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Executive Summary 

Plant breeding is a powerful tool for changing crops, and hence acting as a force on the rural environment.  Genetic improvement of crops has been vital over the past 50 years in supporting governments’ objectives for self-sufficiency in food supply, and for cheap food.  For major crops like wheat, it has been demonstrated experimentally that at least half the improvements have been genetic, and this was mainly funded by government.

DEFRA (and formerly MAFF) supports crop genetic improvement research to improve the sustainability of agricultural production by reducing the intensity of the use of external inputs and reducing adverse impacts on the environment whilst maintaining profitability.  R&D, which can reasonably be expected to yield results of direct financial benefit to industry, is left to the private sector, including the levy bodies.  The study undertaken here is intended to inform the future development of DEFRA’s research strategy.

DEFRA’s rationale for investing in crop genetic improvement research is based on market failure, whereby the market fails to provide the private sector with the incentives to support the quality, mix and delivery of scientific research that provides the mechanisms by which DEFRA’s objectives can be delivered.  This study was commissioned to analyse current arrangements for public research investments, to determine whether they are meeting government objectives and to make recommendations.

The Terms of Reference were:

1.
Set out the spectrum of UK public sector investment activities in crop genetic improvement research.

2.
Compare the scope and nature of public investment in the UK with that of at least two selected major crop producing economies.

3.
Analyse how the output of UK public sector research is being taken up by the crop breeding industry to further UK government objectives and how this may develop in the future.

4.
Examine the uptake of public research by the UK crop breeding industry in comparison with the corresponding uptake within the two selected EU states.

5.
Consider to what extent UK public research programmes are subject to market failure.

6.
Address the question: In relation to government aims, what difference does this public investment make to the UK agricultural industry and environment (illustrated by specific examples or through case studies) and what differences might it make in the future?

7.
If the study concludes that there is a case for further public funding, provide guidance on the rationale for further R&D.  This will consider the full spectrum of funding mechanisms, including LINK.

The following sections outline the conclusions and recommendations of the analysis team, contained in the main report, with reference to each of the Terms of Reference.

The spectrum of public sector investment activities

There is a large disparity between the level of funding of basic research, and of research that connects with improvement of commercial crops.  In the financial year 2001/02 UK government spent £42.5M on plant genetic research. Of this £26.5M was on model species, such as Arabidopsis, and £16M was on named UK crops. 

Of the research on named crops, £11.2M was basic strategic research, meeting the government’s objectives in supporting world-class science (of which £6.8M was funded through BBSRC, £2.9M through SEERAD and £1.5M through DEFRA),

and


£4.8M was applied research, (of which £4.6M was funded by DEFRA/DARDNI and £0.2M by BBSRC).

In short, 89% of UK government spending on plant genetic improvement research is basic science and 11% is applied science.  Given that the knowledge spill-overs and externalities are likely to be even greater from basic research than from applied pre-market research, this seems an inappropriate balance. 
The UK agriculture industry (excluding plant breeders) as a whole spends £3M on crop improvement through levy bodies and charitable trusts: 

£1.8M on variety trials and Recommended Lists, 

£0.4M on germplasm improvement, and 

£0.8M on investigative research.  

LINK is a government research funding programme, which gives support to private industry-led research initiatives with public funds.  It is the principle means through which government supports collaboration between industry and public research scientists. Industry can contribute resources in-kind (such as carrying out field trials) or alternatively, cash, and government will match funding of up to 50% of the total cost of the project.

With respect to the plant breeding industry, LINK accounts for £0.4M of public investment, and thus by definition, industry must contribute a similar amount.  In programmes related to sustainable agriculture e.g. Sustainable Arable LINK and Horticulture LINK, there is very little research involving plant breeders. Evidently, some collaboration is ongoing between industry and certain UK institutes outside of the LINK schemes, but this was not quantified.

The plant breeding industry is funded almost entirely by royalties of about £24 M from seed sales.  Out of this royalty income, which is decreasing, profits are currently low.  Even in more prosperous times, the profits would only be in the range of up to £5 million per annum, and in addition to rewarding the owners of the businesses for their capital employed, these profits must provide the funds for routine re-investment in new crop varieties.  Thus very little is available for longer term and higher risk investment such as joint public-private research programmes in activities which the market alone does not sufficiently reward.

The capacity for the breeding companies to invest in win-win public-private research, such as through LINK, is limited.  Thus, progress towards DEFRA’s policy objectives will also be limited, if this is based on the expectation that the majority of research in crop improvement for environmental consideration will be funded jointly by industry.

It should also be recognised that part of the disparity in funding between basic and applied research, arises because of the poor credit (acclaim, remuneration and career advancement) that attends all aspects of commercial application of science, compared with science progress per se.  This is reflected not just in the careers of the individual scientist, but the attitudes of institutes and funding bodies. Advances in basic science are generally more highly regarded than those in applied research.

Recommendation

1.1 (page 51)

The balance between spending on basic research and applied research should be changed so that more is spent on the latter.

Further recommendations below (e.g. 5.4 and 6.5) address the issue of how to increase the funding for applied research. The TORs noted below address particular developments in research strategy.

The nature of public investment activity in the UK in comparison with that in France and Germany

In the time available for this analysis, it was not possible to analyse research spending in France and Germany to the same level of detail as was possible in the UK. Nevertheless, the data collated allowed us to make useful comparisons between the size and scope of research programmes.

In the UK 

The majority of research in plant genetics, funded by BBSRC or SEERAD, aims to support world-class science and generate knowledge.  The majority of basic research relevant to this study takes place within Universities or BBSRC institutes, and is highly successful in scientific terms.  The BBSRC programme is driven by scientific objectives, with curiosity having appropriate emphasis.

DEFRA commissions research to support and develop its policies, and to promote DEFRA’s aims, where the market fails to ensure private sector support.  DEFRA’s research portfolio is targeted at areas of market failure and is managed to pursue strategic objectives. This work is also largely undertaken within BBSRC institutes.

Thus Government funds a wide range of research from basic science to applied research.  To be effective, this research must be coherent between basic and applied levels, and with the plant breeding industry, but in many cases these links are weak, and are still weakening further.

The forefront of scientific discovery (the molecular biology of plants and microbes) is moving away from the crop sciences; so scope for the cropping industry to apply new science is weakening.  The distant vision of comprehensive control over genetics and its future applications is compromising medium-term progress. 

While individual companies participate in programmes such as LINK (to the extent defined above), there is no industry-wide collaboration with public sector scientists on topics of strategic importance.

In France 

Funding of breeding research in France can be divided into the following areas:

· Basic research carried out by INRA, CNRS, Universities and other institutes,

· Applied research without participation of breeders, mainly through INRA,

· Applied research with participation of scientists and breeders through the economic interest groups (GIE’s),

· Applied research carried out by breeders. 

The main agricultural research organisation, INRA, has a total budget of 525 million Euro pa (ca. £340 M) and has operational objectives including environmental protection and sustainable production.  French research on genetic improvement of crops spans basic and strategic research, through to plant breeding. 

A key contrast with the UK is that in France, the economic interest groups (GIE’s) have always interacted closely with INRA and benefited from its research.  Traditionally, there has been a clear philosophy that public science should be used for the benefit of French industry, although there are indications that this situation is becoming more difficult to sustain, particularly with the greater involvement of multinational companies in the plant breeding industry. 

A significant proportion of research spending is still directed to supporting crop improvement, particularly of minor crops, which the industry will not fund. INRA has its own commercial plant-breeding arm, Agri Obtentiens.

· The area of genetics and plant breeding attracts £23.4M of funding within INRA and £8.7M outside INRA,

· In terms of basic plant science relating to genomics, approximately £34M is spent inside INRA, and £20M outside INRA

The Génoplante initiative in France (c. £24M/yr) is a GIE programme, aimed at crop improvement through modern genomic sciences, in which all the stakeholders (funders, researchers and industry) work towards common objectives

Within the time scale of the study, no information could be obtained regarding spending by Agri Obtentiens, or by industry bodies such as ITCF and UNIP. Overall it is evident that the level of public spending is markedly higher in France than in the UK, and the involvement with industry, much closer.

In Germany 

Basic research is mainly carried out at the Max-Planck Institutes (MPI) who take up new and promising directions in research where Universities are funded insufficiently. Alternatively, MPI may carry out research where the interdisciplinary character of the research means that it cannot be effectively carried out in the University sector. Some 95% of the financial support received by the MPI comes from public funds provided by Federal government and the states.  In the time available for this study, it was not possible to get information on the spending on plant genetics within the MPI.

The Federal Centre for Breeding Research in Cultivated Plants (BAZ) comprises 8 sites (housing 10 institutes and 1 gene bank).  In some cases breeders are involved with these programmes, but on an ad hoc basis. The average yearly expenditure within BAZ is 23 M Euro (c. £15M).  

The plant breeding industry is most closely involved with researchers through the Society for the Promotion of Private Plant Breeding (GFP).  The GFP appears to work well.  The breeders feel they get useful results from it (in comparison to opinions expressed by UK breeders this study).  The breeders’ input is financed through a levy on all companies active in Germany (irrespective of nationality) and these are augmented by public funds from a mixture of sources including the Ministry of Consumer Protection, Nutrition and Agriculture, and the European Union. The total value of the research projects is £3 million Euro/annum (c. £2M/annum) of which 10-50% of costs (depending on projects) are paid by breeders.  Most of this input is ‘in-kind’.  Projects are split across areas of resistance, renewable resources, quality and nutrient efficiency and so relate to environmental objectives including a reduction in pesticide inputs.

There are some regional programmes in the north east of Germany, especially in biotechnology. These programmes are aimed to be of direct commercial benefit for the companies in that region, and do not only relate to plant breeding.  It was not possible in the time available to obtain data relating to such programmes.

Recommendation

2.1 (page 72) 
DEFRA should explore, with all the players in the UK plant breeding industry, models for increased co-operation between the industry and the research community similar to the GFP in Germany, but not necessarily identical to it.  

The uptake of public sector research by the crop breeding industry, in relation to government objectives

Currently, plant breeding is still almost entirely conventional.  There is interest in new areas of genomics, haploid doubling, and marker assisted selection, but at present the uptake is slight.  Most recent improvements in breeding techniques have arisen from in-house development rather than ‘high level’ research, and most genetic advances are attributed to breeders’ acumen rather than to public research.  

Clearly, uptake of public sector research occurs where there is seen to be a commercial benefit.  Marker assisted selection is viewed as a valuable research tool to provide insight and guidance for the future. Its uptake in breeding programmes will evolve with time, dependent on the potential value of candidate traits, and the cost and reliability of the system in practice.

There are one or two success stories, for example: elements of pest resistance have been introduced in rape, high molecular weight glutenins have been modified to improve bread making from wheat, and pea lines with novel end-use quality are being exploited by Unilever.  Oat breeding is also a success, where a part-public, part-private breeding programme, set alongside basic and applied research at IGER, is delivering rapid crop improvement, and the development of important traits such as dwarfing, which reduces the need for plant growth regulators.  This is an example of how the continuity of research can help provide a stream of applied outcomes.

In some cases, e.g. peas, the total social return on investment has been low, but given the difficulty in picking winners when investment decisions are made, some examples of this sort are inevitable.  Overall, (as evidenced by the other three case studies) the social return to crop genetic improvement in the UK is high.

Juxtaposition of research and breeding at the Plant Breeding Institute (PBI) was clearly beneficial, particularly in introducing new variation into UK cultivars.  The UK is still exploiting benefits from this association and some residual links between the research and breeding communities remain. However, links have become fragmented since privatisation of the PBI, with the result that prospects for effective uptake are decreasing.

Turning to the future, visits to breeders revealed contrasting views between small and large companies in their aspirations for public research.  Small breeders generally sought investment in germplasm improvement, and in introducing novel variation into useful backgrounds. In contrast, large companies (i.e. Syngenta) that have allied themselves with public research institutes (e.g. the John Innes Centre), argue that they can exploit the basic science, which accounts for the majority of the public research spend.

These large companies generally have agrochemical businesses and have made large investments in investigating synergies between crop genetics and chemical inputs. Their investments dwarf the government’s research in crop genetics, but their objectives differ from those of DEFRA, and they cannot yet demonstrate successes with their approach.

It was acknowledged that, while traits such as durable disease resistance and nutrient efficiency are complex, there is little multidisciplinary research in the public sector which links these traits to genes. Some DEFRA programmes such as the Crop Technology and Resource Productivity programme (AR09) encompass such ‘trait design’ projects, but they are a small proportion of the total spend. 

During the visits to the industry stakeholders, it was stated that it was difficult to comment on government research programmes and priorities, because the data were not available with which to conduct any sort of analysis. While it is true that anyone can analyse and comment on the government’s research spending now, the data are not easily available. At present, the industry would have to repeat the exercise we have carried out here on an annual basis. It is clear that if the data were collated annually and shared with the industry, then dialogue with respect to prioritisation and uptake of research would be enhanced.

Recommendation

3.1 (page 82)

The genetic improvement community should establish a forum for crop genetic improvement.   This would:

· Provide a channel of communication for the entire community seeking genetic improvement of UK crops.

· Provide mechanisms for collation, exchange and dissemination of information.

· Integrate views on relevant issues, and clarify strategic objectives and mechanisms.

· Provide a channel for industry recommendations to be considered in the development of government policies.

The uptake of public sector research by the UK crop breeding industry, in comparison with France and Germany

The uptake of public research in crop genetic improvement was difficult to quantify in all the countries studied.  There was an almost unanimous view among breeders, across the three countries, that governments should invest in plant genetic research and particularly the high-risk areas of molecular biology and gene discovery that are too speculative for private companies to invest in.

The UK has a strong plant breeding industry in some crops, for example wheat.  In others, for example many horticultural crops, there is little activity.  For crops which ‘travel well’ it may not matter if there is little breeding activity in the UK.  For other crops, where environment is critical, lack of a local breeding programme may encourage less environmentally friendly husbandry solutions such as pesticide applications.

In France, definite examples of uptake of technologies by the commercial sector could be given.  For example the male sterility system developed by INRA for oilseed rape was widely cited as a success.  French breeders generally supported the French science base, whereas in the UK, it appeared that in many areas the research base had become somewhat fragmented and remote from practical breeding (e.g. in wheat and oilseed rape). 

In France, INRA is still actively involved with breeding minor crops, whereas in the UK there are only one or two small public programmes remaining.  

Breeders in France and Germany are driven by the same economic incentives as they are in the UK.  Greater public investment in technology has not reduced the number of redundancies in the plant breeding industry in France in the past 2 years.  However, there are still strong linkages between the public and private sector, as demonstrated by the level of co-operation in the “Génoplante” initiative.

Because science is an international activity, and ownership of most of the breeding companies is multi-national in some form (either through European co-operatives or large agrochemical companies), most breeders expected to have easy access to new technology through sister companies or from European academics.  This contrasted with difficulties in obtaining useful germplasm from within the UK in recent years.

The most obvious comparison between the UK, France and Germany was that industry partnerships and public-private partnerships in the seed industry are less common in the UK than on the continent for a variety of cultural and structural reasons.  As mechanisms for promoting uptake of public sector research, the types of partnership seen in France and Germany can only be viewed as positive.

Evidence of market failure in public research programmes
Research 

Basic science is an international enterprise whose currency is proven ideas, accredited through peer-reviewed publication.  A requirement for publication ensures that the scientific community can only recoup a small part of the total value of their endeavours.  In any case, externalities or ‘knowledge spill-overs’ are pervasive in research, irrespective of whether funding is private or from government. 

The ability of an industry to invest in research depends on adequate profits (providing resources for that investment) and an economic incentive (an understanding that the investment will provide a return on that investment at some point in the future).  Since the financial return on research is lower than the total social return, the market tends to under-provide research, especially fundamental research, where ideas are hard to patent, or to exploit without further work.  Hence public funding must be provided to meet the market failure.  

Investment in crop genetic research illustrates these general points well.  Taking the four case studies carried out for this analysis, the average social rate of return from all UK public and private investment in genetic innovation was large (about 16%, or additional social benefits of £9.4 million per year, lasting in perpetuity).  However, the private profits were small; a small proportion of the £24 million annual private royalty income.  Market failures affecting private investment in genetic improvement are only partially corrected by Plant Breeders Rights and patents, and there is a clear case for additional public support.  

Efficient transfer of useful IP from researcher to plant breeder is crucial to the success of crop improvement.  However, IP often appears to be over-valued by scientists in publicly funded institutes, because these organisations have other sources of income and a ‘not for profit’ requirement and so do need to take a realistic view of the value of IP.  IP issues are creating barriers in all countries, but in the case of Génoplante in France and GABI in Germany, the crop improvement communities have shown a greater commitment to work through these issues than in the UK. 

Plant breeding

Having considered the market failures with respect to research, the analysis team feel that it is important to also recognise the wider market failures in plant breeding. This is because they, to a certain extent, explain the limited involvement by the industry in public research programmes, which has been noted above.

Breeders breed for the market.  Returns depend almost entirely on royalties from seed sales.  Thus the private breeding industry focuses on the few crop species that are grown extensively, and the few breeding targets (yield and quality) by which the market judges crop improvement.  

Ignorance and uncertainty affect farmers’ demand for improved crop varieties, and the long economic chain from consumer to plant breeder transmits imperfect signals about consumer preferences.  Poor information available to consumers about environmental effects of the food they consume, reduces the opportunity for consumers to express preferences through their purchasing patterns.  

Also, at present, economic incentives to enhance food production are large compared to incentives for environmental benefits, and market signals to adopt environmentally beneficial genotypes are not yet strong enough to create profitable opportunities for plant breeders (viz. total CAP expenditure versus agri-environment spending). Often the agri-environment schemes are designed to affect farming at the margins. In these circumstances, it is not surprising if plant breeders see no opportunities for profit from changes at the margins of farming.

If government wishes breeders to incorporate ‘environmentally beneficial’ traits (such as traits which allow reductions in pesticide usage though greater disease resistance) then there needs to be clear market signals, suggesting that it will be profitable to do so, or greater regulation.  

Market signals will also generate DEFRA’s desired responses among farmers and breeders more readily if clear and accurate information is available.  This requires attention to the National List process, and the provision of information for technology transfer and sound business decisions.  The National and Recommended Lists (although the latter is privately funded) perform a vital function in transmitting messages from the market to crop breeders and researchers as well as vice versa.  The National List affects access to cultivar options and information and decision making in relation to those options.

The RL can be a powerful tool for influencing researchers’, breeders’ and farmers’ decisions.  Government has left itself with no influence over the RL, since the withdrawal of MAFF from funding near market research in the 1980’s.  This is a constraint on DEFRA’s ability to meet its objectives.

Recommendations

4.1 (page 33)

DEFRA should continue to seek to reform the economic signals from CAP, legislation etc., required to create the incentives for environmentally beneficial genetic improvement.

4.2 (page 33)

Review of the NL system (already begun by DEFRA through the Forum on Seeds for a Sustainable Environment) should address the standards for new varieties in conjunction with the market’s demands for new varieties.  It should consider how any changes might complement and facilitate changes in research and plant breeding enterprises in the future.

4.3 (page 36)

DEFRA’s public/private breeding programmes should be supported up to the stage where they can deliver germplasm to the point where the breeding industry can accept the risk for private investment.

4.4 (page 40)

DEFRA should promote an environment which encourages industry and research providers to exchange intellectual property.

What difference does public research make to agriculture and its environment, and what differences might it make in the future?

Genetic improvement of crops has played a crucial role over the past 50 years in meeting governments’ objectives.  The realities of climate, day length and other environmental factors will require continued crop improvement investment in the UK.  In relation to DEFRA’s new aim for sustainable agricultural production, there is every reason to believe that further investment in crop genetic improvement research could be equally effective, through:

· reducing its use of natural resources and external inputs, and 

· reducing its adverse impacts on the environment, whilst 

· maintaining its profitability, 

but this will need increased effort, and redirected effort. 

At present most public research in plant genetics has its effect ‘at a distance’ through:

· training of scientists and plant breeders and thereby retaining the capacity to breed for UK crops in the UK environment,

· maintaining the UK at the forefront of plant genetics research,

· supporting sustainable international development through the spill-overs of its publicly  funded research.

Whereas the considerable potential for genetic research and plant breeding to meet DEFRA’s objectives will depend on: 

· maintaining germplasm collections and thereby safeguarding genetic diversity,

· characterising collections and linking genes to traits, to provide novel germplasm which can be used to provide new characteristics in crops, and

· researching complex traits, for which the risks of investment are too high for the private sector.

Increased public funding in these areas should enable breeders to produce crop varieties, which need:

· reduced fungicide and insecticide inputs, through increases in durable resistance (incorporating escape and tolerance of diseases and pests),

· reduced herbicide inputs, through improved crop competitiveness,

· reduced fertiliser use e.g. nitrogen, and hence less pollution,

and which demonstrate:

· more efficient water use, thereby conserving diminishing supplies,

· promotion of biodiversity, through tolerance of pests and diseases,

· beneficial effects on climate change e.g. energy crops, reduced energy use of conventional cropping (less industrial N fixation, and mechanisation), and

· improved nutritional quality, through altered nutrient levels, or the reduction of contaminants such as mycotoxins on harvested produce.

Whilst market failure suggests that public funding should be applied to smaller crops e.g. horticultural crops, where there is currently little plant breeding capacity, it is important to note that environmental benefits will be maximised through public investment in the major crops where pesticide use is most significant.

Although the private sector holds a lot of germplasm it is narrow in its range.  Private breeding is based on crossing ‘the best with the best’.  For new traits relating to sustainable production, one must go back to the public germplasm collections, which are broader, but less well characterised.  The IGER programme is an example of how this can work.

It should be realised that, because of the large influence of variety on performance, genetic improvement is a very effective means of technology transfer for most crops. Again illustrating that the social benefits are larger than generally appreciated – and as shown in the social rate of return noted above. Improved varieties are taken up rapidly, and once released, their beneficial traits can be incorporated into other varieties, and the uptake potentially can be worldwide.  This should be seen in the context of DEFRA's aim to promote sustainable development both domestically and internationally.  

Recommendations

5.1 (page 97) 
DEFRA should embrace crop genetic improvement as a vital tool in achieving its environmental objectives, accepting that crop improvement programmes typically require long term investment, but provide lasting benefits for future generations.

5.2 (page 97) 
There should be a commitment by DEFRA to the curation of publicly owned germplasm, with international cooperation, and this must be viewed equally with assessment and characterisation.  In parallel there is the need to develop comprehensive databases of UK germplasm, with resources to keep them updated. 

5.3 (page 97)

DEFRA should work with BBSRC to develop and promote understanding of traits which are associated with efficient use of resources and reduced environmental impacts.

5.4  (page 97)
The middle-ground research which must be funded by DEFRA and BBSRC (see terms of reference 1 & 7) should encompass crop design, identification of new sources of genetic variation in environmentally advantageous traits, and ‘pre-breeding’ (the development of material suitable for incorporation into commercial programmes).

Guidance on the rationale for further R&D and possible mechanisms

In the preceding sections, we have analysed the present situation in crop genetic improvement in relation to DEFRA’s aims.  The analysis team believe there is a strong case for a renewed commitment by DEFRA to using plant genetic improvement as a major tool to meeting its objectives.  

However, there are some structural problems, which must be addressed.

In the stakeholder consultation there was concern over LINK.  Stakeholders cited bureaucracy, the three-year limit and the difficulty of individual private firms funding 50% of LINK projects.

The research continuum must be reconnected to industry:

· In the UK there are inadequate incentives for basic, strategic and applied R&D to connect and be coherent.  More attention is needed in covering the middle ground, between commercial breeding programmes and basic research, 

· LINK should allow 3-year rolling contracts for crop genetic improvement research,

· LINK schemes must be marketed to increase their uptake by industry.  Wherever commercial interests allow, sponsorship must be sought from all potential beneficiaries throughout the food chain.

There are various mechanisms by which DEFRA could enhance the market for research into the genetic improvement of crops.  These include increased levies on crop production, more rigorous implementation of Plant Breeders Rights (especially in relation to home-saved seed) so that breeders attain larger royalties, and tax incentives for breeders to fund research.  However, the review team considers that an increase in the direct public funding for crop improvement research would be most effective, especially if this can be inter-locked with private investment.  

Ownership of plant breeding companies increasingly involves multinationals, and DEFRA may perceive that it has little influence over the industry.  However, the most successful breeding programmes, even in major crops like winter wheat, are still ‘local’, and public-private partnerships, such as the oat-breeding programme at IGER, have demonstrated success in producing varieties that have a beneficial impact.

· The large agrochemical companies do not necessarily have the most successful plant breeding programmes; DEFRA needs to maintain the support and participation of all the players in order to make progress.

· Comparisons with France and Germany offer useful leads; industry is better connected with the research base in those countries.  However, governments’ objectives in those countries are perceived to be more “as one with the market”, so a clear vision of UK government intentions for market intervention would need to accompany any similar initiative here.  Also contributions from breeders in the German GFP system are small, and largely in-kind.

· A system like the German model would be administered in partnership with BSPB, to provide good linkages between researchers and industry. 

Tensions may arise where publicly funded research institutes also behave as private sector enterprises.  Private industry will willingly deal with public institutions that pursue public aims and publish their results.  However, most institutions involved in plant genetic research are encouraged to exploit the intellectual property they generate. There is a danger that public research institutions receive sufficient public income to shelter them from the disciplines of the market, so that they over-value their IP. Unless conditions are changed, useful traits may be developed which do not reach the industry.

Recommendations

6.1 (page 102)
Public funding is required for research to support genetic improvement of crops because market failures cause under-investment by the private sector.  

6.2 (page 102)
DEFRA should define and promote its vision for genetic research and crop improvement in the UK. This should acknowledge the unique power that genetic improvement holds in meeting DEFRA’s aims for sustainable development, accepting that plant breeding has long time scales, but that the investment is made for the benefit of future generations.

6.3 (page 105)
The most effective form of intervention in the research market will be through direct government support, often involving public-private partnerships, rather than tax incentives or other mechanisms. 

6.4 (page 105)
In funding crop genetic improvement, DEFRA needs to develop additional funding mechanisms that augment and underpin effective public-private partnership. 

6.5 (page 106)
In concert with the BBSRC, DEFRA should focus more research on the middle ground, between basic science and near market research.

1. Introduction & Background

1.1. Context

In mid-2001 DEFRA put out a call for an analysis to be undertaken of the UK public spending on plant breeding.  The question effectively being posed was, “what should the balance in funding be between public and private sectors in relation to plant breeding activities in the UK ?”

In response to this call, a bid was made by BioHybrids International in collaboration with ADAS, to carry out the analysis that would quantify the current position and consider the different strata that make up the plant breeding scenario in the UK.

1.2. Background

Until the mid 1980’s, UK research effort in plant breeding was underpinned by a substantial public sector investment supporting much of the research, as well as practice, of plant breeding.  Since that time, however, much has changed – both in terms of technology and in internationalisation of plant breeding efforts.  These have been accompanied (or driven) by structural change within the UK industry, changes in intellectual property possibilities, public perception and changes in emphasis for public funded research and development.

This study was to consider the economic and policy issues within the context of the developing science, institutional framework and markets for genetic improvement. The research methodology included a case study approach and cost benefit analysis targeted at representative areas of public research investment.  

Market efficiency is aided through public research, by ensuring that the industry’s competitive potential is not hindered by lack of knowledge, lack of access to germplasm resources, and/or lack of training opportunities for appropriate personnel.  The analysis will therefore consider how UK crop breeding activities meet DEFRA’s objectives, and the general public’s wishes, and will provide guidance on the balance foreseen in terms of the need for further public investment in R&D in addition to that provided by private enterprise.  This will require consideration of the need for efficient markets, with suitable profit margins, whilst encouraging the adoption of sustainable agricultural systems that meet environmental objectives and produce high quality, healthy food for the consumer.

1.3. Initial views and aims

DEFRA aims to support a sustainable, diverse and efficient agricultural industry that contributes to a vibrant rural economy. The plant breeding industry is a key component of this matrix. DEFRA funds public research programmes, particularly where there is seen to be market failure.  Market failure exists where, in the absence of government intervention, the economic model of perfect competition, which would ensure socially optimum outcomes, does not operate fully, for example because of monopoly, externalities or imperfect knowledge. Thus the actual market may not provide the sector with sufficiently strong incentives to ensure the delivery of all DEFRA aims.

Public funding in support of plant breeding has been much reduced over the past 15 years. The breeding industry is now perceived to be distanced from the public sector and there are pressures between the public and private sectors due to the requirement by Government to both regulate new crop types, yet support a competitive and thriving industry.  The economics of crop improvement have rarely been examined by economists, most economic studies to estimate the returns to public investment in agricultural R&D being at a more aggregated or sectoral level

In contrast to the reduction in public spending in plant breeding, public research in plant genomics and molecular biology is thought to be at a high level. This research aims to support the science base, rather than one specific industry and as such, has a dual purpose. The UK government needs to ensure that there is an adequate balance of public research spending between that required to support the industry, where market failure exits, and that required to support the broader science base.  It also needs to ensure that the aims of public sector investment are achieved by targeting of that research spend and through technology adoption and implementation in the rural arena.

There are major economic and scientific challenges ahead for the agricultural industry if it is to be economically viable, environmentally sustainable and meet public expectations for biodiversity, landscape, leisure, etc.  These are likely to include declining returns for food crops, a requirement for reduced intensity in the use of external inputs, greater diversity in cropping for new markets, for both industrial, food and biomass, and a greater focus on the environmental impact of agriculture.  Varieties, seeds and propagating material will underpin these thrusts and to progress, the industry will need to adopt new approaches in the exploitation of crop genetics.  To facilitate this process and achieve DEFRA objectives will require a strategy which links publicly funded technology innovation with effective commercial exploitation.  This study will address the economic and scientific drivers and structures required to tackle this policy problem.

1.4. Initial view of public support of plant breeding research

The plant breeding industry has in recent years been offered a number of new technologies, which have arisen out of research into the fundamental molecular and genetic sciences. Many of these new technologies have arisen out of publicly funded research in genetics and the plant sciences. These technologies have attracted much public and media scrutiny because they are perceived to be of little benefit to the consumer and entail food safety and environmental risks.

As with all new technologies, a number of potential 'tools' have arisen which may be of use to the breeding industry. Examples of such tools are fingerprinting, marker assisted selection and plant transformation techniques. As with all new technologies, it is anticipated that only a small proportion of these techniques will actually be taken up by the industry on any scale.  This is not unusual: Plant breeders have been offered many new tools over the past century.  For example, technologies such as hybrid production have been widespread in developing the breeding of maize in the USA. By contrast, chemical mutagenesis and polyploidy have perhaps had less widespread application.

At the same time, there is a perception that the amount of public research on plant breeding has declined since the mid 1980s. The plant breeding industry has undergone much structural change and many previously UK owned companies are now components of much larger multinational agri-business concerns.  It is possible that the policy of not publicly funding near market research was based on a failure to understand the extent of market failure, and lead to inappropriate funding of research of little economic and environmental value [3, 4].

It was therefore timely to review the rationale, including economic, that created the situation where spending in support of plant breeding has been diminishing, but public spending may have increased in relation to plant molecular genetics and related sciences.  Moreover, there was a need to address the question of whether new technologies developed through publicly-funded research programmes have actually been taken up by the industry and to what extent.  If not, have the policy rationale or objectives been flawed, have funding decisions been unsatisfactory, or have other unanticipated causes prevented adoption?

1.5. Perceived needs of the plant breeding industry

Notwithstanding developments in technology described above, it is possible that some basic requirements of the industry are not being addressed.  It has been recognised not only in the EU, but world-wide, that the plant breeding industry has undergone much structural change in recent years.  While takeover activity has been widespread, globalisation has affected knowledge, technology transfer and competition.  In the USA, a Plant Breeding Task Force was set up in 1994, which identified five priorities for plant breeding in the first decade of the 21st Century [2]. It was concluded that the priority areas to address were:

1. Public-private sector co-operation on plant breeding research and development

2. Public research funding for plant breeding research to support breeding programmes for minor crops and gene pool enrichment of USA crops

3. Access and use of germplasm for improving crop cultivars

4. Integrating methods from biotechnology and traditional plant breeding

5. Education, training and supply of future plant breeders

Many of these issues are also likely to be of importance to the European plant breeding industry, and the same questions they provoke relate to the priorities for public research spending in plant breeding in the UK.  Even in the USA, there have been calls for an increase in the level of public support for the plant breeding industry.

1.6. Plant breeding objectives and alignment with DEFRA’s objectives

Many of the major plant breeding companies are now owned by multinational parent companies. It is assumed by many that these larger companies tend to focus on the major arable crops and may even simply promote the use of varieties and chemical products as integrated packages. Their aims may, or may not, therefore be compatible with DEFRA's objectives of generally reducing pesticide inputs. Within certain crops the traits of high value to breeders (e.g. yield, protein quality, grain physical appearance) will not necessarily be aligned with those which are of lesser importance, but of significance to DEFRA (physiological traits, rooting, drought tolerance, nutrient use efficiency, pest and disease resistance). 

World-wide, plant breeding companies generally focus on a limited number of crops (e.g. maize, soya, cotton, oilseed rape, sunflower), thus industry effort alone may not be sufficient to support a diverse range of crops for a sustainable rural economy. While there is a need for home grown vegetable proteins for the animal feeding industry, the areas sown currently to peas and beans are so small as to have practically halted investment in the breeding of these crops.

Another objective for DEFRA is to promote a sustainable rural economy and one which may have to adapt to new types of crops or cropping patterns, for instance willow coppice or Miscanthus for biomass, fibre and energy. The plant breeding systems required for these crops, which are clonally propagated, may take up to fifteen years before improved cultivars are released for general use, the investment in a breeding programme may not be available from the private sector which will be looking for a return on its investment in a much shorter time period.  However, genetic improvement of these new crops may be less urgent if the constraints that have prevented their adoption are primarily economic, and the range of crop species provides enough options for economic exploitation without any new genetic development.

A wide range of techniques is available to the plant breeder to aid with selection of improved traits and to produce new varieties. The methodologies applied, differ between crop species and are determined by biological properties (e.g. reproductive system) [1] and the ability to control and market the resulting germplasm.

1.7. Comparisons with the other European economies

There are a number of contrasting situations across other European countries:

· Spain and Portugal are predominantly rural economies, with minor areas of the crop species that are grown in the UK (e.g. wheat and oilseed rape),

· France and Germany are perhaps most comparable in terms of cropping types and areas, but also provide contrasts; France in particular continues to support the plant breeding industry through public research programmes,

· Sweden and Finland have smaller areas of arable crops but are more aware of environmental issues and Sweden would provide perhaps a model of a more sustainable rural economy reflecting DEFRA’s aims

Thus there was a need to take a broad overview of the EU economies to assess the extent to which these different scenarios influence the amount of public spending on plant breeding with Germany and France providing suitably realistic comparisons.

1.8. Framework and methodology

This study proceeded by a number of parallel routes in order to characterise the spectrum of UK public sector investment and activity in crop genetic research.  

These encompassed the role as follows:  

An important component was to assess how much of the recent public sector research effort has progressed as far as adoption in practical crop improvement and/or on-farm use of the resulting crops.  It was also considered important to verify the level of access the industry has to the tools it requires in order to apply new technologies; who would benefit from the new technologies and how this impacted on the UK and/or elsewhere.

As an aid to reaching a conclusion, parallel information was collected to allow a contrast to be drawn with the plant breeding sectors in two other EU economies, namely Germany and France.  

In order to help initially clarify the overall UK position a workshop was organised at which as many of the key players as possible were invited. Details and a summary of the workshop are reported to DEFRA in Annex 9.  From that point on, focused visits were carried out to key industry players, public sector researchers, funders and managers (consultees listed in Annex 3). 

All this information was used to underpin case study assessments (Annexes 4 & 5), together with searches of the literature and databases on plant breeding and the pattern of investment (Chapter 3 in UK and Chapter 4 in France and Germany plus associated annexes 7 & 8). A summary of the views of the stakeholders is presented in Chapter 5. 

In terms of DEFRAs future aims, the review team gave time to consider the role for improvement in crop genetics in meeting the newer environmental objectives and associated research requirements (Chapter 6). The results of all this activity provide the basis for the current report. 

1.9. Terms of Reference

The Terms of Reference were to:

1. Set out the spectrum of UK public sector investment activities in crop genetic improvement research.

2. Compare the scope and nature of public investment in the UK with that of at least two selected major crop producing economies.

3. Review how the output of UK public sector research is being taken up by the crop breeding industry to further UK government objectives and how this may develop in the future.

4. Examine the uptake of public research by the UK crop breeding industry in comparison with the corresponding uptake within the two selected EU states.

5. Consider to what extent UK public research programmes are subject to market failure.

6. Address the question:  In relation to government aims, what difference does this public investment make to the UK agricultural industry and environment (illustrated by specific examples or through case studies) and what differences might it make in the future?

7. If the study concluded that there is a case for further public funding, provide guidance on the rationale for further R&D.  This will consider the full spectrum of funding mechanisms, including LINK.
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2. The Plant Breeding Industry – The Economic and Social Context, Structure, Economics and Market Failure

2.1. The Context

2.1.1. The value of crop production

In calendar year 2000 the value of the Gross Output of UK agriculture was £15.3 billion.  The value of the Gross Output of all crop production output was £5.76 billion.  The balance came from livestock production, contract work and other diversified income.

Gross Output includes the value of subsidies paid on production, of which the Arable Aid Payments Scheme (AAPS) is the most important in the crop production sector.  The total value of crops produced (excluding AAPS payments) declined from £3.189 billion in 1990 to £2.507 billion in 2000.  The subsidies totalled £901 million pounds or 26% of the output of these farm crops in the year 2000.  For some heavily subsidised crops the area payments accounted for nearly half of Gross Output.  With these direct subsidies removed from the calculation the value of crop production in 2000 is reduced from £5.76 to £4.86 million per year.

The main cause of this effect was the 1992 MacSharry reforms, which set out to reduce the price of farm commodities and make direct payments to farmers.  

In 1999, for the first time, agriculture’s contribution to the UK total economy’s Gross Value Added fell below 1%.  Self-sufficiency for major UK grown crops is within the range of 72 % (sugar beet) to 135% (barley).

2.1.2. The agricultural workforce

The agricultural workforce has been steadily declining and now is equal to only 2.0 % of the total UK workforce in employment.  The largest proportion of the workforce is now made up of farmers and their partners, directors and spouses.  Approximately half of these are part-time.  The decline in the workforce has been rapid during the agricultural slump that started in 1996.

2.1.3. The environment

The UK countryside is well known.  Its landscape and bio-diversity results from the interplay between natural processes and changing patterns of land use.  The diversity of landscapes and habitats has been both largely formed and eroded by agriculture.  Active steps to conserve the countryside, such as hedgerow legislation and schemes to promote environmentally sensitive farming are gradually having greater impact.  Public expenditure on agri-environment measures has increased, as has the area of land in organic farming.  Overall volumes of inorganic fertiliser and pesticides applied have decreased.  As a concern of public policy the environment has become steadily more important and food production less important.  Agriculture is a critical element of the environment.  Agricultural land accounts for about 75% of all land use in England.

DEFRA now looks to R&D to ensure that the agricultural industry has access to technologies that support a sustainable agriculture.  It invests in crop genetic improvement research to improve sustainability of agricultural production by reducing the intensity of the use of external inputs and reducing adverse impacts on the environment.

2.2. The economics of the genetic improvement of crops and market failure

This section explains some economic ideas about perfect competition and market failure before going on to relate these to the activity of the genetic improvement of crops.

2.2.1. Market failure

Economists use the words “market failure” to describe when the real world behaves in a way which falls short of the economists’ ‘ideal type’ of perfect competition.  Perfect competition is the result of a market structure where there are many firms; where all firms produce an identical product; and where all firms are price takers.  An extreme example of market failure is monopoly where there is only a single producer.

The theory of perfect competition illustrates an extreme form of capitalism.  In it, firms are entirely subject to market forces.  They have no control whatsoever to affect the price of the product.  The price they face is determined by supply and demand in the whole market.

The model of perfect competition plays an important role in economic and policy analysis despite the lack of real world cases.  The model is used as a standard against which to judge the shortcomings of real-world industries. The fact that perfect competition is a theoretical ‘ideal type’ is confirmed by the four assumptions that are required to ensure that the competitive market results in ideal outcomes for society: 

1. There must be a very large number of firms in the industry.  The individual firm produces an insignificant proportion of total industry output and therefore will not affect industry supply and hence price.

2. There is complete freedom of entry of new firms into the industry.  Existing firms are unable to stop new firms setting up in business.  In the long run there is complete factor mobility.  If profits are higher than elsewhere, capital will be freely attracted into that industry.  Likewise if wages are higher than for equivalent work elsewhere, workers will move freely into that industry and will meet no barriers.

3. All firms produce an identical homogenous product.

4. Producers and consumers have perfect knowledge of the market.  That is, producers are fully aware of prices, costs and market opportunities and consumers are fully aware of price, quality and availability of the product.

The ‘ideal type’ of perfect competition is important because under certain conditions a perfect market will lead to Pareto optimality and hence social efficiency.  Pareto optimality is where it is impossible to make anyone better off without making someone else worse off.

Examples of market failure are monopoly, oligopoly, externality, ignorance and uncertainty, and the free rider problem [7].

2.2.2. Plant breeding and market failure

The activity of genetic improvement of crops (and more specifically plant breeding) has a number of characteristics which result in market failure and which have been used to justify public intervention.  The more important types of market failure that relate to crop genetic improvement are now described.

2.2.3. Monopoly and oligopoly

There are usually a relatively small number of plant breeders supplying a market for plant material. This can be seen particularly in the case of potatoes, where protected varieties are produced only by (or under licence to) the breeder or his marketing agent.

2.2.4. Free-rider problem

Many agricultural crops have seed that does not deteriorate over many generations.  This means that in the absence of intellectual property rights (IPR) (plant breeders’ rights or patents) anyone acquiring a small quantity of seed can produce more of it.  This would make it impossible for the originator of improved seed to recoup more than a tiny fraction of his investment.  The fact that governments feel it necessary to intervene by creating IPRs illustrates that this is a perceived area of market failure.  Where crop seeds are only useable for a single generation, for example in F1 hybrid seed production, this market failure does not operate.  This feature explains the concentration of investment in crops for which F1 hybrids are successful. It also explains why breeders have concentrated considerable efforts over the years to develop hybrid varieties of crops such as wheat, despite the fact that the genetics of the crop suggests that breeding successful inbred varieties should be substantially easier. 

The farmer saved seed issue is an example of the free-rider problem.  The free-rider problem is a specific case of the more general issue of externality.

2.2.5. Externality

Externality is where the costs or benefits of production or consumption are experienced by society but not by the producers or consumers themselves (via market prices).  They are sometimes called ‘spillover’ or ‘third-party’ costs or benefits.  An example in agriculture is the effect of nitrogen fertiliser in not merely promoting crop production, but also polluting ground water, rivers and human water supplies.  The costs to society are higher than the cost to the farmer who only bears the cost of purchasing and applying the fertiliser, not the wider environmental costs.  Society bears the external costs of any potential cleaning up water supplies and the cost of environmental damage such as reduced bio-diversity.

2.2.6. Poor incentives to adopt environmentally beneficial technology

When publicly funded research pursues public goods, such as the environment and food safety, market failures in research accompany the general market failures in these areas.  For example the market failures that lead food firms to undervalue food safety, or farmers to ignore environmental external costs of food production, are a barrier to adoption of research results.  Achieving a pay-off to research requires effective incentives to adopt results which yield a social benefit.  Lack of incentives affects the adoption of research in these areas [1]. 

For example the incentives to farmers to safeguard the environment are still weak.  Old fashioned “productionist agriculture” was encouraged be economic signals which solely rewarded production.  Now that environmental benefits have begun to be rewarded, for example through agri-environment schemes, the signals are still weak.  Farmers in these schemes get rewards for production and for environmental benefits.  Often the agri-environment schemes are designed to affect farming at the margins, for example by safeguarding land of least agricultural value, reducing inputs on headlands etc.  [10].  In these circumstances it is not surprising if plant breeders see no opportunities for profit from changes at the margins of farming.

In addition, the nature of the changes fostered by agri-environment schemes often generate no demand for new genetic material.  Much of agri-environment expenditure is associated with the management of un-intensive grassland.  The management regime tends to be specified in terms of what shall not be done (maximum level of fertiliser application, limitation on herbicide use, no silage making before some date, no re-seeding etc.).  Where the sowing of fresh seed is required it is likely to be old varieties, or species chosen to recreate some previously prevalent sward.  

One recipient of agri-environment aid is organic farming through the support for conversion under the Organic Farming Scheme.  In many instances organic farming still uses seed grown conventionally for which derogation is required from the certification body.  Where the varieties sown in organic farming differ from those used in current conventional production they are usually old varieties which are well adapted to the lower input levels that used to typify conventional farming.  There are few examples of new varieties developed for organic production [5].

As well as specific activity related to the genetic improvement of crops, it is important that general policies which impinge on agriculture are tailored to minimise externalities and make private incentives and public goals coincide as far as possible.

Recommendation

DEFRA should continue to seek to reform the economic signals from CAP, legislation, taxation etc., to create the incentives for environmentally beneficial genetic improvement.

2.2.7. Ignorance and uncertainty

These two forms of imperfect information affect both the demand and supply of improved seed.  If producers of improved seed are unaware of technical possibilities for crop improvement, they will fail to maximise the return on their investments.  On the seed consumption side, the demand for seed is derived demand with final consumers and intermediate consumers (in this case farmers) needing to perceive the benefits of superior seed before they will make use of it.  If farmers are unaware of the performance characteristics of new seed they will not adopt it.  This is justification for measures to ensure there is information, for example recommended lists of varieties.  

The National List and Recommended List trials have a pivotal role in transmitting economically important messages: To growers about which varieties they should grow; and to breeders about what sort of new varieties they should breed.

Recommendation 

Review of the NL system (already begun by DEFRA, through the Forum on Seeds for a Sustainable Environment) should address the standards for new varieties in conjunction with the markets’ demands for new varieties.  It should consider how any changes might complement and facilitate changes in research and plant breeding enterprises in the future.

2.2.8. Time preference rates

Time preference rates relate to the choice between consumption now and consumption in the future.  Investment implies less consumption now and more consumption at some point in the future in which the investment yields benefits.  Time preference affects investment by private industry and the public sector.  For example companies use required returns on capital to make decisions on what they should invest in.  Public authorities use test discount rates (commonly in the UK the Treasury test discount rate) to make decisions on expenditure on schools, hospitals, transport etc.  The test discount rate of private companies is commonly more than 15% whereas the Treasury tests discount rate is 6%.  Many environmental economists would argue that the even latter is myopic and takes insufficient account of the needs of future generations.

If there are imperfections in the market for capital and a difference between the time preference rates of private institutions and society at large this implies that there will be a general lack of investment by the private sector.  Public investment could be used to correct for this.  This is a general argument for public investment in all sectors – including the genetic improvement of crops.  It is negated if it can be shown that public investment is not allocated, carried out, or its results used efficiently [6].

2.2.9. The interaction between genetics and the environment

Applied agricultural research, development and investment are carried out in the anticipation that when applied in practice they will lead to a cheaper, improved or new product.  This is true of genetic improvement of crops.  Fundamental research is sometimes justified on the same grounds but because the connection with products is weak it is better thought of as underpinning applied research and existing in a cultural and educational context rather than as a strictly economic activity.

Agricultural R&D attempts to enhance the economic effectiveness of agriculture by improving the environments in which crops are grown (from an agronomic perspective) and the genotypes, and often by improving both together.  One difficulty of estimating the benefits of genetic improvement is that, on the national scale, there is no reliable way of isolating the environmental and genetic effects of agronomic development, still less their interactions.

2.2.10. The distribution of benefits

The simple model of the economics of genetic improvement is as follows.  Genetic improvement gives benefits in the shape of greater profits in the short term to farmers who adopt a new crop through higher yields or prices (the latter in the case of better quality).  The competitive nature of the farming industry means that as other producers adopt the improved crop, supply expands and if facing a competitive market, prices fall.  The falling prices result in benefits to consumers.  A competitive market tends to ensure that the benefits of technical progress are widely distributed throughout society  [8].

The assumption that markets are truly competitive (the so-called perfect market) is an essential premise for this simple model.  In practice, markets are rarely fully competitive, as discussed above.  And the market for Research and Development, which is of great relevance to crop genetic improvement, is a particularly well-known area for market imperfections.

2.2.11. Market failure and the research and development problem

A basic reality with research and development (R&D) is that externalities or ‘knowledge spillovers’ are pervasive.  This is true of research carried out by private firms as well as basic research funded by governments.  The likely outcome is that the private return to R&D is lower than the social return.  The likely outcome is that the market tends to under-provide R&D.  The problem may be particularly severe for fundamental research, especially if ideas are hard to patent or exploit without further work [11].

The classification of R&D into basic and applied is not straightforward.  Any new product is not created by one innovation but a whole sequence of innovations.  Some of those innovations are more fundamental than others, in that they open up more windows of opportunity for future development.  Some are more secondary than others, in that they do more to bring about the realisation of possibilities that have been created by previous innovations, and less to open further windows of opportunity.In reality every innovation is fundamental to some extent and secondary to some extent [2].

Inefficiency in markets for R&D is extensive.  In addition to the pervasive knowledge spillovers, the complementarity between fundamental and applied research (or between research and development), the credit constraints faced by research firms, and the contractual incompleteness induced by the impossibility of describing the characteristics of innovation in advance all contribute to market failure.

In the UK the Barnes Report classified agricultural R&D into two categories, a near market category (undeserving of public funding) and fundamental research (which should receive public funding).

Classifying R&D in this ways creates a false dichotomy and creates perverse economic incentives.  For example, those in receipt of public funds (or hoping to receive them) are encouraged to emphasise the fundamental aspects of their work, the quality of the science and so on.  Those who carry out applied or near market research know they must seek to justify their activities from the anticipation of private returns related to products – in the case of genetics, new varieties.  But in fact, R&D is a continuum from the very applied, which industry will fund, to the very fundamental.  The middle ground of this continuum is work which is too far from private exploitation to be funded by private firms, and not important new science which will be attractive to those responsible for funding fundamental research.  There is a danger that the near market and fundamental research model leads to under funding of the middle ground of research which is crucial to the application of new knowledge.

Basic science is an international enterprise that proceeds by co-operation between institutions and researchers and the publishing of results.  Freely available knowledge has the attributes of a public good because it has large social benefits in relation to the size of the private benefits, and free riders cannot be excluded.

The middle ground of R&D which is not fundamental research, nor attractive to private funders, is particularly extensive where the markets for genetic improvement are narrow, and the potential commercial rewards small.  This is the case for crops which have a limited value, usually because of a small area grown, or new crops which have will initially have small markets.  For example, many horticultural crops have a total value of UK production of less than a few million pounds.  In the case of new crops such as biomass crops for energy, new processing capacity and new markets are required.  New markets and new market chains can take a long time to develop.  Genetic improvement may be crucial to the long-term success of these crops.

Recommendation

DEFRA’s public/private breeding programmes should be supported up to the stage where they can deliver germplasm to the point where the breeding industry can accept the risk for private investment.

2.3. The structure of crop genetic improvement activities

The issues of market failure described above lead to the conclusion that in the absence of public intervention, market failure would lead to under-investment in the genetic improvement of crops.  There is much literature pointing to high social returns from agricultural R&D [4].  In addition to strengthening intellectual property rights, the main approach to public intervention has been public funding of investment in research and development.  The next section describes how the public sector and private sector have developed over the years to give us the current mix of institutions and activities.

2.3.1. Development and current structure

Until 1964, plant breeding was undertaken almost entirely by scientists in government-funded institutions, in particular the Plant Breeding Institute at Cambridge (PBI; arable crops), the Welsh Plant Breeding Station at Aberystwyth (WPBS; grass and forage), the National Vegetable Research Station at Wellesbourne, Warwickshire (vegetables) and the Scottish Plant Breeding Station near Edinburgh (SPBS; potatoes, forages and barley). 

Plant Breeders’ Rights were instituted by law in 1964.  New companies were then formed, with interests in breeding all the major crops.  In addition, overseas breeders took increased interest in testing their material in the UK. 

For many crops, there are no significant obstacles to entry into the breeding industry.  One person can undertake a traditional breeding programme part-time, with some land but little other initial investment. The main requirement is for skill and knowledge, and about a decade of perseverance! Thus, breeding initiatives are often supported by associated activities, particularly seed supply, but also farming, food production or research.

The PBI nevertheless dominated UK plant breeding for a number of crops until its privatisation in 1987, and it has continued to be successful whilst under commercial ownership. It is generally accepted that the co-location of research and breeding was beneficial to the success of the PBI before privatisation. Many breeders accepted that it was a ‘unique institution’ that perhaps the influence of individuals, such as John Bingham and Harold Howard, were key to its success.  However, at privatisation, the activities were divided based along artificial lines i.e. applied or ‘near market’ versus basic research [9]. The two groups were separated; the former remained with Unilever in Cambridge; the latter moved to the John Innes Centre at Norwich in 1990. This separation of research and breeding is an issue for this Analysis; a specific concern being that communications between breeders and researchers may now have deteriorated to the point where crop improvement is inhibited.

