sustainability gains may be lost.  If 
there are large-scale effects from GM then they should become apparent in the 8 countries 
outside the EU that are now growing over 1 million ha of GM crops. The ethical issues 
surrounding GM are complex and there may be specific concerns for Europeans. Scientists can 
provide valuable knowledge about GM but policy making is the responsibility of Governments. 
Effective engagement between all members of the policy network is vital. 

 
The best way to make crop protection more effective and durable is by using Integrated Pest 
Management. IPM is a systems approach that combines a wide array of crop production 
practices with careful monitoring of pests and their natural enemies. The aim of IPM is not pest 
eradication; rather it is the more realistic goal of reducing a pest population below its economic 
injury level.  The uptake of IPM in Europe varies significantly depending on the type of crop 
grown. IPM is being used widely in glasshouse crops and some sophisticated systems have been 
developed.  Some components of IPM are used in field vegetable crops including crop rotation, 
careful pest monitoring and resistant varieties when available. IPM strategies in orchard crops 
are largely based on not using sprays of broad spectrum pesticides to preserve natural enemies 
of the main pests. There is considerable scope for IPM in arable crops but it does not appear to 
be used widely. The majority of schemes are based on pest forecasting, monitoring and varietal 
resistance rather than on biological control.  

 
IPM can play a significant role in making farming more environmentally, economically and 
socially sustainable:  it can help to maintain biodiversity, reduce pollution, lower the build up of 
pesticide resistance, maintain the security of food supply, increase yields, and improve 
consumer confidence in the agri-food industry. The manufacture of biocontrol agents and related 
products is a small-scale activity that can boost high quality employment opportunities in rural 
areas. However the adoption of different crop protection technologies has a strong market and 
regulatory dimension. Regulatory systems can act as barriers to new technologies and 
approaches. There is a need for distinctive regulatory arrangements that recognise the particular 
character of ‘alternative’ products and makes use of their contribution to sustainability 
objectives. 
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Finally, we wish to emphasis that global agriculture is in a period of tremendous change. There 
is increasing tension between the need to produce food and protect other ecosystem services.  
Europeans have not paid enough attention to the long-term future of farming and the 
overwhelming requirement for a sustainable agri-food system. We make a number of 
recommendations including:  

 
• The need for more detailed impact assessments of the ‘cut-off’ criteria across the EU 

including economic, environmental and social impacts.  

• Ensuring farmers have access to a variety of pesticides with different modes of action. 

• Placing IPM at the centre of crop protection policy.  

• Providing significantly more funding for research and development. This should include 
studies of pest and natural enemy biology (including interactions with other components 
of farming ecosystems), the development of new crop protection tools and their practical 
use. Promoting the availability of alternatives through research and manufacture should 
be legitimate grounds for funding under Pillar 2 rural development programmes. 

• The need for innovations to overcome regulatory and market barriers.  

• More information must be obtained on the practical ways in which farmers and growers 
are already using non-chemical pesticide methods as part of IPM. 

• Work currently being undertaken by OECD offers the potential for the development of a 
global harmonised system for microbial pesticide regulation. 

• Many member states no longer have state extension services that could have provided 
guidance and assistance to farmers and growers. There is a case for providing funding to 
facilitate innovation in the use of ‘alternative’ crop protection methods by farmers and 
growers, e.g. by co-funding the purchase of consultancy advice.  
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1. Introduction 
Commission proposals for a Regulation to replace Council Directive 91/414/EEC are currently 
being negotiated. The current Directive provides the framework for the authorisation and 
marketing of agricultural pesticides.  The Regulation will update the human and environmental 
safety ‘cut off’ criteria by which plant protection products are approved. This may result in the 
prohibition of a significant number of synthetic chemical pesticide products.  The aim of this 
briefing note is to help decision makers understand some of the consequences of the 'cut off' 
criteria for landscape preservation and EU agriculture.  In particular, we were asked to provide 
information on technologies that complement, or can be used as alternatives to, the application 
of synthetic chemical pesticides. 
 
1.1. The importance of pests for European agricultural production 
Pests are organisms that reduce the availability, quality or value of a human resource [1]. 
Agricultural pests include plant pathogens (e.g. fungi, oomycetes, bacteria, viruses, nematodes), 
weeds, arthropods (primarily insects and mites), molluscs (slugs and snails) and a small number 
of vertebrates.  They reduce the yield and quality of produce by feeding on crops, by 
transmitting diseases, or by competition with crop plants for space and other resources (weeds, 
for example).  There are estimated to be about 67,000 different pest species worldwide, of which 
c. 10% are classed as major pests [2].  They are a significant constraint on agricultural 
production, responsible for around 40% loss of potential global crop yields [2,3]. Of this, 15% is 
caused by arthropods, 12 - 13% by plant pathogens and 12 – 13% by weeds. A further 20% loss 
is estimated to occur post harvest [2].  These losses occur despite the considerable efforts made 
at pest control, and they suggest that improvements in pest management are significant way 
forward for improving yields and access to food.   
 
Pest problems are an almost inevitable part of agriculture. They occur largely because 
agricultural systems (‘agro-ecosystems’) are simplified, less stable modifications of natural 
ecosystems.  The creation and management of agricultural land disrupts the ecological forces 
that regulate potential pest species in natural ecosystems: these include physico-chemical 
conditions, food availability, predation, and competition. Thus, growing crops in monoculture 
provides a concentrated food resource that allows pest populations to achieve far higher 
densities than they would in natural environments. New food resources for pests are provided 
when a crop is introduced into a country. Cultivation can make the physico-chemical 
environment more favourable for pest activity, for example though irrigation or the warm 
conditions found in glasshouses.  Finally, using broad spectrum pesticides will destroy natural 
predators that help keep pests under control.  
 
Some of the most important problems are caused by alien (i.e. non-native) species that are 
accidentally introduced to a new country or continent and which escape their co-evolved natural 
predators [4,5]. More than 11,000 alien species have been documented [6].  About 15% are 
thought to cause economic damage and a further 15% harm biological diversity6. Economic 
losses to crops from alien invasive pests are estimated at €4.5 billion per annum in the UK alone 
(approximately €75 per person) [7].  There are also threats from emerging pests.  For example, 
Ug99, which is a new strain of the wheat stem rust fungus Puccinia gramninis f.sp. tritici, 
evolved in Uganda and is now spreading towards Asia and Europe.  It is able to overcome the 
resistance gene bred into standard wheat lines, and as a result it is highly virulent, capable of 
causing 100% yield loss. The only control option at present is to use fungicide sprays, but 
sufficient stocks may not be available [8]. 
 
1.2. Synthetic chemical pesticides: benefits and costs 
Crop protection was revolutionised by the development of the first synthetic chemical pesticides 
in the 1940s. Systematic advances in pesticides and other technologies such as nitrogenous 
fertilizers, plant breeding, irrigation and mechanisation have increased agricultural production in 
Europe by 68% since the 1960s [9]. Today, most farmers and growers in the EU rely on 
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chemical pesticides.  Only approved products can be used and many of these compounds have 
excellent characteristics in terms of efficacy and human and environmental safety [10].  But 
while this approach to farming – which emphasises the intensive use of non renewable resources 
combined with new technologies - has delivered immense benefits in terms of increased 
commodity production, there are also significant external costs [11].  The injudicious use of 
some pesticides, in combination with other aspects of agricultural systems, can be a source of 
environmental harm [12,13].  There is also a perception among some consumers and pressure 
groups that pesticide residues are detrimental to health. There is pressure on growers from 
retailers and others to reduce the levels of residues in produce, but this needs to be done without 
sacrificing yield and by minimising reductions in crop quality.   
 
And while pesticides will remain an important tool for farmers and growers, they are not a 
panacea for crop protection.  The negative effects of broad spectrum pesticides on natural 
predators are well documented, leading to resurgence and secondary pest issues [10].  The 
development of pesticide resistance is a major issue.  Insecticide resistance often evolves within 
10 years and herbicide resistance within 10 – 25 years of introduction of a new compound [14]. 
Worldwide, over 500 species of arthropod pests have resistance to one or more insecticides [15] 
(Fig. 1).  Serious problems for European horticulture have occurred in the last 20 years from 
invasive insect species that are also pesticide resistant, such as the western flower thrips 
Frankliniella occidentalis and the silverleaf whitefly Bemisia tabaci.  And worldwide, bee 
keeping has suffered greatly from the varroa mite Varroa destructor. Problems associated with 
resistance to fungicides by plant pathogens have been recognised for some while [16 – 18].  
However, to put this in context, most fungicides are still very effective against the target 
organisms for which they were developed and fungicide resistance occurs only in a few 
pathogens. Nevertheless, there is a challenge for pesticide developers to stay one step ahead of 
the ability of pests to evolve resistance. Unfortunately, the development of new active 
compounds is expensive (c. $200 million) and time consuming (about 10 years) [10].  

 
1.3. Pesticide regulation in the EU 
EU pesticide regulation is done as a two tier system involving both comitology at the EU level 
and the member states.  Directive 91/414 was one of the first major items of legislation to 
anticipate not only the principle of subsidiarity, but also the precautionary principle. An 
extensive dossier containing information on the active substance is submitted by a company to a 
Rapporteur Member State. The pesticide authority in that member state carries out a risk 
assessment and distributes the Draft Assessment Report (DAR) with a recommendation to the 
applicant and the other member states. Since 2002 the EFSA has been responsible for risk 
assessment, which it does through a scientific peer review.   This leads to the production of a 
guidance document for the Working Group (legislation) of the European Commission’s 
Standing Committee on the Food Chain and Animal Health. Member state representatives 
decide whether to approve the active substance and, if successful, it is added to Annex 1 of 
Directive 91/414. Product authorisations are considered at a national level using harmonised 
criteria for data requirements laid down in EU legislation. 

