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Brief:

1. To examine the Registration procedures for the different types of semiochemicals (pheromones, plant extracts, plant volatiles and natural oils) under 91/414/EEC directive defining cost of registration and the time taken.

2. To identify the potential barriers that inhibit the registration of semiochemicals.

3. To identify the types of semiochemicals that could be easily registered for use, with minimum cost and time, as crop protection agents for conventional and/or organic farming. This will include natural oils, chemicals on the GRAS list, food products, products used in other countries in the EU.

4. To define the relationship between registration cost and potential market.

Executive Summary

· The world market for semiochemical based products is currently worth US$80 - 90 million at the manufacturer’s level. It has great potential for growth both in the UK and the rest of the world.

· The European market for such products is estimated to be worth $18.5 million at the manufacturer’s level and expected to double by 2007 to $36 million.

· The market for semiochemical based products in the UK is currently about £700,000 and confined to products for monitoring insect pests. There are virtually no semiochemical products registered or sold in the UK for insect control.

· The regulatory hurdles in the UK for semiochemical-based control products for insect pests are currently so high that it is doubtful that any such products will be put on the market in the near future unless the hurdles are lowered. 

· The main reason for there not being semiochemical based products registered in the UK is related to the value of the potential market for those products when set against the cost of achieving product registration.

· The fact that niche markets for such products are being successfully and profitably addressed on the continent of Europe points to the fact that it is the UK regulatory system that is impeding the development of similar markets in this country.

· Research work on semiochemicals currently being carried out at government research centres and academia is broadening the scope for semiochemical use in the future and all this research effort will be to no avail unless PSD adopts a more flexible and facilitatory role to promote their introduction

· If the potential for semiochemical-based control products is to be realised in the UK the regulatory process needs to be simplified in terms of data requirements and the fees for review of applications need to be kept as low as possible to encourage companies to commercialise such products. 

1. Registration procedures for Semiochemicals under the 91/414/EEC directive.

1.1 General Description.

The EU Crop Protection Directive (Council Directive 91/414/EEC) is the main item of regulatory legislation that applies to all EU member countries. It is a system where the active ingredient of any plant protection chemical is registered centrally with the EU and then the formulated product is registered in each member country by the competent authority of that country. It does not use a tiered system similar to that of the USA (See Appendix 1). Instead of triggers to escalate certain basic data requirements to higher tier studies, the EU requires criteria to waive an exhaustive list of data requirements to an appropriate level. The studies and data required are described in Annex II (data for Technical Grade Material) and Annex III (data for End Use Product) of the 91/414 Directive. The competent authority in each country therefore starts with the full list of requirements that would be needed for a conventional pesticide and then reduces these requirements through a series of waivers. The waivers are granted only if sound scientific reasons are supplied which explain why the studies are not required. Council directive 91/414/EEC applies to new active substances, and products containing them, which were placed on the market after 25 July, 1993. It also provides for a review programme for products on the market before this date. These products remain subject to national rules until they have been reviewed by the European Community. In a recent review of semiochemical based products that were on the market prior to the 25th of July, 1993, 40 active ingredients were noted (See Table 1.1).

Table 1.1.  Status as at the end of 2001 of current authorisations of active substances that Member States have reported as having been on the market on the 25th of July, 1993.

No. 
Active Substance
Cat.
FI
S
DK
IR
UK
NL
B
L
D
AU
F
ES
P
I
GR
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5-decen-1-ol
AT
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1

217
5-decen-1-yl acetate
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1


1

272
3,7-dimethyl-2,6-octadienal
AT











1




273
3,7-dimethyl-2,6-octadien-1-ol
AT











1


1

282
1,7-dioxaspiro-5.5-undecane
AT











1




297
(Z,Z)-7,9-dodecadien-1-ol
AT











1


1

298
(E,E)-8,10-dodecadien-1-ol
AT








1
1

1


1

299
(E,Z)-7,9-dodecadienyl acetate
AT








1


1




300
Z-8-dodecenol
AT










1





301
Z-5-dodecenyl acetate
AT











1




302
Z-8-dodecenyl acetate
AT










1
1


1

303
(E/Z)-dodecenyl acetate
AT










1





304
Z-9-dodecenyl acetate
AT







1
1
1

1




305
E-10-dodecenyl acetate
AT











1


1

306
E-9-dodecenyl acetate
AT











1




307
Dodecyl alconol
AT














1

315
7,8-epoxy-2-methyl-octadecane
AT
















337
Farnesol
AT





1





1


1

428
(Z,E)-7,11-hexadecadienyl acetate
AT











1




429
Z-11-hexadecenol
AT











1


1

430
Z-9-hexacedenal
AT











1


1

431
(z,Z)-7,11-hexadecadienyl acetate
AT











1


1

519
Z-3-methyl-6-isopropenyl-3,4-decadienyl
AT














1

520
Z-3-methyl-6-isopropenyl-9-decen-1-yl acetate
AT











1


1

521
7-methy-3-methylene-7-octen-1-yl propionate
AT














1

524
Methyl-trans-6-nonenoate
AT
















525
Methyl nonyl ketone
RE




1











546
Naphthalene
RE



1
1











567
(Z,Z)Octadienyl acetate
AT











1




568
Z-13-octadecanol
AT











1




679
Serricornin
AT














1

743
(Z,E)-9,11-tetradecadienyl acetate
AT











1




744
Z-7-tetradecanol
AT











1




745
Z-7-tetradecanal
AT











1


1

746
Z-9-tetradecenyl acetate
AT











1




747
E-11-tetradecenyl acetate
AT











1




789
Z-9-tricosene
AT

1


1


1



1




791
(E,Z)-4,7-tridecadien-1-yl acetate
AT











1


1

801
Trimedlure
AT











1


1

816
Z-11-tetradecen-1-yl acetate
AT








1








Totals


1

1
3
1

2
4
2
3
29


19

Legend:  AT= Attractant,  RE = Repellent,  FI = Finland,  S = Sweden, DK = Denmark,  IR = Ireland, UK = United Kingdom, NL = Netherlands, B = Belgium,  L = Luxembourg, D = Germany,  AU = Austria, F = France,  ES = Spain, P = Portugal,  I = Italy, GR = Greece.

Spain and Greece reported the greatest number of active substances while in the UK only Z-9-tricosene was reported as a pheromone, the other two substances being repellents. Companies wishing to support the registration of these active substances must notify the European Commission of their intention to do so during 2002.

Companies wishing to register products within the EU have therefore two courses of action at present. If the active ingredient is on the list in Table 1, then they can register a new formulation of that active ingredient with the national authority of the country where the product is to be sold using the rules and regulations relating to semiochemicals as they existed prior to the advent of 91/414. If the active ingredient is not on the list in Table 1.1, however, the registrant has to submit a dossier which corresponds to the requirements of 91/414.

1.2 Implementation of 91/414/EEC in Great Britain

1.2.1. Conventional Pesticides

Under the Control of Pesticide Regulations 1986 (as amended), which implemented Part III of the Food and Environment Protection Act 1985 (FEPA), the advertisement, sale, supply, storage or use of any pesticide is prohibited unless Ministers have approved that pesticide and consented to that activity. This approvals system is gradually being replaced by arrangements based on EC requirements. The 91/414/EEC Crop protection Directive is implemented in Great Britain through Statutory Instrument No 887 (1995) and is referred to as The Plant Protection Products Regulations 1995 (PPPR) which came into force on the 17th of April 1995.

The executive responsibility for implementing these regulations in Great Britain rests with the Pesticides Safety Directorate (PSD), an Executive Agency of the Ministry of Agriculture, Fisheries and Food (MAFF). PSD deals with pesticides used in agriculture, horticulture, forestry, food storage and the home garden. Similar arrangement apply for the approval of non-agricultural pesticides such as masonary biocides, marine anti-fouling agents and ecto-parasite control agents. The Pesticides Registration Section of the Health and Safety Executive (HSE) deals with biocides registrations (EEC Directive 98/8) while the Veterinary Medicines Directorate (VMD) is responsible for licensing products such as sheep dips and pesticides for domestic pets.