Privatisation of the PBI coincided with rapid advances in genetic sciences and the associated heightened interest in plant breeding activity from companies seeing long term potential in biotechnology. Their vision was to develop substantial synergy between chemistry and biology, so that they could obtain a major stake in the food production chain worldwide. Thus companies with histories in chemistry (e.g. DuPont, ICI/Zeneca, Ciba-Geigy) and other agro-chemical companies became involved.

Looking at plant breeding companies in 2002, there is now a large range in size, from the big multi-nationals (e.g. Monsanto, Syngenta) to small family-run companies (e.g. Wherry & Sons, Elsoms Seeds). These companies are often subject to acquisitions and mergers; changes in ownership are common and can be complex. Thus, influences on company strategies and decisions can be difficult to identify.

Ownership of the medium-large sized companies in continental Europe commonly involves farming co-operatives. Their involvement is important, in a European context, as it means there are more companies and, there is more collaboration, both commercially and in research terms between EU plant breeding companies as they often share a common ownership. By contrast, only one significant concern is exclusively owned within the UK, and this is small (Elsoms Seeds).

The Seed Trade, as with other agricultural suppliers, is poised for radical change.  Tonnages of most species are small; cereal seed dominates the supply trade (Fig. 2.1).  However, usage of cereal seed has been decreasing for 20 years, and the value of traded seed has decreased significantly in the last five years.  The seed trade has retained traditional systems of seed production and supply, with little innovation, whilst constraints on growers’ margins have caused significant increases in the use of farm-saved seed (FSS).  Whilst there may be detrimental effects of this increasing trend on the seed trade, the extended use of FSS may ultimately benefit genetic improvement, since the trader’s commitment to handle large volumes of seed places constraints on the number of varieties that can be maintained in the supply chain.  Eventually, breeders may supply advanced seed direct to growers for on-farm multiplication.  The recent agreements on the payment of Royalties on FSS may be significant.

Fig. 2.1. The tonnage and value of total purchased seeds in England & Wales (Source: MAFF, March 2001).
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2.3.2. Activities

Almost all plant breeding activity is undertaken with an international perspective.  There are few companies active and none restrict their activities to the UK, and most have activity on several continents.  Plant breeding mainly concentrates on broad-acre, high-output crops such as cereals; this means that other species are less dynamic in terms of the introduction and turnover of varieties.

Commercial breeding techniques, even in the biotechnology companies, are still largely ‘traditional’.  There has been little direct impact of new genetic knowledge on current plant breeding programmes.  The main advances in plant breeding methods have been through adoption of more efficient plant propagation procedures (e.g. tissue culture), which have fore-shortened generations.  The time span covering crossing two parents and field-testing their progeny to a satisfactory extent is thus considerably less than it was ten or twenty years ago.  For example, it is now possible to have conventional varieties of oilseed rape ready for national testing, only 3 years after the parents were crossed. But generally the time spans can only be compressed to a modest extent because of the need for testing and selection over seasons.

The potentials of GMO technology and Marker Assisted Selection have generally been over-stated by the research community and by environmentalists for their own very different ends.  Breeders do not envisage GMO technology as being acceptable for the European market in the near future, so there are virtually no examples of its use in current commercial breeding programmes for the UK (although there is clear interest in the potential it promises).  

Marker Assisted Selection also remains a minority approach because there are seen to be technical difficulties associated with its accuracy and cost (see discussion of Intellectual Property).  Developments in Genomics are being watched with interest, but no UK plant breeder can yet cite genomics as supporting the development of varieties close to commercial use.

The importance of germplasm collections in supporting the activities of plant breeders can be over-emphasised by those not involved, but under-estimated by those without genetic knowledge.  Most breeders are able to collect prospective parent material from current commercial varieties and they can obtain more diverse material through informal relationships with breeders internationally; there is an ethos amongst breeders that supports mutual exchange of interesting genetic material.  Thus, new accessions to breeders’ collections generally arise from new varieties released onto the market, and occasional introduction of less adapted material with useful traits; thus direct interactions of breeders with national germplasm collections tend to be infrequent, and by definition take some time to be seen as having an impact. In the long term, however, useful genes from the germplasm collections are incorporated into varieties and other commercial breeders then exploit these.  Although basically infrequent they are often vital and without such inputs breeding progress would almost certainly have been constrained.

Whether varieties are capable of being marketed and grown internationally tends to be crop species specific.  This may arise from the species basic botany or genetic make up (degree of genotype by environment interaction) but also from the selection regime imposed.  Of the case study crops, the crops that did not seem to “transfer” well were wheat and oats.  Whereas, almost all major breeding activity aiming to develop new oilseed rape varieties for the UK is sited abroad.

2.3.3. Intellectual property

The entry of the large multinationals into the seed market has inevitably brought with it an increase in the importance of intellectual property (IP). Returns on plant breeding alone are small (or even zero presently for some companies in the case of wheat). However, companies can increase their value, through their investment in scientific research, and its output as IP. Profits can be realised through trading IP between competitors. 

The reality during the 1990s was that large companies were investing in biotechnology, and in particular plant molecular biology.  This led to a belief that the research institutes should capitalise on their generation of knowledge by protection of their intellectual property and licensing that technology to companies. The major institutes (JIC and SCRI) set up their own ‘commercial arms’ (Plant Bioscience Ltd and Mylnefield Research Services respectively).

Large companies such as DuPont and Syngenta are comfortable with discussing IP with the institutes, because it is part of their common currency. Consequently, for example, significant collaborations were set up between these two companies and JIC (although recent developments have made clear the potential fragility of such relationships). 

In contrast, the issue of IP has created problems for the smaller independent breeders. Most small breeding firms would not invest in patenting because it is too expensive compared to the potential returns, and it is not a practice with which they are familiar. Both at the workshop we held and during the visits to breeders, the issue of IP was raised; it was often stated that the IP issue had created a barrier to interaction between scientists and UK plant breeders.  The extent to which small breeding companies and Universities (in this area anyway) can truly benefit from IP and how much it introduces often unnecessary reticence on the part of individuals to consider collaboration and synergistic collaboration is hard to judge – groups are clearly nervous of the issues involved and hence tend to be over reluctant to explore the possibilities.  The larger companies are seen as not always willing to look after the needs of smaller collaborators.

Recommendation

DEFRA should promote an environment which encourages industry and research providers to exchange intellectual property.
2.3.4. R&D, Human Capital and Training

More recent writers on the importance of R&D have claimed that it has two ‘faces’.  In addition to the conventional role of stimulating innovation, R&D enhances technology transfer by improving the ability of firms to learn about the advances at the leading edge (‘absorptive capacity’).  Both R&D and human capital are economically important in this catch up process as well as stimulating innovation directly [3].

Plant breeder’s rights were introduced in the UK in 1964. This led to a substantial increase in employment of breeders by the private sector of the plant breeding industry in the UK during the 1970’s. The industry was relatively stable during the 1980’s but in 1989 the Barnes report led to a substantial reduction in the number of public sector breeders. One of the effects of these major changes was to produce an uneven age profile of breeders. The current age of most experienced breeders is 45 to 55 and there are very few in the younger age groups.

Leading, innovative plant breeding companies require staff with a diverse range of skills and aptitudes. From the laboratory technician to the research director each member of staff must possess the correct training and experience to fulfil their role. Laboratory technicians and field staff can normally be recruited locally and given training in-house or at local colleges for specific technical skills (for example IT).  Staff without degrees but with many years of experience can often become the core of a breeding company with extensive knowledge of the methods employed at all stages of the programme. They are unlikely, however, to be innovators and without guidance the programmes are unlikely to succeed in the long term.

Breeders must be physically capable and willing to spend long days in the field assessing potential varieties. They must have a sound background knowledge of the genetics, physiology and pathology of their species. They must be aware of the current status of many biotechnological advances such as marker assisted selection, transformation technology and rapid breeding techniques in order to know which techniques may be applied in a cost-effective manner in their crops. Finally, they must have the ability to optimise the whole breeding process in order to maximise their chances of producing new successful varieties.  This blend of skills requires good first degree, a well-based postgraduate degree, either Masters for practising plant breeders or PhD for some specialists, then on job training and experience. 

2.3.5. Training availability

In reality, there are now very few courses available in the UK.  These are basically more founded in botany or genetics, not agriculture.  The most relevant courses still being offered are at East Anglia and Birmingham. The Masters courses at Reading, Aberystwyth and Cambridge have now stopped. Most of the students on these courses are from overseas and normally return to their own countries after completing their course. 

Clearly people with PhD training are required but a PhD is a narrower, more defined area and needs then to be supplemented with at least some practical experience. This might be acquired subsequent to the PhD. For example, most PhD's in molecular biology acquire little or no experience in agriculture and no contact with activities at the farm level.  In addition to the formal training of breeders in universities many breeders were trained in research institutes such as the PBI at Cambridge and the Scottish Plant Breeding Station (later the Scottish Crop Research Institute) while those institutions carried out both breeding and fundamental research. With the privatisation of the breeding, the scope for training young breeders is much more limited within the public research institutes.

2.4. Conclusions

This analysis of the markets for genetics R&D and to the genetic improvement of UK crops shows that market failure is likely to be extensive.  The private returns to genetic improvement of crops are much less than the social benefits and in the absence of intervention, the market would under provide investment.  The development of genetic crop improvement in the UK shows the changes of policy emphasis with first public provision through large institutions such as the PBI, and then, following action on IPRs to reduce market failure, a growing importance for the private sector.  The change in emphasis with the withdrawal of public funds for near market research was intended to avoid any crowding out of research which the private sector would fund.  R&D is also important in terms of the human capital of firms and their ability to learn and adopt new technologies.
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3. The Spectrum Of Public Sector Investment Activities In The UK

3.1. Funding and research in Great Britain

3.1.1. Overview

The funding arrangements that support crop genetic improvement in the UK are complex. This complexity is due to a number of historical arrangements, which despite their review and discussion in the past, still exist, and made it difficult to collate research spending. In particular, the ‘dual funding arrangement’ for agricultural R&D involving on the one hand the 7 research councils, supporting the science base and administering funds predominantly on behalf of OST, and on the other, DEFRA and latterly also FSA in England and Wales, supporting policy through scientific research.

The sponsors and users of agricultural and food research funding in 1993/94 were defined previously by [3]. While both the numerical values of research spending by the public sector and the nature of the science have changed, the overall structure as defined in Figure 1 of Thirtle’s review still exists, and is applicable to the current analysis. The purpose of this section is to attempt to define those parts of public R&D spending which relate to plant genetics and to further subdivide this into those areas which relate to UK grown crops within the overall context of the analysis.

3.1.2. Sources of data

As there was no central database of research relating to plant genetic research, data had to be requested directly from the individual funders. The main sources of data used in the present analysis were as follows: 

BBSRC supplied data through interrogation of the central database. Data were generated for the financial year 2001/02, by listing projects classified under the following NABS codes:

Agricultural productivity

6.0
General research

6.4
Crops

6.6
Food Technology

6.9
Other research on agricultural production and technology

Industrial production and technology

7.0
General research


Non-oriented research

11.3
Biological Sciences

Projects through their titles, as supplied by BBSRC, were classified as Competitive Strategic Grant (CSG), non-CSG such as open competitions and projects with universities etc, or confidential spend (actual projects not disclosed). 

Data also defined by individual projects were supplied by SEERAD, DARDNI and DEFRA.

When considering public spending it was necessary to break down overall spending into a number of groups. The following classification was adopted:

1. Joint government-industry funded research i.e. LINK, by DEFRA and/or BBSRC

2. Applied research on named UK crops, funded by DEFRA and DARDNI

3. Basic strategic research (principally BBSRC/SEERAD) on named UK crops also including DARDNI and DEFRA spending on specific crop ‘transformation technologies’

4. Basic strategic genetic research on non-crop plants

Breakdown of levy-funded research was also attempted in a parallel fashion, to enable comparisons, but noting that levy boards fund more near-market research (following removal of government funding in this area in the late 1980s) the groups are as follows:

1. Technology (includes both genetic research and plant breeding activities)

2. Germplasm development and support

3. Operation and sponsorship of variety trials and Recommended Lists

Inevitably because of the complexity of the funding arrangements, it is possible that small areas of funding have been missed. However, the authors believe that these are generally minor in relation to the total research spend. In general, if government wanted to better review and refine its R&D policies, the provision of an accurate and ongoing collation of research spending, as attempted here would be valuable. Indeed one view expressed by the industry during visits to plant breeders was that generally there was little information on public spending on crop improvement and more transparency might stimulate industry participation.

3.2. England and Wales

3.2.1. Private sector

It was not possible to determine the level of private expenditure in plant breeding research. This was principally due to the fact that commercially sensitive information was not available to the analysis team. Moreover, in the case of large multinationals, research costs such as maintenance of intellectual property and patent portfolios, may be managed as a central resource and the true costs not allocated to individual business units. In some cases it is possible to estimate from the number of breeders employed by various companies the approximate resources involved and this is discussed in the specific case studies. 

Within a large agrochemical and seeds business, the overall number of ‘crop scientists’ may be large, but this hides the fact that the number of employees actually involved in plant breeding is very low. Thus private expenditure figures can be fairly irrelevant in terms of building up an accurate picture of resource allocation, particularly in the larger companies. 

It must be noted that much of the larger companies spending on plant breeding within the context of this study involves acquisition of germplasm. These may be large amounts of expenditure made for strategic or defensive reasons and usually involve purchase of some element of ongoing research and development activity as well as associated intellectual property. It is doubtful whether returns from plant breeding alone can repay these large investments. However, in size they tend to dwarf the annual expenditure by governments on research or germplasm development. Of relevance to the present study would be Monsanto’s acquisition of the former PBI from Unilever, and DuPont’s acquisition of Pioneer HiBred within the past four years. Specific aspects will be discussed later in the individual case studies, but it is worth noting that the situation is similar in the US where it has been noted (Falck-Zepeda & Traxler, 2000) that Monsanto and DuPont have, in acquiring germplasm firms, spent twice the sum spent by all public agricultural research institutes in the US on all commodities and disciplines in 1999.

The sum of money spent by the industry in supporting scientific research through LINK projects is estimated at ~£462k in FY2001/02 (see below). However, this figure will be an overestimate because part of this figure is provided either through levy boards, or by non-plant breeding companies participating in the projects (e.g. end-users such as food processors). Also, the input cannot be directly related to person years, as much will be in-kind support (running of variety trials, supply of germplasm etc) and equipment.

While levy funding can be considered as coming from private sources, it is often considered as ‘public funding’ and is classed as such here (see below).

3.2.2. Public sector

From the data available at the time of writing the report it is estimated that UK government is spending approximately £42.5M on publicly funded plant genetic research (see Table 3.1. at the end of this section). The majority of these resources (£26.5M; 62%) are spent on basic strategic research on non-crop plants at universities and research institutes. The remainder (£16.0M; 38%) is spent on research relating to the named UK crops. The basis of this division was through an assessment of all project titles supplied by the various funding bodies. It may be noted that for the non-crop species, a significant proportion of this plant genetic research, unsurprisingly, is on the model plant Arabidopsis thaliana.

The sum of £16.0M allocated to UK grown crops cannot be considered wholly to be supporting ‘genetic improvement’.  Of this figure, 69.5% (£11.1M) is basic, strategic research on UK crop plants funded by DEFRA, DARDNI, SEERAD and BBSRC. 

The next largest segment of the £16.0M in the present analysis (£4.4M; 27.5%) is classed here as applied research on the genetic improvement of UK crops and is funded by DEFRA and DARDNI (£3.6 and £0.8M respectively).

The remainder of the 16.0M (£429k; 3%) is allocated to LINK projects on named UK crops, i.e. projects where industry matches the funding. On the one hand this sum represents true industry support for genetic improvement of crops. However it is by definition not near market i.e. it is pre-competitive. Further details and implications of LINK funding are discussed below.  

3.2.3. Levy

It is estimated (see Table 3.2.) that the industry supports crop improvement through both research and variety development with a total of £3.0M in FY2001/02. This figure can be broken down broadly as follows; research (including technology development, breeding and support for LINK projects), £845k (28%); germplasm development, £381k (13%); variety trials and recommended lists, £1777k (59%). 

Table 3.2. UK levy board and related trust spending on the genetic improvement of UK-grown crops (£000 in FY2001/02).

	Crop
	Levy board/

funder*
	Research, breeding, technology
	Germplasm development
	Variety trials and recommended lists
	Total

	Apples and Pears
	APRC
	11
	-
	2
	13

	Cereals
	HGCA
	172
	119
	979
	1270

	Oilseeds
	HGCA
	40
	-
	205
	245

	Hops
	NHA
	42
	-
	-
	42

	   “
	EMTHR
	25
	-
	-
	25

	Horticultural crops
	HDC
	8
	-
	37
	45

	   “
	EMTHR
	347
	138
	-
	485

	Pulses
	PGRO
	-
	-
	125
	125

	Potatoes
	BPC
	35
	35
	135
	205

	Sugar Beet
	BBRO
	165
	89
	293
	547

	
	
	
	
	
	

	
	Sub totals
	845
	381
	1777
	3002

	
	
	
	
	
	



* See glossary, Annex 2

Although there is no link between the two, this total figure broadly matches the sum spent by DEFRA and DARDNI (£4.4M) on applied genetic research on UK crops as outlined previously.

The levy boards have varied mechanisms for collecting funds, which can then be allocated to support the respective sectoral groups. The levy boards, their remits and the mechanisms of raising levy are regularly reviewed, and individual cases are discussed as the crops are covered below. In summary, the various mechanisms for raising levy are either end-point royalty from growers, members of the supply trade and end users (e.g. HGCA for cereals and oilseeds), on an area-grown basis (e.g. NHA for hops), or on the turnover of the individual grower- business (e.g. HDC for horticultural crops). The varying mechanisms and structures of the industry mean that levy funds are allocated to support the overall membership, and not solely in support of growers and certainly not plant breeders.

It is apparent from examination of total levy board funding that in most cases the bulk of the levy is not used to support plant genetic research. However, the balance in the allocation of resources between e.g. marketing, technology transfer, support of recommended lists and true R&D varies between levy boards. However, typically more is spent on recommended lists and this is not surprising as this was one of the areas considered to be near market when agricultural research and development was reorganised in the late 1980s. For example, HGCA spends £979k and £205k in support of the Recommended Lists for cereals and oilseeds respectively, compared against £172k and £40k respectively on research into crop improvement in FY2001/02. The importance to the HGCA of the Recommended Lists is such that from 2001, this levy board has taken ownership of the whole RL system for cereals and oilseeds through its own company Crop Evaluations Ltd (CEL).

In many instances, the levy boards involvement in crop genetic improvement causes difficulties for the governing bodies. Often the remit is to underpin the existence of breeding efforts of minor crops, and there is a necessity to link this to a commercial plant breeding operation, which can take the results of the research through into production. However, this often has to be achieved while also ensuring that one single company does not benefit from the results of that research and that the benefits are widely distributed across all the stakeholders contributing to the levy. These issues are raised when discussing the various crops. 

3.2.4. Research Councils

The research councils, and principally BBSRC, are the most significant source of funding in the UK for plant genetic research (see Table 3.1.). The aim of the BBSRC is to carry out world-class science and to maintain the UK at the forefront of scientific developments.  Thus BBSRC spends £32.8M (77% of the £42.5M total spend identified above) on plant genetic research. Of this, £7M is spent on research on named UK crop plants and the large majority, £24.7M, on non-crop plants. The remaining £1.1M is confidential spend at the BBSRC institutes and cannot be allocated to sectoral groups. 

In the context of the current analysis, the BBSRC spends its competitive strategic grant at its institutes such as the JIC, IGER and IACR, the former being the most important, with a remit to: 

‘conduct world-leading fundamental and strategic research relating to the understanding and exploitation of plants and microbes, with a special emphasis on yield and productivity, quality and valuable products and environmental interactions’  [1]. 

Within the context of this study, data have not been collated on spending by other research councils such as EPSRC.

3.2.5. Government/Ministry

DEFRA commissions scientific research in order to support policy, rather than to carry out world-class science per se. DEFRA funding is increasingly administered through open competition, although in programmes relating to genetic improvement, much is still delivered through commissioned research. Total DEFRA spending on crop genetic research is estimated to be  £5.5M for FY2001/02.

As noted above, within this £5.5M, DEFRA supports £3.7M of applied research on UK crops through open competition and commissioned research and £224k on LINK projects. The remainder supports research into crop transformation technologies, an area of basic, strategic research that could be considered a ‘one-off’ programme (£1.5M in FY2001/02).

Other areas in support of plant genetic research take place under government funding. Statistics from DTI (SET statistics) for 2000 state that that Kew Gardens received £10.9M R&D expenditure. The rationale for DEFRA funding of Kew is the quality of its science, but the grant in aid is intended to support the whole infrastructure of the institution, including its scientific, amenity and heritage functions. It is anticipated that none of this activity relates closely to UK crop improvement and is not considered further.


In the FY 2001/02, the Food Standards Agency (FSA) has funded a series of projects to look for unintended effects of genetic modifications on plants. These projects at JIC and IACR are in support of food safety and consumer protection rather than genetic improvement of crops per se. However, they are undoubtedly classed by the research community as contributing to plant genetic research of relevance to UK crops.

3.2.6. Charities/aid organisations

It will be noted from Table 3.2., that some sectors obtain funding from various charitable trusts. For example, HRI receives support for genetic research on horticultural crops from EMTHR of £347k, which is substantially more than that provided by HDC (£8k) for genetic research. Similarly, the JIC receives £1.2M (approximately 6% of its total income in FY2001/02) from charities. 

It was not possible within the timescale of this project to investigate all the minor sources of funding and to allocate them to individual crops, but for certain minor crops and particularly horticultural crops, these can be an appreciable part of the total research activity.

3.3. Scotland

3.3.1. Public spending

In Scotland, SEERAD and BBSRC are the most significant source of funding for plant genetic research. While SEERAD has a role more akin to DEFRA, its funding policy is more closely aligned with that of BBSRC in that it supports basic strategic research at the Scottish institutes (principally SCRI). There is no BBSRC competitive strategic grant to any Scottish institutions. However, many Scottish universities and institutes benefit from BBSRC funding through open competition and LINK. SEERAD also contributes to certain BBSRC funding initiatives.

SEERAD “spend” in the context of the present analysis is estimated at £3.5M of which £2.9M is allocated to research projects relating to named UK crops. For historical reasons, the majority of this spending (£2.3M) is on barley and potatoes, which have been the focus of SCRI, particularly since the reorganisation of research activities on these crops, following the sale of PBI. There is still a proportion of money spent on soft fruit/raspberries (£279k in FY2001/01) although the raspberry breeding programme in Scotland has been recently reviewed (see Annex 5).

3.4. Northern Ireland

3.4.1. Public spending

In Northern Ireland, DARD spent a total of £1.04M in FY 2001/02. This was allocated to a broad range of projects across all classes of research. Topics included applied research in support of plant breeding, for instance supporting potato and grass breeding. Also, more basic strategic research was funded on ‘plant expression of recombinant proteins of veterinary importance’. Finally, and in direct comparison with DEFRA in England and Wales where such support is the responsibility of the industry, RL trials for herbage, cereals, potatoes and forage maize were also funded by DARD (£253k in 2001/02).

3.5. Interactions between above

It can be seen that due to the complexity of the UK funding arrangements, referred to previously, that there are a number of interactions between various bodies. 

The most important interactions occur as follows:

Commercial companies in support of plant breeding research at public institutes (e.g. Semundo and Germinal holdings at IGER)

Support of plant genetic research by levy bodies at public research institutes where there is no core funding to support plant genetic research on a particular UK crops (e.g. BBRO support for plant genetics research on sugar beet at IACR Brooms Barn)

Support of levy bodies for public-private breeding partnerships (e.g. the role of HGCA in supporting the oat programme at IGER)

Individual contributions by BBSRC, SEERAD and DEFRA into collaborative LINK projects

Some of these have been highlighted above and others will be reviewed when specific crops are discussed below.

Evidently, there is also an unquantified amount of public funding supporting the infrastructure underpinning plant genetic research. It should be noted that OST only deals with the Science Budget as a whole, which is then distributed across the 7 Research Councils of which BBSRC is the most relevant in the present analysis. However the Funding Councils are controlled by the Education departments, not OST. The education departments distribute their block grants for research via the RAE, and the block grants are designed to cover the costs of the university estate.

3.6. Summary

The previous chapter laid out the discussions surrounding market failures that exist in relation to research and the genetic improvement of UK crops, and reiterated the support of research that focuses on the public good. In the present chapter, we have illustrated the polarisation in the UK, which has occurred between basic scientific versus near market research. 

While it is quite right that the government, through its research councils, should invest in basic research that advances knowledge, it is evident that there is a disparity between the large investment in molecular sciences by government, and smaller investment in applied research, which connects with the industry. Because there is a long chain between plant genetic research and the application of a new variety at the farm level, it would appear that a large area of research in the middle ground must currently be outside both public, and significant private funding.

The analysis team are not implying that applied research should be focussed on turning new discoveries into ‘breeders toolkits’ as this would be a far too simplistic solution. The question is more fundamental as to whether the basic molecular sciences can solve some of the complex questions that relate to environment and sustainability. Their solution is often achieved through a study of the interactions between genotypes and their environments, and in the case of cropping, also with external inputs. Moreover, the move to focus on organisms such as Streptomyces will mean that the work taking place in institutes will have even less applicability to DEFRA’s objectives in the future. The gap is only likely to widen unless action is taken now.

Recommendation

The balance between spending on basic research and applied research should be changed so that more is spent on the latter.

Subsequent chapters will explore in more detail the options for research, whether better models are available elsewhere and what the balance of funding should be between government and industry in relation to research.
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Table 3.1. UK public research spend in plant and crop genetics in FY2001/02 (£000) for arable and horticultural crops.

	
	
	Class 1
	
	Class 2
	Class 3
	
	
	
	Class 4
	
	
	
	TOTAL
	
	
	

	
	
	DEFRA
	BBSRC 
	DEFRA
	DEFRA
	SEERAD
	BBSRC
	BBSRC
	BBSRC
	SEERAD
	BBSRC
	BBSRC
	DEFRA
	TOTAL
	TOTAL
	D+B+S

	AREA
	CROP
	LINK
	 LINK
	/DARD
	/DARD
	
	CSG
	OC
	CSG
	
	OC
	LINK
	+DARD
	BBSRC
	SEERAD
	TOTAL

	Arable (A)
	Cereals general
	-
	-
	-
	145
	289
	1592
	408
	11
	-
	-
	-
	145
	2011
	289
	2445

	
	Barley
	-
	-
	-
	17
	1189
	139
	265
	-
	-
	-
	-
	17
	404
	1189
	1610

	
	Lupin
	-
	-
	209
	-
	-
	-
	-
	-
	-
	-
	-
	209
	0
	0
	209

	
	Oats
	-
	-
	206
	12
	-
	-
	92
	-
	-
	-
	-
	218
	92
	0
	310

	
	OSR
	132
	-
	0
	-
	-
	148
	-
	-
	-
	-
	-
	132
	148
	0
	281

	
	Pea
	-
	-
	313
	55
	-
	240
	111
	-
	-
	-
	-
	368
	351
	0
	719

	
	Potato
	-
	106
	339
	-
	1113
	165
	44
	-
	-
	-
	-
	339
	315
	1113
	1766

	
	Wheat
	91
	86
	516
	221
	-
	641
	56
	-
	-
	-
	-
	829
	784
	0
	1612

	
	Sub total A
	224
	192
	1583
	450
	2591
	2925
	977
	11
	0
	0
	0
	2257
	4105
	2591
	8953

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Horticulture (H)
	Tree
	-
	-
	21
	-
	-
	13
	-
	-
	-
	-
	-
	0
	13
	0
	13

	
	Brassicas general
	-
	-
	-
	428
	-
	677
	151
	84
	-
	-
	-
	428
	912
	0
	1340

	
	Carrot
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0
	0
	0
	0

	
	Cherry/plum
	-
	-
	108
	-
	-
	-
	-
	-
	-
	-
	-
	108
	0
	0
	108

	
	Fruit
	-
	-
	-
	478
	-
	-
	-
	-
	-
	-
	-
	478
	0
	0
	478

	
	Hops
	-
	-
	157
	-
	-
	-
	-
	-
	-
	-
	-
	157
	0
	0
	157

	
	Impatiens
	-
	-
	-
	-
	-
	-
	44
	-
	-
	-
	-
	0
	44
	0
	44

	
	Leek
	-
	-
	63
	-
	-
	-
	-
	-
	-
	-
	-
	63
	0
	0
	63

	
	Lettuce
	-
	-
	168
	-
	-
	-
	61
	-
	-
	-
	-
	168
	61
	0
	229

	
	Mushroom
	-
	-
	114
	-
	-
	-
	-
	-
	-
	-
	-
	114
	0
	0
	114

	
	Narcissus
	-
	-
	110
	-
	-
	-
	-
	-
	-
	-
	-
	110
	0
	0
	110

	
	Onion
	-
	-
	66
	-
	-
	-
	-
	-
	-
	-
	-
	66
	0
	0
	66

	
	Raspberry/S Fruit
	-
	-
	110
	-
	279
	-
	-
	-
	-
	-
	-
	110
	0
	279
	389

	
	Rose
	-
	-
	81
	-
	-
	-
	-
	-
	-
	-
	-
	81
	0
	0
	81

	
	Strawberry
	-
	13
	164
	-
	-
	153
	-
	-
	-
	-
	-
	164
	166
	0
	330

	
	Tomato
	-
	-
	-
	-
	-
	-
	206
	-
	-
	-
	-
	0
	206
	0
	206

	
	Turnip/swede
	-
	-
	-
	38
	-
	-
	-
	-
	-
	-
	-
	38
	0
	0
	38

	
	Vegetables general
	-
	-
	-
	112
	-
	67
	-
	-
	-
	-
	-
	112
	67
	0
	179

	
	Sub total H
	0
	13
	1162
	1056
	279
	909
	462
	84
	0
	0
	0
	2218
	1468
	279
	3965


Table 3.1. Continued - UK public research spend in plant and crop genetics in FY2001/02 (£000) - Forage species and general plant science.

	
	
	Class 1
	
	Class 2
	Class 3
	
	
	
	Class 4
	
	
	
	TOTAL
	
	
	

	
	
	DEFRA
	BBSRC 
	DEFRA
	DEFRA
	SEERAD
	BBSRC
	BBSRC
	BBSRC
	SEERAD
	BBSRC
	BBSRC
	DEFRA
	TOTAL
	TOTAL
	D+B+S

	AREA
	CROP
	LINK
	 LINK
	/DARD
	/DARD
	
	CSG
	OC
	CSG
	
	OC
	LINK
	+DARD
	BBSRC
	SEERAD
	TOTAL

	Livestock (L)
	Grass
	-
	-
	1669
	-
	-
	801
	112
	-
	-
	-
	-
	1353
	914
	0
	2267

	
	Legume
	-
	-
	-
	-
	-
	477
	-
	-
	-
	-
	-
	0
	477
	0
	477

	
	Sub total L
	0
	0
	1669
	0
	0
	1279
	112
	0
	0
	0
	0
	1353
	1391
	0
	2744

	
	Total A+H+L
	224
	205
	4414
	1506
	2870
	5113
	1552
	95
	0
	0
	0
	6143
	6965
	2870
	15978

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Plant Science (P)
	Individual projects
	-
	-
	-
	113
	-
	308
	-
	6809
	659
	17253
	341
	-
	24711
	659
	25370

	
	Confidential spend
	-
	-
	-
	-
	-
	1160
	-
	-
	-
	-
	-
	-
	1160
	0
	1160

	
	Sub total P
	0
	0
	0
	113
	0
	1468
	0
	6809
	0
	17253
	341
	0
	25872
	659
	26530

	Total
	A+H+L+P
	224
	205
	3738
	11619
	2870
	6581
	1552
	6905
	0
	17253
	341
	6143
	32836
	3529
	42509


	Notes 1:
	Class 1: Joint govt-industry - LINK associated with named UK crops
	
	
	
	
	
	
	
	

	
	Class 2: Applied research, named UK crops (DEFRA and DARDNI funded)
	
	
	
	
	
	
	
	
	
	

	
	Class 3: Basic, strategic research, named UK crops (principally BBSRC/SEERAD but includes DARDNI and DEFRA special 'transformation technology' projects)

	
	Class 4: Fundamental research, general plant genetics, non-crop species (e.g. Arabidopsis) including BBSRC non-crop specific LINK projects

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Notes 2:
	BBSRC CSG: Competitive Strategic Grant - Core funding to BBSRC institutes
	
	
	
	
	
	
	
	

	
	BBSRC OC: BBSRC non-LINK and non-CSG projects: Projects with Universities and Open Competitions etc.
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Notes 3:
	BBSRC data based on NABS codes 6.0, 6.4, 6.6, 6.9, 7.0, 7.4, 11.3
	
	
	
	
	
	
	
	
	

	
	Typically contain keywords: genetic, genomes, modification, breeding, marker assisted selection, mapping, molecular analysis, reporter, transgenic, mutagenesis


4. Structure and Funding of Current Research and Development in France and Germany

The previous chapter laid out the spectrum of research funding in the UK. The present chapter describes the comparative situation in France and Germany.

4.1. Current research position in France

4.1.1. Overview

Funding of breeding research can be divided into the following areas:

1. Basic research (molecular biology, biotechnology, physiology, etc) is now mainly carried out through Génoplante (see below) but also by INRA, CNRS and Universities and Institutes outside of Génoplante,

2. Applied research without participation of the breeders (this occurs less often than in the past, and is mainly done through INRA),

3. Applied research with participation of scientists and breeders through economic interest groups  (this has been, and continues to be, very common, with the cereals “Club de Cinq” being a typical and successful example of a ‘GIE’). It should be noted that a GIE can also exist with only industry participants,

4. Applied Research by breeders (which varies greatly according to the company and its crop focus).

All except the latter are carried out within the Institut Nationale de la Recherche Agronomique (INRA), CNRS, various Institutes and the Universities, with the leading role taken by INRA, which has a predominant position in Agricultural research of all kinds in France.

INRA 

INRA is a public science and technology institution under the joint supervision of the Ministry of Science and the Ministry of Agriculture and Fisheries. INRA has: 

· 21 regional research centres,

· 320 research units,

· 88 experimental units.

INRA has 150 establishments distributed across the country. The most significant ones are set up in regional Centres to which are attached secondary establishments. For details see Annex 7.

More than 10,000 people work at INRA. There are 3,800 researchers and engineers, 4800 technicians and research support technicians, and about 1,000 thesis students. Approximately 1,000 trainees and foreign researchers are accepted each year. The annual total budget is about Euro 525 million.

INRA has the 18 major research departments. Three of these; Plant Health and the Environment, Plant Biology, Plant Breeding & Genetics are the groups that are most involved with plant breeding.

4.1.2. Universities 

Most research into applied plant science in Universities is carried out in collaboration with INRA. Some basic research is done independently but there is, even with this type of research, a close connection through the government with INRA. 

4.1.3. Applied research without participation of the breeders 

In the past, and to some extent today, INRA carried out plant breeding research for commercial objectives, thereby using its own internal plant breeders to exploit INRA technology. A company called Agri Obtentiens was set up by INRA to get the plant variety protection on new varieties and make royalty based sales. This situation may not continue. In future very little applied research without plant breeder involvement is likely to happen, due to the formation of Génoplante (see below).

4.1.4. Applied research with participation of the breeders

There are many examples of such collaboration. The best known is the cereal breeding “Groupement d’Interet Economique” (GIE) called the “Club de Cinq” in which INRA works with Desprez, Serasem, SIGMA, Benoist and Nickerson. Another GIE was Hybrible, which worked with INRA on hybrid wheat. Hybrinova, a French hybrid wheat company, has long had an exclusive development agreement with INRA for hybrid parent selection. There are similar examples for many crops with all plant breeders, especially those that are French or mainly French owned. 

Going forward, the GIE system is weakening due to the acquisition of French breeders by multinational companies. At the same time, the industry and research institutes have felt the need to collaborate in the genomics field (described earlier), in order to stay at the forefront of the basic science. This has led to the Génoplante project. As a show of their willingness to set a pioneering example in collaboration between the private and public sectors, the founding members have signed a binding charter that promotes an ethical vision of plant research. For further details on the structure of Génoplante and its charter, see Annex 7. Details of funding are given below.

4.2. The funding of research in France

In contrast to the position in the UK, it was difficult to obtain information on actual spending on plant genetic research, either basic or relating to crop improvement defined by project titles as in the UK. However, through contacts at INRA (the National Agricultural Research Institute) some breakdown of INRA research spending was made.

The main players in the French agricultural research network are as follows:

INRA

The INRA is a public scientific and technological institution under the supervision of the ministry of national education, research and technology and the ministry of agriculture. It has more than 10,000 employees, almost half of who are research scientists, engineers or young researchers undergoing training.

Its main lines of research are devoted to managing space, preserving the environment and durable agriculture, improving human nutrition, especially by helping to protect consumer health, product diversification, understanding the mechanism of life science and developing process engineering, assisting economic decision-making, and informing public opinion.

CNRS

The CNRS is a public scientific and technological institution set up in 1939. It comes under the supervision of the Ministry for National Education, Research and Technology, and has more than 25,000 employees, including 11,500 scientists and almost 14,000 engineers, technicians and administrators.

It consists of seven scientific departments and an additional two institutes: its primary vocation is fundamental research but it also takes an active part in exploiting the breakthroughs made in its laboratories and passing on know-how. The CNRS also co-operates in numerous international projects.

IRD

The IRD (formerly ORSTOM, Institute of Scientific Research for Cooperative Development) is a public scientific and technological institution. In partnership with Southern countries, international organisations and French and European scientific institutions, it implements research programmes aimed at sustained development in Southern countries.

CIRAD

CIRAD is a public industrial and commercial institution set up in 1984 with the final objective of working towards economic and social development in Southern countries. The organisation employs 1,800 people, including 800 senior staff, who operate in around fifty or so countries.

Universities

It was not possible to obtain estimates of research spending on crop genetics within the universities. 

4.2.1. Research spending in plant and crop genetics

Data were supplied in the form of the numbers of scientific and technical staff distributed across research topic and operational objectives. From these raw data, in order to obtain an estimate of costs (marginal + direct costs), the team were advised to use of figure of 150k Euros per member of staff. Data were then converted at a rates of 1 Euro = £0.60 to pounds sterling for comparative purposes.

From the whole of the INRA and non-INRA (e.g. universities and the other institutes defined above) budgets, funding was extracted for the following 5 research topics which match specific INRA research departments:

	EA 
	Environnement et agronomie (Environment and Agronomy)
	

	SPE 
	Santé des plantes et environnement (Plant Health and Environment)
	

	GAP
	Génètique et amélioration des plantes (Genetics and plant breeding)
	

	BV
	Biologie végètale (Plant biology)
	

	TPV
	Tranformation des produits végètaux* (Transformation of plant products)
	


* Note: TPV include a majority of non-genetic projects as they mainly relate to processing and transformation through fermentation etc.

For each research department there are 6 possible operational objectives into which research activities fall (Table 4.1.). While this presentation of the data is in some ways difficult to interpret, it demonstrates the structure of the research against objectives, perhaps analogous to BBSRC (NABS) codes. 

Table 4.2. shows public research spending against the codes defined previously. The total research spending is approximately £178M, although not all of this will relate to plant genetics. Looking down research topics, it can be seen that the genetics and plant breeding (GAP) research topic has allocated to it approximately £23.4M within INRA and £8.7M outside INRA. GAP is an important research area with respect to the present analysis because the INRA ‘plant breeding stations’ come within this figure. The relative importance of INRA (£114.1M) as a contractor is seen as being greater than non-INRA (£64.4M) in all the selected research areas except TPV. 

Looking across Table 4.2., the data are presented by operational objective. It can be seen that objectives of relevance to study of basic plant science, D1-D3 relating to genomics, have allocated 7.3, 17.4 and 29.2 £M respectively; a total of £53.9M in the five research topics of interest. One can see this is significantly greater than the total public research spending on plant genetics in the UK. 

The genomics effort is now linked closely with the Genoplante initiative. To some extent this has been an initiative driven by the French plant breeders and scientists to attempt to redress the perceived advances of the US, UK and perhaps Germany in these areas of basic science. 

4.2.2. The plant genome project, Génoplante

Génoplante brings together INRA, CNRS, other official bodies and a number of private organizations in a formal structure that is now the principle focus of plant genetic improvement in France. The partners in Génoplante (see Annex 7) aim to develop genome analysis programmes for the five main crop species cultivated in Europe: corn (maize), wheat, rapeseed, sunflower seed and peas, to protect the knowledge gained with a competitive portfolio of patents, and to offer seed breeders new ways of improving plant varieties. 

Génoplante's achievements are intended to allow all partners to perfect quality plants. These plants should better fulfil expectations of farmers', the food industry and in fine consumers' from technical, environmental, nutritional and food safety points of view. The scientific aim of Génoplante is to identify the genes that are useful for plant improvement and to discover new agrochemical molecules that are friendlier to the environment. 

To achieve this aim, the scientists at Génoplante are involved in two different programmes. In the first one called "Génoplante Generic", they start by determining the function of genes of interest in the two species chosen as models: rice and Arabidopsis. This work makes it easier to identify the most important genes in the five crop species selected for the first phase of the programme "Génoplante Major Crops": corn, wheat, oilseed rape, peas and sunflower. 

Génoplante has a budget of c. 200 million Euros over five years (£24M/yr). The public research organisations (INRA, CNRS etc) contribute slightly over 40% of this global budget i.e. approximately £9.6M/yr. Génoplante's private partners also contribute 40% of the programme costs, both through their own teams in kind contribution to Génoplante, and by providing financial support for the projects carried out in public laboratories. Finally, an important contribution of around 20% has been provided by the French authorities, namely the Ministry for Research (National Science Fund and Fund for Technological Research), and the Ministry of Agriculture and Fisheries. 

Table 4.1. Operational objectives – French agricultural research. Data from the INRA Guidance document 2001-2004.
	Objectives
	
	Sub division

	A. Improving the living environment, protecting the environment, sustainable production
	
	A1. Manage and protect physical resources

A2. Exploit and protect Biological resources

A3. Design and develop sustainable production systems

A4. Plan and manage land and landscapes

A5.Control fate of effluent and residues

	
	
	

	B. Improve human nutrition, protect consumer health and understand consumer behaviour
	
	B2. Ensure that food is chemically and biologically safe

B4. Discover the factors governing consumer behaviour

	
	
	

	C. Diversification of products, product uses and improve their competitiveness
	
	C1. Characterise and predict product quality and type

C2. Develop food with controlled properties

C4. Develop non-food uses

C5. Development of integration across sectors

	
	
	

	D. Develop comprehensive strategies to increase knowledge of living organisms 
	
	D1. Discover how model genome are structured and function

D2. Develop methods for analysing the genomes of beneficial species

D3. Study Functional genomics and organism physiology

D4. Develop structural biology

	
	
	

	E. Adapt species, practices and production strategies to evolving concepts
	
	E1. Develop genetic and agricultural strategies to adapt plants to a restricting ecological and socio-economic climate

E3. Study plant pest and pathogens, control epidemic processes, control plant and animal health

E4. Control and exploit biological processes involved in plant and animal production

	
	
	

	F. Clarify the decision making processes of those involved in the public and private sector.
	
	F2. Analyse and assess national and international public policies, understand the issues involved

F3. Participate in innovation processes, protect know-how

	
	
	


Table 4.2. Distribution of research spending INRA and non-INRA research staff by research topic and operational objectives (£M) 2001 budget.

	
	
	
	INRA
	
	
	
	
	
	Non INRA
	
	Total
	Total
	Grand

	Objectives*
	EA
	SPE
	GAP
	BV
	TPV
	
	EA
	SPE
	GAP
	BV
	TPV
	INRA
	Non-INRA
	Total

	A1
	9.1
	-
	-
	-
	-
	
	3.5
	-
	-
	-
	-
	9.1
	3.5
	12.6

	A2
	2.0
	4.7
	4.1
	-
	-
	
	0.7
	2.8
	1.4
	-
	-
	10.8
	4.9
	15.7

	A3
	5.0
	7.2
	0.3
	-
	-
	
	2.2
	3.2
	-
	-
	-
	12.5
	5.5
	18.0

	A4
	2.2
	0.1
	-
	-
	-
	
	1.2
	-
	-
	-
	-
	2.3
	1.2
	3.5

	A5
	2.0
	-
	-
	-
	-
	
	0.5
	-
	-
	-
	-
	2.0
	0.5
	2.5

	Sub total A
	20.3
	12.0
	4.4
	-
	-
	
	8.2
	6.0
	1.4
	-
	-
	36.7
	15.6
	52.3

	B2
	0.2
	-
	-
	-
	1.4
	
	0.1
	-
	-
	-
	1.1
	1.7
	1.2
	2.9

	B4
	-
	-
	-
	-
	0.6
	
	-
	-
	-
	-
	0.4
	0.6
	0.4
	0.9

	Sub Total B
	0.2
	-
	-
	-
	2.0
	
	0.1
	-
	-
	-
	1.5
	2.3
	1.5
	3.8

	C1
	1.2
	-
	0.6
	2.3
	2.8
	
	0.2
	-
	0.2
	1.0
	1.8
	6.8
	3.2
	1-

	C3
	-
	-
	-
	-
	3.3
	
	-
	-
	-
	-
	3.1
	3.3
	3.1
	6.3

	C4
	-
	0.3
	-
	-
	1.4
	
	0.1
	-
	-
	-
	4.4
	1.7
	4.6
	6.3

	C5
	0.3
	-
	2.7
	-
	0.2
	
	-
	-
	0.1
	-
	0.3
	3.1
	0.3
	3.4

	Sub Total C
	1.5
	0.3
	3.3
	2.3
	7.6
	
	0.3
	-
	0.3
	1.0
	9.5
	14.9
	11.2
	26.1

	D1
	-
	2.2
	1.2
	0.9
	-
	
	-
	2.9
	0.1
	-
	-
	4.3
	3.0
	7.3

	D2
	-
	0.2
	11.2
	-
	-
	
	-
	0.5
	5.6
	-
	-
	11.3
	6.1
	17.4

	D3
	9.2
	7.3
	-
	-
	1.9
	
	1.3
	4.9
	-
	0.9
	3.8
	18.3
	10.9
	29.2

	D4
	-
	-
	-
	-
	2.5
	
	-
	-
	-
	-
	2.2
	2.5
	2.2
	4.8

	Sub Total D
	9.2
	9.6
	12.3
	0.9
	4.4
	
	1.3
	8.2
	5.7
	0.9
	6.0
	36.5
	22.2
	58.7

	E1
	3.4
	2.5
	3.2
	2.5
	-
	
	0.8
	1.1
	1.3
	1.8
	-
	11.6
	5.0
	16.6

	E3
	0.3
	7.4
	0.2
	-
	-
	
	0.1
	-
	-
	-
	-
	7.8
	0.2
	8.0

	E4
	3.1
	-
	-
	-
	-
	
	2.1
	6.6
	-
	-
	-
	3.1
	8.6
	11.7

	Sub Total E
	6.8
	9.8
	3.4
	2.5
	-
	
	3.0
	7.7
	1.3
	1.8
	-
	22.6
	13.8
	36.3

	F2
	0.2
	0.4
	-
	-
	-
	
	-
	0.1
	-
	-
	-
	0.6
	0.1
	0.7

	F3
	-
	0.1
	-
	-
	-
	
	-
	-
	-
	-
	-
	0.1
	-
	0.1

	F6
	-
	0.4
	-
	-
	-
	
	-
	-
	-
	-
	-
	0.4
	-
	0.4

	Sub Total F
	0.2
	1.0
	-
	-
	-
	
	-
	0.1
	-
	-
	-
	1.2
	0.1
	1.3

	Dept. costs
	0.5
	0.4
	2.1
	-
	0.3
	
	-
	-
	0.1
	-
	-
	3.2
	0.1
	3.2

	Total
	38.2
	32.7
	23.4
	5.7
	14.0
	
	12.9
	22.1
	8.7
	3.7
	17.0
	114.1
	64.4
	178.4

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


*For explanation of objectives codes, see Table 4.1.

4.2.3. Breakdown of spending on specific crop species

Specifying the allocation of funds to individual crop species, as was achieved for the UK, was not possible for France, in such a short timescale. However, indications of research priorities can be gleaned from the following data.

Some data broken down by crop species for the INRA department GAP under a single programme ‘Innovation variétale et diversification’. Based on a total of 37.3 researchers in the programme, the funding on these crops, under this one programme was as shown in Table 4.3.

Table 4.3. Breakdown of spending by crop in the INRA GAP research 

department under the programme ‘Varietal Innovation and Diversification’ (£k).
	Crop species/group
	£k*
	%

	Cereals
	513
	15.3

	Maize
	162
	4.8

	Sunflower
	45
	1.3

	Forage legumes
	648
	19.3

	Grain legumes
	243
	7.2

	Oilseed rape
	0
	0.0

	Forage crops
	216
	6.4

	Fruit crops
	891
	26.5

	Ornamental crops
	405
	12.2

	Vines
	234
	7.0

	Total
	3357
	100.0

	
	
	


 
* Based on costs for scientific research staff

Does not include technicians and support staff

Evidently the data in Table 4.3. do not give a total breakdown of research spending, but indicate the relevant importance of the individual crop species to INRA in terms of their internal crop improvement activities. Interestingly, arable crops and maize receive a relatively small proportion of research funding within this programme. The allocation of research funds to fruit, ornamental and forage legume crops, indicates preferential support for the smaller crops, where large commercial companies are less active.

Further information on funding allocation by crop species can be viewed from data in relation to the Génoplante initiative. The figures indicate a complementarity to the position in Table 4.3, because the Génoplante funding for arable crops (cereals, legumes, maize, oil crops and protein crops) is more significant than funding from other sources (Figure 4.1.).

Figure 4.1. Distribution of French research spending (£00,000) to crop sectors, either within or outside the Génoplante initiative.
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The overall picture of genetic improvement in crops in France is complicated because of the close involvement of industry, and this contrasts markedly with the position in the UK. The focus of the major crops species interests the participation of the major players in the industry and other INRA research activities pick up the minor crops as detailed above. 

Significant spending was identified relating to genomics, at a higher level than was identified in the UK, and spanning both the model species and economically important crop species. There is less distinction between work on genomics as basic strategic research on the one hand, and conventional plant breeding activities on the other, as is the case in the UK. Instead there is a drive to make genomics applicable and relevant to French industry, through the development of Génoplante. 

This is not a complete picture of research spending in France. Within the timescale of the study, no information could be obtained on research spending by Agri Obtentiens, the commercial plant breeding arm of INRA, or the roles of industry bodies such as ITCF and UNIP, who form an extension service role, and carry out extensive variety trialling activities for instance.

4.3. Current research position in Germany

4.3.1. Overview 

Funding of breeding research can be divided into the following areas:

1. Basic research (molecular biology, biotechnology, physiology, etc)

2. Applied research without participation of the breeders

3. Applied research with participation of the breeders.

The research work is mainly carried out at these institutions:

1. Max-Planck-Institutes

2. Federal research centres (Federal Centre for Breeding Research on Cultivated Plants (BAZ, Quedlinburg), Federal Centre for Biology in Agriculture and Forestry (BBA, Braunschweig), Federal Centre for Research in Agriculture (FAL, Braunschwei-Völkenrode)

3. Universities

4. Breeding companies.

4.3.2. Basic Research

Basic research is mainly done at Max-Planck-Institutes and at Universities. It was not possible to get data about the funds spent in this area.

The Max-Planck-Society

The Max Planck Society for the Advancement of the Sciences e. V. (www.mpg.de) is an independent, non-profit organisation. The Max Planck Society promotes research in its own institutes.

Max Planck Institutes carry on basic research in service to the general public in the areas of natural science, social science and the arts and humanities. In particular, the Max Planck Society takes up new and promising directions in research that the universities are funded insufficiently, if at all. The reasons for this are either due to the fact that the interdisciplinary character of such research cannot fit into the universities’ organisational framework or because the costs for personnel and facilities that it demands are beyond the universities’ means. Max Planck Institutes, therefore, complement the work of the universities in important fields of research.

At this time some 95% of the financial support received by the Max Planck Institute comes from public funds provided by the Federal government and the states. The remaining 5% stems from donations from members, contributions, and from its own earnings. The financial foundation of the Max Planck Society is a basic agreement between the Federal government and the individual German states. The agreement provides for jointly supported research in accordance with Article 91b of the German Constitution. A supplemental agreement regulates financial support for the Max Planck Society: half of the subsidies contributing to the Society’s budget are paid by the Federal Government and half by the states.  Moreover, financial assistance (special funds) exceeding the contributions allocated by one of the financial backers may be granted by the joint backers with the approval of all parties to the agreement. The 2000 budget is estimated to total DM 2338 Million (1999: DM 2172 M).