 

There is an urgent requirement for systems of pest management with greater levels of 
sustainability.  These must be capable of increasing or maintaining food productivity and have 
positive outcomes for environmental services.  They must also be long lasting and resilient to 
future shocks [9]. The main pathway for achieving greater sustainability is through Integrated 
Pest Management.  
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2. Some of the possible consequences of the ‘cut-off’ criteria 
At the time of writing, the Commission cut-off criteria would probably result in 6-10% of 
insecticides, 8-32% of fungicides and 4-10% of herbicides not being approved (however the 
situation is fluid and is likely to change before a final decision is taken). Candidates for 
substitution would be 38, 20 and 24% of current active ingredients respectively. Impact 
assessments have not be undertaken in many member states, however, the assessment 
undertaken in the UK [19, 20] suggests that under the Commission proposals, production of 
minor crops such as carrot, parsnip and onion might be particularly affected, mainly because the 
majority of herbicides approved for these crops would no longer be approved. Crop sensitivity 
to herbicides means that alternative herbicides may not be suitable. Fungicide availability could 
be reduced as a result of the endocrine disruptor criteria, which might result in 20-30% yield 
losses in wheat, due to an inability to control Septoria tritici. The loss of pendimethalin as a pre-
emergence treatment would jeopardise weed control in cereals. Non-approval of potential 
endocrine disruptors would jeopardise disease control on oilseed rape leading to significant 
yield loss. Loss of warfarin would affect amenity woodland and forestry and lead to increased 
mortality of native trees due to grey squirrel damage. There would also be implications for pest, 
disease and weed control in other crops. An EPPO workshop held to consider the impact of 
proposals concluded that there was no reason to believe that the impact of the proposals 
throughout northern Europe would be very different to that in the UK [21].  This is because the 
range of pests and pesticides are similar throughout this area. Agriculture in the south of the EU 
will face different problems. For example, pest insects are more prevalent. The impact of 
herbicide losses would be less severe due to different crops and the warmer climate. The impact 
of the loss of some fungicides, particularly under the commission proposals might be so severe 
that some crops could no longer be grown in the EU. 
 

 
 
2.1.  Nature conservation (preserving the landscape, forestry, weed 

destruction) 
Many of the direct and quantifiable negative impacts of agriculture on biodiversity are due to 
habitat loss [22] or to farming practice other than pesticide use [23]. Nevertheless, by definition, 
pesticides affect species diversity, at least in the area in which they are applied [22]. An overall 
reduction in pesticide use would have benefits for non-target species such as insects, birds and 
wild plants. However, the cut-off criteria are not directed at reducing environmental impact and 
a reduction in the diversity of pesticides may not reduce pesticide use per se. Less appropriate 
pesticides may be applied more frequently to maintain levels of pest control. Badly-chosen 
biological control agents can also have a negative impact on biodiversity such as the coccinellid 
Harmonia axyridis [24].  
 
Maintaining natural and semi-natural ecosystems within Europe is vital for the provision of 
environmental goods and services, such as clean air, water and waste absorption. The ecological 
footprint of Western Europe is currently twice that of global biocapacity [25]. Recent research 
indicates that the durable protection of biodiversity requires 30 – 40% of an area to be given 
over to nature conservation [25, 26]. Many EU member states have a high proportion of their 
land area devoted to agriculture already (Table 1). If pesticide withdrawals result in lower 
yields, and more land is made over to cultivation, there is likely to be a further loss of our few 
remaining natural lowland habitats with a consequent reduction in biodiversity. This could 
happen through the direct effects of habitat destruction [27, 28] or by reducing the connectivity 
between habitats that is essential for wildlife movement [27]. In Europe, this is most likely to be 

Under Commission cut-off criteria, loss of herbicides would jeopardise production of minor 
crops and fungicide loss might result in 20-30% yield losses in wheat.  There would also be 
implications for pest, disease and weed control in other crops. 
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the case for areas devoted to arable production, since under the Commission proposals, the 
yields of wheat and oilseed rape are likely to decline.  
 
Pesticide use can also have positive impacts on biodiversity. Alongside other methods, 
pesticides play a key role against alien species. In terms of nature conservation and landscape, 
the most damaging are probably invasive weeds such as Rhododendron ponticum, which can 
out-compete native plants over large areas, or new pathogens of native plants, such as 
Phytophthora ramorum, which causes sudden oak death [29-31]. Direct impacts on European 
biodiversity and landscape will occur if the pesticides used to combat these species are lost. 
Classical biological control can be used as an alternative for some invasive species; it has had 
notable successes outside of Europe but it is not being used to any degree within the EU for 
alien weed control [32].  
 

 
 
2.2.  What is the future role of organic farming? Can it enable the EU 

to farm without pesticides? 
Certified organic farming accounts for 3 – 5 million ha of land use in Europe [9,33] and is 
currently a niche activity. There is an obvious question of whether organic farming, which 
prohibits the use of a number of crop protection technologies including synthetic chemical 
pesticides, can be expanded and adopted as the standard method of cultivation across the EU.  
Organic farming in European systems typically produces significantly lower (up to 50%) crop 
yields than conventional agriculture [34,35] and hence it is unlikely to be able to substitute 
directly. However, organic farming has much to offer sustainable farming in terms of its 
emphasis on renewable resources, ecology and biodiversity. There is a requirement to avoid 
attitudes to farming becoming increasingly polarised into ‘organic’ versus ‘conventional’ 
standpoints. Instead, the debate must be framed in terms of the best practices that can be adopted 
from all farming systems to make crop protection more sustainable. Thus, according to Pretty 
(2008) sustainable agriculture ‘does not mean ruling out any technologies or practices on 
ideological grounds. If a technology works to improve productivity for farmers and does not 
cause undue harm to the environment, then it is likely to have some sustainability benefits’[9].    
 

  
 
2.3  How could the ‘cut off’ impact on our ability to anticipate and 

prevent the development of resistance to synthetic chemical 
pesticides?  

All living species show genetic diversity that arises from naturally occurring mutations. When 
pesticides are used, natural selection will favour individuals that are less susceptible to these 
pesticides. These may survive the treatment and reproduce to give a progressive build up of this 
particular genetic trait in the population. This becomes apparent as control failures as these 
resistant pests start to dominate the population. The occurrence of pesticide resistance depends 
on a number of factors, including genetic variability and the selection pressure applied during 
pesticide use.  It is not always easy to predict whether a pest species will, or will not, become 

Organic farming in European systems typically produces lower crop yields than conventional 
agriculture and hence it is unlikely to be able to substitute.  However, organic farming has 
much to offer sustainable farming in terms of its emphasis on renewable resources, ecology and 
biodiversity. 

It is difficult to predict the extent to which altered pesticide use would have a direct impact on 
biodiversity. However, if crop yield per hectare declines then more land may be made over to 
cultivation, which is likely to lead to a reduction in biodiversity.  Pesticides are used to control 
alien invasive species, which often have a negative impact on biodiversity. 
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resistant to a certain pesticide. However, the risk of resistance developing invariably becomes 
greater if pest control relies on the repeated use of pesticides with the same mode of action.   
 
The Commission proposals are likely to reduce the diversity and range of modes of action 
available to farmers and growers in the EU. This is likely to result in a reduced ability to 
manage resistance in pest populations that currently contain a high proportion of resistant 
genotypes and also to increase selection pressure for the development of new instances of 
resistance. One such example would be insecticide resistance management in populations of 
Myzus persicae, an aphid pest and virus vector in a diverse range of crops such as potato, sugar 
beet, brassica, lettuce, pepper.  Individuals of this species may currently demonstrate resistance 
to carbamate (pirimicarb), organophosphorus and pyrethroid insecticides [36]. At present, 
resistance in this species is managed through the use of newer insecticides with different modes 
of action (e.g. neonicotinoids, pymetrozine). However, some of these newer insecticides may 
well be lost as a result of the cut off criteria and this pest species will be very hard to manage 
with the insecticides that remain. Whilst biological control strategies may be effective against 
this pest in greenhouse crops, there are currently no viable alternative control options for field 
crops. New instances of insecticide resistance have been identified recently in pollen beetle 
(Meligethes spp.) (now widespread in Europe) whose control has relied almost solely on one 
group of insecticides (pyrethroids) [37] and Thrips tabaci (UK) [38], whose control was again 
reliant on pyrethroids.   
 
Problems of resistance to fungicides continue to emerge with serious economic and 
environmental consequences [39]. Practical experience combined with experimentation, 
indicates that the risk of resistance depends not only on the inherent risk of a particular 
fungicide-pathogen combination, but also on the conditions of fungicide use. This includes the 
number of repeated applications of the at-risk fungicide; the more frequently the treatment is 
applied to selectable populations of the pathogen, the more rapid the selection of resistant 
mutants resulting in control failure [40]. The overall strategy to manage fungicide resistance is 
to minimize use of the at-risk fungicide without reducing disease control.  This has been 
accomplished by using the at-risk fungicide with other fungicides and with non-chemical control 
measures, such as disease resistant cultivars, in an integrated management program.   

