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GeneWatch UK is a not-for-profit group that monitors developments in genetic technologies from a public interest, environmental protection and animal welfare perspective.

GeneWatch welcomes the opportunity to respond to the Royal Society’s call for evidence but regrets that its terms of reference have been narrowly defined as “a study on biological approaches to enhance food-crop production that may contribute to the security and sustainability of regional and global food supplies”. The Society’s study takes place in a context where the promotion of the “knowledge-based bio-economy” (KBBE) is contributing to increased pressure on land and resources to produce new products and stimulate economic growth for the rich OECD economies.
,
,
,
,
 A focus on technical, or ‘biological’ approaches to ‘enhancing’ crop production ignores these drivers for research investment and is in danger of promoting false solutions to what are essentially social and economic problems.

In GeneWatch’s view, a strong political commitment to the knowledge-based economy, underpinned by the patent system, distorts research priorities in ways that may be harmful and/or prevent better approaches from being developed.

This reflects the three limitations of the current knowledge system described by Vanderburg
:

(i) it imposes an end-of-pipe approach to dealing with the undesired consequences of decision-making, rarely getting to the root of any problem;

(ii) individual practitioners of a speciality are trapped in a ‘triple abstraction’, leading to a poor ratio of desired to undesired effects of their decision-making: because a specialist has no idea whether any gains in desired outputs are realised in part or in whole at the expense of something else;

(iii) it bars the road to genuine solutions to many difficulties faced by contemporary civilisation.

By focusing on ‘biological approaches’, there is a danger that the consultation fails to give adequate consideration to the multiple factors that influence the security and sustainability of regional and global food supplies, including the critical issue of distribution of land and resources. In so doing, the Society’s approach may prevent genuine solutions from emerging to the global food crisis, and its consequences for human livelihoods and health: including both obesity and malnutrition.

Background

In 1998, the US National Agricultural Biotechnology Council (NABC) published its ‘Vision for agricultural research and development in the 21st century’.
 The NABC vision claimed that  biobased products “will provide security and sustainability in food, health, energy, environment and economy” and would “improve the healthfulness of foods” as well as producing new “bio-industrial crops” (fuels, chemicals and materials) and revitalising the agricultural economy. A similar vision (‘Vision 2025’) has recently been developed by the biotech industry and other industry ‘stakeholders’ as part of the European Technology Platform (ETP) ‘Plants for the Future’.
 ‘Vision 2025’ claims that there will be increasing economic prosperity from agriculture as farmers grow new foods, biofuels and raw materials, developed using biotechnology.
 These new products will include novel food crops which are “optimised to reduce the negative side effects of certain types of food and offer balanced nutritional value” and “sophisticated green chemical, biodegradable plastics and biofuels, which will help Europe meet its emissions obligations, create a more sustainable environment and improve EU citizens’ quality of life”.

In a speech made at the 12th Annual NABC meeting in 2000, the environmentalist Ralph Nader raised many concerns about the 1998 NABC vision, including the role of power – “including corporate power and the governmental power it reflects” – in deciding future research directions. Nader argued that industry had failed to address critical aspects of agricultural biotechnology, including ecology, nutrition and disease dynamics, and basic molecular genetics.
 Another speaker at the meeting, Lois Levitan of Cornell University, whilst supportive of a new biobased economy, argued that land, energy and resource constraints must be factored in to any vision - “otherwise they are fantasy”. For example, if maize-based ethanol were to meet US fuel needs, it would require four times as much land as is potentially available for all crops grown in the USA.
 

These criticisms seem prophetic, given the acknowledged role of increased pressure on land-use – including the diversion of food crops to biofuels and the increase in consumption of grain-fed meat
 - in the current global food crisis, and the failure of the biotech industry to deliver on the vision contained in the NABC report. 

As Altieri notes
The globalised economy has placed a series of conflicting demands on existing cropland”, which is now expected to produce food for a growing human population, as well as meet the increased demand for biofuels: and do so in a way that preserves biodiversity and reduces greenhouse gas emissions, whilst representing a profitable activity to millions of farmers. At the same time, intensive farming and subsidized monocultures degrade and deplete the water, soil, climate and ecosystems that underpin nature’s capacity to meet human needs.
Agricultural biotechnology: what has been delivered?

