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 Summary: key points emerging from the discussion 

  A convergence of issues including climate change, population growth, energy 

supply and water scarcity are putting pressures on global food systems on a 

scale previously unencountered. Agricultural science and technology needs to be 

targeted towards providing solutions to these issues threatening global food 

security.  

  Research should include the development of new crops varieties that are 

resistant to the effects of climate change, disease, and contributing higher yields, 

but also recognising there is potential for utilising species of plant not previously 

developed as food crops. 

  There should be focus on existing science and technology, and developing their 

translative capacity. This means improving communication links with the farmers 

who implement these technologies and making them more accessible to less 

developed regions  

  New and emerging technologies, such as artificial photosynthesis are in their 

embryonic stages and may provide solutions for food and fuel in the future. It is 

essential that emerging technologies are permitted the right environment in 

which to develop in an international and regulatory context.  

  There has been renewed interest in integrated farming systems, including mixed 

farms, in terms of improving the productivity of farming in a holistic and 

environmentally sustainable manner.  

  Farmers and scientists need to communicate via two-way feedback 

mechanisms, so that science can be directed to the needs of the producer and 

the market. Improving communication and links along the agricultural supply 

chain can help foster sustainable food production. 

  Policymakers need to understand the nature and processes of scientific 

innovation and to create an environment in which it can flourish. Policy 

timescales are generally shorter than scientific developments, so policy needs to 

demonstrate more continuity for fostering innovation.  

  Funding for scientific research and development needs long-term commitments 

which are not affected by rapid policy changes. There is also a need for more 

international cooperation.  

  There is a need for a better balance of regulation in product development. 

Governments should be enabling innovation by removing impediments, including 

excessive or restrictive regulation.  

  Public and private research sectors need to work together to improve existing 

agricultural systems and develop new solutions.  
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  Consumers’ trust in agricultural science needs to be built through the appropriate 

dissemination of evidence-based knowledge and education to overcome issues 

of mistrust.   

  Governments need to contribute a percentage of GDP to long-term agricultural 

research, which should contribute to building agricultural research systems with 

good infrastructure and human resources. 

Historical context 

1. The Food and Agricultural Organization’s (FAO) “State of Food and Agriculture” was 

first published in 1947. Today, looking back at the issues confronting global food 

security more than half a century ago, recurring themes still emerge, including the 

problem of hunger and malnutrition in developing nations. This problem is anticipated to 

become more of a challenge in the face of increasing population, climate change and 

limited resources.  

2. Despite massive advancements in science and technology relating to food and 

agricultural production, including continued yield increases and the development of 

genetically modified (GM) crop varieties, there remains difficulties in actually applying 

these innovations in practice. These problems largely stem from issues relating to 

policy, regulation, trade, funding, education and public acceptance. 

Global Trends – Where does agriculture fit in? 

3. Productive and profitable agricultural production is becoming more challenging for 

farmers. Increasing pressures on farming include issues of water scarcity, price 

volatility of inputs and outputs and unpredictable weather patterns. These issues are 

threatening agricultural production in all areas of the world.  

Price 

4. There has been increasing price volatility of both agricultural inputs (including fuel and 

fertilizer prices), and agricultural outputs (including cereal prices). However, the record 

price highs of 2007/08 were not an anomaly. Increasing price fluctuations are 

anticipated in the future, fuelled by increasing pressure of climate, resources and 

population. 

Population, demographics and the nutrition transition 

5. FAO’s 2012 report on ‘The State of Food Insecurity in the World’1 states that 870 

million people are chronically undernourished in the world, 850 million of which are in 

the developing nations. 

6. With a predicted world population reaching 9 billion by 2050 the challenge for 

agriculture is how to increase production by an estimated 70%. The food produced 

should not only be available but also provide essential micronutrients.  

7. The global population dramatically increased following the industrial revolution due in 

large part to technological advances in agriculture. Massive yield increases were seen 

from the implementation of farm machinery, fertilizers and pesticides.  

8. Increasing economic development of nations, including the booming Asian economies 

has also seen changing trends in diet; the so-called nutrition transition. Changing 

dietary demands of these nations, who are shifting to Western patterns of diet and 

consumption, requires higher-input and more intensive systems of agriculture.  