These executive agencies receive registration applications from companies wishing to put pesticide products on the market and must show that their products pose no unacceptable risk to human beings, non-target species or the wider environment. Applicants must provide supporting data for the agencies to assess the product’s efficacy, its potential to cause harm (hazard) and the likelihood that this potential to cause harm will be realised through exposure (risk). Issues such as toxicity, operator exposure, residues and pesticide chemistry, environmental fate and behaviour, ecotoxicology and efficacy are examined. Any application for approval must therefore be accompanied by a data package that satisfies the regulatory authority that the product is safe and effective when used under UK conditions. Whilst core data used to characterise hazard is common to many countries, that used to calculate risk (to consumers and the environment) has to be determined at national level.

1.2.2. The PSD View on Semiochemicals

The following could be regarded as a semiochemicals in the opinion of PSD:

Pheromones

Kairomones

Allomones

Plant extracts with anti-feedant effects

Plant volatiles with repellent or deterrent effects

Natural oils with anti-feedant, repellent or deterrent effects.

The PSD appear to accept the definition of semiochemicals given by the Organisation for Economic Co-operation and Development (OECD), namely, ‘Chemicals emitted by plants, animals and other organisms and synthetic analogues of such substances, that evoke a behavioural or physiological response in individuals of the same or other species’.

PSD have clearly stated that registration of semiochemicals under the Control of Pesticides Regulations 1986 or the Plant Protection Products Regulations 1995 will only be necessary if the compound is being used for control of the target organisms, rather than for monitoring purposes where registration is not needed. The HSE have similarly ruled in the case of the use of semiochemicals for monitoring pests in circumstances where the Biocides Directive (EEC 98/8) would apply to a control product.

As to the data required for any semiochemical active substance or formulated product, the PSD approach each case individually and indicate from the start which legislation will be applicable to its registration. In other words, if the active ingredient is on the list shown in Table 1, the Control of Pesticides Regulations 1986 system would apply, whereas if it is a new active ingredient the Plant Protection Products Regulations 1995  (91/414) would apply. They indicate the fees and the time required for registration depending on the system adopted for the registration process.

The data requirements can be met, in many instances, by providing reasoned cases, where scientifically justified, based on the proposed use and nature of the active ingredient and/or the use of published literature as well as specific studies for registration.

In conversations with PSD personnel, it appears that there have been no registrations of semiochemical-based products under the new PPPR 1995 regulations and that under the old system, COPR 1986, only Z-9-tricosene, the pheromone of the common housefly, was on the market prior to the 25th of July, 1993.

1.2.3. The cost of registering a semiochemical based product with PSD

During recent years (1995 –2000), the PSD have operated a reduced fee system for bio-pesticides on the basis that the dossiers needing review would be smaller than for conventional pesticides. All dossiers are subject first to a completeness check for which the fee was £4,500 but from the 1st of August 2001 was increased to £4,700. This is then followed by an evaluation fee and in the case of bio-pesticides this was approximately £13,700 or about 22% of the full fee, which amounted to £61,200 at that time. However, in January 2001 PSD reviewed its charging structure and through a consultation paper, it was proposed that the fees for bio-pesticides be increased to £40,000 and all other active substances to £90,000. The PSD invited comment from current and potential registrants of both conventional and bio-pesticides. In the case of bio-pesticides, although letters of protests were sent by bio-pesticide manufacturers, it appears to have had no influence on their proposed new fee structure in that a new fee of £40,000 was introduced from August of 2001. In common with a number of other UK government agencies, PSD has top operate a full cost recovery system, and according to PSD representatives, this was the main reason for the increase. In conversations with Dr Sue Popple, the Head of Policy at PSD, this figure is the maximum that would be charged. Potential registrants need to consult with PSD as to the dossier that will be required for their product and an estimate of the actual fee to be paid will be made from an estimate of the time that it will take PSD to review that dossier.

Many potential registrants also commented on the fact that the UK fee structure is out of line with the rest of the EU. The average fee on continental Europe is somewhere in the region of €20,000 (c. £12,500).

1.2.4. The time taken to register a semiochemical based product with PSD.

During the course of this study the question was asked of PSD as to the time it might take to register a semiochemical based product.  It was estimated that a completeness check of the dossier would take approximately 6 weeks (possibly up to 21 weeks if there were several issues that needed to be resolved prior to submission. The evaluation procedure would then be expected to take 52 weeks. Since there has been no semiochemical based product registered with PSD this time scale remains hypothetical.

1.3. The Health and Safety Executive (HSE) view on Semiochemicals

In Article 2 (1)(a) of Directive 98/8/EC, biocidal products are defined as ‘Active substances and preparations containing one or more active substances, put up in the form in which that are supplied to the user, intended to destroy, deter, render harmless, prevent the action of, or otherwise exert a controlling effect on, any harmful organism by chemical or biological means.’ 

An exhaustive list of 23 product types with an indicative set of descriptions within each type is given in Annex V of the Directive. Product Type 19 in Annex V is described as follows: ‘Products used to control harmful organisms (invertebrates such as fleas, vertebrates such as birds), by repelling or attracting, including those that are used for human and veterinary hygiene either directly or indirectly.’

HSE’s interpretation of the EC Directive as far as semiochemicals is concerned is as follows.

1. Pheromones and other semiochemicals when used in traps for monitoring pest populations do not require registration under the Biocides Directive.

2. If the purpose of the use of the semiochemical is biocidal – i.e. controlling the harmful organism, then it is covered by the description of Product Type 19 and hence falls within the scope of Directive 98/8/EC. 

3. Pheromones or other semiochemicals will be regarded as active substances according to Article 2 (1)(d) of Directive 98/8/EC and all the provisions for active substances will apply.

4. Existing active substances must be identified by producers (Annex I of Commission Regulation 1896/2000) and they have to be notified by submitting the information required in Annex II of the Regulation.

There were no semiochemical registrations prior to the Biocides Directive (98/8/EC) but several semiochemical products were on the market prior to its advent. These will now be notified by the manufacturers if they wish to continue selling the products once they are up for review.

1.4. The Veterinary Medicines Directorate (VMD) view on Semiochemicals

In correspondence with the VMD on semiochemicals it appears that the key question regarding the need to register products based on such chemicals is whether or not the substances described fall within the definition of a veterinary medicinal product. To determine this, both parts of the definition of a veterinary medicine that appears in Article 1.2 of Directive 65/65 need to be considered:

(a) Presentation - is the substance presented for treating or preventing disease?

(b) Function - may the substance be administered to animals with a view to making a medical diagnosis or to restoring, correcting or modifying physiological functions? 

Considering the first question, if a semiochemical product was placed on the market with the intention of controlling or preventing an ectoparasite on farm animals or farm reared fish, then in the view of VMD, a medicinal claim is being made. This would bring the product within the definition of a veterinary medicine and an authorisation may be required for both sales and field testing of the product. The VMD also point out that a product is medicinal by presentation if the person responsible for placing the product on the market, or the manufacturer, or a third party expressly indicates or recommends the product for treating or preventing disease. This may be by way of product labels, leaflets, advertisements or even oral recommendations, or by other forms of literature relating to the product issued before, during or after the sale. A product is also considered to be medicinal by presentation if, in the VMD’s opinion, it gives the averagely well informed consumer the impression that the product treats or prevents disease.

Considering the second question, a product is regarded as medicinal by function if it is endowed with the properties for treating or preventing disease. In order to establish this, the VMD ask for the complete product formulation listing quantities of all ingredients. A product is also considered to be medicinal by function due to its route of administration, for example products applied to the eye, inner ear and all intradermal injectables.