It is very difficult to obtain accurate figures on public investment in plant biotechnology in Europe because data are not recorded in a form that is amenable to such analysis. However, in 2003, the Strategy Unit reported that estimates of global genetically-modified (GM) crop R&D are about $4.4 billion a year (£2.7 billion), composed of roughly three-quarters private and one-quarter public sector research. 
 According to the same report, Syngenta – the only multinational agricultural biotechnology company with a major research station in the UK – spent about £120 million in the UK on R&D and the main public sector sponsor of GM crop development, the BBSRC, invested about £55 million a year on agricultural biotechnology research, of which nearly £18 million was in GM crop research. A more recent press report suggests that in the UK, the Government still spends at least £50m a year on research into agricultural biotechnology.
 This contrasts with the £1.6m given in 2006 for research into organic agriculture.
In 2004 the European Commission estimated that the then 15 European Union countries spent around €80 million annually on research in plant biotechnology and that European firms invested about €400 million annually.
 A much smaller amount, $5 million (€4 million), was spent annually on biosafety research in the 12 years to 2001.
 Based on the funding allocated to individual research projects in the European Framework Programme, Friends of the Earth Europe has estimated that around €353 million of EU public funds had been spent on science to underpin the R&D efforts of agricultural biotech companies since 1982.
 This does not include spending allocated by individual countries. 

The first GM plants were produced in 1984, yet only two traits (herbicide resistance and insect tolerance) are in commercial production, covering approximately 2.4% of global agricultural and commercial forestry land.
 Following the results of the Farm-Scale Evaluations, which identified likely adverse effects on farmland birds and other wildlife, and poor control of grass weeds, herbicide tolerant GM crops are not grown in Britain.
 Soybeans and cotton are not suitable for the UK climate and the insects targeted by existing insect-resistant GM crops are not currently a significant problem in the UK. Only one GM crop is grown commercially in the EU: Bt maize made by the US company Monsanto (a GM corn resistant to corn borer using a gene encoding Bacillus thuringiensis (Bt) toxin) and Spain is the only country growing significant quantities, which is used in animal feed.

Tait and co-authors note that second generation GM crops, involving output traits such as altered nutritional properties (‘functional foods’ or ‘nutraceuticals’) will be much more difficult to achieve than existing first generation crops.
 

One problem is that basic knowledge of molecular biology using model species cannot be easily translated quickly and easily into new crop varieties. For example, between 1994-98, the European Union invested over €22million in the international effort to sequence the genome of thale cress, Arabadopsis thaliana.
 However, a 2004 review of crop science in the UK has identified that basic plant science research in the UK, including sequencing of Arabadopsis, has been of limited value and relevance to understanding crop genomes and promoting innovation in crop science.

A 2006 review by the Office of Technology Assessment at the German Parliament (TAB)
 found that :

· The production of GM functional foods (with supposedly ‘improved’ nutritional status) was still at the proof of concept stage. There were technical problems, marketing and food safety challenges and economic uncertainty because alternative sources were available. 

· No drug produced from a plant was yet approved for use and that cost benefits would only be gained with open air growing which may prove unrealistic because of safety concerns.

· Plant-made industrial products such as oils and starches had not met expectations in terms of yield and side effects were common. Alternative methods of production were progressing more quickly.

The TAB report found that by 2006, eleven GM plants with modified output traits had been licensed in various countries, although nine were irrelevant for the purposes of the report (five tomatoes with longer shelf life, a carnation with longer shelf life and two with blue flowers, a tobacco with reduced nicotine content). The two remaining varieties, a rapeseed with high lauric acid content (Laurical), which was licensed in the USA as long ago as 1994, and a soy bean with increased oleic acid content (licensed in the USA since 1997) had both had been unsuccessful on the US market, and are accordingly not grown to any effective extent. In the EU, only the three carnations had been licensed since 1997/98. The licensing pipeline contained (since 1997) 21 applications, including one ‘plant made industrial’ GM plant, a potato with modified starch composition.

