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Abstract
This paper begins with a discussion of the methodological challenges arising in a collaborative project on biopesticides involving biologists and political scientists with particular reference to the ecological and individualistic fallacies.    There is a requirement to develop alternatives to chemical pesticides for crop protection, due to the evolution of pesticide resistance in some pest species and concerns about the safety of chemical residues.   One solution is the use of biopesticides (pest control agents based on living organisms) as an alternative in food production, but the rate of commercialisation has been low.  Market failure approaches offer one explanation, but political science offers a government failure hypothesis within the context of a model of the regulatory state. The core executive has intervened in the UK to promote biopesticides, but innovation has often been driven within a model of retailer-led governance.   Alternative policy solutions are assessed, but our work suggests the key importance of the interaction between the biology of production systems and regulatory design, emphasising the value of an interdisciplinary approach.
This paper reports on a project on biopesticides that involves biological and political scientists working together under the auspices of the UK Research Councils’ Rural Economy and Land Use Programme (RELU).   Collaboration between natural and social scientists is a requirement for obtaining funding under the programme. The aim of the project is to improve understanding of the environmental and regulatory sustainability of biopesticides as alternatives to chemical pesticides for crop protection.  Biopesticides are living organisms, or products derived from them, which are used to control pests.  Our work uses biopesticides based on insect pathogenic fungi, which are used to control insect pests of crop plants.   The first part of the paper discusses the methodological challenges arising from the collaboration and the second part outlines the substantive work being undertaken and some tentative insights arising from it.

Methodological challenges

Political science and the bio sciences are clearly very different disciplines, although the gulf is less great than that, say, between political science and physics.   Our initial experience is that the gulf can be bridged, at least in terms of effective multi-disciplinary collaboration.   The vocabularies of the two subjects are very different, as are ways in which results are presented.   Biological scientists are used to tersely argued research papers that present key findings in a few printed pages, perhaps as few as one.   Political scientists write in a much more discursive way, perhaps too discursively.   

One practice we have adopted at our meetings is to read and discuss research papers from each other’s disciplines as a means of familiarising the project participants with our vocabularies and methods.   This has worked well and what it has revealed is an underlying similarity between the two disciplines in the sense that both are concerned with identifying and specifying problems; deciding on a suitable theoretical perspective; collecting relevant data; and (hopefully) coming to solutions.

Our colleagues in bioscience were initially intrigued by the possibility that partisanship could be a problem in political research.   However, the general experience is that partisanship rarely intrudes, because if one had strong partisan values, one would seek to become a political actor rather than a relatively detached policy analyst.   What emerged from this discussion was that the two disciplines were very similar in the sense that the divisions within them were between different theoretical schools or on issues of methodology or research technique.
Our general conclusion is that the potential for effective inter-disciplinary collaboration between the two disciplines is considerable.    In their research at Warwick HRI, our bioscience colleagues have three main objectives, which concern the effects of fungal-based biopesticides on indigenous populations of fungi and insects:

· They are seeking to understand the effect of habitat type on the diversity of natural populations of soil-borne insect pathogenic fungi.   The research technique here involves taking large numbers of soil samples, isolating insect pathogenic fungi from them, and evaluating their diversity at the DNA level using laboratory experiments.
· Examining fungal life history: how do insect pathogenic fungi survive in soils?  Again, this is done using laboratory experiments.
· The impact of spraying a crop with a biopesticide on indigenous fungal populations and genotypes of the pest insect that feed on non crop plants. Are there any effects on insect pathogenic fungi already present in the soil?   We will be growing a lettuce crop and looking at an aphid that attacks the roots of lettuce as a model system.
The political science research in the project is concerned with the regulation of biopesticides and how this affects their commercial availability as an alternative to chemical pesticides.   Our central research technique is the familiar political science one of semi-structured interviews with relevant actors in the policy network.

The real challenge is whether it is possible to work in a way that is genuinely interdisciplinary.  It is already evident that the political science work is positively influenced by the knowledge and expertise of our plant science colleagues.  On the political science side, we are able to ask them about the technical feasibility of proposals put forward by actors in the policy process.   But can there be a flow of influence in the opposite direction?   In part, the difficulty here is one of methodology.  Semi-structured interviewing is by definition a very flexible technique so that as one’s research proceeds, one can redefine its focus both in terms of who is interviewed and what they are asked about.   In contrast, research in the natural sciences has to follow established protocols to be taken seriously, and this reduces the speed at which the research programme can change direction.   In the plant sciences, the rhythms of planting, growing and harvesting, and the need to replicate experiments, impose additional constraints.   We cannot say to our plant science colleagues that because Danish policy makers see considerable opportunities for using biopesticides in the production of ornamental plants, they should stop growing a field crop of lettuces and start growing begonias in glasshouses.

The ecological fallacy and the individualistic fallacy
Both the bio-sciences and political science face the risk of committing the ecological fallacy and the individualistic fallacy.  The ecological fallacy entails ‘inferring without investigation that relationships among collectivities are the same as those for individuals.   Only under very specific circumstances … are such inferences from ecological data valid; otherwise, the observer has committed the ecological fallacy.’ (Alker, 1965: 102).   In other words, the ecological fallacy involves the identification of statistical relationships at the aggregate level that do not accurately reflect the corresponding relationship at the individual data level.   ‘Anyone who draws a conclusion about individuals based about evidence about groups commits what is called the “ecological fallacy”’.  (McIntyre, 2005: 42).   
‘It is likewise a logical error to draw conclusions about groups based on data gathered with the individual as the unit of analysis.’  (McIntyre, 2005: 43).    This is known as the individualistic fallacy or sometimes as the reductionist fallacy.  ‘The individualistic fallacy is just the opposite of the ecological fallacy … social scientists are … likely to try to generalize from individual behaviour to aggregative relationships.’  (Alker, 1965: 103).   In biology, an individualistic fallacy can be committed in two ways: (a) by making inference about a group from data collected on an individual of the same species; (b) making inference about one species from data collected on another species.
An important difference between bio-science and political science would appear to be  the ease with controlled, replicated experiments can be done in biology.   Much of experimental biology and ecology in recent decades has moved away from the interpretation of associations towards the understanding of causal relationships.  This has been enhanced by the huge advances in molecular genetics.  The techniques of molecular genetics have resulted in a proliferation of ‘bottom up’ science and there have been doubts expressed how far some of this work addresses broader questions, perhaps reflecting a concern in political science that ever more specific, micro level studies have proliferated at the expense of addressing broader questions.