9. In African nations 37% of the population survive on less than $1.23 a day. However, 

74% of the population is directly involved in agricultural production. Improving the 

productivity and profitability of agriculture is a clear and accessible solution to reducing 

poverty and hunger in these nations. 

10. There are also changing demographics of nations, including the aging farmer 

populations in many Asian and African nations. This trend follows on from increasing  
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 business opportunities for rural youth in urban areas. The result is a significant 

shortage of farm labour in agricultural regions.  

11. Following this labour shortage, there has been an increase in agricultural contracting 

using farm machinery for ploughing, spraying and harvesting to replace the lost labour. 

However, agriculture in Asian countries is primarily characterised by small-plots and 

rice paddies at around one-tenth of an acre in size. This poses challenges for the 

adoption of machinery technology, and demonstrates where there may be problems in 

transferring technology from one nation to another, as each region has its own unique 

characteristics. 

Land Use
2
  

12. Historically, agricultural land could be increased by bringing new regions into 

production. However, today, the majority of viable land is already in production and 

increasing urbanisation has limited agricultural expansion.  

13. This means reliance on increasing yields of existing crops and improving the 

productivity of agricultural systems to match the increasing demand. This needs to be 

done in harmony with the environment, to maintain the sustainability of the land base, 

and using a combination of low- and high-tech solutions tailored to fit. 

Climate Change  

14. Increasing severe weather effects have become worse in the short-term than 

previously expected. Developing nations especially have low resilience to severe 

weather changes. In particular, climate change is likely to present unfavourable 

environments for rice production, the staple crop for over half of the world’s population, 

and these being the poorest nations. Drought, salinity and flooding are all problems 

plaguing rice production.  

Trade
3
 

15. The role of global trade is essential for food security. Trade flows are beneficial for 

exporting countries, and trade has a key role in addressing food security problems.   

16. Continuing food price volatility requires improved global governance of food security, 

and improved cooperation between countries as food security cannot be achieved in 

isolation. During the price spikes of 2007/08, fifty countries responded by imposed 

restrictions on imports. The countries that insulated themselves from the world trade, 

only served to exacerbate the price problem, making the import-dependent countries 

more severely impacted. 

17. Important advances, including the G20 initiative, Agricultural Market Information 

System (AMIS),
4
 have been implemented to increase the transparency of food markets 

and promote policy coordination in response to market uncertainties. AMIS seeks to 

improve communication and collaboration among the main producing, exporting and 

importing countries. Additionally, AMIS aimed to encourage other key stakeholders in 

international food markets, including commodity associations and institutional investors 

in commodity markets. 

18. However, on a more localised scale, the problem remains of connecting agricultural 

smallholders to markets in remote rural regions of developing countries. By 

encouraging farmers to work together in groups or cooperatives farmers can coordinate 

which produce they grow and local economies can begin to be established.   

Micronutrient deficiencies
5
 

19. Historically, the importance of micronutrients in agriculture was not fully understood, nor 

was it a goal for crop development. Crops were mainly bred with the aim of increasing 

yields and producing more carbohydrates. It was only in 1992 that the first UN 

International Conference on Nutrition was held, being devoted solely to addressing the 

world's nutrition problems.  
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 20. Food insecurity and malnutrition are serious threats to sustainable development and 

alleviating poverty in developing nations. Good nutrition is crucial to reach the health, 

education and economic targets of the Millennium Development Goals (MDGs). 
6
 

21. The proportion of the population who are undernourished in the developing world 

continues to decline, albeit very slowly. In 1947, around 25% of the world was 

undernourished. In 2012, there has not been that much change in total numbers of 

undernourished, but the numbers as a percentage of the global population has 

decreased to 15%. 

22. Many developing nations are subjected to what is termed the ‘triple burden’ of 

malnutrition, which sees the coexistence of hunger, nutrient deficiencies and excess 

calorific consumption existing within the same nation, household or affect the same 

person within a lifetime. One-third of the African population is now classed as obese.  

23. Around 50% of the world is affected by iron deficiency. This hinders mental 

development in children, which is irreversible. Zinc deficiency affects cognitive 

development and motor development. Around 25% of the world is at risk.  