The report concludes that: “The relevant documents typically focus on scenarios for the use of possible products from GMP [genetically modified plants] modified for output traits, describing scenarios for production and cultivation which have little contact with reality, and completely ignore regulatory aspects and realistic coexistence scenarios”.

Despite the failure to deliver on repeated promises, significant amounts of research money are still invested in agricultural biotechnology, largely because the patenting of GM plants gives commercial companies increased control over the global market for seeds. 
 The advent of patents on plants has also contributed to the takeovers and mergers which have led to consolidation of the seed industry and placed increasing control over seeds in the hands of a small number of companies.

The most striking feature of patent activity in relation to agriculture is growing trends towards genetic engineering for plants. Between 1990 and 2000, Oldham and Cutter identified approximately 15,064 publications in this area in the global patent data, increasing to 29,684 by 2004 and 32,667 by 2005.
 Many of the relevant patents are concentrated in the hands of the six global seed companies, Monsanto, Dow, Dupont, BASF, Bayer and Syngenta. 
,
 However, UK spin-out companies such as the John Innes Centre Innovations Ltd (the technology transfer company of the BBSRC’s John Innes Centre) are also active in this area. 
 According to the UK Intellectual Property Office, the most cited patent with a UK inventor and/or applicant in the field of genes and regulatory sequences is patent no. WO90/08830 (ICI/Bright et al.), a method of plant genetic modification.31 

To help drive the knowledge-based economy, expertise from industry has been integrated into the scientific institutions, government departments and research councils where research funding decisions are made. This is taken to a new level by the European Technology Platforms, such as ‘Plants for the Future’, where research strategies in food, health and agriculture are being determined by the ‘vision’ of the relevant commercial sectors.

In this context, new claims are being made that plants with ‘enhanced’ levels of nutrients (biofortified) crops will help improve nutrition, and that plants with new properties, including salt- and drought-tolerance, will increase yields and help to tackle the global food crisis. These two approaches are discussed in more detail below.
Biofortification

“Currently, the goal of nutritional improvement of agriculture is to produce changes in crops and food that provide health benefits to all people. Few modifications to existing commodities that meet such a standard can be imagined because of the complex and heterogenous makeup of humans. Recent mistakes made while attempting to improve the food supply highlight this conundrum. Beta-carotene was interpreted to be a highly beneficial ingredient, aiding in the protection against certain cancers, especially lung cancer. In response to this interpretation, a major shift in the carotenoid content of the food supply was underway when 2 large intervention trials…discovered that high intakes of beta-carotene as a supplement actually increased the incidence of lung cancer in smokers”. Scientists at the University of California, Davis; Lipomics Technologies, Inc.; and the Nestlé Research Centre, Switzerland, 2001.

The concept of biofortification of foods with essential nutrients is a classic ‘end-of-pipe’ approach that could do more harm than good. 

The idea of enhancing levels of vitamins or other ‘healthy’ ingredients in food is being developed by the food industry as a means to market new ‘added-value’ products to wealthy consumers.
 These so-called ‘functional foods’ are intended to ‘optimise’ nutrient intake in healthy people, rather than simply prevent nutrient deficiencies.
  The aim is to achieve food industry growth and counter criticism that food industry marketing practices and agricultural systems are contributing to the global epidemic of obesity and diet-related disease, by promoting ‘science-based’ solutions to these problems.

However, plenty of healthy foods (mainly plant-based foods: such as fruits, vegetables and whole grains) already exist and are likely to remain cheaper than premium-priced functional foods. Access to fruit, vegetables and whole grains can be a problem for lower socio-economic groups, who may live in ‘food deserts’ or not be able to afford these foods, but this problem will not be solved by introducing new, more expensive products. The priority for health is not to make new foods, but to find out what will work in terms of helping people change their diets and live healthier lives, especially people in lower socio-economic groups and poorer countries. These people need healthy foods to be cheaper and more accessible, not more expensive – which means tackling the politics of food, including the role of agriculture, food companies, governments and supermarkets. 
,

Functional foods also raise important health and safety issues. Modifying the nutritional content of food is different from selling supplements, because people may be less aware of what they are consuming, and because nutrients may typically harm some individuals whilst providing benefits for others. The difficulties in assessing safety are also complicated by the fact that both foods and supplements can interact with medicines, causing side-effects.
 Benefits are also often difficult to quantify and a whole new raft of legislation is being developed in an attempt to regulate both health claims and safety in the European Union.
,
 Some nutritionists argue that the functional foods approach leads to a misleading focus on single nutrients, instead of the healthy effects of plant-based diets in general.

