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Executive Summary
Governments and the public want new approaches to pest management including the development of safer more environmentally friendly solutions. 

A biorational approach to the design of new generation "natural" chemicals is one way of addressing this issue.

Industry still screen many thousands of "randomly generated" chemicals for broad 

spectrum activity.

Most developed countries have a complex and all encompassing regulatory process for agrochemicals

Commercial, regulatory and  research barriers exist to limit the exploitation of "concept proving" research into new biorational pesticides.

Commercial barriers include the need for industry to sell products for a wider

 range of pests in global markets in order to recover the high costs of development.

Regulatory barriers include the high costs of generating the detailed data required for approvals.

Research barriers include the fragmented and short term nature of research objectives.

Improved and simplified regulatory procedures, financial incentives and the setting up of government funded  units aimed at taking concepts part or all the way to market, are suggested as some ways to overcome the barriers.  
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Introduction

Farmers and growers in the UK are at the front-line of crop protection - they have to make regular management decisions affecting the design and operation of their production systems. For the producer, crop husbandry, rotation, cultural practices and the use of crop protection chemicals all interact in more or less controllable ways and over various periods time. External influences, beyond the control of the farmer, affect these decisions and also impact on the efficacy of the chosen method of crop protection at the farm level. 

Available crop protection Active Ingredients (AI) are the result of a long period (10-50 years) of development involving private and public investment in research and development, followed by commercial exploitation. Investment in new avenues is made in the context of ever changing policies aimed at protecting human health of the general public and farm workers, protecting the environment and rural society. Choices have been made in the development and delivery of crop protection technologies consistent with these policies and with the need to maximise shareholder value of crop protection businesses. These choices have unintentionally limited the available approaches to crop protection, potentially excluding the development of methods that are more precautionary and/or biorational than those in current use.

The agriculture and food system is widely distributed throughout the countryside involving many thousands of farmers supported by various advisory and extension services - often provided as part of a package linked to the supply of crop protection and other inputs. The objectives of safeguarding human health, protecting the environment and providing food of high quality through the use of biorational crop protection methods (methods derived from discovering specific targets through fundamental understanding of pest physiology and biochemistry), may conflict with the objectives of a low cost farming system or the commercial interests of the businesses involved in the delivery of crop protection technologies. 

The stakeholders in the food chain, whether producers, consumers, input providers or policy makers, each make choices. Embedded in the technology development, delivery and control system is a presumed optimisation of resource use, balancing positive and negative outcomes for all the relevant stakeholders. A hypothetical example (Box 1) illustrates that when an unforeseen outcome emerges from a crop protection technology in use, new methods will be developed that are more precautionary and/or biorational. 

Box 1: Hypothetical example of forced development of alternative approaches

If proof emerged of a link between the use of OP insecticides, the development of BSE in cattle and subsequently new variant CJD in humans then there would be an immediate ban on these substances for crop protection and veterinary medicine. Rapid private and public investment in the development and exploitation of a range of alternative approaches would be initiated - including novel crop protection agents as well as variety development and alternative husbandry practices. Previously such approaches were only of academic or historical interest. 

A move towards biorational approaches may be advantageous for the producer if it enables better system performance, but the definition of 'better system performance' is neither straightforward nor singular. The many perspectives of different stakeholders and the overlapping stakeholder positions lead to a plurality of definitions of 'system performance' and make generalisations dangerous. From the producers' point of view, the use of crop protection chemicals has several impacts, listed in Table 1. 

Table 1:  Impact on producer of crop protection chemicals

Direct impact 
Indirect impact 

Cost
Avoidance of resistance

Benefit - Efficacy
Environmental protection

Specificity - impact on non-target
Safety to human health from residues

Ease of use
Environmental protection

Integration with crop rotation
Socio-cultural

Avoidance of resistance
Operator safety

The producer will consider available biorational approaches according to the way they individually prioritise these factors. It therefore should not be assumed that a producer would choose to use such an approach, although there may be good environmental or human health reasons to prefer such approaches. The producers ability to select a biorational approach will be constrained firstly by the availability of such methods and secondly by the relative cost of this approach compared to the currently available methods.

Biorational approaches - sustainability and the precautionary principle

Enhancing the sustainability of agriculture is a broad policy objective that though poorly defined presumes that changes in practices should occur to ensure the protection of future resource security. It may be assumed that the use of biorational approaches to pest control at the farm level meets the requirements of a more sustainable agriculture - the specific cases of organic agriculture and integrated pest management are considered in subsequent sections. 

Sustainable agriculture embraces organic systems, integrated pest management (IPM) and lower external input systems as well as a wide range of modified conventional husbandry and management techniques. Inherent to all of these is a general desire to reduce the extent of intervention relatively and absolutely. This will reduce or mitigate the risk arising from input use and this would generally be expected to contribute to achieving sustainability objectives. Insofar as biorational approaches are more specific and better targeted then their use can contribute to improving the sustainability of agriculture in general. 

From the point of view of precaution, there is a general desire to limit the potential or actual impact of any intervention. No farmer or grower, manufacturer or policy maker would deliberately seek to cause unnecessary damage, although each individual or group will have a different view on the extent and the consequence of damage arising from any intervention. An inherent problem in the application of the precautionary principle in crop protection is the uncertainty surrounding detrimental outcomes in the future. Thus, although a comprehensive range of standard tests and procedures aims to predict the human health and environmental impact of a crop protection substance prior to commercial exploitation these inevitably have limited reliability. The outcome of long term and widespread use of a crop protection product and its interaction with other products may be difficult or impossible to predict; thus unforeseeable environmental or human health outcomes may emerge. 

The precautionary principle seeks to provide a framework to limit the risk of unforeseen outcomes. It may be assumed that a biorational approach to crop protection will be more precautionary since it is based upon a greater awareness of existing natural systems, ecological processes, relations between pest or disease and host as well as the etiology and physiology of the pest or disease. 

Consequently the drive towards enhancing the sustainability of agriculture and the application of the precautionary principle both provide justification for exploiting biorational approaches. Furthermore, such exploitation can only be consistent with sustainability and precautionary objectives if the approach is demonstrably better than an existing AI. From the point of view of the user such considerations are unlikely to have any impact, one AI is merely substituted for another. It is at the point of public and private investment in the innovation, development and exploitation of biorational approaches where a difference will be seen. 

Organic production and biorational pesticides

In organic production systems pest and disease management is based upon rotation, crop species/variety and other husbandry practices controlled through organic standards regulated by national certifying bodies and the EU. In general there is a presumption that cultural and husbandry methods are the primary approach whilst the use of active ingredients (AIs) for pest and disease control is restricted to those situations where there are no alternative approaches. 

EU and UK organic standards state that "pests, diseases and weeds shall be controlled by a combination of the following methods:

· Choice of appropriate species and varieties

· Appropriate rotation programme

· Mechanical cultivation procedures

· Protection of natural enemies of pests through provisions favourable to them (e.g. hedges, nesting sites, release of predators)

· Flame weeding

Only in cases of immediate threat to the crop may recourse be had to products referred to in Annex II." (EU, 1991; UKROFS, 2001). 