24. Vitamin A deficiency (VAD) is a public health problem that kills between 1.9 - 2.8 million 

people annually especially in Africa and South-East Asia. The majority of deaths are 

amongst children under the age of 5 years and pregnant women. VAD is globally most 

prevalent where rice is the staple food crop yet rice does not naturally contain Vitamin 

A.  Rice feeds around half the global population, and around 3.5 billion obtain more 

than 80% of their calorific intake from it,  

25. The best solution to nutritional deficiencies is through diversity of diet. Increasing 

production of staple crops in developing countries lowers the price of these crops, 

allowing more spare income for people to buy additional food groups and broaden 

dietary intake. However, using plant breeding to add nutrients through biofortification 

can also play a role in increasing nutrition (see the example of Golden rice below). 

 Plant Breeding  

New challenges for increasing yields and building resistance to climate change 

26. With world crop yields generally flattening, scope for future increases in crop yields, 

particularly cereals, is likely to be from crop breeding technologies or genetic 

modification.  

27. The ability to sequence plant genes, since the first plant genome was coded over 12 

years ago, is transforming crop science and agriculture. Globally, food production is 

reliant on 6 crop species to provide 80% of calorific intake. All these major crop 

genomes are now sequenced. The genomic revolution is still in its infancy and the 

potential for new developments is great.   

28. Historically, crop yield increases were achieved through a divide of 50% genetic 

improvements and 50% agricultural inputs. Today an estimated 90% of improvements 

are due to genetics, which is where there is most scope for the future.  

29. There is important research into developing crops with multiple benefits for single 

cultivars, including for example high-sugar ryegrass providing benefits to livestock 

through increased liveweight gain, alongside reduced greenhouse gases (GHG) 

emissions. This demonstrates a systematic approach to crop breeding, which links 

pastoral system to rumen microbiology.  

30. Incremental changes in rice breeding have permitted the development of flood 

tolerance and salinity tolerance of rice varieties. This has significance for regions where 

climate change has increased the severity of annual flooding, and diversification away 

from rice crops is not possible.  

31. Seed replacement rates on farms are low in the rice-growing regions of India and 

Indonesia. Encouraging farmers to trust in new seed varieties could help improve rice 
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yields in these regions. 

 Linking GM and biofortification: lessons from the development of 
golden rice  

32. Genetic modification is one aspect of plant breeding that is being developed in specific 

crops and adopted in certain locations to increase production and reduce inputs.  

However, GM is just another tool in tackling a global problem; it may not be suitable for 

all physical environments. 

33. GM is also being used to enhance nutrition in certain crops. For example Golden Rice 

is a biofortified GM variety, with genes inserted from soil bacteria and maize, to 

synthesise beta-carotene, from which vitamin A can be synthesized. It is estimated that 

half a teacup of golden rice daily will save both life and sight, presenting one solution to 

the chronic issues of VAD in countries where rice is the staple food crop.  

34. Biofortification is a relatively new theme in plant breeding. Since, staple crop varies by 

location, there is on-going research into other fortified crops suitable for different 

regions, for example research into high beta-carotene maize. The agricultural and 

health sectors are encouraged to work more closely together to catalyse work in the 

new biofortification arena.  

35. There is still significant opposition to GM amongst activists and politicians. Opposition 

can be emotionally motivated rather than fact-based. In the case of GM being used for 

biofortification framing the argument from a medical and nutritional perspective first 

may encourage the public to be more accepting of the benefits of GM technologies. 

The role of medicinal and nutritional technology is generally better understood by the 

lay public than seed breeding, and thus less vulnerable to the environmental lobby.  

36. GM also needs to appeal to the farmers who might grow the crops. If the GM varieties 

are economically viable, then growers are more willing to accept them. 

37. The World Trade Organisation (WTO) is currently not equipped to deal with the new 

trade challenges that GM could bring. 

 The future – new technologies how to ensure acceptance and accessibility  

38. Ensuring new scientific innovations can fit within international frameworks is essential 

for permitting the development of such technologies in a timely and cost effective 

manner. Trade rules and intellectual property rights currently present a challenge for 

the advancement of new scientific breakthroughs.  