In addition to these issues, the production of GM foods with altered nutritional profiles raises new food safety concerns, as well as concerns about cross-contamination of non-GM crops and wildlife.
 Because GM crops are self-replicating and may cross with wild relatives, and because genetic engineering introduces nutritional changes at the bottom of the food chain (rather than restricting them to final, processed products), new issues of traceability, liability and lack of reversibility arise. There are also question marks over whether genetic modification can reliably produce the desired levels of nutrients in foods.

So-called ‘Golden Rice’, which has been genetically-modified to produce enhanced levels of beta-carotene is one example of a ‘biofortified’ crop. GM Golden Rice has been promoted as a means of addressing vitamin A deficiency, which affects millions of people in poor countries, where it is a major cause of childhood blindness and also increases susceptibility to infection.
 

However, the promotion of ‘Golden Rice’ has been widely criticised on various grounds, including that:

· early versions produced too little beta-carotene to tackle vitamin A deficiency;
 there remain doubts about bioavailability of vitamin A from the new version;
 and no scientific study has yet proven the benefit of the technology to overcome vitamin A deficiency in humans
,;

· alternative ways to tackle Vitamin A deficiency exist that are immediately available and are being implemented now, including: encouraging breast feeding; helping people grow fruits and vegetables to give them a more varied diet; providing supplements or fortifying foods;

· tackling poor nutrition one nutrient at a time may distract from tackling poverty and malnutrition more broadly;

· using GM-rice is not a ‘demand-led’ approach and therefore may be socially or culturally unacceptable, not cost-effective, or undermine food security
;

· there may be unintended effects on health and the environment, including crossing with traditional and wild varieties of rice, which could have serious consequences because Asia is the centre of origin for rice.44
For a long time the so-called anti-oxidant vitamins have been regarded as protective, potentially reducing the risk of heart disease, cancer and other diseases.
 Beta-carotene was believed to be one such healthy ingredient, because it is an antioxidant and foods which contain it, such as green leafy vegetables, are thought to reduce the risk of cancer and possibly heart disease.
 Beta-carotene is widely used in vitamin supplements and the body converts beta-carotene to vitamin A (also known as retinol), one of the top-selling vitamins in wealthy countries. However, in the 1990s beta-carotene supplements were associated with increases in cancer risk in two major clinical trials of supplements in smokers and asbestos workers.
,
 This effect on cancer risk was totally unexpected and may be due to toxic effects that had not previously been recognised.
 The adverse effects appear to have persisted after trial participants stopped taking the supplements.
,
 According to scientists from the food company Nestlé “a major shift in the carotenoid content of the food supply was underway” when the trial results forced a re-think of this strategy.32 A 2004 review of the effects of beta-carotene and other antioxidant vitamins on the risk of gastrointestinal cancers also found no evidence of a protective effect with, instead, a possible increase in overall mortality;
 and a 2007 meta-analysis also concluded that treatment with beta carotene, vitamin A, and vitamin E may increase mortality.
 Both the US National Institutes of Health and the UK Food Standards Agency’s Expert Group on Vitamins and Minerals now recommend that smokers should not take beta-carotene supplements and the FSA has set a Safe Upper Level for beta-carotene supplementation of 7mg/day for non-smokers. 
,

Beta-carotene is typical of many vitamins and other micronutrients in that a deficiency is harmful to health, but too much may also be harmful, harm specific groups of people, or have unpredictable effects. Claims that Golden Rice is cost-effective rest on unverified assumptions about bioavailability and the beta-carotene dose-response curve, which exclude any consideration of possible harmful effects in family members not suffering from Vitamin A deficiency, or other potential consumers of the rice.
 The European Union’s assessment process for GM foods is hopelessly inadequate to consider such effects, relying, at most, on toxicology studies involving only 28-day feeding studies in rats.
 Approval processes in poorer countries will generally be even more limited, due to the lack of resources to develop and to implement regulatory assessments and controls.

