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Plant genetic improvement as a contribution to sustainable agriculture

1.
Genetic improvement of crops through plant breeding has a long track record of delivering economic benefits to farming, typically by enhancing crop yields. It has long been encouraged by governments in the interests of low food costs and self-sufficiency in aspects of food supply. The benefits, however, go well beyond the financial. Crop genetic improvement is now being used to address wider environmental targets such as disease resistance, pest resistance and nutrient-use efficiency. By allowing reduced use of inputs such as fertilizers and pesticides, these traits lead to reduced environmental impacts and support the long-term economic sustainability of the arable crops and other sectors
. 

2.
Furthering the sustainable development of agriculture is a priority for Defra. In addition to initiatives designed to improve existing systems, plant genetic improvement is of considerable interest. Its practical application requires the involvement of the agricultural and horticultural industries: they may not themselves take the initiative in research leading to the development of varieties that offer environmental advantages rather than just enhanced outputs, but their adoption of varieties conferring such benefits is vital if government policy aims are to be achieved. 

3.
The Defra study conducted by 2002 BioHybrids/ADAS in 2002 (ST0158, The role of future public research investment in the genetic improvement of UK grown crops) report2 stresses the potential benefits of crop genetic improvement research, through reduced use of natural resources and external inputs, reduced adverse impacts on the environment, whilst maintaining agricultural profitability. In addition to indirect effects (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; and supporting sustainable international development through spillovers from publicly funded research) the report highlights the benefits of crop varieties exhibiting:

· Reduced needs for fungicide and insecticide inputs, through increases in durable resistance 

· Reduced need for herbicide inputs, through improved crop competitiveness

· Reduced need for fertiliser use e.g. nitrogen, and hence less pollution

· 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

4.
This case study, which falls within Defra’s sustainable food and farming portfolio, therefore illustrates the use of research to influence not only policymakers within Defra, but a broader range of users. In this case, influencing the behaviour of industry is a central goal. The subject of the case study, wheat genetic improvement, demonstrates some of the mechanisms by which Defra engages industry in plant-breeding research on sustainability issues. The case study focuses on the Wheat Genetic Improvement Network, on one of its satellite projects, “A study of the scope for the application of crop genomics and breeding to increase nitrogen economy within cereal and rapeseed based food chains” (project AR0714), and on a new LINK project, “An Integrated Approach to Stabilising Hagberg Falling Number in Wheat: Screens, Genes & Understanding” (LK0975), based on work carried out within the satellite project. 

5.
The case study highlights the considerable improvement in understanding that has resulted from extensive consultation and discussion over the last two years or so (including an appreciation of the very limited amount of income available within the plant breeding industry to support research), and the value of the Genetic Improvement Networks as an effective mechanism for collaboration. At the same time several important issues have been highlighted, leading to the following conclusions:

· When government and industry appear to have conflicting aims, progress and collaboration can still be achieved provided the will is there and adequate funds are made available. This is perhaps most clearly demonstrated by an interviewee comment: “GINs are a really good example of how Defra has put in place a mechanism to force industry to the table and get them to pay attention”

· Where Defra wishes to use science to encourage a change in agricultural practices it must address the question of market demand (market pull) as well research and development (science push). In this case, research to improve breadmaking quality through more efficient use of nitrogen may well satisfy both Defra’s and industry’s needs. This is one of those relatively rare win-win situations and is a very sensible place for Defra to place funding. There are many other areas, however, where Defra’s policy needs conflict with natural market forces and Defra will need practical policies to address the demand side of the equation. Although it is beyond the scope of this report to recommend such market-based policies, it is pertinent to note that without them it is unlikely that the science, convincing as it may be, will prove effective in bringing about change and the adoption of new and more sustainable varieties 

2
Background and rationale for Defra investment

6.
Market failure is the reason given for Defra’s investment in this type of research: 

“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.”
 
7.
This is not market failure in the narrow economic sense – the plant breeding industry has been operating well enough in producing high-input, high-yield varieties, even though breeders are unable to appropriate more than a comparatively small proportion of the value generated by new varieties – but in a broader sense: the market is not driving progress towards the longer term sustainability goals that are of importance in policy, such as reduced demands for pesticides, nutrients and water. While the term ‘market failure’ carries weight as a justification for public intervention, Defra have found that communicating with industry on this subject and securing breeders’ support for the type of intervention envisaged have been challenging.

8.
Initial plant-breeding research is typically expensive and risky – particularly so where sustainability is a key aim, since there is a long history of plants being bred for characteristics not associated with sustainability. Private sector breeders would naturally see considerable commercial risk in developing environmental characteristics which may offer sustainability advantages but for which little or no market demand can be demonstrated. Plant breeding research relevant to sustainability has had to go back to the start, often using exotic material not found in the established breeding lines. Moreover, the research is risky as selecting traits related to sustainability may adversely affect those related to other desirable qualities, such as yield. 