 

The proposals made as part of the EU strategy are likely to reduce the diversity and range of 
modes of action available to farmers and growers in the EU.  This is likely to result in a 
reduced ability to manage resistance in pest populations that currently contain a high 
proportion of resistant genotypes and also to increase selection pressure for the development 
of new instances of resistance. 
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3. Examination of ‘alternative’ methods of crop protection 
The crop protection industry is dominated in market size terms by synthetic pesticides, but there 
are a wide range of other methods that are being used by farmers and growers. They include 
cultural practices and physical methods (e.g. crop covers), natural compounds, biological 
control and plant breeding. These are often described as ‘alternative’ methods of crop 
protection. This term must be used with care, because it has more than one meaning.  In the 
context of this report, ‘alternative’ means giving farmers and growers a choice of different crop 
protection methods. However, it can also refer to two choices being mutually exclusive. In the 
case of Integrated Pest Management, this is misleading. ‘Alternative’ can also relate to practices 
that offer a substitute for conventional ones and, in common parlance, it has connotations of 
being leftfield and outside the mainstream. There is a danger that labelling a crop protection 
technology as ‘alternative’ could deter farmers from using it.  
 
There are a number of other caveats about non-pesticide methods of pest control that must be 
borne in mind. (1) These methods are generally not like-for-like replacements for synthetic 
chemical pesticides. (2) They have different modes of action and, thus, different strengths and 
weaknesses. (3) Many have lower efficacy than synthetic pesticides, are slower to act or are 
vulnerable to breakdown. (4) Many are affected by environmental conditions. (5) They often 
cost more to buy than synthetic pesticides and they require specialist knowledge to use them. (6) 
There are also many remaining scientific and technical challenges to their development, not 
helped by under-investment in crop protection research throughout the EU. (7) Some of the 
features that make them attractive from an environmental standpoint can be a problem in 
economic terms. For example, the narrow prey spectrum of many biological control agents 
means that they are only appropriate for niche markets, with individual agents often earning less 
than €1 million per product per annum, which discourages companies from developing them. To 
quote Gelernter (2005) ‘The features that made most BCPs [Biological Control Products] so 
attractive from the standpoint of environmental and human safety also acted to limit the number 
of markets in which they were effective’[41]. 
 
Many of the perceived ‘weaknesses’ of non-pesticide agents are based on comparison with the 
performance of synthetic chemicals. The unsuitable adoption of a chemical pesticide 
development model for these agents can lead to false and unrealistic expectations of chemical-
like performance. However, the very fact that ‘alternative’ crop protection methods do not 
function in the same way as synthetic chemical pesticides means that they can be used to 
compensate for the weaknesses of the latter. Biological control agents are able to reproduce 
within the pest population, giving various levels of self-perpetuating control. Many biological 
control agents are also able to actively locate their prey, making them highly useful where pests 
occupy cryptic habitats. Biological control, plant breeding and cultural controls generally do not 
require the same level of protective equipment to be used as for chemical pesticides. The lack of 
a toxic residue on crops and, therefore, the absence of a pre-harvest application interval, can be a 
real benefit. Using knowledge of the causes of pest outbreaks (section 1.1) it is possible to use 
conservation management, plant breeding, physical methods and cultural techniques to help 
prevent the build up of pest populations in a ‘total systems’ approach [42]. Moreover, the wide 
variety of crop protection methods available means that different combinations can be put 
together in complementary ways.  This is vital if we are to achieve effective, sustainable pest 
management. There is ample evidence that the various non-chemical pesticide methods can 
make valuable contributions to crop protection as part of Integrated Pest Management [43,44].  
In some situations, a combination of these methods may be able to replace synthetic pesticides, 
for example where a pest has developed pesticide resistance.  But in most cases the most 
practical way forward is to use them in combination with chemicals in a fully integrated 
programme.  
 
Compared to synthetic chemical pesticides, the current market size for ‘alternative’ crop 
protection products is small. For example the global market for biologically based plant 
protection products represents just 2.5% of the global chemical pesticide market, is currently 
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valued at €60 million and is predicted to grow to be worth 4.2% of the global chemical pesticide 
market by 2010 [45].  At present products based on beneficial microorganisms make up the 
majority of the market share for biological control agents [41].(Table 2). However, market size 
alone undoubtedly underestimates the contribution these methods can make to improving 
sustainability, for example by reducing the resistance pressure on chemical pesticides.  

 
 

3.1. Physical and cultural controls 
Physical control methods are non-chemical measures that destroy the pest, disrupt its 
development or activity, or modify the environment to a degree that is unacceptable or 

unbearable to the pest [46]. For weeds, mechanical in-crop cultivations are possible in crops 
with wide row spacings (e.g. horticultural crops but not arable crops) and developments 
continue to be made in vision guidance systems for greater precision and intra-row weed control 
[47].  Mechanical weeding requires more passes per field than pesticide application. Equipment 
has been developed to burn off weeds or kill weed seeds through steaming the soil, but this may 
be costly.  In some high value and organic vegetable crops, hand weeding is practiced, though 
this is associated with very high labour costs. 
 
Crop covers made of fine mesh netting are used to prevent pest insects reaching their host crop 
[48]. This technique has been used quite widely for the production of swede in the UK since the 
revocation of chlorfenvinphos for control of the cabbage root fly Delia radicum. Disadvantages 
include cost, a risk of yield reduction, increased difficulties with weed and disease control and 
waste disposal. Polythene and plastic mulches have been used for weed control and bio-
degradable alternatives have potential [47].  There has been recent interest in erecting fences on 
the perimeter of vegetable fields to exclude certain pest insects [49]. This requires further 
evaluation.  
 
Cultural methods of pest control generally involve the manipulation of an agro-ecosystem to 
decrease the success of the pest species within it [10]. Crop rotation is one of the oldest 
strategies for managing pests and is particularly useful for controlling pest species with limited 
dispersal ability and host range (e.g. potato cyst nematode [50]). Rotation with non-host crops 
can break a pathogen’s life-cycle. Crop rotation may prevent the build up of weed species that 
are adapted to any single crop or cropping system [47]. Rotation does not work for pests that 
disperse by flight or are carried over considerable distances by the wind, that infect or feed on 
many host crops or are capable of long-term survival in the soil Crop rotation is a desirable 
practice for other reasons including increasing soil fertility [51] and should form the basis of an 
IPM strategy.   
 
Other cultural control methods involve good crop management, such as destruction of crop 
residues. Irrigation may contribute to pest control by washing insects from plants or enhancing 
the development of outbreaks of entomopathogenic fungi [52].  The manipulation of sowing or 
harvesting dates to ‘avoid’ key periods in pest life-cycles can be effective [53]. Pre-crop 
cultivation can be effective for weed control and in some cases stale seed beds are prepared in 
advance of planned sowing dates.  
 
Most crops are grown as monocultures. Techniques such as intercropping, undersowing and 
companion planting may reduce colonisation by certain insects, pathogens and weeds 
[54,55,47]. Problems that have been encountered include the effects of inter-specific 

Various non-chemical pesticide methods can make valuable contributions to crop protection as 
part of Integrated Pest Management.  In some situations, a combination of methods may be able 
to replace synthetic pesticides, for example where a pest has developed pesticide resistance. But 
in most cases the most practical way forward is to use them with chemicals in a fully integrated 
programme.  
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competition on crop yield and additional costs for management and seed.  Crops that consist of 
more than one cultivar may also be less susceptible to pest insects and pathogens [56].   
 
The aim of using a trap crop is to concentrate pests in a specific area, ideally arrest or destroy 
them, and thereby prevent them colonising a more valuable crop. Again there are additional 
costs, associated with the loss of potentially productive land. To date there are few examples 
where this approach has been used successfully in practice [57].   
 

 
 
3.2. Natural compounds 
Chemical compounds are the basis of life and living organisms produce and use them in a great 
diversity of processes.  Much research has been devoted to identifying ‘natural’ compounds for 
pest control. Some of these products may be toxic to certain species e.g. rotenone, pyrethrum, 
and have been used as ‘natural pesticides’ for many years.  However, their limited use within 
Europe suggests that, overall, the ‘natural’ pesticides that have been registered to date have 
limited efficacy.  This is likely to be due to their relative instability, lower potency and greater 
price when compared with synthetic insecticides [10].  This does not mean that more effective 
products may not be developed in the future, provided there is sufficient investment in research 
and development. For example, the insecticide Spinosad is an effective and widely-used 
‘natural’ product. Even so, Spinosad may be a candidate for substitution according to 
Commission cut-off criteria. 
 
Semiochemical is a generic term used for a chemical substance or mixture that carries a 
message. The use of pheromones (used for intra-specific communication in insects and other 
animals) for insect management has been particularly successful. Pheromones are used widely to 
monitor pest insect populations in Europe and elsewhere and they have had limited application 
for insect control, either alone (mass trapping, mating disruption) or in conjunction with the 
targeted use of insecticides (lure and kill). Identification, synthesis and subsequent development 
of control methods using insect pheromones requires extensive research [10].  Not all insect 
species produce pheromones that can be exploited in this way and, for certain species that use 
pheromones, there may be behavioural and ecological limitations restricting the development of 
control methods. However, substantial research investment may provide successful control 
methods for certain pests. Other types of semiochemicals, mainly of plant origin, might loosely 
be termed as ‘attractants’ and ‘repellents’. There are examples of the successful use of 
attractants (e.g. host plant volatiles) to monitor pests but there is conflicting information in the 
literature about the value of repellents (e.g. garlic). Attractants (including pheromones) and 
repellents might be used to push or pull insects, or their predators, in certain directions.  
However, there is little evidence that this approach has been used consistently on a large scale in 
commercial situations [58]. Overall, adoption of behavioural manipulation methods has been 
limited and their cost and species specificity may be limiting factors [59]. 
 