In the case that a product is medicinal by function or by presentation, then a Marketing Authorisation is required. If a semiochemical product was considered to be a veterinary medicinal product it would need to demonstrate compliance with the legislative provisions in the same way as any other VM product. There is no provision as things stand for a reduced data package or facilitated procedures for semiochemicals under the VMD. There are no semiochemical based products authorised to date by the VMD

1.5 General conclusions on the EEC Directive 91/414 and national legislations.

EEC Directive 91/414 is actually more specific than the UK’s national legislation as to the role of science. The directive makes it clear that both active substances and end use products are to be evaluated in the light of current scientific and technical knowledge based on the appraisal of a dossier of scientific data supplied by the applicant. Authorisations can be amended if developments in scientific and technical knowledge establish that the manner of use and amounts used can be modified.

The Directive also includes provision for mutual recognition whereby an approval granted by one Member State would be granted by another Member State, subject to comparison of climatic and agronomic conditions.

There is provision within the European Commission system to amend the way Directive 91/414 is implemented. This has been done in the case of microbial pest control products. EU Directive 2001/36 lays down the data requirements that an applicant must include in the dossier if the active ingredient consists of micro-organisms or viruses. The new directive came into force on July 10th, 2001 and member states have until May 1st 2002 to transpose it into national law.

The Commission recognised that chemical active ingredients act in very different ways from microbial agents and the data requirements therefore need to be different. The changes to 91/414 related to microbial pesticides are listed in the two Annexes to Directive 2001/36. The Annexes lay down the information a dossier should contain. It includes the specific identity of the micro-organism, its biological properties, effects on target and non-target organisms, effects on animal and human health, life cycle, infectiveness, relationships to known plant or animal and human pathogens, general stability and potential to produce metabolites. The Annexes also contain amended regulations with regard to residues, antibiotics and other anti-microbial agents, toxicity, pathogenicity and infectiveness studies, resistance , handling, storage and transport, measures in the event of an accident and procedures for destruction or decontamination.

The IBMA are therefore engaged in discussions with the EU to establish a similar semiochemical specific directive. The start point will be the OECD document originating from Canada discussed below.

1.6 The North American Registration Systems

1.6.1. USA

Biological pesticides, which include semiochemical-based products, as well as conventional chemical pesticides in the USA are regulated under FIFRA (Federal Insecticide, Fungicide and Rodenticide Act). The public body in the USA which is charged with implementing FIFRA is the US Environmental Protection Agency (EPA) and is therefore the principal regulatory authority in that country.  The EPA has published the regulatory requirements for Biological Pesticides in 40CFR, Section 158.65 Biochemical and Microbial Pesticides.

Biochemical and microbial pesticides are generally distinguished from conventional chemical pesticides by their unique modes of action, low use volume, target species specificity or natural occurrence. Biochemical pesticides include, but are not limited to, products such as semiochemicals (e.g. insect pheromones) hormones (e.g. insect juvenile growth hormones), natural plant and insect regulators and enzymes. 

The Agency has devised a “tier testing scheme” for the major data categories: product chemistry, toxicology, residue chemistry, non-target organism hazard and environmental fate and effects. When the Agency determines that a product’s tier 1 data are satisfactory, that no significant adverse effects have been demonstrated, then no additional testing is required.

The Tier 1 tests consist of the following studies:

Acute Toxicity Studies

Acute studies (oral, dermal, inhalation and irritation) 
6 studies $15,000

Hypersensitivity incidents




Report incidents only

Genotoxicity studies





$20,000 to $25,000

Subchronic Studies

Immunotoxicity (1 spp.)






90 day feeding study (1 spp.)




$100,000 to $120,000 for 

90 day dermal study (1 spp.)




all three 90 day studies

90 day inhalation study (1 spp.)
Developmental Toxicity (1 spp.)



$65,000 to $100,000

These studies are however for products that are deemed to require registration and such considerations are usually related to mode of use.

Monitoring and Survey

Arthropod pheromones, attractants and minimum risk pesticides can be exempt from registration when used for monitoring and survey.

Mass Trapping.

Similarly, arthropod pheromones when used in traps for control of insect pests through mass trapping are also exempt from registration.

Kairomonal Use

Semiochemicals used in pest management strategies to mitigate non-pest species can be deemed not to require registration.

Anti-aggregation pheromones

The EPA requires that anti-aggregation pheromones be registered in a way similar to those used in mating disruption. The two anti-aggregation pheromones verbenone and 3-methyl-2-cyclohexenone (MCH) have been registered with the EPA but the data needed was less than for semiochemicals used on food or feed crops and since forestry is a non food crop many studies were waived including tolerance.

Mating Disruption

All pheromones, irrespective of the formulation used for their release, require registration, but when used on food or feed crops, certain lepidopteran pheromones are exempt from the requirement of establishing a minimum residue level or tolerance.

Attract and Kill

Pheromones used in conjunction with a toxicant in a formulated product require to be registered, and although the pheromone may be exempt from tolerance for food or feed crop use, the insecticide and the inerts must either have a numerical tolerance or exemption.

1.6.2 Canada

The regulatory body in Canada is The Canadian Pest Management Regulatory Agency (PMRA), part of Agriculture Canada, and the rules for pesticide registration are very similar to those of the USA. They differ only in the need to supply data showing product efficacy. Indeed, Ag. Canada through the auspices of the OECD is trying to establish a harmonised set of regulatory requirements for semiochemicals which it hopes will be adopted world-wide (see below).

1.6.3. The OECD Guidance for Registration Requirements for Pheromones and other Semiochemicals used for arthropod pest control

In order to facilitate the development, registration and use of pheromones and other semiochemicals for controlling arthropod pests, the OECD Working Group on Pesticides (WPG) is developing guidance and rationale for specific registration requirements for such pest control products. Harmonisation of the requirements in their view is critical for research and for encouraging the development, commercialisation and use of semiochemicals for pest control.

In developing their regulatory approach for arthropod semiochemicals, the inherent differences between these products and conventional chemical pesticides were taken into account. Semiochemicals act by modifying the behaviour of the pest species rather than by killing it, they are more target specific than conventional insecticides and are used in concentrations close to those in nature and dissipate rapidly. For these reasons, they surmised that most semiochemical products pose lower potential risk to human health and the environment than conventional pesticides. 

Their document therefore proposes rationale and guidance for registration requirements for pheromones and other semiochemical products. Relative to conventional pesticide data, the data set proposed by the OECD is reduced. Further reductions in data requirements are proposed for the family of chemicals that comprise the straight chained lepidopteran pheromones (SCLPs). For regulatory purposes, SCLPs are pheromones with a well defined unbranched aliphatic structure, which is characteristic of most known pheromones produced by members of the order Lepidoptera including moths and butterflies.

The whole document is included in the Appendix to this report. The tables show how data requirements differ from country to country. Additional data may be required if the review of the data suggests that the use of a proposed product could pose a risk to human health or the environment. Conversely, countries may elect to waive certain requirements if in their view the risks are thought to be so small as to not require studies to be done to evaluate them.

1.6.4. General comments on the European registration systems versus those of North America.

In general therefore, although the systems for obtaining registrations are different in Europe from North America, the end point is not too dissimilar. The data requirements in Europe are slightly more extensive than in North America. Some member countries require additional studies such as environmental fate studies, and non-target organism effects. This means that the cost of the package for Europe will be greater to the tune of about 30%. In addition the fees for reviewing the data packages are higher in Europe that in North America. The current fees in the EU member countries on average are € 20,000 (roughly $20,000) per dossier examined.

There is also a need to demonstrate product efficacy in the country where the product is to be registered or field performance data must be available from another EU country with similar climatic conditions. Normally two years of data are required.

2. To identify the potential barriers that inhibit the registration of semiochemicals.

During the course of this study two main barriers were identified as being significant in terms of the registration of semiochemical based products in the UK. These are the size of the commercial opportunities when set against the cost of registration and the other had to do with aspects of the registration process itself.

