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Based on the latest available pesticide usage survey, over 3 million hectares (ha) of UK cereals were treated with insecticides in 2003, with 85% of cereal fields receiving applications of pyrethroid insecticides. Autumn applications of pyrethroids are predominantly used to control aphids, the primary vectors of Barley Yellow Dwarf Virus (BYDV).  With milder winter temperatures and a trend for earlier sowing of crops, insecticide usage has increased over recent years (from c. 80% in the late 1990’s), with many crops of winter wheat now receiving more than one round of sprays. 

With seed dressings currently costing £10/ha and sprays costing £2/ha, the cheapest chemical control costs just 0.33% of the value of grain produced. As a result, growers are free to adopt a belt and braces approach, using a seed dressing containing an insecticidal component, as well as a follow up pyrethroid spray. Assuming that 13% of wheat and 3% of barley seed is dressed with an insecticidal treatment, and that 1.8 Mha of winter wheat and 0.46 Mha of winter barley in the UK are treated with a pyrethroid spray, this represents a current cost to the grower (and conversely a potential benefit from genetic improvement if this resulted in the elimination of chemical control methods), of £18.3 million per annum. The existence of resistant spring varieties in barley, and research work on wheat in other countries, supports the view that BYDV resistance/tolerance should also be available in the gene pool for wheat. However, currently, growers and their advisors have little or no information on current levels of tolerance, or resistance, in current wheat varieties.

The aims of the present study were to: a) assess the scope for using public investment in genetic research to reduce the autumn application of insecticides in the UK, by improving the use of host crop resistance to BYDV, and b) to weigh up the various costs and benefits, as well as barriers to take-up. 

A stakeholder workshop was held, which highlighted the fact that a great deal of expertise exists within the UK scientific community, much of which was applicable to the plant breeding industry. However, breeding for BYDV resistance in cereals is currently given low priority by breeders, compared to selection for yield and quality traits. The market incentives are weak, as the cost of insecticides is low relative to the yield benefits associated with their use. 

The proposed benefit of £18.3 million/annum that could be realised through genetic control could be shared between the plant breeding industry and growers, and in the longer term, with consumers. One hurdle however, is the way breeders are recompensed through Plant Breeders Rights, meaning they would only receive a small proportion of the total benefits.

Despite this, it was clear that plant breeders are supportive of research in this area, with breeders and researchers from the workshop showing considerable enthusiasm for pursuing aphid resistance as an initial, broader joint target. Strategic support for their secondary priorities, through LINK for example, may well be welcome. Traits such as disease and pest resistance in cereal crops already have a strong public good character, though the royalty system upon which the breeding sector relies for income does not stimulate sufficient private investment. Future scenarios whereby genetic solutions would be implemented include voluntary uptake because of breeding success in introducing resistance into breeders’ elite cultivars, a legislative framework change, a change in the economics of pesticide use, climate change which may be responsible for the spread of new viruses and/or their vectors into the UK, or evolution of new viruses in the future, which might threaten the industry.

The environmental costs of autumn pyrethroid usage are harder to quantify. In the UK there have been very few long term studies into the effects of insecticides on invertebrate populations, and their influence on populations of farmland birds.  Given the fact that there is currently little demand for a reduction in pyrethroid use by consumers or retailers, and that residues of pyrethroids are rarely encountered in foods, the industry sees little need to invest in this area. However, this scenario may not be sustainable in the long term. Pyrethroid insecticides are potent neurotoxins, and under BASIS, are classed as being more toxic than organophosphorus insecticides. Consumers on the other hand, currently view pyrethroids as ‘natural’ and do not consider them to be dangerous. There is always a risk that this view could change, with such compounds coming under more scrutiny in the future. Climate change, resulting in new crops, new aphid vectors and possibly new strains of the virus, mean that the threat from BYDV may increase, whilst despite this, fewer novel active ingredients are being developed by agrochemical companies. Therefore, providing underpinning research to combat the threat from BYDV should be seen as an investment, to guard against future threats to the sustainability of the cereals industry.

The consensus of the workshop was that genetic control of BYDV could be developed quite cheaply, though market failure means that there is no incentive for the private sector to make the required investment at the present time. In order to address this, a range of future scenarios are highlighted. Each of which requires a different pattern of investment in the genetic research which underpins plant breeding:

1. ‘Continued current usage’. Maintaining the status quo is the most likely option in the short term, although climate change, increasing knowledge of the envirionmental impacts of insecticides, and public perception could make chemical control less acceptable in the future;

2. ‘Preparation for a future with less dependence on aphicides’. Essentially an Integrated Pest Management (IPM) approach, for which resistant varieties would be a valuable component. A possible future driver might be a market orientated pesticide tax, which would raise the cost of pesticides to a level that better reflects the environmental costs;

3. ‘No pesticide use’. Essentially hypothetical, except where obtained through an organic approach, consumer led pressure, or a regulatory ban.

Bringing sustainability into the equation, a number of considerations are particularly relevant:

 ‘Taking a long tem perspective’ – growing information about the effects of pesticides in the environment, and increasing consumer concern for environmental damage suggest that genetic control of BYDV would be more acceptable in the long term;

‘The precautionary principle’ – The lack of full information about the biodiversity effects of pesticide use, means that the precautionary principle would lend weight to the justification for genetic control;

‘Making the polluter pay’ – Banning or taxing the use of insecticide would create incentives for growers to fund the genetic alternative. In contrast, the current situation does not require growers to pay for the damage from their use of insecticide.

The way forward is therefore seen as option 2 ‘Preparation for a future with reduced dependence on aphicides’. Supporting this principle, the study has highlighted the need for better coordination between research groups in this area, and the importance of maintaining links between the research base and the plant breeding industry, for example through the Defra Crop Improvement Networks. In view of the breeder/researcher interest at the workshop in consideration of resistance to aphids more generally, BYDV resistance per se is considered as part of an expressed interest in LINK discussion on the topic. It is possible that a separate project might be formulated with respect to organic cereal production.
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1. Purpose and scope of study

Defra supports research into genetic improvement of crops, in order to improve the sustainability of agricultural production, by reducing the intensity of the use of external inputs and reducing adverse impacts on the environment. In this context, the major use of insecticides on UK cereal crops is against Barley Yellow Dwarf Virus (BYDV) vectors in winter wheat and barley. Earlier sowing of cereals has increased the risk from aphids, and many crops now receive two pyrethroid sprays in the autumn, or an imidacloprid seed treatment plus a follow up pyrethroid spray. From an environmental point of view, a reduction in the use of such pesticides through increasing the resistance of UK cereal varieties, is thought to be desirable. 

The aim of this work was to advise Defra, and to target plant genetic research work in relation to BYDV in order to reduce insecticide use against BYDV vectors in autumn-sown cereal crops. The work took the form of a review comprising a workshop involving all stakeholders (industry, researchers and environmental groups) to identify opportunities for further research, and to discuss the costs and benefits of government funded research in this area. This report summarises the outcome of the workshop, and considers the costs and benefits of pursuing a genetic-based solution to controlling BYDV in cereal crops. The implications for any research are discussed in the context of the Defra Crop Genetic Improvement Networks, and possible future LINK research projects involving industry.