Implementation of the final clause is left to the discretion of the member state inspection body or authority and refers to a specified list of substances in Annex II(B), presented in Table 2. These substances must be derived from natural sources or must be in 'traditional use in organic farming'. The specified conditions of use are binding and restrict the use of products, for example, to certain crop species, pests or methods of use (as specified in the table). 

EU and national organic standards operate alongside legislation controlling the use of pesticides in agriculture generally. Consequently, there is considerable variation in the substances allowed in different countries, although there is a move towards harmonisation in Europe and internationally these differences are likely to persist for some time.

From the above description of organic production systems and the standards that control them, there is clearly a presumption that biorational approaches would be preferred, however the limitive list restricts the opportunity to exploit such approaches. Although there are procedures for introducing new substances onto the list, these would have to be naturally derived. Nature identical products and analogous compounds would not be permitted. Inevitably therefore the opportunity for exploitation of biorational approaches in organic production systems is limited by the standards that control the system.

Table  2. Pesticides - Products for plant protection in organic production (EU Reg. 2092/91, amended by 1488/97 - Annex II(B))

Name
Description, conditions
UK approval

I. Substances of crop or animal origin

Azadirachtin (extract from Azadirachta indica - Neem tree)
Insecticide. Only for production of seeds & vegetative material
No

Beeswax*
Pruning agent
√

Gelatine
Insecticide
No

Hydrolised proteins*
Attractant, in combination with other products of Annex II(B)
√

Lecithin
Fungicide
No

Nicotine (aqueous extract from Nicotiana tabacum)
Insecticide. Aphids in subtropical fruit trees, tropical crops, only at start of vegetative period. Need recognised. Expire 31/3/2002
No

Plant oils (e.g. mint, pine, caraway)
Insecticide, acaricide, fungicide, sprout inhibitor
No

Pyrethrins (extract from Chryanthemum cinerariaefolium)
Insecticide
√

Quassia (extracted from Quassia amara)
Insecticide, repellent
No

Rotenone (extracted from Derris spp. & Lonchocarpus spp.  & Terphrosia spp.)
Insecticide. Need recognised.
√

II. Microorganisms used for biological control

Microorganisms (bacteria, viruses & fungi) e.g. Bacillus thuringensis, Granulosis virus, etc
Only products not genetically modified in the meaning of EU Directive 90/220/EEC
Some

III. Substances in traps and/or dispensers

Diammonium phosphate*
Attractant, only in traps
No

Metaldehyde
Molluscicide, only in traps with repellent to higher animals. Expire 31/3/2002
√

Pheromones
Insecticde, attractant; in traps & dispensers
√

Pyrethroids (only deltamethrin or lambdacyhalothrin)
Insecticide, in traps with attractants. Only against Batrocera oleae & Ceratitis capitata wied. Need recognised. Expire 31/3/2002 
√

IV. Other substances from traditional use in Organic farming

Copper (copper hydroxide, copper oxychloride, (tribasic) copper sulphate, cuprous oxide
Fungicide. Need recognised. Expire 31/3/2002
√

Fatty acid potassium salt (soft soap)
Insecticide
√

Lime sulphur (Calcium polysulphide)
Fungicide, insectide, acaricide; only for winter treatments in fruit & olive trees and vines
√

Paraffin oil
Insecticide, acaricide
√

Mineral oils
Insecticide, fungicide. Only in fruit & olive trees, vines and tropical crops (e.g. bananas). Need recognised. Expire 31/3/2002
√

Potassium permanganate
Fungicide, bactericide. Only in fruit & olive trees and vines
No

Quartz sand*
Repellant
Yes

Sulphur
Fungicide, acaricide, repellant
√

* In certain member states these products are not considered as plant protection products and are not subject to the provisions of the plant protection legislation. 

Source: EU, 1991, as amended.

Low external input agriculture and Integrated Pest Management 

Unlike organic systems, low external input and Integrated Pest Management (IPM) have no standard definition and they are not subject to legally enforced verification procedures. There is no limitive list of permitted biocides and no presumption of use of biorational approaches. 

However, the objective of these approaches imply a drive towards a greater degree of sustainability and precaution and hence the use of biorational approaches would be consistent with the objectives of these agricultural techniques.

Strategic Research on Biorational Pesticides

To underpin its policy of minimising the impact of pesticide use, MAFF funds strategic research into the identification and promotion of environmentally benign methods of pest control. Indeed in its recent consultation paper on R&D MAFF states, " MAFF will continue to fund strategic research to encourage the development of crop protection techniques that are less toxic, more environmentally benign, and more target specific than conventional chemical pesticides for use in integrated pest control strategies. These techniques include the use of biological control or chemicals that modify the behaviour of pests."
Future research identified as contributing to this strategy is listed as 

To:

 continue to elucidate the chemical ecology of pests and diseases to

support the development of novel approaches and genetic host

resistance;

identify, assess and improve behaviour modifying chemicals

(semiochemicals) and insect hormones;

study the application, formulation and physical properties of

toxicants, semiochemicals and hormones identified in the program, for

potential use in biological or integrated control;

investigate and manipulate the behaviour and population dynamics

of natural enemies of pests in order to maximise their impact and

improve biological and integrated pest control;

develop models that simulate the population dynamics of pests and

their predators as affected by biological control measures and

landscape diversity. This work will depend on funding and would be

collaborative with Research Councils;

validate experimental approaches in the field. This will require

collaboration with commercial interests, funding under LINK or with

relevant MAFF commodity programmes. "
These programmes are a mixture of strategic research; in which concepts which may lead to the development of modern, effective, targeted and safe pest management tools, and applied research in which the work seeks to improve upon or optimise existing pest management strategies.

MAFF is not the only funding body which believes that alternatives need to be found and that this approach is needed as the plat form for future industrial developments. In the public arena in the UK BBSRC is a major funder of research on pesticides and some relevant recent/current BBSRC projects are shown below:

· Title: Protein engineering to produce an improved biopesticide for protection of field crops and stored foods. Research Leader: Ellar D. J. at: University of Cambridge  1996-2000

· Title: Peptides as probes of chemoreception in nematodes: a new basis for transgenic crop resistance

Research Leader: Atkinson H. J. at: University of Leeds 1999-2001

· Title: The significance of plant and microbial products in UK agriculture

Institute: Institute of Grassland and Environmental Research (IGER)

1999-2002

· Title:  Identification, characterisation and molecular genetics of insecticidal bacterial toxins

Institute: Horticulture Research International 1997-2000

· Title: Molecular biology of granulosis viruses

Institute: Horticulture Research International (HRI) 1989-2001 

· Title: Circumventing pesticide resistance through chemistry-led approaches

Institute: Institute of Arable Crops Research (IACR) 1999-2002

· Title: Ecdysteroid antagonists: identification and mode of action

Research Leader: Dinan L. N. at: University of Exeter 1995-1998

· Title: Interactions between populations of slugs and their predators and parasites

Institute: Institute of Arable Crops Research (IACR) 1999-2002

· Title: A study into the interaction between bacterial parasites and the insect immune system

Research Leader: Hurst G. D. D. at: University College London 1997-2002

· Title: Replication and biology of entomopoxviruses for their evaluation as biocontrol agents

Research Leader: King L. A. at: Oxford Brookes University 1993-1997 

PI03

The PI03 Programme is a major strategic element of MAFF's Pesticide R&D programme and currently has an annual value of £2.5M spread across two contractors; CSL and IACR. 
This report will focus primarily on the outputs from the CSL components of the PI03 programme and will consider the opportunities and barriers to development of these outputs into applied research and ultimately practical application. In doing so the report will also reflect on other MAFF funded strategic projects of a similar nature which have been or are being carried out at CSL.

