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2 Apply modern genetic and breeding approaches to improve the quality, 
sustainability, resilience and yield-led profitability of crops and farm animals.

 Develop practical approaches for managing, curating, disseminating and using ‘omics’ 
information and related large data sets for effective precision breeding of plants and animals 

 Use better understanding of plant architecture, development and biochemistry to identify 
breeding targets for improved resource use efficiency and tolerance of biotic and abiotic stress in 
crops, now and under future climate conditions 

 Generate more effective genetic improvement strategies for the ruminant sector, which identify 
and manipulate relevant traits and their genetic drivers, rather than emphasising specific breed 
improvement.

3 Use systems-based approaches to better understand and manage interactions 
between soil, water and crop/ animal processes.
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6 Develop evidence-based approaches to valuing ecosystem service delivery by 
land users, and incorporate these approaches into effective decision-support 
systems at the enterprise or grouped enterprise level.

Develop new models for integrated mixed farming, based around co-location of specialist 
enterprises, optimising value from crop diversification and co-products, and thereby generating  
a safe and sustainable ‘circular agricultural economy’

Promote development of the knowledge base, to provide understanding of the mechanisms  
by which ecological networks deliver ecosystem value through inter- and intra-species diversity

   

Develop (in concert with other countries in the EU and elsewhere) robust tools for measuring, 
valuing and monitoring ecosystem service outputs from a range of farming systems. Incorporate 
these into advanced management strategies and effective decision-support tools
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7 Extend the training, professional development and communication channels  
of researchers, practitioners and advisors to promote delivery of the targets 
above. 
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Recommendations
In order to promote this programme of long-term strategic and applied research, the Joint 
Commissioning Group presents five specific recommendations for the attention of public and private 
research funders and providers.

A. Levy bodies and other producer groups should consider ways in which they could help to 
establish joint programmes, based on the recommendations above, and leverage additional 
investment from the Research Councils, Government Departments, the TSB, the EU and other 
funding agencies.

B. Research Councils, Government Departments and, where appropriate, HEIs and Research 
Institutes should seek broader representation from producers on relevant councils, boards and 
committees. Levy bodies and other producer groups should nominate representatives who will 
work to foster long-term, integrated approaches to the challenges outlined in this document, 
rather than promoting narrow sectoral interests. 

C. Given the increasing policy emphasis on land-based issues, including food production, 
alternative land use, climate change adaptation and mitigation, and the protection of natural 
capital, there needs to be an integrated consideration of options to improve the provision of 
advice, training and skilled manpower at a UK level, both in terms of producers and of the skills 
available within the R&D and consultancy base. 

D. The policy and strategy implications associated with the research recommendations in this 
report should be considered holistically both by the Government and the funders of basic and 
strategic research. In governmental terms, there is a need to ensure that there is consistency of 
policy and approach between different Departments with an interest in land and water use, food 
and energy production, and the protection of natural capital. 

E. In terms of the funders of research, thought needs to be given to how future strategic decisions 
over ‘blue-sky’ and responsive-mode funding can be managed, to protect the UK capacity for 
scientific excellence whilst addressing skills shortages in key areas, such as soil science and 
applied crop sciences. A more appropriate balance between fundamental and applied research, 
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I. Introduction
Rationale 

Ever since Malthus, concerns has been expressed regarding the capacity of agriculture to feed an 
ever-increasing population. To date, these concerns have been groundless; the area of land devoted 
to pastures and under cultivation for crops has increased and, particularly over the last century, yields 
of crops and livestock products have increased through the application of science and technology.

There are those who feel that this process can continue, and that the global food system is 
potentially resilient enough to cope with future demands, providing that underlying issues of equity 
and social value are addressed (IAASTD 20082). However, an increasing number of international 
groupings of academics, politicians and producers feel that the first half of the 21st century will bring 
challenges that cannot be addressed by the continuation of existing approaches to increasing food 
production. 

In other words, ‘business as usual’ is not an option. These challenges have been summarised by the 
then Government Chief Scientific Adviser, Professor Sir John Beddington3, who talks about a ‘perfect 
storm’ of inter-related and additive factors, summarised in Table 1.

Table 1. Factors likely to constrain the ability of the global food chain  
to meet demands by mid-century (Royal Society, 2009)

1 Increase of population to 9bn, needing yield increases of up to 50%  
to maintain current levels of nutrition.

2 Increased per capita incomes, leading to increased resource  
consumption and demand for meat and dairy products.

3 Increased competition for land for both urbanisation  
and alternative uses such as bioenergy and biorenewables.

4 Increased competition for water, amplified by shifts in availability in certain regions.

5 Potential negative effects of climate change on yields in lower latitudes.

6 Increasing competition for (and expense of) key inputs (fertilizer, fuel agrochemicals etc).

7 Slowing of increases in agricultural productivity.

8 Increased awareness of the need to protect (or improve) the provision  
of non-costed ecosystem services derived from land.

There have been a number of analyses both in the UK and elsewhere of the options available to 
address these challenges. The most significant documents from a UK standpoint are the summary 
outputs from the 2010 Foresight review and the report by the Royal Society in 20094. 