2. Background

The major use of pesticides on UK crops is against BYDV vectors on winter wheat and barley. Pesticide usage surveys show that the pyrethroid insecticides account for 85% of insecticides applied to cereal crops (sum of spring and winter cereals). Moreover, the proportion of insecticides as pyrethroids applied to cereals has increased over the last 10 years (Table 1).

Table 1. Area of total insecticides and pyrethroid insecticides applied to all cereal crops, as determined in Pesticide Usage Surveys (http://www.csl.gov.uk/science/organ/pvm/puskm/pusg.cfm) for the period 1992-2002.

	Years
	
	Area treated per year (ha)
	
	Area of pyrethroids

	
	Pyrethroids
	All insecticides*
	
	as % of total

	2002-2003
	2,652,859
	3,101,065
	
	85.5

	2000-2001
	2,326,282
	2,822,233
	
	82.4

	1998-1999
	2,456,266
	3,114,702
	
	78.9

	1996-1997
	2,317,167
	2,880,104
	
	80.5

	1994-1995
	688,768
	1,940,365
	
	35.5

	1992-1993
	1,776,624
	2,702,304
	
	65.7

	
	
	
	
	



* Includes organochlorine, organophosphate, pyrethroid, carbamates and other insecticides

Usage of pyrethroids increased from 58 to 105% of the wheat area sown between 1992 and 2002 (Garthwaite et al., 2003). Thus, many crops of winter wheat now receive more than one round of insecticide sprays (it should also be noted that the average number of spray rounds for total insecticides was 1.3 for wheat). Earlier sowing has increased the risk from BYDV infection, and in addition to 77% of the wheat area receiving pyrethroid sprays, 11% also received a seed treatment (Garthwaite et al., 2003). Since much of the 23% untreated with sprays is likely to be late sown crops (which do not require an insecticide seed treatment) this implies that many crops now receive an imidacloprid seed treatment plus a follow-up pyrethroid spray.

When the individual crop species data are studied, it appears that pyrethroid insecticides accounted for 90-96% of insecticide treatments applied to winter cereals in 2002 (Table 2), somewhat higher than the 85.5% average value in Table 1. Pyrethroids applied to wheat alone, account for 73.5% of all insecticides applied to cereals in Great Britain, and these will principally be applications to autumn-sown (winter) wheat, as there is little spring wheat grown. One can assume therefore that over half the current usage of pyrethroids on cereals in the UK, is pyrethroid applied in the autumn for control of BYDV.

Table 2. Usage of pyrethroids on cereals crops in 2002, based on spray hectares (from Garthwaite et al., 2003).

	Comparison
	(%)
	

	Pyrethroids as proportion of all insectides applied to individual cereal species
	
	

	Wheat
	91.2
	

	Winter barley
	96.5
	

	Spring barley
	74.2
	

	Oats
	96.2
	

	Rye
	92.7
	

	Triticale
	100.0
	

	
	
	

	Pyrethroids applied to wheat, as a proportion of all insectides on cereals
	73.5
	

	
	
	

	Pyrethroids applied to wheat, as a proportion of total pyrethroids on cereals
	80.0
	

	
	
	


In contrast, introducing genetic resistance to BYDV and/or the aphid vectors into UK cereals offers the potential to reduce pesticide inputs, thus meeting consumers desire for reduction in pesticide usage in arable farming. Varieties differ considerably in their tolerance of BYDV infection (see section 3.5 and Table 3). The degree of tolerance is assessed for spring barleys (for which no effective insecticide is available), and published in the Recommended List (RL).  No such assessments are made for winter cereals and the potential value of tolerance has not been fully established. 

The knowledge available to us at the start of the study is outlined below. Where relevant this was challenged at the workshop, and in the subsequent analysis.
2.1. Potential benefits of reducing autumn insecticide use

A frequently used method of assessing the benefits of reducing pesticide applications is through quantifying the cost of remedial actions needed to remove pesticide residues from water supplies. However where Local Environment Risk Assessments for Pesticides (LERAPs) are used to protect water courses, the pesticides will not pass through the soil where they are rapidly degraded. Moreover, the pyrethroids are lipophilic compounds, and do not persist in the aquatic environment, despite being potent killers in water. Therefore, in strict economic terms, it is difficult to carry out a conventional cost-benefit analysis based on remediation costs.

Possible benefits accruing from the genetic control of BYDV, would be related to the removal of the following negative attributes (or costs) of current chemical control measures. These are listed below.

Biodiversity impacts

Past studies have suggested that there are few species of beneficial insects within the field in the autumn (Young et al., 2001), however, the trend towards earlier sowing may change this. A single spray in the autumn has been found to significantly affect spring and summer aphid numbers. Autumn pyrethroids are also known to significantly damage spider populations, with numbers remaining depressed until the spring, although pyrethroids also have a negative effect on other beneficial parasitoids.  Gout fly (Chlorops tumilionis) incidence has been increasing over the last three autumns. Studies for HGCA have shown that gout fly parasitoids are vulnerable to insecticides applied to control BYDV, due to application timings. There has been some concern that, with most cereal and oilseed rape crops being sprayed, a significant proportion of the arable landscape may be affected. Whilst both spring and autumn applications of insecticides are known to cause reductions in benefical invertebrate numbers, spring and summer applications are currently considered the most harmful. Some farmers and their advisors are opting for autumn sprays, in the hope that this will help to suppress the build up of spring and summer pests, in addition to targeting BYDV transmitting aphid populations. This is considered further in Section 3.1.

Build up of seed treatment chemicals in the rotation

Imidacloprid is the only seed treatment available at present, but other neonicotinoids will soon be available to growers. The main concern with imidacloprid is its persistence in the soil, having a half-life of around one year.  It is also used on most sugar beet and oilseed rape crops, so there is a chance of a build-up in the soil through the rotation. UK approval is for a dose restricted to half of that approved in France, which is somewhat below the optimum for full efficacy, requiring follow up spray treatments on early sown crops.

Benefits to growers

For the benefits to be realised, through incorporation of resistance or tolerance genes into commercial varieties, research output must be turned into useful products by companies established in the supply chain (i.e. plant breeders). Those products must be taken up by their customers (i.e. growers). Recent work has shown that the rate of return on public investment in plant breeding is high, particularly where the output of the research is applied successfully to broad acre arable crops (Caligari et al., 2002). However, for new varieties to be taken up by growers, there need to be clear economic incentives.

The possible benefits to the grower of providing a genetic solution to BYDV control are as follows:

Improved yield

The main limitation to yield from BYDV infection, is where the virus has not been controlled by current chemical treatments. Benefits from genetic resistance will thus be realised in those situations where the virus would not be controlled at present e.g. due to inability to spray or poor spray timing decisions.  Wet and windy weather often results in treatment slots being missed with consequent crop damage.  Recent wet autumns have demonstrated that it is often impossible to achieve adequate chemical control, against a background of record amounts of rainfall. Moreover, rainfall triggers aphid movement between plants and therefore the spread of the virus (Mann et al., 1995).