The ‘bottom up’ approach, which is used widely in biological science, uses simplified systems for study.   These often consist of small numbers of experimental units maintained under controlled conditions.   This reductionist/simplified approach is invaluable for understanding the components of complex phenomena.   A recent approach in cell and molecular has been the development of so called ‘systems biology’, in which mathematics and computing are used to understand highly complex systems, based on integrating large data sets collected from many experiments done at the individual level.    This might be a means of overcoming the risk posed by the individualistic fallacy.
There are parallels between bioscience and political science in the use of comparison as a method to circumvent problems associated with not being able to do a controlled experiment.   In our project we are going to use comparisons between different regulatory regimes in the UK, Denmark and the USA to gain new insights into the UK regulatory system.   There may be a parallel with biologists who study animal behaviour who generally can’t do controlled experiments and hence take a similar approach when obtaining observational data on behaviour in the natural environment. Many of these studies are concerned with the relationship between stimuli and outcomes, e.g., different environments which generate different stimuli and different responses, or different sub-populations of individuals which respond differently to the same stimulus.  To some extent, the stimuli for regulation differ in Britain, Denmark and the USA, although the relationship with the outcome in which we are interested, registration of biopesticides, is complex.
How is it possible for bio scientists to generalize on the basis of observations on an individual organism or species without committing an individualistic fallacy?   One approach that is used is the use of model systems/organisms.  These are chosen they are easy to work with, but they still have relevance to less tractable world systems.   Examples of model organisms include the lab rat, fruit fly and a model plant, a widely used example being Arabidopis thalania, a non-commercial member of the mustard family.   Instead of studying many different plants one can study this particular plant that has a number of helpful characteristics for research purposes (although the similarity of Arabidopsis to other flowering plants may be a little simplistic and there have been real difficulties in transferring the findings from Arabidopsis even to the closely related Brassica crops).  Nevertheless, it has real advantages:
· It is easy and inexpensive to grow

· It produces many seeds

· It responds to stress and disease in the same way as most crop plants

· It has a small genome (genetic complement) facilitating genetic analysis.

Use of the model plant is possible because all flowering plants are closely related.  Complete sequencing of the genes of a single, representative plant will yield knowledge about all higher plants.  Biological material that is genetically identical can be generated through carefully designed crossing and backcrossing programmes that produce isogenic lines.   This material is then used to study causal relationships.
Because only one organism/system is studied by many people, resources are pooled and knowledge is acquired rapidly.   The degree to which a scientific observation made on the model organism applies to a different species (i.e. the probability of committing an individualistic fallacy) depends on the relationship between the two species and the scientific hypothesis that is being tested.   One of the attractive properties of model organisms/systems is that they provide a baseline or anchor point.  You can test a hypothesis in the tractable, well-studied model organism, and then see if it applies to other organisms.   Human behaviour is much more diverse.  We cannot identify a ‘model citizen’ from whom we generalize.   (Interestingly, the media does sometimes seek to identify the median voter: in the UK, ‘Worcester woman’, a woman in her 30s living in the city of Worcester, with children, in part-time work and driving a Ford Mondeo).

What is not being argued is that plant science is superior to political science in terms of its predictive and explanatory power simply because of its subject matter and the research techniques available to it.   Although biological systems are in one sense less complex than politics and so are easier to explain and predict, at a fundamental level the question of ‘superiority’ is an unhelpful distraction, particularly when one is trying to foster collaboration.   What is needed in both biological and political science, and especially in joint projects between them, is to develop the best methodologies available in order to understand the system under study in the most complete yet also parsimonious way.    In any field of study, the most complex, and possibly intractable systems are those that cannot be described mathematically, but which have to be described and analysed using words.   Given that this is what often has to be done in political science, there is a temptation to surrender to theoretical and methodological eclecticism, hence the need to heed the call by Phillips (2004: 15) for a ‘controlled eclecticism’.

Political science faces special difficulties of its own, but so do the biosciences.  First, the scaling up problem in biological science is a real one. Can an experiment done on an individual level in pot plants be scaled up to field level, to farm level and then on a broader scale?  There is a propensity to overlook the broader consequences of solutions that work well at a micro level.  Consider the example of semiochemical technologies which seek to deal with pest problems by using chemically mediated interlocutors between organisms and their environment: effectively by disrupting sexual reproduction.  Aphid sex pheromones are attractive to aphid parasitoids.   (Parasitoids are parasitic on other insects when they are immature, kill their host after completing development and are then free living adults).   This might seem an attractive solution when deployed early in the season in, for example, a commercial winter wheat field which is the level at which experimentation might take place.   (Powell, 2005).  However, if one scales up such a solution, one sees that there is potentially a depletion problem.   The parasitoid population may be enhanced in one field (or farm) at the expense of another field or farm.   Hence, the higher scale outcome may be less beneficial than that at a smaller scale.
Second, technology is socially and politically mediated.   Plant science may produce solutions that are technologically feasible and socially beneficial, but are then not put into effect because of obstacles created, often unintentionally, by the policy process.  Biopesticides offer a classic example of just such a situation and it this dilemma that lies at the heart of our project and demonstrates its interdisciplinary potential.
Chemical pesticides: the problem
The production of crops is significantly reduced by invertebrate pests, plant diseases, and weeds.  At present, crop protection relies heavily on chemical pesticides.  However, consumers are deeply suspicious of the possible health effects of pesticide residues on food, a concern that is picked up by retailers who are in many cases pushing for levels of reduction in pesticide use that go beyond what is required by regulators.   This is in spite of the fact that pesticide residues are generally a few parts per million and are regulated in the EU by Maximum Residue Levels (MRLs) agreed internationally by the Codex Alimentarius which are rarely exceeded.   Some commentators see these MRLs as so rigorous that they provide enormous margins of safety so as to deal with a worst case scenario.   The latest available report of the Pesticides Residues Committee reveals that in 2003 tests on 4,000 samples of both imported and home produced food found that only 0.7 per cent of the produce tested exceeded the MRL.
Despite this, an argument that is put forward by NGOs is that the ingestion of very small amounts of different pesticides may have a ‘cocktail’ effect that has a harmful effect on human health.  These arguments rest on an interpretation of the precautionary principle that requires scientists to prove a negative, i.e., that the ingestion of pesticide residues will never have any health effects.   For example, the Working Group for the Risk Assessment of Mixtures of Pesticides and Veterinary Medicines published a report in October 2002 which concluded that the risk to people’s health from mixtures of residues was likely to be small.   It also said that children or breastfeeding women were unlikely to be more affected by the ‘cocktail effect’ than other people.