39. One emerging area of nanotechnology is focused on the potential for artificial 

photosynthesis (AP) as a potential solution to renewable energy, food, water, and 

carbon emissions reduction. The Global Artificial Photosynthesis (GAP) Project, is a 

macroscience approach which sees the mechanism of photosynthesis being carried out 

via synthetic media, without plants. The research is being carried out by a large group 

of competitively funded research teams in many developed nations.  

40. It is argued that the GAP could be compared to the Human Genome Project,7 in which 

research centres were distributed and coordinated across many nations. It is 

recommended that AP should not be privately owned, and no legal entity should own 

the entirety of photosynthesis in its natural or artificial forms. The pace of GAP research 

would be accelerated if data was more freely exchanged, and not closed via patents. 

There is potential scope to develop governance of AP before its technological 

efficiencies increase, devices are marketed, and patents secured. There will be a long 

lead-time to get AP into the policy arena. There is currently a lack of understanding of 

AP, and thus it might anticipate public opposition, despite defined benefits. 
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 Communicating science and technology to farmers  

Agricultural extension and facilitating farmer communication 

41. Agricultural research projects are generally determined by the funding bodies or 

researchers, frequently without consideration to the demands and needs of the end 

users, the farmers. This can result in innovations without a clear market or use in the 

field. Agricultural extension is one way of disseminating innovation to farmers, but also 

for researchers to learn about the needs of farmers.  

42. It was argued that there is a need for agricultural extension to be ‘farmer-driven’ and 

bottom-up, rather than being driven by push tactics from governments or companies. 

Demand-driven research means that farmers can play greater roles in developing the 

research agenda, and farmers can highlight where they are experiencing problems, and 

where they believe there to be market opportunities.  

43. However, whilst successful models of interaction can be transferred or up-scaled, local 

circumstances need to be considered, including climate, culture and type of farming. 

Extension needs to be tailored to case-specific agriculture, starting with farmer 

knowledge at a local level to identify locally-specific problems, utilise the knowledge-

base and integrate local practices.  

Government research and extension: the experience of Brazil 

44. Brazilian agricultural development demonstrates how government-driven science and 

technology can revolutionise an agricultural economy. Brazil in the 1970s embarked on 

an extensive programme for the transformation of agriculture into a modern and highly 

competitive sector. The Total Factor Productivity (TFP) of Brazilian agriculture 

increased steadily from the 1970s, and the high productivity gains mean that cheaper 

food was available for all corners of society. 

45. The successes of Brazil were achieved through subsidies, rural extension and support 

for agricultural research from Embrapa,
8
 the research arm of the Brazilian Ministry of 

Agriculture. Agricultural research also created a new variety of soybean, which was 

suited to the environment and produced in high yields.  

46. However, there has been a perverse social consequence of Brazil’s agricultural 

development, including agricultural intensification and increasing pressures on small 

and medium farmers.
9
 

 Case Studies of Extension - Top-down or Bottom-up? 

47. A closely integrated supply chain has contributed to the increased productivity of the 

British sugar beet industry. Rapid development in seed science has occurred in line 

with what the growers are demanding of sugar beet varieties. British sugar beet has 

seen a compound annual growth rate (CAGR) of 1.8% yield growth, more than double 

the rate of other staple crops. This is compared with 0.8% for wheat and 0.7% for 

barley in the same period.  

48. There is a good level of communication between farmers and sugar producers, both up 

and down the supply chain. The industry has used a ‘hands-on’ effort to disseminate 

information to farmers, including weekly messages updating weather conditions, the 

use of demonstration plots and providing technical services to answer farmers’ queries. 

49. Extension should aim to work with the most productive farmers in agricultural regions. 

These ‘local champions’ are a way of promoting rural confidence in science and 

technology. Other farmers imitate these ‘local champions’ and become more likely to 

adopt science and technology if they have seen it work successfully. Encouraging 

farmers to benchmark against these productive farms can provide competitive goals to 

aim for.  

50. However, science and technology needs to be ‘fit for purpose’ and appropriate for the 

types of farming and structure which it supports. This is a key issue in providing 
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extension to farmers, especially in developing countries. Some solutions will not 

necessarily be high-tech. Assisting farmers in developing nations, often with relatively 

low-tech scientific or technological solutions is one step towards working towards 

alleviating rural poverty and achieving national food security. 