Introduction of genetically based resistance would remove the reliance on optimal weather conditions in order to achieve control of aphids. An otherwise equal, BYDV-resistant variety, would therefore be expected to out-yield a similar susceptible wheat, in farm practice. Typical yield responses due to BYDV control are presented in Section 3.1.


Savings in time and labour at a time of year where spraying is not a cheap or easy option

The use of improved varieties needs to be compared against the logistics of decision making for the various control options.  A grower has to decide whether to treat (spray or seed dressing) in advance of knowing how serious the problem is.  Sprays are determined by the number of aphids, and seed treatments by risk assessment prior to drilling (location, drilling date etc). 

Reduction in gout fly populations

Gout fly is becoming an increasingly serious pest of winter wheat in the UK. It has been suggested that BYDV sprays have been responsible for the resurgence of gout fly, by removing its natural predators, although poor timing of spray applications for gout fly control, due to adverse weather conditions over recent years, may also be a contributing factor.  ADAS are studying the biology of the Gout fly parasitoids as part of an ongoing HGCA project (No. 2702: ‘Development of guidelines for improved control of Gout fly’) and measuring the impact of pyrethroid sprays on levels of parasitisation.  Early result confirm that the parasitoids are active at the time when the first BYDV treatments are applied to early sown crops. This is covered further in sections 3.2. and 4.2. 

2.2. Industry position

Historical evidence demonstrates that breeders have been successful in introducing BYDV resistance, notably in spring barley. However, the cost of transferring useful sources of genetic variation from wild relatives is often beyond the scope of commercial companies, for which the long timescales and inherent riskiness involved means the investment cannot be justified (Caligari et al., 2002). Historically, such activities may have been carried out within public institutions. It is not clear whether breeders are connected with ongoing centres of research, and whether they believe there are any areas which are not receiving the necessary public funds. Even assuming that adapted germplasm is available, current commercial priorities, which focus on breeding for the RL, mean that breeding for traits such as BYDV resistance may have assumed a lower priority. While the costs of breeding can be reduced through research (e.g. through delivering a trait in an elite background), the inclusion of additional traits often slows down progress in yield and/or quality improvement (or increases the cost of breeding programmes). 

2.3. Establishing a basis for research

The scientific context to the introduction of BYDV resistance into UK cereals is well known. However, there has to date, been no attempt to synthesise the costs and benefits of such an approach together with an understanding of both the research required, and the involvement of industry, to ensure the buy-in of plant breeders. 

This study was therefore commissioned in order to bring these considerations together, in the context of collaborative research, focussed on Defra’s policies in supporting sustainable farming systems.

3. Summary and review of workshop

A stakeholder workshop was held on 23rd April 2004. The meeting was attended by both industry representatives and researchers, and all participants were prepared to share the information presented (copies of the presentations were circulated to participants including Defra, after the meeting). The list of attendees is detailed in the Annex.

The summary here includes a synopsis of the workshop. However, rather than reporting the contents of the presentations verbatim, we have drawn out the salient points, and have collated further information in order to answer various questions which were raised at the meeting.

3.1. BYDV epidemiology, control and economics (Jon Oakley)

It was pointed out that the climate change scenario predicted for 2020 (‘low 2020’) is already with us, and with a run of mild winters in recent years, insecticide use has gone up in parallel (Table 1.). The main wheat and barley growing areas of the country, now have a mean daily temperature of  greater than 4.5oC over winter.

ADAS and CSL work has shown that parasitoid numbers remain depressed in the spring following autumn pyrethroids (Oakley & Walters, 1994). There is an important question as to whether we have encouraged an explosion in gout fly populations through recent practice.

Use of seed dressings such as imidacloprid has apparently not affected pyrethroid use, and most farmers using a seed dressing are probably taking a belt and braces approach, with both product types being used (see discussion in section 2). Pyrethroids are also used extensively on oilseed rape. It could be considered that the industry is in a deteriorating position, and we may not be able to control BYDV with simply more sprays, in the future. 

It is known that there is some varietal resistance e.g. Consort will respond to a single cypermethrin spray (see also Section 3.5). However, growers knowledge of current varietal resistance ratings is poor, and in many cases non-existent. Screening varieties and disseminating this information to growers would be quick and easy, but currently is not being funded. While it could be argued that the industry (e.g. HGCA) should fund this, the reality is that growers are not under either legislative or financial pressure to reduce autumn insectide use. Thus, there is no clear financial benefit to the levy payer of funding such research at present.

Gout fly

Gout fly incidence has increased progressively for the last three autumns, spreading northwards from its traditional haunts in the South of England and East Anglia where problems have occurred fairly regularly since 1989.  High levels of infestation now occur as far North as Shropshire and Yorkshire.  Gout fly parasitoids have spread more slowly taking a year or two to reach newly infested areas and have failed to increase to the levels reported in earlier outbreaks.  Studies for the HGCA have shown that the parasitoids are active later than gout fly adults within cereal fields and may be more vulnerable to insecticides applied to control BYDV vectors.

Aphid Parasitoids

Aphid parasitoids overwinter as diapausing forms within live aphids, so that their success is linked to the presence of aphids.  Parasitoids are now understood to be more host specific than previously thought.  Work within the 3D farming project has confirmed that where aphids overwinter in, or close to, a crop, this gives an early start to parasitism, resulting in a collapse of aphid populations before they increase to above economic threshold levels (Oakley & Walters, 1994; Powell et al., 2004).  Where crops are re-colonised in the spring by aphids migrating from elsewhere, parasitoid infestations are slower to develop, and economic yield loss can occur.  The relative impact of parasitoids could be enhanced by growing varieties exhibiting a degree of aphid antibiosis, which could be selected to slow BYDV spread.  Such a benefit would be additional to that provided by allowing parasitoids to overwinter in tolerant crops, and could provide a high degree of natural control through the season, reducing the need for insecticides in the summer as well as in the autumn.

Parasitoids could also be maintained in headlands around the crop. However, headlands under LERAPs can still be sown with treated seed, so they will only provide the benefit of overwintering parasitoids if a seed dressing is not used. This potential benefit is at the cost of BYDV infection, so if the crop is sown early, or the areas is very prone to BYDV, then it would be advisable to use treated seed. Field margins may provide a potentially ‘cost-free’ way of maintaining parasitoid populations but they do not address the issue of intermediately cold winters, which allow the aphids to survive, but not the parasitoids. It is likely that the phenomenon would be associated with milder winters, with cold periods within them, but temperatures not dipping below -8oC (the LT50 for the grain aphid). However, the research work to test this hypothesis this has not been carried out. 

The amount of BYDV occurring each year

An important question was raised at the workshop regarding the extent to which information on viruses present in the environment, and their geographical spread, is, or could be, made available to growers. The amount of BYDV occuring each year is assessed within the Defra crop monitor project. 2002 showed the highest levels of BYDV since 1998 (http//:www.cropmonitor.co.uk/commercialsurvey/csbarleywb02_fin.pdf).  Importantly, nearly all the fields in these surveys will have been treated, and so the data underestimates the potential damage, which rarely gets a chance to express itself.  Some untreated plots in insecticide experiments are available in most years, and continue to confirm regular losses of around 2.5 t/ha in barley and 1 t/ha in wheat as being the norm.