Nevertheless, the arguments put forward by NGOs are picked up in a popular literature often written by journalists.   For example, John Humphrys, a well-known radio journalist in the UK devotes a whole chapter in his book The Great Food Gamble (2001) to ‘These Toxic Times: Pesticides’.   The tone of the chapter is illustrated by one sentence: ‘Many of the pesticides uses routinely on our farms and gardens for decades past are direct descendants of the nerve gases that destroyed the life of my uncle and millions more like him before they were finally declared illegal in warfare.’  (Humphreys, 2001: 56).   Although there is no scientifically acceptable evidence of effects on human or animal health, Humphreys feels able to confidently answer the question: ‘Are pesticides potentially dangerous to human health?  Again, a simple answer: yes’.  (Humphreys, 2001: 65).   Such perceptions are amplified by the media and there is a risk that they could affect the consumption of fruit fresh and vegetables which is seen as desirable for health reasons.  The Food Standards Agency, a relatively new regulatory actor ‘has made a commitment to minimise pesticide residues in food because members of the public would prefer to have food that doesn’t contain residues.  This commitment is based on promoting consumer choice, rather than concerns about food safety.’ (http://www.food.gov.uk/safereating/pesticides/pesticidesminimisehome/  accessed 12 January 2005.
If the use of chemical pesticides poses little or no risk to human health, are there substantive reasons for reducing their use on crops?  Certainly, there is a requirement to integrate chemical pesticides with alternative methods in order to develop systems of crop protection which are sustainable. This has an important ecological dimension; crops must be protected using methods that do not damage the environment, and to prevent the development of resistance by the pest to the control agent.  Broad spectrum pesticides can also reduce populations of beneficial, naturally occurring predators and parasitoids.  However, new generations of pesticides are becoming available which have a narrow spectrum of activity and good environmental properties. Some of these are based on natural products, such as Spinosad which was classified in 1996 by the US EPA as a reduced risk product and in 1998 was winner of the presidential green chemistry challenge award. Gelernter makes an interesting argument that biocontrol research has provided the foundations for developing such compounds.   (Gelernter, 2005). These new compounds could be highly beneficial for pest management, however if they are over used then resistance is likely to evolve in the target pest.  This is a very strong argument for using biocontrol in an IPM system with chemicals to reduce the probability of resistance developing.  

It should be noted that at the core of our project is the role of pesticides in the food chain.  Another important driver of policy, for example leading to the introduction of a pesticides tax in Denmark, has been the leaching of pesticides into groundwater and hence into water supplies.   There have also been concerns about effects on biodiversity, although it is sometimes difficult to separate out the use of pesticides from more general agricultural intensification of which ‘chemical farming’ is part.  (Coleman, Grant and Josling, 2004: 55-7).   Intensification involves a reduction of habitats in which organisms can survive.   Health and safety concerns for sprayer operatives or members of the public accidentally affected by spraying operations also make an important contribution to negative public perceptions of pesticides.  In September 2005 the UK Royal Commission on Environmental Protection (RCEP) published a report that suggested that stricter controls should be placed on the spraying of pesticide on crops, as the chemicals may be causing ill health to bystanders and those living near sprayed fields.  The government is expected to make a response to this report by the summer of 2006.
Since the implementation of the European Union directive 91/414/EEC, the number of active ingredients permitted for use in crop protection products has declined from 866 to 381 under an EU review programme covering all pesticide active ingredients.  There has been an increased reliance on certain classes of products, e.g., pyrethroids.   (Watson, 2005: 2).   ‘Many compounds are being withdrawn because companies for commercial reasons did not support them.  However, in addition, supported chemicals are being lost because they fail to meet the standards set by review.’  (Advisory Committee on Pesticides, 2004: 5).  Under 91/414, ‘the agricultural organochlorine pesticide lindane has been withdrawn on the basis that evaluation has identified concerns with regard to the safety of the active substance in regard to operators’ exposure, its fate and behaviour in the environment and effects on non target organisms.’  (Royal Commission on Environmental Pollution, 2005: 18)  There is a drive to remove all OP pesticides as there are health and safety concerns listed to these products.  Some have been retained as there are no approved alternatives for use on some ‘pest’/crop combinations, particularly in horticulture.   This is the basis of the Specific Off-Label Approval (SOLA) scheme.

However, there is another reason for products not being re-registered which links to business decisions in individual companies.  A company may not choose to re-register an older product if it has developed a new product that could replace or substitute for a new product.  An old product may be out of patent while the new is not, so greater profits can be derived from the new, particularly if the old is taken off the market.  A similar business decision could be made if a competitor has a product in the niche market.   Because of the expense of research and registration, manufacturers are unlikely to develop new chemical products on a large scale.   This means that growers are forced to use a narrower and narrower range of products.    ‘Some of the products that have been withdrawn have been important weapons in farmers’ armoury against pests, and it is not clear how farmers will cope in their absence.  The problem is so severe in some cases that the production of certain crops may become almost impossible in the UK.’   (Advisory Committee on Pesticides, 2004: 5).
The fewer chemical pesticide products that are available for use, the greater is the problem of pesticide resistance.   When an effective pesticide is applied to a crop and the majority of the pest population dies ‘sometimes a few individuals remain that are physiologically different and can tolerate the pesticide.  The “new strain” of the pest that has been created is resistant to the pesticide and the population can then increase even when the pesticide is reapplied.’  (Hajek, 2004: 7-8).    There is then a temptation to overuse the pesticide to deal with the problem, but that only makes things worse.  Approximately 540 species of anthropods have been reported to resist at least one class of insecticide.  (Pickett, 2005: 3).