The PI03 projects are:

PI0336 Environmentally sensitive pest management through disruption of the insect endocrine system.

To investigate the physiology and biochemistry of the invertebrate endocrine systems and to develop technologies based on the principle of disruption of these systems with the objective of improving the efficacy and potency of integrated pest control programmes, whilst providing the farmer and grower with effective, target-specific, environmentally benign pest management techniques offering alternatives to conventional, broad spectrum neurotoxic pesticides.

Specific scientific objectives:
4) To increase and improve the scientific understanding of insect endocrine processes, including characterisation of active molecules, determination of their mode of action, and defining the underlying mechanisms regulating critical physiological processes in representative target pest species.

2) To identify and determine the most effective ways of disrupting insect endocrine mediated processes, with a view to exploiting such disruption to devise alternative, environmentally-sensitive, pest management systems that are compatible with low-input farming methods and with consumer and environmental protection
3) To provide up-to-date, authoritative scientific information on insect physiology in support of related projects (successors to PI0332 and PI0335) and to advise MAFF customers on associated technical matters relating to policy formulation.

4)To devise and test (through concept proving) efficient, novel pest management strategies based on insect endocrine disruption, and to encourage their uptake by the agricultural industries including growers.

PI0337 Optimisation of biological control by suppression of insect immune defences.

The overall objectives are to investigate the physiology and biochemistry of the insect immune response to representative parasites and pathogens, and to identify the mechanisms responsible for the immune response in order to improve the efficiency and potency of biological control programmes and, ultimately, provide the farmer and grower with effective, environmentally benign pest control techniques.

Specific scientific objectives:
1) To understand the physiology and biochemistry of the insect immune response to selected parasitoids (e.g. Eulophus, Pimpla and Meteorus) and the predatory bug (Podisus) attacking Lacanobia and Chrysodeixis), to identify the mechanisms responsible for the immune response, and to investigate anti-immune response systems utilised by parasitoids,  pathogens and predators, and to isolate and identify the factors suppressing the insect immune response.

2) To understand better the non-immunosupressive (e.g. parasitoid venom components, salivary gland secretions, etc.) interactions between invertebrate hosts and their parasites and pathogens, with a view to exploiting these in conjunction with immunosupressive factors to improve the efficacy of biocontrol agents.

3) To utilise factors suppressing the insect immune response system to enhance the efficacy of biological control agents in practical biocontrol programmes against horticultural and agricultural insect pests. Initially, research will be directed towards the model pest species Lacanobia oleracea (Lepidoptera, Noctuidae).

4) To understand the influence of different environmental factors on the interaction between parasitoid wasps and the immune system of their hosts.

PI0338. Improvement of biological control systems through exploitation of the interaction of pathogens, parasites and symbionts with their hosts.

The overall objectives are to understand, and ultimately exploit the mechanisms of innate sensitivity or insensitivity of pest species to insect pathogens and symbionts, entomopathogenic nematodes and associated micro-organisms.

Specific scientific objectives:

1) To increase scientific understanding of the physiology, biochemistry and molecular biology of the interaction between parasites, pathogens and their insect hosts, and to define physiological and biochemical processes which lead to invertebrate hosts becoming infected by pathogenic organisms.

2) To investigate the potential of symbiotic nematodes, bacteria and other micro-organisms e.g. protozoa, for  management of pests through manipulation of  their biochemical and physiological inter-relationships and, to investigate the special physiological interrelationships associated with symbiosis, with a view to exploitation in novel pest management techniques.

3) To identify optimal combinations of biological control agents that produce synergistic interactions thus augmenting their biocontrol efficacy.

4) To devise maximally effective strategies for insect pest management using pathogens, parasites and symbionts, that are based on results from studies within this project and from results of research in the related projects PI0336 and PI0337.

Why Carry Out Research on Biorational Pesticides ?

MAFF funds research into biorational pesticides to support a range of policies at Divisional, Departmental and Cabinet level. At Government or Cabinet level the broad aims are to provide safe food and a safe living environment for the population. This is translated to Departmental and Divisional policies as:

· Optimisation and minimisation of pesticide usage.

· Improvement of Insect Pest Management strategies.

· Protection of the environment.

· Protection of consumers and users.

· Ensuring appropriate registration procedures.

· Eliminating pesticide misuse and abuse.

· Optimising Sustainable crop and livestock Production

· Encouraging Organic methods and Non-chemical control

· Improving Productivity and Competitiveness in UK Agriculture.
Pesticide usage in the UK has remained relatively constant over the last 5 years, and despite public concern, we are still using relatively large quantities of Organophosphate, Organochlorine, Pyrethroid and Carbamate insecticides in UK agriculture (Table 3). 

Table 3. INSECTICIDE USE IN GREAT BRITAIN (METRIC TONNES a.i.) 

BY INSECTICIDE CLASS (EXCLUDING MISCELLANEOUS OILS, SOAPS, etc.)#
INSECTICIDE CLASS
1992
1993
1994
1995
1996
1997
1998

________________________________________________________________________________________________________

















Chlorinated hydrocarbons
84.3
88.9
84.7
84.2
95.5
104.6
139.8










Organophosphates
498.2
498.1
687.8
650.1
394.7
405.4
424.4










Carbamates
200.5
211.6
196.1
194.3
169.9
158.7
192.5










Pyrethroids
53.4
53.6
31.9
33.7
69.5
69.5
67.0










Novel insecticides*
2.6
2.6
5.4
5.2
12.8
12.9
17.1

............................……………………………………………….........................................................................................................








TOTAL
839.0
854.8
1,005.9
967.5
742.4
751.1
840.8










% Novel comps.
0.31
0.30
0.54
0.54
1.72
1.72
2.03

_________________________________________________________________________________
# Data from CSL Pesticide database (27 November 2000)

*Buprofezin, Cyromazine, Imidacloprid, Methoprene, Fenoxycarb, Teflubenzuron, Diflubenzuron, Abamectin and Tebufenpyrad.

As a result, MAFF often receives bad publicity and criticism about its perceived attitude to pesticides in general. Much of this criticism is unfounded and stems from uninformed opinion and inaccurate comment, though often such views have come from other government departments and/or key stakeholders with knowledge and interest. 