9.
Individual companies are not in a position to fund this research on their own, and before the advent of LINK programmes the industry was too fragmented to fund research together. Prior to the formation of Genetic Improvement Networks, linkages between the industry and the research community were poorer than those in France or Germany2. Furthermore, industry is not currently driven by environmental concerns as the commercial benefits are often unclear. Once benefits are demonstrated, more industry involvement is achieved. Thus Defra’s initial investment helps to get industry interested in a research area, and to encourage the development of varieties that offer desirable characteristics beyond those concerned merely with economic yield.

10.
Engaging industry in plant breeding research is challenging, since this is not a sector characterised by large R&D budgets and major investments by multinationals in research collaboration. Many of the companies involved are small, and the potential commercial returns on new varieties are often modest. In such circumstances R&D by companies, if it happens at all, tends to have a short-term focus. 

11.
Consequently, moves by Government away from near-market research have left something of a gap – publicly funded research stops at a point well short of where it would be reasonable to expect industry take-up, and Government withdrawal from direct plant breeding through privatisation of the Plant Breeding Institute has made this problem particularly severe. Measures to bridge the gap and encourage research-industry co-operation are well-developed in many areas, and those relevant to Defra’s sustainable agriculture programme include:

· Joint funding with the Research Councils through Government Partnership Awards; Defra can offer to co-fund (typically to 15-20%) research proposed to BBSRC. In addition, Defra-Research Council co-operation raises mutual awareness and helps Defra influence the academic community. For instance the “agri food” (SD0417) group of studies comprises 13 projects commissioned in 2004, with a total budget of £811,000 (http://www2.defra.gov.uk/research/project_data/More.asp?I=SD0417&SCOPE=0&M=CFO&V=BBSRC#Time)

· Collaboration with Levy bodies
. These organizations, focused on particular crops, are useful industry partners as they can articulate the research demands of farmers and growers, who may not be otherwise be represented. They use levy funds to support R&D to enhance industry competitiveness, and provide useful channels for knowledge transfer. For instance, the Home Grown Cereals Authority has contributed data from its HGCA Recommended List Trials to the Crop Monitor project (http://www.cropmonitor.co.uk/collaborators/collaborators.cfm) 

· LINK is a main Government mechanism for supporting collaboration between industry and public research, and one which Defra is widely regarded as having put to good use in conjunction with the food and agricultural industries. An example is described below (see paragraph 25ff). The basic premise of LINK is that the research can and will be applied because the research projects are driven by their industry partners. LINK projects are generally led by their private sector partners, with the research supported through the provision of grants, typically up to 50% of the total project cost. For the Sustainable Arable LINK programme, about 65% of the public money comes from Defra, with the rest from BBSRC and SEERAD. The remaining funding comes from private sector, and may be either a cash input to fund research, or the private sector may perform part of the research itself (the latter often being preferred).

· Crop Genetic Improvement Networks (GINs) were established on the basis of the findings from the Defra study conducted by BioHybrids/ADAS in 2002 (ST0158, The role of future public research investment in the genetic improvement of UK grown crops)2. This report found that there was much more funding of basic research (e.g. work on model species) than of research connected to the improvement of commercial crops, as well as problems with dissemination to industry. Research on crop genetics was remote from its implementation, there was low input from the fragmented plant-breeding industry, and the LINK projects were led by academics and under-used. The report recommended that the genetic improvement community should establish a crop genetic improvement forum to:

· “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”

3
Defra’s wheat genetic improvement research

The Wheat Genetic Improvement Network

12.
Each of the five Crop Genetic Improvement Networks is intended to use crop breeding for the sustainable development of the arable sector, particularly through the lowering of inputs such as agrochemicals. There is £7.4 million of funding for the 5 core projects, with each core project lasting between 3 and 5 years. The Wheat Genetic Improvement Network (WGIN) promotes a close working relationship between researchers and industry, with Defra’s resources deployed through networks of projects, forming strategic alliances between the public research base and the plant-breeding industry. The management of the WGIN includes representatives from Defra and the relevant research providers as contractors. Other interested parties, including breeders, other research providers and the HGCA, attend management committee meetings, while wider stakeholders include members of the food industry, livestock feed producers, wheat researchers, field trials contractors and agrochemical companies
. Fuller details of the stakeholders involved are available via the WGIN website, www.wgin.org.uk.

13.
The WGIN has its origin as a response to the 2002 report on public investment into crop genetic improvement research2. Initially, Defra had considered putting the operation of such a network out to open tender, but this would have risked a series of uncoordinated bids. The method eventually chosen was to construct a network systematically, bringing together the complementary skills and perspectives of Rothamsted (as lead organisation) the John Innes Centre and others.

14.
At the core of the wheat GIN is funding of some £360,000 per year over 5 years, about half of which is spent by Rothamsted. It pays for germplasm evaluation, new technologies and tools, and stewardship of a germplasm resource. The researchers work on how to select for disease resistance, acquisition and characterisation of pathogen germplasm, and the development of an information base. Around this core are satellite projects, which receive £1.6 million of funding per annum, and which both inform and benefit from the core activities and strategies of the WGIN. These projects are funded by Defra, as WGIN is itself a project (no. AR0714) with a defined workplan, and does not commission work. Linked to this main project are a number of satellite projects. One for example (project AR0719) studies the potential to reduce insecticide use against BYDV vectors through the genetic improvement of crops. This project has not yet resulted in other studies, but may lead to a project being submitted to BBSRC. IS0208, a theoretical analysis of how the protein requirements of livestock in England and Wales might be best met, has informed AR0714, although a definitive final report has not yet been completed.