 

Much research has been devoted to identifying ‘natural’ compounds for pest control and many 
have been used successfully for pest insect monitoring.  There are fewer examples of compounds 
that have been used successfully for pest control and considerable research and development 
investment would be required to expand this portfolio. 

Crop rotation is one of the oldest strategies for managing pests and is particularly useful for 
controlling pest species with limited dispersal ability and host range. It is a desirable practice 
for other reasons including increasing soil fertility and should form the basis of an IPM 
strategy.  Other physical and cultural control methods have a role to play in IPM strategies for 
the control of one or sometimes several of the key crop pests.  However many of the methods 
have additional economic or environmental costs.  
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3.3. Biological control.  
Biological control is the use by man of a natural enemy to regulate the population density of a 
pest organism. Natural enemies are organisms that kill or debilitate another organism. Biological 
control programmes operate throughout the world in agriculture and forestry.  Biological control 
agents (BCAs) include the following: (1) predatory insects and mites, which eat their prey; (2) 
parasitoids, which are insects with a free living adult stage and a larval stage that is parasitic on 
another insect; (3) parasites and microbial pathogens, such as nematodes, fungi, bacteria, viruses 
and protozoa, which cause lethal infections [60,61].  In Europe, typical examples of where these 
agents are being used include: (1) the application of parasitoids to control whiteflies in 
glasshouses; (2) parasitic nematodes against slugs; (3) mycoparasitic fungi to control plant 
diseases of horticultural crops; (4) use of viruses to control codling moth in apple orchards; and 
(5) building habitats on farms to increase natural populations of predators and other beneficial 
organisms.  Some further examples of microbial control agents are given in Table 3.   
 
Natural enemies represent a large component of the world’s biodiversity, e.g. parasitoids 
account for 10% of the world’s species [62]. It has been estimated that each agricultural pest 
species is fed upon by 50 – 250 species of natural enemies [63]. However, only a small 
proportion of the available species have been investigated for crop protection. Thus, while c. 
750 species of insect pathogenic fungi are known, less than 20 have received serious attention as 
control agents of insect pests [64,65]. The natural enemies inhabiting an agro-ecosystem play a 
key role in preventing pests reaching damaging levels; it has been suggested that about 99% of 
all potential pests are controlled by natural enemies [10].  
 
The ways in which biological control agents are used vary according to the type of pest (plant, 
microorganism, vertebrate or invertebrate), the biological characteristics of the control agent, as 
well as the agricultural setting.  There are three broad biocontrol strategies: Introduction (release 
of an alien control agent to control an alien pest), augmentation (application of natural enemies 
that already live in the area of use), and conservation (manipulating agricultural practices or the 
environment to enhance natural control). People who use biocontrol are bound by the FAO code 
of conduct on the import and release of biological control agents [66] as well as national 
legislation on releases into the environment. The use of microbial agents is governed by Plant 
Protection Product regulations, in which authorisations proceed along similar lines to those for 
chemical pesticides although there are also some specific schemes. 
 
BCAs have a range of attractive properties that include host specificity, lack of toxic residue, no 
phytotoxic effects, human safety, and the potential for pest management to be self sustaining.  
Many are able to actively locate their prey. BCAs can also be produced locally which can be 
important in terms of choosing and matching natural enemies to small scale needs [67].  
Successful use requires fundamental knowledge of the ecology of both the natural enemy and 
the pest [60,68].  When this condition is satisfied, and the agent is used firmly within IPM, then 
biological control can sometimes be more cost effective than purely chemical control [69,70] 
(Table 4).  However, under the present market system, many biological control products have 
not competed well with less expensive and more effective synthetic pesticides [41]. The down 
sides of BCAs are that most are niche products, pest control is not immediate, there can be lack 
of environmental persistence, and efficacy can be low and unpredictable particularly in outdoor 
environments.  The approvals process used for microbial agents results in significantly greater 
authorisation costs than for macro- agents.  
 
3.3.1. Augmentation biological control 
Augmentation refers to the use of a species of BCA that lives naturally in the country of use.  
Selected species are mass produced by commercial companies and then sold to farmers or 
growers. The BCA may be used with the expectation that it will reproduce in the pest population 
and thereby give a degree of self sustaining control (this is known as inoculation). Another 
approach is to apply the BCA in very large numbers to give rapid pest control, usually on a short 
term basis (this is referred to as inundation) [71,72].     
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Augmentation biocontrol is currently used on 160,000 km2 around the world, representing 
approximately 0.4% of land under crop production [63]. In Europe, about 80 species of 
arthropod (predator and parasitoid) natural enemies are commercially available [73].  There are 
also about 10 species of micro-organisms and about 60 different microbial products registered 
on Annex I. n comparison there are more than 200 registered products in the USA [74].  Most of 
the augmentation biocontrol in Europe is done in protected crops (glasshouses and poly-tunnels) 
where the environment suits BCA activity and natural enemies are prevented from escaping. 
The focus is generally on the biocontrol of insect and mite pests. A large number of BCAs are 
available, with several different types for a single pest, and this helps make biological control 
programmes stable and reliable [75]. Economic methods for mass production have been 
developed and considerable expertise has been built up by the various biocontrol companies. 
Predators and parasitoids are supplied on an as-needed basis and applied by a number of 
different methods, for example they can be sprinkled directly over a crop or sold in permeable 
sachets that are hung onto leaves and stems. Insect pathogenic nematodes (used against weevils, 
thrips and fly larvae) and microbial agents, such as the insect pathogenic fungi Beauveria, Isaria 
and Lecanicillium (used against thrips, capsids, aphids and whitefly) can be applied with 
conventional spray apparatus or in irrigation equipment.  
 
The outdoor environment is far more complex than the controlled conditions within a 
glasshouse, which makes the development of augmentative strategies more difficult. Success 
outdoors can be achieved when there is a good understanding of the ecology of the natural 
enemy and its pest [76].  The egg parasitoid Trichogramma, for example, is used on more than 
32 million ha in over 30 countries [63].  However, augmentation biocontrol on outdoor crops 
has not been adopted widely by European farmers in comparison to their counterparts in Central 
and South America or China. There are some exceptions; for example a granulovirus is being 
used to control codling moth in apple orchards, but there is potential for more.   
 
Twenty species of microbial agent for control of plant pathogens are currently listed on Annex I.  
For example the mycoparasitic fungus Coniothyrium minitans, marketed in the EU as ‘Contans’, 
is applied to the soil to kill Sclerotinia sclerotiorum, an important disease of many agricultural 
and horticultural crops such as oilseed rape, lettuce, carrots, beans and brassicas. Another 
fungus, Trichoderma, can be applied to soil to control a wide range of plant pathogens [77].  A 
product based on the bacterium Bacillius subtilis, called ‘Serenade’, can give good control of 
foliar diseases. However there are still significant barriers to uptake, including lower efficacy 
than chemical fungicides, short persistence and a narrow activity spectrum.  
 
Symbiotic associations between arbuscular mycorrhizal (AM) fungi and plant roots are 
widespread in nature and improve plant nutrition, drought tolerance and pest resistance [78]. 
Many agricultural crops are mycorrhizal and there is widespread if equivocal evidence that 
crops benefit from an AM association [79]. Intensively managed agroecosystems are generally 
impoverished in AM fungi. However new approaches could be developed to reverse this, 
including changes to farm management practices or applications of fungal inoculum to the soil. 
 
Microbial control products can also be used against weeds. No products are currently available 
in Europe, but two fungal products, ‘Collego’ and ‘DeVine’, have been used in the USA since 
the 1980s.  These are based on strains of Colletotrichum gloeosporioides and Phytophthora 
palmivora respectively and typically control 85% of northern joint vetch in rice and soybean 
(‘Collego’), and 90% of milkweed vine in citrus groves (‘DeVine’) [80].    
 
Because the effects of augmentation BCAs are dose dependent, any negative impact on non-
target species should be temporary and last for as long as the agent persists. Accumulated 
experience by researchers and growers with agents such as entomopathogenic fungi appear to 
back this up, with no detectable detrimental environmental impact [81,82]. Such experience is 
clearly relevant to risk evaluation, but it is not to say that evaluation of new products is not 
required [83]. If augmentation control becomes used more widely, then the amount of 
environmental perturbation might increase. There is a lack of formal meta-analyses of the long-
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term environmental impact, particularly for microbial products. Providing this would be of 
considerable benefit to regulatory authorities.  
 