Institutes/Employees: 81 Institutes, research centres laboratories and project groups employ approximately 11000 people, among them about 3000 scientists and scholars. In addition, there were also about 6900 doctoral candidates, post-doctoral fellows and guest scientists and scholars from abroad in 2000. 

There are mainly 4 (out of 81!) institutes involved in research relevant to plant breeding:

· Max-Planck Institute for Molecular Genetics, Berlin

· Max-Planck Institute for Molecular Plant Physiology, Golm

· Max-Planck Institute for Plant Breeding Research, Köln.

· Max-Planck-Institute for Chemical Ecology, Jena

4.3.3. Universities 

It was not possible within the timeframe of this project to get information on the funds spent by Universities without participation of plant breeders because there are many locations (28) and disciplines. Only research projects with participation of breeders, which are co-ordinated by GFP, were taken into consideration (see below). 

4.3.4. Applied research without participation of the breeders (BAZ)

The majority of applied research is carried out within the Federal Centre for Breeding Research on Cultivated Plants (BAZ). As part of the research sector of the Federal Ministry of Consumer Protection, Food and Agriculture, BAZ contributes to a programme of a sustainable agricultural production of high quality and ecological compatibility. BAZ encompasses eight sites in Germany; its headquarters are situated in Quedlinburg (Saxony-Anhalt). 

The mission of BAZ is:

Research in the breeding of healthy, high-quality plants for food and non-food applications, with the aim to:

· Provide advice for the policies of the Ministry of Consumer Protection, Food and Agriculture, 

· Disseminate scientific knowledge and promote the public understanding in important areas of agricultural and life sciences, and

· Development and provision of breeding methods and basic breeding materials with the aim to transmit achievements of basic research to practice. 

Main areas of research:
1. Applied breeding research

1.1. To provide basic plant materials with durable disease resistance and high production efficiency:

1.1.1  Analysis of the genetic and molecular basis of disease resistance and tolerance to biotic and abiotic stresses,

1.1.2  Investigations of the morphological, biochemical and physiological basis of disease resistances,

1.1.3  Epidemiological investigations of pathogens including the determination of virulence and aggressiveness ,

1.1.4  Improving the crops' efficiency in using energy and nutrients.

1.2. To improve the quality of basic materials for food and non-food applications:

1.2.1  Investigations of the genetic, physiological and biochemical mechanisms for synthesis of valuable compounds,

1.2.2  Analysis of quality components of cultivated plants,

1.2.3  Relationship between chemical analysis and sensory evaluation.

2. Development of Methods

2.1. To improve plant selection:

2.1.1  Development of test systems to determine quantitatively and qualitatively the parameters of resistance and quality,

2.1.2  Analysis of morphological, biochemical and molecular-genetic traits for marker-assisted selection.

2.2. To produce and utilize genetic variability:

2.2.1  Evaluation of genetic resources and identification of genes with relevance to resistance and tolerance,

2.2.2  Development of new strategies to incorporate complexly inherited characteristics into cultivated plants,

2.2.3  Development of techniques to enlarge the genetic diversity of the breeding material.

It can be seen that BAZ is a significant institution, in the organisation of plant genetics research in Germany. Further details of its history can be found in Annex 8. Today, BAZ encompasses 10 institutes and one gene bank at 8 locations in Germany and conducts breeding research across the whole spectrum of cultivated plants (except for forest plants). It has a staff of 450 with about 90 scientists, complemented each year by approximately 20 externally funded scientists and many visiting researchers from all parts of the world. The average yearly expenditure within BAZ is 45.7million DM (c. £15M). A breakdown of funding within BAZ can be found in Annex 8.

4.3.5. Society for the Promotion of Private Plant Breeding (GFP)

The plant breeding industry in Germany is more closely involved with researchers through the Society for the Promotion of Private Plant Breeding (GFP).  The GFP system appears to work well.  The breeders’ input is financed through a levy on all companies active in Germany (irrespective of nationality) and these are augmented by public funds from a mix of sources including the Ministry of Consumer Protection, Nutrition and Agriculture, and the European Union. The total value of the research projects is £6 million DM/annum (c. £2M/annum) of which 10-50% of costs (depending on projects) are paid by breeders.  Most of this input is ‘in-kind’ by the breeders. Projects are split across areas of resistance, renewable resources, quality and nutrient efficiency and so relate to environmental objectives including a reduction in pesticide inputs.

GFP

Gesellschaft zur Förderung der Privaten Pflanzenzüchtung (Society for the promotion of private plant breeding). Plant breeding companies contribute to research costs.

Funds from:

· The Ministry of consumer Protection, Nutrition and Agriculture (BMVEL)

· Funds for University research

· Funds for renewable resources

· The Ministry of Economy and Technology (BMWi)

· The European Union

Members of GFP are private plant breeding companies acting in Germany (irrespective of nationality of the company). The have to pay a definite levy to GFP, which is used to contribute to research projects. The whole GFP is divided into sections characterised by crops:

Oil and protein crops

Cereals

Potatoes

Sugar and fodder beets

Forage crops

Vegetables, spices and medicinal plants

Maize

General breeding aspects.

The original idea of GFP was to promote private plant breeding by initiating research projects helping to solve problems (for example searching for sources of disease resistance). The procedure is the following:

1. Problem identified by the breeder

2. A research institute is found that could solve the problem

3. A proposal is written for a research project and presented to the members of the respective GFP section

4. Section members vote of in the assembly to have this research project done (or not, or modified)

5. GFP secretaries try to get funds from the government for the project

6. If funds are available and the project is carried out: results are presented at the assembly of the section once a year, written reports are distributed to all members of the section; genetic material created in the project is available to all members of the section.

Today, the procedure normally starts with point 3. This means that a scientist presents a proposal of a research project to GFP and the assembly of the respective section decides if this project is valuable to promote breeding of the crops of this section. The vote of the section is necessary because the breeding companies contribute to the total costs of the project. Twice a year the members of each section meet and discuss research needs and results. Scientists in charge of the projects present their results and new proposals. Then, the scientists leave the room and the assembly of the section members (only breeding companies, no scientists!) decide about the value of new proposals and discuss the results of research projects that are in progress.

The decision of the respective section does not necessarily mean that the project will be carried out. The problem that usually arises is project funding. If the political leadership does not agree to the research project or if funds are limited and other priorities are set by the government GFP fails to get funds. This is often the case. On the other hand, if a GFP project is funded, it is likely to have a benefit to private plant breeding because the plant breeders themselves have decided that it is a valuable project for them.

4.3.6. Regional programmes

There are some regional programmes in the north-eastern part of Germany, especially in biotechnology. These programmes are restricted to a definite timescale (5 – 8 years). They support applied research giving a direct benefit to companies (not only plant breeding!) of the respective region. It was not possible to get the data related to plant breeding for these projects.

4.4. Genetic resources

There are 2 gene banks for plant genetic resources in Germany:

1. Gene bank of the Federal Centre for Breeding Research on Cultivated Plants (BAZ) in Braunschweig

2. Gene bank of the Institute for Plant Genetics and Crop Research (IPK) in Gatersleben

A 3rd gene bank of interest for breeders is the German Collection of Micro-organisms and Cell Cultures in Braunschweig.

Seeds from the gene bank are freely available in small quantities. The breeder has to sign an agreement which does allow him to use the genetic resources in his breeding program but not to apply for plant breeders rights on the original material. Sometimes they ask the breeders to multiply the seeds for the gene bank. The problem with public gene banks is that the material is not described for the characters relevant to commercial breeding programs (like resistances for example).

Some breeders therefore initiate research projects at Universities to investigate and describe the genetic resources for the desired traits. The material classified this way and initial crosses made at the Universities and progenies from these crosses are a more valuable gene source for breeding.

In 2001 the program “EVA II” started. It is co-ordinated by the BAZ and acts as a network of 18 private plant breeding companies, which evaluate resistances in the genetic material (gene bank resources, private breeding material, foreign varieties) of wheat and barley (both winter and spring).

4.4.1. The plant genome project GABI

Genome research, like the French Génoplante project, is done in several countries of the world. The results of these projects will only be available to a limited number of national companies.

In order to have access to these new technologies in Germany, the project GABI was set up in 1998. It is mainly funded by the government and has the following objectives:

1. Strengthening of the scientific base of plant genome research in Germany and its increased incorporation into European and international research activities

2. To achieve comprehensive information about structure and function of economical important plant genomes

3. To insure complete granting of patents of research results by using an efficient transfer system between science and industry for knowledge and technology

4. To create a network on the subject of plant genome research, leading to a permanent co-operation between science and industry

5. Rapid transfer of research results into practical breeding to accelerate the development of products with high increased value.

Several industrial branches have founded the “Industrial Association Plant Genome Research GABI e.V.” (WPG) to promote GABI.  As for the plant breeding industry, only national companies can become members of this association.  A “Patent and Royalty Agency” (PLA) was also established as well, dealing with all questions concerning patenting and as an institution to transfer the results to the industry.  Research projects can be submitted and will be evaluated by a scientific advisory board.  The first projects deal with Arabidopsis thaliana as a model plant and with barley.  A co-operation programme with the French Génoplante will start in 2002.

4.5. Current research position in the USA

In August 2001 the USDA Advisory Committee on Agricultural Biotechnology (ACAB) prepared a report on plant breeding activity in the USA. The aim of the report was to help the USDA define the principles and roles for public plant breeding programmes. Important differences exist between the situation in the UK and USA, however, it is interesting to see how many of the same issues are raised in both studies:

· The need to maintain diversity in crop species,

· The difficulty of deciding which species should be included in public breeding programmes, which left to private breeders and which ignored altogether,

· Issues of intellectual property rights,

· Training of breeders and continuing knowledge base,

· Breeding for environmental goals.

The USDA has a policy of supporting plant breeding through the Agricultural Research Service (ARS) and universities. The report strongly endorses this policy and, given the decline in the public sector over the last 10-15 years and despite an increasing private sector, makes the case that public sector programmes should be doubled over the next 5 years. 

The full report can be found on the USDA web site. Key points from the report including those particularly relevant to the current study are summarized in Annex 6.

4.6. Summary

An important component of the analysis is to consider whether there are better structures for research between the UK and our European neighbours/competitors. Below is a consideration of some of the strengths and weaknesses. It attempts to illustrate general points, rather than crop-specific issues which are discussed in the case studies (Annex 5).

4.6.1. Comparison of UK with others – weaknesses & strengths

Every country struggles to resolve the best way of organising its agricultural research, and this is especially the case in terms of crop genetics and biotechnology, where rapid developments at the forefront of science, and the growing importance of IP, have created new pressures. The scientific developments have occurred alongside ‘institutional experiments’ [1], such as the privatisation of plant breeding institutes in the UK and so the situation is complex. Such political changes are not unique to the UK, because during the same period, the Germans have had to cope with reunification and the reorganisation of their agricultural research base. However, they do mean that a number of strategic issues have perhaps not been addressed in a coherent manner. 

All the breeders visited spoke highly of the PBI, noting that perhaps it was a unique model, relying on a few key individuals for its success. The strength of institutes such as PBI, are highlighted in specific examples of crop improvement. For example in wheat, the introduction of dwarfing genes into wheat met many early difficulties with sterility. According to [2], the introduction of dwarfing genes to wheat would probably never have occurred if left to the private sector alone. Yet the social benefits of introducing semi-dwarf wheat in increasing agricultural productivity in the UK have been enormous.

It is a weakness of the current situation in the UK that no one has clearly stated the social benefits of crop improvement through plant breeding. These are explained further in the case studies (Annex 5) and the associated cost benefit analyses.

The strength of the UK is now in its basic science and in the developments led by institutes such as the JIC. BBSRC policy pursues strategic scientific issues. DEFRA and other government departments anticipate that the research base will be sufficiently broad and well supplied with staff, such that they can commission research when required. However, the presence of research scientists at the JIC who have an understanding of the relevant crop plants is entirely fortuitous, and there is no guarantee that this will continue into the future as staff retire. As highlighted elsewhere, the weakness in the current system is that a gap could open between the two if BBSRC policy moves further towards molecular biology and away from DEFRA’s objectives in increasing sustainability and biodiversity. 

There are few initiatives in the UK with which to encourage private-public research partnerships. LINK, as a system that is intended to encourage collaboration between government and private industry, is weak with respect to crop improvement projects. It can be seen from the data in Chapter 3 that in the UK LINK accounts for £0.4M (1%) of government spending on crop genetics, out of a total public research spend of c. £42.5M. The reasons that LINK is so difficult, particularly with respect to plant breeding projects are discussed elsewhere in this analysis. Broadly, LINK is seen as cumbersome, bureaucratic, takes too long to set up, has too many hurdles (balancing innovation and pre-competitive research with the need at the same time to be commercially relevant) and the timescales of a typical three year project do not fit with the timescale (e.g. c. 10 years) taken to carry out crop improvement.  

The GFP model in Germany seems to involve breeders in decisions on research funding much more than does the UK system and seems to be a strong system. While the go ahead for funding is still made ultimately by the grant awarding body, the prior support (sponsorship) of a proposal means that industry is bought in at the start. There is a clear view in Germany that for the full benefits of research into crop improvement to take place, that the researchers should be clearly linked to industry in this way. However, it has to be stressed that the amount of research associated with the GFP system is relatively small compared with the total research spending in Germany. It is focussed on increasing the profitability of private plant breeders.

Large companies like Syngenta will cite their involvement with the JIC as an example of how public-private partnerships can work and it is indeed one of the strengths of the JIC that they could attract a company like Syngenta to invest in the UK. However, the virtual exit of DuPont from the JIC during the course of this analysis highlights the dangers of being too closely aligned with specific industrial partners. Commercial companies often have surprisingly short-term timescales over which they expect a return on their investments.

In France, a system for cooperation between breeders and researchers has developed over many years, based on close links between GIE (sectoral) groups and the research ongoing within INRA. This is best highlighted in the ‘Club de cinq’ for wheat. The GIE are viewed in France as being of key importance in developing a strong plant breeding industry. However, whether such a system could now be implemented in the UK is a matter for debate.

Quite different cultural approaches to industry and the movement of senior personnel between public and commercial organizations, means that in France well trained senior scientists can be found in commercial organizations and conversely, commercial skills, experience and appreciations are brought to bear in making use of publicly funded research programmes for the benefit of French industry.

The presence of a broad base of researchers of complementary disciplines, as still exists within INRA, means that multidisciplinary, collaborative research can still be undertaken efficiently when required. Moreover, the membership of génoplante including a wide range of institutions as well as IRD, brings in with it cooperation with international research institutes and possibilities for improvement to tropical crops as well.

In the UK, the separation between business and academia is more distinct. The Anglo-Saxon entrepreneurial business model tends to favour a more polarised approach. Whether a system such as the French one could be implemented is debatable.  As successful as the French model has been historically, there is evidence that its value is diminishing for three main reasons – 

Firstly, globalisation means that multinational companies are taking control of French plant breeding companies e.g. DuPont purchase of Hybrinova. This creates pressures on traditional structures, for instance Benoist may be expelled from the Club de cinq. 

Secondly, much of the basic research has been put within Génoplante, and the GIEs have less influence over the research on their specific crops of interest.

Thirdly, acquisitions and mergers within Europe means that there are few truly UK based plant breeders, and so most breeders benefit from the joint ownership across national boundaries. For example Nickersons in the UK, owned by Groupe Limagrain in France, will benefit from the involvement of sister company Biogemma in the Génoplante initiative.

It was a common criticism by UK breeders during the analysis that germplasm in public collections is not well characterised. Indeed this was also the case in Germany. Only France seemed to have a systematic programme of screening and characterising germplasm, yet this is a fundamental requirement in plant breeding in order to obtain new traits and increase genetic diversity in crops. The significance of the public sector in characterising germplasm, particularly that for new or novel crops was noted in the US reviews. It may be that germplasm screening for some crops such as OSR and peas could be carried out at one centre in Europe, or at least as part of a coordinated programme.

One of the strengths of the industry in the UK is that (with the exception of anomalies in NI), the levy boards took up the near-market role of funding recommended list trials at the end of the 1980’s. While this may have saved the government c. £1.8M/yr in agricultural expenditure in crop improvement, the possibility now exists that the RL system is actually a barrier to the potential benefits of crop improvement. Specific examples are discussed in the following chapter but it is of interest to note that Germany in fact has no RL system. The questions needs to be asked of who truly benefits from the RL system and is it now a barrier to progress towards DEFRA’s objectives?

Overall, it is clear that while the UK has strengths in basic research on the one hand, and in specific examples of commercial crop improvement on the other, it is generally acknowledged that it does not have the capacity, to either encourage or carry out applied breeding which would tackle complex environmental goals such as soil, air and water quality which have high risks and long timescales and in which commercial companies could not invest. This is one of the roles highlighted for PPBP’s in the US. Moreover, there are opportunities to link initiatives such as the current arable stewardship schemes to crop improvement, which would help meet DEFRA’s objectives.

Recommendation

DEFRA should explore, with all the players in the UK plant breeding industry, models for increased co-operation between the industry and the research community similar to the GFP in Germany, but not necessarily identical to it.
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5. Current Research Position In the UK And Other Countries

5.1. Survey of breeders’ views

This chapter provides a summary of the responses of the breeders interviewed during the analysis process. The views expressed are those of the breeders and not necessarily those of the consultants. Some of the specific information was also included in the case studies (see Annex 5) including views from the relevant researchers. There was broad agreement amongst breeders over the major issues, where the comments are from a single breeder or small minority then this is noted below. For a full list of consultees, see Annex 3

5.1.1. Breeding for UK crops

For the last 10 years breeding of UK crops has been almost exclusively financed by private breeders. Oat and grass breeding programmes at IGER are the only exceptions. The private breeding sector includes several small UK companies but also several large multinational ones, some concentrate their efforts on single or very few crops while others are involved in a wide range of field crops as well as horticultural crops. Plant breeding is an international business and in most crops there is a substantial crossover between breeding carried out in France, Germany and Holland and that carried out in the UK. The extent of this adaptability varies substantially from crop to crop; spring barley and potato varieties may be listed and grown in a wide range of countries whereas traditionally winter wheat varieties do not perform well outside their country of origin. Breeding companies each have defined target markets and have extensive trials within that territory, however, in order to identify any varieties which may be successful outside this core area they will also test their advanced lines (normally through agents) in surrounding countries.

For each of the main UK crops there is therefore a range of breeders including small and large UK breeders as well as agents representing programmes based in other countries. These agencies may include an element of breeding in the UK or simply trial finished varieties from the overseas programme and enter the most promising for official trials. Specific examples of the companies in specific crops are detailed in the four case study crops (see Annex 5). As part of this study twelve breeders were consulted about their use of technology and their interaction with public research institutes and other government funded work.

5.1.2. Current breeding methods

A classical plant breeding programme for inbreeding crops can be divided into 3 sections:

1. Generation of variation.   Normally this involves choosing parents and crossing them in appropriate pairwise combinations,

2. Selection of large numbers of lines. This is the stage at which the new varieties must be identified by the breeder 

3. Trialling and testing of potential “finished” varieties in-house and through the official testing scheme (years 6-12)

This scheme is not constant over all crops; hybrids and out-pollinating crops such as maize and grasses are different but involve many of the same processes.

All the breeders in the UK are committed to the above process, as it is the only way in which to produce a new variety. The work of the breeder is to improve their effectiveness at each of the 3 stages and therefore increase their chances of coming to the market with a variety better than that of their competitors.  Each of the stages has been optimised over many years and new techniques are introduced as they become available and cost-effective when compared to previous methods. 

Variation is generated by cross pollination. No breeders use genetic manipulation in UK programmes because of public perception and regulatory issues. Breeders tend to use their own lines and commercially available varieties for the mainstream crossing programmes but without access to a diverse range of genetic material in their own and others’ gene banks, progress on improvement of quality and disease characteristics would be very slow. Knowledge of the genetic architecture of a crop is particularly important when designing breeding programmes to introduce genes from alien species.

Having carried out the crossing programme, a large population of genotypes is generated by multiplying F1 seed to produce an F2. At this stage the breeder generally start to select within the populations to find the desired phenotypes. Dihaploidization is used in a few cases to induce “instant” homozygous lines. Single seed descent is commonly used in wheat and other programmes to reduce the time taken to produce inbred lines and avoid selecting among highly heterozygous genotypes. Marker assisted selection is used where a desirable characteristic can be more easily identified using biochemical or genetic testing than by direct selection for the desirable trait. This is the area where most progress has been made over the last 20 years in improving the efficiency of breeding programmes. Electrophoretic patterns were identified for high molecular weight proteins of wheat in the early 1980’s and have been used as markers since then. More recent techniques have enabled direct identification of specific DNA sequences and characterization of genotypes at a very early stage. However these techniques are rarely used in practise by breeders because of their high cost while there is a need to screen large volumes of material.

The third stage of the programme involves a large amount of field testing. Alongside specific tests for disease resistance and quality characteristics the potential (especially yield) of each line must be assessed in a wide range of environments over several years. No substitute has been found for this process. During the trialling period agronomic weaknesses are identified and only those varieties that can sustain their performance in a wide range of conditions will be selected.

It is clear from the above that many of the processes involved in commercial breeding programmes have been developed over many years and largely involve the assessment of varieties in the agricultural situation. There is no substitute for this work and most breeders feel that public research now gives very little support for this area of work. 

5.1.3. Breeder’s income

Income to breeders is principally via royalties collected from seed producers according to the Plant Variety Rights Act. In addition to this breeders may earn additional income through production and sale of seed, through levies on 3rd party seed producers and integration of seed sales with other products e.g. agrochemicals.

Royalty income has traditionally been available only on sales of certified seed but it is now possible for breeders to collect royalties on farm saved seed (FSS). The royalties levels on this seed are around half of the level for certified seed. 

In discussions with breeders, it was claimed that the overall royalty income on UK crops has fallen by 13% compared with 5 years ago. This is caused by a reduction in crop area, a reduction in seed rates, and a move away from purchase of certified seed (reducing royalties by 24%) and into FSS (increasing royalties by 8%) and evasion of royalties by farmers on FSS. It is widely felt that unpredictably diminishing returns are a major influence on future investment decisions. It is not easy to provide a simple solution to this problem as it reflects the difficult financial situation of arable farming, however, several breeders suggested that the royalties from FSS do not adequately reflect the benefit to growers. 

5.1.4. Breeding objectives

Each crop has its own agronomic, quality and disease characteristics and disease spectrum. In almost all cases, however, yield is the primary target of breeding programmes in agricultural crops. This is the criterion by which varieties are judged in the recommended list and is the characteristic that determines the crop value to the farmer. The extent to which yield dominates decision making varies from crop to crop, in cereals for example 1% additional yield may make the difference between success and failure, whereas for potatoes yield is less important than quality and market acceptance.

Quality characters are generally set by end-users; in most crops there are several discreet markets for produce of varying quality. Higher quality crops generally receive premium prices but this depends on market conditions. In any case higher quality varieties are preferred by growers, as the produce is more easily marketable.

Disease resistance is important in order to meet the recommended list minimum standards but in practice chemical control is often cost effective and so susceptible varieties can still be successful. The example was given of the winter oil seed rape variety “Shannon” which is highly susceptible to light leaf spot. Breeders require more incentive to raise standards of disease resistance but oppose a unilateral raising of UK minimum standards as it may put their varieties at a competitive disadvantage. This subject needs further study in order to achieve DEFRA objectives.

Some smaller breeders felt that they need better access to pathologists in order to help select resistant varieties. Most, however, place their trials in areas where varieties will be exposed to disease and other stresses so that the appropriate selection can be carried out.

No breeder claimed to be working on varieties with reduced environmental impact. 

5.1.5. Future market pressures

Breeders were asked to comment on the expected importance of various current and future public issues:

Public perception is seen as vital. Some crops are regarded as more “healthy” than others (e.g. Beans v OSR). Genetically modified crops stand little chance of being introduced in the UK in the current climate. One breeder felt that there should be stronger government support for GM crops. 

Environmental Impact will be important in the future but as previously stated, breeders believe that while chemical disease solutions are quicker and more profitable, they will be favoured by the grower and thus the breeder.

UK Agricultural policy needs better definition; breeders always aim for a market that is 10-15 years from the present day. They need as much clarity as possible in government policy so that they can make the appropriate investment decisions. 

Breeders felt that the term “biodiversity” is poorly defined in relation to agricultural crops.

5.1.6. The use of technology in plant breeding and current research

There is a wide gulf between the large multinational companies with over 1000 scientists worldwide and the small private breeding companies. The large companies tend to carry out most of their research in-house but participate in joint work in order to maintain contacts. Medium size companies use research institutes particularly through the link programmes.

Breeders were asked about their interest in the latest technology:

Transgenic researchers see substantial advantages to crop yields, quality traits and disease resistance but consumer perception is likely to remain unfavourable for some years. Syngenta reported that 20% of crops worldwide are transgenic.

Marker assisted selection - largely depends on the cost-benefit balance. Glucosinolates and light leaf spot resistance in OSR and Fusarium and rust resistance in wheat could be selected using markers. 

One breeder said that only large companies would be able to afford the very powerful multi-trait selection methods. On the other hand one very successful breeder claimed that MAS was only appropriate for invisible traits that are simply inherited and markers are cheap to detect.

Genomics and proteomics were felt to be a long way from commercial breeding

Dihaploidization is widely used in certain crops (OSR) and for particular jobs in other crops (Barley).

Breeders were asked what technology they would like to see funded from public research. The responses were:

Self-incompatibility in wheat (for hybrid production) and other crops but it was doubted that it would fit with DEFRA objectives

Fundamental understanding of plant physiology – how crops use nutrients, light, water. It was felt that the amount of research in these areas has reduced substantially in these areas.

Pod shatter in OSR needs a major breakthrough

Genomics in general

Improved standing ability in peas would be a great advantage to the agronomy of the crop

Homologous recombination (allelic replacement)

Recombination frequency to improve variability but retain stability of varieties.

Mutant collections (gene machine), generating variability with tracking mutants

In general the larger companies favoured research on fundamental subjects, which could then be taken up by industry whereas the smaller companies favoured more targeted programmes, which would lead directly to applicable products or technology

5.1.7. Germplasm

Sources of variation are vital to a successful program. Breeders were asked about the availability of lines from public genebanks in the UK:

Breeders use the genebanks mostly for the introduction of specific characteristics. 

Most of the cereal germplasm collection is at the John Innes Centre. Breeders felt that this is a useful source of germplasm but that access was not as good as it used to be at the PBI. 

JIC reported that the collections are decentralized and fragmented so some crops fall through net. On the other hand germplasm collections are generally held where research is being done. 

Breeders felt that germplasm needs to be “nearer” to breeders. This is again a problem of the separation of research and breeding.

5.1.8. Connections to sources of technology

Medium size companies use the LINK programmes (e.g. Septoria, Breadmaking quality etc). These give access to researchers and contact with end-users. There was a lot of criticism of the complexity of the LINK scheme, as it appears very bureaucratic for small and medium sized companies.

One breeder reported that the internet is excellent in providing solutions to problems, and enables him to consult scientists worldwide at no cost.

Breeders were concerned that costs and IP issues cause considerable barriers to participation in projects with research institutes:

There are very high entry cost for new projects - £100,000 to £300,000 for 3 year post-doc on unproven technology

One breeder reported that it would cost  £15K for a lawyer to review a licensing agreement and that this was an effective barrier to a smaller breeder

It was felt that IP contracts need to be simple for collaborative work.

One multinational view was that research institutes should not aim to make money from IP

Consortia of breeders are common in continental Europe whereas few exist in the UK.  It seemed that breeders with continental partners or owners were generally willing to form consortia. 

Breeders reported that the wheat quality project was a good one for collaboration and that large consortia are best where there can be shared costs e.g. rape genome project.

One breeder felt that ad hoc consortia usually work best.

It was reported that very little co-operation occurs within the biotechnology companies and that this was needed.

5.1.9. Outcome of recent public research

Breeders were asked to give examples of successful research over the last 10 years and which has been taken up by the industry:

It was agreed that the work on Arabidopsis has been very successful. It is not directly applicable but is underpinning technology with long-term benefits. 

Work on Erucic acid in oil seed rape is being applied.

Fruit breeding at East Malling has been highly successful. The results are due to the commitment of the breeders there.  

Other examples were:

Sprouting resistance in wheat; Pm12 and Pm16 wheat mildew genes; pod shatter work in OSR (partly work done in Canada) with LINK support.

Relatively few examples were given of work taken up by breeders. These did include molecular markers, dwarfing and Pm genes in wheat and dihaploidization technology. 

Breeders reported that the level of cooperation between breeders and research institutes is lower than 20 years ago. At that time, issues of IP did not create barriers and publicly funded research workers and breeders produced a whole range of outputs that was valuable to the industry. These included direct research, varieties, enabling technology, application of research in practice and trained breeders. At the time, of course, the same breeders resented the fact that they had to pay taxes to support the breeders who were their main competitors.

5.1.10. Constraints and deficiences

Breeders were asked about the main constraints and deficiencies of the industry today:

Poor knowledge of plant physiology at organ level i.e. N fixation, photosynthesis.

Not enough disease resistance genes are used as they have not been developed by pre-breeding.

No support for minor or potential new crops (e.g. linseed and durum wheat) Therefore the introduction of new minority crops is difficult as they have to compete with existing support mechanisms.

Breeding for Recommended List inclusion is universal. This means varieties rely on the use of chemical treatment. This is contrary to DEFRA objectives.

John Innes Centre is too commercial – limits value to smaller breeders.

Need to decide if herbicide resistance and other GM characteristics are “sustainable”

Non-availability of trained breeders.

Too little crossover between practical breeders and researchers, public institutes used to provide this. Still exists in France.

The void between basic strategic research and near market research stops smaller breeders using new technology.

Current emphasis on IP at research institutes has encouraged a culture of secrecy instead of knowledge sharing.

Link projects are too short for most genetic studies; Classical genetics studies are the major casualty in the shift towards molecular biology

5.1.11. Priorities for future research spending

Breeders were also asked how they would like to see public money spent on plant breeding research:

Science to help understand processes.

Basic research.

More plant physiology and agronomy as well as molecular genetics.

Response of genes identified in mapping projects to varying environments.

Use of Nitrogen by plants.

When government changes policy objectives (e.g. sustainability, biodiversity) it should fund research in those areas.

One breeder said that government should fund nothing and leave it to industry.

Once tools have been developed government should get out.

Research to back government policy – Nitrogen capture, nutritional performance.

Germplasm characterization.

One large multinational breeder proposed an independent centre of excellence without commercial linkages and free access to material and research results.

Don’t put too many eggs in wheat basket – in 5 years we may face severe competition from imports from cheaper eastern European countries.

Application of genomics to pre-breeding level.

5.2. Summary

Of the many different views and opinions expressed, there were a number of elements that were common.  One of the most consistently expressed concerns related to the fragmentation that had occurred in the research base of the industry. This has led to a failure in communication in many parts of the long chain that influences plant breeding and the decision-making needed.  There is no forum at which all “players” in the activities that relate to plant breeding meet, discuss, understand each other’s views, or make strategic decisions.  In fact, at a more mundane level the realism of a “joined up” strategy or planning of the government’s funding seems to be entirely missing.  

Some of the breeders commented that the growers undervalued the benefits of genetic improvement of crops (as represented by evasion of royalties on FSS). Certainly one of the findings of the case studies, and associated cost benefit analyses carried out by the analysis team (see Annex 5), was that in many cases, the social benefits of plant breeding were much greater than the private benefits to breeders (see Chapter 7 for further discussion). We suggest that the social benefits of plant breeding activities have been almost totally ignored and so the discussions of benefits have centred largely on direct financial matters, such as royalty income. Indeed this was a major point of discussion with most of the breeders visited during the analysis. This means that the very major contribution that plant breeding is playing in a much wider social context has been missed.  This deficiency needs to be redressed urgently.

Breeders clearly breed for the market and in most cases, the ‘Recommended list’. In classifying funding of the RL as ‘near market’ the government saves itself ~£1.8M. Now that the RL are firmly in the hands of the levy boards e.g. through CEL in the case of cereals, there could possibly be a block to the governments attempts to encourage uptake of more environmentally beneficial genotypes. This can present a barrier in many cases to getting more disease resistant varieties widely used in commercial practice. There is no easy solution to this except to maintain dialogue between DEFRA and the breeding industry, and ensuring that there also is clear thinking with respect to NL trials and VCU criteria.

The main conclusion was the one noted above in relation to the need for a greater level of interaction between all the players involved.  All the indicators point to the clear need for a central focus of information, discussion and decision making in order to allow acceptable and informed policy decisions.

In general, what was apparent was the lack of information and knowledge by many on:

· How, or if, the stakeholders as a whole transmitted views and information to each other,

· DEFRA’s objectives and what time-base these were to be viewed as being stable,

· The level of fragmentation of the research base in a number of crops and its implications,

· The potential social benefits of plant breeding in any of the possible forms these might occur,

· The “complete” environmental impact of breeding,

· The level of public spending and its transparency to the industry,

· How public spending priorities might be influenced, and

· How DEFRA and BBSRC could align their strategies on funding.

Recommendation

The genetic improvement community should establish a forum for crop genetic improvement.   This would:
· Provide a channel of communication for the entire community seeking genetic improvement of UK crops,

· Provide mechanisms for collation, exchange and dissemination of information,

· Integrate views on relevant issues, and clarify strategic objectives and mechanisms,
 

· Provide a channel for industry recommendations to be considered in the development of government policies.

6. How Genetic Improvement Of Crops Might Further DEFRA’s Aims & Objectives

6.1. Introduction

From the analyses elsewhere in this report, it seems that current public investment in genetic research is largely ineffective in influencing the agricultural industry or its environment.  Chapter 3 (on funding) shows that only a very small portion of the total public investment is committed to joint activity with the cropping industry. The interviews with breeders (Chapter 5) and the case studies (Annex 5) show that useful investment in crop improvement, is largely from private sources, is small, and seldom addresses environmental issues directly.  It also shows that little knowledge or IP resulting from public investment affects these commercial activities. At best, the benefits from current public investment in genetic research will tell in the long-term, through better genetic knowledge, which may give rise to practical progress.  However, the future could be quite different.  

6.2. Background 

Public investment in genetic innovation, applied through the plant breeding industry, can and has effected dramatic improvements to crops.  In particular, it has played a major role (equivalent to improved husbandry; [25]) in trebling yields of the major crops since World War II (Fig. 6.1).  Having reached national self-sufficiency in food production in about 1980, public interests were privatised.  Plant breeders then continued to increase yields, in response to market demands, rather than turning their attention to the environmental issues that became the concern of government. 

Fig. 6.1. Yields of the major cereal crops in England & Wales during the last century.
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The question now concerns the extent to which future public investment in genetic innovations might assist in meeting the aims of the new government department.  DEFRA’s aims, as published in November 2001, are for sustainable development, which means a better quality of life for everyone, now and for generations to come, including:

· A better environment at home and internationally, and sustainable use of natural resources;

· Economic prosperity through sustainable farming, fishing, food, water and other industries that meet consumers’ requirements;

· Thriving economies and communities in rural areas and a countryside for all to enjoy 

DEFRA’s objectives

DEFRA’s objectives are:

1. To protect and improve the rural, urban, marine and global environment and conserve and enhance biodiversity, and to lead integration of these with other policies across Government and internationally.

2. To enhance opportunity and tackle social exclusion through promoting sustainable rural areas with a dynamic and inclusive economy, strong rural communities and fair access to services.

3. To promote a sustainable, competitive and safe food supply chain which meets consumers’ requirements.

4. To improve enjoyment of an attractive and well-managed countryside for all.

5. To promote sustainable, diverse, modern and adaptable farming through domestic and international actions and further ambitious CAP reform.

6. To promote sustainable management and prudent use of natural resources domestically and internationally.

7. To protect the public’s interest in relation to environmental impacts and health, including in relation to diseases which can be transmitted.

Major elements of these aims can be met through genetic research and plant breeding. These are:

· Reducing crop use of natural resources and environmental pollutants such as fossil fuels, water, pesticides and fertilisers,

· Improving the efficiency of crop production in the countryside, by reducing costs, increasing productivity and enhancing product safety,

· Providing an effective means of transferring technological improvements internationally, and 

· Conserving or enhancing the genetic diversity of crop species and, indirectly, enhancing the genetic diversity of non-crop species. 

Prospects in each of these areas are explained in the following four sections.

6.3.  Natural resources

6.3.1. Air

Crops make food from sunlight, through photosynthesis.  The resources concerned (light energy, carbon dioxide and water) are, with the occasional exception of water, in abundant supply and their consumption can be considered environmentally benign.  High crop productivity can thus, in itself, be regarded as sustainable.  

It is the resources used to support and manipulate productivity that give cause for concern.  In particular, (i) crops use 600 times more water through transpiration than they need for photosynthesis, (ii) their metabolic apparatus requires nutrients in excess of quantities available naturally, and (iii) the artificial acquisition of nutrients, especially the fixation of nitrogen from air, is expensive of fossil fuels. 

6.3.2. Water

Water transpired by crops is closely related to their growth [2, 11]: large crops use more water than small crops.  Crops in the UK use about 200 litres of water for every kilogram of plant material they form i.e. 300 mm for a typical crop (producing 15 t/ha total dry mass at harvest), or more than half the average annual rainfall in eastern UK.  There has been no close study of changes in water use as a consequence of the large increases in productivity.  Certainly, water use per hectare must have increased, but perhaps not in proportion to the increases in yields.  This will have served to reduce water-logging and flooding, but it will also have increased droughts, increased (a little) the net concentration of pollutants in waters draining from farmed land, depleted water resources for public use, and reduced the landscape and wildlife values of streams, rivers, lakes and reservoirs.

It is also the case that the increased sophistication of crop management has involved increased use of irrigation, especially on high value crops such as roots and vegetables. As well as increasing growth, irrigation increases water use per tonne of plant growth [2]. Nationally, irrigation constitutes a major component of collected water usage, and genetic innovations which are directed at water use efficiency (WUE) offer a feasible means of moderating this usage.

For unirrigated crops, it is probable that water use per tonne of harvested produce has decreased a little, as the harvested proportion of total plant material (the harvest index) has increased, but recent genetic changes to wheat may be reversing this trend [11].
Thus, in general it would appear that the large and increasing consumption of water by crops is to the detriment of UK agri-environments, and that reduced water use should be a legitimate new target for genetic innovation, in order to support DEFRA’s aims.  We can benefit here from experiences in more water-limited (e.g. Mediterranean) regions.  The prime opportunities would appear to be through increasing ground cover during early development, advancing harvest, increasing harvest index and selecting for WUE.

6.3.3. Soil 

Despite public perceptions that ‘chemical’ farming degrades soils, cropping in the UK has generally served to sustain soil fertility: after all, productivity has increased hugely and, by definition, soils must be fertile to be productive.  Most soil indicators support the notion that the fertility of UK land in continuous cropping has been sustained or improved in association with the increases in productivity seen in Fig. 6.1 [27].  Thus there is every reason to suspect that soil fertility will be sustained best by genetic innovations aimed at enhancing crop productivity.  

It seems unlikely that genetic innovation could prevent or ameliorate soil erosion, but genetic innovation could be used to alleviate heavy metal contamination [5], and (mostly abroad) ameliorate salinity.  Indirect effects on soil biodiversity are also likely, through reducing the need for fertilisers and agro-chemicals (see below).

Table 6.1. Energy costs of growing conventional crops of winter wheat in the UK [18].

	Component
	Energy Cost

	Fertilisers
	46%

	Machinery
	17%

	Distribution
	11%

	Crop drying
	11%

	Seed
	10%

	Pesticides
	3%

	Transport
	2%

	
	


6.3.4. Fossil fuels

Despite crops’ ability to capture solar energy in the form of foods, fibres and fuels, the energy efficiency of cropping is not impressive because it depends on (a) economies of scale, which require energy-demanding mechanisation, (b) much global-scale transportation of materials and produce, and (c) artificial fixation of nitrogen from the atmosphere, which is energy-expensive (e.g. Table 6.1). 

Costs of mechanisation and distribution are most effectively tackled through localising food supplies, and genetic innovations may have some role to play here, through improving the adaptability of crop species to varied local environments.  However, there is a limit to which this will be possible, set by the capacity for small-scale producers to pay for investment in ‘tailor-made’ varieties.

Nitrogen fixation can take place biologically, through the symbiosis between Rhizobium and legumes.  However, yields of legumes tend to be less than non-legumes, partly because there is an energy cost of N fixation.  N can also be fixed chemically, through the Haber-Bosch process.  The manufacture of fertiliser N works at a mass efficiency of about 0.7 units CO2‑C per unit N [16].  Additional costs of transportation increase this to about 1.  It is estimated that the energy cost of N fertilisers in the UK is about 10% of the energy costs of all road transportation!  Thus, most of the potential for genetic innovations to improve the energy efficiency of cropping is either through improving the fixation of N by legume species, or by improving the utilisation of N by all species.  Research on the former continues, but mainly overseas [13]; there is scope to reinvigorate UK legume research.  The latter is dealt with below.  

6.3.5. Genetic resources  

Crop protection is inherently unstable.  The current high level of control of diseases, invertebrate pests and weeds represents a dynamic equilibrium, maintained by the concerted actions of the plant breeder (through the introduction of resistance genes), the organic chemist (through the development of selective pesticides) and the grower (through cultivation and repeated pesticide application). The massive selective pressures resulting from monoculture, ensure that pathogens, pests and weeds constantly overcome resistance genes and pesticides through the development of virulent or resistant types.  These ‘lost’ genes and pesticides have to be constantly replaced.  It is a moot point whether the erosion of genetic resources is sustainable, but the rate of loss of effective resistance genes [1] is unacceptably high if the resource is considered as a finite inheritance.  ‘Public good’ genetic improvement should focus on improving genetic diversity and on the development of durable mechanisms of control.  

6.4. Environmental pollutants

6.4.1. Nutrients 

For most major and minor nutrients, other than nitrogen, fertiliser use during the 20th century has built soil status to a point where crops do not generally respond to further additions.  Thus land management practices generally aim to maintain levels of most soil nutrients, through infrequent applications of fertilisers.  Nitrogen and phosphorus are the nutrients that cause concerns through also being environmental pollutants.

6.4.2. Phosphorus  

Losses of phosphorus from farmland largely occur when particles of soil with high P status (due to cumulative effects of fertilisation through recent decades) are carried into ditches and streams by run-off.  Mitigating measures include the control and treatment of run-off through better management of animal manures, reducing cultivations, and establishing barriers of vegetation adjacent to water-courses [24].  No direct role of genetic innovation is envisaged here, although it is possible, for example, that replacement of autumn establishment with spring establishment would reduce run-off, and could be assisted by genetic moderation of the yield short-fall of spring-sown compared to autumn-sown varieties.

6.4.3. Nitrogen

Because N in soils is much more mobile and dynamic than P, applications of fertiliser are made at least annually, and multiple applications are common: N is the prime limiting nutrient for crop production from (now-fertile) UK soils.  N pollution is caused by nitrate which drains to surface waters, or which leaches through sub-soils to ground waters, by ammonia which is emitted from fertiliser, soil or crop to the atmosphere, and by nitrous oxides which are produced through microbe-mediated transformations in soil. Nitrous oxides probably constitute the most significant component of environmental damage caused by fertiliser use [23].  There has been much recent research into the linkages between fertiliser use and N pollution.  Whilst little or no pollution is directly attributable to fertiliser use, most diffuse N pollution is ultimately attributable to fertiliser use [8], and it is undoubtedly the case that reduced N fertiliser use would result in reduced N pollution.  

Unfortunately, fertiliser N is cheap in relation to crop products, so all breeding and testing of new crop varieties is with ample N.  Despite the major output from crops being energy in foods and feeds (carbohydrate and oil, rather than protein), it has almost been accepted as axiomatic that increases in output will be inevitably associated with proportionate increases in requirements for N.  Certainly, the large recent increases in cereal output have been associated with increases in fertiliser N requirements (Fig.6. 2). These appear to have arisen largely because protein outputs have increased (perhaps unnecessarily) in proportion to energy outputs, but also because soil N capture has decreased, as indicated by the yields without fertiliser N in Fig. 6.2.

Halving fertiliser N requirements would only save a cereal grower money equivalent to 5% of his yield.  Since it is easier, through genetic innovation, to increase yields by 5% than to halve fertiliser requirements, breeders and testers do not attend to the need to constrain fertiliser requirements. 

Given that improvement of N use efficiency in UK crops has not received significant attention in recent decades, it appears that there may be considerable scope for rapid progress here.  Its aim must be to disassociate energy production by crops from protein production by crops, and to tailor the protein: energy ratio of any crop product to its end-use requirements.  

For example, many crops are grown for use as feed by livestock.  Whilst livestock nutrition is not developed to the extent of specifying requirements for protein: energy ratios in individual ingredients, it is clear that protein is being fed in excess, since N excretion by livestock can be significantly reduced by dietary manipulation [17].  It therefore seems certain that cereals with reduced protein:energy ratios could be developed to reduce N excretion and pollution from livestock without affecting livestock productivity. 

It is likely that protein requirements in crop products could be questioned similarly in relation to other end uses, and that genetic innovation could play a major role in improving the N use efficiency of UK crops.

Fig. 6.2. Mean yields of wheat varieties shown according to their first year in NL trials, with (diamonds) and without (circle) fertiliser N (after [10]).
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6.4.4. Pesticides

The term pesticide is used here to include herbicides, fungicides and growth regulators, as well as chemicals to kill invertebrates; their usage is shown in Fig. 6.3.  Pesticide science has been highly innovative.  It is now possible to maintain most crops without significant damage or competition from pests, diseases and weeds in the UK.  Thus, almost all UK crops are now treated with pesticides.  In recent years, the activity of pesticides has generally been increasing, so that the use of active ingredients has decreased a little (Fig. 6.3).  However, the area sprayed with pesticides, which is a reflection of the number of spray applications, shows the opposite trend.  For example, the total area of sprayed cereals in Great Britain has increased from 19.6m ha in 1988 to 28.0m ha in 1998 (MAFF Pesticide Use Survey).  The Pesticide Usage Surveys also show that, for wheat, the area receiving unspecified insecticide (i.e. no specific target pest was identified) has increased nearly 10-fold between 1988 and 1998 (Fig. 6.4).

Genetic innovation is relevant to reductions in all types of pesticide. However, plant breeding has brought no reduction in the extensive dependence of UK cropping on pesticide use, and there have been almost no genetic developments in combating the threats of pests, or weeds.  Levels of pest and disease resistance in our major crops, with one or two exceptions, are little better now than they were 20 years ago.  Part of the problem is akin to that of N nutrition: pesticides are cheap in relation to crop outputs; hence with a typical response curve, fungicide cost would have to increase ten-fold in order to halve the optimum fungicide dose. With the agrochemical industry being highly successful in developing effective and relatively cheap pesticides, there has been little incentive for breeders to focus on pest and disease resistance.  Instead, they have focused on yield and quality.  

6.4.5. Fungicides

The combination of breeding by crossing ‘the best with the best’ and the long timescale required to introduce genes from ancestral and related species into adapted lines, means that UK crops rely on a limited range of resistance genes.  Taking wheat as an example, breeding has kept pace with the loss of resistance gene efficacy to new pathotypes, but the combination of earlier drilling [12] and increasing attainable yield means that the fungicide requirement has increased (Fig. 6.5): the optimum dose of fungicide relates to the difference between treated and untreated yield [21].  

Growers are reluctant to exploit resistance by reducing fungicide input [26], because of lack of confidence in the ability of resistance to provide reliable control.  From a growers perspective, major gene resistance breaks down unpredictably, and partial resistance varies in effect depending on growing conditions and is inadequate to cope with high disease pressure. Also, modern varieties appear intolerant of infection, so even low levels of disease prompt treatment.  

Fig. 6.3. Pesticide use on agricultural and horticultural crops in the UK from 1996 to 2000.  Source: BAA, CPA.
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Fig. 6.4. Area of wheat receiving insecticide applications in the UK from 1988 to 1998, according to whether a target was identified for the application. Source: MAFF Pesticide Use Survey.
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These issues can be addressed through genetic improvement, by widening the range of resistance mechanisms, in order to increase durability and efficacy, and by tackling intolerance.  Durable mechanisms are more challenging to develop, as they depend upon increased understanding of crop-pathogen interactions [20], and may rely on techniques to ‘pyramid’ beneficial genes for implementation.  DEFRA supports, jointly with other funders, a research programme on resistance to foliar pathogens of wheat, where the concept of ‘resistance’ has been broadened to one of ‘self defence’ [22], incorporating escape, resistance, and tolerance of disease.

6.4.6. Insecticides and Molluscicides  

The same factors apply to pesticides as apply to fungicides, except that genetic resistance to pests has been more difficult to identify, and variety testers pay less attention to pest resistances.  Several forms of resistance are available, for instance through anti-feedant constituents, and enhancement of parasitoids [6].  However, even when a valuable resistance gene is developed, such as the YD2 gene for BYDV resistance in spring barley (cv. Vixen), it is not always adopted into commercial use because of the difficulty of combining resistance successfully with other important attributes.  Tolerance of BYDV exists in winter barley and winter wheat, and its development would remove the necessity for the widespread application of insecticide in the autumn, to control the BYDV vector.  However, pest resistance testing would need to be added into the NL or RL testing protocols, before this proved feasible.  

Fig. 6.5. Grain yields for fungicide treated (solid squares) and untreated (open squares) wheat varieties introduced from 1986 to 2001 [22].  

Note: Data for each cultivar are means of trials up to the year of first inclusion in the Recommended List.  Note: this analysis removes confounding of long term trends by deterioration in performance of older cultivars due to changes in pathogen virulence, but does not permit valid comparisons between individual cultivars.  

Source: UK Recommended Lists for cereals, 1986 to 2001.
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Progress towards reduced pesticide use will depend on increasing the demand for pest resistance from the cropping industry (probably due to restrictions on pesticide use), introduction of pest resistance tests into variety testing protocols, and support for research to provide better understanding of the range of host mechanisms that affect pest development and which would underpin breeders’ ability to incorporate pest resistance into agronomically desirable cultivars. 

6.4.7. Herbicides

The main prospect of achieving reductions in herbicide use through genetic innovations is by introduction of herbicide resistance, using the (politically contentious) techniques of Genetic Manipulation [15].  

Until GM crops become acceptable, it will only be possible to have minor effects on herbicide use through genetic means.  For instance, it might prove possible to develop crops with increased competitive capacity during their most vulnerable stages, largely during early growth, by enlarging leaf sizes of the juvenile crop. 

6.4.8. Plant growth regulators

Plant growth regulators are mainly used on cereals, to reduce their risk of lodging.  Despite their widespread use, lodging is just as prevalent today as it was 20 years ago.  This is because the effects of PGRs on lodging risk are small in comparison with other environmental and genetic factors [4].  Analysis of the leverage, anchorage and stem-base strength of cereals, and of their prime determinants, shows that combined use of husbandry and plant breeding could reduce the risk of lodging to a point where crops could be regarded as virtually lodging-proof [3].  As far as breeding is concerned, this would involve particular attention to improving root anchorage and basal stem diameter. 

6.5. Extension of technologies for sustainable development, at home and internationally

Whilst DEFRA’s prime concern will be to ensure sustainable development in the UK, it is also committed to playing a full part in the promotion of sustainable development worldwide.  DEFRA therefore will be concerned to develop and promote technologies which can be transferred effectively and adopted successfully on a global scale.  

Experience shows that genetic innovations are very easily transferred into practice compared to other forms of innovation e.g. improved husbandry methods.  In the UK, the established statutory testing systems for new varieties (i.e. the National List and Recommended List systems) provide objective and trusted comparisons between new and current lines.  Interest in new varieties is avid, and uptake by growers is rapid.  Given the ease with which seeds of most crop species can be multiplied and distributed, new genetic materials are transferred into practice with great facility.

Before 1980, field-level processes commanded scientific interest, government was firmly committed to and involved in using genetic means of achieving its ends, and this proved remarkably successful.  Now, the AFRC (Agriculture & Food Research Council) has become the BBSRC (Biology & Biotechnology Research Council), and government has largely relinquished its involvement in plant breeding.  Thus the connections between basic research and applied research in this area have been largely severed. 

DEFRA must now ensure reconnection, by reasserting that genetic innovation is a crucial tool in its drive towards sustainable development, and by taking the steps necessary to harness this tool.  This will involve:

· promoting a vision for genetic research and crop improvement in the UK, 

· adapting the statutory testing of new crop varieties to fit with this vision, 

· ensuring effective means for connecting between the different components of public investments in genetic innovation, especially between DEFRA & BBSRC funded research, but also with international organisations such as the CGIAR institutes (Consultative Group on International Agricultural Research) e.g. CIMMYT (International Maize & Wheat Improvement Centre), and 

· engaging with the businesses (largely multinationals) which are responsible for crop improvement in the UK.  