Scoping work

15.
Within the Network, Defra commissions scoping studies to help identify subjects through which public investment in research may give rise to benefits both for policy and particularly for the environmental performance of this part of the agriculture sector. In November 2003, Defra funded a scoping study to examine the potential role of plant genetics and breeding in reducing agricultural nitrogen use, and to guide Defra research policy in this area. This study, “A study of the scope for the application of crop genomics and breeding to increase nitrogen economy within cereal and rapeseed based food chains” (project AR0714), lasted for one year and cost some £53,000. The objective of this project was: 

“to assess the scope for crop genomics and breeding to increase nitrogen economy within cereal and rapeseed-based food-chains and to inform Defra on the potential, feasibility and likelihood of success of further public investment to modify nitrogen-use efficiency and protein content and composition in support of the sustainable development of the UK arable sector.”

16.
The project focused on two crops, namely wheat and oilseed rape, but this case study concentrates on the wheat research which led to the larger project LK0975, “An Integrated Approach to Stabilising Hagberg Falling Number in Wheat: Screens, Genes & Understanding.” The Hagberg Falling Number (HFN) is an indicator of the alpha-amylase activity of flour. A high HFN signals low alpha-amylase activity, and such flour is more suitable for breadmaking. By improving the industry’s ability consistently to produce wheat of the required characteristics, advances in this area offer a ‘win-win’ for producers and for Defra. 

Formulating the research question
17.
The research question for this project was effectively set by Defra policymakers in the AR07 ROAME A of June 2003
: Horizon scanning was not relevant in this case as the problems of nitrogen usage are already apparent and well-defined. AR07’s scientific and technical objectives include, “To reduce the reliance on external inputs in arable production”, including nitrogen fertiliser inputs, and, “To improve the suitability of crops for end use”. Cases identified within the ROAME statement for meeting these objectives included a study of the suitability of wheat for bread-making, since, “bread-making wheat requires additional nitrogen applications, and failure to reach market requirements results in diversion of high protein wheat to animal feed, which can lead to additional losses of nitrogen”
. Core staff scientists within Defra then identified the specific research requirements based on this policy. Although there was no explicit consultation of stakeholders at this stage, the scientists drew on existing Defra policy and work such as the BioHybrids/ADAS study2, which included consultation with a range of stakeholders. 

Commissioning the research

18.
This particular research was commissioned by open competition. The main contractor was Nottingham University, in collaboration with Rothamsted Research and the National Institute of Agricultural Botany (NIAB). This consortium was formed by the research institutes themselves, and submitted for tender. The work was divided between the three contractors according to their expertise and resources; for instance, NIAB analysed the crop performance data sets. 

Involvement of industry

19.
The project was mainly a literature review, with consultation of experts from the plant-breeding industry and academia to identify priority traits for increasing nitrogen use efficiency. The research providers used the WGIN and the oil seed rape GIN to gain access to the stakeholder fora of these two GINs, and meetings were held. As it is difficult to get discussion of specific traits at the large annual GIN meeting, smaller traits meetings were held with the project leaders giving presentations and receiving feedback. Business input has informed the project: the food industry was also asked for feedback on whether or not the proposed changes would succeed in increasing nitrogen economy, and be adopted by industry.

Monitoring the project

20.
Defra’s Arable Crops and Farming Systems Science Unit oversaw the project by being copied in on interim reports and literature reviews, and by attendance at workshops and presentations on the project’s findings. This ensured that the project delivered what had been agreed, and Defra have expressed satisfaction with this approach.
The Wheat Genetic Improvement Network and AR0714

21.
AR0714 formed a satellite project of the wheat GIN. The core GIN project (AR0709) had funds for phenotyping potentially important wheat traits. Some of this was used for filling a gap in the research literature: most research hitherto had examined the effect of using a full nitrogen treatment on wheat relative to using a zero nitrogen treatment. The effect of a range of nitrogen concentrations was examined as part of the core GIN work. Project AR0714 both supported the core GIN research (by providing guidance on how the trials should be designed, and what should be measured) and benefited from it (by making use of data generated). 

22.
As an illustration of the interplay between projects, another WGIN satellite project, A theoretical analysis of how the protein requirements of livestock in England and Wales might be best met, (project IS0208) also informed AR0714 in thatAR0714 examined the whole of the cereal and rapeseed based food chains, while IS0208 provided information on what the specification for animal feed wheat should be. 
Dissemination of findings

23.
Most of the dissemination of AR0714’s findings to industry, as well as to the scientific community, has been through the WGIN so far. However, the principal mechanism for dissemination will be the publication of the project report, and the subsequent release of publications relating to it. This will stimulate debate within the wider scientific and policy communities. The project included specific objectives for the reporting of progress, with preliminary results communicated to the WGIN and Defra at two-monthly intervals. Methods the WGIN uses for dissemination include annual workshops and meetings; the annual stakeholders’ forum, the WGIN website, and its six-monthly electronic newsletter. In the case of AR0714, members of the WGIN attended project management meetings. The literature reviews conducted as part of the project were sent to external researchers, including WGIN members, for verification. 