The Rothamsted trap data is of limited use as the morphs of bird cherry aphid (Rhopalosiphum padi) are not separated, so that potentially valuable information on the morphs migrating to cereals are masked by the much higher numbers returning to bird cherry.  Separate live traps (as used in the 1980’s and 1990’s) would need to be run to separate the morphs (by dissecting live females in alcohol when the young show as different colours).  The Rothamsted traps catch very few grain aphids, for which modelling using winter temperatures is more useful.

3.2. Autumn insecticide use and farmland birds (John Holland) 

There are few species of beneficial insects available within the field in the autumn under traditional agriculture, although this may change with earlier sowings. However, there is little information on which to base categoric statements. Most birds switch to eating seeds in the winter, but insects are a better food source. Although there is little information on food types consumed in the autumn, beetles form a large proportion of the diet, but spiders less so. Assessment of species eaten, is determined from faecal studies, but some species do not turn up in faeces, so the picture is incomplete. 

Annual monitoring has been carried out in Sussex since the 1960’s, on 100 cereal fields (62km2). There has been a significant effect on spring and summer aphid populations from a single autumn spray. There are few similar studies of this type – field trials tend to provide very short term data and miss long term trends. It was shown that between 1970 and 2000, at the same time as there was a two-fold reduction in the population density of grey partridge, there were significant declines in populations of a number of invertebrates: Araneae & Opiliones; Chrysomelidae & Circulionidae; Symphyta & Lepidoptera larvae; and Carabidae. Insecticides have been demonstrated to significantly reduce populations of non-aphid Hemiptera, as well Symphyta & Lepidoptera whereas fungicides had much smaller effects, and herbicides no detectable effect. Both spring/summer and autumn insectides caused reductions in abundance of invertebrates, but it was generally the spring/summer treatments which were most significant.

Different species will be susceptible to different chemical products, but there is little data on the precise effects on different insect, or bird, species. More work is needed in this area, particularly long term studies of the sort described above (Aebischer, 1991; Ewald and Aebischer, 1999, 2000).

3.3. BYDV: Breeders costs and returns (Mark Temple)

In 2002 it was estimated that the value of the actual wheat royalty market in the UK from Plant Breeders Rights was £12M, which was significantly lower than the potential market of £20M if all wheat were sown to purchased seed (Caligari et al., 2002).  The 2004/5 royalty rate for farm saved seed (FSS) is £29.17 per tonne.  Royalty rates on purchased seed are about double the FSS rate.  The royalty rate for FSS winter barley is £28.29 per tonne (Anon, 2004).

In practice, breeders face a limited market and their profitability depends heavily on market share.  The cost of a wheat breeding programme is about £1.5 million per breeder per year.  In 2002 there were eight main breeders competing for the UK wheat market giving a total cost of wheat breeding similar to the revenue.  Those with a high market share make profits, while those with only a small part of the market sustain losses.

In this situation, the concern of breeders is to maximise market share.  1% of market share is worth about £120,000 to a wheat breeder.

The cash cost of a BYDV selection programme might be £2k per year for trait introduction over a 3 year period and the cost of trait spreading £10k per year.  Even if one adds on overheads etc. the cash cost to the breeding programme is not great.  The important effect is that there is an efficiency drag on breeding.  Effective selection is difficult to achieve on more than 4 or 5 characters simultaneuosly.  This means that the cash expenditure on introducing BYDV resistance to wheat might be small, but the cost in terms of other advances in desirable agronomic features foregone (the opportunity cost) would be considerable.

Because the cost of aphicide to prevent BYDV spread is so low, a variety which slightly outperforms a BYDV resistant variety for yield and quality will succeed in the market place to achieve for the breeder the market share essential to their profitability. The arguments are similar for winter barley breeding.

Therefore, the situation does not provide sufficient incentive for the private sector to invest in production of BYDV resistant winter wheat and barley varieties.

3.4. The breeding industry perspective  (Simon Phillips and Bill Hollins)

Barley

Breeders have a simple straightforward commercial view. It is possible to record yield losses from BYDV infection of up to 50% in winter barley and up to 30% in spring barley. In breeders trials it is easy to record and easy to do something about.  Seed treatments are not available in spring barley, and sprays are less effective due to primary aphid migration, so there is a clearer economic incentive to breed for BYDV resistance in spring barleys.

In theory, it is easy to introduce YD2 resistance in barley, but breeders worry about whether there are shifts in vectors/viruses and whether resistance would break down. The BYDV resistant variety Vixen (1980’s) was released in low BYDV years and had poor agronomic features, therefore was outclassed. Other varieties have included Naturel (in France, 2001) and Franklin (in Australia). These are later maturing varieties and there may be a link between this trait and BYDV resistance.

While sprays are cheap and easy to use, there is not much incentive to pursue this trait in winter cereals. However, with spring barley, BYV resistance is a high priority, as there are no insecticides approved. Multigenic tolerance is now widespread in spring barley, but is not as useful in high pressure situations. BYDV-PAV and MAV isolates are linked to YD2 resistance, but the literature is conflicting. With winter barley, there has been less of a swing to very early drilling (as with winter wheat), and winter barley is a lower-input, lower-output crop, compared to winter wheat.

Wheat

Breeders consider yield, biscuit/bread quality, lodging, and then yellow rust, eyespot, septoria, mildew resistance as the priority traits. Next, minor traits are considered such as BYDV resistance. Nevertheless, BYDV resistance as a trait was considered in the late 1990’s, when the context was that ‘GM’ was still an acceptable technology. However, although the benefits appear to be small given the cheap cost of pyrethroid sprays, there is also the  market share issue noted above (section 3.3.).

A low estimate of breeding costs would be of £30-40k/year, and a gain of 1% market share only gives a benefit of c. £100k/yr in royalties. The insurance cost to the grower of applying a spray may be only £0.40/ha. Therefore in the current economic climate, selection for BYDV resistance is unlikely to receive high priority. This was stated as an example of the failure of a market-driven approach to breeding.

A typical breeding programme might cost £1.5M/year. These costs assume that resistance can be introduced from a hexaploid, adapted background. Even if successful, there will be some drag on the efficiency of overall varietal improvement, and intellectual diversion. There is also a final question over durability of the trait – will it last ?

3.5. Resistance and tolerance to aphids (John Pickett & Ruth Gordon-Weekes)

Current tolerance to BYDV in spring barleys is due to resistance to aphids. The principal potential source of antixenoxis against cereal aphids identified is in the hydroxamic acid DIMBOA (2,4-dihydroxy-7-methoxy-1,4-benzoxanin-3-one) and its demethoxylated analogue DIBOA (Thackray et al., 1990).  Whilst levels of DIMBOA so far achieved slow aphid reproduction, rather than stop infestations (Nicol et al., 1992; Ni & Quisenberry 2000), this is seen as having a useful role in allowing predators to overcome developing aphids (Nicol & Wratten, 1997) and in slowing the spread of BYDV (Givovich & Niemeyer, 1991).