It is important to recognize that the elimination of pesticides would have a substantial impact on the quantity and quality of food available and its price.   The effect of alternative pesticide reduction scenarios has been examined thoroughly in Denmark by the Bichel Committee, and although Danish agriculture has its own distinctive features, the findings are of broader interest.    A total phase out of pesticides would have the following consequences:
         The total average losses for different crops would vary between 7% and 50%.

         For potatoes, the loss as a consequence of potato blight, for example, would be

         around 38% while for seed grass, it is estimated that the yield would be halved

         owing to weed problems and problems with remaining weed seed.   For wheat,

         the total loss is estimated at 27-29%.  (Bichel Committee, 1998: 89)

For an average farm the drop in income would be between 20% and 90%, least for cattle farms and most for specialised plant growers.  (Bichel Committee, 1998: 152).  It should also be noted that chemical pesticides have other significant positive effects other than those of increasing crop yields, e.g., protecting people from the harmful effects of food contaminated by pest organisms, such as aflatoxins (metabolites from plant pathogenic fungi and food spoilage fungi, which are highly toxic).
How can one reconcile the need to sustain levels of food production and farm income with the declining availability and acceptability of chemical pesticides?    The broad solution is to use the ecologically based pest control management strategy known as Integrated Pest Management where ‘the basic goal is to use control tactics against pests only when necessary.’  (Hajek, 2004: 319).   ‘IPM suggests using methods for control only if the pest population is causing damage above the economic injury level.  IPM thus always requires a good understanding of the pest system.’   There is a role for chemical pesticides in IPM when infestations cannot be controlled by any other means, but they should be used as the last rather than the first resort.   There is also scope for increased use of alternatives to chemical pesticides such as biological controls and in particular biopesticides.
Biological controls and biopesticides

It is not intended to provide an exhaustive survey of forms of biological control, but simply to give an indication of the major alternatives available.   It is interesting that stakeholder organisations do not hold a common view on the definition of biopesticides, although PSD make a clear distinction between the regulations covering macrobiological and microbiological agents.
Indeed, it is worth noting that there is some disagreement within the bioscience community as to the definition of biological control. As discussed in Hajek (2004) the definition of Eilenberg (2001) is widely accepted, and defines biological control as ‘The use of living organisms to suppress the population of a specific pest organism, making it less abundant or less damaging than it would otherwise be’. However, other authors have widened the definition to include also genes and gene products.  This broader definition includes substances such as semiochemicals and pesticidal substances obtained from plants (e.g. Neem tree extract), but it is not scientifically rigorous.  To resolve problems associated with these definitions, the term ‘biologically – based control’ is favoured by many to distinguish between living organisms and their genes and gene products. The agents used are sometimes referred to as ‘biorational’ agents. In this paper, we use Eilenberg’s definition and distinguish between biological control and biologically-based control 

The biological control agents of arthropod pests are classed as predators, parasitoids and pathogens.  Predators consume their prey. Parasitoids are insects that have a free living adult stage, but which have a parasitic larval stage.  Pathogens are micro-organisms that cause disease in the host. Our project is concerned with naturally occurring fungal pathogens of insects. 

As stated previously, biologically-based control agents include genes and gene products.  An important group are semiochemicals, which are ‘chemicals emitted by plants, animals and other organisms … that evoke a behavioural or physiological response in individuals of the same or other species.   They include pheromones and allelochemicals.’ (Advisory Committee on Pesticides, 2004: 13).  They have been used both for detecting and monitoring pests and for mating disruptions.   Other compounds include plant extracts with pesticide action, and genes from naturally occurring bacteria, such as Bacillus thuringiensis, that code for insect specific toxins and which can be genetically engineered to be expressed in plants, making the plant resistant to insect attack.  

Biological control has a range of strategies, based on exploiting the ecology, behaviour and other attributes of the control agent:

· Conservation control refers to efforts to conserve and exploit naturally occurring populations of natural enemies by enhancing their habitat.  This can be done by stopping deleterious practices, such as withdrawing sprays of broad spectrum pesticides that reduce natural enemies, or by introducing new practices to enhance the environment, such as creating refuges.  ‘One of the most successful applications of conservation biological control is the establishment of permanent strips of natural vegetation within cereal fields, so-called “beetle banks” to provide a long-term home for natural enemies.’  (Hajek, 2004: 86).  One issue is over how large an area the beneficial effects are felt.

· Augmentation refers to the introduction of natural enemies into an environment (the original concept was that the applied agents ‘augment’ natural enemies already resident in the habitat.  It is based on the idea that the pest has become separated from the full range of its natural enemies and attempts to re-establish pre-existing relationships). It has two different types, inoculation and inundation. In inoculation, natural enemies are released at low levels and are expected to reproduce within the target environment, although they are not expected to become permanently established and top up releases are usually required.  For inundation, natural enemies are mass released into the target habitat and there is little expectation that they will be self sustaining.  The natural enemies may already be present in the environment, albeit in low numbers, and hence the phrase ‘introduction of natural enemies’ – which is widely used – is somewhat misleading.  In practice, inoculation and inundation form a continuum.    

· Classical biological control is the specific case of the intentional introduction of exotic natural enemies for the control of an exotic pest, with the goal of permanent establishment of the control agent.  This method can be highly successful but there is evidence that it is falling out of favour with regulators.  ‘Regulatory restrictions on their introduction have nearly eliminated classical biological control with exotic pathogens of introduced insect pests in the United States.’  (Lacey, Frutos, Kaya and Vail, 2001: 231).