Both of these documents argue forcefully for increased impetus in terms of the generation of new 
technology, and for its application to agriculture in the UK and worldwide. 

Both reports raised the challenges surrounding the need to increase production without eroding 
even further the natural capital that supports the delivery of non-costed ecosystem services. 

2  IAASTD (2008). Agriculture at a crossroads: global summary for decision makers. Available online at: http://www.agassessment.org/reports/IAASTD/EN/
Agriculture%20at%20a%20Crossroads_Global%20 Summary%20for%20Decision%20Makers%20(English).

3  Beddington, J (2011). The Future of Farming. International Journal of Agricultural Management 1(2), 2-6.

4  The Royal Society (2009). RS 1608: Reaping the Benefits. Science and the sustainable intensification of global agriculture. 72 pp.  ISBN: 978-0-85403-784-1.
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Table 2 presents a summary of high-level policy actions from the Foresight report, and highlights the 
need to integrate new knowledge into food systems that are both more sustainable and more 
productive, and to ensure that policy decisions support these aims.

Table 2. Key priorities for action for policy-makers5

1 Spread best practice.

2 Invest in new knowledge.

3 Make sustainable food production central in development.

4 
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The omissions within these figures temper that conclusion somewhat, but do not invalidate it.  
The Research Councils’ funding figures tend to overestimate the amount of research that has a 
specific objective relevant to a current industry need, because of their responsibility to maintain the 
health of the science base. A proportion of responsive-mode grant funding will be relevant to 
agriculture and land use, in that it supports the maintenance of expertise and capacity, but is not 
necessarily directed towards current need. Likewise, Funding Council support is directed towards 
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Current investment in applied producer-oriented research 
Each of the producer bodies that together make up the relevant segment of R&D spending shown in 
Figure 1 has its own research strategy. A list of these bodies, with references to their current strategic 
plans, is given in Appendix 2. The size of these bodies, and consequently the size of their R&D 
spend, varies considerably. A broad consideration of these documents suggests that three kinds of 
activity are funded widely (if not universally) across the group. The first and most obvious is targeted 
research, development and knowledge transfer to address current problems specifically relevant to 
the sector. Such activities will remain a significant element of the work of these bodies for the 
foreseeable future, and this report does not seek to modify the independence and freedom of action 
of the individual boards, groups and charities in this area. It is important, however, that those 
commissioning R&D in such areas are fully aware of the range of research capacity in the UK that 
could contribute to finding effective solutions.

The second activity is to help to support or extend the market for the products relevant to each 
group. As with the explicitly sectoral R&D that was considered above, assessing the impact and 
value for money of funding in this area is the responsibility of the specific producer body.

The final area of investment is in longer-term applied research that seeks either to maintain or to 
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II. Information-gathering and Evaluation
A brief history of Feeding the Future 

In an attempt to stimulate discussion on how to maximise the benefits of UK investment in 
agricultural research, in May 2010 the Royal Agricultural Society of England (RASE) convened a 
meeting of various organisations involved in agricultural R&D. 

The organisations represented at this meeting were: the RASE, the BBSRC, the NFU, the AHDB and 
representatives of its six Sectors (Combinable Crops, Potatoes, Horticulture, Pigs, Milk, Beef and 
Sheep) and the campaign group RURAL (Responsible Use of Resources for Agriculture and Land). 
Each organisation explained how they worked, giving a better understanding to all present of the 
issues and challenges faced by agriculture and horticulture. 

One year later another meeting was convened, with additional representatives from the TSB, the 
Biosciences Knowledge Transfer Network, the British Beet Research Organisation (BBRO) and the 
Processors and Growers Research Organisation (PGRO), to discuss progress in addressing the 
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2 Apply modern genetic and breeding approaches to improve the quality, 
sustainability, resilience and yield-led profitability of crops and farm animals.

Develop practical approaches for managing, curating, disseminating and using ‘omics’ 
information and related large data sets for effective precision breeding of plants and animals. 

Use better understanding of plant architecture, development and biochemistry to identify 
breeding targets for improved resource use efficiency and tolerance of biotic and abiotic stress in 
crops, now and under future climate conditions. 

No-spray crops.
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Develop strategies to meet the production and utilisation requirements for plant and animal 
protein from within UK farming systems.

Protein supply, the elephant in the room. Sustainably meeting the ever-increasing global 
demand for animal-based protein is perhaps the major challenge facing global agriculture over 
the next half century. Europe is currently less than 25% self-sufficient in vegetable protein feeds, 
and increasing competition from developing economies, combined with the potential of climate 
change to limit output growth in exporting countries, could be described as the embodiment of 
the ‘Perfect Storm’.

Optimising the production, recovery and utilisation of vegetable protein for animal feed is a key 
priority for agricultural research and innovation. This is a multi-factorial challenge and the 
potential solutions are likely to be equally diverse. 
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5 Develop integrated approaches to the management of animal disease  
within farming systems.