 Farmer-Scientist Communication  

51. Knowledge transfer mechanisms are key for disseminating information and innovations 

to the field. Local-level workshops provide a platform to share information and make 

appropriate decisions. Facilitating the development of local participatory farmer groups 

allows farmers to develop a sense of ownership of the technology and allows them to 

have a voice in feeding back to researchers.  

52. Farmers’ perception of new technologies is vital for their successful acceptance and 

uptake. If farmers cannot see a useful or profitable application for new innovations, then 

they will not be successfully adopted.   

53. Currently there are gaps that limit interactions between farmers and scientists, 

especially in mechanisms of communication. Extension services have a role in 

improving farmers’ ability to communicate, through two-way feedback channels. This 

can be via the implementation of infrastructures such as ICT technology, but in 

conjunction with appropriate education for use.  

54. Generally, journalists in developing countries are not well trained to interpret and report 

agricultural science to farmers. Also, there has been a lack of suitable means through 

which to present this information in as clear and understandable way to smallholders. In 

order to improve scientific communication in developing countries, the training of 

journalists to communicate science to smallholders in local languages is needed. 

‘Climate Change on Air’: lessons from extension in Southeast Nigeria 

55. Traditional methods of extension have been characterised by top-down government 

services. These ‘push’ models of extension may be met with resistance if they are 

above the levels of knowledge of the target audience, or considered to be 

condescending. It is essential to tailor extension service to be suited to the specific 

locality, in order to ensure willing uptake by farmers.  

56. ‘Climate Change on Air’ is a World Bank funded project which aimed to communicate 

the effects of climate change to smallholders through the use of serial radio drama. The 

radio drama was tailored to semi-educated smallholders, particularly women, living in 

remote and poor communities of Eastern Nigeria severely impacted by climate change.  

57. Customarily in Nigeria, information is passed in rural regions through oral traditions, so 

radio drama was well-tailored to disseminate climate change information via a low-tech 

method. The radio drama reached 3 million listeners once a week, for 20 weeks, using 

solar-powered radios. Additionally, 95 smallholders listening groups were established, 

for members to gather and discuss issues raised in each episode.  

58. The project also demonstrated how ‘two-way feedback’ can enable agricultural 

researchers to learn from farmers. Using feedback sheets, farmers could report on 

what they had learned and what they would act upon. This also demonstrated how 

researchers could learn from farmers too, learning from previously unknown impacts on 

local species. This feedback informed researchers about the ‘cocoyam’ root tuber 

disappearance due to increased local insect populations. 

 Regulating agricultural innovation: regulatory challenges  

The role of government in regulation 

59. The regulation by governments of new food and agricultural products before their 

implementation has become a significant element in getting new science 

commercialised and into the public domain. 
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60. New science will continue to be constrained unless it can be implemented. There is, 

however, currently an estimated 5-year shelf-life for new crop varieties. Yet it takes 

around 10 years to get a new crop variety to market due to regulation restrictions. 

Governments need to shorten this process. 

61. Transparency in the decision-making process behind regulatory actions is required; 

there has been a persistent lack of clarity on where a government stands on regulation 

in some nations. The regulatory process should be made accessible and 

understandable to non-specialists. Regulation should involve risk assessments carried 

out by independent bodies providing clear evidence for decision-making.  

62. In addition, there should be consistent policy formation even when personnel change in 

government. Improved project management is required to facilitate the execution of 

funded projects. Government regulators need to understand the science behind the 

policy formation, and to facilitate dialogue between ministries.   

63. Governments’ role should be enabling innovation by removing impediments, such as 

excessive or restrictive regulation. This is important for providing the right environment 

to encourage private investment in agricultural innovation. Additionally, governments 

can provide incentives for investment in private sector for example through tax-

deduction, property rights protection, and providing a knowledge infrastructure  

64. Coordinating bodies are needed to help integrate stakeholders and frameworks that 

facilitate the innovation moving out to markets and permitting farmers to get timely 

access to technologies.  

65. Governments should be responsible for informing consumers on the role of regulation 

around food and agricultural products. The legitimacy of regulation needs to be 

maintained, so that the role of government in the regulatory process is not undermined. 