Engineering altered nutrient levels into the food chain is irreversible, and it may be impossible, or at least extremely expensive, to withdraw a product should something go wrong.
 The implications for poor, smallholder farmers whose may be particularly vulnerable to loss of markets could be considerable.

Botha and Viljoen note that millions of dollars have been committed to developing GM sorghum on the grounds that it has the potential to alleviate hunger in Africa.44 However, they find that, on closer analysis, GM sorghum is faced with the same limitations as GM Golden Rice in the context of combating vitamin A deficiency efficiently and sustainably. They conclude that it is questionable whether the cost of developing GM sorghum can be justified when compared to the cost of investing in sustainable agricultural practice in Africa.

In a series of three reports - on grains, vegetables and fruits - the US National Academies have highlighted that there is an overlooked food resource in sub-Saharan Africa that has vast potential: native food plants.
,
,
 The authors note that during the colonial era indigenous crops in Africa were neglected and discarded, as the official focus shifted to valuable export crops, such as sugar cane, chocolate, coffee, and cotton, and other durable, transportable, and valuable crops.
,
 An end result of these historical trends is that most of Africa’s food now comes from a mere twenty or so species, almost all of foreign extraction. However, many ‘lost crops’ with high nutritional value and adapted to a wide variety of climates still exist and have the potential to tackle Africa’s food needs. 

One example of an alternative approach to improving food security and nutrition, which aims to promote biodiversity at three levels – ecosystems, the species they contain and the genetic diversity within species –  is being developed by the Food and Agriculture Organization of the United Nations (FAO) and the International Plant Genetic Resources Institute (IPGRI) under the umbrella of the Convention of Biological Diversity.
 This approach – which considers wild or under-utilised species and the need to adapt nutrition and health interventions to a diversity of needs - recognises that biodiversity management plays a significant role in the development of sustainable agriculture; strategies against malnutrition; and bringing socio-economic benefits.

Yields and increased use of marginal land

Eicher et al. note that GM crops are currently grown commercially in only one country in Africa – South Africa – and examine the development of seven GM crops (six food staples and cotton) over the past 15 years.
 Although the authors are enthusiastic about the potential for GM crops in Africa, their case studies reveal a number of scientific, legal, economic and political barriers to the development of GM crops and long delays in developing and implementing national biosafety regulations and guidelines. They conclude that most GM crops are at least 10–15 years or longer from reaching smallholder farmers in Africa.
Claims that GM crops can help to tackle third world hunger have been disputed in the academic literature. For example, Rosett argues that there is no relationship

between the prevalence of hunger and our ability to produce enough food. In fact, per-capita food production increases during the past 4 decades have far outstripped human population growth.
 The real causes of hunger are poverty, inequality, and lack of access to readily available food by people who are cash poor. Rural areas in poor countries are characterized by extreme inequities in access to land, security of land tenure, and the quality of the land farmed. These inequities underlie equally extreme inequities in wealth, income, and living standards. In addition, soils are being rapidly degraded because of soil compaction, erosion, waterlogging, and fertility loss together with growing resistance of pests to pesticides and the loss of in-soil and above-ground functional biodiversity. When transgenic varieties are used in small-scale marginal cropping systems, the risks of crop failures are much greater than in green-revolution, large, wealthy farmer systems or farming systems in northern countries, and the economic risks affect poor farmers much more severely than wealthy ones. Rossett concludes that proponents of genetically engineered varieties are repeating the very top-down errors that led first-generation green-revolution crop varieties to have low adoption rates among poorer farmers and that participatory breeding organized by farmers themselves - which takes into account the multiple characteristics of both seed varieties and farmers - is essential. 
In addition, there is ongoing concern about the potential negative impacts of GM crops and industrial agriculture on biodiversity and the environment and about potential adverse effects on health, particularly from ‘second-generation’ crops designed to produce altered nutrient levels, pharmaceuticals or other potentially harmful chemicals. 
,
,
,
,
 One economic assessment – of GM sugar beet in the EU – which has attempted to quantify externalities, concludes that as soon as the average household’s perceived loss of biodiversity caused by herbicide tolerant (HT) sugar beet exceeds 1 € per year, they would not benefit from the new technology.