Biologically-based agents are applied in a range of ways depending on the chemical properties of the agent and the ecology of the pest.  For example, pheromones may be used in traps to lure pests away from crops, while plant-based pesticides can be sprayed onto crops as curative treatments.

As noted above, there is some disagreement as to the definition of biological control, and similar disagreement also occurs in the definition of ‘biopesticide’.  Some practitioners make no distinction between ‘biopesticide’ and ‘biological control agent’ in its broadest sense (the International Biocontrol Manufacturers Association, for example).  However, a more rigorous definition of a biopesticide refers to a living organism applied inundatively for pest control, with little or no reliance on a numerical response in order to bring about control, i.e. the ability of the organism to be self sustaining within the pest’s environment.  In this regard, the biological control agent is being used as a chemical pesticide analogue. This description makes a link with some of the early definitions of biological control, which emphasised the importance of the numerical response and density dependent population dynamics. Some authors consider biopesticides to consist solely of pathogens (i.e. micro-organisms), probably because these can be applied using conventional chemical pesticide application equipment (hence reinforcing the biopesticides – chemical pesticide analogy). Strictly speaking, these agents should be referred to as microbial biopesticides.  However, Waage (1997: 13) implies that biopesticides include biological control agents that rely on a numerical response for pest control, and he defines biopesticides as ‘any mass produced and marketed natural enemy, including predators, parasitoids, nematodes and microbial agents.’  He argues strongly that ignoring the numerical response of biocontrol agents is damaging biocontrol science and technology.   In terms of the discussion here, it should be noted that in terms of the UK regulatory structure only microbial agents come under the remit of the Pesticides Safety Directorate (PSD) and others are overseen by the Advisory Committee on Releases into the Environment (ACRE).

Microbial biopesticides have been commercially available for over twenty years, but ‘represent less than 1% of the global market for agrochemical crop production’.  (Hajek. 2004: 331).   90 per cent of world sales are derived from commercial preparations based on an entomopathogenic bacterium Bacillus thuringiensis.   (Advisory Committee on Pesticides, 2004: 15).  It offers ‘high virulence, low cost, ease of application, and narrow host specificity.’ (Hajek, 2004: 20).   One of our interview respondents questioned whether it would be cleared so easily for use today. Biological products have been particularly important in the controlled environment offered by greenhouses where a limited number of chemical alternatives are available and the reduction of chemical pesticide residues is seen as particularly important for worker safety and consumer confidence reasons.

It should be recognized that there are efficacy issues with biopesticides.  A ‘total reliance on non-chemical control tactics may result in lower production and quality of produce, e.g., blemished fruit, shorter shelf life etc.’  (Advisory Committee on Pesticides, 2004: 20).   With field crops it might be necessary to use three or four biological products and even then control might be less effective than with one chemical pesticide.   Hence, it is recognized that:
      [Biological] products should be integrated into Crop Management Programmes

       where conventional pesticides are used earlier in the season, or where pest and

       disease pressures are high, and that biological products would be used later in

       the season, and where pest or disease pressures are lower.   This integrated 

       approach will ensure that the biological products … are used closer to harvest

       thus reducing residues potential in fresh produce.  (Advisory Committee on

       Pesticides, 2004: 20).

Even given these constraints, the take up of biopesticides is lower than one might expect or hope so.   Two alternative (though potentially complementary) hypotheses have been advanced as explanations.

Two hypotheses

One explanation of the low commercial take up rate of biopesticides is a market failure hypothesis.   This suggests that the main problem is that the market size is too small to provide economies of scale and to encourage firms to enter.   Biopesticides are niche products with very specific applications so the market size for any one product is not large.  Almost all the firms active in the production and marketing of biopesticides are small and medium-sized enterprises.   Although there was a period between 1980 and 1995 when agrochemical companies became involved in microbial pesticides and became excessively optimistic about the commercial possibilities (Gelertner, undated) the big players have focused on the pests of broad acre crops and ‘there are few multinational companies with extensive interests in biopesticides, with the exception of Bt’.  (Tatchell, 1997: 193).  
We certainly do not reject the market failure hypothesis, although its investigation requires skills in economics.   In any case, these issues are being pursued in another project in the RELU programme based at Imperial College at Wye and also involving Rothamsted Research and The Game Conservancy Trust.   As part of this work, they will examine whether a market of viable scale exists for ‘pesticide reduced’ food products.  They will examine the risk preferences of farmers to target commercial early adopters of alternative biocontrol techniques.

Regulatory failure
A second hypothesis, investigated in our project, and one more familiar to political scientists is one of regulatory failure.   We must emphasize that this is not about a specific failure by the regulators themselves in terms of how they have carried out their tasks.   Rather we are referring to systemic problems that arise in regulation and also to specific problems in the case of biopesticides.  As Waage (1997: 16) argues, ‘it is not the industry alone, but the entire pesticide regulatory process which has not adapted itself to the new opportunities which biopesticides provide.  In their emphasis on high efficacy standards typical of fast-acting, potent chemical products, registration procedures make little allowance for new products whose effect is a combination of direct kill and the conservation of natural enemies.’  In other words, there is a potential government failure because the entry costs to the market are raised by an onerous registration process designed for chemical pesticides.
The regulatory problem

Systems of regulation can have unintended consequences.   Weberian bureaucratic theory suggests that there is a tendency for mechanisms to displace goals, for process to become more important than outcomes.   Policy instruments may be considered in isolation from their wider effects.    More controversially, there may be budget maximisation effects.   Hood, Rothstein and Baldwin argue that the PSD, the regulatory agency in the UK, provided an example of a budget-maximising approach within a risk regulation regime.   They cite it as ‘a notable case of a bureaucracy prospering from risk regulation.   The organization, which charged for its product approvals on a “full cost recovery” basis, saw its scientific staff quadruple in the six years to 1992 and adopted an “entrepreneurial” stance in the EU pesticide approvals market.   Within the EU’s mutual-recognition framework for regulatory approval, it sought to be the market leader and took an active part in pesticide standard-setting’.   (Hood, Baldwin and Rothstein, 2003: 126).
A strong theoretical tradition in the United States has been that of regulatory capture where organizations are captured by those they are seeking to regulate, often because of structural information asymmetries.   (For a review of the American regulatory experience, see Moran, 2002: 392-7). There is some evidence to suggest that there may have been problems of this kind in utility regulators in the UK, but we have found little evidence of it to date in the PSD.   The organization has built up in its own in house scientific expertise so that it can make independent and authoritative judgments on pesticides approvals.  If anything, it appears to be an agency that is relatively insulated from external opinion.   As a senior executive in one firm commented in interview, ‘PSD have a reputation of being very stringent in the way that they interpret EU regulations.   They have become much more open in the last five years, but there are lines in the sand that they won’t cross.’