In recent years, consumer pressures have encouraged labelling for ‘non-content’ in 

food products, including an absence of GM ingredients. This marketing tool by food 

manufacturers is weakening the role of regulation, which is now seen as a competitive 

advantage in some markets.  

66. In the case of GM technologies, public opposition hinders the transfer of technology to 

market. In contrast to the opposition faced by agriculture, medicine and health issues 

are less vulnerable to intervention by activist lobby.  

67. It is evident there is need for a better balance of regulation, so that it is not 

unnecessarily restrictive to agricultural R&D. Simplifying regulation does not mean 

lowering standards. 

68. New institutions at the international level are called for to deal with the new and future 

challenges faced by national regulatory authorities over the development of GM, 

chemical pesticides and emergent technologies. 

Agricultural Patents 

69. Patent rights were aimed at encouraging investment in new science and technology. 

However, is noted that some patents are being granted in agricultural science and 

technology with such a broad scope thus diminishing incentives for others to innovate 

and damaging to intellectual advancement, the very purpose of which directly 

contradicts the purpose for which they were originally intended. Patents therefore need 

to be trimmed to inventors’ actual interests.  

70. It is noted that there are significant differences in the global patent systems.  The high 

cost of developing new products is hindering institutions in developing countries. Where 

broad patents are issued, for instance in the USA, this can create significant additional 

costs if there is a dispute which goes to court. Alternatively, the EU has mechanisms 

where a patent can be opposed if there is good reason but this being handled by the 

patent office rather than a court.  
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 71. It was argued that innovation is both sequential and complementary, and patents are 

useful for displaying an idea so it can be taken forward for development. However, 

patents are beginning to create new problems rather than alleviating them.  

72. Intellectual property is a major blockage to biotechnology development. GM varieties 

such as Golden Rice are public sector produced and aimed to benefit farmers and 

consumers. Strict regulation will limit the benefits reaching the people who need the       

technology.       

Agricultural pesticides: an example of regulatory restriction on an industry  

73. There has been a trend towards longer periods for development before pesticide 

products can get to market, due to a tighter regulatory environment. In 1995 

development for an active ingredient (AI) in pesticides was around 8.3 years. In 2008, 

this has increased to 9.8 years.  

74. There is increased risk for chemical companies due to the tight regulatory process; 

which means fewer companies are willing to invest. The last 50 years has seen a 

reduction in the number of agrochemical companies: in 1960 there were 42 companies, 

by 2008 only 6. Smaller chemical companies cannot afford the additional costs posed 

by tighter regulation, so they hand their potential new products over to larger chemical 

companies after the initial development. 

75. However, there is continuing need for pest resistance, especially for fungicides. Only 1 

in 150,000 products that go through R&D reach a marketable phase due to health and 

environmental restrictions.  

76. There is scope for formulation technology to improve current AIs, such as the use of co-

formulants to improve performance and also to extend the availability of existing 

products for example photostability of products applied to crops.   

77. Natural products still have much scope as a sector, and have been under-exploited to 

date, although there has been increasing use of natural products over the past 25 

years. These products have largely been destined for the organic market. 

78. There is potential for integration between natural and synthetic pest products, so the 

two groups should not necessarily be polarised. Natural products are attractive, but 

they need to achieve the performance of synthetic counterparts. The field performance 

of natural products is the ultimate decider. Chemical companies should form close 

relationships with famers for constructive feedback on new products developed.  

Funding of Science and Technology 

79. Despite the global financial challenges agricultural R&D spends are continuing to 

increase globally, with trends towards increased spending on seed development. In 

2009 development spending on plant breeding overtook that spent on agrichemical 

development for the first time. 

80. Stable funding is needed to build long-run innovation systems; there is also need for 

better utilisation of the funds available.  

Public research - prioritising knowledge gaps  

81. Long term public investment is key for agricultural innovation. Public sector research is 

best targeted to the areas of science and technology that need funding most, identifying 

and prioritising knowledge gaps in agricultural innovation. Public policy creates the 

context, legal frameworks and supportive infrastructure to incentivise entrepreneurship.  