24.
In June 2004 the WGIN stakeholder forum met to identify issues of concern to the arable farming industry and pertinent to its sustainability. The meeting was attended by representatives from Defra, research, and industry. Preliminary findings of project AR0714 were reported and the efficiency of nitrogen usage identified as a key trait. A researcher from Nottingham University, in close contact with those from the same university involved in AR0714, informed the meeting about work in Australia on the HFN and nitrogen usage. This caught the attention of the plant breeders who, although not particularly concerned in reducing the nitrogen requirements of crops per se as there was no clear commercial gain, were interested in research that might lead to wheat varieties with a higher HFN as bread-making quality wheat commands a higher price – hence offering benefits in terms both of producer economics and of sustainability goals. The meeting led to the formation of the consortium for the LINK project LK0975, part of the Sustainable Arable LINK programme.

Moving to a LINK project

25.
LINK programmes are open for the submission of research grant applications from consortia at any time. Thus LINK is essentially a responsive-mode approach to grant-aiding private sector-led research, but one that depends largely on what the consortia of the private sector and academic researchers submit, in contrast to Research Council responsive-mode programmes where submissions are led by academics. Each LINK programme has a designated Co-ordinator either from within or from outside one of the sponsoring public agencies. The role of the Sustainable Arable LINK programme Co-ordinator, Peter Street, is to bring together the two parties in the LINK programme, i.e. the private sector partners and research contractors, as a consortium for each project, and to facilitate the development of their project plans so that they are aligned with Government sponsors’ objectives. Input from all three parties feeds into the LINK programme.

26.
The Project Management Committee (PMC) advises sponsors on which prospective LINK projects should receive public funding. The focus of LINK is on the delivery, uptake, and impact of research, so projects with a clear and effective route to market are favoured. 

27.
WGIN projects provide a valuable source of ideas for potential LINK projects, particularly when there has been sufficient progress for industry to be able to take the lead, i.e. when it is no longer such “risky” research from an industry point of view. Industry too may be keen to take over the project, since the Government owns the intellectual property up to this point.

28.
The concept note for the proposed LINK project was submitted in March 2005, following discussions between the researchers of the AR0714 project and industry representatives. Defra was not involved in this negotiation as the LINK projects are intended to be industry-led. However, the Defra-funded LINK co-ordinator is able to help them through this process. Defra was only directly involved when the proposal was submitted; the Department was asked if it would be interested in sponsoring the project under LINK. The Arable Crops and Farming Systems Science Unit of Defra recommended it as an area suitable for such sponsorship.

The LINK project 
29.
All of the UK wheat breeders (RAGT Seeds, Advanta Seeds, CPB Twyford Ltd, Nickersons UK Ltd, SW Seeds Ltd, Elsoms Seeds Ltd, Biogemma Ltd.) were included in LK0975. These breeders are all members of the industry organisation British Wheat Breeders (BWB) which increasingly is being used to co-ordinate breeders and articulate demand for new LINK projects. The aim of the project is to improve the stability of the HFN, to overcome the variability in HFN which currently limits the usability of British wheat, restricts farm incomes and wastes resources such as nitrogen fertiliser inputs. The intention is to develop new varieties of wheat with a stable, high HFN. This will boost the value of UK wheat, improve the viability of this segment of UK farming, and may increase the geographic range over which bread-making wheat can be grown. The main intellectual property resulting from this project will be identification of the genes governing HFN, including their location in the genome and genetic markers. The plant breeders will use their own germplasm resources for the gene mapping and marker validation work, and so will begin using the IP before the project ends. LINK rules state that the government sponsor is not part of the collaboration agreement and does not own or share the IP. 

Management of the LINK project 

30.
In accordance with LINK best practice guidelines, project consortium meetings are held every 6 months to check the direction in which a project is heading and where the research is leading, and may adjust the project accordingly. These meetings include representatives from the industry partners, the PMC, and the Government sponsors, and much of LINK’s success has been attributed to this high level of project management. 
Dissemination to industry

31.
As industry is closely involved throughout each LINK project, there is not a distinct dissemination phase. As the projects are industry-led and demand-driven, there is a high degree of implementation and practical use of the research. It is agreed when prospective LINK projects are submitted for approval: how the output from the project will be used; the level of dissemination; and the amount of publicly-disclosed output appropriate to the nature of the project. LINK generally encourages the consortium which owns the project to disseminate as much information as possible. In the case of LK0975, as UK-based wheat breeders own the project, they will exploit the genetic outcomes to improve varieties.