However, such “bad news” is reflected in the public perception of MAFF as siding with the agrochemical industries and with “irresponsible” farmers, at the expense of the consumer and the environment. It is partly to allay such criticisms that MAFF policy objectives aim to address these concerns whilst maintaining a competitive agriculture and encouraging the deployment of more sustainable agricultural practices and organic methods.  Whilst this may be a responsive analysis, MAFF has good positive reasons for encouraging the development of biorationals for their own sake, as demonstrated in the policy aims stated above. Some examples are given below.
Recently there have been a number of public issues related to insecticide use including the implication of organophosphorus compounds in such conditions as Gulf War Syndrome, Chronic Fatigue Syndrome and even BSE. Through the internet, many fora have been developed for the expression of dissatisfaction with the widespread use of  these materials. 

As a result of this and other factors, anticholinesterase insecticides are currently undergoing review in the UK, EU and USA. Pyrethroid insecticides, often used as alternatives to anticholinesterases, can have undesirable consequences on the environment, especially on aquatic life.

At the same time both fumigant gases which remain in use in most of the developed world are under threat. Methyl bromide is being phased out under the Montreal Protocol on Substances Which Deplete the Ozone Layer, whilst phosphine is under scrutiny due to possible transient effects on human chromosomes. This together with concerns over human health and the increasing importance of organic farming in the UK points to an urgent need to develop alternative approaches to pest management.

MAFF funds scientific research aimed at exploring alternative pest management strategies and encouraging their further development and deployment. 
For these reasons, under PI03 CSL is examining alternative approaches - some of which are highly innovative (e.g. utilisation of insect immune systems, parasitoid physiology, symbionts, hormone disruption, etc.) with a long term aim of minimising conventional broad-spectrum insecticide usage, maintaining efficient insect pest control, and eliminating deleterious side-effects on non-target organisms and the environment. Moreover, investment in such research indicates MAFF’s commitment to “green” policy objectives, and underlines the Departments concern for consumers and the environment, and its continuing support for farmers and growers. 

Concern over the use of broad-spectrum, neurotoxic insecticides derives from their real or perceived impact on consumers and the environment (Box 3), and there remains an urgent need for the introduction of novel crop protection technologies which are as effective as conventional insecticides, but which are more environmentally sensitive.

Box 3. Problems that may arise from the use of conventional broad-spectrum insecticides
· Insecticide residues in foodstuffs and other products.

· Adverse impact on non-target organisms (bees, predators, etc.).

· Environmental pollution (ozone depletion, oestrogenics, water, soil).

· Adverse impact on wildlife and biodiversity.

· Increasing insecticide resistance and cross-resistance.

· Most not optimised to meet specific UK requirements.

· Not compatible with organic or other sustainable farming methods.

The “biorational approach” is the philosophy underlying all three CSL projects within the PI03 programme. This approach is based on the idea that, a thorough and detailed understanding of insect physiology (ranging from the behaviour of whole organisms to the molecular biochemistry of individual processes) will enable specific “Achilles’ heels” to be identified, which can be exploited (by augmentation or disruption) to the detriment of insect pest populations, without the risk of substantial detrimental effects occurring to consumers, non-target organisms, or to the environment. Indeed, there is ample evidence that this approach is viable, and CSL has been pre-eminent in encouraging the deployment of biorational insecticides (e.g. insect juvenile hormone analogues, which CSL helped to introduce into the UK) and other novel biocontrol technologies. Inevitably, such highly-innovative research is, at least initially, often rather fundamental in nature, relies on great knowledge and experience, and often employs highly-sophisticated, state-of-the-art techniques. Moreover, such work can rarely be successfully and productively undertaken in isolation by small, transient, research groups lacking the range of multidisciplinary skills, without a fundamental understanding of the underlying principals of invertebrate physiology, or without access to the range of appropriate equipment. Within CSL, and more specifically within the research team conducting these projects, MAFF has a core insect physiology team who’s research, although directly applicable to the policy interests of PSD, has wider application across other policy groups, and across MAFF as a whole. A most important aspect of the biorational approach is that it tends to be directed towards the discovery of insect-specific pest management strategies. For example, the insect immune system, the endocrine system, and the interaction between specific parasites, symbionts and pathogens of insects, and their hosts, are mediated by physiological and biochemical processes that are to a large extent, unique and specific to insects. It follows that disruption of such systems will be highly unlikely to produce unwanted toxicological, endocrinological or physiological effects outside of the Class Insecta (insects). 
In this way, the biorational approach is directed towards fulfilling policy objectives of maintaining effective pest control strategies necessary to maintain UK farming competitiveness while minimising the impact of agriculture on consumers, wildlife and the environment. A more precautionary approach with risk mitigation built in through employment of techniques with lower hazard. Furthermore, many strategies developed from biorational principles are, almost by definition, entirely compatible with sustainable growing practices including the use of biological control and organic methods. Finally, these projects are strategic in nature, and aimed at the longer term solutions to problems associated with the use of conventional pest control techniques. They are not intended to provide “quick-fix” solutions in the short term, and will ultimately need to be adopted, developed and extended by the agricultural industry (both manufacturers and growers). Because of the innovative ideas behind the projects, and the necessary accumulation of scientific knowledge (much of which remains obscure at present), rapid commercialisation is unlikely. However, if the problems associated with pesticides in the past are to be circumvented in future, and if we are to continue to devise effective integrated pest management strategies, the biorational approach enshrined in these projects is entirely appropriate to, and consistent with, the policies of MAFF and PSD
Outputs from Strategic Research on Biorational Approaches

There are two main approaches to the development of new pesticides. The approach of the major agrochemicals industry is still largely that of high throughput screening (HTS). Both random, and lead-directed screening is used, but both are aimed at broad spectrum pesticides with a high market share, (see below). Increasingly there is interest in "bioprospecting"; the discovery of natural products with pesticidal activity, but this is still largely within the context of screening programmes and can best be described as "semi-biorational".  Whilst this approach can lead to "naturally-derived" pesticides the lack of understanding of the basic scientific principles underlying their action will still leave many holes in the data in terms of specificity, and environmental, operator and consumer safety. These activities are highly resource-intensive and largely restricted to global scale companies with the human and equipment resources necessary to screen hundreds of thousands of compounds per year. An estimate of the success rate of this approach is  one product from 100,000 compounds screened and this product must have the market penetration to recover the large investment, (see  below), and of course to make profits.

The biorational approach needs a critical mass of highly specialised researchers focused on one target. The key here is to pick the most likely winners since an investment in an in depth study of a novel pesticidal lesion will only pay off ultimately if the theory holds good. The outputs from this approach are unlikely to be a pesticidal product or even a lead molecule. They are much more likely to be  less tangible but more holistic. Types of output from the biorational approach can be summarised as:

· Knowledge

· Concept proving

· Target identification

· Knock on effects

· Support to the approvals process

Knowledge

Although these projects are not "knowledge-driven", because of the highly strategic nature of this work, much fundamental data is generated which adds to the body of data in the global scientific community. As generators of some of this body of data it becomes much easier to be part of the scientific community in that field and thus to gain access to other workers, data which otherwise would be closed. There is also the prospect of "crossover" or even serendipity. For example in our earlier studies of insect juvenile hormone antagonists we became part of the scientific community studying inhibitors of the vital enzyme HMGCoA reductase. The familiarity with this field enabled much quicker progress to be made than would otherwise be possible. As an aside it should be said that certain fungal metabolites appeared to be very promising anti-JHs though in the event they became world leading anti-hypertensive drugs!