Government need harbour no scruples about its involvement with these international companies.  Not only are they the businesses which effect genetic improvements in the UK.  They are also the vehicles for global extension of sustainable genetic traits.  Clearly, it will be to the advantage of the UK that crop innovations originate ‘at home’, rather than being imported from abroad, since the differences in growing conditions, even between temperate countries, dictate that there will usually be a lag between importing a trait and incorporating it into commercially acceptable varieties. 

If government can create conditions in the UK which (a) clearly point the way forward for crop improvement, and (b) provide a scientific impetus which connects with and supports commercial plant breeding, then government will have acquired a vital tool to effect its aims.

The need for these initiatives is urgent.  There are signs that multi-national plant breeding companies are losing patience with the poor returns from plant breeding and the slow progress in genetic innovations in the UK.  There are better conditions for joint commercial and public investment in crop improvement in other European countries and in the United States. 

6.6. Genetic diversity

The modern ethos is to regard diversity as ‘good’.  The down-side to diversity is complexity; if diversity increases, complexity increases, so scientific understanding and predictive precision decrease, and our capacity for manipulation and control decreases.  Thus diversity runs counter to easy government, and heightens the demand for scientific understanding.  The aspiration for diversity appears to arise from its association with stability: diverse systems reach their own equilibria.  However, evolutionary theory [14], which predicts success of ‘the fittest’, shows that diversity is a temporary phenomenon: in nature, systems become cyclically dominated by successful species. Thus diversity can best be maintained if conditions which govern a system change with sufficient frequency that no individual component can become dominant.  The best means of promoting diversity is thus to regularly change the rules!  

In relation to crop genetics, diversity can be considered at three levels of organisation: within crops, between crops, and around crops.  The public’s and government’s concerns have not been well defined in these terms, but they may generally be taken as aspiring to maximum diversity in each case.

Considering each level of organisation in turn, it seems that there are sustainable arguments in favour of high diversity, and that there is a role for genetic research in each case.

6.6.1. Genetic diversity within crops

Within crops, high genetic diversity may be desirable because the risk of damaging interactions with the environment (e.g. from frost, or a break-down of disease resistance) will affect a small proportion of a crop (on a frequent basis) rather than a large proportion of a crop (on an infrequent basis).  Also, high genetic diversity within a crop will be associated with continuing retention of capacity to breed new varieties which can withstand new threats, e.g. as resistance genes are lost from a gene-pool, new strains of pathogen may eventually prove unassailable.

It appears that genetic diversity of the UK’s most extensive crop, wheat, has improved since the privatisation of plant breeding in the UK ([9], and see discussion under wheat in the case studies; Annex 6). Thus there is a case for government to encourage a competitive plant breeding industry.  It would also seem important to broaden investigations into genetic diversity of gene pools associated with each major crop species in the UK.  Studies so far do not appear to distinguish between active and redundant DNA; it may not be right to assume that diversity in inactive DNA gives a true reflection of diversity in active genes.  Clearly, the maintenance of germplasm resources is also vital to maximising genetic diversity of UK crops.

6.6.2. Genetic diversity between crops

Between crops, high diversity may be desirable for similar reasons to the diversity within crops, and also because this will ensure retention of capacity to address new markets (e.g. for bio-fuels), or new environmental concerns (e.g. a new crop allergen).  Thus there is a case for government to promote minor crops, both by sustaining breeding programmes (such as that on oats), which enhance their productivity in relation to successful crops, and by employing financial incentives and regulatory controls.

6.6.3. Genetic diversity around crops

Around crops, high diversity is desirable because it maximises public interest in the countryside, and because the public associates diversity with stability.  Variety of landscape, flora and fauna are important issues in the current debate on farming and food (Cabinet Office 2002).

Clearly, public investment in genetic research and plant breeding can only have indirect effects on this form of diversity, but the indirect effects could be substantial.  Many of the detrimental effects of modern agriculture are associated with use of chemicals which (as has been previously shown) could be significantly reduced by genetic innovation.  It is also possible that crops could be bred to provide specific encouragement for endangered species, for instance, through providing an appropriate habitat, or a food source.

The above discussions are core to the debate around how future investments in plant genetic research can meet DEFRA’s future objectives. However, this debate is not unique to the UK; the principles for policymakers and the role for public plant breeding programmes (PPBPs) have been discussed extensively in the USA. The analysis team direct the reader to Annex 9 for a valuable discussion of the role for genetic improvement in meeting objectives in terms of germplasm preservation and characterisation and reducing environmental pollution.

6.7. Summary

Government, through DEFRA, has an enormous opportunity to harness the power of plant breeding and genetic improvement in order to further its new aims for farming and the rural environment. 

Whilst new public resources will be required to fully exploit this opportunity, there is considerable scope to promote progress through initiatives which do not depend on new public funds.  This will be by:

· Promoting a new government vision for crop genetic improvement, and ensuring effective collaboration across the spectrum of research from fundamental through applied-specific to commercial.  

· Ensuring effective communication between government and the plant breeding industry (perhaps through a forum, similar to that initiated in FOSSE), and

· Providing regulatory and economic frameworks which ensure that market forces will demand appropriate genetic innovations from the public and private investments in genetic research and plant breeding. 

It is also likely that public funds, previously directed at improving competitiveness of UK farming, could be redirected to enhance its environmental impacts.  The specific areas that DEFRA should consider are:

· Maintaining germplasm collections, and characterising them for traits associated with sustainable development

· Identifying traits which are associated with sustainable development, especially:

Efficient use of water

Efficient use of nutrients

Durable resistance to diseases and pests

Competitiveness with weeds

· Preparation of parental materials for the plant breeding industry: introducing desirable traits into germplasm which is adapted to UK conditions.  For traits which cannot be easily seen, this may need to involve identification of genes and markers, to support marker-assisted selection.

· For minor crops, or crops which offer important scope to develop sustainability, e.g. biomass crops, DEFRA will need to extent its funding through to the production of new commercial varieties, as it now does successfully for oats.  

In prioritising the disposition of its funds, DEFRA should recognise the effectiveness of genetic innovation, compared to the effectiveness of other innovations, say in crop husbandry.  Of course, the timescale of returns on investments in genetic innovation is longer than that in husbandry, so the resolve of government must be sustained, but this is no reason that the potential of genetics should be ignored.  We recommend that DEFRA instigates crop improvement programmes, to be undertaken over the same period that DEFRA seeks to effect regulatory and financial changes in the CAP.  Given the similar timescales necessary to see through each of these developments, a concerted strategy should ensure that imposition of new market forces will coincide with availability of new crop types.  The cropping industry will then be well disposed to deliver the environmental goods to which DEFRA and the public aspire.

Recommendations

DEFRA should embrace the use of crop genetic improvement as a vital tool in achieving its environmental objectives, accepting that crop improvement programmes require long term investment, and provide lasting benefit for future generations.

There should be a commitment by DEFRA to the curation of publicly owned germplasm, with international cooperation, and this must be viewed equally with assessment and characterisation.  In parallel there is the need to develop comprehensive databases of UK germplasm, with resources to keep them updated.

DEFRA should work with BBSRC to develop and promote understanding of traits which are associated with efficient use of resources and reduced environmental impacts.

The middle-ground research which must be funded by DEFRA and  BBSRC (see terms of reference 1 & 7) should encompass crop design, identification of new sources of genetic variation in environmentally advantageous traits, and ‘pre-breeding’ (the development of material suitable for incorporation into commercial programmes).
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7. The Case for Future Public Investment 

7.1. Public intervention – the fundamental arguments

In the preceding Chapters, we have analysed the present situation in terms of overall government spending in plant genetic research, and research in crop genetic improvement in relation to DEFRA's aims. 

The analysis in Chapter 2 of the economic aspects of R&D and of genetic improvement of crops set out many well-established arguments why, if left to its own devices, the market would under-provide investment in the genetic improvement of crops.  

Restated briefly these arguments are:

The widespread externalities in all types of R&D with pervasive knowledge spill-overs only partly corrected by IPRs,

The effect of externalities reducing the incentives to adopt environmentally desirable genetic traits,

Ignorance and uncertainty which affect the flow of information along the market chain from final consumers to farmers and eventually back to plant breeders,

Imperfections in capital markets which lead to higher time-preference rates (or test discount rates) in private companies than is socially optimal,

The competitive nature of the markets for the production of food which lead to benefits being widely distributed amongst consumers and, and much greater than the private rewards that accrue to the plant breeders,

The contractual incompleteness which is caused by the impossibility of describing in advance the nature and outcomes of innovation.  Innovation lies in the future and is “unknowable”, and

The nature of much scientific knowledge where results of fundamental research are public goods.  Public goods have large public benefits but small private benefits.  Private organisations will under invest in public goods or completely fail to provide them.

The analysis team believes that the facts and evidence assembled in this report are powerful evidence that these arguments about market failure are firmly grounded in reality.

7.1.1. Cost benefit analysis

If one pools the four case studies, in Annex 5 to this report, the average rate of return on total investment (public and private) is 16.2% per year.  The case study crops are worth 32% of the value of UK crop production and give additional social benefits per year of investment (both cumulative and lasting in perpetuity) of £9.4 million pounds.  

This implies that the total investment (public and private) in crop genetic improvement is bringing new social benefits of £29.6 million per year (again, cumulative and lasting in perpetuity).


One can estimate the returns to the plant breeding companies and to the public investment plus levy funded investment by using the logic that the royalties are the return to the plant breeding companies, and what is left after deducting the royalties from the total benefits is the return to the publicly and levy funded research.  If one assumed that the expenditure on plant breeding for the case study crops was 32% of total private expenditure on plant breeding in the UK (the same as the proportion of output), this gives a total plant breeding expenditure in the UK of £24 million per year compared with royalty income of about £23 million.  This implies the plant breeders make a loss, an unlikely scenario.  A more realistic assumption is that there is concentration by the plant breeders in the major crops such as wheat, and that in consequence, the case study crops total about 50% of the plant breeding effort.  

Further assumptions need to be made in relation to the timing of the cash flows (and those chosen in this case were that the royalty income must be recovered in the first eight years following improved crop performance and after a breeding expenditure spread equally over 12 years).  These assumptions give a rate of return of 4% to the private companies and 18.5% to the public and levy funded research - but the answer depends on the detailed assumptions and the methodology.  However the inescapable conclusion is that the social benefits of the genetic improvement of crops are large compared to the private benefits accruing to the plant breeders.  However one does the arithmetic, the social returns to the investment appear very large compared to the private returns through royalties.


One cannot reliably calculate what the separate returns are on the public and levy funded investment compared to the private investment, because there is no way to partition the benefits in terms of what privately and publicly funded research produces.  It is possible that the social return stems primarily from the one type of investment funding with a very low return to the investment funded from the other source.  It is hard to see how the social return to the plant breeders could be very low since there would, without them, be no way in which the publicly funded research would be utilised.  It is just possible that the social return to publicly funded investment could be very low with all the benefits coming from the private investment.  There is some indication in this analysis that much of the current plant breeding activity does not rely on the recent output of public research.  However, institutions that combined plant breeding and research (for example PBI in pre-privatisation days or more recently oats at IGER) have tended to be commercially successful in their plant breeding.  

It seems reasonable to conclude that public and private investment must both be regarded as part of a single activity of genetic improvement and hence the fact that public benefits are large compared to private benefits makes a good case for continued public investment.

Recommendation

Public funding is required for research to support genetic improvement of crops because market failures cause under-investment by the private sector.  

7.1.2. Vision for genetic research and crop improvement

The future social benefits will not be identical to those which the food rationed populations of fifty years ago required, nor to those of “Food from our Own Resources” of twenty five years ago.  In fostering genetic improvement as a means to achieve its new aims, DEFRA must have a new vision.

The incentives for farmers to safeguard the environment are still weak, even through agri-environment schemes. It is not surprising if plant breeders see no opportunities for profit from changes which are, in the main, at the margins of farming.  The market signals that reward safeguarding the environment, and improving the safety and “wholesomeness” of food need to be strengthened.

DEFRA’s vision needs to recognise that the motivation of private businesses comes primarily from profit and it is necessary to arrange the policy and market signals so that in pursuing profits, private business will help achieve DEFRA’s objectives.

Recommendation 

DEFRA should define and promote its vision for genetic research and crop improvement in the UK. This should acknowledge the unique power that genetic improvement holds in meeting DEFRA’s aims for sustainable development, accepting that plant breeding has long timescales, but that the investment is made for the benefit of future generations

A new rationale for DEFRA's funding is required. The analysis team proposes the following:

“DEFRA invests in the genetic improvement of crops to reduce the market failures which would otherwise lead to under investment.  Its funding of R&D is designed to meet DEFRA’s objectives for safe food, sustainability of farming and the environment by creating profitable opportunities for the application of genetic improvements by plant breeders, farmers and horticultural producers and other private sector businesses”

7.2. The Instruments

There are many ways in which government can intervene to reduce the under investment in crop genetic improvement which would otherwise take place.  The economics textbooks [1] list some of the methods: 

· Targeted R&D subsidies,

· Untargeted R&D subsidies,

· Delegating the Financing of R&D Inputs to the Industry,

· Correcting IPR (e.g. patent length and breadth).

A mix of some of these instruments has long been applied to the genetic improvement of crops.  The intervention commonly applied in developed western economies has been targeted R&D subsidies.  Indeed, the direct involvement of government in publicly owned institutions was formerly common at the applied end of the research spectrum, and remains so in the UK at the fundamental end of the research spectrum.  The partial correction of market failures in legislation for improved property rights lead to Plant Breeders Rights.

The complete delegation to industry of decisions about the spending of public R&D funds has potential benefits and dangers.  An industry board might be set up to direct R&D investment, and industrialists may have a better idea of which R&D projects are useful.  But what is good for industry may not be good for social welfare.  How would such a scheme look after the interests of new industry entrants and of consumers?  However, complete delegation is not the only model.  A variety of models with varying degrees of public private partnership and funding can be created, and with varying degrees of public and private influence over decisions.  Industry cannot be expected to be motivated to participate in a talking shop without either budget or influence.  But it will be prepared to participate in meetings and discussions with real influence, some budget and the power to direct funds to solve problems which it sees as relevant.  The German model is of interest here – though not an exact blue print to be adopted.  The challenge is to use public funding as a lever to reconnect fundamental research with plant breeding, and get better value from the total public spend.

Comparisons with France and Germany offer few straightforward leads. While industry is better connected with the research base in those countries, the primary objective is not to meet their government’s environmental objectives, but to increase the profitability of private plant breeders. 

A system like the German model could be put in place, administered in partnership with BSPB which provides good linkages between researchers and industry. Even so, the investment by the breeders in the GFP system is only of the order of £2M/annum, as in-kind contribution. 

One cause of tension is where publicly funded research institutes are encouraged to behave as private sector enterprises. Private industry has no problems in dealing with public institutions that pursue public aims and publish their results. Many of the public institutions where plant genetic research takes place have been encouraged to exploit the intellectual property it generates to generate an income stream, and somewhat hybrid organisations have been created. 

There is a danger that public research institutions receive sufficient public income to shelter them from the disciplines of the market, but in over-valuing IP, find difficulties in reaching agreement with private companies over collaborative projects

There is no reason why publicly funded research investment need take place only in publicly funded institutions.  Some of the more recent economic ideas about the role of R&D emphasise that in addition to direct innovation,it enhances the ability of companies to learn from innovations and research undertaken elsewhere [2].  In the area of genetic crop improvement it seems as though the Barnes philosophy has had an unintended impact of allocating public funds to public institutions and leaving private companies to fund and carry out their own investment.  This separation is un-necessary and harmful.  Let the best contractor win, whether it is a private one for a publicly funded project or vice versa.  

While ownership of private breeding companies is increasingly by multinationals, and DEFRA may perceive that they have little influence over the industry, breeding activities in major crops like winter wheat are still ‘local’.  Therefore breeding for UK environmental objectives requires research and breeding to take place in the UK.

The large agrochemical companies represent only one voice within the industry and DEFRA needs to maintain the support and participation of all the players in order to make progress.

At the same time, public-private partnership programmes such as the oat breeding programme at IGER have demonstrated success in producing varieties which can have a beneficial impact on the environment (e.g. dwarf oats which reduce the need for PGR) whilst maintaining profitability of the industry (recognised publicly by HGCA).

Crop breeding is a very powerful tool for meeting the future needs of society.  Of all the scientific methods that can be brought to bear on meeting human needs without damaging the environment, genetic improvement (rather than say chemistry or physics) has the scope to be the most benign.  But the unfettered play of market forces will not obtain the required objectives.

The analysis team believe there is a need for a renewed commitment by DEFRA to using plant genetic improvement as a tool to meeting its objectives in terms of reducing the adverse impacts of cropping on the environment. 

While other forms of public support for R&D may have a role to play, for example tax incentives, these are not sufficiently targeted for DEFRA to rely on them as the prime means of meeting its objectives.  This is the logic that has led almost all advanced economies to give targeted public support for genetic improvement of crops – and it remains valid.

Recommendation

The most effective form of intervention in the research market will be through direct government support, often involving public-private partnerships, rather than tax incentives or other mechanisms.

It was clear from all stakeholders visited that we need an improvement in LINK as a scheme. In contrast with other industries, LINK schemes typically with a 3-year time scale do not fit with the time scale of plant breeding activities. As described previously, through the British Society of Plant Breeders, DEFRA should establish a forum with the other stakeholders, to identify common research objectives.

Recommendation 

In funding crop genetic improvement, DEFRA needs to develop additional funding mechanisms that augment and underpin effective public-private partnership.

However, more creative solutions may arise through the genetic improvement forum recommended in Chapter 5.

7.3. Near Market and Basic Research

7.3.1. The Middle Ground

The UK move to distinguish between near-market and fundamental research may have been right for its time, but the limitation of this approach has now become evident.  The failure to nurture the middle ground of research which connects new and fundamental science to the private development of exploitable products was evident in the opinions received from many stakeholders. 

A near market versus basic research model, tends to take the focus off the important middle section of the long chain between scientific discovery and a new crop variety.  For example researching the basis in one crop of varying forms of genetic resistance to a fungus disease and typing the material in the gene banks may be highly effective in the long term in bringing forth new disease resistant varieties.  However the time scale and risks of successful exploitation can make it completely unattractive to industry.  The addition to basic scientific understanding may be limited or zero.  This is an example of the sort of area, which has tended to be undervalued because it does not generate significant breakthroughs in ‘new science’, yet is too far from commercial application to represent an attractive private investment.  It is also an area with some possibilities for international collaboration, but the incentives are weaker than with fundamental research because the results are “less likely to travel”.

The analysis team therefore recognised that research must be reconnected to industry and that fragmentation of the research base has taken place in a number of instances.  The linkage is now weak between basic research and the cropping industry as described elsewhere in this report.  The balance of public spending in the UK needs changing to reduce fundamental research and bring more public funds to finance the middle ground.  There is also a need to engage private industry’s views on which research should be funded.

In the UK there are inadequate incentives for basic, strategic and applied R&D to connect. This will require focussing more attention on the middle ground, between the ‘near market’ and the ‘basic research’. More public funding for the middle ground can rebuild the connection.

However, public-private partnerships such as the IGER grass breeding programme, indicate that progress ‘on farm’ is not always straightforward. Technology transfer activities need to reach the majority of producers, rather than a minority of early adopters.  More importantly, achieving a pay-off to research requires effective incentives to adopt results that yield social benefit.

Recommendation 

In concert with the BBSRC, DEFRA should focus more research on the middle ground, between basic science and near-market research.
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Annexes

Annex 1
Terms of Reference

The Terms of Reference:

· Set out the spectrum of UK public sector investment activities in crop genetic improvement research.

· Compare the scope and nature of public investment in the UK with that of at least two selected major crop producing economies.

· Analyse how the output of UK public sector research is being taken up by the crop breeding industry to further UK government objectives and how this may develop in the future.

· Examine the uptake of public research by the UK crop breeding industry in comparison with the corresponding uptake within the two selected EU states.

· Consider to what extent UK public research programmes are subject to market failure.

· Address the question:  In relation to government aims, what difference does this public investment make to the UK agricultural industry and environment (illustrated by specific examples or through case studies) and what differences might it make in the future?

· If the study concludes that there is a case for further public funding, provide guidance on the rationale for further R&D.  This will consider the full spectrum of funding mechanisms, including LINK.

Annex 2
Glossary of abbreviations used
AFENO
Avian Feed Efficiency from Naked Oats

APBC

Apple and Pear Breeding Club

APRC

Apples and Pears Research Council

BAZ

Federal Centre for Breeding Research on Cultivated Plants - Germany

BBRO

British Beet Research Organisation

BBSRC
Biotechnology and Biological Sciences Research Council 

BDP

German Plant Breeders Association

BOBMA
British Association of Oat and Barley Millers

BPC

British Potato Council

CCFRA
Campden and Chorleywood Food Research Association

CEL

Crop Evaluations Ltd

CSG

Competitive Strategic Grant

DARD(NI)
Department of Agriculture and Rural Development Northern 

Ireland

DEFRA
Department for the Environment Food and Rural Affairs

EMTHR
East Malling Trust for Horticultural Research

EPSRC
Environment and Physical Sciences Research Council

FAL

Federal Research Centre for Agriculture - Germany

FOSSE
Forum on Seeds for a Sustainable Environment

FSA

Food Standards Agency

GFP

Society for the Promotion of Private Breeding - Germany

GH

Germinal Holdings

GHG

Greenhouse gas emissions

HDC

Horticulture Development Council

HGCA

Home Grown Cereals Authority

IACR

Institute of Arable Crops Research

IGER

Institute of Grassland and Environmental Research

IPK
Institute for Plant Genetics and Crop Research – Gatersleben, Germany

JIC

John Innes Centre

KG

Kentish Garden

LARS

Long Ashton Research Station

LINK 

Collaborative research linking government and industry

MAS

Marker Assisted Selection

MDC

Milk Development Council

MLC

Meat and Livestock Commission

MTA

Material transfer agreement

N

Nitrogen

NHA

National Hop Association

NIPBS
Northern Ireland Plant Breeding Station

NL

National Lists

NSDO

National Seed Development Organisation

OST

Office of Science and Technology

PBI

Plant Breeding Institute

PGR

Plant growth regulator

PGRO

Processors and Growers Research Organisation

PPBP

Public plant breeding programme

RL

Recommended List of varieties

SEERAD
Scottish Executive Environment and Rural Affairs department

SRC

Short Rotation Coppice

WAS

Wherry and Sons Ltd

WPBS

Welsh Plant Breeding Station

UNIP

Union Nationale Interprofessionale sur les Proteagineux

Annex 3
Contributors and stakeholders visited 

ADAS Consulting Ltd 

· Mr Martin Froment  and Ms Anna Shiel in the early part of the analysis

· Dr Ellen O’Connor –  specialist contribution on biomass crops

· Mr David Pennell and Mr Andrew Tinsley – specialist contributions on horticultural crops

· Dr Neil Paveley – specialist contribution on plant pathology

Stakeholders visited within the United Kingdom

· John Blackman, CPB Twyford

· Tom Joliffe, Mike Field, Keith Fox, Advanta seeds

· Richard Summers, ChrisTapsell, Monsanto

· Richard Jennaway, Saaten Union

· Bill Angus, Jo Bowman, Nickerson UK 

· Chris Green, Semundo Ltd

· John Valentine, Mike Leggett, Mervyn Humphries, IGER

· John Snape, Mike Ambrose, Colin Morgan, Rod Casey, Cliff Hedley, Trevor Wang, Claire Domoney, Noel Ellis, Julie Hofer, JIC

· David Thompson, Simon Bright, Syngenta

· Gerry Cook, Cebeco Seed Innovations

· James Wherry, Wherry and Sons Ltd

· James Reeves, NIAB

· Nigel Kirby, Mylnefield Research Services

· John Macefield, Lion Seeds

Other contributors in the UK

· John MacLeod, BBRO

· Tina Barsby, Biogemma

· Mervyn Pope, Unilever

· Geoffrey Gent, PGRO

· Cathy Knott, Independent consultant

· Peter Darby, HRI

· Mike Storey, British Potato Council

· John Andrews, National Hop Association

· Robin Boyd, DARDNI

· Helen Jones and Rosi Waterhouse, SEERAD

· James Orme and Kate Perry, DEFRA

· Lynne Hooper, BBSRC

· John Gilbert, Germinal Holdings

France

· Phillippe Lonnet, Florimend Desprez SA

· Christian Quandalle, DuPont de Nemours (France) SA

· Phillippe Momont, SARL Momont

· Thierry Ronsin, Nickerson France

· Eric Margale, Serasem

· Mme I Couteaudier, INRA

Germany

· Dr Steffen Beuch, Nordsaat Saatzuchtgesellschaft mbH, Granskevitz

· Dr Erhard Ebmeyer, Lochow-Petkus GmbH, Bergen

· Dr Martin Frauen, Norddeutsche Pflanzenzucht, Holtsee

· Dr Klaus Peter, BAZ, Quedlinburg

· Dr Peter Römer, Suedwestdeutsche Saatzucht, Rastatt

· Dr Ralf Schachschneider, Nordsaat Saatzuchtgesellschaft mbH, Böhnshausen

Annex 4
Cost benefit analysis methodology

This annex explains methodology used in the Cost Benefit Analysis (CBA) in the case studies for wheat, oats, peas and oilseed rape (Annex 5).

In their study of the economics of public sector plant breeding of barley and wheat in the UK, Thirtle et al. suggested that the time lag for applied research was 15 years, of which 11 years were required for plant breeding and 4 years from trial plot to peak impact on farm yields  (Thirtle et al., 1998).  In comparison, the estimates of time from first cross to inclusion on the Recommended List given to the analysis team on their visits to breeders were as follows:

Table A4.1. Years from First Cross to Inclusion on Recommended List.
	Crop
	Years

	Wheat
	12

	Oats
	12

	Peas
	12

	Oilseed Rape
	  9




The rate of return on the total investment (public and private) is calculated by laying out the cash flows and calculating the internal rate of return.  The calculation can be easily done using the appropriate function on a computer spreadsheet.  To lay out the cash flows some simple assumption are required.  The private costs of breeding have been assumed to be equally spread over the number of years shown in Table A4.1.  The public research has been assumed to take place prior to the start of breeding, and the lag of four years reported by Thirtle has been assumed for each case study crop.  Recommended list expenditure has been assumed to occur in the last two years prior to the inclusion on the recommended list.  Where levy boards have funded non-recommended list research, it has been treated like the public research and spread over the initial four year period.  This gives the following simplified layout of cash flows as shown in Table A4.2. below for Wheat.

The rate of return calculated by this method is reported for each of the four case studies over a fifty year period of constant benefits (years 17 to 66 in the Table A4.3.).  To test the effect of extending the period of benefits the calculations were repeated to include one hundred years of benefits.  Only in the case of peas, where the rate of return is low and negative, did the change of time horizon have a marked impact on the result.

Table A4.2. Cash flow for wheat investment.

	
	Research
	Breeding
	Rec. List
	Cash flow

	Years
	costs
	costs
	costs
	

	1
	879
	0
	0
	-879

	2
	879
	0
	0
	-879

	3
	879
	0
	0
	-879

	4
	879
	0
	0
	-879

	5
	0
	340
	0
	-340

	6
	0
	340
	0
	-340

	7
	0
	340
	0
	-340

	8
	0
	340
	0
	-340

	9
	0
	340
	0
	-340

	10
	0
	340
	0
	-340

	11
	0
	340
	0
	-340

	12
	0
	340
	0
	-340

	13
	0
	340
	0
	-340

	14
	0
	340
	0
	-340

	15
	0
	340
	285
	-625

	16
	0
	340
	285
	-625

	17-66
	0
	0
	0
	8145

	Total
	3517
	4080
	569
	

	
	
	
	
	


Table A4.3. Rates of Return with Different Time Horizons.
	Crop
	Period of Constant Benefits Valued – Years

	
	50
	100

	
	Rate of Return  %

	Wheat
	17.9
	17.9

	Oats
	15.2
	15.2

	Oilseed Rape
	13.8
	13.8

	Peas
	-2.28
	-0.20




In comparison Thirtle et al. reported rates of return between 14 and 25% for wheat and barley.

Assumptions

There are a number of assumptions implicit in the methodology used.

Firstly, because of the limited time available for the analysis, the public investment in genetic improvement for only a single year has been analysed.  It would have been preferable to study how public investment changed over time.  The methodology used assumes that public and private investment has been at constant levels.

The calculation of expenditure by private breeders and agents is only approximate because it involves the analysis team’s assessments of the typical costs of running breeding programmes.  Accurate information is not available because it is commercially confidential.

Secondly, there is an assumption that genetic improvement results in increases in crop performance and hence social benefits which last forever.  An alternative way of stating this assumption is that if all investment in crop genetic improvement ceased, there would be no changed in crop performance (and hence social benefits), as a consequence of genetic change.  The assumption is consistent with a simple model of crop genetic improvement where the investment increases the total stock of genetic material available for farmers.  This is a cumulative process with the outputs of all previous investments forming part of the current stock.

For each crop which features in the four case studies the analysis team have assessed the proportion of changes in crop performance which are due to changes in genetics rather than changes in environmental aspects of the crop’s management.  This can only be an approximate exercise although the objective evidence of changes in farm fertiliser and pesticide use etc. all help form the judgement.

Where there are clear yield trends of farm crops (based on the annual publication “Agriculture in the UK”) then these have been calculated by fitting linear regressions by the ordinary least squares method to data for the eleven years 1989 – 1999.

Strictly speaking one should compare the change in crop performance after the appropriate lag with the investment made in an earlier period.  The team’s terms of reference relate to future public investment.  Rather than speculate about the amount of future change in crop performance we have used the recent change in performance as the best easily available guide to what may happen.  In choosing the length of historical data to examine a compromise was made between looking at progressively less relevant history and the need for sufficient data to fit a regression line with some statistical reliability – hence the choice of 11 years.  To inform the case studies the yield trend of the previous 11 years was also investigated.  The results are in Table A4.4. below.

Table A4.4. Trends in UK Farm Yields for Case Study Crops.

	Crop
	Linear Yield Trends (t/ha/yr)

	
	1978 – 1988
	1989-1999

	Wheat
	0.124
	0.115

	Oats
	0.088
	0.159

	OSR
	0.060
	0.018

	Vining Peas
	-
	0.000

	Dried Peas for animal feed
	*
	0.060




Summary

Wheat – yield increase trend almost constant over last 22 years.

Oats – yield increase approximately doubled in later 11 year period.

OSR – yield increase approximately doubled from very slow increase in first 11 year period.

Peas – no yields given in Annual Review white papers before 1985. 

*However data from Knott (1996) suggests that dried peas for combining dry increased by 0.0006 t/ha/yr in the period 1978-1988

Prices

Wheat, peas and oilseed rape are all crops covered by the institutional prices arrangements of the Common Agricultural Policy.  The prices have in the past been maintained above world prices by paraphernalia of import levies, intervention buying, export subsidies etc.  These arrangements make the prices of the crops within the CAP an unreliable measure of social benefits.  World market prices are a better measure of the social benefits of increased crop production.  The prices used in the CBA are therefore intended to represent average world market prices.

Quality

Where data allows, improvements in crop quality have been valued.  The price premia for different qualities of crops within the CAP are generally market determined. 

For example, in the case of wheat an average price premium for milling wheat was calculated and the increase in the quantity of the home produced wheat used for flour milling was calculated.  The benefit from improved quality was calculated as the trend change in quantity milled per year multiplied by the average price premium for milling quality.
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Annex 5
Research and improvement of UK crops – Case studies

Case study crops

The case studies relate to wheat, oilseed rape, peas and oats. They consider in turn the markets for plant breeders, the commercial activities, the research activities, environmental aspects and cost benefit analysis, based on the methodology outlined previously (Annex 4). 

Following the case studies, the analysis team covered the important issues relating to a number of other UK crops, including horticultural, forage and biomass crops.

Wheat

The Seed market

Wheat is clearly the most important arable crop for plant breeders in the UK. Revenue is currently based on a royalty on certified seed sales, or on farm saved seed. It was stated that the potential royalty market is £20M. However, in reality, through discussions with breeders as part of this analysis, the market is nearer £12M.  It is revenue and profit, which provides resources for further investment in research. There was a general dissatisfaction among most of the smaller breeding businesses that due to pressure to reduce farm costs, the quantity of certified seed is reducing, as are declarations of farm saved seed.

However it must be noted that at the other end of the scale, the larger companies such as Syngenta, state that the royalties are not the issue and plant breeding companies cannot survive only on the basis of seed sales. However, they have the luxury of being able to finance currently unprofitable plant breeding operations through ongoing agrochemical revenues.

In reality, the size of royalty income is relatively large based on the costs of an average breeding programme (see below). The real problem is for breeders who may have a very small market share, which simply demonstrates market forces operating

The breeding industry

With respect to the UK, wheat is the most significant crop for plant breeders, the UK climate being particularly favourable to producing high-yielding wheat, (and conversely unsuitable for grain maize). The trend in farming towards more wheat (more 2nd and 3rd wheats) means simply that the large potential for seed sales of a good variety leads to all breeders being interested in wheat for the UK. Thus it was clear from the visits to plant breeders that the majority of those questioned were actively breeding wheat.

The continued increase in areas of wheat sown is at the expense of barley and oats. This is having a strong impact on plant breeding activities and as a consequence, competition is increasing. Advanta no longer breed barley, and Monsanto are scaling down the barley operations at the time of writing the report, Monsanto state that the barley programme is not closing, but the industry view is that their support for barley breeding is diminishing.

In the UK, 92% of wheat is estimated to have been bred by UK breeders. The following 8 representative companies are actively involved in breeding wheat in the UK and were consulted as part of this analysis:

UK Wheat breeders

Monsanto

Syngenta

CPB Twyfords

Cebeco

Semundo

Nickerson

Advanta

Saaten Union

Other significant companies include Elsoms and minor players such as Dalgety Agriculture who host French breeder, Secobra, in the UK, although to date their impact has been insignificant. In the past year, one breeder, Pioneer HiBred has closed down its wheat breeding operation in the UK. 

In contrast with peas, oats and oilseed rape, agencies introducing non-UK wheats are of minor importance.

Significance of wheat

Wheat is the major arable crop in the UK and therefore has significance for the sustainability of UK growers and plant breeders. Because of the large arable area and consequent inputs of pesticides and nutrients, it is important with respect to DEFRA's objectives in terms of the efficiency of resource use and their effects on the environment.

This case study is particularly relevant, because the sale of PBI was so pertinent to the organisation of wheat research in the UK. The visits to both industry players and researchers during the course of the analysis allowed us build a picture of the impact of the sale of PBI on the possible fragmentation of the research base. It has been well documented (Thirtle et al., 1998) that the number of researchers actually increased at the Cambridge laboratory of the JIC following privatisation. However, the more important question is whether or not the research base became more fragmented following privatisation of PBI, as was anticipated by Webster (1989).

The wheat breeding industry in the UK is generally viewed to be the most efficient in the world. Wheat yields in the UK have increased consistently by 0.12t/ha/yr since the 1970s (Sylvester-Bradley et al.). By comparison, wheat yields have increased more slowly in the US and lag far behind UK wheat yields. This is in part due to the larger investment in corn (maize) breeding in the US. However, it is generally acknowledged, that the operation of small public run plant breeding programmes in the US, often by academics at land-grant universities is inefficient. There is little commercial incentive to increase crop yields as there is in a true commercial environment for plant breeding such as the UK

While all the breeders visited acknowledged the important contribution of the PBI to increasing wheat productivity, commercial wheat breeders have made significant progress since PBI was privatised, (probably at the expense of former PBI varieties). It is generally accepted therefore that the PBI was an excellent model for how research and plant breeding should be organised, but we now have a more efficient and competitive commercial market for wheat genetic improvement.

Breeding system

Most breeders still use the pedigree system, although some used single seed descent. There is some use of doubled-haploids (DH), which varies very much between companies. One UK based wheat breeder has a dedicated DH lab, and can apply the technology successfully in house. For some of the smaller breeders, it is used only to ‘fix problems’ in varieties, and many have experienced difficulties in reproducing the published method in their own laboratories. There are various options to contract out DH production e.g. to a laboratory in Germany, however, in practice it is more cost effective to carry out selection in the field by conventional methods. Access to the technology is therefore not a barrier to progress in application of DH to wheat.

Marker assisted selection (MAS; as relating to microsatellites and the molecular techniques currently at the forefront of science) has made little impact thus far on commercial plant breeding. It should be noted that “traditional” gel electrophoresis has been used extensively in wheat for improvement of protein quality, and was pioneered by the work of Peter Payne at PBI and plant breeders are quick to apply new technologies if there is commercial benefit. It is acknowledged that MAS offers great potential, but at present many breeders are unsure of whether markers can be found closely enough linked to genes to be trustworthy in practice. 

Wheat is an inbreeding crop. Despite regular interest from plant breeding companies in production of hybrid wheat, this remains a possibility at the moment only with the use of chemical hybridising agents. The economics of hybrid wheat seed production remain unconvincing for most members of the seed trade and thus traditional inbred lines of wheat remain the predominant source of new varieties. The lack of a hybrid system for wheat leads to a paradoxical situation: On a worldwide basis, despite being the largest crop by area, it receives relatively little interest from plant breeding companies, compared to crop such as maize (for which hybrid seed production and therefore value capture is well established). Most recently, in 2000, Monsanto closed down their hybrid wheat business, Hybritech. Only DuPont-Hybrinova remain selling hybrid wheat seed in Europe, although they have significant market share in France.

The success in improving wheat yields has been noted above. This can be attributed to a number of major and minor step-wise improvements (John Snape, personal comm.). The major steps can be attributed to the introduction of traits like dwarfing genes and the 1B1R translocation. Often these major steps have come through introductions made through public research institutes, or the work of researchers in the UK or worldwide. The minor steps are the traits added by commercial breeders e.g. different sources of disease resistance or changes in canopy characteristics. 

However, it is clear that none of these traits have been introduced by ‘molecular breeding techniques’ but through conventional breeding and a sound understanding of inheritance and genetics.

Environmental

Geography and the UK environment

Wheat has a wide geographical spread worldwide. However, the ‘types’ vary considerably between different geographic regions. For instance in the US, fast developing types are required, which can complete flowering and grain filling before the onset of summer drought. By contrast in the UK, later developing varieties are required which flower in early June and mature in July/August and which may have a total growing period in the northern regions of up to 12 months. 

The UK benefits from generally mild winters compared against the severe winters of continental Europe, meaning that wheat has a longer growing period and thus has a higher yield potential. There is a general consensus among breeders that winter wheat for the UK can only be selected under UK climatic conditions, particularly winter conditions, and so each breeder must carry out crossing and selection in the UK. 

The clear message is that for a strategic crop like wheat, it is important to retain the capacity to be able to breed wheat successfully in the UK, and we cannot rely on breeders outside the UK to provide suitable varieties for growing under UK conditions. 

Resource capture and the environment

Recent experiments growing old varieties of winter wheat, from Maris Widgeon through to newer varieties such as Rialto and Drake have shown changes to crop physiology which have allowed the exploitation of greater amounts of fertiliser N (Sylvester-Bradley, HGCA conference 2002). At the same time, the move to semi-dwarf varieties and consequent reduction in plant height has been accompanied by a reduction in rooting depth and the apparent lowering of the crop ability to scavenge nitrogen. It was acknowledged by most breeders that these would be acceptable breeding targets, assuming that the financial incentives were there. 

However, nutrient uptake and root characteristics are areas where large amounts of basic research are required, and in which commercial companies cannot invest, because the timescales are too long and the risks too high.  DEFRA should consider this as an area for future public research investment, assuming the financial incentives can also be put in place to encourage their uptake by breeders.

Pesticide inputs and the environment

It was noted by some breeders that the PBI acted as the ‘conscience of the breeders’. That is, breeders at the PBI could introduce new disease resistance traits into NSDO varieties, because they were close to researchers and the public research investment ongoing, and new developments could be quickly incorporated into PBI breeding lines. Ultimately there was ‘spill over’ of the technology as material was released and other breeders could make use of it in their breeding programmes. 

Because this public breeding no longer occurs in the UK, such progress in disease resistance is probably not occurring at the same rate, however, it may be too soon from the privatisation of PBI to quantify the effect. 

All plant breeders are keenly aware that currently we rely on only a few major genes to introduce disease resistance into wheat, however, most breeders breed ‘for the recommended list’ in which it is generally perceived that fungicide-treated yields are more important than untreated yields. 

There were many comments from breeders that the RL provides a bar to improvements in terms of reductions in pesticide inputs, and therefore may present a barrier to achieving DEFRA’s wider environmental objectives. The RL list produces cereals under conditions that are considered conventional farming practice. There is no incentive to produce varieties with higher disease ratings if they are less productive in commercial practice.  This is probably more so, since HGCA has taken control of the RL system through CEL. A good dialogue must be maintained between DEFRA and CEL and particularly the CEL pathology committee.

The role of the large agrochemical-seed companies is of some significance. As it has been noted earlier that the returns from seed royalties alone are low, the added value for agrochemical companies is in marketing ‘synergies’ between varieties and agrochemicals. An example may be a variety that is particularly responsive in terms of yield to a particular fungicide product e.g., a strobilurin.  This may ultimately encourage use of more pesticides and therefore act against DEFRA’s objectives. 

At the same time, some independent plant breeders will produce more disease-resistant varieties, which can be produced in low input regimes. Increasingly, breeders will produce marketing literature which highlight these differences. However, it was noted by at least one breeder that if they had been owned by an agrochemical company, this probably would not have been allowed.

Breeding activity

Diversity of UK wheat

Discussion of germplasm issues sits within the wider perspective of biodiversity. Diversity in wheat is perhaps important to the UK economy in terms of reducing the risk to the national crop when pathogens evolve and overcome resistance in a variety which has significant market share.

The general perception is that wheats are generally very closely related, i.e. they are all produced from crossing a small range of parents (‘the best with the best’). Indeed there is the clear example that winter wheat three varieties, Buchan, Madrigal and Harrier, were all produced from the same cross (Beaver x Hussar), but by three different breeders. 

Contrastingly, there is a view that since the privatisation of PBI, when PBI varieties dominated the market, other commercial breeders have brought in new genetics and new traits and that the genetic diversity has widened. Indeed recent studies on assessing the quantity of alien genetic material (NIAB, personal comm.) show that the genetic base of wheat has indeed widened.

The practical consequence of this increase in diversity is that in very bad disease years for example when yellow rust resistance broke down in Brigadier in the mid-1990s, the wheat crop was not catastrophically affected, because other varieties with new sources of resistance, or partial resistance, acted as a buffer.

There is therefore little evidence that commercial plant breeders cannot increase diversity within wheat. However, all breeders rely on germplasm for new sources of genes, and a discussion of access to germplasm resources is relevant here.

Diversity and other economic drivers

The seed trade shares some of the risk in introducing new varieties through the multiplication of seed, and adds some value through seed dressings. However, the trade does not generally get involved with research or crop improvement per se. other than  through its contributions, through the levy, to HGCA.  The number of seed companies is reducing in the current declining market, and each seed plant is tending to process a smaller range of varieties in order to increase the economies of scale. The consequence of falling returns in this sector means that the number of varieties actually  offered to growers reduces at the farm level. This is clear evidence of imperfect conditions in the market place, and lack of suitable advice to growers means that the true benefits of crop improvement through public and private sector investment are not being realised.

Germplasm 

Germplasm collections remain an important source of new traits. Most companies had their own in-house germplasm resources but also make use of other germplasm from around the world. These include international resources e.g. CIMMYT in Mexico, or  other centres in Europe or America. 

However, a number of issues arose during the visits;

Firstly it was generally acknowledged that germplasm in public collections is not well characterised. The system in France was cited as being better where 200 wheat lines are characterised each year at the plant breeding station at Clermont Ferrand. 

Secondly, where germplasm is characterised, and interesting genotypes identified, they are generally unimproved and need to be introduced into acceptable backgrounds before breeding can begin.

There is a dichotomy between researchers who believe it is not their role to ‘improve’ exotic germplasm for the use of breeders, and conversely the breeders who do not have the resources to spend a large amount of effort (and taking the risk) to improve wild material.

This is clearly an area where ‘fragmentation of the research base’ is perceived to have occurred. Pre-privatisation of PBI, individual researchers would have spent many years working on a specialism such as mildew or Septoria resistance. Within this context, they would have had the time to introduce material into useful backgrounds at the same time as carrying out fundamental research. The short term tenures for a significant number of research scientists means such researchers and useful genetic material cease to be available to the plant breeding community.

The JIC holds the ‘BBSRC public collection’ of wheat for which access is free, subject to signing an MTA. The JIC also hold certain precise genetic stocks and mapping populations, for which breeders may have to consider the wider aspects of Intellectual Property rights before using them. This often causes problems for breeders, particularly the smaller ones.

The issue of how to best make use of germplasm resources to tackle strategic issues is one that DEFRA and BBSRC should discuss with the industry. There has clearly been no consensus since privatisation of PBI as to how best germplasm resources should be handled and used for the benefit of the industry. 

Current challenges for breeders

Yield remains of priority to breeders – farmers want new varieties with higher yields.

Quality of bread making wheat remains a high priority for breeders and a new LINK project is due to start involving industry, JIC and CCFRA as well as the millers.

Research activities in public research institutes

As highlighted in chapter 5 on public research spending, the majority of crop genetic research in wheat is basic, strategic research. The position of JIC is key in the field, and they have led the development of genomics. 

The JIC has a world-lead in plant biology, and strongly believe that the interesting science happens in Arabidopsis. From a scientific point, progress can be made in understanding genes such as gibberellins insensitivity in wheat for which there is synteny across rice, wheat and Arabidopsis. 

The reputation of the JIC in being a world leader in basic science has been key to attracting the input of the key companies Syngenta and DuPont in the past four years, to put in place strategic collaborations with the institute. Indeed the rationale for carrying out basic science in publicly funded research institutes could be to retain the presence and commercial activities of major companies who are often at the forefront of the science, and also are best positioned to exploit that outputs of the science.

Many in the industry view the Syngenta model as untested. However there is no doubt that there is a perceived influence of the significance of their activities at JIC. Since commencing this analysis, DuPont has seriously reduced its role in their collaboration with the JIC demonstrating that linking with the scientific strategy of large commercial companies also carries risk.

Other industry involvement

HGCA support the work at JIC through a personal fellowship to John Snape who in turn advises HGCA on their research policy. Again, the HGCA clearly believe that to retain the interest of leading companies in the UK, we need to also support the leading scientists in our public research institutes.

Breeders view of recent research

Most breeders are sceptical of how the science of genomics and proteomics will link to real breeding. There is acknowledged to be a gulf between the science in the institutes and the application in plant breeding. 

One breeder pointed out that most of the problems that need to be solved are not difficult technically – the science is fairly well understood. What is needed is for a researcher (or group of researchers) to work at a problem for a fairly long period of time. This relates to the previous comments about the fragmentation of the research base.

The counter argument is that the institutes should not be carrying out ‘simple’ applied research for the industry. However, it would be worth analysing the scope to which the industry as a whole, would support the placement of key individuals to work within institutes on areas of key strategic importance. The researcher would benefit from the interactions with scientists and also guidance from the industry (as do Syngenta now and as did NSDO in the past at PBI). This would require more cooperation within industry. The European model of cooperation is not present in the UK, and is perhaps one of the key issues to address. A good model, proposed by one breeder is that of the food industry research organisations e.g. CCFRA, where scientific staff work on common member funded-projects.

Current breeding problems/research demand

Most breeders were supportive of MAS, but its utility depends on having chosen appropriate parents in the first place for mapping populations. The impression is that most projects around the world work in isolation and lack coordination. In the case of Septoria it was thought possible that a number of different research groups could all working on the same genes. 

Assuming that appropriate parents e.g. for Septoria resistance could be found, there is then the task of getting the genes into sensible backgrounds where mapping populations could be grown in a common environment. This is a very large task, and beyond the scope of one plant breeding company. It was suggested that this is one area where government could provide linked support if of strategic importance.

Many traits which are, or could be of importance in wheat in terms of disease resistance e.g. Fusarium, are polygenic, and often only partial resistance is achieved. There was a clear lack of communication within the industry in that a number of breeders questioned that usefulness of public researchers spending more effort on major gene resistance, whereas researchers indicated that it was notoriously difficult to get breeders to support work on partial resistance.

Training

All wheat breeders questioned where the next generation of wheat breeders would come from. Few rated the students which came from existing training courses, assuming that most went to work abroad. A number of breeders, were involved with the courses, (hosting visits and students) but apparently made little use of the output. Most training appeared to go on within commercial companies, success being an important motivator.

Cost benefit analysis

A detailed justification of the assumptions made in the following cost benefit analysis is given in Annex 4. In brief, the benefits are based on increases in farm yields seen over the past 10 years plus a figure due to the improvement in quality. The costs are based on (i) comparative figures for the estimated cost of private plant breeding programmes and support by levy boards, and (ii) the costs of public research spending identified earlier.

Benefits

In Table A5.1 the total social benefits have been based solely on the increase in wheat yield without any valuation of changes in grain quality.  The price of £70 per tonne is both close to current UK prices and the average world market price averaged over the last ten years.  The total benefit is £7.9M per year.

Table A5.1. The Benefits of Genetic Improvement to the UK Wheat Crop.

	
	Yld change
t/ha/year
	% of Imp.
Due to genetics
	Area
‘000 ha.
	Price
£/t
	Benefit in one year
£ ‘000s

	Wheat


	0.12
	50
	1,952
	70
	7,877


The rate of wheat yield improvement of 0.12t/ha/yr has been consistent during the past two decades (Based on analysis of linear yield trends from ‘Agriculture in the UK, Annual statistics’). The figure of 50% of the improvement estimated as being due to genetic improvement is a standard figure, but recently it has been suggested that with respect to wheat, this figure may have been greater over the past decade. This is because wheat yields have continued to increase as inputs, particular N fertiliser, have levelled off, or declined slightly. Evidently, if a higher figure were used, the rate of return would increase proportionately. 

However, against this, Ingram et al. (1997) through studying changes in absolute yield changes in RL trials, in moving from variety Norman to variety Brigadier, have suggested that in the period 1992-96, yields of wheat may have increased by 3% more than could be attributed to varietal improvement alone. This is evidence of an improved crop performance through better agronomy. Clearly the situation is quite complex, and moreover, yield improvements seen in NIAB trials are not necessarily reflected in yield improvements on farm. This is more relevant with other crops, particularly peas and OSR (see elsewhere).

In addition to the yield improvement it is possible that there have been improvements in wheat quality. Breeders who produce high quality bread-making wheats generally accept that there will be some yield penalty, and so the rate of increase in yield alone is not a complete measure of crop improvement. Therefore an estimate of the benefits from improving quality has been made as follows;

Over recent years the amount of wheat used in flour milling in the UK has increased by about 66,000 tonnes per year.  In 1988-90 an average of 5,007 thousand tonnes were used in flour milling whereas by 1998 – 2000 an average of 5,667 thousand tonnes were used for this purpose.  Over the same period total imports moved from 1,125 to 1,130 thousand tonnes – virtually static. Home produced wheat has been utilised in increasing quantities for flour milling. Some of this increase is due to improved processing technology with bread improvers allowing poorer quality wheats to be used for bread.  

The annual benefit has been valued at the price premium of 11.2% times the increased quantity used for flour milling (0.112 x £70 x 66,000) £517,440 per year.  Fifty percent of this increase has been crudely estimated to be due to genetic improvement rather than changed processing technology, giving an annual benefit of £ 0.258 million per year. This sum added to the yield improvement benefit gives a total annual benefit of £8.1 million per year.

If these yield and quality improvement are achieved each year then the yield improvement of one year’s expenditure on genetic improvement can be regarded as lasting forever.  In other words, the expenditure in the subsequent years is devoted to an additional yield gain.

Private Costs

Table A5.2. below shows the analysis team’s estimate of the private cost of wheat improvement in the UK.  The expenditure by commercial companies is confidential and hence the estimates are only approximate (for further details see Annex 4).  Levy funded contributions are via the HGCA and the largest expenditure is on the Recommended List trials – an essential part of the process of genetic improvement.  The team estimates that in total there is expenditure of about £4.7 million pounds per year on improvement of the UK wheat crop from private sources.

The expenditure by HGCA was based on the total costs for cereals identified earlier for RL trials adjusted pro rata (58%) for wheat, and the non RL (research) projects, which could be attributed directly to wheat.

Table A5.2. Estimated Private Costs of U.K. Wheat Improvement, 2001.

	Type of company/expenditure
	No of Cos.
	Exp. £/Yr./Co.
 ‘000s
	Total £/Yr.
‘000s

	Large Sized Breeders
	3
	1,000
	3,000

	Medium Sized Breeders
	6
	   180
	1,080

	Levy – Non Recommended List
	-
	-
	   125

	Levy – Recommended List
	-
	-
	   569

	Total private expenditure
	
	
	4,774


It will be noted that the total private costs for the breeders of £4.1M are significantly less than the royalty market for wheat seed (~£12M), providing a justification for the observation that a large number of companies are investing in wheat breeding. Wheat is clearly a significant market in the UK, from which significant profits can be made if a successful variety captures appreciable market share. At the same time, it has to be noted that companies will also have been supporting barley breeding programmes, faced with a shrinking market. Consequently breeders are moving out of barley and other minor crops, and into wheat, as discussed elsewhere.