82. Public research can provide the basic scientific foundation with which the private sector 

can begin to invest and expand on. Public research can highlight the new innovative 

areas which are attractive for private research to invest in, as private investors need to 

see where there will be clear profit returns.  

83. Public funding in scientific R&D also needs to assist in making innovative solutions 
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marketable through appropriate infrastructure and regulation. New innovations need to 

be taken to market in a timely manner, so it is key to invest in institutions that create 

markets for these outcomes. 

 Public and private partnerships 

84. There has been a shift in the funding of agricultural science and technology from the 

public to the private sector and increased private funding is likely to lead the way in the 

future. Private investment exceeds public investment in the US, and in the majority of 

developed countries. However, public policy and programmes are still critical for 

fostering and directing this private research.  

85. Public-private partnerships could be one solution to approaching challenges such as 

the expense of plant breeding. Innovation in the private sector can be complemented 

by the coordinated provision of priority public goods.  

86. There are several factors in promoting successful public-private partnerships, including 

the clear definition of the roles of each partner, the development of an understanding 

that the partnership offers mutual benefits and also commitment to a flexible, 

incremental approach to achieve sustainable solutions. However, there is a need for 

strong institutions outside the public sector to allow transparency. 

87. The advent of GM varieties have been almost exclusively developed and disseminated 

by private companies. General R&D is limited by the lack of access researchers can 

get to these new varieties.  

88. Research whether publicly or privately funded should encourage engagement with 

farmers, so that it can leverage farmer knowledge. Tools for rapid feedback and 

monitoring outcomes from farmers can help inform the direction of future research 

areas. 

Cross-disciplinary research – limitations for funding  

89. Government spending on agricultural science in the United Kingdom has reduced 

significantly since World War Two. A lack of investment stems in part from the cross-

disciplinary nature of the research, and the need for greater dialogue between 

government departments in addressing these cross-disciplinary issues.  The challenge 

of public under-funding has meant that scientific breakthroughs have not been 

commercialised. 

90. It was proposed that the UK could adopt a similar approach for the agricultural science 

sector as that used by life sciences, and promoted through the UK ‘Life Science 

Strategy’ (December 2011).
10

 This would assist in generating the most benefit from 

linking organisations e.g. integrating academic research with the National Health 

Service (NHS) and public health data. This is a long term (10 year) strategy.  

91. The global food security crisis is also a huge opportunity for the UK, and despite 

research cuts following CAP production excesses in the 1980s, the UK is still world-

renowned in areas of agricultural science such as crop breeding, plant science and 

animal science. For decades agricultural science has been under-funded and scientific 

breakthroughs have not been commercialised. 

92. Technology strategy boards need to work with the agricultural supply chain to find 

holistic solutions to problems, in such as way that is attractive for all participants in the 

chain to benefit. Feedback mechanisms are needed within these chains to evaluate the 

effectiveness of new innovation. 

International funding opportunities  

93. Promoting global food security through science and technology should not be contained 

within national boundaries. This also requires coordination between national and 

international research groups. Research foundations should be encouraged to  
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 coordinate investments between nations and provide long-term funding for projects. 

94. African countries can reach higher rates of economic growth through increased 

investment and sustained agricultural productivity growth. Public-private partnerships 

can bring together business, government, and NGOs to increase agricultural 

productivity. This can drive economic growth in sub-Saharan Africa. 

95. Plant breeders in Africa are faced with severely limited resources and funding. Since 

public funding only provides a small proportion of research and development. Africa’s 

investment in science and innovation remains low at less than 1% GDP.
11

 Many of 

Africa’s youthful population do not see a future in agriculture or science, which means 

that Africa will face a knowledge and skills gap.  

96. African governments pledged to increase public investment in agriculture to 10%, in line 

with meeting Millennium Development Goals (MDG).
12

 This was to enable to raise 

agricultural productivity to an average annual growth rate of 6% by 2015. However, 

budgetary expenditure has fallen short of the stated commitment, with only eight 

countries currently achieving the target. 

97. Despite the significant role of agriculture to the economies of African countries (around 

30% GDP and 70% employment), public and private funding for agricultural research, 

education, training and extension is not increasing. 