2.1 The value of the potential market when set against the cost of achieving product registration

Semiochemical products are by definition very species –specific. The size of the commercial opportunity for any such product will therefore be restricted to one species of pest or at most a small group of closely related species. This must be compared with the situation with conventional insecticides where broad-spectrum activity is one of the key features of the products placed on the market. In apples, for instance, a general organophosphorus insecticide such as chlorpyriphos will kill a good range of apple pests while a pheromone based product for codling moth will only work on codling moth. Chlorpyriphos will also work in many other crops against a whole range of insect pests. The codling moth pheromone on the other hand cannot be used for any other crop except possibly pears or walnuts where the codling moth can also be a pest. To justify the costs of registration therefore, the size of the opportunity has to be substantial otherwise the registrant will never recover the registration costs from the profits made on the sale of the product. Taking the codling moth example in the UK context:

Total available treatable area = 10,000 ha

Assume 35% market penetration = 3,500ha

All the area treated once per season with a hand applied mating disruption formulation. At the end user level this equates to a market of £315,000 per annum.

At the manufacturer’s level this equates to £220,500 of sales per annum. If we assume the company makes a net profit on this of 15% then its annual profits are £33,075

The cost of developing the dossier could be as much as £300,000 plus the fees for PSD of £44,700. On this basis it would take the manufacturer 10 years to recover the cost of registration from retained profits on UK sales. The dossier produced would have value obviously in other markets and the costs could be mitigated as a consequence of launching the product in several countries using the same core data package. However, trials must be carried out in the country where the product is to be registered. These could cost as much as £20,000 even if the crop does not have to be destroyed. If the latter is the case then no manufacturer can afford to destroy 5 ha of apples since this is the minimum area to be treated with a pheromone to show efficacy. Taking just the registration fee, the trial costs and 10% of the dossier cost (total £94,700) we arrive at a figure three times the net profit on the annual sales. In other word, the profits from three seasons of sales would be required to meet the registration costs. From another perspective, the registration costs are of 40% of the annual sales a figure roughly equivalent to that calculated and published by the International Bio-control Manufacturers Association. When this is compared with the equivalent percentage of sales that registration costs represent in the case conventional of insecticides, there is no comparison. For an organophosphate insecticide, for instance, the cost of registration represents less than 1% of annual sales to the manufacturer.

At a recent International Organisation for Biological Control (IOBC) meeting in Athens, Greece, the International Biocontrol Manufacturers Association recommended that registration fees should not exceed 1% of the expected sales during the five years following commercial introduction (Agrow 380 p8, July 13th 2001). Taking the codling moth example above where the manufacturer would make £220,500 sales per annum over 5 years, 1% of the total revenue of £1,102,500 comes to £11,025 which is not too far removed from the old fee structure. However, it is one quarter of the new fee structure.

2.2 The registration process as a disincentive to potential registrants.

Several aspects of the registration process itself were found to be a barrier to registration of semiochemical based products. These include:

· the fee structure,

· the toxicological studies

· the efficacy data

· the time

2.2.1 The Fee Structure

This has been discussed under Section 1.2.3 and it cannot be over emphasised how much of a negative impact the increase in fees on August 1st 2001 has had on potential registrations in the UK. The International Biocontrol Manufacturers Association recommendation that registration fees should not exceed 1% of the expected sales during the five years following commercial introduction (Agrow 380 p8, July 13th 2001) was and still is reasonable in the eyes of the manufacturers.

2.2.2. The Toxicological Studies.

Every registrant expects to have to produce a toxicological package of some description. This would typically contain the results of acute studies on both the active ingredient and the formulated product. If long term chronic studies are ever requested then it is most likely that the registration would be withdrawn on the grounds that the costs cannot be justified. The feeling amongst several potential registrants is that the PSD is likely to ask for Ecotox data which are unlikely to show any adverse effects. Most studies done to date with lepidopteran pheromones have shown very little risk to the environment. Provided the studies requested are reasonable and that scientific evidence for data waivers is accepted then the dossier can be put together in a way acceptable to both PSD and the registrant.

2.2.3 The efficacy data

Data from scientifically conducted efficacy trials are required by PSD to support pest control claims on the product label and to demonstrate how the product may be most effectively used. Because of the way semiochemicals work, trials need to carried out on relatively large plots – 5 ha plots are typical. Clearly a need to destroy 5 ha worth of crop would make any project prohibitively expensive. There needs to be flexibility therefore on the part of PSD in granting experimental use permissions in waiving the need to destroy expensive crops. The usual need to have to carry out trials in several sites in different part of the country needs also to be interpreted with flexibility. Because of the niche markets being targeted, the crops concerned are often restricted geographically and the pests concerned can often be variable in their intensity of attack from one area to another. In apples for instance, the target market is restricted to Hereford/Worcester and Kent and even here the incidence of the pest is often low. It could be necessary to do trials in Cider apples in order to have sufficient populations to show positive results even though this would not necessarily be a market for the product once launched. 

2.2.4 The time taken to register a semiochemical based product.

This aspect has been discussed separately under Section 1.2.4. and it appears that the 12 to 18 month evaluation period is not a great disincentive to potential registrants although it is not as fast as the 200 days being achieved by the US Environmental Protection Agency.

2.2.5 Cost and Time Issues and the way forward.

An article that appeared in the November 30th, 2001 issue of Agrow (No 389, page 9) reported an interview between a journalist from that publication and a representative of DEFRA. According to the article, it was DEFRA’s view that PSD should “seek to improve its approvals procedures which are too time consuming and costly”. If this is indeed the view of DEFRA, then a three way dialog needs to be established between potential semiochemical registrants, the PSD and mediated by DEFRA for progress to be made in facilitating the registration process for semiochemicals. A good start was made at a recent ACTIN meeting in London. (ref ) but this needs to be followed through so that real progress can be made.

One idea put forward by a potential registrant was that PSD should recover the cost of reviewing the dossiers it request, either wholly or partly, through a levy system on subsequent sales. This would be a significant fillip to the industry and would ‘kick-start’ the introduction of semiochemical based products onto the UK market

3. To identify the types of semiochemicals that could be easily registered for use, with minimum cost and time, as crop protection agents for conventional and/or organic farming. This will include natural oils, chemicals on the GRAS list, food products, products used in other countries in the EU.

3.1. Definitions

As stated in Section 1.2.2. PSD would regard the following as semiochemicals:

Pheromones

Kairomones

Allomones

Plant extracts with anti-feedant effects

Plant volatiles with repellent or deterrent effects

Natural oils with anti-feedant, repellent or deterrent effects.

The PSD appear to accept the definition of semiochemicals given by the Organisation for Economic Co-operation and Development (OECD), namely, ‘Chemicals emitted by plants, animals and other organisms - and synthetic analogues of such substances - that evoke a behavioural or physiological response in individuals of the same or other species’.

Semiochemicals include pheromones and allelochemicals that are defined as follows:

Pheromones are semiochemicals produced by individuals of a species that modify the behaviour of other individuals of the same species (i.e. an intra-specific effect)

Allelochemicals are semiochemicals produced by individuals of one species that modify the behaviour of individuals of a different species (i.e. an inter-specific effect). They include allomones (emitting species benefits), kairomones (receptor species benefits) and synomones (both species benefit)

Allomones can exhibit their effects in several ways. A plant defence semiochemial for instance can repel an insect herbivore before it reaches the plant (a pre-contact repellent), once it touches the plant (a post contact repellent or a phago deterrent) or once it takes a bite from the plant (an anti-feedant). These are rather crude groupings according to the effects that the semiochemicals exhibit and in many cases they can exhibit elements of several of the effects listed above.