Concept proving

The biorational approach is theory-led. In the case of PI03 the basis for the 3 projects is:

1) Disruption of the insect hormone system will lead to death

2) Disruption of the insect immune system will lead to death

3) Combination of 1& 2 with novel specific biocontrol agents will lead to effective pest management solutions

These are the basic concepts; in order for these to be exploited in the real world they must be proven to be valid which in turn requires a certain amount of fundamental investigation of the biological systems themselves.  A direct leap from the concept to the development of  putative control agents affecting said target would not be a cost effective strategy since a screening programme against an unknown target with unknown biological consequences would be highly wasteful of resources and have very low chances of success. Thus the biorational route leads to the third output; that of target identification.

Target Identification

One of the major aims of this type of research is the identification of novel targets within the pest organism. In order to identify lead compounds this should ideally be in the form of a target biomolecule which might be a receptor, enzyme or biochemical pathway. The gap from proof of concept that a particular physiological process is a potential target to identifying the molecular target can be as great as the initial proof of concept. For the development of biocontrol agents this gap may be much smaller since it may the process rather than the molecular event that is the lesion. Even in this case knowledge of the molecular events may be important as evidenced by the recent closer targeting of Bacillus thuringiensis agents following elucidation of the toxic lesion in the gut brush border.

Thus the output from target identification might be a gene, or a gene product such as the allatostatin genes  or allatostatin peptides in the case of PI0336. This very considerable achievement still leaves things well short of potential chemical or biological agents to disrupt the target.

Knock on effects
An advantage of this approach is that, because leads are identified through an understanding of the mode of action and the pest biology/physiology/biochemistry, much can be deduced about non-target effects, environmental consequences and human safety aspects. Thus although the biorational approach may take longer than conventional screening/lead optimisation, it will also provide concurrent evidence of the viablility of a particular chemical intervention.

Support to the regulatory process

A research presence in the field of biorational pesticides give the funder access to a body of expertise which it can call on when biorational pesticides are presented for registration. 

Whilst progress is currently rather slow, it is quite likely that in the next 10 or so years, an increasing proportion of the new insecticides submitted for registration and approval will be molecules with novel modes of action (e.g. insect growth regulators and related compounds). It is vitally important that, if the UK registration authorities and their counterparts in Europe are to continue to maintain their careful and stringent approach to pesticide registration, this must be accomplished on the basis of a sound and scientific knowledge of mechanisms of action, likely opportunities or limitations on efficacy, possible non-target and environmental impact, etc. The results from, and progress made, in these projects will be critical in providing expert advice and assistance (based on thorough and comprehensive scientific insight) to the relevant authorities. Furthermore, with the recent focusing of attention on the possible oestrogenic and androgenic (endocrine-disrupting) effects of environmental pollutants (including some pesticides) the potential interactions between vertebrate and invertebrate hormone systems will need careful consideration. This has been recently highlighted by (unsubstantiated) allegations and implications in the USA that biodegradation products from an insect growth regulator (methoprene) have caused the development of extra legs in aquatic amphibians. 

Exploitation of research Outputs

One assumption often made in considering the exploitation of strategic research into biorational pesticides is that the research funder wishes a product to be developed from their investment and furthermore that there is some expectation that the contractor will be the vehicle for such exploitation.

In the case of MAFF-funded research it is important to establish whether indeed this is the case. MAFF has often expressed the view that it is not in the business of developing novel agrochemicals but in providing scientific evidence that a certain approach to pest or disease management is feasible. In this case we need to examine how it is that the funder sees the results of this work being translated into product development, and who it sees as responsible for ensuring that this happens. It appears no longer sufficient to place the scientific results into the public domain and allow industry to pick up whatever may be of use. Indeed this can be seen as a very wasteful strategy unless the funding body supports research on the basis of furtherance of knowledge only. There is now commonly a requirement on research contractors to state their policy on technology transfer prior to the awarding of a research contract and increasingly a requirement with some funders to state the exploitation policy, (though this can simply be taken to mean a dissemination policy rather than commercial exploitation).

In discussions with PSD, they see PI03 as a highly strategic programme delivering ideas and concepts which can either be fed into other research programmes, or placed in high profile public view for industry to adopt. 

With regard to the former, the expertise within the projects was recognised by a Visiting group assessment as "of international standing". Such recognition has spun out into other research programmes, aimed at developing biorational slug control, assessing the potential of endocrine disruptors on invertebrates, and in proposed new projects to exploit novel chimeric proteins from the PI03 programme. With respect to the latter, whilst the programme has a good publication record in scientific journals, it could be argued that the science has not had a prominent enough position in the public eye. Steps are now in hand to address this.

Not all of the biorational projects at CSL are at the same strategic level as the PI03 projects and thus require different exploitation strategies. The routes to exploitation of the type of research discussed in this report depend very much on where along the spectrum of strategic research each project sits and what its outputs are. Some examples from MAFF/Levy funded projects are shown in the table below. (These expectations are shown from the contractor's viewpoint.)

Project Short Title
Example of output
Realistic Exploitation Route

Vertebrate Repellents
Development of cinnamamide as potent bird repellent
Product development of formulated cinnamamide

Non chemical control of storage pests
Development of silica dusts and inert atmospheres
Registration of existing products

Fumigants to replace methyl bromide
Discovery of properties of methyl phosphine
Further research to prove concept


Cylinderised Phosphine in CO2
Registration of new but existing product


Modified atmosphere generator
Production of equipment by industry

Development of alternative to strychnine for mole control
Selection and testing of bromoform
Product development

Pesticides and antimicrobials from herbs
Candidate compounds or mixtures
Follow on applied research

Naturally-occuring mycopesticides
Candidate fungal isolates
Applied research/development

Replacement for cyanide for rabbit control
Carbon monoxide cartridge
Product development

Replacement for strychnine for mole control
Organic liquid replacement
Product development

PI0336
Novel target genes

Novel active fusion proteins
Follow on research



PI0337
Natural immune suppressants
Follow on research

PI0338
Potential protozoon biocontrol agents
Applied research & development

It is clear from the foregoing that very different routes of exploitation are required depending on the end point of the research, although it may not be clear in some, or all cases who will take forward such exploitation. In the case of product development, CSL is always very active in trying to interest industry in further development. In cases where a product already exists the company often needs encouragement to register, (in the case of a pesticide), or manufacture, in the case of equipment. In cases where the research has itself led to a new candidate pesticide product, industry needs to be "sold" the benefits of developing a product in which it has had no interest or hand in discovering. In the case of the more strategic research such as that in the PI03 programme the route to exploitation is less clear cut. In such horizon scanning research the output is proof of concept. It still remains to identify the ways in which perturbation of the target can lead to safe, effective and environmentally sound pest management products, lead compounds need to be identified, (or in the case of PI0338, the elements of a biosynergistic pest management strategy need to be identified), before routes to further exploitation can be considered. Thus in cases like this one route for the funder would be to consider which of the elements of the PI03 programme were "winners", and to further develop those concepts in to the more applied areas.