3.3.2. Biopesticides 
Some of the plant protection agents discussed in previous sections are referred to as 
‘biopesticides’. There is no formally agreed definition of the term, but our definition of a 
biopesticide is a mass-produced, biologically based agent used for the control of plant pests. 
This definition describes the type of agent and how it is used. They can be divided into two 
main types [84]: (1) living organisms used for inundation biological control (predatory insects, 
parasitoids, nematodes or micro-organisms); (2) natural compounds. There are about 70 
biopesticide products listed on Annex I (Table 5). In some countries, such as the USA, 
genetically modified plants that express introduced genes conferring protection against pests or 
diseases are also classed as biopesticides (so called plant incorporated products).  Microbial 
agents and natural products are regulated under Plant Protection Products legislation. 
Biopesticides are being used on increasing scales; for example, the management of IPM in 
protected edible crops in the UK and the Netherlands is now done with a strong emphasis on 
using biopesticides supplied by specialised companies [85].   
 
3.3.3.  Introductions of non native natural enemies: classical control and 

augmentation 
Classical biological control is the intentional introduction of an alien natural enemy for 
permanent establishment and control of an alien pest [71]. It is implemented mainly through 
government-funded programmes. It is usually associated with perennial crops where the stable 
nature of the ecosystem enables a permanent relationship between pest and natural enemy to 
become re-established [60]. Today, classical biological control of insects is used on 350 million 
ha worldwide, equivalent to 10% of the total global area of cultivated land, and  is reported to 
have a cost benefit ratio in the range of 1 : 20 – 500 [60]. Since classical control is based on the 
deliberate introduction of a non-indigenous natural enemy with the aim of permanent 
establishment, determination of host specificity is paramount to ensure that agents released do 
not have negative effects on non-target organisms. There are well-established systems for risk 
assessment and host range testing of classical control agents, led largely by researchers working 
on weed control [86].  Around 2,000 natural enemy species have been introduced worldwide 
leading to the permanent reduction of 165 pest species [87].  There are estimated to have been 
about 130 examples of classical introductions against insect pests in Europe but no agents have 
been released against weed pests in the EU [88] despite their use against 133 target weeds 
elsewhere.  Data collected on alien weeds in some EU countries suggest that they cause 
considerable economic damage (Table 6).  
 
It has been argued that there is still a lack of long term, quantitative and objective monitoring of 
classical control programmes [89]. This may be because few apparent problems have been 
encountered with classical control [87].  However, where pre-release risk evaluation procedures 
are inadequate or ignored, environmental damage can occur. A prominent recent example in 
Western Europe concerns the harlequin ladybird, Harmonia axyridis. This species is native to 
Asia and has been used as a control agent of aphids in glasshouses in Europe and North 
America. It has been intentionally introduced in nine European countries since 1982 [24], 
although a retrospective analysis identified it as having high environmental risk [90] and thus it 
should not have been released [91]. It is now established in 13 European countries from 
Denmark to southern France and is predicted to spread further. It is able to out-compete native 
ladybirds, will predate on some beneficial insects, and there is evidence that it has a significant 
negative impact on other native arthropod species. This episode has undoubtedly cast a shadow 
over classical biological control in Europe. This is unfortunate, because it remains the only 
method for permanent ecological management of many alien species.  It has been proposed that 
legislation is enacted within the EU in line with the Convention on Biological Diversity to 
enable releases of classical control agents based on EPPO standards [88].  
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Non native arthropod natural enemies are also used in northern Europe for augmentation 
biological control in glasshouses. Approximately 50% of insect and mite predators and insect 
parasitoids used in glasshouses are alien species [92].  Licenses for use are granted based on 
environmental risk assessments where it can be established that the agent cannot overwinter 
outdoors.  
 
3.3.4.  Conservation biological control  
Conservation biological control is the practice of enhancing natural enemy efficiency through 
modification of the environment or of existing pesticide practices [71]. Although there is a large 
body of evidence suggesting that provision of floral resources, alternative food and shelter 
habitats can increase natural enemy abundance and diversity, there is as yet limited evidence 
that this leads to decreased pest damage or increased yields [93]. However successful 
conservation biocontrol of pest insects has been demonstrated for outdoor lettuce and grapes [94 
– 96]. Thus, while conservation biocontrol has the potential to provide a range of benefits 
including lower production costs and enhanced yield, careful economic evaluation is needed97.  
Because it entails habitat management, it could provide additional public goods, such as 
biodiversity conservation, ecological restoration and tourism [98]. Wine producers in New 
Zealand, for example, are now growing flowers in between vines in order to lure and retain 
naturally occurring parasitoids; these floral displays also attract tourists to the region and are 
being used to market the wine as a premium, environmentally-friendly, brand [99].   
 

 

3.4. Plant breeding 
The growing of resistant varieties is often promoted as an alternative to the use of pesticides. 
Although there has been some work to breed for resistance to invertebrate pests, the majority of 
effort has been directed at resistance to microbial plant pathogens. Many hundreds of pathogen 
resistance genes have been identified in crop species. However, no plant variety is resistant to all 
diseases and pests, and the choice of variety is always a balance between different traits; 
generally disease resistance is a lower priority than quality / market acceptability. Moreover, 
most resistance is ephemeral due to the ability of pathogen populations to overcome it through 
natural selection [100].  
 
Release of new resistant varieties which depend on only a single resistance gene is the most 
common commercial situation; indeed several varieties all sharing the same resistance gene is 
becoming the norm as the expense of finding new genes is shared between breeding companies. 
This increases the chances of a new virulent pathogen isolate evolving. For some crop / 
pathogen combinations, e.g. lettuce downy mildew, over 30 resistance genes have been ‘wasted’ 
and breeders are now searching for new genes in wild relatives. Various strategies have been 
promoted to preserve the longevity of resistance, including ‘pyramiding’ resistance genes 
(incorporating more than one gene in a variety) or deploying a mixed set of genes in a crop as a 
variety mixture. However, these have generally proved costly and have not been adopted by 
breeding companies. The biggest successes with variety mixtures have been in centralised 
economies where authorities can dictate to farmers their choice of varieties. An alternative form 
of resistance exists which is determined by several genes. This can be (but is not always) more 

Biological control can be a very successful component of IPM.  Biocontrol agents tend to have a 
narrow activity spectrum.  This is an attractive property from an environmental perspective 
but it also means that they are usually niche market products, which can act as a barrier to 
their commercialisation.  There are significant differences in the biological control strategies 
used in - and the amount of success obtained with - glasshouse vs. outdoor crops.  Classical 
control has much to offer, but if the systems of environmental risk assessment developed by 
scientists are not followed then problems can occur.  More investment in research and 
development is needed, particularly for biocontrol in field crops.  
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durable than single gene resistance. However, it is more difficult to handle in a breeding 
programme and is often partial, i.e. some disease still develops. The former is now being 
overcome with new technology such as marker assisted breeding [101], the latter may not be an 
issue if some yield reduction is acceptable. However, in fruit and vegetables, where marketable 
yield is determined by quality, any disease blemishes may be unacceptable.  
 
Host resistance must be used as part of IPM to achieve durable crop resistance. Resistant 
varieties should be combined with other measures such as biological control, targeted pesticide 
use and cultural techniques. This will reduce the chances of pathogens overcoming plant 
resistance, but will also lower the probability of them evolving resistance to pesticides. 
However, reducing the availability of some pesticides could limit options for putting IPM 
programmes into place.  
 
3.5. Genetic methods 
The sterile insect technique involves the release of very large numbers of sterilised insects 
(usually males) into the vicinity of the crop, so that they will mate with ‘wild’ insects and so 
prevent them producing young. The insects to be released are sterilised using irradiation or 
chemicals. The release ratio ranges from 10:1 up to 100:1 sterile: wild insects. The technique 
will work better if sterile insects are as ‘fit’ as wild insects, the species only mates once and it 
has a limited ability to disperse. The technique is expensive, mainly because large numbers of 
insects must be reared and it usually requires releases over large areas. It has been used 
successfully to eradicate the screw-worm fly (Cochliomyia hominivorax) in areas of North 
America. There have also been many successes in controlling species of fruit flies, most 
particularly the medfly (Ceratitis capitata) [10], and the technique has been used to manage 
onion fly in the Netherlands. 
 
3.6. Genetically Modified (GM) crops  
To date, GM maize, cotton, soya bean and oilseed rape crops have been commercialised for 
management of weeds, insects, or both. There are several examples of GM-incorporated 
herbicide tolerance including glyphosate resistance (known as ‘GR’). GM maize and cotton 
plants resistant to insect attack contain genes of the insect pathogenic bacterium Bacillus 
thuringiensis that express proteins toxic to caterpillar pests (known as ‘Bt’ crops).  The same 
bacterium is also used as a BCA against caterpillars as a foliar spray. GM crops are grown in 23 
countries over 114 million ha worldwide, equivalent to c. 5% of global cultivated land [102]. 
These include 8 EU states; Spain, France, Czech Republic, Portugal, Poland, Germany, Slovakia 
and Romania, although the area of cultivation in these countries is generally less than 0.05 
million ha.   
 