Public Costs

In Table A5.3 the estimated total public expenditure on UK wheat improvement is shown.  Where expenditure was listed by DEFRA or BBSRC as on cereals, the proportion of the UK cereal crop in tonnes has been used to allocate expenditure among the cereal crops (as applied for HGCA RL trials, above).  Class 3 expenditure is strategic and fundamental research but in the analysis team’s opinion it is reasonable to assume that where such research expenditure is on a crop species there is an expectation in the long term of some economic application.

Table A5.3. Public Expenditure on UK Wheat Improvement.

	Category
	Sub-category
	£ per year, ‘000s
	

	Identifiable Wheat Exp.
	DEFRA Link Class 1
	 91
	

	
	BBSRC Link Class 1
	 86
	

	
	DEFRA Class 2
	516
	

	
	DEFRA Class 3
	221
	

	
	BBSRC Class 3, Core
	641
	

	
	BBSRC Class 3,O.C.
	  56
	

	Allocated Cereal
	DEFRA, DARD and BBSRC Class 3
	              1,781
	

	Total Public
	
	       3,392
	


Costs and Benefits

In Table A5.4 the annual benefit of wheat breeding research has been evaluated over a 66 year time horizon.  The rate of return is calculated from a cash flow showing an expenditure of £9.1M in years 1 to 16 (the sum of public and private costs), and benefits of 8.1M/yr from year 17 to 66.  On this basis rate of return is calculated to be 17.9 % per year.  See Annex 4 for more detailed discussion of the methodology and assumptions.

Table A5.4. Costs and Benefits of Genetic Improvement of the U.K. Wheat Crop.

	
	£ million

	Benefits (years 17-66)
	

	Benefit of yield & quality improvement in each year
	8.145

	
	

	Costs (Years 1-16*)
	

	Private 
	5.794

	Public 
	3.392

	Total 
	9.111

	
	

	
	

	Rate of Return
	17.9 %




* Research (levy and public funded), years 1-4; Plant breeding, years 5-16; Recommended list, years 15-16)

Discussion of Cost-Benefit analysis

The wheat crop is covered by the Common Agricultural Policy, and there are institutional prices.  This might suggest that all the benefits accrue to producers and not consumers.  However the prices have been reduced by reforms of recent years and are now closer to world market prices.  Although in the short term, benefits may accrue mainly to producers, growth of production within the EU is a powerful engine of reform and the view taken here is that benefits are eventually widely distributed in society through lower prices and even the potential to release land from wheat production, whether for environmental or development purposes.

Key comparisons with France

· At the G3 level, the royalty value for wheat is approximately 30M Euros

· Same issue of declining profitability as in UK

· A new system for collecting royalties on farm saved seed has been introduced - too early to tell whether this has been effective

· 2.5% of winter wheat sown is hybrid seed

· In France, competition is also increasing (although competition from INRA is decreasing)

· Still predominantly family companies, well connected to public research and making use of external research

· In general, have excellent technology from public research, but difficult apply it economically at present.

· The ‘Club de Cinq’ plus ‘Génoplante’ are effective consortia for bringing public researchers and industry together

· Have very close links with INRA, CNRS and universities but INRA focussing more on basic efforts on Génoplante

· Also make use of outside germplasm (Soissons has CIMMYT background).

· Accepted that reduced N and fungicide use are important. Some efforts in selecting wheats for drought tolerance in South of France

Key comparisons with Germany

· No recommended list in Germany

· IP increasingly becoming an issue for accessing research

· Public research institutes are the main source of technology

· Research must be jointly coordinated between public institutes and private    companies

· Research is becoming harder to coordinate as multidisciplinary research requires coordination across institutes - in the past projects could be carried out within one institute
Oilseed rape

The Seed market

Because of difficulties in establishing seedlings after sowing on heavy soils in dry early-autumn conditions, seed rates, at about 5‑9 kg/ha, tend to be high compared to elsewhere in Europe.  However, the seed is small (about 4 g/1000) and the multiplication rate is high (about 1000-fold). 

In addition to the 850 tonnes or so of certified seed bought each year, it is estimated that 550 tonnes of farm-saved seed are sown. Lack of agronomic knowledge by farmers is probably contributing to poor performance of the rape crop as some growers are reputed to be farm-saving hybrid seed.

Seed production has largely been managed by the distributor trade, but, in contrast to the larger seeded cereals and legumes, some breeders are now able to manage their own seed production, selling direct to farmers. In the case of hybrid OSR, as with hybrid maize, royalty payments are irrelevant, and the true value to the breeder is difficult to estimate. In the case of inbred varieties FSS remains an issue.

The Breeding industry

In contrast to the situation with wheat, the majority of OSR breeders are not based in the UK.

UK OSR Breeders

Nickerson Seeds UK

CPB Twyford

	UK Agent
	Breeder
	

	Advanta Seeds
	Hilleshog, Germany; Zeneca seeds, Canada
	

	Saaten Union
	RAPS, Germany
	

	Perryfields
	DSV, Germany
	

	Syngenta Seeds Norfolk
	Novartis, Germany
	

	Danisco
	Danisco, Denmark
	

	Monsanto
	Cargill, France
	

	Daltons
	Rustica, France
	

	Dalgety Arable
	Svalöf Weibull
	

	Novartis, Germany
	Syngenta Seeds Norfolk
	

	Semundo Ltd
	Svalöf Weibull
	


Seven of these companies were visited as part of the case study.
Out of the 20 varieties currently recommended for winter sowing, just 3 varieties accounted for 60% or more of the area in all years.  Successful varieties tended to last for about five years before they became outclassed and, individually, they occupied from 10% to 60% of the area in their most popular season. Apex dominated for the last seven seasons, and has only just become outclassed.

The significance of OSR

Oilseed rape occupies almost 10% of the UK’s cropped area; most production is in England.  The 1.1 to 1.7 million tonnes of rapeseed (Brassica napus) produced annually is extracted to give edible and industrial oils, with the residual protein-rich meal used in animal feeds.  About 10% of the crop is grown for industrial use on set-aside land, using varieties with high erucic acid content.  There is little net export of rapeseed.  

Production is largely confined to drier eastern and southern regions where the rape crop is grown in rotation with winter-sown cereals, predominantly autumn-sown on heavy land.  At about £134 per tonne, the crop is worth approximately £223M per annum.  About 10% of the acreage is spring-sown, with specifically bred varieties.  Spring-sown rape yields are approximately 60% of those of autumn-sown rape. 

Following the UK’s entry into the EEC in 1973, prices of rapeseed increased dramatically and an intervention system guaranteed reasonable returns.  Introduction of low erucic acid varieties of B. napus in the mid 1970’s increased consumer confidence in the crop, so that areas of oilseed rape in the UK increased from 13K ha in 1973 to about 400K ha in the early 1990s. 

The introduction of double low rape varieties (low in glucosinolates and low in erucic acid) in the 1970’s was an important step to improve the quality of the crop.  This allowed feed compounders to increase the inclusion maximum for rape meal from about 5% to 20% of ruminant livestock rations. At the time this increased the economic value of the crop. However this development took place over twenty years ago and is not relevant to quality improvement in the recent past.

Despite extensive breeding effort in the UK since the PBI started its programme in 1968, and the regular introduction of new varieties, average farm yields have remained in the region of 3 t/ha for 20 years (yield increase -18t/ha/yr).  Although the light, water and nutrients available for growth of oilseed rape are just the same as those for the higher yielding wheat crops with which it is rotated (for which the average yield trend reached 8 t/ha in 2000), it seems that there have been more pressing issues for growers and breeders than yield improvement of oilseed rape. 

By contrast, Fig. A5.1. shows evidence that breeders have indeed increased yield potential of successive new varieties through the 1980s and 1990s.  However, the rate of improvement has been small, and there is some evidence that the initial advantages shown by new varieties tend to diminish (e.g. Apex), probably due to the ability of pathogens to overcome disease resistances. 

Fig. A5.1. Annual seed yields of oilseed rape varieties in Recommended List trials (Sylvester-Bradley et al. 2002). 
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As this is such a new crop to the UK, breeders have also been concerned with other improvements: reducing erucic acid levels  (e.g. Primor & Rapora), introducing new sources of resistance to stem canker (e.g. Jet Neuf & Rafal, 1979), light leaf spot and downy mildew, whilst maintaining oil contents (e.g. Bienvenu, 1983), reducing the contents of glucosinolates (e.g. Tapidor, 1988), and reducing height and improving standing ability (e.g. Apex, 1992).  Since ‘double-lows’ were introduced, new varieties have shown modest yield improvements, but much emphasis was placed on developing hybrids (e.g. Synergy and Pronto) in the ‘90s, which do not appear to have fulfilled their early promise.  There are now indications that inbreds in trial have significant advantages in yield over contemporary hybrids.

The lack of major improvement in farm yields does not appear to arise from reluctance by growers to try out the new varieties, since there has been an active turnover during the 1990s, albeit with a suggestion of over-reliance on the variety Apex.  The implication is that farm yields over this period would have declined if new varieties had not been introduced.  

One breeder commented that when OSR was introduced in the 1970s, advice was that the crop must be grown more than 4 years apart in the rotation, and that it would not be unexpected for yields to decline significantly for a Brassica crop. Since then, farmers with less availability of good agronomic advice, have relaxed standards of husbandry. Other negative pressures on yield are likely to have included: 

· increased sulphur deficiency (McGrath, personal communication),

· increased use of home-saved seed (reduced vigour and purity and for hybrid varieties some inbreeding depression)

· worse establishment or subsequent growth associated with increased straw in seedbeds due to the ban on straw-burning and over-early sowing, and

· closer rotations, giving a gradual build up of pests or diseases whose importance has not been fully recognised. 
The breeding system

Oilseed rape (Brassica napus) is an amphidiploid; relationships with other Brassicae are well documented.  Interspecific hybrids are possible, so related species constitute sources of genetic variation for crop improvement, e.g. for disease resistance.  However, work with such unadapted types is generally beyond the scope of commercial plant breeding programmes, and must be considered as a research objective.  

Under field conditions, B. napus plants are 60-70% self pollinated.  It is treated as a cross-pollinating species for the purposes of seed multiplication and variety testing.  Hence there are strict rules governing seed production to maintain genetic purity.  

Recently recommended commercial hybrid varieties include: varietal associations (e.g. Gemini, Synergy), restored hybrids (e.g. Pronto), 3-way hybrids (e.g. Cohort, Comodor), and top-cross hybrids (e.g. Spirit).  Visits to German breeders suggested that the costs of hybrid seed production were four times those of conventional seed crops. The technology developed by INRA was widely acknowledged to be valuable research, which has been licensed to a number of French companies. This was ultimately available to UK breeders, through their own links/ownerships with companies such as KWS. At present 15% of the UK market is taken up with hybrid varieties.

Approaches to breeding and selection range from conventional pedigree breeding to marker assisted selection amongst doubled haploid populations.  Interest in genetic transformation has waned since the adverse public concerns have been prevalent.  However, varieties modified to enhance pest, disease and herbicide resistance have been developed in the past, as have varieties with modified oil quality (high lauric acid).

The crop is adapted to cool, moist temperate conditions.  There are slow-maturing autumn-sown types and faster maturing spring-sown types. Varieties bred in continental Europe can also be well adapted to the UK, hence for this crop, UK breeding companies depend much more on breeding activities abroad than is the case for crops such as wheat.

Production of inbred oilseed rape varieties involves both single seed descent and doubled haploid production, several generations of selection, multiplication, multi-site trailing, national testing for NL & RL, marketing and distribution. Breeders such as CPB Twyford have concentrated on production of hybrids. Doubled haploid and hybrid approaches require additional investment in laboratory and glasshouse facilities.  Companies such as Saaten Union have been able to make use of facilities (glasshouses) that were created for other purposes. 

Environmental

As a significant arable crop, OSR is responsible for a significant proportion of pesticide inputs in the UK. The tap root structure means that efficiency of N uptake is lower than that of cereals. Since the early 1990s, N fertilizer applied to OSR has reduced.

In terms of plant pathology, there has been a steady increase in disease pressure, as would be expected for a newly introduced crop. Moreover, there are significant disease issues, such as light leaf spot, which have not been adequately tackled by breeders. Most current varieties rely on application of appropriate fungicides in order to maintain yields, and one criticism from the breeders visited was that most varieties were only sustainable under a high fungicide regime, and that the RL system with reliance on treated yields encouraged this attitude.

The OSR crop is a relatively new crop in the UK. In many respects it resembles a weed rather than a productive arable crop. For instance the tendency to shed seed, much of which can remain dormant, gives low yields, as well as volunteer problems in succeeding crops, with implications for herbicide use in the rotation. 

Breeding activity

Germplasm

There are no publicly funded germplasm collections for oilseed rape in the UK.  The collection at NIAB only contains commercial varieties submitted for National Listing, hence is narrow in its genetic base and is not available to breeders.  However, an EU funded project involving HRI (on B. oleracea) and JIC (on B. carinata) is aiming to create core collections of Brassicae, including B. napus and B. rapa.  Breeders do not appear to be particularly concerned about germplasm collections; their breeding programmes mainly rely on crossing well adapted, recently introduced commercial varieties.

Current challenges for breeders

It seems likely that physiological factors which account for restricted oilseed rape yields include (i) a short yield-forming period, allowing an inadequate amount of light to be used effectively, (ii) over-dense pod canopies, causing excessive shading of lower pods, and (iii) low photosynthetic efficiency of pods.  Of these, (i) and (iii) must be improved largely by genetic means, whilst (ii) is open to manipulation by husbandry.

The apparent inefficiency of the pod canopy in converting the light it intercepts into plant material (Justes et al. 2000) appears to arise for several reasons: 

· Oil requires double the energy per tonne formed, compared to starch.

· Pods exchange carbon dioxide and oxygen with air more slowly than do leaves.

· Pods have less N and therefore less photosynthetic machinery per unit of surface area than leaves, hence they more often become fully saturated by the high levels of sunlight that occur in mid- summer at the top of the canopy.  (Note that rape forms its yield at a similar time of year and on the same land to wheat.)

Only the last of these factors has any scope for manipulation, in this case by nutrition, and this is likely to be slight.  There is thus hope that genetic variation in these factors can be found and exploited.

Apart from yield, the main concerns of oilseed rape breeders are oil content and quality, disease resistance, standing ability, maturity, and harvest losses.  Analyses of yield determination are vague.  Hence the sophistication of breeding objectives in this direction tends to be crude or even empirical.  

There is a general presumption that the route to increased productivity will come from standing ability, uniformity of ripening, and resistance to pod-shatter.  Other ideas have been reduction or removal of petals (to overcome light reflection during flowering), determinacy, and upright pod habit.

Recent research

The research interests listed by The UK Brassica Research Community at www.hri.ac.uk/uk-brc/UKBRC.htm show that most UK research on Brassicae only expects to show commercial application in the long term. The significant amount of public research noted earlier on brassicas in general is mainly basic, strategic work and a proportion could be relevant to OSR, but has not been considered further here.

As the Centre judged to be conducting the most relevant current research, the Analysis Group visited the JIC.  Colin Morgan represented Brassica interests.  (NB Through re-organisation in 2001, the Brassicas and Oilseeds Department has been disbanded.).  Their most applied research was conducted by:

Richard Mithen (now at the University of Nottingham) who has been concerned with the evolution and genetic regulation of glucosinolates, and understanding how they mediate pest and pathogen interactions.  This information has been used to generate breeding lines in which the structure and levels of glucosinolates have been modified.  Two approaches were adopted: 

· The introduction of novel genes for glucosinolate biosynthesis into Brassica from wild species 

· Map-based cloning of glucosinolate biosynthesis genes from Arabidopsis thaliana.  In addition to novel glucosinolate genes, wild crucifer species are being used as sources of disease resistance genes.

As a result, disease resistant breeding lines have been transferred to the UK commercial sector, and are being used both in UK and overseas breeding programmes.  Molecular markers for specific genes have been generated and are being used by seed companies.  Cloned genes will become available shortly.  Published information on the role of glucosinolates in mediating pest interactions should assist the development of crops that have broad spectrum resistance against several pests. This work was cited by one breeder as being very valuable research.

Eddie Arthur (now retired) worked on identification and selection of traits likely to be of commercial importance, and of scientific and practical relevance from amongst doubled haploid lines of oilseed rape and Sinapis alba.  The programme provided commercial plant breeders and geneticists with molecular markers for genetic control of key agronomic traits, and established plant populations suitable for further mapping studies.  

The continuing work on pod shatter resistance, is one such example. Losses of rape seed at harvest can amount to 10% of the yield due to pod shatter. Moreover, pod shatter is a difficult trait for breeders to select for because it is not manifested until harvest, and cannot be easily measured. Thus it was seen as an ideal candidate for development of markers. The work started in 1993 with a BBSRC core-funded project to develop synthetic B. napus, in order to enlarge the variation available in adapted germplasm.  MAFF basic funding was provided from 1997-2000; during this period variation in many useful characters was identified.  The useful trait of resistance to pod shatter was selected as being worthy of further development and was funded through a LINK project commencing in 1999.

It is emphasised that much further useful variation in other traits is present in this germplasm but there is no current plan, or funding, for this to be developed.

Current breeding problems/research demand

Based on the evidence from the visits to JIC, it is likely that within a few years, work directly aimed at genetic improvement of OSR will have ceased. The ongoing LINK programme on pod shatter at JIC finishes in 2002. Thus, from conception to producing material that breeders can take into a commercial programme, has taken approximately 10 years. This underlines the investment in time needed to undertake a consistent programme for improvement of a single trait.

The real value of the pod shatter work to the researchers, was seen to come through collaboration between institutes. The ability to make measures of mechanical resistance at SRC, together with electron microscopy at LARS and genetics at the JIC meant that advances could be made which would not be realised by small research group working alone. Certainly no commercial breeder would have committed to such a research programme. Fragmentation of the research base probably has taken place in that with the reorganisation at JIC, closure of LARS and changes in funding priorities, such multidisciplinary research will become increasingly difficult in the future.

In Germany it was acknowledged that modern research required a multidisciplinary approach e.g. pathologists and molecular biologists, but that barriers between institutes and IP issues was actually making research coordination harder.

In all countries, disease resistance was seen as a key issue, with a lack of new sources of disease resistance. It was thought that public research funding should be used for germplasm screening and to look for wider variation in disease resistance genes, but with the exception of INRA, the impression was given that there was a lack of experienced field pathologists available within public research institutes - the focus being on molecular biology and basic science.

Cost benefit analysis

Benefits

Yield improvements in OSR in the past 10 years have been modest as outlined above, with an increase of only -18t/ha/yr.  Table A5.5 shows the value of the improvement in yields based on the world price for rapeseed. 

Table A5.5. The Benefits of Genetic Improvement to the Oilseed Rape Crop.

	
	Yld change
t/ha/year
	% of Imp.
Due to genetics
	Area
‘000 ha.
	Price
	Benefit in one year
£ ‘000s

	OSR
	0.018
	50
	403
	134
	486




As for wheat, the contribution from genetics is estimated at 50% of total crop improvement. This may be an overestimate as OSR relies heavily on fungicides given the high disease pressures on the crop, and some use of fungicides as PGRs, but there are no published data, and this may be worthy of further study. The introduction of double low rape was an important step to improve the quality of the crop. However this development took place over twenty years ago and is not relevant to quality improvement in the recent past.

Private Costs

Private costs are based on the 2 UK breeders and 10 UK agents identified earlier are shown in Table A5.6. Other private funding includes HGCA funding of the RL for oilseeds and contribution to research relating to genetic improvement of OSR. The total private expenditure on improvement of OSR is estimated to amount to £1.46M in 200/2001.

Table A5.6. Estimated Private Costs of U.K. Oilseed Rape Improvement.

	Type of company/expenditure
	No of Cos.
	Exp. £/Yr./Co.
 ‘000s
	Total £/Yr
‘000s.

	Breeders
	2
	180
	360

	Agents
	10
	85
	850

	Levy – Non Recommended List
	-
	-
	40

	Levy – Recommended List
	-
	-
	205

	Total Private Expenditure
	-
	-
	1,455

	
	
	
	


Public Costs

Relatively little public research money is spent on genetics of OSR, compared with the other case study crops. One LINK project is ongoing relating to pod shatter, and some BBSRC core funding accounted for by three projects at the JIC as shown in Table A5.7.

Table A5.7. Public Expenditure on UK Oilseed Rape Improvement.

	Category
	£ per year, ‘000s

	DEFRA Class 1, Link
	132

	BBSRC Class 3, Core
	148

	Total Public Cost
	280


Costs and Benefits

In Table A5.8. the annual benefit of oilseed rape breeding and research has been evaluated over a 63 year time horizon.  The rate of return is calculated from a cash flow showing an expenditure of £1.7 million over years 1-13 (the sum of public and private costs), and no benefit until year 14.  From year 14 to 63 the benefits are £486k per year.  On this basis rate, the of return on the total investment (public + private) is calculated to be 13.8 % per year. See Annex 4 for more detailed discussion of the methodology and assumptions.

Table A5.8. Costs and Benefits of Genetic Improvement of the U.K. Oilseed Rape crop.

	
	£ ‘000

	Benefits (Years 14-66)
	

	Benefit of yield improvement in each year
	  670

	
	

	Costs (Years 1-13*)
	

	Private 
	1,455

	Public 
	    280

	Total 
	1,735

	
	

	
	

	Rate of Return
	13.8 %


* Research (levy and public funded), years 1-4; Plant breeding, years 5-13; Recommended list, years 12-13)

The rate of return is less than that for wheat (18%) but significantly higher than the Treasury test discount rate of 6%. The main reason for the high rate of return, given the low rate of yield increase on farm, is due to the higher area sown to OSR, compared against oats and peas. OSR benefits from institutional support, so the arguments for social benefits are as described above for wheat. 

Key comparisons with France

· Approximately 25% of the market is hybrid seed, the remainder conventional. Of the 75% non-hybrid seed, 20-30% is estimated to be farm saved seed

· Intense competition in OSR breeding

· Technology comes through the Groupement d’Interet Economique ‘Procolza’

· Hybrid technology was developed by INRA, and some companies use the fertility restoration system under licence - this work was seen as an example of excellent work carried out by INRA within the last 10 years, and which has been taken up by the industry

· At Momont, all varieties are produced using doubled haploids

· Accepted that in terms of disease resistance ad OSR, new sources of genetic variation are needed

Key comparisons with Germany

· Competition increasing with more private companies and use of newer technologies methods

· New technological methods are expected to make a big impact, with a consequent increase in costs of programmes

· Suggested that research efforts are a greater proportion of expenditure on rape breeding compared with other crops

· Farm saved seed thought to be very low (c. 1%)

· Much use made of public research institutes - up to 80% of research done outside the companies

· Marker assisted selection and doubled haploids are used in the breeding programmes

· Transgenics, genomics and proteomics are important research activities, but not being applied commercially

· Universities (Göttingen, Gießen, Berlin) play an important role in evaluating germplasm, taking a longer term view.

· Licensing of patents and activities of larger companies is beginning to make research harder to access

Peas

The seed market

The pea crop is a minor one in the UK with a value of crop production that is only 1.6% of the UK total.  Of this 0.5% is dried peas for animal feed and 1.1% is vining peas grown mainly for freezing.  Green peas for sale fresh and dried peas for human consumption are very minor crops although the latter have a significant influence on the uptake of new varieties ( see below).

Currently, the area for production of peas stands at 110,000ha. This gives a market for seed of around 15000t. Return to breeders of dry peas are from royalties on seed sales, and there is an estimate of 50% FSS. Peas have low multiplication rates and therefore the seed trade play a key role in the production chain. 

Royalty rates on seed for the dry pea crop are approximately three times greater than those on cereals. By contrast, vining peas, which are of importance for the food industry, have a much higher value in the market place, with the involvement of the end-processor (Unilever) in closed loop contracts on around 50% of the market. The remaining market is characterised by production for ‘own brand’ products by retailers, and in terms of area is small enough for breeders to sell directly to grower groups, and provides some competition to Unilever/Birds Eye walls in the market place.

The breeding industry

In dry peas, there is much activity from small breeders while the bigger breeders have moved out, or breeding has been consolidated on the continent. Cebeco, a Dutch breeder owned by farmer cooperatives in Holland, have significant market share (approximately 70%) in the UK. Advanta have bought the Sharps seeds programme and Wherry and Sons have recently bought the PBI programme from Monsanto. These three breeders were visited as part of the study to build an overview of the issues for the industry.

In vining peas, Unilever maintained its ownership of the pea programme when the remainder of the PBI programme was sold to Monsanto, as it fits closely with the frozen pea business.

The current breeders active in the UK are as follows;

	UK Pea Breeder
	
	

	Nickerson
	
	

	Advanta
	
	

	Unilever
	
	

	Wherry and Sons
	
	

	Progreta Ltd
	
	

	Floranova
	
	


In addition to the breeders, there are 11 agents for dry peas, indicating the existence of a competitive market in pea breeding. Cebeco are listed below as an agent because they trial and market varieties bred in the Netherlands. However, Cebeco have significant market share in dry peas, and their significance should not be underestimated, simply because of their inclusion as agents rather than breeders.

	UK Agent
	
	Breeder

	Cebeco Seed Innovations
	
	Cebeco NL

	Perryfields
	
	DLF Trifolium

	Genesis Marketing
	
	Axel Toft, Sallaing

	Dalgety Agriculture
	
	Danisco

	Semundo Ltd
	
	Selgen, INRA

	Pioneer HiBred
	
	Pioneer France

	Saaten Union
	
	Suedweststaat

	Elsoms
	
	Desprez

	Daltons Ltd
	
	Danisco

	CPB Twyford
	
	Serasem

	Harlow Ag Merchants
	
	Canver


In contrast to other crops such as wheat, where a small number of varieties can dominate a large proportion of the market, in dry peas, there is much more diversity. This probably reflects the fact that the end use is divided into 9 different market segments with differing varietal requirements.

It should be noted that because of the segmented market, and particular requirements for colour and shape of dry peas, some economic drivers are based on quality rather than yield. The variety Princess, which is fully recommended for human consumption, was first listed in 1987. Another variety, Maro, which still made up 4% of certified seed in the UK in 2001, was first introduced in the 1960s by Cebeco.

Based on the areas approved for certified seed production, 24 named varieties were sown for the 2001 harvest. Of these, three varieties accounted for 39% of the market, and the remainder were distributed broadly across the remainder, with individual allocations of between 1 and 7% of the seed production area. 

Study of the lists of breeders shows that only 4 out of 17 current varieties were produced by UK breeders, the most important being Denmark and the Netherlands. 

The significance of peas

The area of combining peas declined steadily throughout the 1950s from 49kha in 1955 to 11kha in 1962, as the area sown the vining peas increased. During the 1970s, improvements in pea breeding, particularly the introduction of semi-leafless cultivars and the stimulus of an EC scheme to boost home grown protein production, introduced in 1978, encouraged an expansion in the dry pea crop. 

Production in the UK peaked at around 115kha in 1987 after which, after two disastrous seasons, the area declined through the 1990s to a low of around 70kha. Through the late 1990s, the area of dry peas has returned to the level of around 110kha.

Most breeders believe that standing ability and stem strength are the keys to improving the popularity of peas in the market place. The disastrous years tend to see growers rejecting further involvement in the pea crop, and often taking many years to return to pea production, despite continual improvements by breeders. However, peas can form an excellent break crop, with a ready market in animal feed, when grown well. 

In Europe, large improvements have been seen in pea yields through the efforts of breeders and parallel improvements in agronomy such as effective chemical weed control. In Europe, yields of peas rose form 1.3t/ha to 2.3t/ha between 1960 and 1980 (Heath & Hebblethwaite 1985). 

The current average yield of 5.42 t/ha (control yields from 2001 RL) shows an increase of approximately 0.16t/ha/yr since 1980. Thus, crop improvement in peas has been significant, yet combining peas still have only half the yield of current winter wheat varieties. This is partly due to the fact that the crop is a legume, with a resultant yield lag because part of the assimilate is used for N fixation. However, in the UK, spring sown peas are the main type sown. 

Despite the advances in yield recorded through the RL system however, one problem with peas (of significance to the cost-benefit analysis below) is the topic of farm yields. The dry peas (for animal feed) have to compete with other protein crops such as field beans and with other combinable break crops such as oilseed rape for a place in crop rotations. Yield is an important determinant of profitability but linear regression suggests that the yield improvement has only been only 0.06 t/ha per year (Table A5.9.) with on farm yield currently at approximately 4 t/ha.

Vining peas are harvested at an earlier stage than dry peas and this accounts for the slightly higher fresh yield.  DEFRA statistics suggest that there has been no increase in farm yields in the last eleven years.  For the vining trade, the quality of the frozen peas produced is probably of more importance than the yield of the crop.  The closed loop system whereby about 50% of seed for vining peas is provided by the processors could be expected to lead to quality for processing being a key objective of breeding programmes, rather than yield.  Linear regression of the yield data for vining peas below suggests no change. The implication is that other changes have been in maintaining levels of disease  resistance and improvements in quality.

Table A5.9. Yield of Peas (t/ha).

	Year
	Vining
	Dried peas

	1989
	4.1
	3.3

	1990
	4.2
	4.2

	1991
	4.5
	3.6

	1992
	4.5
	3.3

	1993
	4.7
	4.1

	1994
	5.0
	3.4

	1995
	4.5
	3.8

	1996
	4.5
	3.8

	1997
	5.1
	3.8

	1998
	4.3
	3.2

	1999
	3.7
	4.0


Most spring sown peas are shallow rooting, sensitive to compaction, and being indeterminate, are very sensitive to environmental conditions. Consequently variability of yield is a perennial issue.

It was noted by one breeder that the over-investment by farmers in growing wheat, means that peas are often left till last at harvest, whereas the best growers give priority to pea crops. The lack of suitable advice and extension services means that growers are less able to make use of the improved varieties now being produced.
The breeding system

A pedigree inbreeding system is used with single seed descent and out of season multiplication in New Zealand to accelerate the programmes. However, the low multiplication rates and variability between seasons (and hence need for extensive field trials for reliable yield estimates) slows down progress. Nevertheless, the record for breeding a semi-leafless pea was 6 years from 1st cross to entry on the RL.

Some marker assisted selection is being used on the continent. However, in the uk, the breeders questioned did not use it. In general it was felt that most technology which came out of institutes, and for which they would have to enter into agreements around ip, was overvalued with respect to the value of the seed market.
Environmental

Peas fit well within sustainable arable cropping, having no applied N requirement and fitting well within cereal rotations. Benefits are also cited of improvements to soil structure due to rhizobial and root activity. In principle, support for the pea crop should align with DEFRA’s broader objectives.

The original aim of supporting production of home-grown pulses within Europe was to reduce the quantity of imported soya. If this were still the case, support for research into peas and increasing their yields would still be a valuable objective for DEFRA. However, it should be noted that in fact, peas are carbohydrate storers and do not truly compete against soya (which is an oilseed). Rather peas are used as a source of energy, with a good quality protein, which balances the quality of cereal protein in monogastric rations. The main competitor for peas in the UK is probably wheat and the key issue is improving yield of peas as discussed elsewhere.

Despite being a low input crop, peas were not considered to be suited to organic production because of the potential weed problems. In fact, the more recent advances in terms of the semi-leafless character would probably be a disadvantage in terms of weed competition. There is a currently an issue that approvals for a number herbicides will shortly expire. The pea crop is such a minor crop now that agrochemical companies may cease to support registration of chemicals. This could have severe implications for the future of the pea crop. Mechanical weeding is seen widely as a retrograde step, which would take the performance of the crop back to the 1960s, and negate most of the advances seen in the pea crop over the past 30 years.

In terms of breeding, the distribution of significant commercial operations throughout Northern Europe suggests that strategically it is not necessary to maintain a strong base in pea breeding in comparison with the situation for wheat and oats. However, unlike OSR, there are important commercial pea breeders still present in the UK, producing superior varieties for the UK environment.

Recent technical developments

The major advance in peas was the introduction of semi-leafless types such as Progreta, which gave a major advance in the crop, and the confidence of farmers to grow combining peas in the 1980s. The leafless (af) and reduced stipule (st) mutants have been the biggest success from JIC research  in peas, and have been discussed elsewhere (Hedley & Ambrose, 1981). The major input of the JIC to these improvements was acknowledged by the industry

Since those improvements, which were introduced over 20 years ago, there have been no major improvements in dry peas but breeders have extensively built on those advances. 

Work through the 1980s, much of which was funded by MAFF, focussed on characterising the genotypes and phenotypes, particularly in terms of  storage product composition, produced through chemical mutagenesis. It was anticipated that this work would have spin off in commercial plant breeding and in production of peas for food and non-food use.

While the research targets were legitimate, the problem in working on storage product composition is that the mutants are generally low yielding. Changes to starch metabolism in a carbohydrate storer such as pea, has a detrimental effect on yield (this is in fact the natural situation with vining peas). Thus, it is a major investment in breeding effort to restore the interesting lines to produce economic yields. 

For products such as starch, which is a commodity (whose price is based on the price of US maize starch), peas cannot compete, except in high value applications. Thus applications in the food industry were not forthcoming. 

Historic interest from Dalgety was mentioned, as in the late 1990s they produced an innovative textured vegetable protein ‘Arrum’  based on pea protein isolate. Next generation products were anticipated, which could make use of novel pea proteins. However, since the break up of the Dalgety group and the sales of the food ingredients businesses to Kerry Ingredients, all research and plant breeding interest in peas has ceased.

The only example of the uptake of this recent research was by Unilever, who acquired the  lipoxygenase mutants & isolines. The key to the success in transfer of this technology is that it is being applied in vining peas that have a high value end-use market, and Unilever will be able to capture all the value through the close loop arrangement, and their control of a significant proportion of the frozen pea market.  

Breeding activity

Germplasm

Most breeders acknowledged that the JIC was an important resource for germplasm, although all have their own resources. The level of involvement of companies with the JIC depends on individual breeders, in that some are naturally more conservative than others about the material they use in their crossing programmes.  It is also dependent on the size of their programme and the proportion of exotic material they may be able to include.

The John Innes Pisum Collection (public collection) was built up in the early 1970’s alongside the MAFF funded combined pea breeding programme and other AFRC funded pea research based at JII at the time. The collection has grown to be representative of the broad natural diversity within Pisum across the primary and secondary centres of diversity as well as holding representatives of the different breeding pools from around the world

With genetics being the underlying discipline to the work at JIC the decision was made to focus on mutants and genetic stocks. In 1994 the collection became the international Centre for pea mutants and collation of the Pisum Gene list.  These are complimentary activities to the genetic mapping work that has also been continuous since the mid-1980’s.

Consolidation of mutants from around the world makes the JIC collection the focal point for such stocks.  Also included are three of the mapping populations from which the JIC Pisum genetic map was derived.  Their inclusion in the collection ensures their availability to other groups for further mapping work thus contributing to the corporate body of mapping data in the public domain. A total of 3150 lines are held in the collection and 400 per year are multiplied.

In the UK there is a second pea collection: the Pisum cultivar collection at East Craigs - a statutory collection with no public access.   Other important collections are held in Poland, USDA, VIR, Nordic Gene Bank, and Germany.

As noted for wheat, breeders would like extensive characterisation of material in contrasting environments for all diseases, but this is not possible within current institutional arrangements. The curator helps breeders when they make requests and contacts them when novel lines are found on an ad hoc basis. 

In general the group at JIC is well respected, receiving many visits from researchers and plant breeders alike. Through the germplasm collection, the group helps with start up of programmes, changes to direction of breeding programmes, and interacts with breeders from all over the world.

Current challenges for breeders

The main challenges for breeders remain standing ability and straw strength. This has direct relevance to yield and the ability to give confidence to growers. 

Yield as ever is important, and although peas are shallow rooting and generally yield variably in drought prone environments, drought tolerance did not figure as a target for breeding programmes. The major thrust in breeding was therefore to produce varieties with longer periods of grain filling from more uniform flowering, on plants that remained standing at harvest.

One breeder felt that PGRO as the levy body had never taken a clear interest in terms of driving genetic improvement of peas, as is the case of HGCA with cereals. Of that proportion of the pulse levy dedicated to ‘genetic improvement’, all resources were allocated to maintenance of the RL trials and no levy-sponsored research took place.

The DEFRA-funded work on protein composition has a nutritional angle (reduction in anti-nutritional factors) but it was suggested that PGRO has successfully argued for a change to increasing the quantity of protein (protein yield/ha). 

In general, unlike the major crops where multinational interests create barriers, the attitude amongst pea breeders was much more relaxed. However, one of the criticisms from breeders, aimed more at JIC policy, rather than the pea researchers themselves, was that the issues around accessing IP had become a barrier. 

It was stated that expecting breeders to negotiate licences for genes in a minor crop like peas is unrealistic. By contrast, for traits in a large and valuable crop like wheat, where investments in IP are much more important, the larger companies will be prepared to negotiate.

Recent Research

Following on from the MAFF funded work on storage product composition; Pedigree (Mars) had funded a LINK project to look at the functional properties of some of the pea lines.

JIC also have a ‘standing power’ project, started in 1997 & funded for 5 years by DEFRA.  This is looking at stem characters and has included testing in wind tunnels.  

Other work at JIC involves seed proteins and trypsin inhibitors and there is also a DEFRA funded project on transformation technology. This DEFRA work has not yet got as far as IP.  They are producing near isogenics for the Try locus in order to test the nutritional consequences.  There is strong interest in this work from France & Denmark and JIC may get funding through the EU.

In general, the pea group at JIC have worked productively in the past as a cohesive unit, hosting ‘Technology days’ with breeders and aiming for application of the science. The group also run training days for staff of breeding companies, and are also involved in a ‘Microsatellite club’. Recent changes in organisation at the JIC meant that the future focus for pea research was unclear.

Current breeding problems/research demand

Overall, the pea research base is not fragmented as in wheat, but the size of the pea programme has reduced considerably over the years.

Much research is believed to still occur in the in Netherlands and France, where it was noted that UNIP as the levy body were 10 times size of PGRO and carried out more effective research. However, in terms of the success of commercial European pea breeding, French lines appear to have had little impact in the UK. This is perhaps because winter peas have been the main focus of the French breeding programmes. 

The main areas where improvements in the application of JIC research through to crop improvement should be focussed would be germplasm characterisation and pre-breeding enhancement of germplasm in collaboration with industry.

It was felt by some members of the industry that the search for resistance to a number of diseases, including downy mildew, was a major ongoing problem, and finding new sources of variation would be a worthwhile goal for public investment, in collaboration with the industry.

Cost Benefit Analysis

Benefits

The benefits of genetic progress in vining peas are hard to find in either changes in yield or improved quality.  There has been no increase in vining pea yields and there has been only a very small trend increase in the price of vining peas.  It is possible that the processors have been able to keep the financial rewards of quality improvements to themselves or there may not have been any such benefits.  The decline in the price of other farm crops may have strengthened the market power of the vining pea processors and made it possible for them to obtain supplies of improved quality peas without paying significantly more.  No benefit of genetic improvement of vining peas has been shown in the CBA. 

However, this is not to ignore the fact that Unilever are spending significant levels of research expenditure on improving quality characteristics of peas for the Birds-Eye Walls business. Application of the lipoxygenase gene indicated above is as yet unproven in commercial practice (M Pope, personal communication) and therefore no benefits could be allocated to this trait.

There has been a small trend increase in the yield of dried peas for animal feed and this has been used in Table A5.10. below to calculate the social benefit of genetic improvement assuming that 70% of the improvement is due to genetic advance and only 30% to other agronomic factors (Knott, 1996).  The incremental value of the total social benefits of the pea crop’s genetic improvement is estimated at only £21,000 per year.

Table A5.10. The Benefits of Genetic Improvement to the Pea Crop.

	
	Yld. change
t/ha/year
	% of Imp.
Due to gen.
	Area
‘000 ha.
	Price
	Benefit in one year
£ ‘000s

	Vining Peas
	0
	70
	45
	288
	0

	Field Peas
	0.006
	70
	67
	74
	21


Private Costs

The costs of the private pea breeding programme have been estimated in Table A5.11. below based on the number of firms engaged in different activities and the analysis team’s crude assessment of the costs.  These estimates seem reasonable given the information available to the analysis team on the royalties associated with the crop.

Table A5.11. Estimated Private Costs of Pea Improvement, 2001.

	Type of company/expenditure
	No of Cos.
	Exp. £/Yr./Co.
 ‘000s
	Total £/Yr.
‘000s.

	Breeders
	6
	100
	   600

	Agents
	11
	85
	   935

	Levy – Recommended List
	-
	-
	   125

	Total Private Expenditure
	-
	-
	1,660


In addition to the breeding activity in the hands of private sector breeders Table A5.11. includes the cost of Recommended list trials and publications that are funded by PGRO.  This latter organisation does not directly fund breeding of new varieties.

Public Costs

In Table A5.12. below the cost of the publicly funded work paid for by DEFRA and BBSRC is shown.  This totals £719,000 per year.

Table A5.12. Public Expenditure on Pea Improvement.

	Category
	£ per year, ‘000s

	DEFRA Class 2
	313

	DEFRA Class 3
	  55

	BBSRC Class 3, Core
	240

	BBSRC Class 3, Open competition
	111

	Total
	719


Costs and Benefits

In Table A5.13. the annual benefit of pea breeding research has been evaluated over a 66 year time horizon.  The rate of return is calculated from a cash flow showing an expenditure of £2.379 million over years 1 to 16 (the sum of public and private costs), and no benefit until year 17.  From years 17 to 66 the benefits are assumed to be constant at £21,100 per year.  On this basis rate of return is calculated to be –3.2 % per year.  See Annex 4 for more detailed discussion of the methodology and assumptions.

Table A5.13. Costs and Benefits of Genetic Improvement of the UK Pea Crop.

	
	£ ‘000

	Benefits (years 17-66)
	

	Benefit of yield improvement in each year
	21.1

	
	

	Costs (Year 1-16*)
	

	Private 
	1,660

	Public 
	719

	Total 
	2,379

	
	

	
	

	Rate of Return
	-3.2 %


* Research (levy and public funded), years 1-4; Plant breeding, years 5-16; Recommended list, years 15-16)

Discussion

The rate of return of -3.2% on pea breeding is negative and low. Either the CBA has failed to capture the full social benefits or the return on the investment is too low to be justified.

Recently Knott (personal comm.) has shown that the increase in yields of dry peas over the period 1976-2000, based on 5 year average yields, has been of the order of 0.36t/ha/yr therefore demonstrating consistent yield improvements over time. The justification for using 5 year rolling averages is that because the year to year variation in pea yields is so great, the annual fluctuations need to be smoothed out. Using Knott’s methodology, analysis of the period 1988-1998 (close to the period used in the CBA) shows an increase in dry pea yields of 0.0248t/ha/yr. The use of such a figure on dried peas for animal feed alone would make the rate of return 1.9%. 

The rather negative impression given by the CBA discounts the fact that historically the introduction of semi-leafless peas that were introduced in the 1970s may have had a large rate of return. Based on the data of Knott (1996), actual yields shows a rate of increase of only 0.003t/ha/yr over the previous 11 years (1978-1988) during which most of the benefits from the semi-leafless characteristic should have been realised. Using the methodology based on a rolling 4 or 5 year average yield, one can demonstrate an increase of 0.029t/ha/yr, between 1978 and 1988. These two methods of analysis clearly give contrasting conclusions as to the rate of return on investment in pea breeding. One conclusion is that to see a significant rate of return on investment in pea breeding, then one has to look for improvement over a twenty year timescale, rather than 10 year, based on actual farm yields. 

Using Knott’s analysis, but representing farm yields as a percentage of the average yield in 1976, one can see an increase in yields up until 1990-1991, whereas between 1991 and 1998, improvement in yields appears to have stopped (figures in bold; Table A5.14.). It is this apparent lack of improvement in yield, on farm, which is the basis of the CBA above.

The social benefits ascribed from growing a legume crop e.g. benefits to the wider environment of spring sown crops, and the benefit in terms of yield to a succeeding cereal crop have not been included in the analysis. However, if improvements in yields of peas continue to lag behind those of cereals, then the pressure will be for the area of peas to reduce in arable agriculture.

Table A5.14. Increasing pea yields estimated from 5 year moving averages (1976-1998) based on the analysis of Knott (1996).

	Year
	5 year average

(t/ha)
	Yield as % of 3.03t/ha

	1976
	3.03
	100

	1977
	2.99
	99

	1978
	3.06
	101

	1979
	3.17
	105

	1980
	3.07
	101

	1981
	3.09
	102

	1982
	3.20
	106

	1983
	3.15
	104

	1984
	3.25
	107

	1985
	3.23
	107

	1986
	  3.31*
	109

	1987
	  3.20*
	106

	1988
	  3.46*
	114

	1989
	  3.44*
	114

	1990
	  3.66*
	121

	1991
	3.71
	122

	1992
	3.80
	125

	1993
	3.74
	123

	1994
	3.79
	125

	1995
	3.84
	127

	1996
	3.69
	122

	1997
	3.68
	121

	1998
	3.73
	123

	
	
	


* Based on 4 years data, no data for 1988

A key question to be addressed is why if the yields through the RL system (i.e. control yield currently 5.42t/ha) have shown significant improvement in yield of peas, these are not realised on farm. It is suggested that this is most likely to be due to:

· the genetic improvement seen in RL trials is not seen in farm practice because of poor agronomic advice to growers, build up of pathogens in the rotation, increase in sulphur deficiency and farmers giving preference to harvesting cereals etc,

· growers continue to grow 'old' varieties e.g. Princess, because the markets desire for quality characters e.g. for marrowfats are the major driver and consequently farmers are not growing newer varieties,

· the past 10 years have only seen slow genetic advances, but the real gain was in the 10-15 yr period before this. 

· there is an inherent weakness in the RL trials system for peas

Of these, the reliance on old varieties for human consumption and canning is thought to be significant (Cathy Knott, personal comm.). If true, the lack of uptake of new varieties has implications for DEFRA’s aims in terms of reducing pesticide inputs, because many of the older varieties have no resistance to downy mildew, and consequently fungicide use is widespread. By contrast many of the newer varieties have the potential to reduce pesticides and save costs on seed dressings for the grower. 

It is suggested that further work is required to understand the reasons for the apparent lack of benefits currently from genetic improvement of dried peas, before it is worthwhile investing public resources in further genetic improvement.

Key comparisons with France

· Larger levy for pulses (through UNIP)

· UNIP coordinate the Groupement d’Interet Economique (GIE) for pulses

· Higher pea yields in France as there is more widespread use of more productive animal feed compounding varieties

· Significant activity of INRA in breeding winter peas

· Work taking place in marker assisted selection and microsatellites

· Aphanomyces a problem, thought to be from over-expansion of the pea crop, and growing crops too close together in the rotation

Key comparisons with Germany

· Competitive market as in the UK with many active breeders

· Breeding intensified in the mid 1980s in response to EC policy and support

· Effective public research took place in the 1980s on yield structure, lodging resistance, combining ability and seed composition

· Aphanomyces also a problem. Some research in plant pathology is required

Oats

The seed market

The total production of oats in the UK is 0.5Mt, representing only 3.3% of that of the production of wheat at 14.8Mt (Recommended List of Cereals, 2001. As with the other combinable crops, farm saved seed is an issue, and royalty returns are falling. 

The crop is clearly not large enough to support more than one or two significant plant breeding efforts, and provide an adequate return on the investment to a plant breeder. The imperative is to add synergy to plant breeding activities by extracting added value from the chain. This can be achieved through buy-back contracts (as is the case with naked oats which make up approximately 10% of the UK oat crop), or developing partnerships with end-users, both for food and non-food uses. 

Additionally such small markets mean that the investment in oat breeding comes from farming cooperatives, rather than large multinational companies. The former can generally tolerate lower returns on the investment (say 5-10% compared against 20% for agrochemical companies). Farmers can also see the other benefits of their investment through improved productivity of the varieties within their own businesses. These points are highlighted when considering the ownership of the oat breeders in the UK (below).

The breeding industry

In response to the small market for oat seed, only one plant breeding company, Semundo Ltd, is active in breeding oats in the UK. Recently, Semundo acquired the plant breeding operations of Monsanto (i.e. the former PBI programme).

Highlighting the significance of oats to Scandinavian countries (see below), Semundo is owned 100% by Svalöf Weibull who are in turn owned 60% by Lantmannen Group, based on a group of Swedish farming cooperatives. The remainder (40%) of Svalöf Weibull is owned by BASF, and through BASF plant sciences, the group has access to molecular techniques if required (Svalöf Weibull have a 15% stake in BASF Plant Science).

Semundo Ltd is also significant because they have a key role in supporting the oats programme at IGER. Semundo provide support to the oat breeding programme of John Valentine, which broadly matches DEFRA funding, and Semundo have the exclusive rights to market IGER varieties. The role of the Semundo-IGER partnership is clearly of relevance to this study.

There are also six agents who are involved with trialling varieties bred in other eu countries, as follows:
	UK Agent
	
	Breeder

	British Seed Houses
	
	Firlbeck

	CPB Twyford
	
	Serasem & Wiersum

	Westcrop
	
	Semundo NL

	Perryfields
	
	Lochow-Petkus

	Dalgety Agriculture
	
	Firlbeck

	Cebeco
	
	Cebeco NL


Of the agents, CPB Twyfords is probably most closely involved with breeding of oats.

There is therefore a competitive market for oat breeding in Northern Europe, despite the relatively minor importance of this cereal crop. 

The data above would indicate that unlike wheat, strategically, oats do not have to be bred in the uk. However, this would be over-simplistic because all the winter oats varieties on the 2001 recommended list were bred in the uk by either iger, or formerly, monsanto.  By comparison, the foreign breeders predominantly supply spring rather than winter oats.
Valentine and Mattson (2000) noted that only one country within Europe (Latvia) has an oat breeding programme that was wholly funded by the public sector. As in the UK, the Swedish, Finnish and Polish programmes have variously attracted support of farmers, levy or public funds. 

Significance of oats
In terms of cereals in the UK, oats have followed a well documented decline in the area sown since the 1970s, at the expense of wheat, which has increased. Wheat has responded in terms of yield to increasing use of nitrogen and pesticide inputs, and the move to more winter-sown cereals. Certain structural elements also play a part, for instance there is no intervention support for oats in EU. Over that time period all the UK breeders have moved away from oats and have focussed on other crops. 

Overlying this decline in the production of UK oats is the fact that they are in surplus across the EU, with Finland and Sweden being the main producers.

In the Scandinavian countries, because of the more severe winters, and shorter summers, spring oats are the main focus of breeder’s interest. In the UK the breeding programmes have concentrated on winter oats and there are now a range of varieties well suited to UK conditions.

Spring oats have an average yield of 6.66t/ha, significantly lower than the average yield of winter oats at 7.44t/ha (Treated control yields: Recommended List, 2001). As with wheat, the UK climate is unique within Europe, and winter oats can only be bred and selected within the UK. 

Thus there are significant benefits to maintaining breeding operations for winter oats in the UK. More importantly than the competition with continental oat breeders, it helps oats to maintain a position in the UK against their main competition, which is from winter wheat, which has an average yield of 1-9t/ha.

As with all minor crops, significant efforts to expand the market have to rely on improving end-use characteristics, in the absence of any preferential structural support. 

With oats, approximately 39% of the crop is used for animal feed and 46% for human and industrial uses. This compares with 40% for animal feed and 35% for human and industrial use in the case of wheat. Since the human uses are fairly specific for each crop, the largest potential growth market for oats is in animal feed, where approximately £6Mt of wheat is currently used. 

Within the feed market, approximately 70% of wheat is destined for monogastric diets, and therefore this is a large potential area for expansion of the market for oats. As a consequence, research is ongoing (the ‘AFENO’ project, discussed further below) to investigate improved varieties of oats for poultry nutrition. However, as noted by Valentine and Mattson (2000), across Europe there is little consensus on what constitutes a high quality feed oat.

Previous review

The HGCA has consistently supported the IGER oat programme, but two years ago reviewed the programme in conjunction with DEFRA. It was felt that Semundo as the sole breeder involved with the oat programme, was the only significant stakeholder benefiting. It was recommended that the involvement of other industry stake-holder i.e. the end users should be encouraged. 

Recently, BOBMA and Quaker oats have committed funds to the IGER programme, and the programme is now well balanced in terms of end–users, and the conclusions of the previous review are now somewhat outdated. 

The breeding system

Most oat breeders in Europe are using traditional methods of pedigree selection, or a pedigree bulk method (Valentine and Mattson, 2000). Small amounts of effort are devoted to backcrossing and introgression from wild species. At IGER, John Valentine has made extensive use of recurrent selection to bring in novel traits into useful germplasm.

There is currently no application of molecular breeding techniques (marker assisted selection of transgenics) within European oat breeding. 