However some fundamental question should be addressed by all parties if  commercial exploitation is considered to be a desirable end point. The questions are explored in the following section of this report.

Barriers to Exploitation

" MAFF will continue to fund strategic research to encourage the development of crop protection techniques that are less toxic, more environmentally benign, and more target specific than conventional chemical pesticides for use in integrated pest control strategies. These techniques include the use of biological control or chemicals that modify the behaviour of pests."

The above statement reproduced from the first section of this report and taken from MAFF's Consultation document on its future R&D priorities highlights one of the barriers to exploitation. The development of target-specific, more environmentally benign materials has two potential effects on exploitation. Target specificity immediately narrows down the market. It has recently been estimated  that  major agrochemical companies will need to guarantee profits of 50-70% from global sales of any new active in order to make development worthwhile. This means that broad spectrum activity is virtually mandatory. 

Indeed arguable only two groups of  commercial compounds have truly arisen through biorational research programmes; the juvenile hormone analogues, and the non steroidal ecdysone analogues, both the result of detailed research on the insect endocrine system.

In addition the new generation of safer, targeted naturally-derived pesticides may be more expensive with lower efficacy, dose for dose, than existing "blanket" toxicants, thus guaranteeing that market forces alone will not drive their adoption. Thus there is a market barrier. In addition the kind of materials discovered in biorational programmes are likely to be highly novel, and though they may be intrinsically safer and more benign will nevertheless be (rightly) subject to rigorous regulatory processes. At present this can often mean a wide range of differing requirements for multiple registration around the world. Thus there is a regulatory barrier, although this might be seen in the same context as the market barrier since cost of registration is more often than not the issue, especially if we are expecting SMEs to be at the forefront of these biorational developments. 

So from this it seems that in the developed world governments and consumers want safer, (natural?) targeted, and environmentally-friendly pesticides and yet market forces mitigate against this. Action by Governments to make the development of such materials more attractive might be necessary. Some possible actions will be explored later.

 The Market

It is sometimes assumed  that the agrochemical industries will respond appropriately to problems associated with the current use of pesticides, and that as molecules are withdrawn from use, new chemicals and techniques will be developed as replacements. By the same token, it is assumed  that these new molecules will exhibit enhanced environmental compatibility by comparison with their predecessors. Unfortunately, this is usually not the case . First the numbers of novel molecules with more environmentally-sensitive characteristics remain woefully few (see Table 3, ) despite considerable public and political demand. There are several reasons for this situation. The first results from the considerable cost of discovering, developing and registering a new insecticide - currently estimated to be about £80 million.  In order to ensure reasonable return on this investment, agrochemical companies must  maximise sales and profitability. The net result is that new molecules are only developed if a) they are effective against pests of major crops (Table 4), and b) if they are suitable for use against a variety of insect pests, in widely different situations. Thus, the trend is to develop new insecticides that are most effective against pests not immediately associated with UK agriculture, i.e. those of major world crops and which have broad-spectrum activity and consequent lack of specificity. These forces have undoubtedly slowed industry investment in novel biorational insecticides and the search for alternative methods. Thus there is a need for government-sponsored research in these areas in order that some progress may be made, and in order that Industry can be encouraged to adopt a more “environmental” approach to the development of new molecules and technologies. However the key issue is what form can that "encouragement" take?  The recent spate of divestment of agrochemical interests from life science companies, the subsequent merging of these entities and the global turndown in agriculture has resulted in probably only 3-5 commercial organisations that can afford to develop new pesticides "de novo". Not surprisingly these large multinationals have their own development strategies and it would take some major "encouragement" to make them divert resources into development of niche market low volume products! No SMEs have the resources to become players in this game though a few are prepared to take on niche market products for which there is already near complete dossiers and a proven market.

Table 4. WORLD PRODUCTION OF MAJOR CROPS (MILLION METRIC TONNES) 

AND PERCENTAGE PRODUCTION OF THESE CROPS IN THE UK *

    CROP                    WORLD PRODUCTION              % UK PRODUCTION

_____________________________________________________________________________

 WHEAT                                 609.5                                        2.48 %

 MAIZE                                  585.8                                     < 0.001 %

RICE                                      573.2                                        0.00 %

SOYBEAN                             147.0                                        0.00 %

COTTON                                56.3                                         0.00 %

___________________________________________________________

* Data from FAO agricultural statistics database (April 1998).

Focused targets v size of market

As already alluded to, one of the essential elements of the biorational approach is that of built in specificity for the target pest or its closely related species.  This is consistent with the aims of discovering safe, environmentally-acceptable and targeted systems. However this automatically brings conflict with the economic drivers in pest management. A narrow spectrum of activity drastically reduces the market, and from a UK perspective this is even more serious since we do not grow 4 of the top 5 world crops. A major global AgChem company could not recover its costs from such a targeted material and a small company with lower overhead costs is unlikely to have the investment money to cover development costs.

The Research Gap

Although with conventional screening/lead optimisation approaches the time between identification of an active lead and the development of a product may be long, the development route is usually clear. With biorational research it is often difficult to decide where the boundary is between interesting results and exploitable results. As an analogy, although random screening is still a major route to cancer therapies, a lot of resources are now being devoted to the identification of genes and their expression products which may be useful at some later stage in gene therapy programmes. At present no clear path has been defines as to how this might lead to a product development route but the perceived wisdom is that the fundamental data will be worth gathering in the long run. 

Thus the key characteristics of conventional pesticides against biorational ones can be summed up as :

CONVENTIONAL PESTICIDES
BIORATIONALS

Many targets (broad spectrum)
One or few targets (targeted)

Optimised efficacy
Efficacy limited by biological factors

Global market
Localised market ?

Production optimised  (cheap)
Production may be complex (expensive)

Regulatory barriers

Approval of pesticides in the UK is under the Control of Pesticide Regulations (COPR) and the Plant Protection Products Regulations (PPPR), which implement the EU Directive (91/414). The procedure applies to all pesticides except those that have a mode of action that is purely physical. The dossier submitted in support of an application for approval must specify in detail all aspects of the pesticide active ingredient and other substances in the formulation including: 

· Chemical and physical properties; 

· Toxicology;

· Non-dietary human exposure;

· Residues in plant products and animals;

· Fate and behaviour in the environment;

· Ecotoxicology;

· Efficacy

Where substances operate by only physical means they do not fall within the scope of COPR, however, some may fall within the scope of the PPPR. 

The evidence for each of the parameters will usually depend on scientific studies completed according to specified protocols for the purposes of the preparation of the dossier for approval. In some cases, the data requirements may vary. Sometimes, published data may be suitable, and sometimes cases based on scientific argument may be acceptable. Generally PSD will provide guidance on the type of data that may be required. Thus the approval of biorational methods of pest control would generally require the same procedure as for any other method, unless the mode of action is physical. 