It is undoubtedly the case that the development of policies on GM crops in Europe has been 
affected by a lack ‘upstream’ engagement between governments, regulators, farmers, pressure 
groups, industry, the media, and other members of civil society. There has been a loss of 
confidence in scientific experts by the general public over issues of risk.  While scientific 
expertise and evidence can help answer specific questions about GM crops, it cannot be the sole 
tool for developing policy.  People entering the debate about GM have different points of view 
and hence a resolution may not be possible.  Agriculture in Europe has its own distinctive social 
dimension and hence Europeans may well have different concerns about GM compared to 
citizens elsewhere. The ethical issues surrounding GM crops are many and complex, and 
include general welfare (i.e. the responsibility of governments to protect the interests of 
citizens), consumer choice and rights, principles of justice, and the boundary between what is 
considered natural / unnatural [103]. 
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Those in favour of GM argue that transgenic crops can help increase yields (for example by 
reducing losses due to pests), can have improved nutritional content, require fewer inputs and 
have less post harvest spoilage and wastage. Arguments against GM crops include possible 
harm to human health, concerns that the technology consolidates the industrialisation of 
agriculture, that it is not natural, and that it may damage the environment (for example by 
having effects on natural enemies and other non target species). In Europe and elsewhere, 
detailed environmental risk analysis of potential effects of GM crops based on laboratory and 
field experiments is made before licences to release the technology are granted. For example, 
UK Farm Scale Evaluations have been conducted that compared the effects on farmland 
biodiversity of growing conventional and GR sugar beet, maize and oilseed rape.  It was found 
that the species of crop grown (i.e. beet, maize or rape) had a greater impact on biodiversity than 
whether the crop was GR or conventional [104].  Only minor differences were observed 
between the GR and conventional versions of the same crop species. Critics have argued that 
even farm scale trials cannot predict the effects of GM crops when grown at very large scales. 
Eight countries now grow > 1 million ha of GM crops (USA, Canada, China, India, South 
Africa, Paraguay, Argentina, Brazil) [102] and hence, if negative effects do occur from GM 
crops, then it is reasonable to expect that they will become apparent soon if they have not done 
so already.  In the case of Bt crops, laboratory and field studies have shown either no impact or 
only a transient effect on natural enemies, which is mainly due to a reduction in the number of 
target pests as prey [105]. Resistance management is a concern [106] as resistance has 
developed to Bt foliar sprays.  A strategy has been devised based on the cultivation of areas of 
non Bt crops as refugia to maintain susceptible alleles within the pest populations [107]. 
Surveys of farmers’ pesticide use indicates that growing Bt crops can result in significantly 
reduced applications of conventional insecticides, up to 70% in some cases [108,109]. However 
there are exceptions.  Secondary pest problems caused by mirid bugs have occurred on Bt cotton 
grown in China [110]. These bugs were controlled previously by broad spectrum pesticides but 
are not controlled by Bt cotton. Problems with mirids in China did not occur until a few years 
after the widespread uptake of Bt cotton (i.e. there was a time lag between adoption of Bt cotton 
and the onset of secondary pest problems).  The unfortunate result is that some farmers growing 
Bt cotton in China are having to make more pesticide applications than before in order to control 
mirid outbreaks, with a net reduction in revenue compared to conventional cotton [109].  
Secondary pest outbreaks are a well-known phenomenon in agriculture, but without more 
evidence it is difficult to say whether this particular problem could have been foreseen. One 
lesson is clear; if GM crops, or any other new technologies, are to be used in ways that increase 
the sustainability of crop production, then they must be treated on a case by case basis and 
utilised according to basic IPM principles. 

 
 
 
 
 
 

GM crops can give economic and environmental benefits. However if they are not used according 
to IPM principles then sustainability gains may be lost.  If there are large-scale effects then they 
should become apparent in the 8 countries outside the EU that grow over 1 million ha of GM 
crops. The ethical issues surrounding GM are complex and there may be unique concerns for 
Europeans.  
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4. Integrated Pest Management 
There is little doubt that the best way to make crop protection more sustainable is by using 
Integrated Pest Management (IPM). IPM is a systems approach that combines a wide array of 
crop production practices with careful monitoring of pests and their natural enemies. IPM 
practices include resistant varieties, timing of planting, physical methods, cultivation, biological 
controls, and judicious use of pesticides to control pests. The aim of IPM is not pest eradication; 
rather it is the more realistic goal of reducing a pest population below its economic injury level. 
In industrialised economies, IPM is seen as technologically based and is focused on using a suite 
of complementary control options in combination with pest monitoring and economic action 
thresholds. In some developing nations, however, a different IPM model has been developed, 
based on training farmers to better understand the importance of natural biological control and 
to rely on their own observations in order to decide when to spray pesticides [43,67]. However, 
in both situations, the goal is the same; namely to achieve a flexible and durable system that 
minimises impacts on other components of the agro-ecosystem [111].   
 
IPM does not rule out the use of synthetic chemical pesticides. However, they are only used 
when systematic monitoring indicates a need. Other forms of pest management are used to keep 
chemical interventions to a minimum.  This includes biological, cultural and physical controls, 
host plant resistance, and decision support tools.  In the last decade, there have also been 
recommendations to restore the ecosystem function of pest management, so that the agricultural 
landscape itself becomes resistant to the development of pest populations, for example by 
growing pest-resistant crop varieties and increasing populations of natural predators, parasites 
and parasitoids [60,42].   
 
IPM can reduce reliance on agrochemical inputs and provide environmental and economic 
benefits [112]. Figures for the estimated area of crops under IPM for different crop types are 
given in Table 7. In an analysis of 62 IPM initiatives in 26 industrialised and developing 
countries, over 60% of initiatives resulted in a reduction in pesticide use and an increase in 
yields [9]. Sixteen percent of projects resulted in an increase of both yield and pesticide use. 
These were conservation farming projects that incorporated zero tillage and thus tended to result 
in greater use of herbicides for weed management. Approximately 20% of projects resulted in a 
reduction in yield with lowered pesticide use. These mainly consisted of cereal production 
projects in Europe, where falls in pesticide use resulted in typically 80% reduction in yield. 
Because cereal production is a significant component of European agriculture, this finding has 
important implications for policy.  
 
4.1. IPM in glasshouse crops 
Glasshouse growers are able to produce high value crops on a small area of land. Unfortunately, 
glasshouse crops also provide an excellent environment for pest insects, mites and plant 
pathogens. Pesticide resistance evolved in some key glasshouse pests as long ago as the 1960s, 
prompting the early development of biocontrol. This was followed by the widespread adoption 
of bumblebees for pollination, which required growers to stop using broad-spectrum 
insecticides. Some sophisticated and effective IPM programmes have been developed for 
glasshouse crops (Table 8). These were mainly instigated through publicly funded research and 
involved close working between research scientists, growers and industry.  IPM is now used in 
over 90% of glasshouse tomato, cucumber and sweet pepper production in the Netherlands [85] 
and is standard practice for glasshouse crops in the UK. It uses a combination of biological and 
physical controls, selective pesticides and resistant varieties. It has been adopted widely because 
it has clear benefits for the grower. These include reliable pest control, lack of phytotoxic 
effects, better fruit set, and the fact that staff do not have to be excluded from the glasshouse so 
often for pesticide applications. Most of the biological control used in glasshouses is concerned 
with managing insect and mite pests.  Some BCAs are available against plant pathogens and can 
be integrated with selective pesticides [113] but a greater range of products is required.  Many of 
the main plant diseases are tackled using resistant crop cultivars. Typically, pesticides will be 
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used at the start of the season as a clean up for insect and mite pests before switching to 
inundative applications of predators, parasitoids, parasitic nematodes and insect pathogens.  
Short persistence pesticides are used on an at-need basis to knock back pest populations if they 
start to outstrip the ability of the biological control agents to regulate them.  Recent research has 
shown that insect pathogenic fungi can also be used as a second line of defence when using 
predators against thrips and spider mites [114,115].  The ability to use pesticides and microbial 
control agents as fast acting remedial treatments can make the difference between success and 
failure in glasshouse IPM (R. Jacobson, personal communication).  Europe-wide, the industry is 
supported by about 25 biological control companies – including the world’s three largest - that 
supply natural enemies and technical support [85]. The costs of IPM are reported to be 
competitive with chemically-based control [85].  
 
4.2. IPM in field vegetable crops & orchards 
European retailers and consumers demand vegetables that are relatively uniform in size and 
shape and free from blemishes and pest-related debris.  Field vegetables generally have a higher 
value than cereals, but a lower value than glasshouse crops.  Because of the emphasis on quality, 
the risk of producing an unmarketable crop is relatively great.  Vegetable growers are, therefore, 
generally risk averse.  Components of IPM that are well-developed in field vegetables include 
crop rotation (with some exceptions), good crop management (removal of plant residues, 
application of fertilisers and irrigation) and careful crop monitoring for pest problems.   This 
may often involve the use of pest or disease forecasts [116], traps or other management tools.  
Growers walk their crops regularly and make decisions based on their findings, but ‘research-
based’ thresholds are used relatively rarely in Europe compared with, for example, the USA 
[117]. Pest and disease resistant cultivars are grown where available and if the cultivars meet 
other market requirements. Lettuce with resistance to downy mildew are grown widely. Lettuce 
varieties with resistance to the aphid Nasonovia ribisnigri have been increasing, although this 
has now been overcome in several locations in Europe.  Use of physical methods of pest control 
is increasing.  Mechanical weed control can be effective and covers or mulches have been used 
to control pest insects and weeds. Biological control with microbials or arthropods is relatively 
undeveloped.  This is due to a combination of factors: lack of environmental ‘control’ and 
‘confinement of released natural enemies’ compared with protected crops, the relatively high 
cost of biological control methods compared with the value of the crop, reduced and variable 
efficacy compared with pesticides and the limited research and development input in this area. 
 