The role of new technologies in agriculture is critically dependent on their socio-economic context, including whether they are likely to drive poorer farmers into debt, and the loss of autonomy involved in buying seeds and chemicals from large corporations.
 Decisions about whether or not to plant GM crops are generally made on the basis of comparison with other industrial agricultural systems, and exclude comparisons with other options. Ortega and co-authors evaluated four different soybean production systems in Brazil that were divided into two main categories: biological models (organic and ecological farms) and industrial models (green-revolution chemical farms and herbicide with no-tillage farms) and found that the biological models showed better environmental, economic, and social performance indicators.

Existing GM crops have given variable yields, which are difficult to assess due to the multiple factors that may vary from year to year or farm to farm (such as soil, weather, irrigation, farm practices, pest pressures, farmer education, etc.). Existing assessments have relied on farmer surveys, which are difficult to verify. Overall, studies do not find statistically significant increases in yield for most GM crops, with decreases in yields some studies. The exception is some Bt crops, which generally show yield increases in some situations but not others (when there is a severe pest outbreak).
,
 However, the methodology used in these studies is disputed, because it fails to capture the dynamic nature of agricultural systems, the degree of ecosystem disruption, and the institutional conditions governing the use of pest control inputs.
 The authors of this critique conclude that what is most needed to push the pest control and hence the yield frontier is a policy environment that allows implementation of sustainable integrated pest management systems. In addition, Bt-resistant populations of bollworm have now been identified in the US, raising questions about the long-term viability of Bt crops.

Claims that GM technology will allow the production of new crops with increased yield or new properties, such as drought- and salt-tolerance, are at best speculative; and raise new socio-economic issues, including the consequences of driving poorer farmers onto more marginal land, and questions about who carries the economic risk if production gains are only temporary. In a 2004 paper, Flowers notes that after ten years of research using transgenic plants to alter salt tolerance, the value of this approach has yet to be established in the field. He comments that: “It is surprising that, in spite of the complexity of salt tolerance, there are commonly claims in the literature that the transfer of a single or a few genes can increase the tolerance of plants to saline conditions”.

Given the real scientific and practical difficulties in modifying the genetic-make up of plants to better fit poor environments, it may prove more productive to spend more resources protecting the environment and managing existing land. There is no doubt that better environmental management – of water resources, energy and soil – could have a significant role to play in improving food security. For example, better agricultural drainage water management can help prevent problems with waterlogging and salinity;
 a participatory approach, involving activities such as tree-planting and forest regeneration, can help to combat desertification in Africa
; and benefits of strong, early action to reduce carbon dioxide emissions considerably outweigh the costs.

Small and medium-sized farms are typically more efficient producers than large farms in low-income countries, although production may be constrained by population growth and other social and economic pressures, and it is clear that multiple factors affect productivity.
,
,
,
,14 The future role of small farms in food production and the global economy is complex and contested.
 However, research into crop rotation, intercropping and other low-input methods has potential to substantially benefit smallholder farmers in Africa and elsewhere.
,
,
,

Experiments in the USA suggest that organic farming and low-input farming can produce yields comparable to industrial agriculture, with less environmental damage, provided suitable crop rotations and other organic methods are used to control pests and weeds and replenish nitrogen in the soil.
,
,
 Reduced tillage generally reduces yields but can also reduce soil erosion and fossil fuel consumption, sequestering carbon in the soil and lowering emission of greenhouse gases and, properly managed, can actually be more profitable than conventional tillage.