Security for researchers  

98. It is not only in the developing world that science and technology is lacking the security 

of funding. Researchers’ job security has become an issue in developed nations. The 

length of job contract for researchers is short, with 1-year contracts not uncommon. 

This not fostering an environment that can focus on long-term solutions and 

development. 

99. In funding innovation, human resources are the key element. A better relationship 

between funders and scientists needs to be established, so that funders can 

understand the long-term and incremental nature of scientific development. 

 Conclusions: priority areas and policy recommendations  

Innovation  

100. Both incremental and transformative approaches to science and technology are needed 

to deliver sustainable solutions to food security. 

101. Incremental science and technology addresses externalities of conventional agricultural 

systems, including improved livestock breeding, conservation tillage methods and 

precision application technologies. 

102. Transformative science and technology takes advantage of natural agro-ecosystems to 

develop new farming systems. This approach maximises synergies between production 

and the environment. Transformative science and technology is complex, so it requires 

engagement by all stakeholders, and leveraging indigenous knowledge as to how they 

can come up with a transformative solution.  

103. However, there should be continued focus on existing science and technology, and 

developing their translative capacity. There has been renewed interest in integrated 

farming systems, including mixed farms, in terms of improving the productivity of 

farming in a holistic and environmentally sustainable manner.  

104. Agricultural research needs to be targeted towards providing solutions to the 

contemporary issues facing global food security.  

105. Development of new crop varieties with resistance to climate change factors, including 

drought, salinity, nitrogen, resource use efficiency, pathogens and disease are 

desirable to reduce the vulnerability of growers through economic loss and yield losses.  
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106. There is great potential for new and emergent technologies, including GM varieties and 

macroscience projects such as artificial photosynthesis. There is also much scope for 

developing new species as foods crops from species previously unused, thus 

increasing the biodiversity of the plant stock used. 

107. However, progress cannot be solely reliant on science and technology; there is need 

for the appropriate institutions and policy environment, and the need for markets, 

including consumer demand and appropriate market structures.  

Funding 

108. Private funding is likely to lead the way in future agricultural research, but public policy 

and programmes are critical for directing the private research and to incentivise 

entrepreneurship. Public funded research can still provide a basic scientific foundation 

and can prioritise gaps where there is a lack of public of private research. Governments 

need to contribute long-term funding to agricultural research, contributing to building 

agricultural research systems with good infrastructure and human resources.  

109. Stronger public-private partnerships are called for. 

110. There is need for better targeted research, with long-term focus and looking at market 

signals for new development.  

111. Foundations should be encouraged to coordinate investments across national and 

international research. This is essential for providing adequate funding and 

infrastructure for large macroscience projects.  

112. Given the twenty year process of research to application funding needs long-term 

commitments which in turn needs a stable policy environment. There should also be 

more international cooperation.  

Extension 

113. Often the consumers and farmers are left to feel as if they are ‘end of the pipeline’ in 

agricultural research. It is important that farmer can advise on their research needs and 

where there are knowledge gaps.  

114. ‘Knowledge exchange, not knowledge transfer’ is key in a mutually beneficial 

partnership between farmers and researchers. Farmers can benefit from new 

technologies, and researchers can discover where the real issues lie through better 

communication. 

115. Farmers and scientist need to communicate via two-way feedback mechanisms, so that 

science can be directed to the needs of the producer and the market. Improving 

communication and links along the agricultural supply chain can help foster sustainable 

food production. 

Regulation  

116. The legitimacy of agricultural regulation needs to be re-assessed. There is need for a 

better balance of regulation in product development. Governments should be enabling 

innovation by removing impediments, such as excessive or restrictive regulation. Costs 

for regulation are beginning to hinder agricultural development, especially in the 

developing world. 

117. Technologies in their embryonic stages may provide solutions for food and fuel in the 

future. It is essential that emerging technologies are permitted the right environment in 

which to develop in an international and regulatory context.  

118. Policymakers need to understand the nature and processes of scientific innovation and 

to create an environment in which it can flourish. Policy needs to demonstrate 

continuity for innovation through longer-term policy plans. 

119. Consumer faith in agricultural science and technology needs to be built through the 

appropriate dissemination of evidence-based knowledge and education to overcome 
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issues of mistrust.   

Katharine Garvey 
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