Considerable progress has been made in identifying the genetic control of DIMBOA by cytochrome P450 genes (Nomura et al., 2002) and in understanding the mode of action against aphids (Figeueroa et al., 1999).  DIBOA which occurs mainly in the roots, is also is also effective in suppressing various other pests, diseases and weeds (Niemeyer & Perrez, 1993) and in particular take-all (Wilks et al., 1999). 

There is an ongoing programme of work at Rothamsted Research, some of which is underpinning the basic genetic control of these genes, and some which is screening current wheat varieties for resistance, which could have commercial relevance in the short-medium term (Table 3).

Table 3. Nymph production (%) on wheat varieties, compared against Rialto (100%) over 24h in a choice test against Rialto.

	Variety code
	(%)
	Variety code
	(%)

	Rialto
	100.0
	J
	88.5

	C
	68.6
	K
	105.1

	D
	71.4
	L
	105.8

	E
	79.3
	M
	111.0

	F
	79.7
	N
	112.0

	G
	81.1
	O
	124.9

	H
	85.3
	P
	126.8

	I
	86.7
	Q
	132.0

	
	
	
	


There are a number of aspects to the Rothamsted work – (i) Variation within varieties e.g. DIMBOA, a feeding deterrent and toxic antibiotic; (ii) Polygodiol (extracted from Polygonum sp by Botanix) a ‘natural’ insecticide being trialled for glasshouse work at present, but with a stability of c. 2wks, and (iii) antifeedants e.g. chemicals such as cis-jasmonate. Plants also produce volatile compounds such as 2-tridecanone, which is a component of lemon balm. Most work has been done in glasshouse and polytunnels.

More is being understood now of the pathways converting DIBOA to DIMBOA. A gene based approach is being developed to look for resistance, rather then simply screening for hydroxamic acids. In time, this is expected to yield valuable information for plant breeders, but genetic screening tools are not available in the short term.

Cis jasmonate encourages the plant to think it is being attacked, and is more effective then jasmonic acid which is phytotoxic. However, the rate of progress with natural plant derived elicitors is currently under debate by the Advisory Committee on Pesticides. In the long term, whether this route will be more acceptable to consumers than a purely genetic based approach is debatable.

3.6. Modelling and decision support systems (Keith Walters, Phil Northing)
A simulation model following the development of aphid infestations and the spread of BYDV has been developed under two Defra funded projects, ‘Evaluation of research into BYDV epidemiology and optimisation of its application on commercial farms’ (AR0308), and ‘Upgrading of a BYDV Decision Support System for Application to Commercial Farms’ (AR0315).  The model could provide a valuable resource for investigation of  the value of antibiosis and antexinosis against cereal aphids in slowing the spread of BYDV.  If developed into a Decision Support System (DSS) mode, it could be easily modified to provide advice on the impact of such partial resistance, and facilitate its uptake by the industry.

Introduction of new crop species into the UK and possible effects on aphid ecology

A question was raised at the workshop regarding other changes in the rotation which may provide new reservoirs of aphids and/or viruses as a green bridge. Once such crop is maize (Zea mays) which provides the principal reservoir of BYDV in France. The area in England of maize (which is virtually all grown for cattle fodder) rose sharply in the early 1990s but stabilised thereafter (Table 4).

Table 4. Maize Area in Hectares in England.

	Year
	1990
	1995
	2000
	2001
	2002
	2003

	Maize area
	33,264
	100,431
	97,623
	119,557
	111,332
	108,422




Although the maize area rose, it still represents only 5.9% of the wheat area or 4.1% of the total cereal area.  The main green bridges on which the BYDV virus survives are ryegrasses.  The maize area is 17.3% of the temporary grassland (which is almost entirely perennial or Italian ryegrass) and 3.9% of the permanent grass area, much of which is composed of ryegrass.

Huggett et al. (1999) showed that the aphid Rhopalosiphum maidis was likely to become a major pest of Miscanthus (Miscanthus sinensis) within Europe. A perennial crop like Miscanthus can provide an important intermediate host  for R. maidis, and could provide a substantial reservoir for the virus transmitted by this virus if the area sown to this crop increased markedly.

3.7. BYDV virus resistance (Margaret Boulton)

Historically, the only variety to show true varietal resistance to BYDV was the spring barley variety cv Vixen, but this was short lived in commercial practice. Resistance is available in the Yd2 gene for barley and in crosses between wheat and Thinopyrum ponticum and T. intermedium (Chen et al., 1997).  Yd2 is closely linked to poor cold tolerance, mapping close to the centromere on the long arm of barley chromosone 3 (Collins et al., 1996) and thus has proved difficult to incorporate into winter barleys.  Molecular markers for the Yd2 gene in spring and winter barleys have now been described, which would facilitate further efforts in the UK (Ford et al., 1998; Holloway & Heath, 1992).  The Yd2 gene is known to confer resistance to the Mexican PAV and MAV strain of the virus, but not the RPV strain (Ranierie et al., 1993), which has now been separated as a different virus.   PAV and MAV strains are much more frequent in the UK than the RPV strain, which is mainly associated with cases of green bridge transfer from ploughed-down vegetation.  Typing against UK strains to confirm the spectrum of resistance here does not appear to have been done.

At the John Innes Centre, resistance to virus coat factors is being studied, as well as work on virus transmission, all of which is appropriate for wheat and barley. Ongoing work includes wheat  mosaic virus (WMV) and maize streak virus. WMV is phloem limited and so is a similar model to BYDV (a phloem limited luteovirus). It is now possible to introduce the virus into the plant without the vector, using the genome cloned into agrobacterium. It is possible to look at the effect of virus replication without the vector.

Enzyme Linked Immunosorbant Assay (ELISA) or nucleic acid hybridisation can be used to quantify the amount of virus, and an understanding of the cell biology allows the understanding of biological resistance mechanisms. This gives fundamental knowledge from which breeders can begin to pyramid traits.

Work with WMV has demonstrated 3:1 segregation for resistance using an Igri x Triumph cross, indicating a dominant resistance gene, and raising the possibility of marker assisted selection. All of these research approaches could be replicated with BYDV.

3.8. Screening for BYDV resistance (Jim McVittie and Rosemary Bayles)

NIAB have carried out assessments of resistance in barley based on inoculated experiments in the 1960’s and 1970’s. These usually employed natural inoculation and early sowings, to increase the chances of infection. Observations have only been made in variety trials occasionally, and BYDV resistance is only recorded at National List level in spring barley, if breeders ask for it. Some stakeholders believe that current screens for BYDV resistance in spring barley are satisfactory, being cheap and easy to carry out. However, it has been pointed out that the information gathered is fairly simplistic and probably relates to tolerance in the field, rather than true resistance. Given that a new source of resistance has recently been found in barley (see 3.9 below), there is probably more that can be done in terms of improving germplasm screens.