The number of crosses of oats made in breeding programmes is low compared against the major crops, and this leads to yields of oats continuing to fall behind the major cereals.

There is no successful doubled-haploid technique, which has been applied to oats. This means that with respect to this technology, oats lag behind wheat and, but also there has been less activity in setting up mapping populations as is the case for wheat.

Environmental

One of the major justifications for continued DEFRA involvement in oat research is to maintain support for a crop which can play a role on environmental sustainability. The increasing area sown to wheat, noted in previous chapters, means that at a farm level species diversity has reduced. 

Oats are generally low input crops that have low requirements for N (Sylvester-Bradley, 1993) or fungicides (Thomas et al. 1996). Additionally oats can play an important role in arable rotations by providing an important take-all break for wheat.

In some areas, such as the English Marches, the generally wet climate did not traditionally support wheat production. Expansion of wheat in such areas has only been made possible through the use of more effective fungicides, available since the early 1980s. To meet it’s long-term objectives DEFRA should consider measures to encourage the cultivation of oats in areas such as the Marches where oats meet DEFRA’s objectives more closely than does wheat. 

Minor crops like oats will continue to come under pressure from wheat under the current economic drivers, despite their ability to provide significant social benefits in terms of less environmental pressure from agronomic inputs, and increased biodiversity within the arable cropping.

As with wheat, winter oats for the UK can only be efficiently selected in the UK. There is therefore a key strategic need to maintain a plant breeding base in the UK. Despite extensive activity in oat breeding and genetics in the US, Quaker still recognise the need to support the improvement of UK oats for their market.

Recent technical developments

Over a long timescale, oats have seen significant improvements in yields. Harvest indices in the 1920s were around 0.25, whereas those released in 1999 had harvest indices of approximately 0.33. Recent studies in the late 1990s show UK varieties have harvest indices in the range 0.40-0.48 (South et al. 1998). Thus there is strong evidence for genetic improvements in oat. 

To support this, over the past 11 years, oat yields have increased by 0.16t/ha/yr, which is a substantially greater improvement than in wheat noted elsewhere, and based on the origins of the varieties currently on the RL, is principally down to the IGER oat programme. In absolute terms, yields of oats lag behind the yields of wheat presumably because, historically, they have been bred less intensively and, during the 1970s and 1980s, when most of the return on investment in wheat breeding began to be realised they also received less investment.

In the UK, recent advances such as short-strawed winter oats have made oat growing more profitable and easier. Within this context, the IGER-bred variety Gerald was recognised by a special award from HGCA in benefiting the profitability of growers

In terms of quality characteristics, naked oats occupy a significant market share in the UK (above) and also 16% of seed production in Poland, and are an illustrate where the public research programmes can provide new germplasm to breeders, and the opportunity to explore new markets for minor crops.

Naked oats (which do not possess a relatively indigestible husk) are preferable for the monogastric animal feed market, because of the potentially higher feeding value and are a legitimate breeding target. However, traditionally, where oats are used in human consumption, husked oats are used. The oat milling and processing industry is set up to handle oat dehulling, and were traditionally reluctant to see changes to the crop and would not support breeding of naked oats. 

The research into naked oats began with an MSc in 1970-72. The first cross was made around 1976 and in 1984, the first spring naked oat was produced. In 1986, the first winter naked oat, Kynon entered the Recommended lists. In 1989, the Superioat company became involved in the commercialisation of naked oats for specialist end uses. In the mid 1990s a succession of varieties were produced and in 2002, the first dwarf, naked winter oats will appear on the Recommended list. 

This example illustrates the typical timescales from realising progress through plant genetics through to commercial varieties. It is unlikely that a commercial breeder alone would have made the investment in introducing the naked characteristics into oats faced with pressure from end-users and the long time scale involved. Moreover, improvements in quality traits are often linked with decreases in yield, and if commercial breeders only focus on yield and the Recommended List, advances in quality may not be pursued.

The improved nutrition and possible health benefits for poultry of improving cereal quality are a societal benefit, which are generally not realised commercially by the feed industry. However, the possibility of carrying out research within a public funded institute means that such risks can be undertaken. 

Breeding activity

Germplasm

Within the UK, IGER holds the main source of oat germplasm including wild oat species and 800-1000 land races. The maintenance of germplasm resources within an institute is seen as a key benefit, because it allows easy linkage between the curator, cytogeneticists and the plant breeders.  With respect to germplasm, fragmentation of the research base clearly has not occurred in the same way that it has for wheat

Other germplasm resources are available within USDA, in Iowa, Saskatoon and with the breeders themselves. Most European breeders will have good supplied of spring oats material, but less so with winter oats. It is generally thought that in the US, material in germplasm collections is much better characterised. In part this has probably been in response to the activities of companies such as Quaker, and the interest in high beta glucan varieties for human (functional) food applications.

Current challenges for breeders

Current challenges include introducing high oil lines and dwarfing genes. Both of these are key traits. 

High oil lines have the potential to improve energy content of oats, allowing greater value in monogastric feed production and hence an opportunity to increase the animal feed market for oats. 

High oil content is achievable, because the trait has a high heritability, however, there is a yield penalty. Breeding efforts must focus on producing high oil lines in high yielding backgrounds if oats are to continue to compete with cereals. The yield penalty is even greater if high oil is combined with naked oat characteristic.

Dwarfing is key to making oats agronomically competitive with wheat. Traditionally farmers believe that oats produce too much vegetative material and consequently are more prone to lodge. Moreover, there is a move from the industry to remove PGRs as straw shorteners from oat production for human consumption. 

Much progress has been made in introducing dwarf characteristics in oats, but the wider changes to the ideotype as seen in improved wheats (greater sink size by increasing the number of shoots or grains/panicle, and reduced source by reduction in leaf size) are not apparent in oats. Oats have never benefited from the research activity in physiology of cereals which was active at PBI, pre-privatisation.

MAS is being taken up outside the UK by various groups in Ontario, Minnesota, Idaho and Iowa. There is now a large amount of information coming through in the scientific literature. IGER has approached MAS in oats by starting with diploid oats as a model system and exploiting the as yet untapped variation in agronomic traits available in wild Avena species.

In contrast with wheat, there has been more collaboration between institutes and breeders and a map has been produced in the US in the early 1990s through a consortium effort using the diploid population provided by IGER. More recently an attempted hexaploid map has been found to be deficient.

Since the initial work, members of a consortium funded by Quaker oats have developed user-friendly markers for employment in breeding programmes. SCARS for PC68, a crown rust resistance gene that is being introgressed by IGER into UK lines, has been developed by the Ottawa group. In addition, some microsatellite markers have been developed in Saskatchewan.

It is clear that in contrast to wheat, there is no major concerted genomics effort in oats, compared against wheat and maize. However, oats should benefit from the wider increase in knowledge gained through basic research on wider cereal genomics. The importance is that for minor crops, some public funding is required to transfer the technology, if these crops are not to slip further behind the major arable crops in terms of crop improvement.

Recent Research

Semundo have being very active over the years in carrying out joint research with industry in order to increase the markets for oats. The Oatec 5b project supported by Semundo looked to the possible industrial (no-food) markets for oats, and has stimulated significant interest from the pharmaceutical industry 

More recently the AFENO project involving Semundo and IGER has attracted joint DEFRA-industry funding including the major poultry producers, who see the advantages in terms of improving the sustainability of livestock production through improving nutritional value of the oat crop.

The total oats programme at IGER, including industry input (end user + Semundo), DEFRA and BBSRC amounts to approximately £565k, of which £310k (54.8%) is on publicly funded-research activities. DEFRA research is approximately 26.5% of the total spending and BBSRC contribute £130k to basic strategic research on oats. Recently BOBMA have contributed £75k/yr to support the oat breeding programme at IGER and Quaker have made a significant commitment to supporting the IGER programme as they see the strategic importance of maintaining an interest in the genetic improvement of oats for their industry.

Current breeding problems/research demand

In terms of research areas, the main improvements are in terms of yield, particularly dwarfing, in order to enhance yields and attempt to improve the current competitiveness with wheat.

The aims are also to exploit variation in grain composition in order to match the requirements of the feed industry, and to focus on novel traits such as beta glucan and antioxidants for the non-food sector.

Because the oat genetic research is all located at IGER, and because the major commercial company, Semundo is an integral partner in the programme, there is excellent connection between breeders and researchers.

The key question is how oats as a minor crop can benefit from the wider activities of basic research into model species, the benefits of which are currently directed towards wheat and maize. 

Cost benefit analysis

Benefits

The benefits in Table A5.15. below have been calculated solely on the trends in farm level yields.  This ignores any quality improvements that may have been made and any premiums available on new quality traits such as naked oats, which make up around 10% of the oat area. See Annex 4 for general notes on the CBA methodology. The higher significance (70%) given to genetic improvement in oats in comparison with wheat (50%), reflects the fact that inputs are generally lower on oats, and approvals for certain chemicals have been restricted historically in comparison for instance with wheat.

Table A5.15. The Benefits of Genetic Improvement to the UK Oat Crop.

	
	Yld. change
t/ha/year
	% of Imp.
Due to 
Genetics
	Area
‘000 ha.
	Price
	Benefit in one year
£ ‘000s

	Oats
	0.159
	70
	103
	70
	798


In addition there may have been some quality improvement, for instance the introduction of thinner-husked oats etc.  The trend increase in use of oats for milling in the period 1994 to 2000 is 10 thousand tonnes per year.  In this period the milling premium for oats averaged 3.2% although in 1999 and 2000 there was no milling quality premium. The quality improvement has been valued at £22,400 per year (0.032 x £70 x 10,000 tonnes). There have been fewer changes in processing technology for oats compared to bread-making for wheat and hence all the quality improvement has been attributed to genetics.

Private Costs

The private costs of the oat plant breeding activity in the UK have been estimated by summarising the number of companies and agents and multiplying by the analysis team’s approximate estimates of the costs associated with running medium sized breeding programmes or acting as agents in the UK for foreign breeders.  In addition, levy funded expenditure on genetic improvement is shown in Table A5.16.

Table A5.16. Estimated Private Costs of U.K. Oat Improvement, 2001.

	Type of company/expenditure
	No of Cos.
	Exp. £/Yr./Co.
 ‘000s
	Total £/Yr.
‘000s.

	Breeders
	2*
	180
	   360

	Agents
	6
	85
	   510

	Levy – Non Recommended List
	-
	-
	     52

	Levy – Recommended List
	-
	-
	   284

	Total Private Expenditure
	-
	-
	1,206


* The 2 breeders here reflect the overall plant breeding investment of Semundo Ltd at two sites (Abbotts Ripton, Cambs and at IGER).

A rough check on the size of the private breeding expenditure is the amount of royalties on oat seed.  This suggests that the breeding programme cost estimate of £890,000 is of the right order of magnitude.

Public Costs

The public cost of oat genetic improvement has been extracted from the figures for 2001/02 reported above. The main source of public funding identifiable on oats is DEFRA with some 70% of the money spent by both DEFRA and BBSRC.  The value of work relevant to oats among the general expenditure on cereals may be higher than the proportion we have allocated based on tonnages of wheat, barley and oats produced in UK.  This calculation resulted in only 2.7% of total cereal genetic improvement R&D being attributed to oats in Table A5.17. below. Total public investment in oat genetic improvement is about £360,000 per year.

Table A5.17. Public Expenditure on UK Oat Improvement.

	Category
	Sub-category
	£ per year, ‘000s

	Identifiable Oat Exp.
	DEFRA Class 2
	206

	
	DEFRA Class 3
	  12

	
	BBSRC Class 3,O.C.
	  92

	Allocated Cereal
	DEFRA, DARD and BBSRC
Class 3
	  69

	Total Public
	
	379


Costs and Benefits

In Table A5.18. the annual benefit of oat breeding research has been evaluated over a 66 year time horizon. The rate of return is calculated from a cash flow showing expenditures on research in years 1 to 4, plant breeding in years 5-16 and constant benefits of £820k/yr from years 17 to 66. On this basis rate of return is calculated to be 15.2 % per year. See Annex 4 for more detailed discussion of the methodology and assumptions.

Table A5.18. Costs and Benefits of Genetic Improvement of the U.K. Oat Crop.

	
	£ ‘000

	Benefits (year 17-66)
	

	Benefit of yield & quality improvement 

in each year
	   820

	
	

	Costs (Years 1-16*)
	

	Private 
	1,206

	Public 
	   379

	Total 
	1,585

	
	

	Rate of Return
	15.2 %


* Research (levy and public funded), years 1-4; Plant breeding, years 5-16; Recommended list, years 15-16)

Discussion

The oat crop is covered by the CAP Arable Area Payments Scheme but there are no institutional prices for oats.  In practice the oat price is largely set by the prices of wheat and barley so there is a large institutional element in the pricing of the crop.  This makes the discussion (see above under the wheat case study) about the distribution of benefits of genetic improvement equally relevant here. This might suggest that all the benefits accrue to producers and not consumers. However the prices of cereals have been reduced by reforms of recent years and are now closer to world market prices.  

Although in the short term, benefits may accrue mainly to producers, growth of cereal production within the EU is a powerful engine of reform and the view taken here is that benefits are eventually widely distributed in society through lower prices and even the potential to release land from cereal production, whether for environmental or development purposes.  The rate of return on the public and private investment of 15.2% per year is high compared with the Treasury test discount rate of 6%.

While no attempt has been made to differentiate the benefits of the public investment from the private investments, it is clear that the IGER oats programme has been very successful, based on the fact that yield improvements in the last 10 years (0.16t/ha/yr) have been greater than those on wheat (0.12t/ha/yr), and the majority of the UK winter oats sown are IGER-bred. Much of this success is believed to be attributable to the location of the oat programme within IGER, and the spill-over from the public research investment.

Other possible social benefits, for example improvements to health and nutrition of poultry through research such as the AFENO project, have not been included. Historically it has been difficult to quantify the benefits of improving the quality of commodity cereals for animal feed, due to the reluctance of feed compounders to pay premia. Moreover, inclusion of a greater proportion of oats in monogastric diets may be predominantly at the expense of wheat. The main benefits therefore would be to the wider environment in terms of greater diversity of cereal cropping.

Key comparisons with France

· Market similar size between UK and France

· Serasem provide the main competition in terms of winter oat varieties

· Still use traditional methods of breeding with oats, no application of molecular techniques compared against wheat and OSR

· Black oats are bred in France

Key comparisons with Germany

· Around 6 companies still active in breeding oats

· Oat competition decreasing, with breeders applying resources to other crops (winter cereals growing at the expense of spring crops like oats)

· Market around twice the size of UK

· 37% FSS in Germany

· Eastern Europe seen as an area for expansion

Non case study crops

Overview of genetic improvement and public research investment

The non-case study crops covered here include horticultural crops, sugar beet, potatoes, the forage crops and biomass crops. The aim was to cover the important issues in terms of the main sites where genetic research took place, the structure of the breeding industry, and the key issues facing the industry.

Horticultural crops

Horticultural crops contrast with the major arable crops because the structure of the breeding industry is quite different. For field crops, most breeding, and indeed seed production, is carried out on the continent. Since the fresh produce market is very much driven by the retailers’ requirements, there has been a strong focus on end product quality characteristics. In general, specific sectors can be dominated by a narrow range of cultivars; for example carrots are dominated by one variety, Nairobi, which is resistant to splitting.

For ornamentals, a range of small family owned plant breeders are active, both UK based and continental. Capture value mechanisms vary widely and it is impossible to generalise between crops.

Despite the lack of a major public plant breeding organisation, one institute, HRI dominates horticultural crop improvement. As can be seen in chapter 4, a sum of around £3.9M is spent on research into horticultural crops, of which £2.2M is by DEFRA, both applied research and basic strategic work on crop transformation. The remainder of the spending is by BBSRC and SEERAD, the latter on soft fruits, which have always had special significance at SCRI (see below). 

It should be noted that £1.3M of this total is on brassicas. This has simply been allocated to brassicas, when it could not be clearly allocated to OSR as described above. Clearly, much of it is basic strategic work, and so can be applied to OSR. However, some work will relate to horticultural brassicas etc, which were covered traditionally by HRI.

Genetic Improvement In Fruit Crops (Other Than Apple & Pear)

Main Sites

Public funded breeding programmes have been undertaken in the UK at HRI East Malling Research Station (Malus, Pyrus, tree fruit rootstocks, Rubus, Ribes, Hops and Fragaria), John Innes Institute (Malus, Pyrus, cherries, Fragaria, Rubus), Long Ashton (Ribes, Fragaria, Plums) and SCRI (Rubus, Ribes and Fragaria). Pre-second world war most breeding activity was carried out by specialist nurseries, as well as state funded institutes and occasionally by academics at universities.

Breeding effort now is concentrated at HRI East Malling - both the Long Ashton and John Innes programmes were moved there over the last 20 years. Breeding at SCRI is now largely confined to Ribes with some Rubus and very small input into minor/novel crops e.g. blueberry, seas buckthorn. The strawberry programme is largely come to an end and the raspberry programme may well be in danger.

Overseas, most breeding programmes, certainly in tree fruits, are government funded with plums and cherries being bred in Scandinavia, France, Italy, Canada and USA. 

There is some nursery involvement in breeding but usually on a relatively small scale except for Delbards in France. Some work takes place in South America and Israel on breeding for low chill cultivars. For soft fruit there is a mixture of government and commercial programmes, which is especially evident in strawberry. 

It is noted that HRI still registers varieties of Strawberry and Gooseberry (see plant variety rights registered in list of BBSRC staff publications).

Funding

Government funds basic studies including initial work on pest and disease resistance. In soft fruit, strawberries and raspberries at HRI East Malling, research is funded by DEFRA, HDC and Meiosis. 

There is a separate programme for soft fruit at HRI, funded by Kentish Garden (KG) to breed strawberry cultivars exclusively for their development. KG also has an agreement with Driscoll in California, which gives access to cultivars from the Driscoll breeding programme. HDC also funds variety evaluation trials that include cultivars from both UK and overseas sources where possible to provide objective data on performance. Meiosis also undertake their own evaluation and development trials for material to which they hold the licence for the UK or elsewhere.

Smith Kline Beecham fund the blackcurrant programme at SCRI with some funds from the Scottish Parliament giving underpinning science for this and some raspberry work.

There are two commercial/private breeding programmes that were identified in the UK. The first is the Edward Vinson Ltd strawberry programme which is targeted on everbearing or day neutral cultivars, and is linked with the other major soft fruit marketing organisation after KG i.e. BerryWorld. The second, Medway Fruits, has a broader range with strawberry and main crop and primocane raspberry cultivars. 

There is little breeding activity in stone fruit in UK but this is at HRI East Malling with some funds from DEFRA and HDC in the past. 

Horticulture Development Council

HDC are the relevant levy board in this context, spending an estimated £45k on genetic research, based on projects at HRI in FY2001/02. In contrast to the publicly funded research, this is a relatively small amount of industry support, especially when spread across a wide range of crop species. Collection (and evasion) of the levy has long been a problem, and a review was carried out recently (An economic evaluation of the Horticultural Development Council by Drew Associates).

The Horticultural Development Council Order empowers the HDC to collect an annual levy for up to 0.5% of sales turnover from growers whose annual sales of their own production of horticultural produce exceeds £25,000. Thus the levy is not distributed on the basis of individual crops, except that a separate levy is collected from mushroom growers based on the volume of mushroom spawn purchased.

A number of deficiencies in the HDC levy system have been discussed. Some growers (in particular, the Horticultural Development Council Reform Group, HDCRG) have argued that the compulsory levy should be replaced by a voluntary levy and the report by Drew considered these issues.
The Horticultural Development Council (HDC) was set up in 1986 to promote or undertake research and development on behalf of the horticulture industry. The HDC funds applied (near-market) R&D with an early commercial application.  Projects are recommended to the Council by panels of growers ("sector panels") who are aware of the particular problems facing the industry.

The Council's work also builds on the results that emerge from Government R&D programmes. The HDC also supports Specific Off-Label Approvals on behalf of the UK horticulture industry, by funding residue trials, which enable pesticides to be made available for specific horticultural uses.

The Council has 14 members, all appointed by Ministers. 11 represent growers in the industry, 1 represents employees and 1 has experience of wholesale and retail marketing, but there is no apparent representation by the breeders. 

Issues

Not surprisingly, the main research topics funded by HDC are those driven by growers. In common with many crops, the genetic work focuses on resistance or tolerance to pest and diseases as a major objective. Soil borne disease is more prominent with the phasing out of methyl bromide for soil sterilisation. Quality is also high on the agenda especially eating quality and flavour. Berry size has a significant effect on picking costs and is therefore as always a consideration is overall marketable yield. There is an increasing trend to link marketing arrangements for all new cultivars with PBR licences. There is also consideration of the PBR being levied on volume of fruit sold rather than the traditional levy on plants sold for crop production.

It should be noted that a case study has been undertaken in Scotland on Raspberries, where the industry is facing a severe economic crisis (Study on the Raspberry Industry by DTZ Pieda Consulting, January 2001) – see below for a summary. The biggest natural problem in Scotland is that of root rot. One of the key requisites for new raspberry varieties is an in-built resistance to pests and diseases, in particular root rot. 

Scotland has been heavily dependent on the EU Raspberry Development Programme since 1992, but the EU funding ceased in November 2000 (as did treasury funding). The termination of the EU funding places the Scottish raspberry industry in severe jeopardy. It is the opinion of SEERAD that this is a matter that the industry must resolve. 

The DTZ Pieda Consulting report highlighted structural differences between the industry in England and Scotland, and the better position of the English industry, benefiting from the focus on exploiting quality markets, channelled through retailers.

Note: 

Summary of the “Study on the Raspberry Industry”

January 2001 by Pieda Consulting - For the Scottish Executive Rural Affairs Department

The Scottish raspberry production sector has been in decline for the last 15-25 years; the area has halved, yields have declined by 30% and consequently the harvested tonnage has fallen from 14,400 tonnes to 4,500 tonnes per annum.

The key factors affecting the industry have been:

Adverse weather conditions;

Reduced pesticide usage due to legislation;

Increased disease problems;

Increased competition from Eastern Europe.

A highly successful raspberry breeding programme has been run at the Scottish Crop Research Institute for a number of years. Since 1992 the programme has had an annual budget of £116,000 and has been funded by the EU (£40k), UK Treasury (£25k), Scottish Soft Fruit Growers (£35k) and the Horticultural Development Council (£16k). 

The EU funding ended in November 2000 and due to policy constraints it was unlikely that SERAD or MAFF would continue its funding at current levels. 

Due to the parlous state of the industry and the ending of the EU funding a team of external consultants was commissioned by SERAD to report on the future options of the raspberry industry in Scotland.

The report gave a thorough study of the various sectors of the industry and gave 4 possible outcomes for the breeding programme:

1. Full funding as before (£110-120 p.a.)

2. Reduced cost (£60k)

3. Care and maintenance (£10-20)

4. Exit (Nil)

The report highlights evidence of classical market failure due to: the small scale of the industry, low returns due to general market and environmental conditions, the high risk nature of the breeding process.

The consequences of the cessation of this breeding programme were assessed to be:

· If public sector funding for breeding stopped then the private sector was unlikely to provide this service to the industry,

· In the absence of the SCRI programme the industry would be dependent on existing varieties and those from other regions.

· These varieties are unlikely to meet the needs of a Scottish industry leading to under-performance of the industry against competitor countries in future years.

While it was clear that the loss of the breeding programme would have a detrimental effect on the already weak industry the question raised, and at the root of the report, was whether the industry was in a terminal decline and further expenditure would be “good money after bad”.

The industry has received £1m p.a. in all forms of support. This represents 17-28% of the total output of the industry in 1999.

In contrast the English raspberry industry has maintained its cultivated area and output over the same period with minimum public sector support. 

The report recommended that the programme should be put on reduced funding for a short period while the viability of the Scottish raspberry industry was reviewed. The results of this review showed the programme should either be funded at a reduced cost level or be terminated.

It seemed a good idea to consider the viability of the industry as a whole in Scotland but:

1. What was the position with regard to breeding in England (carried out at HRI) was not considered and were there possibilities of collaboration or integration?

2. What if any were the social and/or environmental implications of allowing the Scottish raspberry industry to decline – was this to be considered in relation to the longer term decision that was needed over the breeding programme?

Genetic improvement in apple and pears in the UK

Main sites

Historically there were a number of commercial breeding and development programmes run by specialist nurseries but for the last 50 years or more breeding in the UK has been undertaken by Government funded R&D at East Malling and for a while at Long Ashton.  There was also some work at the John Innes Institute on plums and cherries, subsequently taken up by HRI East Malling.  

Breeding overseas is again mostly Government funded although there are significant commercial programmes in France, the USA and New Zealand.  

Funding

The UK breeding programme at HRI East Malling is part funded by Government and part by the HRI Apple and Pear Breeding Club (APBC).  DEFRA funding is focussed on specific areas, particularly on identifying specific genetic markers for certain desired characteristics in order to establish a marker assisted selection system.   The APBC is supported by the Apple and Pear Research Council (APRC) from the UK and a consortium of EU and US nurseries led by the French nursery Pepinieres du Valois.

The APRC R&D spend directly on genetic improvement is some £13k pa.  In addition some £15k pa is spent on rootstock trialling and historically £32k on variety trials.  This total of £60 pa is about 33% of the monies available to the APRC to fund R&D.    The APRC has recently reviewed its strategy and is in the process of drawing up new plans for investment in this area with the intention of streamlining the breeding and varietal development programme and cutting its costs.

The East Malling Trust for Horticultural Research (EMHTR) fund some work on breeding and this funds PhD students and more basic strategic work.


Main issues

The current thrust in breeding is towards improved fruit quality and resistance to disease and to a lesser extent resistance to insects.

Hops

The relevant levy body is the National Hop Association (NHA). It is the view of the NHA that the only way the UK hop industry can be maintained is through a strong genetic improvement programme. The world market (~100kha) is too small to support any commercial breeders - all programmes are publicly funded to a certain extent, as in Germany, or in association with commercial operations e.g. hop traders in the US.

Main site

All hop genetic work is carried out by HRI at Wye and E Malling led by Peter Darby. In the UK there has been a breeding programme at Wye for c. 50 years, and this has always been in association with the NHA.

Funding

Of current spend on R&D (£55k) by the NHA, a significant amount, £41.5k, is spent on the breeding programme. There is no Recommended List, but new varieties require registration on the common catalogue. Trials are carried out by the members of the NHA. This is an unquantified input and is estimated to be of the order of £5k per participating grower on top of the £41.5k invested directly in breeding. Quality testing of hops by the brewing industry, via its in-house organisation, BRI, takes place each year and is a further unquantified input by the industry. 

DEFRA spend ~£157k in FY2001/02 on genetic improvement of hops for work on molecular markers. This is seen as very valuable by the NHA and due to the single location for all work on genetic improvement of hops, there is good linkage and technology transfer to the industry. EMTHR also spend £25k on development of microsatellites for genome mapping and marker-assisted selection in hops. The levy body sees it as vital that this research continues.

Previously the improved varieties provided a return via a royalty mechanism. In recent years this has been renegotiated and is now based on an end-use levy system, which is providing better returns. It also means that as varieties with higher yield are produced, the returns can grow. Approximately 90% of the royalty is reinvested into the breeding programme at Wye. Approximately 5% of the total hop area is replanted each year, although it should be more. Financial constraints on the industry mean replanting rate is low. 

In the future an increasing proportion of the research activity is likely to become pure commercial research funded by overseas customers.

Issues
The industry is very competitive (worldwide) and continued improvements are required to maintain the competitiveness of UK varieties. The priorities are reducing pesticides, input costs and labour costs. The key traits of interest have been:

- verticillium wilt resistance

- mildew resistance 

- hop damson aphid resistance

- quality e.g. bitterness

- dwarfness

- yield

A typical breeding programme is 15 years long. The programme at Wye is considered to have been very successful introducing characteristics such as dwarf hops, which significantly reduce the costs of replanting. A breeding programme started for introduction of resistance to hop aphid, a major problem for growers, is approximately 10 years old and therefore no commercial varieties are available as yet. This trait by contrast was brought in new genes from exotic germplasm of which there is an excellent resource at Wye. 

In hops, fragmentation of the crop genetics research base per se has not been seen. However, the ability to interact with scientists in other disciplines, e.g. those who could work on mechanical harvesting of hops, was believed to have diminished over the years. This means that the range of genetic improvements possible becomes more limited, looking into the future.

As there is only one breeder in the UK, succession and training are key issues that have been acknowledged by the NHA.

Other arable crops

Sugar Beet

Main site

Sugar beet is an unusual crop within the scope of this study because no public research spending could be found in relation to its genetic improvement. This is more surprising since one site (Brooms Barn) of the IACR specialises in research relating to sugar beet. 

Funding
Excluding commercial research ongoing in private plant breeding companies, all research funding on genetic improvement of sugar beet in the UK comes from the levy body, BBRO which allocated 27.5% of its total spending towards GM technology and trials, germplasm screening and variety trials in FY2001/02.

The industry levy (i.e. it is neither a statutory nor a voluntary levy), receives funds coming 50:50 from British sugar and the growers. A sum of £547k in FY2001/02 is then spent on genetic improvement of sugar beet.

Issues
Traditionally there was no public involvement in sugar beet breeding. All progress has been through commercial breeders, some based in the UK but mainly in continental Europe. In the past 10 years, yields are estimated to have increased at twice the rate of other arable crops, and major problems have been tackled, with rhizomania resistance introduced for example in the Netherlands, without loss of yield. Up to 100 varieties are submitted each year to NL trials, indicating a healthy level of competition.

The levy body spends money that it believes is strategic to the British Sugar Beet industry. Germplasm screening involves beta collections, looking for drought resistance traits.

In relation to DEFRA’s objectives, there are issues around reducing pesticide inputs which for which there are potential improvements to be gained through genetic solutions. Extensive use of seed dressings to control virus yellows is unsustainable, given the widespread use of identical products on other arable crops.

There is no single breeder associated with sugar beet improvement funded by BBRO, and so uptake of research by industry depends on spill over of research results into the public domain. While avoiding the need to enter into exclusivity with a single breeder, which would raise issues for the levy payers, more structured direction from the breeders may help guide the programme and avoid an overly research focussed programme.

There are opportunities for LINK projects, but in recent years, difficulties in getting a LINK project started, mean none have ever been funded with respect to sugar beet, despite extensive industry support.

Potatoes

Main Sites

In the last 20 years potato breeding has changed from a largely public sector activity to a largely private activity. The programmes at the Plant Breeding Institute in Cambridge and at the Scottish Crop Research Institute (SCRI) have stopped. Only the DARDNI programme at Loughgall survives although it is strongly linked to, and supported by, private industry. The PBI programme still operates at a reduced level under the ownership of Cygnet Plant Breeders in Scotland. In addition there are several other small programmes run by independent breeders (Caithness Potato Breeders), merchants or packers and end-users (McCain Potatoes, Frito-Lay).

Funding

Research funding on potatoes is divided between variety testing, paid for jointly by breeders and the British Potato Council (BPC) and basic research (largely funded at SCRI by SEERAD). There is no publicly funded breeding work in the UK.

The BPC was established in 1997 following the abolition of the Potato Marketing Board. The council collects a statutory levy (£6m) and spends the money on marketing, information gathering and dissemination, technology transfer and research and development (£2m).

Issues

The potato market is strongly variety conscious. The processors have specific quality requirements and will only buy 5-6 varieties. At the same time the multiple retailers, who also have approved lists of varieties, control over 75% of the fresh market. It is the lists of those end-users that are critical to the success of a potato variety not the NIAB recommended list. 

Fifty percent of the GB potato area (2001) is grown with non-royalty bearing “free” varieties and this proportion will increase in the next few years as several popular varieties reach the end of their 30 year rights period. This limits the overall royalty market. Of the remaining 50%, a substantial part of the seed is either imported or produced in the UK by foreign breeders.

Royalty income is not the only source of income for UK breeders: income from seed sales and levies from 3rd party seed producers are substantial. 

The UK (Scotland in particular) has a history of seed exports to Mediterranean countries. With “free” varieties the margins are narrow and there is little scope for branding and added value. UK breeders and merchants struggle to compete in these markets with the much larger Dutch co-operatives.

The price of seed potatoes both in the UK and export, markets varies substantially from year to year according to market conditions. Production and price control of protected varieties leads to a much more stable market in these varieties. This leads to greater stability and profitability  

Despite all these negative factors UK producers and processors realise the value of exclusive varieties and there are several contracted breeding programmes being run at the SCRI using the expertise and facilities formally used for public breeding. The SCRI remains the centre of excellence for research on the potato crop but as with other institutes it is moving away from agriculture into basic science. This process carries the risk that the institute will become less useful to the industry and the close linkage will be broken to the disadvantage of both.    

Field beans

Currently the area of field beans is estimated at approximately 160kha (NIAB Recommended List 2002). Beans have been grown on a varying area of 100-160kha over the past 10 years, increasing since the mid 1980s when the crop received more financial support and research effort, to reach its current peak. In the UK the area of field beans has never been greater than the area of 220kha, recorded in 1865 (Hawtin and Hebblethwaite, 1983). Within this total, winter beans are estimated to cover an area currently of approximately 100kha (James Wherry, personal comm.). Field beans have higher protein content than peas and are well suited for inclusion in monogastric diets. They also leave a higher N residue than peas.  

Winter beans are a crop almost unique to the UK. There are some limited sales in France where the pea crop suffers from Aphanomyces due to over-cropping. Some spring bean breeding takes place in France, but competition is currently at fairly low levels. Nevertheless, some of the hardier spring beans bred in France are marketed in the UK. 

In terms of DEFRA’s objectives in providing alternative, low input crops and particularly effective cereal break crops, field beans fit well and appear suited to a wider range of UK soil types than lupins. It is estimated that winter beans produce a yield benefit of approximately 1 t/ha to a succeeding cereal crop.

In contrast to dry peas, where a smaller area (~110kha) attracts the interests of 6 UK breeders and 11 agents (see case study on peas), the bean crop only has 2 UK-based breeders (one, Danisco, representing only a single variety of spring beans) and 5 agents.

Main sites

In the past, research into bean breeding took place at PBI, under the direction of David Bond with some research on genetics at IACR Rothamsted. After the privatisation of the PBI, the bean programme, along with other pulses was sold to Unilever. These programmes were subsequently sold to Monsanto and finally to Wherry and Sons Ltd (WAS) in July 1999. WAS are a private family controlled company established in 1806. 

Funding

Currently no public research takes place on beans. Since the completion of a large agronomy programme at Nottingham University in the mid-late 1980s, during which there was much interaction with the breeding programme of David Bond, crop improvement research on beans has ceased.

Previous research investment into determinate and semi-determinate types does not appear to have been applied in commercial practice, however, less drastic, but definite improvements to the ideotype have undoubtedly contributed to the increase in the area of field beans over the past 10 years.

Issues

WAS focus on winter beans, which as with winter cereals, can probably only be selected in the UK, for UK growing conditions.

The yield of bean varieties tends to decline over time following release due to inbreeding depression. Commercial bean varieties include ‘composites’ or ‘synthetics’, such as the traditional ‘Throws MS’. Pure lines to make up the composites have to be propagated in netted enclosures (Lawes et al., 1983). This is perhaps one of the disadvantages of beans to the breeder, there being neither an adequate hybrid production system, nor fully autogamous system. The yields of winter beans are lower than spring peas (4.56 vs. 5.42t/ha respectively; NIAB Recommended List, 2002), highlighting the relative success in genetic improvement of peas. The reliance of field beans on pollination by honey bees is thought to be another source of yield limitation.

WAS have focussed the enterprise ex. Monsanto into a more manageable and cost effective programme. Continued breeding is likely to take place by WAS despite the near monopoly, because winter beans still have to compete against other break crops. However, there are likely to be only one or two winter bean varieties entered into RL trials each year.

Winter beans are not a crop that any large breeding company would invest in, because there is no appreciable market for seed outside the UK. WAS are principally a pulse trading business. They are well connected to the markets; particularly for human consumption and a significant proportion of the field bean crop is exported. Thus the bean breeding programme and the near monopoly for WAS fits well within their overall business strategy, allowing opportunities for value capture through buy-back contracts etc.

Promotion and technology transfer are important areas for WAS, with a web site for growers providing information on bean agronomy (mostly based on the previous University of Nottingham work). It is clear that looking out into the future, this work will become dated although WAS see no need for any further research.

In general, WAS would be keen to discuss opportunities for participation in collaborative research, but as with all small breeders, see the opportunities for funding research are seen as limited, given the current returns on seed royalties.

Herbage crops

To the commercial plant breeder of herbage species, both forage and amenity grasses are important market segments. However, in the context of this analysis, we have focussed on the forage sector only.

It is estimated (Germinal Holdings, personal comm.) that the wholesale value of forage seed sold to agriculture in the UK is approximately £8M. By contrast, the grassland supports approximately 40% of agricultural output, which is estimated to be worth approximately £5billion. Thus the genetic improvement of grassland species has broad social benefits because of its wider impact on agriculture. 

Clearly no commercial company will make a significant investment because the social benefits are higher than the commercial return and this is perhaps an example of market failure. Commercial breeders in the netherlands and denmark focus on achieving varieties that will achieve nl and rl status. By contrast, the uk programmes have focussed on development of long term breeding strategies that aim to underpin breeding and selection criteria.
Valuation of Genetic Improvements of Forage Crops

Among the non-case study crops, because of the size of the IGER herbage programme, it was considered appropriate to consider further the cost-benefits of investing in genetic improvement in this area. 

The problems of putting a monetary value on the genetic improvement of forage crops are legion (temple and parker, 1987; doyle and elliott, 1983).  The difficulty is particularly severe in the case of grass.  Although grass supports the value of dairy, beef and sheep production in the uk which in the year 2000 was worth £ 5.4 billion, most of the grassland area was semi-natural vegetation on the hills or permanent pasture which is not reseeded.  The june agricultural census does not distinguish between rotational grass, long term but reseeded grass, and grassland that has never been reseeded.  Instead it collects information on grass under five years old and over five years old.  Only 11% of the grassland and sole right grazing on uk farms is under five years old.  If common grazings were included the percentage of grassland under five years old would be even lower.  The area of grassland in the uk under five years old is steadily declining.  A range of forage crops and feed concentrate, in addition to grass, supports the £5.4 billion of cattle and sheep output.
Where grassland is reseeded with new varieties the difficulty of measuring the impact on animal production is considerable.  In many cases the constraints on animal production are not the quantity or quality of grass.  Common constraints are the grazing pressure, grazing conditions and the productive potential of the grazing animal.  Where long term grassland is reseeded its botanical composition changes over a period of time, commonly towards the mix of species of the sward before the reseeding.  Hence the time profile of the benefits of any improvements must be assessed.  Where grass is a short term crop of 1-5 years duration in a rotation, the value of genetically improved varieties can be more easily assessed based on yield and quality changes.

In addition to financial benefits to farmers from better animal performance, there is the possibility that greenhouse gas (GHG) emission, for example of methane, may be reduced by rations with a higher sugar content.  Valuing these benefits could be based on the cost of alternative mitigation options for GHG.
Main sites

Within the UK, the breeding programmes for forage grasses and legumes are, like oats, supported through public investment activity at IGER, a BBSRC institute, with licensing of new varieties through a commercial partner, Germinal Holdings.

A second smaller programme is located in northern ireland, with barenbrug as commercial partner.

Funding

A significant amount of public research spend (approximately £2.7M) is committed at IGER. The majority of this (£2.3M) is on grassland with the remainder on legumes (£477k through BBSRC core strategic grant). 

Within the grassland programme, £0.9M is BBSRC funding (both CSG and open competition) and £1.3M is DEFRA funding through the livestock programme (‘improving the sustainability of livestock production through optimal nutrition’).

The input of Germinal Holdings (GH) is key to the effectiveness of the IGER programme. GH has made a significant commitment to the programme, despite having no varieties from the IGER programme during the period 89-92. This was because when NSDO was privatised 1987, Unilever purchased the rights to the herbage varieties. The WPBS and NIPBS varieties were subsequently sold to Barenbrug by Unilever in 1988. 

The IGER programme is therefore only now achieving a commercial return for GH. This in turn generates a royalty payment to IGER. It is estimated in the current financial year that this amounts to around 2% of the income to the grass/clover programme.

In terms of animal production alone, it has traditionally been difficult to obtain the funding of MLC or MDC. Some LINK funding has been available for agronomic work, but with genetic research it has been difficult because of the longer timescales seen between research and commercial application.

Issues
The returns to the breeders from breeding forage crops are very low in relation to the total contribution to agriculture as noted above. 

In forage grass breeding, because of the necessity to gather information on productivity under a realistic grazing regime, the trialling system for NL is long and is therefore a further cost to the breeder. Testing takes four years and produces six years of data, although there is no separate RL system (the RL relies on data from the NL trials).

There has been a decrease in the areas of grassland reseeded (down 19% from 1990 to 1995). This has been caused by a lack of government incentives for grassland improvement and wider economic influences, which have made short term grass leys less popular in the 1990s. Management of permanent pasture has improved, and the costs of reseeding and loss of production during establishment are also strong disincentives to reseed.

The situation outlined above means that in the absence of a public research programme there would, under the current economic drivers, be little incentive for the breeders to invest in herbage research.

Evidently the ability of DEFRA to influence environmental sustainability in grassland farming, up until the farm gate through crop improvement, depends on the rate at which reseeding takes place.

However, doing research does not mean that the social benefits are realised in agriculture. Technology must be transferred into practice. The situation with forage crop programme was reviewed 5 years ago by Davies et al. (1995) with respect to technology transfer. The programme at IGER focuses on nutrition and environmental benefits which are unique objectives (other commercial breeders aim for total dry matter production only) and are aligned with DEFRA’s objectives. Technology transfer is viewed as being very important by IGER and GH. However, it has been suggested that communication efforts are probably only reaching the top 20% of producers, and that the full benefits of crop improvement through new varieties are not being realised.

Grass is used in a broad range of activities and therefore links with additional policy issues outside livestock production. In future these could include land reclamation, heavy metal remediation etc. Moreover, current changes in agriculture and organic systems may provide more opportunities for reseeding in the near future. 

However, despite the potential environmental benefits which could be realised through improved herbage varieties, DEFRA must ask the question as to whether there are any commercial incentives for plant breeders to produce grasses for such uses. Would there be any transfer into practice?

The value of the IGER programme is that it allows integration of different disciplines e.g. soil science with plant science in understanding crop improvement. Also research ongoing at IGER and other BBSRC institutes, in terms of basic research and genomics, are important as they offer the opportunity to look for synteny between crop species and model systems. However, as with the major crop case studies, it should be noted that BBSRC supports basic science, and this is not clearly aligned with policy. 

Biomass crops

The UK government is committed to increasing the contribution of renewable non-fossil fuel to energy production. The Non Fossil Fuel Obligation legislation requires public electricity suppliers to source 10% of their generating capacity from renewable non-fossil fuel sources by 2010. The endorsement of the international Kyoto Agreement further indicates the commitment to reduce carbon emissions and the development of renewable energy resources, including biomass. In 1999 biofuels (includes both agricultural residues and energy crops) contributed 81% of the renewable energy in the UK. The EU policy on renewable energy is similar to that of the UK government and both can be summarised as: security of energy supply, at competitive rates and in an environmentally compatible way. The EU aim is to increase the proportion of energy consumption provided by renewables from 6% (1996) to 12% (2010).
Biomass Crops: General development

The policy developments above have stimulated commercial and research interest in biomass crops. The profile of a suitable crop for biomass production has been identified as: 

· perennial growth, 

· efficient PAR conversion, 

· high dry matter yields, 

· efficient use of water and nutrients, and 

· good pest and disease resistance.

Crops considered suitable, or under current investigation for biomass production in the UK are; 

Switch Grass, Miscanthus, Reed Canary Grass, Arundo, Willow, Poplar and Eucalyptus. 

With the exception of willow, the species generally represent novel crops i.e. the species are recent introductions to the UK, or production for biomass would a novel use for that species. Therefore, genetic enhancement (breeding) for UK suitability and improved yields are an inherent component of crop development. Breeding for local adaptability is particularly important for the C4 type photosynthesis species that originate from warmer regions of the world. 

The development of biomass crops has followed a general trend (although not strictly linear) from initial evaluation, generally pan-European and EU funded, to government funded (DEFRA (MAFF), DTI) UK-based yield/site relationships, to private investment for further development and the commercialisation of the crop. Table B1 lists four biomass species and their origins while Table B2 details the different stages of crop development.

Table A5.19. Origin of four biomass species.

	Species


Common name

Origin




	

	Panicum virgatum 

Switch Grass


N. America 

	Miscanthus spp. 

Miscanthus


S.E. Asia


	Phalaris arundinacea 
Reed Canary Grass 
Temperate regions


	Salix spp. 


Willow



Native




Table A5.20. Crop Development of some biomass species.
	
	Willow
	Miscanthus
	Switch Grass
	Canary Reed Grass

	Initial Evaluation
	*
	*
	*
	*

	Collection of Germplasm
	*
	*
	*
	

	Development of Techniques
	*
	*
	*
	

	Physiological Data
	*
	*
	*
	

	Government Investment
	*
	*
	*
	*

	Private Investment
	*
	*
	
	

	Planting Subsidy
	*
	*
	
	

	Close Association with End-user
	*
	*
	
	

	UK bred i.e. locally adapted, varieties available
	*
	
	
	


Biomass Crops: Specific examples

Willow

Willow is a C3 native species, which has been historically used for short rotation coppice (SRC). It is the most developed biomass crop in the UK in that a breeding programme is well established with new UK- bred varieties coming on stream.
Willow varieties and mixes (polyclonal plantings of high yielding varieties that exhibit different rust pathotype resistance to rust and have compatible growth habits) are recommended by the Forestry Commission for SRC based on research experience e.g. site/yield relationships and evidence from LARS. A planting subsidy is available via the Woodland Grant Scheme.

ARBRE Energy Ltd. requirement of 2000 ha. by April 2001 for its generating plant in Yorkshire.

Miscanthus

Miscanthus spp. are perennial rhizomatous C4 grasses that originate in S.E. Asia. Breeding in Miscanthus is complicated as the hybrid M. giganteus is sterile and there are inter- and intra- specific differences in ploidy levels. The initial evaluation was followed up with ‘European Miscanthus Improvement: Broadening the genetic base, testing genotypes and developing breeding methods’, a three year programme that began in 1997. This was a shared cost EU project, the partners involved were from six countries and included two private breeding companies; Svalöf Weibull AB (Sweden) and Tinplant Biotechnik (Germany). The EMI project collected wild accessions, developed polyploidisation techniques and produced hybrids.

Currently Miscanthus is only suitable to the milder winter conditions found south of the Wash. Its introduction will most likely follow a similar pattern to that of maize, the major difference being that maize is a spring sown annual whereas Miscanthus is perennial.

Switch Grass

Switch Grass is a perennial rhizomatous grass that originates from N. America and has a C4 photosynthetic pathway. It is an established biomass crop in the USA. An EU shared cost FAIR project initiated in 1998 to evaluate switchgrass as an energy crop for Europe involved six countries, including the UK, and is nearing completion. The results show that yields of varieties are correlated to the latitude of origin with the less hardy varieties from the south providing the highest yields. This means that using current varieties developed elsewhere, the best variety for a given area in the UK will be a compromise between yield, quality and long-term winter survival (Yates and Christian, 2001). It appears that strategic breeding for local adaptation could offer increased yield potential in this crop.

Reed Canary Grass 

Reed Canary Grass is another perennial rhizomatous grass but it originates from temperate regions and has a C3 photosynthetic pathway. It is of special interest as it can withstand both drought and water logging. In Canada, cultivars have been developed for livestock forage. It is at a very early stage of development as an energy crop. Evaluation of reed canary grass as an energy crop has been partly funded by the EU and the results from this study are coming out now. It has also been evaluated as an industrial fibre crop for the UK.

Main sites

The European Willow Breeding Programme was initiated in 1996; it is a partnership between IACR-Long Ashton Research Station (LARS) and two private companies, Svalöf Weibull AB (Sweden) and Murray Carter (UK). LARS receives funding from the BBSRC. The breeding work is carried out at LARS where the UK National willow collection is held.

The location of genotype and variety trials reflect the geographical range of this crop:

LARS, Bristol

North Molton, Devon

Markington, N. Yorkshire

Loughgall, Co. Armagh, NI

A National Miscanthus genebank has been established at ADAS, Arthur Rickwood, Cambs. As yet this resource has been unexploited but ADAS is embarking on a breeding programme to develop new varieties of Miscanthus in which ADAS will be the private investor. There is an estimate of 10 years to the release of new varieties. The aims are twofold; to increase yields in this unimproved crop and to increase the geographical area suitable for Miscanthus by developing varieties suitable for a wider range of UK climate conditions.

Funding

Genetic Improvement of willow (Salix) as a Source of Bioenergy for the EC was a four year EU study that began in 1994. It included partners in Sweden, Denmark, France and Germany; including Svalöf Weibull, which started willow breeding in Sweden in 1987 with the first variety produced in 1993 i.e. six years from starting the programme.

From the European Willow Breeding Programme described above, the first variety commercially available is planned for 2004 i.e. eight years from the start of the programme. The goal is high yielding, disease and pest resistant cultivars that have an erect habit and limited side-branching. New varieties routinely yield 15 t/ha, substantially less than the theoretical maximum for a perennial crop, but this figure is expected to keep rising as new varieties are developed (Lindegaard et al., 2001) About a 100 crosses are made each year including both inter-varietal and interspecific crosses. Currently the programme is developing molecular screening techniques to increase breeding efficiency in the future.

The initial evaluation of the potential of Miscanthus as a biomass crop for Europe was through a three year EU shared cost programme that involved partners from nine countries including the UK, the Miscanthus Productivity Network. The initial evaluation involved M. giganteus, a single genotype of an unimproved horticultural specimen.

Specific UK (MAFF) government-sponsored research included the collection and molecular based review of diversity of Miscanthus genotypes available in Europe i.e. mainly horticultural specimens, was completed in 1997.  ADAS and the Royal Botanic Gardens Kew were the contactors.

Ongoing Miscanthus projects that follow on from the previous research are also funded by DEFRA and contracted by ADAS and the Royal Botanic Gardens Kew i.e.  ‘Miscanthus - collection of natural source germplasm from China, Japan, Korea and Taiwan and Molecular investigation of diversity in wild source germplasm to support Miscanthus breeding’.

Issues

The potential for biomass crops is very positive. For example, current UK energy consumption is 300 TWh/year. One million ha, of the 18.5 M ha used for agriculture, would be capable of generating between 15 TWh/year and 20 TWh/year. The government NFFO policy guarantees that the price paid for electricity from renewables is the electricity trading price plus a green energy supplement. Biomass energy stations are up and running and many more are proceeding through the planning process. 

The incentive investment for private investment is, as always, through royalties from new varieties developed but may also greater profitability of downstream activities. The timescale involved in producing and testing a new variety (>10 years) and the labour intensive nature of the work requires large investment and an ability to see into the future. 

With the exception of willow, the genetic improvement of these crops has lagged behind the development of the biomass industry as a whole. Investors have to be confident of a developed market for their varieties. However, it must be remembered that on top of the time to release an improved variety there is an additional period of c. 4 years before rootstocks are established and a productive yield is achieved by the grower. 

As part of the analysis, the authors visited Semundo Ltd, who, with their parent company Svalöf Weibull, are involved with breeding willow and reed canary grass. In general, biomass crops are seen as a new way of bringing resources into agriculture, from non-traditional sources (e.g. power supply companies) and the outlook is positive. The willow crop is seen as one with great potential for improvement. Resistance to rusts for example could double current yields. There is also a potential for exploitation of IP, which is not currently pursued with the major arable crops.

One of the major issues at the moment with respect to willows is the closure of LARS and the possible transfer of the willow stocks to another site. Because the willow has a rigid rootstock, to remove and replant willows delays the programme by a number of years, while the clones become re-established. The closure of LARS within this context might be seen as particularly short-sighted. Such examples are used by the industry as evidence that this research is not given high priority. Moreover, it leaves government departments and funding bodies open to the charge that their strategies do not appear to be well coordinated, even though this may not be the case.

Public research investment is seen as having a vital role to play in the early stages of novel crop development as shown in the examples of willow and Miscanthus. Given that the potential for development of biomass crops and the importance of non-renewable fuels and sustainable crops to DEFRA’s objectives, it is perhaps surprising that spending on this area of research is as low as it is. 
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Annex 6
The situation in the USA – Supplementary information

The Future of Public Plant Breeding Programs: Principles and Roles for the 21st Century

In August 2001 the USDA Advisory Committee on Agricultural Biotechnology (ACAB) prepared a report on plant breeding activity in the USA. The aim of the report was to help the USDA define the principles and roles for public plant breeding programmes.

1. Preamble

Private breeding has steadily increased in the US since the advent of hybrid corn 50 years ago while at the same time public sector breeding has declined. The development of new tools of biotechnology and the means to protect these tools and the genes themselves as intellectual property has further increased the private sector.