Completion of the studies necessary to gain approval involves considerable expense and time. This expense is recouped following commercial exploitation of the pesticide during the patented lifetime of the product. Where there is no patent protection there is the risk that others will exploit the innovation, reducing the opportunity for the original approval holder to get a return on their investment. 

There are several alternative regulatory routes that may be used, depending on the nature of the substance, whether it is approved for use for other purposes or on other crops, or is approved for use in other EU member states. Of these alternative regulatory routes, four procedures may be appropriate for the approval of biorational approaches.

Commodity chemicals

These are defined as chemicals with a variety of non-pesticidal uses, and also have minor pesticide uses. Several chemicals have been nominated for commodity chemical status and many await evaluation as resources allow. Those that have approval as commodity chemicals are listed in Annex D of the Pesticides Handbook and include white spirit; urea; thymol; tetrachloroethylene; sulphuric acid**; strychnine hydrochloride*; sodium hypochlorite*; sodium chloride*; paraffin oil*; liquid nitrogen; methyl bromide; isopropanol; formaldehyde; ethyl acetate, ethanol; carbon dioxide*; camphor; and 4-chloro-m-cresol. Many of these substances have specified conditions of use - often excluding agricultural use. Those marked (*) have no limit on the period of approval, others have approval which expired in February 2001, except for sulphuric acid (**) where approval expires in 2003. 

Several other nominations for commodity chemical status have been received by PSD and are awaiting consideration as resources permit. These include various zinc salts; peracetic acid; disodium octoborate; chlorine/bleach; methylated spirits; potassium permanganate; sodium silicate; burgundy mix; diatomaceous earth/amorphous silica; sodium bicarbonate; ammonium thiosulphate; nettle extract; conifer extract; horsetail extract; wormwood extract; Mexican lily extract; gelatin; coffee; milk; etheric oils and oil emulsions. Of the nominated substances, only liquid detergent has been considered for approval and this has been rejected as a commodity chemical because no data was supplied in support of the proposal. 

Amongst the list of proposed commodity chemicals, there are several that may also be considered within the context of this report, for example the use of some plant extracts and oils and diatomaceous earth/amorphous silica. In these cases, support for consideration of the case for commodity chemical status would facilitate their introduction. 

Departmental route

This evaluation route is appropriate where first approval is sought for pesticidal use of a compound previously considered for another use, for example this might be a food grade substance or a substance used in medicine. The risk assessment is prepared by PSD, relying where appropriate on those previously accepted. It is then considered by the inter-departmental secretariat (IDS) for pesticides. This route of approval may be appropriate for several "natural" pesticides, particularly those that in US terminology are generally regarded as safe (GRAS).

Committee stream

Where commodity chemical status or the departmental route is not appropriate - as will be the case for many biorational approaches, then the active substance will have to be submitted for full risk assessment based upon the data collected relevant to each of the key issues listed above. The IDS and the independent Advisory Committee on Pesticides consider the evaluation by the PSD. All responsible departments then consider their recommendation and the agreement of responsible Ministers must be gained before full approval can be granted. 

Mutual recognition

Under the EU directive (91/414), there is scope for mutual recognition of approvals granted in other member states.  However, the substances would still have to be evaluated at the national level in the UK, although the data requirements and evaluation may be based on those submitted in support of the approval in the relevant member state. 

Regulation and approval of biorational methods of pest control 

In general, the regulation of biorational approaches in the UK appears to be constrained by the tightly framed approval procedure applied under COPR, with the only exception being where the substance works by purely physical methods. Although there is every reason to expect that biorational approaches should meet the stringent requirements applied to all other materials, it seems likely that an overzealous approach is actually denying UK producers access to safer and more effective methods of control. This situation can only be changed if government implements a proactive policy. Individual companies seeking to develop and commercially exploit biorational approaches will continue to get stuck in the approvals process without this change. 

One approach to pesticide approval used in some other member states, and included in the EU Sixth Environmental Action Plan is that of Comparative Assessment or the Substitution Principle. This involves the regulatory procedure to consider alternative approaches to control of the specific problem for which approval is sought, with a presumption that the least toxic method will be used. This necessitates balancing human and environmental risk, but in general would be likely to encourage the development and commercial exploitation of biorational approaches. 

In other member states and in the US the approval procedure appears to ease the regulatory process and thus allow a more widespread use of biorational pesticides than in the UK (see Box). 

Box 2: German law for plant protection products

In Germany, the plant protection law was revised in 1998 to bring the law into line with the EU directive (91/414). The law includes special provision for plant protection products prepared for agricultural, forestry or horticultural use within the producers own undertaking, provided that the products do not contain substances or preparations that were marketed or imported for commercial purposes or within the scope of any other business undertaking unless the substances and preparations are used to produce organic produce and are on a list maintained by the Biologische Bundesanstalt. The Biologische Bundes Anstalt (BBA) list shall include substances and preparations on the list if there is no evidence that, when used properly or as a result of such use, adverse effects, especially with regard to human and animal health, groundwater and the natural balance occur from their use. 

In addition, the law also recognises plant resistance improvers. These have been defined as substances that:

1. Solely are intended to enhance the resistance of plants to harmful organisms,

2. Are intended to protect plants against non-parasitic impairments

3. Intended for use of cut ornamental plants, except for planting material

There are detailed provisions governing the marketing of such plant resistance improvers, and these have to be included on a list maintained by the BBA. Plant resistance improvers can only be marketed if:

1. Given intended and proper use or as a result of such use they do not have harmful effects on human and animal health, groundwater or the natural balance;

2. They have been included in the list maintained by the BBA;

3. The indication "plant resistance improver" and the list number are stated on the containers and outer packaging.

In many cases of biorational pesticides there is a significant lack of core data on the environmental or human toxicology of these substances. It should not be assumed that they are less dangerous, either environmentally or to human health. However the regulatory burden may be excessive for some substances which may be in use in other EU member states, possibly under a different approval process as plant strengtheners, as in Germany. 

The regulations described above have evolved to protect the public from potentially adverse health or environmental effects of pesticides. To this end a very extensive dossier of data is required before new pesticidal agents can be approved for use. Whilst the amount of data required may be "tailored" depending on the intrinsic properties of the agent concerned, and data already available from published sources it is likely that the cost of generating the required data will be in the region of £2M-£10M.  As stated previously, total costs of developing a new pesticide from scratch are estimated in the region of £80M. Together with the cost of registration itself, £65,500  (£14,000 for a biocontrol agent) for UK registration only, this amounts to a formidable barrier to development of  novel agents which may generate much smaller returns on investment than broad spectrum toxins.

As already discussed, some countries have a system whereby materials used in human foodstuffs which have been shown to be safe in that context are afforded special status if they show pesticidal properties, and they may escape the regulatory process or be given accelerated approval. In the USA this is referred to as GRAS, (generally regarded as safe). However there is no doubt that chemicals used in very small quantities in food may well have other undesirable properties in the environment and the scope of GRAS is currently under review in the USA. Although there is no equivalent of GRAS in Europe, scope does exist for the submission of reduced data packages for "safe" materials if the applicant can prove the validity of such safety claims.