32.
The LINK programme also sponsors wider dissemination (i.e. beyond the industry partners of the particular project), including poster campaigns, demonstration shows, information websites, and research papers. Most projects have Levy body participation, and these have knowledge transfer funds which are employed towards further dissemination. As LK0975 is a very new LINK project, it is too early to assess the dissemination of findings from this particular LINK project. 

4
Management practices

Criterion 1: …how effectively has the department developed a clear, overall science strategy?

33.
The rationale underpinning Defra’s strategy for investing in this type of science is one of market failure. This rationale has been clearly set out and supported, perhaps in part because it contrasts with the more tightly policy-focused approach considered appropriate elsewhere in the Department. In its handling of plant breeding research, Defra has recognised and taken steps to mitigate the adverse effects of former policy on withdrawal from near-market research. Given the nature of the industry concerned, such a policy trend left a large gap between research and application, resulting in poor industry-research base links and poor knowledge transfer. The current strategy and the use of mechanisms such as GINs are designed in part to help rectify this situation.    

34.
By “market failure”, in this instance Defra means that in addition to not allowing the original breeder to recover more than a small proportion of the gains from new varieties, the market is not producing what government policy requires, i.e. use of more sustainable crop varieties with e.g. lower inputs of agrochemicals. Whether or not this is a true market failure, Defra’s strategy does attempt to correct the issue of low industry investment in plant breeding for traits that are desirable from a sustainability perspective. It does this by undertaking the initial research, leading to varieties that industry can then include in its breeding programmes, and by disseminating the research findings to industry. These are important steps towards a lower input agricultural industry. This is not to say that is a stated policy to do research that industry can include in its breeding programmes, but rather Defra’s policy is to address market failure with respect to its objectives, and if this means carrying out such research then this will be done.

35.
However, the strategy of support for plant breeding research is incomplete without measures to address the demand side. The use of plant-breeding technology to address wider environmental targets is an example of “science push”. For the effective uptake of such science, “market pull” is also required, in the form of clear economic signals and market incentives to encourage this uptake. Increased market pull would be needed to make more sustainable varieties commercially attractive to industry. In this way, industry may be encouraged to apply research (e.g. initially by progressing from GIN projects into LINK projects) and incorporate lower-impact varieties into breeding programmes. Only then will the relevant science strategy be fully effective. While it is not the purpose of this Review to recommend specific policies, it is appropriate to note that Defra-supported science can most readily lead to change only if the policy framework encourages this. If it does, there will be a double benefit: Defra will be able to spend less money, as industry will spend more, and what Defra does spend is more likely to be effective

36.
Defra’s science strategy will only prove effective in ensuring optimum use of science if policy formulation, research procurement, and policy implementation are fully aligned and clear to all concerned, especially the breeding companies, to the extent that the latter are able to plan ahead accordingly. A policy framework that positively encourages the use of more sustainable varieties and is seen to do so will be one in which plant breeders are encouraged to exploit Defra-funded research by developing and marketing such varieties.

Criterion 2: …how effectively does the department ‘horizon scan’ to identify future science-related issues?

37.
Horizon scanning is not directly relevant to this case study as the nitrogen economy issue is already well recognised. However, Defra was commended by interviewees on its far-sighted approach in tackling sustainability issues through plant breeding.

38.
Interviews for this case study, in line with other consultations and submissions for this review, have highlighted the fact that a highly ‘programmed’ approach to research procurement can severely constrain the ability of scientific institutions to explore emerging issues and to respond to science opportunities quickly. The view was expressed that Defra could work more with partners (e.g. the Research Councils and OGDs) to ensure that Directors of leading institutions have sufficient freedom, and sufficient discretionary funding, to moderate this constraint.

Criterion 3: …how effectively does the department review and harness existing science and identify gaps and opportunities for future science?

39.
The case study illustrates a number of aspects of good practice. For example, collaboration with relevant Research Councils enables Defra both to become aware of wider science, and to contribute a user perspective to the research community, so improving the likelihood that future research will take policy and industry needs into account. Complementary linkages with industry and levy bodies allow industry needs to be highlighted, so helping to identify research gaps. At a more detailed level the use of scoping studies is an appropriate and valuable method of reviewing existing science and highlighting outstanding needs for further research. There is clear recognition of the importance of complementary overseas science. The contractors of each of the research projects have large networks of international contacts. For instance, the WGIN has close collaboration with groups in Institut National de la Recherche Agronomique (INRA), Centro Internacional de Mejoramiento de Maíz y Trigo (CYMMIT) (which has sent a visiting group, and there are discussions for potential collaboration), researchers in Australia (e.g. relating to the HFN work), and the U.S. (collaboration on genomic tools expertise, such as TILLING). WGIN has also been informed by the Geneflux project. 

40.
Outside the scope of this case study but of relevance to this review criterion, we heard the view that, although individuals within Defra are well incorporated in the international research scene, work supported by the Department in sustainable farming and food would benefit from more effective mechanisms for international co-operation. Examples from the genetic resources area include cases where an individual researcher may receive EU funding for a project, and then perhaps applies to Defra to match this, i.e. international co-operation is determined on a case-by-case basis. A more strategic approach would of course require co-ordination at an EU level, ensuring that there is sufficient flexibility to align Defra and EU research work. Defra makes the point that “there is an onus on the research community to maintain close contact with other potential funders throughout the application process.”