The public sector retains major responsibilities for several important aspects of plant breeding. These responsibilities include:

· basic or fundamental discovery research; 

· training of new plant breeders; 

· maintaining germplasm banks; 

· addressing public-good issues such as biodiversity, environmental safety, and a diversity of production and marketing systems; 

· release of new varieties of crops for which there may be inadequate economic incentives for private sector research and development investments.

2. Principles - A guide to policymakers

2.1. Enhance crop biodiversity

Due in part to structural changes in U.S. agriculture, including increased globalisation, the number of crops for which improved varieties are bred in public and private plant breeding programs has decreased. The focus increasingly is on improving a small number of crops representing large market opportunities. Consequently, many potentially important minor crops and niche or specialty varieties of major crops are not being developed.

Only public programs can take on the long-term and higher risk efforts of developing new crops through the initial recognition of potentially valuable products, breeding for farmer and end-user acceptability, providing agronomic assistance to farmers, and establishment of markets.

2.2. Balance the public-private plant breeding relationship

The public and private sectors each have important roles to play in plant breeding. Private-sector investments generally focus on crops that hold the greatest potential for return on those investments. Public-sector resources are needed for development of crops or crop characteristics with long-term potential that might not be immediately attractive to the private sector. In addition, many of the traditionally bred varieties of agronomic crops to which private companies add their proprietary transgenes are locally- or regionally-adapted varieties developed initially in Public Plant Breeding Programmes (PPBPs).

Strong PPBPs are also needed for more basic research, especially research of a nature considered too high-risk for investments by the private sector. Even in cases of public-private collaborations in discovery research and technology development, a relationship that is both productive and protects the public good depends on the mutual strengths of both sectors. There is a risk that under-funded public-sector programs that depend disproportionately on the private sector for funding may adopt the private sector’s research priorities, again neglecting projects uniquely suitable for the public sector. Once the private sector has adopted a PPBP’s-derived technology, public resources should be diverted to other discovery research to avoid duplicative efforts.

2.3. Assure an adequate free flow of knowledge within the research community

The increased use of intellectual property rights (IPR), although essential for the protection and encouragement of research investments, has, in agricultural biotechnology as in other areas, tended to inhibit the free flow of information within the research community. There is an obvious need to strike a balance between the private incentives and public access to the fruits of publicly funded research. Although there are exceptions, with publicly funded research, scientists need not compromise open exchange of information to secure funds for research, and the new knowledge can be made equally available to all members of the private sector without favouring one company over another. The public sector tradition of providing free and equal access to knowledge and germplasm to all segments of the plant breeding community, public and private, should not be compromised

2.4. Assure public confidence

PPBPs contribute to various USDA regulatory functions and provide unbiased evaluation of new varieties of crops and their end-use products

2.5. Maintain and enhance technical competency

Maintaining U.S. technical competency in plant breeding requires maintaining and staffing programs with individuals who have a broad range of skills and understanding of: plant biology, physiology, and genetics; the response of plants to environmental stresses, pests, and diseases; end-use quality characters for marketability; and the needs of farmers, processors and consumers.

3. Roles

In order to achieve the principles and/or goals laid out above, a variety of roles must be played by PPBPs in the future. This section identifies essential roles and makes specific recommendations to ensure those roles are effectively carried out. 

3.1. Capacity

A recent report found that the number of public sector breeders had declined while the private sector grew substantially. In addition, plant breeding programs, public and private combined, are concentrating increasingly on a limited number of major crops. The overall private-sector trend toward concentration of plant breeding programs on the major crops seems unlikely to change. Clearly, the priority-setting process for public-sector investments must also take market needs and opportunities into account, but in many cases these needs or opportunities will not become apparent until the research and development program is well advanced, at which time the new crop can be expected to attract more private-sector investment.

3.2. Education

Over the past decade, new hires in LGU and ARS laboratories have been scientists trained in modern molecular biology and genomics but often lacking in basic knowledge of concepts of applied genetics and classical plant breeding. Some farmers and private seed companies fear erosion in the training of classical plant breeders. Such erosion in human capital can only further reduce the pool of university graduates trained in classical plant breeding. Without an appropriate mix of plant breeding skills, the public and private sectors may face constraints in their ability to conduct field trials and carry out classical breeding programs.

3.3. Germplasm preservation, characterization, and utilization

The us national plant germplasm system must be maintained. Genetic diversity is critical for agricultural commodities to prevent catastrophic losses from weather damage and pests, to ensure long-term profitability, and to address societal needs. The germplasm collections contain plants with improved nutritional value as food or feed, that thrive on minimal amounts of water, and that have many other desired traits. Biotechnology and new genomic discoveries are greatly expanding the ability of plant breeders to identify and transfer these traits from the raw germplasm collections into new varieties. The genes for these traits can be introduced into improved plant varieties by marker-assisted selection using conventional breeding methods, or by genetic engineering. Ppbps will have a leading role in discovering genes for new traits.
Agricultural biotechnology is significantly advancing genetic improvements for crops, but access by public plant breeders to new discoveries and improved germplasm can be hindered by IPR restrictions. Relationships between private industry and PPBPs must respect the discoverer’s IPR while at the same time improving access by public sector plant breeders to new scientific discoveries and improved germplasm.

Recommendation: USDA should increase efforts to ensure that public plant breeders have access to the best science and germplasm. In particular, the following need to be promoted: 

· appropriate access of public plant breeders to newly discovered genes and improved germplasm (transgenic or non-transgenic); 

· productive partnerships with private industry that enable public plant breeders to use proprietary material, if that is the best source of new, improved genes; 

· testing and evaluation of both public and private advanced lines in regional testing programs for disease resistance, quality, and other characteristics; and 

· continued involvement in multilateral negotiations to facilitate broad access to a wide spectrum of plant genetic resources. 

3.4. Designated crops

Public breeding programmes must choose carefully which crops to work with taking into account their economical and biological importance other agricultural policy goals and the realities of markets

3.5. Environmental protection

 A potentially new role for PPBPs is as part of programs directed toward addressing major environmental problems that have complex origins and will demand careful solutions. PPBPs can help develop solutions to various environmental problems such as water, air, and soil quality. Crops can be bred to meet both yield objectives and environmental goals. Both private and PPBPs need to be involved to help the U.S. make progress toward solving these complex problems. PPBPs have the freedom to take a long-term perspective because they are less constrained by short-term commercial priorities. The solutions for these broad environmental problems must be developed within a broad systems-based context, and they must be acceptable to producers, other segments of the value chain, and to society more generally. Considerable effort will be required to frame environmental stewardship issues to take maximum advantage of what plant breeding can offer. Furthermore, broadening the goals of PPBPs to include new challenges could attract a broader constituency of support for publicly funded agricultural research.
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Structure of research and its funding in France
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Génoplante

The partners in Génoplante aim to develop genome review programmes for the five main crop species cultivated in Europe: corn (maize), wheat, rapeseed, sunflower seed and peas, to protect the knowledge gained with a competitive portfolio of patents, and to offer seed breeders new ways of improving plant varieties.


Génoplante's achievements are intended to allow all partners to perfect quality plants. These plants should better fulfil expectations of farmers', the food industry and in fine consumers' from technical, environmental, nutritional and food safety points of view.

The scientific aim of Génoplante is to identify the genes that are useful for plant improvement and to discover new agrochemical molecules that are friendlier to the environment.


To achieve this aim, the scientists at Génoplante are involved in two different programmes. In the first one called "Génoplante Generic", they start by determining the function of genes of interest in the two species chosen as models: rice and Arabidopsis. This work makes it easier to identify the most important genes in the five crop species selected for the first phase of the programme "Génoplante Major Crops": corn, wheat, oilseed rape, peas and sunflower.

Studying model species

The "Generic" part of Génoplante will make it possible for scientists to identify interesting agronomic genes by studying two species chosen as a plant model: Arabidopsis and rice. Pooling skills and finance, the members of Génoplante share their resources so that they can meet the challenge of plant genomics together. The five programmes of this part of Génoplante are: 

· Functional review of the Arabidopsis genome 

· Rice genomics 

· New tools for plant genome review 

· Bio informatics 

· Major targets in specific crops

Four main areas of study

Génoplante programmes are carried out and evaluated within a Scientific Interest Group (Groupement d'Intérêt Scientifique, GIS). The GIS constitutes a unique pilot structure for all research programmes. Private and public sector representatives will play equal roles in all decisions made at this level.

To fulfil these aims, four research pathways have been defined by Génoplante for each of the five species: wheat, corn, pea crops, rapeseed and sunflower seed: 

· Structural review of the genome 

· Research in genes involved in disease resistance 

· Research in genes involved in input traits 

· Research in genes involved in plant quality.

For each of the "target" species Génoplante structures its work around these four main topics. The review of the genome structure is the first topic, and the precondition to the three others. It deals with the building of detailed genetic maps and ordered gene collections. The three other topics correspond to the innovation targets retained by Génoplante's partners: agronomic characteristics, quality of plant products and disease resistance. Programmes targeted on these species benefit from all the upstream work and technologies developed in generic projects.

Génoplante Generic

To head these five year programmes, Génoplante is co-ordinating projects involving the model plant species, Arabidopsis and rice, and creating vital technological tools in the areas of robotics and bio-informatics.


Two new laboratories have also been built at Evry's Génopôle: the Rhobio laboratory (association of Biogemma and Aventis Crop Science), and a mixed plant genomics laboratory (INRA and CNRS). The CIRAD-IRD centre in Montpellier constitutes the third sector of this scheme, known as "Génoplante Generics". It concentrates on rice research and is involved in developing an important international training scheme for young genomics researchers.

Génoplante Species

Programmes specifically concentrating on wheat, corn, rapeseed, pea crops, and sunflower seed are grouped under the heading "Génoplante Species" and are distributed between the different Génoplante partner laboratories situated all over France.


The programmes that target these species benefit from all the previous work carried out at Evry and Montpellier, and from the generic technology that has been developed on these sites. They are the focus of private contracts between partners depending on their research and work priorities.

Limited share company to share results

From the autumn of 2001, the management of intellectual property, with a view to exploiting Génoplante's results, is being done by a Limited Share Company (in French: Société par Actions Simplifiée, SAS): "Génoplante Valor".


Developing, protecting, and valuing Génoplante's results, which constitute important industrial property, are some of the partners' major objectives. Patents are vital for nurturing research efforts at the same time as providing scheme members with just financial awards for their contributions.

The shareholders of the SAS "Génoplante Valor" are the partners of GIS, namely public research organisations, professional farming networks (Sofiprotéol and the ITCF), and private companies (Biogemma and Bioplante) that own 50%, 15%, and 35% of the voting power respectively. Aventis Crop Science is not a shareholder of Génoplante Valor, but reserves the right to direct GIS programmes under certain conditions.

Organization

The members of Génoplante have set up a unique steering structure to foster exchanges between programmes and to develop research synergies. Based at Evry, this structure, which gathers both the GIS secretarial offices and the SAS staff, also deals with scientific intelligence, industrial property management and looking for international partners. The Strategic Committee defines the main lines of action. The latter depends on a Scientific Council to evaluate the following on a regular basis: it is composed mainly of scientists from outside of Genoplante. At an operational level, a Board of Managers co-ordinates the activity of the different topic committees.

Financial

Shared finances have been described previously (Chapter 4).

Charter 

As a show of their willingness to set a pioneering example in collaboration between the private and public sectors, the founding members have signed a binding charter that promotes an ethical vision of plant research. Further details can be found in Appendix 6.

Roles of the research partners

As well as INRA, a number of other research partners are active within Génoplante:

CIRAD

Fifty or so research scientists are currently directly involved at CIRAD in plant and animal biotechnology. The organisation began to invest in deciphering the genome of tropical species relatively early on. It is therefore firmly committed to the Génoplante project in which it has various substantial stakes:

· scientific cooperation with the best national and international teams will be reinforced;

· knowledge acquired concerning rice will be directly usable for applications of major social and economic importance in CIRAD's area of competence;

· it will also be possible to apply the knowledge gained with rice to other tropical species such as sorghum, maize and sugar cane.

· Génoplante provides the demonstration that research geared toward developing countries can also make a significant contribution to increasing crop competitiveness in temperate regions;

· Génoplante will encourage the build-up of Montpellier - the site of the main CIRAD research laboratories - as one of the outstanding international agronomic research centres for Mediterranean and tropical countries, especially in the area of biotechnology.

CNRS

For several years past, the CNRS has collaborated with the INRA in research into plant genomes: in particular, a group was formed to carry out research into the transcribed genome of the model plant Arabidopsis thaliana, and this was followed by the setting up of a network of laboratories as an integral part of the CNRS Genome programme to exploit the collection of insertion mutants prepared by the INRA in Versailles. Within the scope of industry-backed French or European programmes, several CNRS laboratories are also using tools from molecular biology to study the fundamental physiological features of plants of agronomic interest such as maize, oilseed rape and rice, as well as features that can be exploited to put them to the best possible use. This is why the CNRS has become involved in Génoplante, along with the INRA and other public partners (universities and research organisations). This commitment by the CNRS will also its laboratories to forge ahead in the functional review of genomes and take advantage of the rapid expansion of plant genomics at a crucial point in its development.


INRA

In the Génoplante programme, INRA will contribute all its expertise over the entire field, from genetics to crops, from cultivated field to transformed products, from foodstuffs to nutrition. Its multidisciplinary nature allows the integration of plant biology with plant health, agronomics and the environment, the transformation of plant products, and biometrics.


Within the framework of Génoplante, the INRA combines its skills with those found in public and private organisations, placing France in a better position among its international competitors and ensuring the competitiveness of the French plant sector that is one of the foremost in the world.


The INRA conducts research into the genetic maps of agronomically valuable plant species, developmental biology, the study and control of genetic variability and, with French plant-breeders, it also makes a contribution to innovation. In addition, the INRA helps in setting up and transferring methods involving the acquisition of more detailed knowledge, the definition of selection criteria, and the methodology for controlling genetic variability using new technological tools. This recent research into plant genomics has relied heavily on the constitution of a bank of Arabidopsis mutants.

IRD

The IRD has long worked to improve cultivated tropical plants and has therefore acquired both proficiency and a reputation in this field. It has, particularly in the case of rice, a wealth of knowledge concerning high-resolution genetic mapping, the diversity of genetic resources, and the evolution of rice. It also possesses know-how and expertise in terms of the transformation of rice, pathogen-resistant genes, genes of value, interspecific introgression and collections or recombinant populations.

Within the context of Génoplante, rice is studied from two different standpoints: as a plant of worldwide agronomic interest, and as a "model plant" for all cereals. The IRD will also bring its network of international cooperative ventures involving rice to Génoplante: CIRAD, International Rice Research Institute (IRRI), 'Agence pour le Développement de la Riziculture en Afrique de l'Ouest" ( ADRAO: Agency for the Development of Rice-growing in West Africa), and its participation in European programmes: European Graminiae Comparative Mapping (EGRAM), Biology and Control of Red Rice (BICORER).


Génoplante will give the IRD access to appreciable technological means (sequencing tools, bioinformatics, data base of sequences, etc), which are necessary if rapid progress is to be made. The Institute could pass this on to the programmes it is more specifically developing with its Southern partners.

Commercial involvement

Aventis, Biogemma and Bioplante are active as commercial partners within Génoplante. 

Biogemma is the Biotechnology arm of Groupe Limagrain, which also owns Nickerson.

Bioplante is a GIE (Economic Interest Group) created by the current leaders in the selection of small grain cereals in France, i.e.: Florimond Desprez and Serasem, a subsidiary of Sigma which is owned by the French Agricultural Cooperative federation.


This alliance has the greatest genetic potential in Europe in the area of small grain cereals and peas. Partnership networks that each company has woven with other go-ahead companies in many other countries back it up. Their know-how as breeders and the high standard of their genotypes engender a regular flow of novel varieties - the basis of all high-performance agriculture.


Desprez, a family business, and Sigma, a co-operative group, are long-standing partners who share the same vision of the prospects for their profession. They have decided to pool their means and studies performed in all upstream scientific and technical areas that are directly and indirectly related to their seed-breeding activities.


They have long been tuned in to the requirements of farmers and industrialists, acting as the link between the two in terms of technological quality. They also have to take into account the demands that agriculture be productive, economical and environmentally friendly. They need and will continue to need new biotechnologies if they are to attain these diverse, complex objectives, and they must also know how to put such technologies to work.

This is the principal goal of Bioplante. Its participation in Génoplante and active contribution to the ensuing work and collaborative efforts will be a key factor in achieving this objective. It expects to be provided with effective tools that make breeding techniques more accurate, more assured and faster. It also expects that a better understanding will lead to plant improvements that give greater consumer satisfaction while at the same time respecting the legitimate concern for safety on the part of citizens.

	Charter 

As a show of their willingness to set a pioneering example in collaboration between the private and public sectors, the founding members have signed a binding charter that promotes an ethical vision of plant research. Here are the main points: 




	Agreement between the founding members 


	The members have agreed that their research in plant genomics will be carried out first and foremost in the framework of the Génoplante programme. Their external co-operation is as transparent as possible, and they look systematically for winning synergies for Genoplante.




	Equality between public and private 


	Respecting the principle of equality between public and private is a principle that applies not only to decision-making bodies, but also to the day-to-day running of programmes. Génoplante's topic committees are thus made up of an equal number of representatives from public and private sector.




	Balance between publishing and protecting results 


	It is more essential than ever to find the best balance between transmitting knowledge and protecting the results of research. This is the responsibility of Génoplante's Board of Management. They aim to protect French research and to gain financial return from the work undertaken.




	Research and ethics 


	Génoplante is an organisation that is open to the world, and believes in sharing knowledge. To aid research development, Génoplante offers the possibility of granting licences to research organisations in developing countries and even providing free access to benefit small local farmers. These projects would most notably allow recognition of the specific activities of public companies such as CIRAD or IRD. For example, this is the case of research projects on rice, a staple foodstuff of a large proportion of the world's population.


	Patentability of living organisms

	With regards to the patentability of living organisms, Génoplante considers, in total agreement with the European Directive on the protection of biotechnological findings, that only genes whose functions have been clearly identified can be the object of a patent request.
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Historical background

The separation of plant breeding and plant production in Germany is a relatively new development. Up to the middle of the 19th century they had been one unit, both from the methodology and for the operation. Plant breeding in Germany is mainly based on private initiative. Breeding work by scientific farmers, such as Rimpau, Von Lochow and Von Borries resulted in big improvements in crops such as rye and sugar beet. Mainly the big farms in middle and eastern Germany were involved in this breeding work. After the 2nd world war lots of these old breeding stations became part of the German Democratic Republic and thus lost their private character. Most of the owners emigrated to West Germany and founded new breeding stations there. After the reunion in 1989 some of them could buy their original stations back (the favourable structure of the agricultural system with large fields and fertile soils were the main reasons).

In South Germany the situation had been slightly different in the middle of the 19th century. Farm size was smaller and only few scientific farmers established (like Ackermann and Schweiger in Bavaria). This is the reason why – in contrast to middle and eastern Germany – there are public institutes for practical breeding in these areas, ‘Landes​saatzuch​t​anstalten’, which exist in Bavaria and in Baden-Wuerttemberg (South and South-West Germany). These are public funded breeding institutes offering their ‘products’ (i.e. varieties) to the breeders. Both in Bavaria (barley, wheat and oats) and in Baden-Wuerttemberg (soft wheat, durum wheat, spelt wheat and triticale) only cereal varieties are bred and offered to the breeders. If the variety gets listed in any country of the world, the breeder must pay a definite percentage of the royalty to the institute.  Nevertheless, the character of plant breeding in Germany still is mainly a private one. Small and medium sized companies dominate the breeding scene. Most of them act independently as far as the breeding itself is concerned but they cannot survive without cooperating in terms of marketing. For this reason we find marketing organisations like Saaten-Union, Baywa, I. G. Pflanzen​zucht, which allow these SMEs to be independent for their research but to save market costs by sharing them with other SMEs. These companies, like in former times, are concentrated in the middle, northern and eastern part of Germany. In Baden-Wuerttemberg, where the author of this report is working and living, there were about 30 active SMEs acting in plant breeding in the middle of the 20th century. Now, at the beginning of the 21st century only 3 of them still exist.

The present situation

The latest evaluation of the state of the German plant breeding industry was done in 1998 by the German Plant Breeders Association (Bundesverband Deutscher Pflanzenzuechter e. V., BDP).

Table A8.1 shows the structure of the plant breeding industry in Germany in 1998 compared to 1993. On the one hand the concentration process is obvious, with a decreasing number of breeding companies. On the other hand the pressure to save costs leads to an increasing number of marketing organisation (see above). Table A8.2 gives a link between the number of breeding companies and the number of registered varieties per crop. It is striking that few companies breed forage crops whereas the majority of companies deal with cereals, oil and protein crops. Table A8.3 gives some economic data: whereas the number of companies with breeding programmes has decreased, the area of nurseries has increased.

Fewer companies are doing more work; the intensity of work is increasing. This mean as well more research work, which is indicated by an increase of glasshouse area (+ 18,3%) and laboratory facilities. Looking at the number of people working in plant breeding a slight increase in the number of scientists can be observed whereas the number of technicians and other staff is decreasing, meaning that the qualification per breeding unit is increasing.

	Table A8.1. The structure of plant breeding in Germany 1992/93 and 1997/98.

	
	
	
	
	
	
	

	Crop
	Companies 

	 
	1992/93    
	1997/98
	1992/93
	1997/98
	1992/93
	1997/98

	Wheat
	35
	31
	11
	9
	46
	40

	Maize
	18
	18
	12
	12
	30
	30

	Potatoes
	15
	13
	11
	12
	26
	25

	Beets
	7
	6
	4
	3
	11
	9

	Forage crops
	13
	4
	26
	12
	39
	16

	Oil- and protein crops
	32
	22
	10
	20
	42
	42

	Total
	110
	94
	47
	70
	194
	162

	Source: German Plant Breeders Organisation (BDP), Annual Report 1998


	Table A8.2. The structure of plant breeding in Germany 1997/98. 
	
	


	Registered varieties
	  Crops
	Companies with breeding programmes
	Marketing organisations
	Total

	508
	  Cereals
	31
	9
	40

	(incl. Maize)
	  Maize
	18
	12
	30

	169
	  Potatoes
	13
	12
	25

	226
	  Beets
	6
	3
	9

	742
	  Forage crops
	4
	12
	16

	146
	  Oil and Protein crops
	22
	20
	42

	1,791
	  Total
	94
	70
	162

	Source: BDP, Annual Report 1998; Blatt fuer Sortenwesen 1999
	
	


	Table A8.3. Index numbers of German private plant breeding.


	Classification
	1993
	1998

	Area of nurseries and trials (ha)
	3,450
	3,810

	Glass house area (m²)
	57,500
	68,000

	Laboratory facilities (number)
	22
	27

	
	
	

	Scientists (number of persons)
	275
	280

	Technical staff (number of persons)
	1,060
	790

	Others (number of persons)
	880
	450

	Total number of persons in R&D
	2215
	1520

	
	
	

	Expenditure for R&D (Mio DM)
	180
	228

	R&D share (%)
	13.2
	16.2

	Source: German Plant Breeders Organisation (BDP), 1999


Relating the expenditure of plant breeding companies on research and development to the area of nurseries and trials we get values of 26.000 DM/ha for the year 1980, 52.000 DM/ha for the year 1993 and 6-00 DM/ha for the year 1998. From 1993 to 1998 the increase was 15,4% with an annual increasing rate of 2,6%. Those companies, which are very active in biotechnology, have expenditures of more than 12-00 DM/ha. The total expenditure for R&D increased from 180 Mio DM in 1993 to 228 Mio DM in 1998. Relating the R&D-expenditure to the turnover of seeds we get a rate of 16,2%, compared to 13,25% in 1993. Table A8.4 shows the area of nurseries and trials. The increase of 10,26% is mainly caused by an increase of area of maize, potatoes and beets. Table A8.5 gives the turnover of seeds for both years. The reduction of the turnover rate in 1998 is caused by several factors. Prices of seeds of different species differ to a big extent. Thus changes in the percentage of crops grown result in fluctuations in the turnover rate. The problem of farm saved seed is another reason for the decrease. The loss of turnover in seeds and plants in total is 611 Mio. DM (cereals: 381 Mio. DM, grain legumes 21,5 Mio. DM, potatoes: 208,5 Mio. DM).

For the plant breeding companies themselves, the rate of expenditure for R & D relating to the turnover of the company is much higher than 16,2 %. This is due to the division of labour in the German seed multiplying system as indicated in the figure on the last page. As a consequence the main income of plant breeding companies is the royalties.

The amount of royalties is correlated to:

· the area of the crop

· the seed exchange rate (i.e. the total seed used minus farm saved seed)

· the level of licences.

The area of the most important crops from 1996 to 2001 (if data available) is summarised in Table 6.6. The royalty yield of cereals and peas is given in Table A8.7.

	Table A8.4. Area of nurseries and trials in German plant breeding.

	
	
	

	Crops
	1992/93
	1997/98

	Wheat
	1,000
	1,060

	Maize
	850
	1,090

	Potatoes
	415
	539

	Beets
	600
	658

	Forage crops
	170
	118

	Oil- and protein crops
	415
	339

	Total
	3,450
	3,804

	Source: German Plant Breeders Organisation (BDP), Annual Report 1998


	Table A8.5. Turnover of seeds of agricultural crops in Germany.

	Seed prices at retailer level including seed treatment and

	packaging, without VAT (Mio DM)
	
	

	
	
	

	Crops
	1992/93
	1997/98

	Wheat
	477
	454

	Maize
	372
	390

	Grain Legumes
	10
	34

	Beets
	402
	337

	Oil crops
	91
	91

	Forage crops
	108
	99

	Total
	1,462
	4,405

	Source: German Plant Breeders Organisation (BDP), Annual Report 1998


	Table A8.6. Area of crops in Germany (ha).
	
	
	
	

	
	
	
	
	
	
	

	Crop/Year


	2001
	2000
	1999
	1998
	1997
	1996

	Durum wheat
	           7,800    
	           8,618    
	         12,021    
	         11,687    
	 
	 

	Spring wheat
	         47,000    
	         46,663    
	       149,310    
	         44,490    
	65,239
	42,884

	Corn Cop Mix
	         94,000    
	         88,065    
	         96,741    
	         89,923    
	102,643
	94,862

	Oats
	       241,000    
	       237,020    
	       267,754    
	       264,143    
	312,388
	301,888

	Grain maize
	       289,000    
	       272,775    
	       273,994    
	       251,106    
	265,624
	277,254

	Silage maize
	 
	     1,153,145    
	    1,202,844    
	     1,235,130    
	1,294,484
	1,326,462

	Triticale
	       535,000    
	       499,475    
	       386,458    
	       468,546    
	437,814
	364,224

	Spring barley
	       637,000    
	       621,150    
	       840,570    
	       678,444    
	852,021
	795,345

	Rye
	       830,000    
	       842,685    
	       748,170    
	       936,395    
	843,426
	809,052

	Winter barley
	     1,489,000    
	     1,446,440    
	    1,369,783    
	     1,502,405    
	1,421,930
	1,413,062

	Winter wheat
	     2,882,000    
	     2,913,659    
	    2,439,791    
	     2,745,878    
	2,647,769
	2,543,521

	Winter rapeseed
	     1,140,000    
	     1,078,000    
	    1,150,399    
	       958,530    
	858,276
	777,190

	Sunflowers
	         25,000    
	         26,000    
	         33,354    
	         33,704    
	34,445
	43,758

	Linseed
	 
	       102,780    
	       186,819    
	       103,669    
	89,215
	81,619

	Grain peas
	       164,000    
	       140,921    
	       164,483    
	       168,861    
	119,335
	87,344

	Faba beans
	         20,000    
	         17,645    
	         23,222    
	         26,454    
	25,860
	21,125

	Sweet Lupins
	         30,000    
	         27,000    
	         24,000    
	         30,000    
	41,720
	41,770

	Sugar beets
	 
	       451,178    
	       489,164    
	       503,376    
	503,664
	515,476

	Fodder beets
	 
	           9,519    
	         10,574    
	         13,698    
	17,339
	19,812

	Potatoes
	 
	       301,788    
	       308,501    
	       297,267    
	303,584
	335,804

	Set aside
	 
	       822,134    
	       845,754    
	       695,957    
	749,191
	1,085,115

	
	
	
	
	
	
	

	Sources: ZMP Marktbilanz Getreide, Ölsaaten, Futtermittel 2001; COPA/COGECA
	
	


	Table A8.7. Area, seed sales and royalty yield in Germany in 2000/2001.
	
	


	Crop
	Area (ha)
	% Certified
seed
	Certified seed
(t)
	Royalty (DM/t)
	Royalty yield
(DM)
	Seeding

rate
  (kg/ha)

	Winter barley
	    1,489,000    
	57
	       137,285    
	103.50
	14,208,998
	160

	Winter wheat
	    2,882,000    
	52
	       282,377    
	95.00
	26,825,815
	185

	Winter rye
	       830,000    
	46
	         42,292    
	103.50
	4,377,222
	110

	Triticale
	       535,000    
	71
	         57,461    
	126.00
	7,240,086
	150

	Oats
	       241,000    
	63
	         21,098    
	95.00
	2,004,310
	140

	Spring wheat
	         47,000    
	95
	           8,776    
	95.00
	833,720
	195

	Spring barley
	       637,000    
	55
	         52,665    
	95.00
	5,003,175
	150

	Peas
	       141,000    
	55
	         17,061    
	15.00
	2,559,150
	220

	
	
	
	
	
	
	


A short history of BAZ

BAZ was founded on January 1, 1992 as part of the research sector of the Federal Ministry of Food, Agriculture and Forestry (BML). With the primary goal to organise the potential of agricultural research after the reunification of Germany, ten institutes were established in the New Länder at the sites of Quedlinburg, Aschersleben, Groß Lüsewitz and Dresden-Pillnitz. The headquarters of BAZ are in Quedlinburg. The cultivated plants investigated were field crops, vegetables, medicinal and aromatic plants and fruits.

The process of concentrating breeding research in the public sector was continued. As a result, another three institutes joined BAZ in January 1993, broadening its spectra of crops and research to include ornamental plants, grapevine and resistance genetics at locations in Ahrensburg, Siebeldingen and Grünbach, respectively. 

On July 1, 1996, the Gene Bank - Collection of Plant Genetic Resources - in Braunschweig, which had been part of the Federal Research Centre of Agriculture (FAL), was united with BAZ. 

In the second half of the 1990s, the structure of BAZ was further consolidated. This process comprised the reorganisation of institutes. In 1995, the Institute for Resistance Research and the Institute for Pathogen Diagnostics were united in one institute, the Institute of Resistance Research and Pathogen Diagnostics (Aschersleben). Similarly, the Institutes for Breeding of Crop Plants and for Breeding Methods of Crop Plants in Groß Lüsewitz were merged into the Institute of Agricultural Crops in 1998. And most recently, on January 1, 2000, the Institute of Horticultural Crops was established in Quedlinburg combining the research activities of the former Institute for Breeding of Vegetables, Medicinal and Aromatic Plants and the Institute for Breeding Methods in Vegetables.
Budget and budget by research areas and plant groups in BAZ

In Table A8.8. the total expenditure and the division by crop and research area is listed for the years 1993 to 2000. 

The average total expenditure for these years was 45,7 Million DM. 43 % (19,8 M. DM) were spent for agricultural crops, 29 % (13,6 M. DM) for horticultural crops and 20 % (9,1 M. DM) for fruits and vine. As for the areas of research, resistance (54 % = 24,6 M. DM) and tolerance (10 % = 4,6 M. DM) dominated. Quality research was about 20  % (9,1 M. DM) and genetic resources 16 % (7,4 M. DM).

The decision about which research is under the responsibility of the BAZ in co-ordination with the Ministry of Agriculture and their needs for information. GFP (i.e. the breeders, see below) gives orientation about research work needed but has no right to decide about projects funded by the budget of the BAZ. But there are also GFP projects done at the BAZ.

It is not possible to calculate an economic profit from the results of the BAZ, because they do not breed varieties (except for fruits and vine). Only the breeders could be able to define the profit of the BAZ.     

Budget and budget by research areas and plant groups in GFP

The funds and the partition to crops and research areas are given in Table A8.9. The total value of research projects organised by GFP is about 6 Million DM for each the last 5 years. Part of these costs (from 10 – 50%, according to project) are paid by the breeders. About 25% of this budget is spent for oil and protein crops, where winter oilseed rape makes the majority of the projects. 25 – 30% is spent on cereals (except maize) and the same percentage for potatoes. Surprisingly maize, which is one of the major crops grown in Germany has only 1 – 2,5 % of the research volume in most years. This has something to do with the acceptance of the crop in the political scene and maybe the fact that breeding of this crop is mainly done by big multinational companies.

As for the areas of research, resistance projects covered more than 50% of all projects carried out before 1999. In the last 2 year there is a more equal split between projects on resistance, renewable resources and quality.

Some projects - within or outside GFP – are done as common research between one or more breeding companies and the research institute (meaning that the companies support the research financially). If this is so, then the genetic material resulting from the projects belongs to those companies that supported the projects.

Table A8.8. Total expenditure of the Federal Centre of Breeding 

Research on Cultivated Plants (BAZ).

	
	
	
	
	
	
	
	

	1. By crops
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Year
	Total
	Agricultural crops
	Horticultural crops
	Fruits/vine

	 
	Million DM
	%
	Million DM
	%
	Million DM
	%
	Million DM

	1993
	42.4
	40
	17.0
	40
	17.0
	20
	8.5

	1994
	41.5
	40
	16.6
	10
	4.2
	20
	8.3

	1995
	43.1
	40
	17.2
	10
	4.3
	20
	8.6

	1996
	52.2
	45
	23.5
	35
	18.3
	20
	10.4

	1997
	49.1
	45
	22.1
	35
	17.2
	20
	9.8

	1998
	48.6
	45
	21.9
	35
	17.0
	20
	9.7

	1999
	44.4
	45
	20.0
	35
	15.5
	20
	8.9

	2000
	44.6
	45
	20.1
	35
	15.6
	20
	8.9

	Mean
	45.7
	43
	19.8
	29
	13.6
	20
	9.1


	2a. By research areas
	
	
	
	


	Year
	Total
	Resistance
	 
	Tolerance
	 

	 
	Mi0 DM
	%
	Mio DM
	%
	Mio DM

	1993
	42.4
	50
	21.2
	10
	4.2

	1994
	41.5
	50
	20.8
	10
	4.2

	1995
	43.1
	50
	21.6
	10
	4.3

	1996
	52.2
	55
	28.7
	10
	5.2

	1997
	49.1
	55
	27.0
	10
	4.9

	1998
	48.6
	55
	26.7
	10
	4.9

	1999
	44.4
	55
	24.4
	10
	4.4

	2000
	44.6
	60
	26.8
	10
	4.5

	Mean
	45.7
	54
	24.6
	10
	4.6


	2b. By research areas continued


	Year
	Quality
	 
	Genetic resources
	 

	 
	%
	Mio DM
	%
	Mio DM

	1993
	20
	8.5
	20
	8.5

	1994
	20
	8.3
	20
	8.3

	1995
	20
	8.6
	20
	8.6

	1996
	20
	10.4
	15
	7.8

	1997
	20
	9.8
	15
	7.4

	1998
	20
	9.7
	15
	7.3

	1999
	20
	8.9
	15
	6.7

	2000
	20
	8.9
	10
	4.5

	Mean
	20
	9.1
	16
	7.4


	Table A8.9. GFP-Research in Plant Breeding in Germany 1994-2001.
	


	1. Research volume of the different GFP departments (crop groups)
	


	Year
	1994
	 
	1995
	 
	1996
	 
	1997
	 
	1998
	 
	1999
	 
	2000
	 
	2001
	 

	 
	k DM
	%
	k DM
	%
	k DM
	%
	k DM
	%
	k DM
	%
	k DM
	%
	1k DM
	%
	k DM
	%

	Total
	5140
	100
	5560
	100
	6010
	100
	6160
	100
	6530
	100
	6450
	100
	6232
	100
	6101
	100

	General subjects
	40
	0.78
	20
	0.36
	10
	0.17
	 
	 
	20
	0.25
	275
	4.26
	127
	2.04
	333
	5.46

	Oil & Protein crops
	1230
	23.93
	1200
	21.58
	1780
	30.54
	1720
	27.92
	1610
	24.68
	1416
	21.95
	1704
	27.34
	1231
	20.18

	Beta beets
	370
	7.20
	940
	16.91
	470
	8.07
	180
	2.92
	200
	3.02
	230
	3.57
	193
	3.1
	370
	6.06

	Forage crops
	550
	10.70
	450
	8.09
	480
	8.23
	440
	7.15
	360
	5.47
	274
	4.25
	311
	4.99
	169
	2.77

	Vegetables & Spices
	260
	5.06
	50
	0.90
	80
	1.37
	130
	2.11
	140
	2.14
	120
	1.86
	108
	1.73
	131
	2.15

	Cereals
	136
	26.46
	1270
	22.84
	1190
	20.41
	1920
	31.17
	1950
	29.88
	2035
	31.55
	1641
	26.33
	1554
	25.47

	Potatoes
	690
	13.42
	570
	10.25
	940
	16.12
	1590
	25.81
	1980
	30.48
	1810
	28.06
	2070
	33.22
	2304
	37.76

	Maize
	640
	12.45
	1060
	19.07
	1060
	19.07
	180
	2.92
	270
	4.07
	290
	4.5
	78
	1.25
	9
	0.15

	Contribution of GFP*
	3000
	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	


	* Contribution of GFP (plant breeding companies): 10 – 50 % of total project costs, 

	supply of genetic material, trials, etc.


	2. Number of projects in the different GFP departments.


	
	
	
	
	
	
	

	Year
	1994
	 
	1995
	 
	1996
	 
	1997
	 
	1998
	 
	1999
	 
	2000
	 
	2001
	 

	Number of projects
	No.
	%
	No.
	%
	No.
	%
	No.
	%
	No.
	%
	No.
	%
	No.
	%
	No.
	%

	Total
	68
	100
	68
	100
	65
	100
	85
	100
	79
	100
	72
	100
	77
	100
	64
	100

	General subjects
	1
	1.47
	1
	1.49
	1
	1.54
	 
	 
	1
	1.27
	1
	1.39
	1
	1.3
	1
	1.56

	Oil & Protein
	21
	30.88
	24
	35.29
	28
	43.07
	21
	24.7
	14
	17.72
	15
	20.83
	19
	24.67
	24
	37.5

	Beta beets
	6
	8.82
	6
	8.82
	3
	4.62
	3
	3.53
	3
	3.8
	4
	5.56
	2
	2.6
	1
	1.56

	Forage
	6
	8.82
	7
	10.29
	6
	9.23
	7
	8.23
	6
	7.59
	4
	5.56
	5
	6.49
	5
	7.81

	Vegetables & Spices
	5
	7.36
	2
	2.94
	2
	3.08
	2
	2.36
	2
	2.53
	3
	4.17
	2
	2.6
	2
	3.13

	Cereals
	16
	23.53
	19
	27.94
	17
	26.15
	31
	36.47
	32
	40.51
	28
	38.89
	18
	23.38
	15
	23.44

	Potatoes
	9
	13.24
	5
	7.35
	5
	17.69
	19
	22.35
	19
	24.05
	15
	20.83
	28
	36.36
	15
	23.44

	Maize
	4
	5.88
	4
	5.88
	3
	4.62
	2
	2.36
	2
	2.53
	2
	2.78
	2
	2.6
	1
	1.56


	Table A8.9. Cont: GFP-Research in Plant Breeding in Germany 1994-2001.
	


	3. Number of projects in the different areas of research.
	
	
	

	Year
	
	 
	1995
	 
	1996
	 
	1997
	 
	1998
	 
	1999
	 
	2000
	 
	2001
	 

	Number of projects
	No.
	%
	No.
	%
	No.
	%
	No.
	%
	No.
	%
	No.
	%
	No.
	%

	Total
	68
	100
	65
	100
	85
	100
	79
	100
	72
	100
	77
	100
	64
	100

	Resistance
	31
	46
	37
	56.92
	46
	54.11
	41
	51.9
	39
	54.17
	25
	32.47
	23
	35.94

	Renewable Sources
	22
	32
	14
	21.54
	22
	25.88
	19
	24.05
	20
	27.78
	32
	41.56
	24
	37.5

	Quality
	15
	22
	11
	16.92
	14
	16.47
	16
	20.25
	13
	18.06
	20
	25.97
	17
	26.56

	Nutrient efficiency
	 
	 
	3
	4.62
	3
	3.54
	3
	3.8
	 
	 
	 
	 
	 
	 


The German funding system in plant breeding from the breeders view 

(as a conclusion drawn from the interviews of breeders)

As for basic research the benefit for practical plant breeding is not always obvious at the beginning of a research work. Nevertheless, it is not doubted that research in biotechnology, marker technology, genomics and even genetic engineering is an important task of public institutes mainly because of financial reasons. The question of patents in this subject is essential as well. If the development of new technologies is left to financially powerful companies, SMEs (which still dominate in the German plant breeding scene) might not get access to these tools. On the other hand there is a concern that public institutes might give patent rights to big companies in order to get a maximum royalty return.

Concerning applied research there is a big gap between the funding and the benefit. In the opinion of the breeders the most useful research is done by GFP-organised projects. This means that a budget of about 5 Million DM (in GFP) gives more benefit to private plant breeding than the 4-fold higher budget of BAZ (20 Million DM).  The reason for this is described above.  If applied research in plant breeding should result in an economic benefit the GFP model seems to be the best way to achieve it.

Annex 9
Initial Overview and future requirements

The contents of Annex 9 is a summary of an information gathering workshop

Annex 9 
Initial overview and future requirements

Workshop

A Workshop was staged at a central London location to try to enable access by as many stakeholders involved in plant breeding as possible.  It therefore was held at the Institute of Biology on 21st October 2001.  We felt very strongly that the analysis process would benefit substantially from direct input from a range of influential stakeholders at an initial stage.  Participation at the Workshop was by invitation but an attempt was made to gain as wide a representation as possible.

The format of the Workshop was as given below and consisted of two parts.  The first part comprised of a series of short presentations covering as wide a range of aspects as was possible, with no question time.  While the second was an open ended discussion/debate on any topics the participants wished.

The programme was as given in the following section.

AN INFORMATION GATHERING WORKSHOP








Held ON MONDAY 22nd OCTOBER 2001 in The Council Chamber, The Institute of Biology, 20-22 Queensberry Place, London SW7 2DZ








9.00
REGISTRATION & Coffee

9.30
INTRODUCTIONS






Professor PDS Caligari, Managing Director BioHybrids International

9.35
OBJECTIVES OF THE ANALYSIS 



Dr Donal Murphy-Bokern, Head of the Arable Sciences Unit, Science Directorate, DEFRA

9.45
PRESENTATIONS







The Plant Breeding Industry its future research needs Roger Turner, BSPB 

IP Issues: the view from 


- a multinational company



Chris Tapsell, Monsanto

- a UK company




Anthony Keeling, Elsoms

Overview of Economics of Breeding

Mark Temple, ADAS

The European Dimension: Basic Structure 

- France





David McNeilly

- Germany





Peter Roemer

Funding of Research 

- Levy Bodies




Jim McVitie, HGCA

- Funding Bodies




Avril Allman, BBSRC

Multinationals: prospects for the industry

Stephen Smith, Syngenta

Education & Training in plant breeding

Peter Caligari

Germplasm Resources



Mike Wilkinson, Reading

Research & Research Development: Genomics and onwards









Wayne Powell, SCRI

The Breeder's view: specific crops examples:

- Major: Wheat




Richard Summers, Monsanto

- Minor: Forage Grasses



Mervyn Humphreys, IGER

- Horticulture:




Dave Pink, HRI Wellesbourne
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The number of people attending was 44 representing a range of interests within the plant breeding arena.

DEFRA objectives

These were presented orally at the Workshop by Dr Donal Murphy-Bokern but were also summarised in the details of the call for the analysis and were:

DEFRA, and other UK government departments, invest in R&D to underpin the development of improved crops through breeding.  The programme emerged when government policy was strongly focused on increasing agricultural output.  Until the early to mid-eighties, this UK research effort underpinned a substantial UK based breeding industry, much of it in public ownership.

DEFRA now looks at R&D to ensure that the agricultural industry has access to technologies that support a sustainable agricultural industry.  The key rationale for current crop genetic improvement research programmes is based on market failure whereby the market fails to provide the private sector with the incentives to support the quality, mix and delivery of scientific research required to further DEFRA aims.  We invest in crop genetic improvement research to improve the sustainability of agricultural production by reducing the intensity of the use of external inputs and reducing adverse impacts on the environment whilst maintaining profitability.  R&D that can reasonably be expected to yield results of direct financial benefit to the industry is left to the private sector, including the levy bodies.
In addition to structural changes and globalisation, the basis of crop breeding has moved from traditional crossing and selection in the field to the exploitation of genomics and GM techniques.  Thus while the economic base of the industry is now more distanced from the public sector, the technological base increasingly uses controversial technologies that are subject to regulation.  The purpose of this study is analysis of the role of government funded crop genetic improvement R&D considering these economic and technical changes.

Views and comments

There was a lively exchange of views after the presentations.  There was no obvious, all encompassing, consensus view, as was expected, but a number of points were clear:

That most participants wanted to see DEFRA continue its support of work in the area of plant breeding

That there were very different situations and requirements for different crops and crop uses.  As was expected a simple overview of planting and its requirements is not possible.  The question that arises is whether there are any criteria by which crops can be grouped and then questions asked about their needs and requirements.

Germplasm conservation was accepted as being extremely important but the question of how this should be achieved gave rise to a variety of partial answers.

It was clear that the meaning of “sustainability” as interpreted by DEFRA was not clear to everybody, nor that it was a “constant” in terms of the exact aims and definitions.  The one thing that breeders do need is a conviction that any traits they are aiming to incorporate are ones that will be needed in 10 years time – not suddenly changed for others in a few years time!

That there was a need for a system by a much more transparent view of DEFRA policies and objectives could be gained.  Indeed it became obvious that there really was not a forum for a regular and open exchange of views between all stakeholders in the plant breeding arena.

Brief summaries, as perceived by the Analysis team, of the presentations are presented below:

Notes
 on: AN INFORMATION GATHERING WORKSHOP AS PART OF AN ANALYSIS FOR DEFRA held on Monday 22nd October 2001 at The Institute of Biology, 20-22 Queensberry Place, London SW7 2DZ.

Introduction 

Professor Peter Caligari (BioHybrids)

Peter Caligari gave an introduction to this Workshop by setting the scene with a number of focus points:

-  dynamics of the situation in breeding

-  rapidly changing techniques and potential

-  the effects of globalisation

-  positive nature of this analysis for DEFRA 

Objectives of the analysis 

Dr Donal Murphy-Bokern (DEFRA)

DEFRA is a new Department created on 8th June 2001 and so there will be many changes in the near future – its role in relation to harnessing genetics was was in policy formation particularly in relation to  environmental sustainability up to the farm gate.

The rationale for the study was outlined (described above). Questions posed included: How does investment in the UK in plant breeding compare with competitors; was there a real gap in what was spent and was needed in the UK?  It was thought that £10 million was spent in this area of research, of which £7 million was on work involving crop genetics.

The plant breeding industry - its future research needs - 

Roger Turner (BSPB)

In a short presentation the question was posed, as to what reducing the “environmental footprint” of agriculture really meant and suggested that DEFRA needed to define this clearly.

Future research requirements mentioned included novel marker systems, improving resistance to disease, stress tolerance, components of yield, which might help in lowering inputs while at the same time allowing the improvement of quality including nutritional quality.  

IP issues: the views from a multinational 

Chris Tapsell (Monsanto)

The question was raised of whether IP and research can interact successfully.  It was pointed out that IP does sometimes impede research but is needed.  Often the impediment is not long or large but IP is needed by the commercial companies to give a return on their investment.  The reality was that researchers want to publish, but that uncontrolled disclosure can affect patent novelty.  It was also noted that there was one year from the date of filing application in which to modify.  A need was seen for International agreements to extend coverage worldwide.

It was stressed that “we” did need to share knowledge, and that no-one can do it all.  However the question was raised as too whether breeding, if not based on IP could really be sustainable. However it was proposed that a “softening” of existing IP systems might actually help.  Farm saved seed was an obvious issue that needing resolution and was mentioned as being something that commercial companies were well aware of.

Note added: This could lead to another analysis - how IP could be modified to stimulate, encourage, unify etc.  This might provide a powerful tool and a solution.  It is possible to imagine innovation - longer royalty periods for minor crops?  Also simplified protection systems that are cheaper, opening up access to research findings without prejudicing patent etc.

IP issues: the views from a UK company

Anthony Keeling (ELSOMS)

The question was raised as to whether there was duplication between UK and Europe in IP and registration costs etc. In many ways European Rights were crucial but UK Plant Variety Rights were cheaper !  In general most UK breeders were satisfied with present Rights. 

Very little difference whether one considers a UK or multinational viewpoint. Plant variety Rights and Patents are the principal IP areas concerned. UK Plant Variety Rights mostly used as a preliminary to obtaining European PVR.

Most breeders are satisfied with plant IP - particularly, in the UK, now there are significant revenues from farm-saved seed. It is potentially important to have the long-stop possibility of the Compulsory License provisions in the recent Biotech Directive. We also need to be clearer that breeding and the necessary trialling are allowed under the 'Research Exemption' provisions of patent legislation.

Main plea from a UK perspective is that, when it comes to licensing - particularly in the context of a European Patent Regulation, licences should not be granted on a European exclusive basis. This may seem the easiest option but it will be against the interest of the UK consumer/farmer/grower if it effectively militates against the UK-focused plant breeder focusing on the UK market.

The point was made that by definition “Environments” were localised, while breeding is being attempted on a global level.  However, even with large companies it was asserted that 80-90% of their market requirements were satisfied with locally bred varieties.

The view was put strongly that small companies had a role and they could counter unwarranted globalisation. However at present bodies like BBSRC was missing out on representation from smaller UK companies.

Overview of economics of breeding

Mark Temple (ADAS)

The presentation included a consideration of whether market failure existed in relation to crop genetic improvement and research. It was clear from the discussion that market failure was a term that needed defining to ensure misunderstandings did not persist. The question arose as to whether market failure had increased or decreased – or whether it was a reflection in changes in demand.  The question then arose as to, if it was real, what could be improved by support?

Rates of return for private industry are a critical issue - does market failure prevent investment? So it was necessary to ask if the public sector was trying to complement the market situation.  If so what criteria were used to decide on where investment was made?   This also, of course, raised the question of who benefits from public investment currently, and who should in the future ?

The European dimension – France

David McNeilly 

INRA spends 525 million Euros but on a broader remit than DEFRA. It was also evident that there was a much greater interchange of personnel between government, research institutes, and industry in France.

INRA has seen a reduction in jobs in last 12 months with redundancies but equally it should be stressed that many farmers are now classified as being below poverty level. So clearly there are major budget restraints.

Farmer co-operatives tend to control system and so there are basic differences between France and the UK in relation to getting access to the market. In France, 77% get wheat seed from local cooperatives, and at one time 44% of wheat was from one company, Desprez. There is a strong relationship between government breeders and researchers, and the private sector.  

Overall, it is clear that one needs to be very clear about what is actually being compared with France and UK to be sure it is directly relevant.

The European dimension – Germany

Peter Roemer 

The character of plant breeding in Germany is mainly a private one. Small and medium sized companies dominate the breeding scene. Most of them act independently as far as the breeding itself is concerned but they cannot survive without cooperating in terms of marketing. For this reason we find marketing organisations like SAATEN-UNION, BAYWA, I. G. PFLANZEN​ZUCHT, which allow these SMEs to be independent for their research but to save market costs by sharing them with other SMEs.
Applied research with the participation of breeders is important, and there is a significant role for the Society for the Promotion of Private Plant Breeding (GFP).  The original idea of GFP was to promote private plant breeding by initiating research projects helping to solve problems (for example searching for sources of disease resistance). A well defined procedure is in place to initiate and review research proposals.

Genome research is, like the french ”genoplante” project, done in several countries of the world. The results of these projects shall only be available to a limited number of national companies.  In order to have access to these new technologies in germany as well, the project gabi was set up in 1998.

Funding of research – levy bodies

Jim McVitie (HGCA)

HGCA recognised the importance of new varieties, and the aim was to support new varieties coming to market, food and non-food uses. They also supported application of biotechnology.

The only breeding effort that HGCA supported directly was Oats – which had given rise to naked oats as a novel crop – at IGER.  They had also appointed a part-time adviser and funded a Research Fellowship in breeding to Prof John Snape.

A number of specific projects mentioned and in addition a major commitment was £1.4 million to run the Recommended List system for cereals.

It was felt important that variety evaluation and value for end use impacted on breeding.  In this context it was important to recognize that the UK was an exporter of cereals and clearly farmers needed to grow for the market. 