3.2. Plant Derived substances that might be regarded as semiochemicals

Table 3.1 shows the plant derived substances notified to the EU as of January 2001 as being on the market in various EU countries as of the 25th of July, 1993 – i.e. pre-dating the EC 91/414 directive. The majority could not be regarded as semiochemicals but a number of those that work as repellents could fall into that category e.g. citronellol, eucalyptus oil, quassia, daphne oil and other unspecified plant oils in category No 821.

Table 3.1.  Status as at the end of 2001 of current authorisations of active substances that Member States have reported as having been on the market on the 25th of July, 1993.

No. 
Active Substance
Cat.
FI
S
DK
IR
UK
NL
B
L
D
AU
F
ES
P
I
GR

42
Azadirachtin 
IN

1






1


1

1


68
6-benzyladenine
PG


1



1



1
1
1
1


141
Chlorophylline
FU BA
















160
Citronellol
IN RE



1
1












Components of etheric oils of plant origin




1

1










336
Eucalyptus oil
RE
















397
Folic Acid
PG




1






1





Garlic extract






1










416
Gibberellic acid
PG



1

1
1



1
1
1
1
1

417
Gibberellin
PG




1
1
1



1
1
1
1
1

450
Indolyl butyric acid
PG



1
1
1
1

1
1
1
1
1

1

451
Indolylacetic acid (auxin)
PG




1
1
1

1


1
1



475
Lecithin
FU
1




1

1
1







547
1-naphthyl acetamide
PG





1
1


1
1
1
1
1


548
1-naphthylacetic acid
PG


1
1
1
1
1

1
1
1
1
1
1
1

551
2-naphthyl oxyacetamide
PG HB











1




552
2-naphthyloxy acetic acid
PG



1
1

1




1

1
1

557
Nicotine
IN
1


1
1






1

1



Onion extract






1










599
Pepper
IN



1
1











620
Plant oils (incl. rape seed oil)
IN AC FU
1


1




1
1
1
1




655
Pyrethrins
IN
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

663
Quassia
IN RE



1





1






673
Rotenone
IN


1
1
1





1
1

1


674
Scilliroside
RO










1
1

1


675
Sea-algae extract
PG





1
1




1





Soybean extract






1










713
Soybean oil –epoxylated
IN


1







1
1




812
Cis-zeatin
PG












1



211
Daphne oil
RE
1







1
1

1




821
Repellents of animal or plant origin
RE

1
1

1

1
1
1
1
1

1























Totals

5
3
6
12
12
13
10
3
9
8
12
19
10
11
6

Legend:  AC = Acaricide,  AT= Attractant, BA = Bactericide, FU = Fungicide , HB Herbicide, IN = Insecticide,  PG = Plant Growth regulator, RE = Repellent, RO = Rodenticide;  FI = Finland,  S = Sweden, DK = Denmark,  IR = Ireland, UK = United Kingdom, NL = Netherlands, B = Belgium,  L = Luxembourg, D = Germany,  AU = Austria, F = France,  ES = Spain, P = Portugal,  I = Italy, GR = Greece.

3.3. Repellents and Anti-feedants in  Push-pull Strategies

This is an emerging group of semiochemical products where the active ingredients inhibit either the arrival of a pest on the crop (repellent) or the consumption of plant material (anti-feedant or phago-deterrent) by a pest organism. The chemicals are typically non-host chemical signals which send an unsettling olfactory message to the responding pest as it tries to home in on a treated host plant, or sends a negative taste message to a pest once it takes its first bite from a treated host plant. Such ‘push’compounds are therefore used to divert insect pests away from the crop being protected and then aggregate the same pests using ‘pull’ semiochemicals, such as the attractants described earlier, onto other parts of the crop, or even on non-host plants. Here they can be destroyed using conventional insecticides or, better still, biological ones. Early indications are that the sum of the two effects is not just additive but even synergistic and such ‘push-pull’ systems can form very robust strategies for pest management. There are no registered products of this nature in the UK at present but registrations are known to be underway in several countries of the EU possibly including the UK. North American sales of such products are already up to $30 million (See Table 4.1 under botanicals) given the relative ease with which such products have come through the tiered testing system mentioned earlier which is operated by the US Environmental Protection Agency. Over 30 plant-derived oils (Table 3.2) have been categorised by the EPA as ‘Minimum Risk Pesticide Products’ and their registration is handled using the tiered testing system. Some of these oils have insecticidal properties as well as repellency or anti-feedant effects. The EPA does not differentiate therefore between the modes of actions of such oils – whether the control desired is a result of behavioural avoidance or toxic effects on the target pest. Current indications from the Pesticide Safety Directorate in the UK and the European Commission is that any insecticidal effects demonstrated for such oils would immediately make them a pesticide in the full sense and therefore subject to the full rigours of the 91/414 Crop Protection Directive.

Table 3.2. Active Ingredients which may be in Minimum Risk Pesticide products exempted under section 25(b) of FIFRA in the USA

1. Castor Oil (U.S.P. or equivalent)

2. Cedar Oil

3. Cinnamon* and Cinnamon Oil*

4. Citric Acid*

5. Citronella and Citronella Oil

6. Cloves* and Clove Oil*

7. Corn Gluten Meal*

8. Corn Oil*

9. Cottonseed Oil*

10. Dried Blood

11. Eugenol

12. Garlic* and Garlic Oil*

13. Geraniol

14. Geranium Oil

15. Lauryl Sulfate

16. Lemon grass Oil*

17. Linseed Oil

18. Malic Acid*

19. Mint* and Mint Oil*

20. Peppermint* and Peppermint Oil*

21. 2-PhenylProprionate (2-phenylethyl proprionate)

22. Potassium Sorbate

23. Putrescent Whole Egg Solids (See 180.1071)

24. Rosemary* and Rosemary Oil*

25. Sesame* (includes ground Sesame plant stalks) (See 180.1087) and Sesame Oil*

26. Sodium Chloride (common salt)*

27. Sodium Lauryl Sulfate

28. Soybean Oil

29. Thyme* and Thyme Oil*

30. White Pepper*

31. Zinc Metal Strips (consisting solely of zinc metal and impurities)

* These active ingredients are exempt for use on all food commodities from the requirement of a tolerance on all raw agricultural commodities at 40 CFR 180.1164 (d)

4. To define the relationship between registration cost and potential market.

4.1. Introduction

During the course of this study, a paper was produced by the current author to review the commercial development of semiochemical based products in the UK, Europe and the rest of the world. Since that time a report on the European Bio Pesticide market by Frost and Sullivan (2001) has been published and the data from this report have been included in this section.

4.2. The world market for Biological Insecticides.

Table 4.1 shows the world market for Biological Insecticides as it was in 1998. It is estimated that this has since grown at a rate of roughly 10% per annum so that by the end of 2001 the market size is now approximately $320 million at the manufacturer’s level.
Table 4.1. World Market for Biological Insecticides at the Manufacturer’s Level in 1998*

Product Group
Value in US$ Millions

Bacillus thuringiensis based products

Fungi

Viruses

Nematodes

Semiochemicals

Botanicals
98

5

3

3

74

55

Total
238

* Some market estimates would include also the sales of predatory and parasitic insects which were estimated to be worth $40 million world wide in 1998.

The bio-insecticides market has to be set in the context of the world Agrochemicals market however and Table 4.2 shows the market value as estimated in 1998.

Table 4.2. World Agrochemicals Market at the manufacturer’s level in 1998.

Product Group
Value in US$ Millions

Total Agrochemical market

Insecticides

Bio-pesticides

Semiochemicals


31,200
9,000
294
74


From Table 4.2 it can be seen that bio pesticides constitute less than 1% of the total world agrochemical Market. However, as can be seen from Table 4.3 below, the bulk of bio-pesticides is made up of insecticides. It is therefore better to view them as a percentage of the world insecticide market. By this measure, bio-pesticides constituted 3.26% of the world insecticide market in 1998.