Criterion 4: …how effectively does the department commission and manage new science?

41.
The rationale for forming GINs has been well thought out by Defra and its advisors. The Networks represent a valuable mechanism for improved industry-science linkage, better co-ordination between different research performers and customers through strategic partnerships, and hence more effective and efficient UK science. While they have not completely solved the problem of insufficient co-operation and engagement between industry and the research base, they are a considerable step in the right direction. There was real concern among interviewees that these changes could be prejudiced by organisational changes (bedding-out of scientists into the policy divisions rather than retaining them in a central team), changes in funding priorities, or short-termism. Defra should ensure that such concerns are understood, addressed and resolved.

42.
The formation of the wheat GIN is an example of systematic building of a collaborative network, resulting in a more holistic and potent outcome than would have been likely if left to open competition between tendering organisations. However, the level of funding for the core activities of the GIN (£360,000 p.a.) appears low against the scope of work described above (para.13). 

43.
Although in the case of AR0975 the work was commissioned through open competition, the Department also procures plant-breeding work directly in some cases. This is an appropriate course of action where only a small pool of expertise exists – so that Defra tends to know where to find the required expertise. The potential problems encountered when using open competition to procure research are discussed further in the main report.

Criterion 5: …how effectively does the department ensure the quality and relevance of the science it carries out and sponsors?

44.
There was frequent monitoring of the progress and direction of both the WGIN satellite project and the LINK project, and LINK projects in particular have the flexibility to adapt to new scientific discoveries which may require a change to the research. 

45.
The participation of representatives of the research community and industry in steering GIN and LINK work should provide opportunities to ensure relevance and fitness-for-purpose, and to exercise a ‘steer’ if required. The core WGIN project was peer-reviewed by breeders and academics, though we did encounter the view that Defra’s formal processes are better suited to peer review of research itself rather than of fitness for translation into practical application, as the reviewers involved are most used to the former. Both require a high standard of peer review.

46.
Defra points out that the formal monitoring frequency of WGIN takes into account an assessment of the risk that the Network may not be functioning as well as it could and that for LINK, monitoring is carried out in accordance with LINK best practice guidelines. However, some external interviewees felt that there is scope for less onerous and costly reporting requirements. 

Criterion 6: …how effectively does the department use science and scientific advice, for example in formulating policy?

47.
The case study, like that on radioactive waste, illustrates that Defra’s use of science – both the science it commissions itself and other science on which it draws – has much wider value than for policy formulation alone. It follows that in assessing the effectiveness of Defra’s science activities, attention must be given to the awareness and uptake of the science by relevant parties outside as well as within the Department (see also criterion 8). 

48.
This particular area of work on wheat is likely to have a beneficial impact both for policymakers and for industry competitiveness. Its primary aim is to influence industry as distinct from supporting policy formulation. It is anticipated that the work described will deliver market benefits in 3-4 years, once the molecular markers for HFN traits have been identified and used by breeders to identify such traits in their own crops. The research has already influenced the direction of further studies, as the WGIN core project has been directed to promising areas for future phenotyping work, and the control of nitrogen translocation in plants. Further progress can be anticipated; the WGIN as a whole addresses a delivery horizon of 10-20 years.

49.
So far, the change in industry attitudes towards plant-breeding for sustainability, and the new co-operation both within industry and between industry and government and researchers, have been the greatest impacts of the project and the associated dissemination mechanisms. For instance, when the WGIN discussions on plant traits for sustainability began, industry was very critical and did not see the commercial benefit of the work. Following the development of WGIN, opinions are now more positive with the whole supply chain, including groups that would not previously have been involved, becoming involved in activities such as the LINK project reviewed in this case study. One industry insider claims that GIN and LINK have brought about a huge increase in communication within industry, encouraging collaboration and identifying real industry priorities. As he puts it, “GINs are a really good example of how Defra has put in place a mechanism to force industry to the table and get them to pay attention”. As Defra is no longer a proxy for the industry view, other bodies are trying to fill this gap and articulate industry needs, such as levy bodies. In the case of the WGIN, British Wheat Breeders has managed to co-ordinate industry in such a way to produce a unified industry response to research questions. By introducing industry to the research Defra is doing at an early stage, the industry is more open to it, and less inclined to feel that something is being imposed on them. Our interviewee views LINK programmes as very good value, as they both encourage interaction between industry, and get industry to commit to a project, as industry are investing their own resources. Furthermore, LINK is seen by industry as a source of competitive advantage, even though there are several industry players involved in each project. As many of the plant-breeding companies are international in focus, the results of the WGIN and LINK are communicated throughout the international industrial community and so the UK view on research issues achieves prominence, benefiting UK industry. Defra’s research helps to pull up the industry average (rather than give an additional boost to the leading companies), and has lead to an increase in the competitive advantage of the UK industry overall. 