The Recommended List (RL) focuses on a key number of traits and is operated by Crop Evaluations Ltd. There is limited resource to look at all other traits and possibilities and the RL is funded through the Home Grown Cereals Authority (HGCA) levy. The future strategy  is to produce ‘what the market wants’. This will include an increasing emphasis on producing for the export market.

It is also anticipated that in the future there will be more volatility in cropping plans, with a need for ‘greener’ varieties (more disease resistance, better lodging resistance, need for fewer insecticide sprays). This will be driven mainly by loss of resistance (e.g. loss of current fungicide activities), and (possibly) loss of the use of  agrochemicals such as chlormequat to control lodging. However, the pressure on insecticides is lower in the growers mind. The question is ‘what are the drivers’ ; Are there any data on residues of pyrethroids in food, or in water-courses which are likely to mean that growers will come under consumer or retailer pressure, to reduce pyrethroid use ?

3.9 Other research activities not covered at the workshop

Wheat

The International Maize and Wheat Improvement Centre (CIMMYT) has historically carried out extensive research on tolerance and resistance to BYDV in wheat. Tolerance is relatively common, and much of the tolerance of CIMMYT wheats originates in the variety Anza. In contrast sources of resistance are much rarer (M van Gingkel, pers comm). The resistance gene from the grass Thinopyrum, was moved into common wheat through tissue culture methods at CIMMYT. Alternative routes do exist, for example, resistance was transferred cytogenetically into Chinese wheat (e.g. variety New Long Mai 19). Workers at CIMMYT have carried out extensive work introducing both tolerance and resistance, and also combinations of these traits in wheat. However, at present, CIMMYT has no active research group, following the departure of the group leader. CIMMYT are eager to re-initiate this work, which has significance for a number of developing countries in South America and Africa.

Barley

Currently, BYDV is not a focus of the barley network in the UK. Marker and conventional phenotypic selection for Ryd2 is carried out in some regions e.g. Australia, and is believed to be effective, although the gene is in a region of low recombination on chromosome 3H. Recently, a new resistance gene for BYDV has been reported, derived from an Ethiopean landrace. However, there appears to be some confusion over the source of other resistance genes which are also reported to come from this landrace (W Thomas, pers comm). The chromosome region in which the gene is thought to be located is also implicated in physiological spotting, and could represent a generalized resistance cluster, or a generalized response mechanism. Although interesting (as it potentially offers a new source of resistance compared to Ryd2), it also appears to be located in a region of restricted combination. Therefore, its incorporation into UK germplasm will require a significant research effort, in order to determine whether there is a linkage block, or a pleiotropic locus. This is not a task that the industry can carry out alone.

3.10. Workshop summary

It was clear from the participants and the high quality of presentations, that within the research base, the UK has a strong portfolio of research covering  both virus and aphid modelling, genetic and biochemical control of key traits, and both field-based and modelling disciplines. However, the groups are in the main, working independently, and there is often little co-ordination between them. This is particularly the case with the work on virus strains at JIC. Although not quantified, it is likely that the bulk of the research is funded through core strategic grants to BBSRC institutes and it is fortuitous that research is taking place, which will ultimately have practical application. As has been discussed elsewhere (Caligari et al., 2002) there would appear to be little co-ordination in research strategy between different government funders.

Despite the financial pressures on plant breeders and current commitments to collaborative research projects, there was a strong interest in the initiation of joint discussions on LINK, as a possible replacement to commitments by breeders in projects with one or more years to run.

Given the high potential return on public investment in this area, and the evidence of market failures, one can make the case for government funding in this area. However, there remains a need to discuss the relative costs and benefits associated with a genetic solution to providing BYDV resistance, because there will only be a return on that public investment if the private plant breeding industry have sufficient incentive to include selection for this trait in their breeding programmes.

4. Analysis of the potential benefits and costs

The following section considers in turn, the private benefits from BYDV control, the hidden private costs of BYDV control, and the public costs of pesticide usage.

Clearly the total potential returns to breeders have to be based on the value of the current benefits arising from control using pesticides. The value of these private benefits are presented in section 4.1.

4.1. Private benefits

Benefits to farmers of genetic control – yield increase compared to using chemical plus the cost of chemical control foregone

Z = W+X

Where Z = Financial benefit to farmer £/ha.

           W = Average yield increase £/ha.

            X = Cost of chemical control £/ha.

Yield increase

Average value of yield increase = (A/100) x (B/100) x C x D.

Where: 

A = Proportion of cereal area needing chemical treatment and not sprayed or adequately treated in a problem year - %.

B = Probability of a problem year – %.

C = Yield loss (without genetic control) when not chemically treated – t/ha.

D = Price of cereals - £/tonne

In simple terms, problem years are ones with wet autumns preventing spraying, but in practice the situation is more complicated with early harvests, early drilling and high temperatures all aggravating the problem in addition to the weather at aphicide spraying time.

Assumptions

Proportion of area not sprayed in wet year – say 30%.

Probability of wet year = 30%

Yield loss when not sprayed = range of 0 - 9 tonnes/ha. - say average of 0.94 t/ha.

Price of cereals = range £60 - 95/ tonne – say average of £75.

Yield increase is on average worth £6.33/ha.

Cost of Chemical Treatment Avoided

Seed Dressing

Additional cost of aphicide seed dressing: £10/ha (Nigel Simpson, ADAS, personal communication).

Sprays

Cypermethrin, £1.00/ha.

Deltamethrin, £2.50 – 3.00/ha.

(Source: J. Nix 2003)

Benefit of genetic control through saved pesticide costs
Seed dressing plus one spray 
= £12/ha.

One spray                                 
= £2/ha

Two sprays                            

= £4/ha.

Note: Assumes application costs are negligible because aphicides are applied as a seed dressing or as spray with a herbicide application which is required whether or not aphicide is applied.

Table 5.  Average Annual Savings £/ha. for Cereal Farmers From BYDV Genetic Control – Total of Yield Increase and Chemical Treatment Saved.
	Chemical Control Regime
	Chem. Cost
(X)
	Yield Effect Value (W)
	Total Benefit
(Z)

	
	£/ha.
	£/ha.
	£/ha.

	Seed dressing plus one spray
	12.00
	-
	12.00

	One spray
	2.00
	6.33
	8.33

	Two sprays
	4.00
	6.33
	8.33

	
	
	
	


Assuming that  77% of winter wheat and barley crops are sprayed and 12.6% of wheat and 2.72% of barley is seed dressed, then on 1,837,000 hectares of winter wheat and 455,667 hectares of winter barley in the UK in 2003, the benefit of genetic control of BYDV would be £18.3 million per year with the price of cereals at £75/tonne.  This sum could be shared between the plant breeding industry and farmers if there was effective genetic control of BYDV (but in the longer term also with consumers).  However, due to the way breeders are recompensed through Plant Breeders Rights, they would receive only a tiny proportion of the total benefit.  In the above, it has been assumed that the potential benefit to plant breeders from investing in genetic control of BYDV in oats and rye is so small that this eventuality, and hence these crops, can be ignored. With climate change the benefits of genetic control of BYDV will increase.
4.2. Hidden private costs

In addition to the public costs of aphicide use (for example harmful consequences for others, due to damage to the environment), there can also be private costs which growers ignore in their decision making because they are hidden.