Table 4.3 The world Bio-pesticide market in 1998 at the manufacturer’s level by product group

Product Group
Value in US$ Millions

Insecticides

Fungicides

Herbicides

Nematicides


274

13

5

<2



Total
294

Table 4.4 shows the estimates for the European bio-pesticide market reported by Frost and Sullivan in their recently published study (2001).

Table 4.4 The European Bio-pesticide market in 2000 at the manufacturer’s level by product group

Product Group
Value in US$ Millions
%

Beneficial Insects

Microbial pesticides

Semiochemicals (monitoring and control products)


53.5

25.1

18.5


55

26

19

Total
97.1
100

According to these authors, the total value of the semiochemical products market (including traps and lures as well as control products) in 2000, was $18.5m, 19.1% of the total European bio-pesticides market. The annual growth rate is currently 10.1% and the trend is increasing. They estimate that semiochemicals have only achieved 20% market penetration to date and they foresee total sales revenues of $36 million by 2007 for semiochemicals (Table 4.5).

Table 4.5. Total pheromone products market with future growth as projected by Frost and Sullivan:

Year
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007

$m
14.1
15.3
16.8
18.5
20.1
22.1
24.3
26.6
29.4
32.5
36.3

Table 4.6. Current value ($18.5m) split by geographic region is as follows:

Country
Benelux
France
Germany
Greece
Iberia
Italy
Scan
UK/Ire
Alpine

%
13.5
22.6
13.6
1.2
17.5
19.7
2.3
6.2
3.4

Benelux = Belgium, Netherlands & Luxembourg

Iberia = Spain & Portugal

Scan = Denmark, Finland, Norway, & Sweden

Alpine = Austria & Switzerland

From Table 4.6 it can be seen that France Italy and Spain account for nearly 60% of the market at present while UK and Ireland represent only 6.1% which is equivalent to about £750,000 worth of sales. These are thought to be primarily sales of traps and lures for monitoring insect pests and include sales into both the crop and non-crop markets.

According to the Frost and Sullivan report the top 3 market drivers ranked in order of impact are:

· Promotion of IPM programmes driving demand for pheromone traps

· Use of pheromones in vineyards, driven by demands of growers

· Pheromone subsidies boost market demand (Germany & Italy)

While the top 4 restraints, ranked in order of impact are:

· Increasingly difficult regulatory climate restricting development

· High levels of insect pressure impacting on annual pheromone demand

· Certain regulatory testing procedures for efficacy data are difficult to achieve

· Significant reduction in area of orchard fruits

It is clear therefore that regulatory issues are ranked as the primary factor restricting the further development of semiochemical product sales. This is true for most of the EU but especially true in the UK given that no semiochemical based product has yet been registered in the UK.

Table 4.7 shows the areas of crops treated annually with semiochemical based products in certain continental European countries.

Table 4.7 Crop areas treated annually in Europe with Semiochemical based products (situation as per 2001 season)

Countries and Areas treated in hectares
Codling moth in Apples
Leaf Rollers in Fruit trees
Moth pests in Grapes

Italy

France

Spain

Netherlands

Germany
12,000

3,500

210

4,000

-
8,150

2,000

200

-

-
7,000

10,000

4,500

-

20,000

Total
19,710
10,350
41,500

Substantial areas of crops are therefore now being treated with pheromones on continental Europe. It is true that the UK has only a very small acreage of vines, but it still has a substantial acreage of apples (about 10,000 ha). The question has to be posed therefore as to why it is possible for there to be 4,000 ha of apples treated with pheromones in the Netherlands and none in the UK. In discussions with Mr Jerry Cross of HRI East Malling he highlighted two factors that may explain this disparity. In the Netherlands resistance management is more of an issue leading to the search for environmentally more benign alternatives and the regulatory climate in the UK is more of a barrier. There is a demand from a certain sector of the apple industry, the organic sector in particular, for pheromone based products to be introduced. However, from in his conversations with potential suppliers of such products, the deciding factor always comes back to the cost of registering the product versus the size of the commercial opportunity. Unless this question is addressed the situation is unlikely to change. 
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SUMMARY
· The world market for Semiochemical based products is currently US$70-80 million at the manufacturer’s level. It has great potential for growth both in the UK and the rest of the world.

· The market for Semiochemical based products in the UK is currently confined to monitoring insect pests. There are virtually no Semiochemical products registered or sold in the UK for insect control.

· The regulatory hurdles in the UK for semiochemical-based control products for insect pests are currently so high that it is doubtful that any such products will be put on the market in the near future. 

· If the potential for semiochemical-based control products is to be realised in the UK the regulatory process needs to be simplified in terms of data requirements and the fees for review of applications need to be kept as low as possible to encourage companies to commercialise such products. 

Introduction

It is now almost 40 years since the first insect pheromone, a very species-specific semiochemical, was isolated and identified and many authors have referred over the years to their commercial potential. Much progress has been made during those years in terms of scientific and technological advances related to semiochemicals and in our understanding of pest behavioural ecology 1,2. Few authors, however, have questioned the ‘progress’ that has actually been made in terms of the commercial exploitation of pheromones and other semiochemicals. This paper reviews the extent to which the potential of these substances has been translated into commercial reality both in the UK and overseas. It also reviews some of the barriers that have had to be overcome during the commercialisation process and those that remain as significant hurdles that are still to be overcome.

The Semiochemical Industry Today

Based on published data and unpublished information which has been made available to the author, semiochemical-based products are estimated to have world-wide sales in the US$ 70-80 million range at the manufacturers’ level (Table 1). This compares with a world -wide insecticide market of nearly US$ 8.5 billion in 19983so that it therefore constitutes less than 1% of that market. In terms of the Biopesticide market (bacteria, viruses, botanical insecticides, entomopathogenic nematodes and beneficial insects) on the other hand, semiochemicals constitute a much higher percentage (c.25%) and probably are third in importance after bacterial and botanical products4. The industry has taken over 25 years to achieve its current size and has been pioneered mostly by Small to Medium-Sized Enterprises (SME’s).

Semiochemical-based products have found markets all over the world, with no great concentration on any one continent. The producers of these products however are concentrated in the USA, Europe and Japan and over 60% of the sales are achieved by about a dozen companies. The sale of traps and lures for monitoring insect pests account for nearly 40% of the semiochemical market, while the bulk of the remaining sales come from mating disruption products for moth pests. Table 2 shows the geographic spread of the market by sales and pest species together with the names of the principal companies involved in the industry.

Semiochemical-based Products for Insect Pest Monitoring.

Semiochemical, and particularly pheromone based, monitoring systems provide one of the most reliable and effective survey methods for pest detection and quantification5,6. They have been used extensively in quarantine pest detection and in detecting movement of pest species into a crop. There have been difficulties in their use for quantitative measurements of insect populations but their role in optimising the timing of insecticide applications is growing in popularity and has lead to substantial reductions in pesticide use. Although the market expectations for semiochemical based products in insect monitoring were never very great, an estimate of their current global sales for this purpose at the manufacturers’ level comes to about US$ 27 million (£18.5 million). The market for such monitoring systems in the UK is not substantial and is estimated to be about £250,000 at the manufacturer’s level (Table 3). It has the potential to be much greater but both the legislative push and the market pull for their use appears to be much less than in other European or North American countries. Indoor use of such monitoring systems is as important as their use out-doors in the UK. Indeed, monitoring for stored product pests such as warehouse moths and grain beetles or public health pests such as cockroaches is as well developed as monitoring of pests in field crops, horticulture or forestry in most northern European countries. Southern European countries have a much greater bias for the use of such monitoring systems out of doors, which is not surprising considering that 75 % of Europe’s agricultural insecticide is used in Spain, Southern France and Italy.