Criterion 7: …how effectively does the department publish results and debate their implications openly?

50.
Because plant genetic improvement research is primarily intended to influence parties outside government, the publication of results and discussion of their findings is a key requirement. The GIN and LINK initiatives are among the mechanisms that provide forums for this to be done. A range of media are used by GIN for dissemination, including annual workshops and meetings; the annual stakeholders’ forum, websites, and electronic newsletters. There is no distinct dissemination phase during LINK projects as these are industry-led. LINK encourages dissemination beyond the industry partners of the project through poster campaigns, demonstration shows, information websites, and research papers. Examples include new project posters displayed at Cereals 2005 (http://defrafarmingandfoodscience.csl.gov.uk/unit/floatingtable.cfm?id=2) 
and the Agriculture LINK Newsletter (http://defrafarmingandfoodscience.csl.gov.uk/unit/
floatingpage.cfm?id=11). However, the level of LINK research dissemination to wider industry may differ between projects, since this level is determined following negotiation between LINK and the consortia which own each project. 

51.
Projects are only funded by LINK if the consortia provide a route to market, and their Collaboration Agreement sets out a framework and IP agreement for the exploitation of foreground IP. The offer-of-grant letter also makes exploitation obligations explicit to the consortium. Publication per se is not the focus of LINK, particularly if the partners are researching commercialisable IP where the impact will come from the consortium implementing the project. Many projects with such IP restrict public disclosures. If the results are published, the consortium must agree that the form and timing of this does not compromise the commercial advantages of the project, and the Collaboration Agreement includes this. However, some peer reviewed papers will result from all projects as this is the major incentive for academic partners to participate in LINK. Furthermore, levy bodies are involved in many projects, and they publish final reports as a matter of course. 

52.
However, even though the IP is owned by the consortium, Defra reserves the right to ensure that public funding addresses its objectives, and can take measures to encourage exploitation. If the consortium fails completely to exploit the IP, Defra can recover the IP and publish the project results. However, this has only been done once in seven years. There would be a delay of several years between the end of a LINK project’s funding and such a measure, as time is needed for the research to be completed and a final report produced, and there would then be a lag of at least two years before Defra can fairly judge that the IP is not being exploited. 

Criterion 8: …how effectively does the department share, transfer and manage knowledge?

53.
The value of the WGIN to this and other projects has been to provide a forum for discussion and dissemination of information to researchers, industry, and Defra. It has greatly improved co-operation between these three groups, and has especially increased industry involvement and the articulation of industry’s needs, though further progress in this direction is still required. The meetings of the WGIN have given industry greater insight into Defra policy. For instance, industry is now aware that it will have to adapt to nitrogen vulnerable zones, and knows that nutrient use will come under close government scrutiny. The WGIN also provides research to address the ideas coming from these discussions. By providing core tools and research on genetic analysis for preliminary research, and a forum in which consortia can form, WGIN facilitates the inception of LINK and other projects. 

54.
The LINK programme has furthered the WGIN’s work in fostering co-operation between industry members. Industry partners now have additional opportunities for two-way communication, and the benefits of research are available to the whole industry. It is gratifying to note that through the involvement of Levy bodies, the research community is able to gain an understanding of small and medium-sized enterprises’ views and concerns. There is of course always scope to enhance the effectiveness and value of LINK and other schemes, minimising bureaucracy and providing for flexibility in funding: LINK has been criticised on these points
. 

55.
The LINK projects are increasingly examining wider traits. The HFN is an example as it is relevant to the whole bread-making industry. This helps to get more industry partners on board, and widens the range of traits that can be examined, including those which would have previously been precluded from investigation on the grounds of cost. This is in contrast to the situation that prevailed until recently, where each LINK project typically included only one or two breeding companies, and this lead to competition rather than collaboration. For example, in the case of LK0975, the whole supply chain has been engaged. Industry partners who have come on board who would not have done previously include the National Association of British and Irish Millers (represented by their trade association NABIM) and the whisky industry (represented by the Scotch Whisky Research Institute (SWRI)), as well as the levy body HGCA representing wheat grower interests.

56.
The level of industry involvement, and the dissemination of research findings to industry, increases as a WGIN satellite project progresses into a LINK project. The research question of AR0714 was set by Defra, and this ensures that Defra’s policy objectives are addressed, rather than Defra’s whole research programme being industry-led. However, industry was not consulted directly during the design of the research question, and indeed during the design of the Defra policy on which that research question was based. Instead, the policy in ROAME A originates from high-level Defra strategy, especially the Science and Innovation Strategy, and these strategy documents were submitted for public consultation. ROAME A reflects a historic policy position, well-understood by the private sector, and is also informed by the BioHybrids/ADAS report2, which included an industry stakeholder engagement exercise. 

57.
There was a set schedule for the dissemination of AR0714’s findings to Defra and the WGIN, and there were several mechanisms by which the WGIN communicated the findings to a wider audience. These included annual workshops and meetings; the annual stakeholders’ forum, the WGIN website, and its six-monthly electronic newsletter. The literature reviews conducted as part of AR0714 were sent to external researchers for verification. 