Models of the regulatory state
Our analysis is influenced, at least as a point of departure, by models of the regulatory state.    It is a model that has been dominated by Anglo-American and European perspectives and might therefore be characterized as ethnocentric.  As Phillips notes, ‘the regulatory state framework was developed as a research agenda both for and about the advanced industrialised world, originating first in the study of regulation as the foundation of US capitalism and then being extended to the study of the UK and continental Europe.’   Thus, ‘the regulatory state model is, in fact, of limited utility in studying the nature and functions of contemporary states across much of the world.’  (Phillips, 2006: 2).    We accept that ‘the regulatory state model is of very limited utility outside the contexts of advanced industrial capitalism’.  (Phillips, 2006: 22). From an inclusive global perspective, the regulatory state model is justifiably exposed as flawed by Phillips, but for our particular purposes, a geographical focus on Europe and the United States, the model has explanatory value.  It may not travel well away from the North Atlantic, but it can still have utility in comparing modes of governance within a particular state.   On that particular point our perspective diverges from the argument made by Phillips that the regulatory state research agenda offers ‘little purchase on the elements of different varieties of capitalist organisation, policy orientation and institutional design that exist within national political economies.’  (Phillips, 2006: 22).
As Moran points out in his major contribution to the debate (2005: 530) some accounts of the regulatory state ‘offer a fundamentally benign view of this state, picturing it as a way of standing back from, and empowering, civil society.’   Indeed, it is possible to read Moran’s work in this way and to see it as a story of a progressive, yet imperfect and complete, transition towards modernity.   In ideal typical terms, the ‘command’ or ‘Keynesian welfare state’ is displaced, partly because of the exhaustion of the paradigm, by the regulatory state.   This involves more indirect forms of state control which may, of course, reinvigorate rather than reduce state power.  (Wolfe: 1999).   Progressive features of the new dispensation include the displacement of ‘club’ government and the replacement of self-regulation which was seen to fail both in terms of economic efficiency and public accountability.   In the case of pesticides, voluntary regulation under the Pesticides Safety Precaution Scheme was displaced by statutory regulation in 1986.  ‘It is now much easier to find out how decisions are made in the new regulatory state than under the system that preceded it; and knowing who is making decisions, and how they are being made, is a first condition for the exercise of democratic control.  (Moran, 2005: 157).   However, Moran in his book saw the regulatory state as having a Janus face: a democratizing quality, because it enforces more transparency on elites, but an authoritarian quality because it centralises and controls.   This latter feature encourages it in the direction of failures and catastrophes which subvert its control capacities.  Thus, in his most recent reflections, Moran is troubled by ‘the authoritarian strand in regulation’ and argues that his earlier work ‘recognizes this strand and paints the British regulatory state in a threatening and interventionist light.’  (Moran, 2005: 530).
These macro level questions about the nature of contemporary democracy provide a context for the more specific questions that we face: we do not seek to answer them directly.  Yet issues raised by the regulatory state debate are relevant to our consideration of pesticides regulation.  ‘Pesticides are amongst the most strictly regulated of all chemicals.’   (House of Commons, 2005: 6).   Yet it is claimed that ‘The [PSD] seems more concerned with guarding commercial confidentiality than it is with ensuring the public’s right to know.’  (Humphreys, 2001: 104).  In some ways, however, at least when considering the question of pesticide adoption, questions of accountability are more pressing than those of effectiveness.  ‘A culture stressing the importance of effective performance is embedded in the agencies created by the new regulatory state.  But how far that culture actually delivers more effective services is a separate matter.’   (Moran, 2005: 158).
The core executive intervenes
Encouraging the wider use of biopesticides has been a policy objective for the New Labour Government, yet progress towards that goal has been painfully slow.   It has therefore been necessary for institutions of the core executive to intervene in the policy-making process.   The then Business Regulation Team (BRT) of the Regulatory Impact Unit of the Cabinet Office discovered in 2002 that ‘although Defra [the environment ministry] had been funding the research and development of “alternatives” to synthetic pesticides, none had been able to obtain the authorisation required for such products to be placed for sale in the UK as plant protection products.’   It was observed that PSD’s testing requirements ‘were evidently designed to cope with standard, mass-produced synthetic chemical pesticides which, by their nature, tend to deliver very high efficacy rates, and not with this group of safer alternatives.’  As far as the Regulatory Impact Unit was concerned, this ‘appeared to us be an interesting example of regulation-inspired market failure’.  (Business Regulation Team, 2003: 19)
In the coded language of the English civil service, ‘the BRT approached PSD seeking to help to establish a workable solution to this problem.’   In other words, they used their authority to lean on PSD.   It was reported that PSD ‘was keen to discuss ways in which the pursuit of this new aim could be promoted.’   (Business Regulation Team, 2003: 19).  In other words, they realised they had to do something.   What they did was to launch a pilot scheme to investigate best practice for processing applications for biopesticides including such features as free pre-submission meetings and reduced fees.   Not all relevant actors agreed with this initiative as Friends of the Earth were reported ‘not in favour of “fast-tracking” for bio-pesticides as they can still have an impact.’  (ADAS Consulting, 2003: 36).   In any event, progress was not all that rapid, as by 2004 there were only two products within the pilot scheme although further applications were anticipated.   One firm was subsequently successful and was interviewed by us and they expressed a high level of satisfaction with the assistance and guidance they received from PSD.