It would be fair to say therefore that a reasonable market penetration has been achieved both in the UK and on a world-wide basis in the use of semiochemicals for monitoring insect pests. In most cases, the market had to be generated from an almost non-existent base. These products have found their way into most market sectors where insects are a problem including the major world crops such as cotton, rice, vegetables, fruit, forestry, protected horticultural crops, as well as the built environment where pests attack, food and fibre during their manufacture, storage and distribution. The regulatory hurdles for these products are not very significant given that they are used for ‘monitoring’ pests and not for ‘controlling’, ‘suppressing’ or in any way ‘mitigating’ their numbers. Such intentions for a product would immediately subject it to the regulatory processes relating to that intended use. When the EU’s Biocides Directive came into force during 2000 there was some confusion as to whether monitoring systems needed to be registered if used in the built environment. Clarification has now been obtained from the European Commission (DGXI) and from certain National Authorities charged with implementing the Directive (HSE in the UK) that monitoring systems based on pheromones or other semiochemicals do not require registration.

Monitoring systems are best viewed as diagnostic kits such as those based on monoclonal antibodies in terms of their market potential, their purpose for use and their regulatory treatment7. The growth in the use of semiochemical based monitoring traps has been substantial over the last two decades and will continue in the future given the ever increasing concerns about pesticide residues in food, the need to reduce pesticide usage, and the food industry’s preoccupation with risk management and their need for due-diligence and traceability where it concerns pesticide use on food. The way in which these monitoring systems are used will be increasingly more sophisticated. The way in which data are collected, handled and interpreted may become more complex at a scientific level, but more user friendly at the user level 8.

Semiochemical-based Products for Controlling Insect Pests.
Whereas the market expectations for the insect monitoring products based on semiochemicals were never very great, those for control products based on semiochemicals were always projected to be substantial, especially in the 1970’s and  80’s 9. Several strategies were projected for these substances including Mass Trapping, Lure and Kill, Mating Disruption, Repellency or Anti-feedant effects. 

Mass Trapping

Mass trapping using pheromones was always limited since the majority of the pheromones described were from Lepidoptera where their primary function was in attracting males. In addition, the trapping efficiency of many trap designs is often very low making it impossible to catch sufficient numbers of males to leave females unfertilised. Successful Mass Trapping has been achieved where pest populations have been low and where the attractant used has been effective on both sexes10.  By far the largest market for Mass Trapping products both in Europe and north America is for bark beetle control. The Central and Eastern European sales of such mass trapping systems come to about $6 million while in North America a further $3.5 million worth of products are sold. There are no sales of such mass trapping systems in the UK.

Lure and Kill.

The inefficiencies of trap catch can be overcome by using a conventional insecticide as a killing agent instead of a physical device in the form of a trap. The semiochemical attracts the insect to an area where it is killed with an appropriate adult insecticide. Again the technique is limited if male-attracting pheromones are used. There are, however, a number of successful products which are based on this technique and lure and kill insecticide granules which carry the sex pheromone of the common housefly (Musca domestica) is a case in point. The pheromone attracts both sexes and induces greater arrestment of the flies on the insecticide granules thus improving their efficiency substantially11. With the identification of other non-pheromonal semiochemical attractants such as host plant chemicals, oviposition stimuli, etc, the scope for controlling insect pests using female lure and kill formulations and devices becomes much greater and many future developments are expected in this area. We know of only the housefly insecticide granules that contain the housefly pheromone as an example of a semiochemical based lure and kill formulation in the UK.

Mating Disruption

Most of the efforts made in using semiochemicals for controlling insect pests over the last two decades have been in the field of Mating Disruption using sex pheromones of Lepidopteran pests. Many small, start-up companies have entered the market historically, with great expectations but have found the task of putting such products on the market much more difficult than was initially thought. Many of those early pioneers have failed, withdrawn from the market or have been sold to other bio-pesticide companies to widen their technological offerings. Those that are active in this market today have had to develop strategies which give the best chance of success given the limitations of the technology, while at the same time allowing for the relatively slow pace of development of the market. We estimate the current world market for mating disruption products at the manufacturers’ level to be about US$ 30 million with the Codling Moth (Cydia pomonella) and various grape moth pests being amongst the most important species where the technique has been shown to work successfully on a commercial scale. Over 60,000 hectares of apples are now treated with mating disruption products in the USA alone while 40,000 ha of grapes in Europe are treated with mating disruption products for moth pests. There are no mating disruption products sold in the UK significant commercial opportunities exist for such products.

In the mid 1990s there was also a substantial market for mating disruption of Pink Bollworm (Pectinophora gossypiella) in Cotton. Over 500,000 acres of cotton was treated annually over the 5 years 1992 - 1997 in Egypt with mating disruption formulations for the Pink Bollworm and with satisfactory levels of control during the whole of that time. In the USA 200,000 acres of cotton used to be similarly treated at the same time. However, the advent of transgenic cotton in the USA meant that mating disruption of Pink Bollworm was not necessary and the market disappeared in one season. In Egypt, on the other had, a change in government personnel and associated policies has resulted in a very retrograde step towards the re-adoption of conventional pesticide use against Pink Bollworm. This reverse in policy, it has to be stressed, was not because of inadequate performance of pheromone products.

Three factors have been paramount in determining the rate of development of the Mating Disruption market using pheromones:

(1) The reliability and robustness of the technology,

(2) The cost effectiveness of the products,

(3) The regulatory requirements which govern the placing of these products on the market.

In the case of the first factor, it has to be acknowledged that much progress has been made in terms of synthesis and consistency of supply of the pheromones active ingredients12. Similarly, in the case of controlled release technology, much progress has been made with the advent of hand applied dispensers such as Selibate PBW or PB-Rope for the Pink Bollworm13,14. Such dispensers have made a significant contribution to the advancement of the technology in the early 1990’s and a number of very successful area wide programmes have resulted in countries such as Egypt (Cotton), the USA (Apples) and Europe (Vines). However, the level of control achieved has not been acceptable on some occasions of high pest population densities. The technique can also be difficult to apply in small plots because of the problems caused by immigration of gravid females into the treatment areas. These are fundamental, biological, weaknesses in the system and will always be difficult to resolve no matter how good our understanding of the mechanisms by which Mating Disruption is achieved in the field. The latter is a matter of much debate and a clear picture of the underlying mechanisms in any particular pest species has been difficult to obtain15.

As volumes of pheromones used have increased over the years, then the cost of manufacturing technical grade pheromone components has correspondingly come down. In a selected few cases, the costs of manufacture and formulation are now comparable to some conventional insecticides. The costs of application are also relatively low especially in developing countries where local labour is comparatively inexpensive and where the need to use hard currency to hire foreign application equipment and services is obviated through the use of such local labour. Achieving a price premium in the commercial produce emanating from a crop protected from pests using pheromone technology has also proved very difficult. A small price premium of about 5% is typical but substantial price premiums for insecticide-free produce has not been achieved in the majority of cases.

Registration requirements for pheromone based mating disruption products vary considerably around the world with possibly the most enlightened attitude shown by the Environmental Protection Agency in the USA. The EPA regards this technology as ‘biorational’ and the data requirements follow a tiered system. Tier 1 tests require only a limited number of acute studies and if the results from these tests indicate no obvious area of concern then tests from Tiers 2 and 3 are usually waived16. Such a system is slowly developing in Europe but pheromone-based products are not regarded as a separate category under the EC91/414 Crop Protection Directive and are consequently not registered as expeditiously as in the USA. The costs of registration of such products, although generally less in most countries than for conventional pesticides, are still much higher as a percentage of their market potential than the equivalent for conventional pesticides (25% of market potential versus 1% for conventional pesticides according to the International Biocontrol Manufacturers Association). There are no mating disruption formulations currently registered and being sold in the UK and the recent proposal to raise the fees from £13,500 to over £40,000 for reviewing the data for registering such products will only make this even more unlikely.