58.
However, industry involvement is lower at this stage than during the industry-led LINK project stage. Therefore WGIN would probably not achieve effective wide dissemination in isolation, but instead represents a step in the chain between Defra-funded projects and industry-led LINK projects. The WGIN has been important in changing the attitudes of industry, maintaining this new outlook, and facilitating LINK projects, and thus is an essential part of this progression. 

59.
The LINK programme is designed for the dissemination of science to industry. Checks are carried out at several stages to ensure an appropriate level of dissemination will be achieved, including the design of the project when the proposal is submitted, the intellectual property agreement, and at the 6-monthly project management meetings. 

60.
More generally, knowledge transfer to industry in plant breeding can follow several routes. The research institute can set up a commercial subsidiary, or a partnership with one breeding company. At the other end of the scale, one can rely on a ‘research, publish and hope’ approach. An attractive intermediate model proposed by one interviewee is to identify a gene of practical value, put it in a variety not too far from a commercial one, i.e. one that could be included in a breeders’ breeding programme, and to make this available as a pre-competitive variety to the industry on a “use it or lose it” basis, i.e. the intellectual property is available to firms provided they apply it in a timely fashion.  

Criterion 9: …how effectively has the department implemented the guidance contained in Guidelines 2000 and the Code of Practice for Scientific Advisory Committees?

61.
These points are not addressed here, but on a more general level we were impressed with the effective and useful role the WGIN and the LINK schemes have had in bringing together interested parties to develop common positions and interests, and in articulating views to Defra. 

Criterion 10: …how effectively does the department use, maintain and develop scientific expertise (including both capacity and capacity building)?

62.
The LINK programme allows public and private research to be used together. Both the WGIN and LINK programmes have effectively built scientific expertise by encouraging dialogue and cooperation both within industry and between Defra, industry, and public researchers. The WGIN facilitates LINK projects by starting off the research and alerting industry to new ideas, whereas the LINK programmes achieve a wider dissemination to industry. In the light of this crucial role for the WGIN, it is worrying that the opinion has been expressed that a new focus on end-of-pipe solutions, demonstrated in the Evidence and Innovation Strategy’s review, has lead to a loss of interest in genetic improvement, and will bring the GINs under threat. The Environment and Landscape Working Group have so far found that there is insufficient support, from a policy needs perspective, across Defra for the investment in the GINs and the research underpinning the genetic improvement of crops and livestock to be prioritised against other policy needs. The plan now is to conduct an analysis of if and how Defra should continue funding in this area, and this has been put to tender. It is a research priority as the current GIN funding will begin to tail off in 2007. This debate is part of the wider internal challenge for Defra to achieve a policy-driven research portfolio which adequately balances the immediate and long-term research needs of policymakers. 

63.
Interviewees have raised doubt as to whether Defra is able to articulate clearly the core scientific competencies to which it needs to have access (and so whether it is in a position to ensure the right expertise is maintained), and whether it is maintaining people (typically applied scientists who have experience working in breeding companies) within scientific institutes who can interact meaningfully with plant breeders. 

64. Also relevant to this criterion, though outside the scope of this case study, maintenance of scientific expertise requires that Defra play its part in building and sustaining a vibrant and healthy science capacity in the wider UK science community relevant to its areas of interest. Key aspects to fulfilling this responsibility include (a) seeing, in conjunction with other funding agencies and interested parties, that sufficient research is funded to maintain a ‘critical mass’ of relevant science; (b) providing a sufficient degree of long-term planning and continuity such that the institutions concerned can plan ahead, retain key staff and research teams, and provide for appropriate long term career development and succession planning. This can only be achieved by mechanisms that enable a close and scientifically well-informed dialogue to be maintained between the Defra customer and its research providers. It is therefore of concern to learn that BBSRC institutions relevant to sustainable agriculture (and to several other areas such as climate change and natural resources management) report serious difficulties associated with lack of clarity over future Defra funding and with likely short to medium term funding gaps and potentially long-term consequences for UK science capacity. The case study interviews have drawn attention to the difficulties encountered at Rothamsted and IGER as a result of uncertainty about Defra research funding. Relationships between BBSRC and Defra have been placed under severe strain as a consequence. This issue is wider than the case study, and is discussed in our main report.


65. These concerns do not show that Defra has failed to give notice that shifts in research priorities were to be expected: indeed, Defra’s Forward Look and other documents have signalled the overall direction of change. They do show, however, that there is room for fuller and earlier discussion of the implications for specific areas of research and the institutions and teams that carry out the research. While levels of funding will certainly need to change over time, it is critical that Defra achieves the required changes in a measured and transparent way, ensuring that critical capabilities are not lost and that high quality research teams, built up over many years and probably irreplaceable, are not lost or dissipated as a result of short term considerations. Moreover, such difficulties prejudice the close working relationships between Defra and other parties, such as the Research Councils, which this case study has shown to be of considerable value. 
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