Retail governance as an alternative form of regulation

If the regulatory system is not sufficiently flexible to accommodate innovation, an alternative is to allow retailers to operate a private system of governance that imposes requirements that go beyond those specified by the state.   However, it is a flawed alternative because it acts to ban pesticides but what can be achieved is restrained by the regulatory system in its ability to develop alternative pest controls.  As Marsden, Flynn and Harrison explain (2000: 28)

       By the early 1990s in Britain … there was a discernible switch in public policy to

       shift responsibility for food matters to the retailers; the major retailers have 

       clearly become significant actors in the promotion and implementation of, for

       example, health policy … Reciprocally the regulatory state has become critically

       dependent upon the continued economic dominance of the retailers in their role as

       the major provider of quality food goods.

‘Retailers are using pesticide residues and consumer fears to develop a competitive edge which goes against previous agreements to collaborate over food production standards.  Retailers have driven the expectations of consumers for perfect produce.’ (ADAS Consulting, 2003: 3).   Two retailers, Marks and Spencers and the Co-op, have taken a lead in this area.  ‘Marks and Spencers have a very sophisticated technical department.  A lot of innovation in food quality is driven by Marks and Spencers.’  (Grower interview).   Their long-term aim is that all their produce will be free of pesticide residues, although as detection methods become more sophisticated this will be difficult to achieve.   As an interim step, they have prohibited 60 pesticides world-wide and a further 19 can only be used on a restricted basis.  The Co-op, who have the advantage of direct agricultural experience as the United Kingdom’s largest farmer, have an ‘amber’ list of pesticides that are permitted by legislation but where the grower has to seek specific permission to use them.   In other words, a stricter standard of regulation is applied by the private governance system than by government.
Allowing the retailers to assume some of the responsibility for dealing with pesticide residue issues removes some of the decision-making burden from government.  It allows additional initiatives to be attempted which might not be as readily possible within the form of ‘command and control’ regulation represented by the PSD.  The retailers also have a considerable enforcement capacity through their contractual relationships with growers.   The detailed specifications included in these contracts, which are not confined to the product itself but also cover the process of production, are backed up by regular visits by wholesale and retail customers to farmers.  One grower we interviewed had been visited by three customers on one day that week.  Marks and Spencers had told them that they were no longer satisfied with their onion washing facility.
The capacity to exercise effective influence is clearly there and is being used.  Whether this is the best way forward raises wider issues than can be discussed here, including the depoliticization strategy of New Labour.  Four difficulties can be mentioned, however.  First, there is the question of whether the concentration of retail power in the UK, which is being replicated elsewhere in Europe, and the extent to which power flows down the food chain, could mean that growers will be placed in a position where they can no longer compete and be forced out of business (although this problem currently appears to be more acute in the dairy industry).   Competition (anti-trust) law affords little protection because of the reluctance of customers to make complaints about the conduct of retailers.  Second, there is the question of whether retailers really are adequate proxies for consumers, even given all the information about consumer preferences that they collect as part of their commercial operations.    Third, there is a contradiction between the drive of retailers to reduce or eliminate pesticide use alongside their clear preference for perfect unblemished produce.  Four, their policies reduce pesticide use but do not provide a mechanism for encouraging alternatives.
What is evident is that the system of state regulation of pesticides in the UK is complemented and supplemented by a system of private governance in a way that raises interesting questions about the nature of the UK regulatory state.

Solutions

How can the wider use of biopesticides be effectively encouraged?   In this section, two possible solutions will be discussed which are probably not particularly helpful and three others which have real potential for achieving this objective.

Pesticides tax
Denmark has implemented a pesticides tax as part of a comprehensive policy to reduce the use of chemical pesticides.   We are yet to carry out our interviews in Denmark, but our preliminary investigations suggest that this policy approach has not done much to encourage the use of biopesticides.   Indeed, Denmark appears to give a relatively low priority to research into, and the wider use of, biopesticides.   The view is that biopesticides have little potential and carry with them additional risks.   They are seen to have ‘great potential in production in greenhouses’ but in field crops. ‘biological disease control only appears to hold potential against seed-born diseases and fungi that damage germinating sprouts in spring-sown cereals.’  (Bichel Committee, 1998: 73).   ‘The potential for extending biological pest control to the area of ornamental plants is considering very promising.’  (Bichel Committee, 1998: 162).   Despite the potential in this niche market, policy makers have identified risks associated with the use of biopesticides: ‘The utilisation of useful organisms and microbiological methods would … present a significant risk of proliferation of alien organisms, which could have a detrimental effect on the environment … The use of microbiological methods entails a risk of industrial injuries, in the form of allergies or bronchial diseases.’   (Bechel Committee, 1998: 73).
The United Kingdom has also undertaken a so-called Voluntary Initiative as an alternative to a pesticides tax.   This is a package of measures, running from 2001 to 2006, developed by the agricultural and agrochemical industries, which aims to minimize the impact of pesticides on the environment.    The emphasis has been on reducing pesticide pollution of surface waters by changing farmer behaviour and practice rather than on food chain effects.

Changes in regulatory design
The Hampton Review of UK regulation was delivered to the Chancellor of the Exchequer in April 2005 and proposed the streamlining of the regulatory structure on the grounds that there were too many small regulators (this would not appear to apply to the PSD given the criteria used).   The Government set up a Better Regulation Executive in the Cabinet Office to deliver the reforms.   What the implications will be for PSD remain to be seen, but what is evident is that the core executive, in terms of both the Cabinet Office and the Treasury, are actively engaged in issues of regulatory structure.
A number of suggestions for reform in regulatory structure in relation to pesticides are circulating among stakeholders and have been mentioned to us by our interview respondents.  Indeed, the Conservative opposition had PSD on their list of quangos for abolition in the 2005 general election.  One suggestion would enlarge the role of the PSD which would be transformed into a more general chemical regulatory and inspection authority with functions from other government agencies combined into this body.   Another proposal would be to subsume the PSD within the Environment Agency which is the lead agency in the field of environmental protection.   This could then change the focus of PSD work to environmental impact which could be more costly for biopesticide producers than demonstrating efficacy.   Another suggestion is for a separate agency for biological controls with people dedicated to the area who would build up a body of knowledge. There might be insufficient work for such an agency on a country basis, but there might be a role in this area for the European Food Safety Agency at EU level.
The RCEP’s 2005 report suggested that the policy function of the PSD should be relocated within Defra while its regulatory task should be placed within the Environment Agency.   It is possible that there may be some support within government for such an organizational change.   However, governments are prone to resort to institutional changes in response to criticism as a substitute for making changes in policy.   If PSD was, for example, incorporated in the Environment Agency, would its functioning change all that much, particularly if the same people continued to work in the same distinct office in York (a small city in the north of England)?