Repellents and Anti-feedants

This is an emerging group of semiochemical products where the active ingredients inhibit either the arrival of a pest on the crop (repellent) or the consumption of plant material (anti-feedant) by a pest organism. The chemicals are typically non-host chemical signals which send an unsettling olfactory message to the responding pest as it tries to home in on a treated host plant, or sends a negative taste message to a pest once it takes its first bite from a treated host plant. Such ‘push’compounds are therefore used to divert insect pests away from the crop being protected and then aggregate the same pests using ‘pull’ semiochemicals, such as the attractants described earlier, onto other parts of the crop, or even on non-host plants where they can be destroyed using conventional insecticides or, better still, biological ones. Early indications are that the sum of the two effects is not just additive but even synergistic and such ‘push-pull’ systems can form very robust strategies for pest management17,18. There are no registered products of this nature in the UK but registrations are known to be underway in many countries of the EU possibly including the UK. North American sales of such products are already up to $30 million (included in Table 1 under botanicals) given the relative ease with which such products have come through the tiered testing system mentioned earlier which is operated by the US Environmental Protection Agency. Over 30 plant-derived oils (Table 4) have been categorised by the EPA as ‘Minimum Risk Pesticide Products’ and their registration is handled using the tiered testing system. Some of these oils have insecticidal properties as well as repellency or anti-feedant effects. The EPA does not differentiate therefore between the modes of actions of such oils – whether the control desired is a result of behavioural avoidance or toxic effects on the target pest. Current indications from the Pesticide Safety Directorate in the UK and the European Commission is that any insecticidal effects demonstrated for such oils would immediately make them a pesticide in the full sense and therefore subject to the full rigours of the 91/414 Crop Protection Directive.

The future of Semiochemical-based products in ‘control’ of insect pests.
As to the future of insect control strategies involving semiochemicals, little progress is foreseen with the Mass Trapping techniques until a much greater level of efficiency is achieved with both the attractant lures and trap designs. In the case of the attractant, powerful attractants for the females are essential while trapping efficiencies of at least 90% are also required in order to have the required impact on the pest population.

As far as ‘Lure and Kill technologies are concerned, increased interest in Target Devices is foreseen where the killing agent is contained upon the surface of the target device and makes no contact with the crop being protected. This technology has the potential to give season long control with only one application early in the season and can be used right up until harvest. However, the need for strong female attractants is also a prerequisite for this technique as it is for Mass Trapping and real advances can only be made when such female attractants are developed.

As far as Mating Disruption is concerned, the scope for applying the technique is limited; to date it has been confined to Lepidoptera, to moth pests which are not very dispersive and it works best in area wide treatments. Nevertheless we see a continued expansion in the use of this technique in niche markets where there are problems of insecticide resistance, lack of registered conventional products or heightened environmental concerns in areas of special scientific interest or environmental conservation. There is however a need for greater understanding of how the technique works in order to further its efficiency and publicly funded research support in this area would be highly desirable19. Regulatory processes also need to be relaxed on a world wide basis in order to give this product category the fillip it needs for greater market penetration. 

The development work currently under way to combine the attraction and repulsion effects of semiochemicals to form robust push-pull systems of pest management will produce many highly commercial opportunities. This is a very promising line of research that holds great potential for the future of semiochemicals. However, it will not have an impact in either the UK market or the rest of Europe if the regulatory framework is not flexible to cope with such products. Dialogue between all the stakeholders, researchers, government research funders, industrial companies and the registration agencies is essential if the commercialisation of these environmentally benign products is to see the light of day. If this does not happen, the farmers and growers in the UK and the rest of Europe will be severely disadvantaged over their North American counterparts.
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Table 1. World Market for Biological Insecticides at the Manufacturer’s Level in 1998.

Product Group
Value in US$ Millions

Bacillus thuringiensis based products

Fungi

Viruses

Nematodes

Semiochemicals

Botanicals
98

5

3

3

74

55

Total
238

Table 2.  Estimates for the World Market at Producer’s Prices for Semiochemical-based products used both in Monitoring and Control of Insect Pests.

Geographic Region
Market Estimate          U.S. $ 
Important Target Crops and Species
Companies Which Serve These Markets

North America

(Canada, Mexico and U.S.A.)
Monitoring:

10 million

Control:

21 million

Total:             31 million
Monitoring: Medfly, Boll Weevil, Gypsy Moth, Fruit Pests.

Control: Codling and other fruit tree moths, Pink Bollworm, Bark Beetles, Tomato Pinworm, Houseflies.
Consep Inc, 

Pacific Biocontrol Inc, Scentry Inc, Certis Inc, Troy Biosciences Inc, Trécé Inc, Hercon Environmental Inc, Phero Tech Inc, 

Insects Limited Inc.

Europe,

North Africa, Middle East,
Monitoring:

10 million

Control: 

17 million

Total:             27 million
Monitoring: Pink

Bollworm and other cotton pests, Vine, Top Fruit and Stored Product Pests

Control: Pink Bollworm, Grape Pests, Fruit Tree Moth Pests, Bark Beetles, Houseflies
Agrisense BCS Ltd, BASF AG, Cyanamid Agrar GmbH, Isagro SpA, IPS Ltd, Oecos, Russell Environmental Products, Trifolio-M GmbH.

Far East and the Rest of the World

(S. America, S. Africa, Australia and N.Z.)
Monitoring: 7million

Control:          13 million

Total:              20 million


Monitoring: Fruit Flies, Cotton Pests, Vegetable and Top-Fruit pests, Plantation pests.

Control: Fruit Flies, Top Fruit especially Codling Moth, Cotton Pests, Tea Pests, Houseflies
Shin-Etsu Chemical Co. Ltd , 

Chem Tica Internacional S.A., and many of the companies mentioned in the two regions above.

Table 3. Estimates for the sales of monitoring products based on semiochemicals at the manufacturer level in the UK

Market Sector
Pest being monitored
Market value (£ sterling)

Forestry
Bark beetle (quarantine)

Bark beetle (non quarantine)

Moths
5,000

3,000

3,000

Total: £11,000

Top Fruit
Codling Moth

Other top fruit
7,000

5,000

Total:  £12,000

Field Crops
Horticulture e.g. Pea moth

Other e.g. Cutworms

Carrot fly and cabbage root fly
15,000

2,000

10,000

Total: £27,000

Protected Cropping


Yellow sticky traps for aphids and white fly

Blue sticky traps for thrips
30,000

10,000

Total:  £40,000

Stored products
Grain beetles

Stored product moth

Flour beetles
20,000

30,000

8,000

Total:  £58,000

Public Health
Cockroaches

Others
80,000

20,000

Total: £100,000



Grand Total: £248,000

Table 4. Active Ingredients which may be in Minimum Risk Pesticide products exempted under section 25(b) of FIFRA in the USA

32. Castor Oil (U.S.P. or equivalent)

33. Cedar Oil

34. Cinnamon* and Cinnamon Oil*

35. Citric Acid*

36. Citronella and Citronella Oil

37. Cloves* and Clove Oil*

38. Corn Gluten Meal*

39. Corn Oil*

40. Cottonseed Oil*

41. Dried Blood

42. Eugenol

43. Garlic* and Garlic Oil*

44. Geraniol

45. Geranium Oil

46. Lauryl Sulfate

47. Lemon grass Oil*

48. Linseed Oil

49. Malic Acid*

50. Mint* and Mint Oil*

51. Peppermint* and Peppermint Oil*

52. 2-PhenylProprionate (2-phenylethyl proprionate)

53. Potassium Sorbate

54. Putrescent Whole Egg Solids (See 180.1071)

55. Rosemary* and Rosemary Oil*

56. Sesame* (includes ground Sesame plant stalks) (See 180.1087) and Sesame Oil*

57. Sodium Chloride (common salt)*

58. Sodium Lauryl Sulfate

59. Soybean Oil

60. Thyme* and Thyme Oil*

61. White Pepper*

62. Zinc Metal Strips (consisting solely of zinc metal and impurities)

* These active ingredients are exempt for use on all food commodities from the requirement of a tolerance on all raw agricultural commodities at 40 CFR 180.1164 (d)