An example of a hidden private cost is the loss of parasitoids (see section 3.1. above).  These are naturally occuring parasites of aphids, which are spread by wasps.  Spraying with insecticides in the autumn reduces the carry over of parasitoids to the following growing season, and subsequently increases the aphid population, and the  control costs in the summer.  If the summer aphicide application requires an additional pass with a sprayer, its cost will be much higher than the cost of the aphicide.  However, although the effect is established, it is not reliably quantified, and hence few growers factor it into their autumn BYDV decisions.  Hidden private costs of this sort make chemical control of BYDV seem lower than they really are, and weaken the incentive to use genetically resistant varieties.

4.3. Public costs

Incidences of water pollution by cypermethrin in Great Britain are nearly always attributed to the use of the chemical in sheep dip rather than the spraying of arable crops (Anon, 2000). Incidents of the illegal use in Wales of arable cypermethrin for sheep-dipping are examples of pollution due to non-arable farming operations. 

ADAS is intensively monitoring a small headwater catchment in Northumberland called Whittle Dene.  The catchment is about 3.5 square kilometres in size, and is cropped with oilseed rape, wheat and grassland on which sheep graze.  Initial results show that there are occasional isolated detections of cypermethrin in a drain and in the ditch.  The possibility of the source being pour-on treatments of sheep cannot yet be excluded but the timing of the detection in late December and early April could be attributable to arable spraying.  Because of the soil structure (a layer of clay under permeable top soil) there is considerable shallow through-flow.  It is possible that the cypermethrin detected is carried in sediment to which it binds strongly (Jonathan Hillman ADAS, pers comm). 

Cypermethrin is not one of the agricultural pollutants which is commonly monitored in water.  The Environmental Quality Standard of 0.1 mico-grams per litre is set to protect aquatic ecology rather than human health in drinking water.  As far as the project team is aware, no water companies have to take measures to reduce the concentration of cypermethrin in drinking water. Thus, there are currently no clear public benefits from reducing pyrethroid use, which would therefore justify public funding, for a genetic improvement programme to correct the market failures referred to above in Section 3.4.

4.4. Costs of screening

If government and/or industry wanted to promote varieties with improved BYDV resistance, then extra resource would be required within the variety testing system in order to carry out independent screening of varieties. The running of two field screens for aphid and BYDV tolerance per year has been estimated at a maximum of £25k/annum.  The basic cost of running a glasshouse screen will be similar, as the main time inputs would be in assessing aphid numbers and scoring BYDV symptoms. Any savings on doing this on a pot scale, rather than a plot one, being offset by the need to maintain aphid cultures with which to infest the plants. 

However, correcting information failures in this way can be challenged: Given that growers currently opt for a ‘belt and braces’ approach (seed dressing plus follow-up spray when pyrethroid costs are low), growers and their advisors would need convincing evidence that there was a high level of resistance or tolerance, which could be relied upon without the added security of the follow-up spray. However, varietal resistance should be more durable than a seed dressing, and would not diminish within a season, as would a chemical, whose persistence declines.

5. Synthesis of current industry position

Investment in genetic research

The aim at the outset of this review was to assess the justification for Defra to fund public research in this area. The potential benefits to the environment have been stated, through reduction in the number of pesticide sprays in the autumn, which can therefore help Defra meet its objectives in supporting more sustainable farming systems. However, before investment in a research programme can be justified, the challenge needs to be spelled out. The following section summarises underlines some of the key points.

With a low cost of chemical treatment (i.e. if pyrethroids remain cheap), and perceived low environmental impact, alternative solutions may not be taken up by the industry. Moreover it can be argued that for the grower, the application costs of the insecticide are low because it is usually applied with a herbicide, and a seed treatment is applied at drilling. Therefore a genetic improvement approach has to compete against a series of low impact, and low cost logistical issues.

The benefits of using a genetic approach to BYDV resistance (and so, to reducing autumn insecticide use) include benefits to both the environment, and to the grower.  Part of the problem in deciding on research priorities is that the situation facing us today, may not be the same as the one which faces us in 10 or 20 years time. We therefore need to consider the forces for change which may influence the practicalities of BYDV control in the future, such as climate change and the future availability of new pesticides.

Climate change

Figure 1 shows pyrethroid usage and mean winter temperature (England and Wales; met office) in the year of treatment and during the previous winter.  The main effect was in 1988/89, 1989/90 when mild winters resulted in widespread BYDV. Since that time, spray treatment has been routine for all earlier sown crops.  The usage is reduced in wet autumns when sowing is delayed, rather than during, or after, a colder winter. The autumn period from September to November affects the earliness of drilling and the ease of spraying for aphids. 

The average autumn (Sep – Nov) rainfall in England and Wales is 260 millimetres (standard deviation of 69.1 millimetres).  Table 6 shows the number of years when rainfall exceeded the average plus one standard deviation and the average plus half a standard deviation. There is little suggestion in the table that wet autumns are becoming more frequent.  Farms typically have labour and machinery resources to complete timely operations in most, but not all years.  

New threats from aphids

There is also the possibility of new vectors and virus strains arriving in the UK (for list of vectors and viruses see Miller et al., 2002). Two other species of aphid, carrying different strains of BYDV, the green bug (Schizaphis graminum) and the Russian wheat aphid, already occur in Europe and are spreading towards us (R Harrington, pers comm). The Rothamsted Insect Survey trap at Silwood park near Ascot has been catching increasing numbers of these species, although it is not yet reported in weekly bulletins. Spread across Europe is monitored by the EU funded EXAMINE network of suction traps covering 19 countries (http://www.rothamsted.bbsrc.ac.uk/examine/).

Figure 1 Percentage of area treated with pyrethroid sprays in relation to mean temperatures during current and previous winters.
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Table 6. Number of years when autumn rainfall was high.
	
	1964-1973
	1974-1983
	1984-1993
	1994-2003

	Years of autumn rainfall > 294 mm (average plus half S.D.)


	
3
	
4
	
3
	
3

	Years of autumn rainfall > 329 mm (average plus S.D.)


	
1
	
3
	
1
	
2


New insecticides

The low cost of current treatment options with cheap pyrethroids imported from China generally inhibits new developments in this area.  No new pyrethroids have been introduced for some time and none are under development.  Attention has focused on the neonicotinoid family, which has some systemic activity when used as a seed treatment.  Imidacloprid was the first of these products introduced as ‘Secur’.  Concerns over wildlife risks from accumulation in soil have restricted the dose that can be applied to crops in the UK to half of that used in France.  At the lower rate effective persistence is restricted to about six weeks, so that follow-up sprays are still advised on the product label for the early sown crops on which seed treatments are used.  Secur is now used on 11% of UK crops and this success has encouraged Bayer to develop clothianidin as a replacement and Syngenta, thiomethoxam, as a competitor.  Lower application rates are also being used in the UK for these products, which result in advice for follow-up sprays.