European retailers also have high quality standards for orchard crops. IPM strategies in orchards 
are largely based on stopping sprays of broad spectrum pesticides and allowing natural enemies 
to re-establish60. The development of decision support tools (pest thresholds, monitoring, 
models) has allowed the targeted application of specific pesticides or microbial control agents 
(e.g codling moth granulovirus) or the application of parasites and parasitoids [118,119]. 
 
4.3. IPM in arable crops  
Arable crops generally have high economic thresholds for pest management interventions, 
meaning that low densities of many pests can be tolerated (the exceptions are for pre- and post-
harvest fungal diseases, some of which pose a serious hazard to human health). There is, 
therefore, good scope for IPM, but it is not yet being used widely in Europe.  For example, it is 
estimated that only 10% of cereal production is done under IPM [120]. The majority of IPM 
schemes are based on pest forecasting, monitoring and host-plant resistance rather than on 
biological control. A notable exception is the use of the parasitoid Trichogramma to control 
outbreaks of the European corn borer, Ostrinia nubilalis on maize [121]. The use of 
conservation biological control methods, such as wildflower headlands and beetle banks, is 
promoted through various agri-environment schemes but in the UK, for example, most of these 
have had a very low uptake [122]. There is greater use of IPM techniques within organic arable 
production, but even here there is limited use of biological control, with the majority of 
integrated crop management schemes relying on improved monitoring and reduced applications 
of approved chemical controls [123].  
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5. Regulation and the market: the case of biopesticides 
The adoption of different crop protection technologies has a strong market and regulatory 
dimension. Regulatory systems can act as barriers to new technologies and approaches.  In the 
case of biopesticides governed by Plant Protection Products legislation (i.e. microbial control 
agents and natural products), the regulatory system has tended to follow a chemical pesticide 
model which is often not relevant in the questions that it poses and does not facilitate the 
efficient authorisation of products.  The authorisation process therefore raises entry costs to the 
market that are particularly onerous for the small to medium sized enterprises that make up the 
bulk of the biopesticides industry. 
 
The wider adoption of biopesticides in the United States in part reflects the existence of a large 
internal market that makes it commercially viable to produce niche products. The US has also 
been proactive in encouraging the development of BCAs. Within the EU, the efficiency of 
member state regulatory agencies is recognised to be highly variable, although there are 
examples of best practice. Unfortunately there is no internal market for biopesticides because 
mutual recognition between member states has yet to work effectively. A fundamental tension 
also arises from the fact that, because of their role and their training, regulators tend to be 
conservative and risk averse, whereas entrepreneurs developing new products are risk takers. 
This creates a basis for mutual misunderstanding with biopesticides producers perceiving the 
conservatism of the regulatory system as an incomprehensible hurdle. It requires a very special 
combination of circumstances for regulatory innovation to occur at all. What can be done in the 
EU is constrained by state aid rules in terms of ‘near market’ aid. However, it is possible to take 
actions that assist firms through the registration process, for example the Genoeg scheme in the 
Netherlands (GEwasbeschermingsmiddelen van Natuurlikje Oorsprong Effictief Gebruiken, 
which translates colloquially as ‘effective use of natural pesticides’).  The UK developed a pilot 
scheme followed by a permanent Biopesticides Scheme intended to facilitate registration. This 
in part reflected a willingness on the part of Government to allow resources to be devoted to 
such a scheme. The main features of the scheme are pre-registration meetings with applicants to 
clarify what is required in the dossier; substantially reduced registration fees; and the 
development of an informal network within PSD with relevant expertise. Effective working 
relationships have been developed with the trade association, the International Biocontrol 
Manufacturers Association (IBMA) as a means of reviewing procedures and reaching out to 
potential registrants. The scheme has led to an increase in the number of products registered or 
being considered for registration. 
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6. Conclusions and recommendations 
Global agriculture is in a period of tremendous change. There is increasing tension between the 
need to produce food and protect other ecosystem services. Europeans have not paid enough 
attention to the long-term future of farming and the overwhelming requirement for a sustainable 
agri-food system.  
 
Pests (invertebrates, plant pathogens and weeds) are major constraints to agricultural 
production. There is a clear and present need to develop integrated systems of pest management 
with greater levels of sustainability across all crop types. This would be a significant way 
forwards for improving yields and continued access for EU citizens to reasonably priced, 
healthy and good quality food. Looking ahead, IPM will be essential for climate change 
adaptation and mitigation, including decreased reliance on fossil fuels. 
 
Chemical pesticides are a vital part of crop protection and they need to be used more within the 
framework of IPM. More impact assessments need to be done on the consequences of the ‘cut-
off’ criteria. It is likely that a loss of key herbicides would jeopardize production of some minor 
crops hile fungicide loss would result in significant yield decline in wheat and other arable 
crops.  There may well be effects on nature conservation. It is well known that chemical 
pesticides can affect species diversity, at least in the area to which they are applied.  However, if 
loss of fungicides means that more land has to be put over to cultivation in order to increase 
cereal production, then there could be significant negative effects on biodiversity through loss of 
natural habitats. It is unlikely that organic farming could be used to substitute for conventional 
agriculture because it typically produces smaller yields. However, it has much to offer to the 
development of sustainable farming in Europe in terms of its emphasis on renewable resources, 
ecology and biodiversity. 
 
In this document we have appraised a wide range of non-chemical pesticide methods for crop 
protection: physical and cultural controls, natural compounds, biological control, plant breeding 
and genetic methods. These methods have a wide range of attractive properties and can all make 
valuable contributions to crop protection as part of IPM. In most situations the best way forward 
is to use them with chemicals in a fully integrated programme. In the case of glasshouse and 
other protected crops, some sophisticated and effective ways of doing this are already in place. 
However in outdoor crops, IPM does not appear to be used widely.   
 
Agriculture has many functions. It not only produces commodities, it also provides essential 
public goods and services. IPM can play a significant role in making farming more 
environmentally, economically and socially sustainable: it can help to maintain biodiversity, 
reduce pollution, lower the build up of pesticide resistance, maintain the security of food supply, 
increase yields, and improve consumer confidence in the agri-food industry. The manufacture of 
biocontrol agents and related products is a small-scale activity that can boost high quality 
employment opportunities in rural areas. However, many of the features of non-chemical 
pesticide methods that make them attractive in terms of human safety and the environment also 
limit them to niche markets. At present, there are definite regulatory and market barriers that are 
preventing these ‘alternative’ crop protection agents from being taken up more widely. The 
development of inundative biological control agents, for example, has followed a chemical 
pesticide model that does not exploit fully the favourable biological properties of the agents 
[67].  There are also significant scientific and technical challenges to be addressed, but these are 
being hampered by a chronic under-investment in research and development.  
 
Finally, we emphasise that IPM should be tailored to local conditions [9]: the species of pest, the 
type of crop, climate and weather, production practice, and skills and knowledge of farmers and 
growers. The ability to do this successfully will depend on there being effective institutions, 
policies and partnerships in place to enable and sustain innovation [9]. This may require 
fundamental shifts [11]. Shared goals must also be developed by the chemical pesticide sector 
and the producers of other products, a process that appears to be under way in Europe already 
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[45]. When this happens, IPM can be embraced rapidly. For example, the area of edible 
horticultural crops grown under IPM in Almeria, Spain, has increased from just 250 ha to 7000 
ha since 2005 [45]. This offers hope for the future.  
Our recommendations are as follows: 
• More assessments are needed of the impact of the ‘cut-off’ criteria across the EU. This must 

be wide ranging and include the consequences not just for crop yields but also for pesticide 
resistance, nature conservation, the management of alien species and the development of 
IPM. 

• European farmers and growers must be given access to a variety of pesticides, with different 
modes of action, as a vital method for IPM and for pesticide resistance management. 

• If key pesticides are withdrawn too rapidly then the market will be unable to fill the gap in 
time.  

• IPM should be at the centre of EU crop protection policy. Effective policies should be in 
place to facilitate its development and uptake. There is not enough information about the 
current status of IPM in different crops and farming systems across the EU.   

• Significantly more funding is needed for research and development. This must include 
research to better understand pest biology and the interactions between the different 
components of agro-ecosystems. More work should be funded on the development, use and 
integration of crop protection tools: synthetic chemicals, biological controls, natural 
products, physical and cultural methods, decision support, plant breeding and other genetic 
techniques including GM.  This must be focused on making agriculture more sustainable. 
The link between farmers / growers and the crop protection industry could be developed to 
better target product development and to support development of data for national product 
registration. 

• Research is needed on why augmentation biocontrol is not being used much on outdoor 
crops in Europe, including possible ecological, technical, environmental, economic and 
social barriers.    

• There is a strong case for making better use of ecological theory in biological control that 
includes environmental risk evaluation.  This should lead to better biocontrol and enable 
regulators and others to respond better to future developments such as tensions between 
stakeholders (for example conservationists vs. food producers and retailers). 

• More information must be obtained on the practical ways in which farmers and growers are 
already using non-chemical pesticide methods as part of IPM.  There should be more 
effective ways of exchanging this knowledge.  Other members of the policy network should 
be included.  

• Innovations are required that overcome regulatory and market barriers to the adoption of 
non-chemical pesticide methods while still protecting human and environmental safety. The 
regulatory process needs to have an inbuilt preference for alternatives rather than being 
constructed and operated in a way that presents them with additional barriers. The 
registration process for alternatives needs to be made more accessible, more specific, faster 
and less expensive. 