It was noted that it was important to encourage multi-nationals to retain a base in the UK, and to breed and select for the UK market

Funding bodies

Avril Allman (BBSRC)

It was pointed out that BBSRC was involved in basic and applied research.  BBSRC, along with the other research councils, funded projects on the basis of the quality of the science and did so through responsive modes, 7 Committees - 3 relevant to plant breeding.  Each committee had themes e.g. raw materials, sustainable agricultural systems.

Academics and industry were represented in BBSRC and there was an encouragement for network groups.

Some areas of mutual interest with NERC included: 

gene flow, 

generally plants and microbial sciences, 

greater understanding of dispersal of genes, 

crops for non-food users, 

biological systems and agricultural environment.

They also funded a large number of studentships, which would include projects relevant to plant breeding and they also funded MSc courses.  In addition they provided funding for research at their institutes JIC/HRI/IACR.

In general NERC looks at natural environment while BBSRC funds work on biological systems.

Multinationals: prospects for the industry

Stephen Smith (Syngenta)

It was argued that public sector research would not be competitive in terms of broad-acre crops, but the company was keen that Government should develop enabling technologies platforms.

It was claimed that private/public sector partnership had been successful and that 16-18% of Syngenta’s research budget was spent in public sectors.  However,  IP was a vexed issue to multinational.  There were a number of issues that needed to be considered and which were, effectively the methodology and philosophy of commercialisation

In most of the major arable cropping areas there was a move from public to private, for example Australia/Canada.  So there were massive changes taking place globally.

Having said that there was no need for concern about multi-nationals pulling out of the UK as it was clear that it was necessary to breed, or at least select, for local conditions, and that germplasm does not recognise multi-national status

Education & training

Peter Caligari (The University of Reading)

Breeding was always an exercise for the future.  A breeder is looking at least ten years ahead not today and so this immediately raises the question of what will be needed.  So in addition to requiring a broad background biological knowledge, including genetics, they need to be aware of the general context of agriculture and its developments.

The training needed to underlie breeding specifically is not an undergraduate subject area but is more properly one tackled in postgraduate courses and training.  In reality there is now only a limited number and narrow range UK courses available and are basically more founded in botany or genetics, not agriculture.

The most relevant courses still being offered are at East Anglia and Birmingham.  The Masters courses at Reading, Aberystwyth and Cambridge had now stopped.  Clearly people with PhD training are required but a PhD is narrower, more defined area and needs then to be supplemented with at least some practical context – which might be acquired subsequent to the PhD. For example, most PhD’s in molecular biology give little or no experience in agriculture and any contact with activities at the farm level.

It therefore suggests that “on job” or practical training is required to give additional background knowledge. There are of course possibilities of supplying specific technical skills in a short course training context, for example general and specific IT skills.

Germplasm resources 

Mike Wilkinson (The University of Reading)

The major collections were at JIC, HRI and SCRI, and they were originally extensions of breeders’ collections, but uses now include research, breeding, PR, and teaching as well they respond of course to outside requests.

More of the activity relates to research than breeding today, with an emphasis on systematic/taxonomy type research.  It is true that breeders want to broaden the genetic base of their breeding lines and introduce new traits, there are few documented examples arising directly from accessions out of collections but when done had proved remarkably effective.

A lot of collections do not have evaluation data (passport) and there is always a problem about how much “pre-breeding” material should be stored. However, there is rarely free access to all material and there are transfer problems as the collections are often sited away from the breeding area. Also there are many uncharacterised accessions, and so the depth and quality of some collections is questionable.

Note added: It is difficult to assess just what the real role of these collections is and how significant they are in terms of breeding and/or conservation.  Are they mainly simply museums?  One possible idea is for the government to be involved in these and in producing pre-breeder lines, particularly concentrating on traits which government has decided are ones that it wants to see introduced e.g. disease tolerance and low input efficiency.  This would give links to the market which facilitate research uptake and which will provide the technology to the whole of the industry at a lower relative price.  It would also remove any perceived burden on industry to meet environmental costs to which competitors do not have to respond to.  Another part of the scenario might be a system by which any government money was added to by commercial companies on a basis proportional to their breeding effort in any crop, with a possible levy on overseas hectarage of their germplasm.

Genomics and onwards

Wayne Powell (SCRI)

SCRI have invested in gene discovery and sequence diversity in barley and potato and are gaining results recognised at a world level. SCRI are continuing a genomics programme and trying to co-ordinate much of the gene work, so as to avoid duplication.  It was noted that it was essential to have new technologies, but their relevance to breeding was not always a practical reality.

In the complete breeding scenario, science and technology provided a “push”, through genetics, for development of new products while society and commerce gave the “pull”.  Science and technology also had a role in helping ensure, and consumer confidence in UK agriculture and its products.  So what was important was to consider the complete technology supply chain – multinationals have such programmes !

What was going to be important was a strategic overview on plant breeding which included the needs and supply of products:  Science and technology, germplasm and resources, partnerships, business acumen and marketing, freedom to operate, targets.  This meant that there would be generic considerations but in general each crop (even main crop use) would need its own analysis.

The breeder’s view : Major crops

Wheat breeding -  Richard Summers (Monsanto)

It is combinations of breeders that will produce successful products – it is generally not very successful to run breeding from small isolated programmes – although there are some notable successes.

The shifts that occur in government policy objectives are problematic and not something that breeders can readily respond to (particularly if they are not convinced that they will remain in force for a sustained period of time).  What is needed is a much more transparent approach to areas such as agriculture and environmental policy making it less “party political”.  This was currently relevant to GM. 

It was also imperative that government provide a clear view of the terminology it was using and what it intended to convey by it (sustainability being one such case). It is not realistic to expect industry to have a public view on what the country needs - this is public not private consideration.  

A question that arose is what should breeders be prepared to pay for? Funding has to come from within the industry for a breeding programme that is to run at the top level, that produces lines/materials from world genetics to feed into their own programmes. Area of genetic resources – these need to be tiered to serve specific markets.

Important criteria are Increased competitiveness of UK agriculture and end use quality

It is fairly certain that the industry would not fund environmental impact.  Of course the industry can ensure that any product they produce is safe, but it is, and must be Government that sets the framework e.g. pesticides and N rates. Clearly there is a need to ensure environmental safety but this is an all-encompassing concept ! A major question that needs to be asked is what is environmental sustainability?  We cannot breed for it if we do not know what it is!

Benchmarking is also something that we need to consider how are we doing  - UK vs. others, such as Australia, NZ and Denmark. The use of resources and the development of technology are aspects where there should be joint funding, if not then it is likely not to occur or by government only funding!

The breeder’s view: Minor crops

Forage Grasses -  Mervyn Humphreys (IGER)

The talk actually had reference to forage grasses, clovers and oats

Since 1987 the breeding at IGER had been joint ventures with:

Germinal Holdings - grasses

Semundo - Oats

At the present time there are 20 grasses and 8 white clovers on the National List

As far as grass is concerned the resources that supported the production of these varieties was: DEFRA 54%, BBSRC 44%, royalties 2%.

The paradox is that 64% of agricultural land is grass, and so it is a major component of agriculture and is the dominant feature of our rural environment.  Yet only 12K tonnes grass seed sold each year.  Seed production of IGER’s grass varieties has increased from 7-36% from 1991 to 2001

Ryegrass hybrids, high sugar lines and gene introgression from fescues were mentioned as specific achievements.  Making grasses more efficient at N recovery from the soil and protein protection were also mentioned.

They were involved in a number of LINK programmes, namely:

- NINGRASS

- SAGES

- SWEETGRASS

- HEALTH BEEF

Notes added: This raises some interesting points.  The very low rate of royalties suggests that perhaps these are so low as to be almost insignificant – without linking breeding to seed sales the rate of return is too low to be viable economically- clearly not worth government trying to get royalty income to seriously subsidise research. It also raises the question of how much does it cost to protect IP? Plant breeder’s rights etc? 

The breeder’s view: Horticulture

Dave Pink (HRI)

Horticulture covers a vast range of species including fruit, protected crops, ornamentals, mushrooms, hops and vegetables, most of which attract no support from government. The industry needs crop improvement and this is often part of the route to market.  But the retailers want a return within 2 years or are not interested.

HRI crop improvement work is funded partly from the industry (15%), international sources (3%) and then (48%) DEFRA, (27%) BBSRC/NERC, and (3%) LINK.  The biggest programme is the one on Brassicas, and a large part of this is funded by BBSRC and is Arabidopsis work. The only crop where HRI has a dominant position is Raspberry

For the major agricultural crops there appear to be a lot of “genomic resources”, for horticultural crops much of the activity is still using traditional breeding methods.  

UK is small and mature market where seed sales are dominated by multinational activity. There is a clear need to interact with all parts of supply chain.  In this respect the LINK scheme is good, but needs more activity in this area.
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		Maris Huntsman		1969		'69		No		No		Feed		7		85		8.1		7.36		0.367		53.0		2.05		61.1		2.11		155		31.3		138		8.7		0.34		0.080		1.89				0.45		6.11

		Brigand		1975		'75		Rht2		No		Feed/Biscuit		4		79		6.4		8.58		0.701		55.3		1.81		67.9		3.05		187		48.4		160		10.9		0.42		0.106		1.81				0.56		6.31

		Avalon		1977		'77		Rht2		No		Bread		13		74		7.4		7.99		0.251		50.6		2.98		65.1		3.34		188		24.0		158		8.5		0.45		0.050				1.98		0.60		5.67

		Norman		1978		'78		Rht2		No		Feed/Biscuit		6		82		3.7		8.49		0.477		56.5		3.65		70.2		2.04		151		33.2		149		17.3		0.42		0.025		1.77				0.56		6.77

		Rapier		1978		'78		Rht1		No		Bread		6		81		8.1		8.2		0.834		55.2		2.47		69.5		4.84		161		25.4		147		17.3		0.42		0.094		1.81				0.56		6.62

		Longbow		1979		'79		Rht2		No		Feed		7		90		13.8		8.43		0.898		57.0		2.47		67.4		4.56		147		32.2		146		14.1		0.37		0.095		1.75				0.49		7.14

		Fenman		1980		'80		Rht2		No		Feed/Biscuit		9		80		7.5		8.4		0.655		54.5		1.95		68.1		3.24		167		14.4		153		8.5		0.42		0.086		1.83				0.56		6.41

		CampRemy		1981		'81		Rht1		No		Bread		4		71		6.5		7.73		0.274		49.2		0.74		62.1		1.49		204		4.9		157		2.8		0.44		0.048				2.03		0.59		5.19

		Mission		1981		'81		No		No		Bread		5		87		10.5		8.15		0.671		53.5		2.55		65.6		2.96		161		25.4		152		8.1		0.40		0.046				1.87		0.53		6.71

		Galahad		1981		'81		Rht2		No		Feed		12		85		8.6		8.53		0.484		52.0		2.58		67.1		3.15		165		21.6		165		4.5		0.48		0.055		1.92				0.64		6.71

		Brock		1982		'82		Rht2		No		Biscuit		5		71		5.3		8.49		0.396		52.1		1.03		68.5		3.11		198		23.0		161		7.1		0.48		0.048		1.92				0.64		5.72

		Brimstone		1982		'82		Rht2		No		Bread		5		70		19.4		8.56		0.563		58.0		3.35		73.4		3.14		158		19.5		147		5.9		0.51		0.100				1.72		0.68		6.04

		Mercia		1983		'83		No		No		Bread		13		82		11		8.34		0.397		53.4		2.22		65.9		3.17		176		21.2		157		10.4		0.41		0.058				1.87		0.55		6.36

		Slejpner		1983		'83		Rht1		Yes		Feed		9		77		10.1		8.94		0.353		56.2		2.98		71.4		5.25		179		13.8		160		10.1		0.47		0.063		1.78				0.63		6.47

		Hornet		1984		'84		Rht2		Yes		Feed		7		79		9.4		8.93		0.441		53.9		3.19		70.0		4.36		185		24.3		168		13.7		0.49		0.053		1.86				0.65		6.51																												1999		0.76		4268

		Riband		1985		'85		Rht2		No		Feed		6		77		4.5		9.43		0.561		55.6		2.9		74.6		2.33		186		19.0		169		14.2		0.49		0.027		1.80				0.65		6.76

		Apollo		1985		'85		Rht1		Yes		Biscuit		5		80		6.2		9.11		0.613		51.5		2.69		68.0		4.29		187		15.8		177		16.9		0.52		0.056		1.94				0.69		6.40																												1994		0.70		3917

		Fortress		1985		'85		Rht2		No		Feed		4		63		20.4		7.57		0.858		55.0		2.56		67.3		2.48		179		13.8		137		10.6		0.39		0.022		1.82				0.52		4.99																												1989		0.64		3568

		Pastiche		1986		'86		No		No		Bread		4		68		6.9		8.69		0.659		48.0		1.03		63.6		5.23		215		39.4		182		13.5		0.54		0.074				2.08		0.72		5.09																												1974		0.46		2531

		Beaver		1987		'87		Rht2		Yes		Feed		4		75		6.3		9.75		0.343		52.5		1.84		73.5		3.14		209		20.7		186		10.4		0.53		0.059		1.90				0.71		6.49																												1979		0.52		2875

		Haven		1987		'87		Rht2		Yes		Feed		6		70		4.2		9.73		0.598		55.2		2.47		73.8		3.93		212		20.3		178		9.2		0.51		0.028		1.81				0.68		6.08																												1984		0.58		3221

		Hereward		1988		'88		Rht2		No		Bread		4		74		3.4		9.23		0.465		51.9		1.4		65.3		6.69		207		10.4		179		3.7		0.51		0.021				1.93		0.68		5.68

																																										Mean		1.84		1.93																																1969		0.40		2189

		date of variety introduction						1969		1975		1977		1978		1978		1979		1980		1981		1981		1981		1982		1982		1983		1983		1984		1985		1985		1985		1986		1987		1987		1988

		optimum N						7.4		8.6		8.0		8.5		8.2		8.4		8.4		7.7		8.2		8.5		8.5		8.6		8.3		8.9		8.9		9.4		9.1		7.6		8.7		9.8		9.7		9.2

		nil N						6.1		6.3		5.7		6.8		6.6		7.1		6.4		5.2		6.7		6.7		5.7		6.0		6.4		6.5		6.5		6.8		6.4		5.0		5.1		6.5		6.1		5.7
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Wheat

		AREA, YIELD AND PRODUCTION 1892-1997																																																																																		quadratic

																																																																																				a		3432.3		3406

		wheat																																																																																		b		-3.5776		-3.57778

		'000 hectares,. tonnes per hectare, '000 tonnes																																																																																		c		0.0009328		0.00094

		YEAR		AREA		YIELD		PROD.		quadratic fit

																																																																																				hyped		1.03

		1892		898		1.83		1,645		2.59

		1893		768		1.81		1,383		2.54

		1894		780		2.13		1,663		2.50

		1895		573		1.82		1,045		2.46

		1896		686		2.33		1,603		2.41

		1897		764		2.02		1,544		2.38

		1898		851		2.41		2,052		2.34

		1899		810		2.27		1,841		2.30

		1900		747		1.98		1,479		2.27

		1901		688		2.13		1,474		2.24

		1902		698		2.28		1,592		2.21

		1903		640		2.10		1,338		2.18

		1904		556		1.86		1,036		2.15

		1905		727		2.27		1,654		2.13

		1906		711		2.37		1,686		2.10

		1907		658		2.35		1,543		2.08

		1908		658		2.23		1,473		2.06

		1909		738		2.31		1,700		2.05

		1910		732		2.08		1,526		2.03

		1911		771		2.33		1,805		2.02

		1912		779		1.95		1,520		2.01

		1913		711		2.21		1,566		2.00

		1914		756		2.30		1,734		1.99

		1915		909		2.20		1,993		1.98

		1916		799		1.98		1,584		1.98

		1917		801		2.07		1,661		1.98

		1918		1,067		2.31		2,467		1.98

		1919		931		2.02		1,878		1.98

		1920		781		1.97		1,540		1.98

		1921		826		2.50		2,060		1.99

		1922		822		2.15		1,770		1.99

		1923		728		2.21		1,612		2.00

		1924		645		2.22		1,435		2.01

		1925		626		2.30		1,437		2.03

		1926		666		2.07		1,382		2.04

		1927		689		2.20		1,512		2.06

		1928		588		2.30		1,350		2.08

		1929		559		2.41		1,351		2.10

		1930		567		2.02		1,145		2.12

		1931		505		2.03		1,026		2.14

		1932		542		2.18		1,184		2.17

		1933		704		2.41		1,693		2.20

		1934		751		2.51		1,889		2.23

		1935		758		2.33		1,771		2.26

		1936		728		2.06		1,497		2.29

		1937		741		2.06		1,529		2.33

		1938		778		2.56		1,991		2.36

		1939		713		2.33		1,669		2.40

		1940		727		2.27		1,654		2.44

		1941		909		2.23		2,033		2.48

		1942		1,013		2.56		2,598		2.53

		1943		1,397		2.50		3,491		2.58		fitted adjusted from 98

		1944		1,301		2.45		3,185		2.62		2.62																																																																SUMMARY OUTPUT

		1945		919		2.40		2,209		2.67		2.67

		1946		834		2.40		1,997		2.73		2.73																																																																Regression Statistics

		1947		875		1.93		1,693		2.78		2.78																																																																Multiple R		0.7577448175

		1948		921		2.60		2,394		2.84		2.84																																																																R Square		0.5741772084

		1949		794		2.82		2,238		2.89		2.89																																																																Adjusted R Square		0.5475632839

		1950		1,002		2.64		2,646		2.95		2.95																																																																Standard Error		0.4651857908

		1951		862		2.72		2,353		3.01		3.01																																																																Observations		18

		1952		821		2.85		2,342		3.08		3.08

		1953		896		3.01		2,705		3.14		3.14																																																																ANOVA

		1954		993		2.85		2,826		3.21		3.21																																																																		df		SS		MS		F		Significance F

		1955		788		3.35		2,640		3.28		3.28																																																																Regression		1		4.6686348813		4.6686348813		21.574315689		0.0002697226

		1956		927		3.11		2,888		3.35		3.35																																																																Residual		16		3.4623651187		0.2163978199

		1957		853		3.19		2,723		3.42		3.42																																																																Total		17		8.131

		1958		892		3.09		2,751		3.49		3.49

		1959		780		3.63		2,827		3.57		3.57																																																																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.000%		Upper 95.000%

		1960		849		3.58		3,037		3.65		3.65				linear fit		resids from lin fit																																																										Intercept		-188.3505675974		42.0248936812		-4.4818808829		0.0003774247		-277.4393422964		-99.2617928984		-277.4393422964		-99.2617928984

		1961		737		3.54		2,610		3.73		3.73						wheat		barley																																																								X Variable 1		0.0981630547		0.0211338952		4.6448160017		0.0002697226		0.0533612083		0.1429649011		0.0533612083		0.1429649011

		1962		911		4.35		3,968		3.81		3.81		a		190.27		190.27		109.65

		1963		779		3.90		3,044		3.89		3.89		b		0.0991		0.0991		0.0577

		1964		892		4.24		3,790		3.98		3.98		0.1 t/ha/yr

		1965		1,024		4.07		4,166		4.07		4.07		5.0																																																														RESIDUAL OUTPUT

		1966		904		3.84		3,471		4.16		4.16		5.1

		1967		932		4.18		3,899		4.25		4.25		5.2																																																														Observation		Predicted Y		Residuals

		1968		977		3.54		3,466		4.34		4.34		5.3																																																														1		6.01		-0.12

		1969		832		4.04		3,361		4.43		4.43		5.4																																																														2		6.11		-0.27

		1970		1,008		4.19		4,232		4.53		4.53		5.5																																																														3		6.21		-0.01

		1971		1,095		4.39		4,812		4.63		4.63		5.6																																																														4		6.31		0.06

		1972		1,127		4.24		4,776		4.73		4.73		5.7																																																				1980		5.89		4.44						5		6.40		1.32

		1973		1,145		4.37		4,999		4.83		4.83		5.8																																																				1981		5.84		4.42						6		6.50		-0.17

		1974		1,232		4.97		6,127		4.94		4.94		5.9																																																				1982		6.20		4.94						7		6.60		0.37

		1975		1,033		4.34		4,486		5.04		5.04		6.0																																																				1983		6.37		4.67						8		6.70		-0.71

		1976		1,230		3.85		4,738		5.15		5.15		6.1																																																				1984		7.72		5.65						9		6.80		-0.57

		1977		1,076		4.90		5,274		5.26		5.26		6.2																																																				1985		6.33		4.99						10		6.90		-0.16

		1978		1,256		5.27		6,617		5.37		5.37		6.3																																																				1986		6.97		5.25						11		6.99		-0.02

		1979		1,371		5.23		7,167		5.49		5.49		6.4																																																				1987		5.99		5.05						12		7.09		0.16

		1980		1,441		5.89		8,468		5.60		5.60		6.5		5.95		-0.06		-0.16																																														1988		6.23		4.68						13		7.19		-0.37

		1981		1,490		5.84		8,705		5.72		5.72		6.6		6.05		-0.21		-0.23																																														1989		6.74		4.90						14		7.29		0.05

		1982		1,662		6.20		10,307		5.84		5.84		6.7		6.15		0.05		0.23																																														1990		6.97		5.22						15		7.39		-0.04

		1983		1,693		6.37		10,789		5.96		5.96		6.8		6.25		0.12		-0.10																																														1991		7.25		5.50						16		7.48		0.22

		1984		1,936		7.72		14,938		6.08		6.08		6.9		6.34		1.38		0.82																																														1992		6.82		5.71						17		7.58		0.57

		1985		1,897		6.33		12,039		6.21		6.21		7.0		6.44		-0.11		0.11																																														1993		7.34		5.24						18		7.68		-0.30

		1986		1,994		6.97		13,890		6.33		6.33		7.1		6.54		0.43		0.31																																														1994		7.35		5.39						SUMMARY OUTPUT

		1987		1,989		5.99		11,908		6.46		6.46		7.2		6.64		-0.65		0.05																																														1995		7.70		5.75

		1988		1,881		6.23		11,714		6.59		6.59		7.3		6.74		-0.51		-0.38																																														1996		8.15		6.16						Regression Statistics

		1989		2,078		6.74		14,000		6.72		6.72		7.4		6.84		-0.10		-0.22																																														1997		7.38		5.78						Multiple R		0.7913320187

		1990		2,008		6.97		13,996		6.86		6.86		7.5		6.94		0.03		0.05																																														1998										R Square		0.6262063638

		1991		1,975		7.25		14,321		6.99		6.99		7.6		7.04		0.21		0.27																																														1999										Adjusted R Square		0.6028442616

		1992		2,060		6.82		14,042		7.13		7.13		7.7		7.14		-0.32		0.42																																														2000										Standard Error		0.3100230386

		1993		1,752		7.34		12,853		7.27		7.27		7.8		7.24		0.10		-0.11																																																								Observations		18

		1994		1,804		7.35		13,264		7.41		7.41		7.9		7.34		0.01		-0.01

		1995		1,852		7.70		14,310		7.56		7.56		8.0		7.43		0.27		0.27																																																								ANOVA

		1996		1,969		8.15		16,100		7.70		7.70		8.1		7.53		0.62		0.62																																																										df		SS		MS		F		Significance F

		1997		2,036		7.38		15,020		7.85		7.85		8.2		7.63		-0.25		0.18																																																								Regression		1		2.5762825593		2.5762825593		26.8043670421		0.0000916909

		1998		2,045		7.55		15,470		8.00		8.08		8.3		7.73		-0.18		-0.35																																																								Residual		16		1.5378285518		0.0961142845

		1999		1,847		8.13		14,870		8.15		8.33		8.4		7.83		0.30		-0.11																																																								Total		17		4.1141111111

		2000		2,086		8.01		16,700		8.30		8.58		8.5		7.93		0.08		0.01

		2001				7.2				8.45		8.83		8.6		8.03																																																														Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.000%		Upper 95.000%

		2002								8.61		9.10		8.7		8.13																																																												Intercept		-139.7947093241		28.0074875383		-4.9913334473		0.0001331759		-199.1679171686		-80.4215014795		-199.1679171686		-80.4215014795

		2003								8.77		9.37		8.8		8.23																																																												X Variable 1		0.0729205366		0.014084683		5.177293409		0.0000916909		0.0430623492		0.1027787241		0.0430623492		0.1027787241

		2004								8.93		9.65		8.9		8.33

		2005								9.09		9.94		9.0		8.43

		2006								9.26		10.24		9.1		8.52

		2007								9.42		10.55		9.2		8.62																																																												RESIDUAL OUTPUT

		2008								9.59		10.86		9.3		8.72

		2009								9.76		11.19		9.4		8.82																																																												Observation		Predicted Y		Residuals

		2010								9.93		11.52		9.5		8.92																																																												1		4.59		-0.15

		2011								10.10		11.87		9.6		9.02																																																												2		4.66		-0.24

		2012								10.28		12.23		9.7		9.12																																																												3		4.73		0.21

		2013								10.45		12.59		9.8		9.22																																																												4		4.81		-0.14

		2014								10.63		12.97		9.9		9.32																																																												5		4.88		0.77

		2015								10.81		13.36		10.0		9.42																																																												6		4.95		0.04

		2016								11.00		13.76		10.1		9.52																																																												7		5.03		0.22

		2017								11.18		14.17		10.2		9.61																																																												8		5.10		-0.05

		2018								11.37		14.60		10.3		9.71																																																												9		5.17		-0.49

		2019								11.56		15.04		10.4		9.81																																																												10		5.24		-0.34

		2020								11.75		15.49		10.5		9.91																																																												11		5.32		-0.10

		2021										15.95																																																																12		5.39		0.11

		2022										16.43																																																																13		5.46		0.25

		2023										16.92																																																																14		5.54		-0.30

		2024										17.43																																																																15		5.61		-0.22

		2025										17.95																																																																16		5.68		0.07

		2026										18.49																																																																17		5.75		0.41

		2027										19.05																																																																18		5.83		-0.05

		2028										19.62																																																																SUMMARY OUTPUT

		2029										20.21

		2030																																																																										Regression Statistics

		2031																																																																										Multiple R		0.7405725373

		2032																																																																										R Square		0.5484476829

		2033																																																																										Adjusted R Square		0.4896241535

		2034																																																																										Standard Error		0.3032606132

		2035																																																																										Observations		18

		2036

		2037																																																																										ANOVA

		2038																																																																												df		SS		MS		F		Significance F

		2039																																																																										Regression		1		1.8989261268		1.8989261268		20.6479078002		0.000331955

		2040																																																																										Residual		17		1.5634389919		0.0919669995

		2041																																																																										Total		18		3.4623651187

		2042

		2043																																																																												Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.000%		Upper 95.000%

		2044																																																																										Intercept		0

		2045																																																																										X Variable 1		1.1112200657		0.2445468364		4.543996897		0.0002874186		0.5952706202		1.6271695111		0.5952706202		1.6271695111

		2046

		2047																																																																										SUMMARY OUTPUT

		2048																																																																				1980		5.89		4.44

		2049																																																																				1981		5.84		4.42		Regression Statistics

		2050																																																																				1982		6.20		4.94		Multiple R		0.8881641462

																																																																						1983		6.37		4.67		R Square		0.7888355506

																																																																						1985		6.33		4.99		Adjusted R Square		0.7747579207

																																																																						1986		6.97		5.25		Standard Error		0.3210863536

																																																																						1987		5.99		5.05		Observations		17

																																																																						1988		6.23		4.68

																																																																						1989		6.74		4.90		ANOVA

																																																																						1990		6.97		5.22				df		SS		MS		F		Significance F

																																																																						1991		7.25		5.50		Regression		1		5.7769768323		5.7769768323		56.0346843142		0.0000019329

																																																																						1992		6.82		5.71		Residual		15		1.5464466972		0.1030964465

																																																																						1993		7.34		5.24		Total		16		7.3234235294

																																																																						1994		7.35		5.39

																																																																						1995		7.70		5.75				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.000%		Upper 95.000%

																																																																						1996		8.15		6.16		Intercept		-215.3390116878		29.6748591059		-7.2566144601		0.0000028011		-278.5895155252		-152.0885078504		-278.5895155252		-152.0885078504

																																																																						1997		7.38		5.78		X Variable 1		0.1116946138		0.0149212005		7.4856318581		0.0000019329		0.0798908082		0.1434984194		0.0798908082		0.1434984194

																																																																												RESIDUAL OUTPUT

																																																																												Observation		Predicted Y		Residuals

																																																																												1		5.8163236789		0.0736763211

																																																																												2		5.9280182927		-0.0880182927

																																																																												3		6.0397129065		0.1602870935

																																																																												4		6.1514075203		0.2185924797

																																																																												5		6.374796748		-0.044796748

																																																																												6		6.4864913618		0.4835086382

																																																																												7		6.5981859756		-0.6081859756

																																																																												8		6.7098805894		-0.4798805894

																																																																												9		6.8215752033		-0.0815752033

																																																																												10		6.9332698171		0.0367301829

																																																																												11		7.0449644309		0.2050355691

																																																																												12		7.1566590447		-0.3366590447

																																																																												13		7.2683536585		0.0716463415

																																																																												14		7.3800482724		-0.0300482724

																																																																												15		7.4917428862		0.2082571138

																																																																												16		7.6034375		0.5465625

																																																																												17		7.7151321138		-0.3351321138

																																																																												SUMMARY OUTPUT

																																																																												Regression Statistics

																																																																												Multiple R		0.8801553207

																																																																												R Square		0.7746733886

																																																																												Adjusted R Square		0.7596516145

																																																																												Standard Error		0.242261797

																																																																												Observations		17

																																																																												ANOVA

																																																																														df		SS		MS		F		Significance F

																																																																												Regression		1		3.0266853845		3.0266853845		51.5700331965		0.0000031698

																																																																												Residual		15		0.8803616743		0.0586907783

																																																																												Total		16		3.9070470588

																																																																														Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.000%		Upper 95.000%

																																																																												Intercept		-155.6045058442		22.3898792702		-6.9497697583		0.0000046553		-203.3274331763		-107.8815785121		-203.3274331763		-107.8815785121

																																																																												X Variable 1		0.0808473069		0.0112581454		7.1812278335		0.0000031698		0.0568511233		0.1048434905		0.0568511233		0.1048434905

																																																																												RESIDUAL OUTPUT

																																																																												Observation		Predicted Y		Residuals

																																																																												1		4.4731618394		-0.0331618394

																																																																												2		4.5540091463		-0.1340091463

																																																																												3		4.6348564532		0.3051435468

																																																																												4		4.7157037602		-0.0457037602

																																																																												5		4.877398374		0.112601626

																																																																												6		4.9582456809		0.2917543191

																																																																												7		5.0390929878		0.0109070122

																																																																												8		5.1199402947		-0.4399402947

																																																																												9		5.2007876016		-0.3007876016

																																																																												10		5.2816349085		-0.0616349085

																																																																												11		5.3624822154		0.1375177846

																																																																												12		5.4433295224		0.2666704776

																																																																												13		5.5241768293		-0.2841768293

																																																																												14		5.6050241362		-0.2150241362

																																																																												15		5.6858714431		0.0641285569

																																																																												16		5.76671875		0.39328125

																																																																												17		5.8475660569		-0.0675660569

																																																																												SUMMARY OUTPUT

																																																																												Regression Statistics

																																																																												Multiple R		0.5026749737

																																																																												R Square		0.2526821292

																																																																												Adjusted R Square		0.1901821292

																																																																												Standard Error		0.2687572386

																																																																												Observations		17

																																																																												ANOVA

																																																																														df		SS		MS		F		Significance F

																																																																												Regression		1		0.3907594441		0.3907594441		5.4098988186		0.034451693

																																																																												Residual		16		1.1556872531		0.0722304533

																																																																												Total		17		1.5464466972

																																																																														Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.000%		Upper 95.000%

																																																																												Intercept		0

																																																																												X Variable 1		0.666229989		0.2864373231		2.3259189192		0.0334916739		0.0590101269		1.2734498511		0.0590101269		1.2734498511
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y = 0.113x - 218
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UK v others
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		barley

		'000 hectares; tonnes per hectare, '000 tonnes

		YEAR		AREA		YIELD		PROD.

		1892		824		2.08		1,716

		1893		840		1.72		1,450

		1894		848		2.07		1,761

		1895		877		1.91		1,673

		1896		852		2.02		1,725

		1897		824		1.97		1,627

		1898		771		2.15		1,658

		1899		802		2.06		1,649

		1900		805		1.88		1,517

		1901		798		1.86		1,488

		1902		773		2.10		1,620

		1903		752		1.92		1,448

		1904		745		1.87		1,393

		1905		694		2.03		1,416

		1906		709		2.11		1,495

		1907		693		2.11		1,458

		1908		675		1.97		1,328

		1909		673		2.17		1,466

		1910		700		1.95		1,361

		1911		647		1.98		1,279

		1912		667		1.82		1,214

		1913		711		2.01		1,431

		1914		688		2.02		1,389

		1915

		1916		608		1.86		1,128

		1917		655		1.84		1,208

		1918		669		1.97		1,320

		1919		681		1.79		1,222

		1920		745		1.90		1,414

		1921		650		1.83		1,190

		1922		616		1.81		1,114

		1923		601		1.86		1,117

		1924		593		1.96		1,162

		1925		595		1.97		1,172

		1926		514		2.02		1,042

		1927		472		2.06		972

		1928		525		2.17		1,140

		1929		494		2.26		1,117

		1930		456		1.86		846

		1931		452		1.91		861

		1932		416		2.03		847

		1933		328		2.13		699

		1934		387		2.15		830

		1935		351		2.12		744

		1936		361		2.06		741

		1937		366		1.82		666

		1938		398		2.30		916

		1939		409		2.21		903

		1940		535		2.07		1,107

		1941		590		1.95		1,145

		1942		612		2.37		1,455

		1943		717		2.31		1,659

		1944		792		2.22		1,765

		1945		891		2.38		2,130

		1946		892		2.23		1,988

		1947		831		1.97		1,640

		1948		841		2.45		2,054

		1949		831		2.60		2,158

		1950		718		2.41		1,735

		1951		771		2.55		1,967

		1952		921		2.57		2,366

		1953		898		2.85		2,555

		1954		833		2.72		2,274

		1955		927		3.21		2,978

		1956		938		3.02		2,838

		1957		1,056		2.84		2,990

		1958		1,108		2.89		3,203

		1959		1,227		3.30		4,047

		1960		1,341		3.16		4,236

		1961		1,504		3.30		4,958

		1962		1,561		3.64		5,689

		1963		1,847		3.54		6,535

		1964		1,970		3.71		7,313

		1965		2,109		3.77		7,957

		1966		2,411		3.54		8,528

		1967		2,377		3.79		9,014

		1968		2,345		3.44		8,073

		1969		2,358		3.60		8,483

		1970		2,193		3.36		7,371

		1971		2,231		3.74		8,362

		1972		2,237		4.05		9,071

		1973		2,219		3.98		8,832

		1974		2,165		4.13		8,936

		1975		2,295		3.63		8,324

		1976		2,132		3.51		7,478

		1977		2,348		4.38		10,295

		1978		2,292		4.20		9,622

		1979		2,291		4.12		9,448

		1980		2,279		4.44		10,130

		1981		2,276		4.42		10,058

		1982		2,175		4.94		10,752

		1983		2,097		4.67		9,980

		1984		1,921		5.65		10,848

		1985		1,919		4.99		9,578

		1986		1,869		5.25		9,818

		1987		1,786		5.05		9,024

		1988		1,835		4.68		8,579

		1989		1,613		4.90		7,898

		1990		1,479		5.22		7,724

		1991		1,355		5.50		7,454

		1992		1,260		5.71		7,196

		1993		1,126		5.24		5,901

		1994		1,073		5.39		5,788

		1995		1,193		5.73		6,840

		1996		1,269		6.14		7,790

		1997		1,359		5.76		7,830

		1998		1255		5.28		6630

		1999		1179		5.58		6580

		2000		1127		5.76		6490

		2001

		2002

		2003

		2004

		2005

		2006
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YIELD

YEAR

AREA

grain yield (t/ha)

Barley - UK
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		oats

		Oats

		'000 hectares;				tonnes per hectare; '000 tonnes

		YEAR		AREA		YIELD		PROD.

		1892		1,213		1.73		2,099

		1893		1,284		1.59		2,040

		1894		1,316		1.86		2,443

		1895		1,334		1.66		2,204

		1896		1,252		1.64		2,060

		1897		1,229		1.72		2,109

		1898		1,181		1.82		2,145

		1899		1,198		1.73		2,070

		1900		1,225		1.69		2,072

		1901		1,213		1.64		1,989

		1902		1,237		1.90		2,351

		1903		1,271		1.77		2,249

		1904		1,316		1.74		2,298

		1905		1,235		1.69		2,102

		1906		1,231		1.86		2,284

		1907		1,264		1.92		2,433

		1908		1,258		1.77		2,225

		1909		1,207		1.82		2,201

		1910		1,223		1.79		2,196

		1911		1,218		1.73		2,106

		1912		1,226		1.54		1,893

		1913		1,179		1.71		2,018

		1914		1,153		1.79		2,066

		1915		1,243		1.77		2,203

		1916		1,244		1.72		2,134

		1917		1,335		1.73		2,774

		1918		1,628		1.84		3,013

		1919		1,487		1.61		2,381

		1920		1,337		1.68		2,251

		1921		1,279		1.71		2,177

		1922		1,276		1.54		1,963

		1923		1,192		1.73		2,078

		1924		1,211		1.84		2,236

		1925		1,131		1.88		2,129

		1926		1,135		2.01		2,276

		1927		1,072		1.86		1,996

		1928		1,069		2.05		2,182

		1929		1,110		2.08		2,314

		1930		1,068		1.90		2,020

		1931		1,006		1.88		1,891

		1932		991		2.05		2,029

		1933		951		2.05		1,951

		1934		898		2.00		1,790

		1935		909		2.03		1,849

		1936		910		1.92		1,750

		1937		826		1.97		1,630

		1938		849		2.03		1,730

		1939		864		2.03		1,761

		1940		1,215		2.03		2,555

		1941		1,417		2.02		2,861

		1942		1,480		2.15		3,176

		1943		1,299		2.08		2,713

		1944		1,301		2.01		2,616

		1945		1,337		2.17		2,909

		1946		1,276		2.01		2,568

		1947		1,184		1.92		2,280

		1948		1,192		2.20		2,613

		1949		1,165		2.31		2,684

		1950		1,117		2.17		2,423

		1951		1,028		2.30		2,359

		1952		1,044		2.42		2,523

		1953		1,033		2.51		2,590

		1954		939		2.38		2,237

		1955		943		2.69		2,525

		1956		934		2.43		2,273

		1957		853		2.31		1,973

		1958		809		2.46		1,988

		1959		742		2.75		2,033

		1960		717		2.66		1,900

		1961		627		2.72		1,708

		1962		549		2.94		1,611

		1963		465		2.86		1,324

		1964		405		3.04		1,226

		1965		371		3.09		1,142

		1966		334		3.15		1,048

		1967		376		3.40		1,307

		1968		351		3.28		1,149

		1969		358		3.49		1,250

		1970		357		3.29		1,175

		1971		347		3.80		1,321

		1972		303		4.03		1,221

		1973		271		3.89		1,054

		1974		246		3.78		931

		1975		223		3.46		772

		1976		228		3.28		748

		1977		189		4.08		772

		1978		175		3.96		693

		1979		132		4.02		530

		1980		143		4.15		589

		1981		140		4.35		609

		1982		127		4.44		564

		1983		105		4.43		465

		1984		103		4.90		505

		1985		131		4.64		609

		1986		94		5.26		494

		1987		96		4.57		439

		1988		117		4.50		527

		1989		116		4.47		518

		1990		104		4.95		515

		1991		100		5.07		507

		1992		98		5.02		492

		1993		90		5.25		470

		1994		106		5.53		586

		1995		112		5.49		615

		1996		96		6.15		590

		1997		100		5.75		575

		1998		98		5.97		585

		1999		92		5.87		540

		2000		109		5.87		640
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grain yield (t/ha)

Oats - Great Britain
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		OSR

		Year		UK		Mean of UK farm crops		Boxworth												Best variety in UK RL trials

				Source		Yield		Yield

						t/ha		t/ha

		1972

		1973

		1974						2.32

		1975						1.86

		1976						1.22

		1977						2.65

		1978						1.20

		1979		HGCA		2.40		1.20

		1980		HGCA		2.67		2.46

		1981		HGCA		3.27		2.50												3.12		105%

		1982		HGCA		2.60		2.78												3.76		69%

		1983		HGCA		3.33		2.62												3.01		111%

		1984		HGCA		2.53		2.80												4.24		60%

		1985		MAFF		3.01		2.95												3.46		87%

		1986		MAFF		3.18														3.91		81%						UK mean		Sbmax														UK mean		Rmmax

		1987		MAFF		3.49		3.17												3.79		92%						2.76		3.29														3.41		4.5

		1988		MAFF		3.00		3.16												3.92		77%						2.77		4.05														3.23		5.34

		1989		MAFF		3.04		2.34		Sutton Bonington		Sutton Bonington,				Rosemaund		Rosemaund,		4.17		73%						3.41		4.8														2.94		4.77

		1990		MAFF		3.23		2.41		Low		max. in experiments		(Mac's)		Low		max. in experiments		4.07		79%						3.23		5.63														3.23		3.31

		1991		MAFF		2.90		2.75												3.81		76%						2.94		3.89

		1992		MAFF		2.76		2.40		3.10		3.29		2.81						4.26		65%						3.23		4.69

		1993		MAFF		2.77		3.10		3.90		4.05		3.84						4.33		64%

		1994		MAFF		2.53		2.13												4.29		59%						2.81		3.25

		1995		MAFF		2.84		2.85												4.35		65%

		1996		MAFF		3.41		2.78		4.30		4.80		CM		4.03		4.50		5.08		67%

		1997		MAFF		3.23		3.40		3.62		5.63		CM		4.61		5.34		4.75		68%

		1998		MAFF		2.94		2.57		3.48		3.89		CM		3.77		4.77		3.81		77%

		1999		MAFF		3.23				3.32		4.69		CM		2.82		3.31		4.37		74%																						2		2

		2000		MAFF		2.81				3.00		3.25		SAPPIO						3.66		77%																						6		6

		2001				2.56														3.94		65%

		Bold figures projected - check.
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Mean of UK farm crops

Boxworth

Best variety in UK RL trials

Yield (t/ha)

average yield of oilseed rape

y = 0.044x - 85.5
R2 = 0.30
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Mean of UK farm crops

Sutton Bonington, max. in experiments

Rosemaund, max. in experiments

seed yield 

(t/ha)

oilseed rape
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SB max. expt. yield (t/ha)

UK 
mean 
seed 
yield 
(t/ha)

OSR

y = 0.253x + 1.95
R2 = 0.68

0

0

0

0

0

0

0

0

0

0

0



		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



Mean of UK farm crops

Best variety in UK RL trials

Seed yield (t/ha)
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		Annual yield estimates for winter wheat in the UK

		Scanned data from Gooding & Davies										Translated data

		x		NA		ussr		asia				Year		North America		USSR		Asia		UK

		1973										1974		1.76		1.36		1.16		4.97

		1974		1763.6363636364		1363.6363636364		1163.6363636364				1975		2.04		1.07		1.27		4.34

		1975		2036.3636363636		1072.7272727273		1272.7272727273				1976		2.09		1.64		1.36		3.85

		1976		2090.9090909091		1636.3636363636		1363.6363636364				1977		2.07		1.49		1.44		4.90

		1977		2072.7272727273		1490.9090909091		1436.3636363636				1978		2.09		1.87		1.40		5.27

		1978		2090.9090909091		1872.7272727273		1400				1979		2.13		1.56		1.47		5.23

		1979		2127.2727272727		1563.6363636364		1472.7272727273				1980		2.09		1.58		1.58		5.89

		1980		2090.9090909091		1581.8181818182		1581.8181818182				1981		2.25		1.51		1.64		5.84

		1981		2254.5454545454		1509.0909090909		1636.3636363636				1982		2.36		1.53		1.84		6.20

		1982		2363.6363636364		1527.2727272727		1836.3636363636				1983		2.44		1.55		2.00		6.37

		1983		2436.3636363636		1545.4545454546		2000				1984		2.31		1.49		2.07		7.72

		1984		2309.0909090909		1490.9090909091		2072.7272727273				1985		2.31		1.51		2.11		6.33

		1985		2309.0909090909		1509.0909090909		2109.0909090909				1986		2.31		1.84		2.25		6.97

		1986		2309.0909090909		1836.3636363636		2254.5454545454				1987		2.36		1.82		2.18		5.99

		1987		2363.6363636364		1818.1818181818		2181.8181818182				1988		1.95		1.73		2.20		6.23

		1988		1945.4545454546		1727.2727272727		2200				1989		2.13		1.91		2.27		6.74

		1989		2127.2727272727		1909.0909090909		2272.7272727273				1990		2.56		2.20		2.31		6.97

		1990		2563.6363636364		2200		2309.0909090909				1991		2.36		1.71		2.35		7.25

		1991		2363.6363636364		1709.0909090909		2345.4545454546				1992		2.53		1.58		2.49		6.80

		1992		2527.2727272727		1581.8181818182		2490.9090909091				1993								7.47

												1994								7.34		7.34

												1995								7.48		7.48

												1996								8.05		8.05

												1997								7.43		7.30

												1998								7.55		7.55

												1999								8.13

												2000
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		Annual yield estimates for winter wheat in the UK

		MAFF Census yields				MAFF estimate		MAFF trend		MAFF trend		Boxworth		BW difference from MAFF		Rosemaund		RM difference from MAFF		High Mowthorpe		HiMo difference from MAFF		all ADAS farms		Boxworth ref crop		RM		SB		3 HGCA reference crops		6 reference crops		Individual sites

		1947				1.93

		1948				2.60

		1949				2.82						2.57		-0.25

		1950				2.64						2.98		0.34

		1951				2.72						4.52		1.80

		1952				2.85						3.68		0.83

		1953				3.01						4.03		1.02

		1954				2.85						5.15		2.30

		1955				3.35						5.27		1.92

		1956				3.11						4.14		1.03

		1957				3.19						4.46		1.27

		1958				3.09						3.77		0.68

		1959				3.63						4.77		1.14

		1960				3.58						5.15		1.57

		1961				3.54						4.14		0.60

		1962				4.35						5.23		0.88

		1963				3.90						4.27		0.37

		1964				4.24						4.52		0.28

		1965				4.07						4.69		0.62

		1966				3.84						5.18		1.34

		1967				4.18						5.07		0.89

		1968				3.54						3.72		0.18

		1969				4.04						4.51		0.47

		1970				4.19						5.26		1.07						4.28		0.09

		1971				4.39						5.08		0.69						4.39		0.00

		1972				4.24						5.52		1.28						3.44		-0.80

		1973				4.37						4.92		0.55

		1974				4.97						5.96		0.99						3.54		-1.43

		1975				4.34						5.16		0.82						5.79		1.45

		1976				3.85						2.85		-1.00						4.22		0.37

		1977				4.90						5.06		0.16						5.40		0.50

		1978				5.27						5.54		0.27		6.90		1.63		3.83		-1.44

		1979				5.23						4.88		-0.35		6.60		1.37		4.87		-0.36

		1980		'80		5.89		5.95		6.00		6.99		1.10		8.75		2.86		4.68		-1.21		6.5

		1981				5.84		6.05		6.10		6.76		0.92		7.70		1.86		6.13		0.29		6.4

		1982				6.20		6.15		6.20		6.11		-0.09		7.30		1.10		6.12		-0.08		6.4

		1983				6.37		6.25		6.30		7.26		0.89		7.80		1.43						7.2

		1984				7.72		6.34		6.40		8.55		0.83		10.40		2.68		8.81		1.09		8.6

		1985		'85		6.33		6.44		6.50		7.06		0.73		8.60		2.27		7.02		0.69		6.8

		1986				6.97		6.54		6.60		6.97		0.00		8.60		1.63		7.28		0.31		7.4

		1987				5.99		6.64		6.70		6.06		0.07		7.40		1.41		6.91		0.92		6.7

		1988				6.23		6.74		6.80		6.47		0.24		7.90		1.67		7.70		1.47		6.8

		1989				6.74		6.84		6.90		7.60		0.86		6.80		0.06		7.31		0.57		7.2

		1990		'90		6.97		6.94		7.00		7.52		0.55		7.50		0.53		8.10		1.13

		1991				7.25		7.04		7.10		7.63		0.38		8.60		1.35		8.60		1.35

		1992				6.82		7.14		7.20		7.17		0.35		7.45		0.63		7.40		0.58

		1993				7.34		7.24		7.30		7.10		-0.24		7.55		0.21		7.71		0.37				8.59		9.76		9.18		9.18		9.06		8.61		9.49		9.08		8.31		9.73		9.15

		1994				7.35		7.34		7.40		7.80		0.45		9.30		1.95		8.68		1.33				9.41		8.94		10.59		9.65		9.42		9.35		9.07		8.72		9.89		8.89		10.6

		1995		'95		7.70		7.43		7.50		7.50		-0.20		6.24		-1.47		8.16		0.46				7.76		9.65		9.41		8.94		8.69		7.67		8.98		7.4		8.56		9.61		9.93

		1996				8.15		7.53		7.60		8.32		0.17		9.80		1.65		7.86		-0.29				9.3		10.00		8.31		9.20

		1997				7.38		7.63		7.71		7.83		0.45		7.11		-0.27		7.21		-0.17				9.92		11.41		7.61		9.65

		1998				7.55		7.73		7.81		7.68		0.13		7.63		0.08		7.54		-0.01

		1999				8.13		7.83		7.91		8.48		0.35		7.79		-0.34		8.74		0.61

		2000				8.01		7.93		8.01		7.84		-0.17		6.53		-1.48		8.45		0.44

		2001				7.20		8.03		8.11		6.68		-0.52		5.75		-1.45		8.33		1.13

		2002						8.13		8.21
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		Reference Crops

				Mean		Sites

		1993		9.06		8.61		9.49		9.08		8.31		9.73		9.15

		1994		9.42		9.35		9.07		8.72		9.89		8.89		10.6

		1995		8.69		7.67		8.98		7.4		8.56		9.61		9.93

		SUMMARY OUTPUT				(Boxworth vs MAFF)

		Regression Statistics

		Multiple R		0.792505395

		R Square		0.628064801

		Adjusted R Square		0.5815729012

		Standard Error		0.3729387456

		Observations		10

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		1.8788935362		1.8788935362		13.509123155		0.0062598472

		Residual		8		1.1126664638		0.139083308

		Total		9		2.99156

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		2.0999756543		1.18343214		1.7744791469		0.1139056222		-0.6290255192		4.8289768277		-0.6290255192		4.8289768277

		X Variable 1		0.617407182		0.167980201		3.6754759086		0.0062598472		0.2300438933		1.0047704707		0.2300438933		1.0047704707
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		HGCA Reference Crops

		Grain yields from the combine

				1993		1994		1995

		Boxworth		8.61		9.35		7.67

		Edinburgh		9.49		9.07		8.98

		Gleadthorpe		9.08		8.72		7.4

		Harper Adams		8.31		9.89		8.56

		Rosemaund		9.73		8.89		9.61

		Sutton Bonington		9.15		10.6		9.93

		Anova: Two-Factor Without Replication

		SUMMARY		Count		Sum		Average		Variance

		Gleadthorpe		3		25.2		8.40		0.782

		Boxworth		3		25.6		8.54		0.709

		Harper Adams		3		26.8		8.92		0.721

		Edinburgh		3		27.5		9.18		0.074

		Rosemaund		3		28.2		9.41		0.206

		Sutton Bonington		3		29.7		9.89		0.527

		1993		6		54.4		9.06		0.281

		1994		6		56.5		9.42		0.502

		1995		6		52.2		8.69		1.038

		ANOVA

		Source of Variation		SS		df		MS		F		P-value		F crit

		Rows		4.66		5		0.932		2.095		0.150		3.326

		Columns		1.59		2		0.796		1.789		0.217		4.103

		Error		4.45		10		0.445

		Total		10.70		17
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				MAFF census		Boxworth		Rosemaund		Sutton Bonington		Mean for Mercia								Mean for Consort

						Mercia		Mercia		Mercia				Consort		Consort		Consort

		'93		7.47		8.59		9.76		9.18		9.18

		'94		7.34		9.41		8.94		10.59		9.65

		'95		7.48		7.76		9.65		9.41		8.94

		'96		8.05		9.30		10.00		8.31		9.20

		'97		7.30		7.60		8.90		8.00		8.17		9.92		11.41		7.61		9.65
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Sheet1

		

				Crop						Outside Genoplante		Inside Genoplante

				Cereals		7		5		2		5

				Forage		0.5		0		0.5		0

				Fruit		4		0		4		0

				Legumes		4		1.5		2.5		1.5

				Maize		6		5.2		0.8		5.2

				Oil crops		4		1.5		2.5		1.5

				Ornamentals		1		0		1		0

				Protein crops		2.5		0.75		1.75		0.75

				Vines		1		0.8		0.2		0.8
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