Reducing registration costs

The pilot scheme provides for a reduced registration fee for biopesticides, but the real cost arises in the testing that is necessary to meet registration requirements.   The United States Environmental Protection Agency does not test biopesticides for efficacy, only for safety.   As a consequence, over a twenty year period, the trend line for biological registrations has been upwards while conventional registrations have declined.

Efficacy testing imposes higher costs on biological than chemical pesticides.  As an industry consultant commented in interview, ‘Chemicals can use quite small treatment plots, but biologicals need larger plots to get statistical significance because individual replicates are more variable (micro-organisms are present in the soil anyway).’   The problems faced in meeting test and data generation requirements were emphasized by a SME in interview:
      PSD have to appreciate the amount of data that has to be generated even to enter

      the pilot scheme.   The UK is not the cheapest place to generate data.  Even with

      BT we are spending thousands of pounds on efficacy data.  Efficacy trials don’t

      always work the first time.   Last year four trials, three field, one protected, in

      protected pest didn’t take, in field crops pest didn’t turn up in two years out of

      three, money wasted.   Looking at weather not sure pest will turn up this year.

It would be possible in principle to eliminate efficacy testing in the EU and let the market decide whether a product was viable.   As a grower commented in interview, ‘If a product was safe but we didn’t know it would work we’d have a look at it.’   In practice, it might still be necessary to undertaken large scale field trials in order to secure sales, but this should be cheaper than meeting specific regulatory requirements.  In further work we will examine the operation of the US arrangements in more detail. It may be difficult, however, to apply this American solution in the UK.   The PSD takes the view that regulation is a cost-benefit analysis and judgments about efficiency constitute the benefit analysis.   They also state that they are bound by the Food and Environment Protection Act 1985 which states that methods of controlling pests should not only be safe but also efficient.
Getting mutual recognition to work

The division of responsibility between the EU and national pesticide regulatory agencies within a system of multi-level governance is a complex and changing one.  The EU currently has out for consultation a draft regulation concerning the placing of plant protection products on the market.   In broad outline the existing arrangements can be described as ‘a dual-system where the Community evaluates active substances and Member States evaluate and authorise products containing them.’  (European Commission, 2001: 2).    Member states can only authorize the placing on the market and the use of plant protection products if the active substance is on the positive list (known as Annex 1).   It should be noted that ‘the data requirements that were fixed for pesticides greatly exceed those required for any other class of substance including pharmaceuticals, food additives and commodity chemicals.  A typical dossier contains about 50,000 pages and takes about four and a half years to prepare.’   (European Commission, 2001: 3).
Difficulties have arisen because ‘a significant degree of variation became apparent between review practices among individual Rapporteur Member States.’  (European Commission, 2001: 5).   In particular, the Commission accepts that ‘Mutual recognition does not function well and national authorisations of products leads to duplication of work in Member States and to differences in the availability of plant protection products across the European Union.’   (http://europea.eu.int/common/food/consultations/pesticide_background_en.htm), accessed 5 June 2005).  In principle, there should be obligatory mutual recognition between states in the same eco zone and across the EU for post harvest uses and glasshouse use.  The EU is trying to overcome these difficulties with a more harmonised approach and the draft regulation requires member states presented with a product already authorised in a reference member state to:
· refrain from repeating tests and analyses already carried out

· authorize the marketing of the product in its own territory

· accept conclusions already made on packaging and labelling (Sanco 2005: 17)

Further research will be undertaken at the European Commission and elsewhere on the obstacles to effective mutual recognition.   If this operated in practice, it would provide a larger market across the EU for products which would overcome some of the scale problems.

Assisting the commercial development of products

A grower commented in interview, ‘We need alternatives [to chemical pesticides].  There’s not a lot of help in achieving it.’  The most relevant government funding scheme is the Link programme that encourages innovative research well ahead of the market but with good potential for eventual commercial exploitation.   The Sustainable Arable Link Programme includes minimising pesticide use and impacts of use including novel methods of pest, disease and weed control.   Examination of current funded projects showed no project specifically concerned with biopesticides and only one with relevance to biological control.   It may be that there is more scope for government initiatives in this area, a theme that will be pursued in further discussions with the industry.
Conclusions

Our research is still work in progress, but we think that we have demonstrated already that it is possible to overcome the methodological differences between biological and political science and achieve effective collaboration across the disciplines in a way that yields results that are greater than the sum of the parts.   We consider that a regulatory failure hypothesis does contribute to our understanding of why biopesticides are not used more widely and that the regulatory state model provides a helpful point of departure.  Private governance by retailers is important in supplementing pesticide regulation by the state in the UK, but cannot substitute for effective state action.

Practical policy solutions were identified as reducing registration costs by learning from US experience and eliminating efficacy testing; sorting out the EU mutual registration system; and exploring the more effective use of mechanisms for converting innovative research into commercial products.  A consultant summarized the challenge in terms of promoting the broader adoption of pesticides: ‘If you expect the market to deliver you have to have some incentive.  It has to be made easier in one way or another or it won’t be produced.’

Our own preliminary explanatory model building exercise is centered on a three-way interaction between stakeholders, biology of production systems and regulation.  This interaction is informed by the broader political context and has as its heart the notions of acceptable risk and the precautionary principle, understandings of which will be explored in further work.   Understanding the interaction between the biology of production systems and regulation in particular should allow us to specify the impact of a changed regulatory system on biological data requirements and hence suggests design principles for a regulatory system that will facilitate the use of biopesticides.
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