• Promoting the availability of alternatives through research and manufacture should be 
legitimate grounds for funding under Pillar 2 rural development programmes.  

• Work currently being undertaken by OECD offers the potential for the development of a 
global harmonised system for microbial pesticide regulation.  This would permit companies 
to secure larger markets and economies of scale and hence enhance their viability. However, 
sufficient resource support in terms of expert time needs to be available for this process. 

• Many member states no longer have state extension services that could have provided 
guidance and assistance to farmers and growers. There is a case for providing funding to 
facilitate innovation in the use of ‘alternative’ crop protection methods by farmers and 
growers, e.g. by co-funding the purchase of consultancy advice.  
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ANNEX II: TABLES AND FIGURES 
 

Figure 1: Occurrence of arthropod pests with resistance to one or more pesticides  
(from Hajek, 2004)[15] 
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Table 1: Land use of the 27 sovereign nation states of the EU in the year 2000. Source FAO 2007 
  
Countries % Land area used 

for forest and wood 
% Land area used 

for agriculture 
Arable Land Permanent crops Pasture 

(% of total land area) 
Austria 47.1 41.2 17 0.9 23.3 
Belgium 24.1 46.0 28.5 0.7 16.8 
Bulgaria 33.3 50.5 31.9 2.3 16.3 
Cyprus   15.5 10.6 4.5 0.4 
Czech republic 34.1 55.4 39.9 3.1 12.4 
Denmark 10.7 62.4 53.8 0.2 8.4 
Estonia 48.6 13.3 9.9 0.3 3.1 
Finland 72.0 7.3 7.2 0.03 0.1 
France 27.9 54.1 33.5 2.1 18.47 
Germany 30.8 48.9 33.8 0.6 14.5 
Greece 27.9 66.2 21.3 8.6 36.3 
Hungary 20.0 63.6 50 2.2 11.4 
Ireland 9.6 64.0 15.6 0.03 48.4 
Italy 34.0 53.1 28.8 9.5 14.8 
Latvia 47.1 40.0 29.7 0.5 9.8 
Lithuania 31.8 55.6 46.8 0.9 7.9 
Luxembourg   49.4 23.9 0.4 25.1 
Malta   28.1 25 3.1   
Netherlands 11.1 57.8 26.9 1.0 29.9 
Poland 29.7 60.5 46 1.1 13.4 
Portugal 40.1 43.2 19.7 7.8 15.7 
Romania 28.1 64.0 40.8 2.3 21.5 
Slovakia 45.3 50.8 30.2 2.6 18 
Slovenia 55.0 25.7 8.6 1.5 15.6 
Spain 28.8 59.7 26.9 9.8 23 
Sweden 66.1 7.7 6.6 0.007 1.1 
UK 11.5 70.1 24.3 0.2 45.6 
World 29.7 38.2 10.7 1.0 26.5 
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Table 2: Estimated share of 2004 global product sales for biologically-based control agents  
Source: Gelernter, 2005 [41] 

 
Class of product % market share 
Microbial biopesticides 65 - 70 
Beneficial macroorganisms 15 - 16 
Semiochemicals 10 - 19 
Botanicals 4 - 8 
Microbial soil and plant enhancers 1 - 2 

 
 

Table 3: Examples of microorganisms used as control agents of agricultural pests 
 

Organism Use Pest Target crops 
 
Bacteria 
Agrobacterium radiobacter 
Xanthomas campestris pv. poannua 

 
Anti-bacterial agent 
Herbicide 

 
Crown gall (Agrobacterium tumefasciens) 
Annual bluegrass 

 
soft fruit, nuts, vines  
turf 

Bacillus subtilis Fungicide Fusarium, Pythium, Rhizoctonia spp. legumes, cereals, cotton 
Bacillus thuringiensis  Insecticide Various Lepidoptera, Diptera, Coleoptera  vegetables, fruit, cotton, rice, forestry 
    
Fungi 
Lecanicillium longisporum 

 
Insecticide 

 
Aphids 

 
glasshouse edible & ornamental crops 

Phytophthora palmivora Herbicide strangler vine  citrus 
Trichoderma harzianum Fungicide Pythium, Phytophthora, Rhizoctonia orchards, ornamentals, vegetables, glasshouse crops 
Protozoa    
Nosema locustae Insecticide grasshoppers, crickets pasture 
    
Viruses    
Cydia pomonella granulosis virus Insecticide codling moth apple, pear 

 
For more information see Copping (2004)[65]; Kabaluk & Gazdik (2005)[74].  
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Table 4. Comparison of aspects related to the development and application of chemical and 
biological control (2004).   

Source: Bale et al., (2008) [60] 
  

  Chemical control Biological control 
Number of ingredients tested >3.5 million 3000 
Success ratio 1:200 000 1:20 
Developmental costs  180 million US$ 2 million US$ 
Developmental time 10 years 10 years 
Benefit per unit of money invested 2.5 – 5 30 
Risk of resistance Large Nil/small 
Specificity Low High 
Harmful side effects many Nil/few 

 
 

Table 5: Biopesticide Plant Protection Product active substances listed on Annex 1 (including 
substances voted but before entry into force date, which will be by 1 May 2009) 

 
 Insecticide Fungicide Herbicide Nematicide Repellant Other 
Microorganism 8 20 0 1 0 0 
Plant extract 0 0 0 0 6 2 
Baculovirus 5 - - - - - 
Pheromone 27 - - - - - 
Total 40 20 0 1 6 2 
 
Source: R. Gwynn, International Biocontrol Manufacturers Association 
 
 
 
Table 6: Estimated economic costs of some invasive weed species in different European countries 
 
Country Weed species Estimated cost per year 
Netherlands Hydrocotyle €2 – 4 million [124] 
Sweden Ambrosia €32 million [125] 
Germany Prunus serotina €20 million [126] 
 Japanese knotweed €15 – 30 million [126] 
 Water hyacinth €4 million [126] 
United Kingdom: Snowdonia 
National Park 

Rhododendron €66 million to date [127] 
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Table 7: Guided and Integrated control programmes used in Europe  

Source: Bale et al., 2008 [60] 
  

Crop Type Elements Area under IPM in 
Europe/reduction in 
pesticides on that area 

Field vegetables guided Monitoring-sampling-warning 
Host-plant resistance diseases/pests 

5% of total area 
20-80% reduction 

Cereals guided Monitoring-sampling-forecasting 
Host-plant resistance diseases 

10% of total area 
20-50% reduction 

Maize integrated Mechanical weeding-host-plant resistance 
diseases-biocontrol of insects 

4% of total area 
30-50% reduction 

Vineyards integrated Biocontrol of mites-host plant resistance  
diseases-pheromone mating disruption 

20% of total area 
30-50% reduction 

Olives integrated Cultural control-biocontrol insects host-
plant resistance diseases/pests monitoring-
sampling-pheromones 

Very limited 

Orchards guided monitoring-sampling selected pesticides 15% of total area 
30% reduction 

  integrated Monitoring-sampling-pheromones 
biocontrol-selective pesticides host-plant 
resistance diseases 

7 % of total area 
50% reduction 

Greenhouse 
vegetables 

integrated Monitoring-sampling-biocontrol 
Pests and diseases-host-plant resistance 
diseases 

30% of total area 
50-99% reduction 
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Table 8: Integrated pest and disease management programme as applied in tomato in Europe.  
Source: van Lenteren (2000)[85] 

  
Pests and Diseases Method used to prevent or control 

pest/disease 
Pests   
Whiteflies (Bemisia tabaci, Trialeurodes vaporariorum) Parasitoids: Encarsia, Eretmocerus 
  Predators: Macrolophus 
  Pathogens: Verticillium, Paecilomyces, 

Aschersonia 
Spider mite (Tetranychus urticae) Predator: Phytoseiulus 
Leafminers (Liriomyza bryoniae, L. trifolii & L. 
huidobrensis) 

Parasitoids:  Dacnusa, Diglyphus & Opius & 
natural control 

Lepidoptera (e.g. Chrysodeixis chalcites, Lacanobia 
oleracea, Spodoptera littoralis) 

Parasitoids :  Trichogramma 

  Pathogens : Bacillus thuringiensis 
    
Aphids (e.g. Myzus persicae, Aphis gossypii, 
Macrosiphum euphorbiae) 

Parasitoids : Aphidius, Aphelinus 

  Predators : Aphidoletes & natural control 
Nematodes (e.e. Meloidogyne spp.) Resistant & tolerant cultivars, soilless culture 
    
Diseases   
Gray mold (Botrytis cinerea) Climate management, mechanical control & 

selective fungicides 
Leaf mold (Fulvia = Cladosporium) Resistant cultivars, climate management 
Mildew (Oidium lycopersicon) Selective fungicides 
Fusarium wilt (Fusarium oxysporum lycopersici) Resistant cultivars, soilless cultures 
Fusarium foot rot (Fusarium oxysporum radicis-
lycopersici) 

Resistant cultivars, soilless culture, hygiene 

Verticillium wilt (Verticillium dahliae) Pathogen-free seed, tolerant cultivars, climate 
control, soilless culture 

Bacterial canker (Clavibacter michiganesis) Pathogen-free seed, soilless culture 
Several viral diseases Resistant cultivars, soilless culture, hygiene, 

weed management, vector control 
Pollination Bumble bees or bees 
 