Despite the fact that it has been difficult to quantify the costs associated with any adverse effects of autumn pyrethroid use, it should be pointed out that pyrethroid insectides are potent neurotoxins, and under BASIS, are classed as being more toxic than organophosphorus insecticides. Simply because consumers today do not consider pyrethroids to be dangerous (and perhaps consider them to be ‘natural’), there is always a risk that these compounds will come under more scrutiny in the future, and they may eventually become unavailable to the industry. If there are likely to be few replacements for pyrethroids in the future, then the UK needs to be prepared for such a scenario.

6. Conclusions


The consensus is that genetic control of BYDV could be developed quite cheaply, but market failure means there is no incentive to the private sector to make the required investment at the present time.  The next section looks at a range of options for dealing with this situation. We have also summarised the sustainability considerations which Defra will want to have regard to, in selecting the appropriate option for public policy.

Options

	Option
	Title
	Discussion

	1
	Continued current usage
	An option which is quite likely in the short term: Climate change and increasing knowledge of the environmental impacts of insecticide could make chemical control less acceptable in the longer term.



	2
	Prepare
	Preparation for a future with reduced dependence on aphicides, with the development of effective genetic control of BYDV.  Essentially an integrated pest management (IPM) approach for which resistant varieties would be a valuable component. A possible future driver might be a market orientated pesticide tax, which would raise the cost of pesticides to a level that better reflects the environmental costs (see below). Activities would comprise fundamental stock taking research on the variability of existing wheat and barley genetic material, and the basic virology etc, but would not try to develop commercial varieties. The purpose of the preparation would be to reduce the lead-time involved in developing commercial varieties, should that become necessary in the future. It is very unlikely that the private sector would contribute (even in-kind) to activities envisaged under this option, although WIGN are supportive of, and need to be kept informed of, research in this area.

	3
	No aphicides
	Essentially hypothetical, except where obtained through an organic, consumer-led market pressure, or a regulatory ban. Banning the use of insecticides would have the effect of transforming the demand for genetic control of BYDV.  Instead of a benefit to genetic control based on the cost of £1 – 27/hectare for chemical treatment (and a yield penalty where that is not effective), the benefit of genetic control becomes the yield loss experienced in the absence of chemical control.  This would be £60- 150/hectare.  Banning the use of an input has an effect on the economic competitiveness of the industry so a ban is more acceptable if it is international (e.g. by EU Directive).  However, this scenario could also render UK production uneconomic.




Pesticide taxation

Another approach to correcting market failure is a pesticide tax, as suggested under option 2, rather than a ban.  This is preferable to an outright ban because it is more market orientated and permits the continued use of cypermethrin for those purposes where it has a particularly high value - for example on high value crops.  The knowledge of the environmental effects is not yet available, on which to base the tax at the level equating the cost of the pesticide, to the true marginal social cost.  However, enough is known about the production economics of cereals to state the tax range at which genetic control would become of real interest to growers.  At present, with seed dressing costing £10/ha, growers would prefer a genetic solution, although the benefits of one approach over the other (i.e. seed dressing vs genetic solution) to the grower would be marginal.  With spray costing £2 per hectare, the cheapest chemical control costs just 0.33% of the value of the grain produced (assuming feed wheat at 8 t/ha and 75 £/tonne).  A reasonable judgement seems to be that growers would become interested in genetic control at cost range for chemical treatment of £20 - 40/hectare which is equivalent to 3 - 7 % of the value of the grain.  This implies a tax regime of 10 to 20 times the chemical cost of the spray or 2 to 4 times the cost of the seed dressing. 

Opportunities for further research

With the portfolio of research which exists at the moment in the UK, we are clearly in the ‘Option 2’ scenario. Breeders and other industry representatives (e.g. crop consultants) are supportive of the fact that this underpinning research is taking place, which would provide a basis for reducing the lead time in dealing with problems (e.g. new viruses, new vectors) at some point in the future. Clearly the Wheat Genetic Improvement Network is a key forum through which researchers can keep in touch with breeders, and vice versa. It is recommended that the stakeholders build on the keen interest shown at the workshop to develop broad based proposal(s) to LINK, covering aphid resistance/tolerance, which would give both (a) short term benefits to growers in terms of improved varietal choice with current genotypes, and (b) benefits to breeders and in the longer term to growers, through identification of novel sources of resistance and their introduction into elite germplasm. Possibly a separate proposal could assess current levels of varietal resistance/tolerances of wheat, in the context of organic production systems.

Sustainability considerations

	Principles
	Comment

	1. Putting people at the centre
	The public place concern over pesticide residues and environmental concerns second and third in a list of 6 risks associated with food.



	2. Taking a long term perspective
	Growing information about the effects of pesticides in the environment, and increasing consumer concern for environmental damage suggest that genetic control of BYDV would be more acceptable in the long term.



	3. Taking account of Costs and Benefits
	The cost of establishing and maintaining genetic control of BYDV would be modest compared against chemical treatment, but provision of incentives for the private sector is a problem because of market failure.



	4. Creating an open and supportive economic system


	An open economic system requires fair competition and implies that an insecticide ban should be international.

	5. Combating poverty and social exclusion


	Impact of BYDV and its control on food costs etc. is minimal.

	6. Respecting Environmental Limits
	Genetic control of BYDV respects the limits of the environment by reducing damage.



	7. The precautionary principle
	The lack of full information about the biodiversity effects of pesticide use means that the precautionary principle would lend weight to the justification for genetic control.



	8. Using Scientific knowledge
	Either approach requires scientific knowledge, but the genetic route will require good knowledge of changes in the aphid and virus challenge to crops.  Genetic control is consistent with developing knowledge about the environment. 



	9. Transparency, information, participation and access to justice
	There is considerable information and data about the harmful consequences of insecticide use which most of the public are not aware of.  Greater transparency would tend to make genetic control more favoured by the public – rather than chemical control.



	10. Making the polluter pay
	Banning the use of insecticide would create incentives for growers to fund the genetic alternative.  In contrast, the current situation does not require growers to pay for the damage from their use of insecticide. However, increasing the costs of production in this way may dictate that production becomes uneconomic.
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4. Mr Michael Fletcher, Advanta Seeds UK Ltd, Docking, Kings Lynn, Norfolk

5. Dr Ruth Gordon-Weeks, Rothamsted Research, Harpenden, Herts

6. Dr Mike Griffin, ADAS Boxworth, Boxworth, Cambs

7. Mr John Holland, The Game Conservancy Trust, Fordingbridge, Hampshire
8. Mr Bill Hollins, Monsanto UK Ltd, Cambridge

9. Mr Allan Locke, Independent agronomist, Milton Keynes, Bedfordshire

10. Dr Jim McVittie, Crop Evaluation Ltd, London
11. Dr Phil Northing, Central Science Laboratory, York

12. Mr Jon Oakley, ADAS Rosemaund, Preston Wynne, Hereford
13. Prof John Pickett, Rothamsted Research, Harpenden, Herts

14. Mr Simon Phillips, New Farm Crops, Syngenta Seeds, Market Stainton

15. Mr Mark Temple, ADAS Woodthorne, Wergs Road, Wolverhampton 
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17. Dr Keith Walters, Central Science Laboratory, York
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