In general, all approaches to increasing yields, or to increasing use of marginal land (whether through salt- or drought-tolerant crops, or other methods), will have multiple consequences: on soils and other inputs; on health and the environment; and on the social and economic circumstances of the farmers using them and the people who consume them. A ‘top down’ approach is unlikely to identify potential problems or be able to respond to them: improving agriculture and increasing the security and sustainability of regional and global food supplies therefore requires the involvement of the farmers and their customers who stand to lose or gain.

The need for a new approach

“I will leave others to discuss whether GM really has any value to the poor. But there is a choice angle. Ultimately it is our choices – to eat far more meat than we need, to throw away lots more, to fatten livestock on grain rather than grazing and scraps, and now to develop biofuels as a sop to climate change rather than curb our hyper mobility - that are driving malnutrition and starvation”. 
 Roger Levett, sustainability consultant, 2008.

In 2000, the WorldWatch Institute estimated (based on United Nations and World Health Organisation figures) that the number of overweight people in the world for the first time matched the number of undernourished people – at least 1.1 billion each.
 The World Health Organisation (WHO) now refers to a global ‘epidemic’ of obesity and has warned that many low and middle-income countries are suffering a ‘double burden’ of both under-nutrition and obesity.
,
  Even in Europe, there are major concerns about the impacts of poor diets on health, including enormous health disparities, which cannot be explained or tackled by biological approaches.
 As Lobstein expains, there are major ‘upstream’ problems which are shaping consumption patterns, such as trade and agriculture policies. 
 In both rich and poorer countries, this includes ‘fat dumping’ (the segregated marketing of unwanted high fat, high sugar and high salt food to lower socio-economic status populations).
,
, 
  

Rather than trying to promote particular biological approaches to improve the security and sustainability of regional and global food supplies, the Royal Society should acknowledge that a new approach is needed.

The current system of research funding, in the context of the knowledge-based economy, means that – with some exceptions – most public research funding tends to follow the research investment strategies set by industry, rather than being focused on solving the real problems of global hunger and malnutrition. The food and agro-chemical industries’ priorities are not necessarily those which benefit health or sustainability, and research that is unlikely to be profitable or is of little scientific interest tends to be neglected. 

Investments in agricultural research need to be made more democratic and accountable, not driven by the desire to compete in the ‘knowledge-based economy’ or by narrow vested interests. Diverting research funding to high-tech ‘solutions’ via research funding strategies set by industry (such as the ‘Plants for the Future’ and ‘Food for Life’ European Technology Platforms) carries an opportunity cost that will ultimately be borne by both taxpayers and by future generations. As the ‘GM Nation?’ public debate found, there is unease about the perceived power of the multinational companies which promote GM technology, and even when people acknowledge potential benefits of GM technology, they are doubtful that GM companies will actually deliver them.
 Issues that need to be addressed include:

· Who defines the public interest?

· What mechanisms and institutions are needed to attempt to deliver public benefit from science and technology?

· How can ‘blue skies’ research and the ‘non-instrumental’ roles of science be safeguarded, including the ability to assess and debate techno-scientific claims?

· Who should bear the financial risk of research and innovation?

· How should research priorities be decided?

This does not mean that biotechnologies and the biosciences cannot contribute to health, agricultural or sustainability objectives, or to the economy. However, it does mean that it is necessary to re-think the whole idea of the ‘knowledge-based bio-economy’ (KBBE) and the knowledge-based economy in general.

The existing system of investment in research in health and agriculture – underpinned by the patent system - exacts too high a price in human lives: partly because ensuring that existing treatments and a varied, balanced diet reach everybody would save a lot more lives than any possible technological developments; and partly because it distorts the research agenda away from human needs, leading to a poor ratio of desired to undesired effects.

As a starting point, the International Assessment of Agricultural Knowledge, Science and Technology for Development (IAASTD) report notes that the mounting crisis in food security is of a different complexity and potentially different magnitude than the one in the 1960s. The main challenge is to increase the productivity of agriculture in a sustainable manner, which must address the needs of small-scale farms in diverse ecosystems, including increasing access to land and economic resources and empowering farmers to innovatively manage soils, water, biological resources, pests, disease vectors, genetic diversity, and conserve natural resources. 
,
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