Routes

Regulatory

Clearly the commercial exploitation of biorational pesticides involves several barriers, not least the regulatory hurdles. However, there are clearly opportunities, and in some cases in the UK, biorational approaches are being commercially exploited by avoiding the pesticide approval process through not making any pesticidal claim. In other words, products are sold with no statutory approval procedure - even though there may be good evidence to assume that there is actually pesticidal activity by means that are not purely physical (and which therefore do not come under the scope of the COPR and possibly the PPPR). 

This situation is unacceptable, and it is thus a priority to regularise this position through changes in legislation that will give scope for improved access to biorational approaches. Subsequently the departmental route and the mutual recognition should be exploited where possible to enable the commercial development of biorational approaches. 

It is also a priority to reassess the approval procedure for pesticides, with a view to possibly recognising a class of substances as plant strengtheners. This would regularise the ongoing anomaly of substances being placed on the market with no control and would also have the merit of introducing a level playing field with other member states. This could be particularly advantageous to organic producers (as well as those implementing lower input and IPM systems) that are undoubtedly at a relative disadvantage insofar as potentially valuable substances that are not available on the UK market. 

In the pharmaceutical field there is a category of product described as "orphan" drug. This refers to drugs which have been developed to combat conditions which although serious medically only afflict a very small proportion of the population. As such they are analogous to a pesticide which is targeted to one species only, in that by the nature of the targeting, the market for the product is automatically limited. To encourage development of orphan drugs the regulatory requirements have been relaxed and consequently the costs of development are more favourable.  A similar approach could be adopted for pesticides which, by a range of criteria are likely to fit the features of "biorationals". Incentives could be given for the submission for approval of such materials. In a more proactive approach, the existing approvals for substances where the human or environmental impact is relatively high should be evaluated with a view to identifying whether alternative biorational approaches could replace these. In every case where the biorational approach may be viable, then a cost/benefit analysis should be conducted to ensure that the best method of pest control is promoted.

In the USA "biopesticides", which covers a wide range of products from microbial agents to botanicals and other "naturals", have a tiered system of approval. Products which have satisfactory profiles for product composition, mammalian toxicology and ecological effects do not have to provide any further data for approval. This system has been reported to reduce the time to market compared with a conventional chemical from 10 years to 4 years and the associated costs from $100M to $5M.

Commercial

LINK

LINK projects are one possible route to move from strategic into applied research, and thus towards the market, although this route has its own limitations.  Exploitation via LINK is limited by the availability of a suitable programme. The procedures for setting up LINK projects are extremely bureaucratic, lengthy and "political".  LINK is intended to be "pre-competitive" which can limit the benefits to an industrial partner, and the intricacies of LINK negotiations and contractual obligations have been known to cause industrial partners to pull out of consortia. Inceasingly LINK is expected to deliver solutions, and as such is not the ideal next step for highly strategic concept proving projects.

UK plc

As discussed earlier in this report strategic research projects have a number of different outputs, but generally it is not expected that a product or even a lead compound will be the end point. Often strategic programmes are reviewed after three years and new strategic directions sought. One route to a more complete coverage of the research to development spectrum would be to alter the approach to funding. If it was deemed appropriate that the public sector should develop new pesticidal materials in the public good then a unit could be set up to achieve this. Such a unit would consist, in the first place of a strategic research team to prove concepts. Those concepts which appear most promising could then spin out into a development team whilst the strategic team continued to build new concepts for later evaluations by the development team. As developments lead to potential products, a form of stewardship could be introduced whereby costs of generating data for regulatory purposes could be provided from public sources,which would be recouped when a product was brought to market, either by way of IP/licence agreements or by the setting up of spin off companies, in the same way as is done by universities, and has been recommended for the public sector in the recent Baker Report.

This approach does require a change of approach on the part of the public sector funder, since it implicitly accepts that a product is the desired end result and that the product development will be funded from public money. This could be seen as putting government in direct competition with industry as opposed to being partners.

PPPs

Public/private partnerships could be fully encouraged to assist in the development and commercial exploitation of biorational approaches. There are many examples of active research fronts in the research and university sectors getting to the point of establishing viability and the potential for commercial exploitation, but failing to deliver a final product to market due to a lack of commercial partnerships. These potentially effective biorational approaches have been developed through detailed knowledge-intensive 'blue-skies' research - to fail to exploit it is wasting an enormous intellectual and commercial resource.  Some consideration would need to be given to what incentives and schemes  would be needed to enable such initiatives.  Direct promotion of the research activities to industry could lead to loss of control or ownership by government with no guarantee of exploitation in the most beneficial way.  Some strong incentives would need to be given to wean some of industries efforts away from its own research and development agendas, (which are often much greater financial investments that publicly funded research programmes), towards biorational approaches. This would also be predicated on the regulatory and market incentives referred to earlier in this report.  A PPP approach would also require a joined up approach by the public part of the partnership. There is a difference in remit, roles and responsibilities across government departments and there are institutional, legislative and structural factors which may inhibit the development and implementation of biorational approaches. The extent to which such approaches will be enabled may depend on identifying and promoting the interests of the other regulatory departments: DETR, DOH, HSE, VMD, EA. If a "greater" will can be identified, co-ordinated and promoted then this could provide the necessary stimulus for PPPs.

Such approaches would depend for their success on convincing industry that some of the approaches taken in the publicly funded programmes could complement their own corporate agendas and thus overcome the multiplicity of barriers outlined in this report.  A formal link with industry associations might be a route here. Regular briefings of the main trade bodies such as The Crop Protection Association, the British Crop Protection Council, The British Pest Control Association and the Society of Chemical Industry. An information campaign by presentation or via a website, to update industry on the public sector programmes could prove beneficial. For example, the Crop Protection Association in its Foresight exercise derived a number of key areas where the UK science base should be tapped for its potential. New Chemistry was designated a very high priority area by all of the companies responding in the sector though in the detail it was clear that high throughput screening rather than biorational approaches were still the main approach, presumably because of the market barriers referred to earlier.

Conclusions

Considerable barriers exist to the uptake of results from strategic research on biorational pesticides. The primary barriers are: The financial realities are driven by the market which in the current climate require global broad spectrum solutions to cover the high costs of development. One of the major cost factors is he generation of data needed to satisfy the many and diverse regulatory requirements worldwide. The other major cost is the time and resources needed to discover a lead compound suitable for product development. All this leads to a favoured approach of compound screening. Recent developments in high throughput screening, (HTS), 3D database searching and combinatorial chemistry have led to most major agrochemical companies investing heavily in the HTS approach. The uncertainties of a biorational approach with the best case scenario output being a high value low volume single (or few) target product is not attractive, despite their high attractiveness to the public and governments.

Measures to overcome these barriers could include; incentives to reduce the costs of the regulatory process, incentives to develop biorationals, longer term projects spanning strategic and applied research and the logical extension of this; government-sponsored products.
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