Promote the development of effective vaccines and control strategies for endemic and emerging 
animal diseases, including through understanding of the genetic basis of resistance, and 
translating this into breeding targets.

Improving animal health – everybody wins. Endemic infectious diseases, such as 
respiratory or enteric diseases, are a major source of reduced animal welfare and, through their 
effect on biological performance, have serious impacts on commercial and environmental 
efficienc 9  0 0j0 93.54 9 (e) 6(f) 20 (o)(fi)93.54 .3.54
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6 Develop evidence-based approaches to valuing ecosystem service delivery by 
land users, and incorporate these approaches into effective decision-support 
systems at the enterprise or grouped enterprise level.

Develop new models for integrated mixed farming, based around co-location of specialist 
enterprises, optimising value from crop diversification and co-products, and thereby generating a 
safe and sustainable ‘circular agricultural economy’. 

Promote development of the knowledge base, to provide understanding of the mechanisms by 
which ecological networks deliver ecosystem value through inter- and intra-species diversity.

Develop (in concert with other countries in the EU and elsewhere) robust tools for measuring, 
valuing and monitoring ecosystem service outputs from a range of farming systems. Incorporate 
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7 Extend the training, professional development and communication channels of 
researchers, practitioners and advisors, to promote delivery of the targets above. 

Up-skilling the industry. There is a shortage of young farm managers who have the skills 
required for the increasingly technological and commercial challenges of modern agriculture. 
This is an industry-wide issue, as even the largest farming organisations lack the resources to 
develop and run effective management training schemes on their own. 

The vision is to have well-trained professional managers who can meet current and future 
technical and business requirements. For example, there is a need to develop farm 
management training schemes involving groups of farming businesses which are accredited by 
recognised agricultural universities, colleges and other professional organisations. 

The trainee farm managers, many of whom would already have a degree or diploma, would gain 
experience in different businesses and sectors of agriculture. The farming businesses would 
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8 Improve the use of social and economic science to promote the development, 
uptake and use of sustainable, resilient and profitable agricultural practice that 
can deliver affordable, safe and high-quality products.

Develop a series of ‘good practice’ case studies for effective knowledge exchange between 
researchers, advisors and farmers.
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IV. Recommendations
The cost-effective and efficient management of applied agricultural research, to deliver an 
increasingly wide range of benefits in a way that directly supports producers, will not be 
straightforward. Retrospective analysis of previous paradigm shifts in agriculture shows a number of 
instances both of ‘science push’ (eg the use of dwarfing genes in cereals) and ‘industry pull’ (eg the 
incorporation of silage rather than hay into ruminant rations), so any long-term vision for R&D 
management must be able to sustain both types of advance. A brief analysis of successful 
programmes from other countries (presented as a series of case studies in Appendix 4) indicates 
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 there are differences between the UK and devolved governments in some respects, this is a 
challenge that is UK-wide. The Joint Commissioning Group welcomes the report on Agricultural 
Technology, from Defra and the Office of Life Sciences within BIS. Levy bodies have 
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V. External Influences that Might Affect the 
Development and Uptake of Innovation
The findings and recommendations of this report are predicated upon two main principles. Firstly, 
that the forecasts for world demand for food and other products of land use are broadly in line with 
those discussed in the Foresight review5, and secondly that there is general agreement over the 
need for the UK agricultural sector to adapt to these changing circumstances. These principles  
were considered in detail at the last Joint Commissioning Group workshop on cross-sectoral issues. 
The positive drivers summarised below flow from these principles, and would be expected to have 
beneficial consequences for UK producers:

Rising global demand for food.

Increasing global prosperity driving higher consumption of meat and dairy products.

Increasing political significance in Europe given to issues of food security.

Potential beneficial effects of climate change on some elements of UK production.

Increasing political pressure to improve efficiency and reduce waste/ losses.

Better opportunities to integrate both R&D and production systems across land use, including 
the production of food, energy, and bioproducts, will generate new business opportunities.

However, the workshop also identified a number of potential drivers that could impact negatively, at 
least in the short- to medium-term, on the effective development of the industry, and consequently 
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Improving integration of Member State- and EU-funded R&D, to maximise value and improve 
innovation.

Re-establishing consumer trust and loyalty to UK producers.

The need to re-establish consumer trust and loyalty at the producer level, whilst important, lies 
outside the particular remit of this report. However, there is an increasing body of social and 
economic research relating to the marketing and supply of agricultural produce at a range of scales, 
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VI. Next Steps
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VIII. Appendices
Appendix 1.  
Membership and affiliation of the Joint Commissioning Group.

Professor Ian Crute CBE is Chief Scientist of the Agriculture and Horticulture 
Development Board, which he joined from Rothamsted Research in 1999 after 
10 years as institute Director. This followed 25 years in Horticulture Research 
International as a research leader in plant pathology, and a Head of Department 
and Director at Wellesbourne. Ian’s scientific contributions have led to him 
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Jim Godfrey OBE is an arable and pig farmer from Lincolnshire. Jim is a non-
executive director of the National Institute of Agricultural Botany (NIAB) and 
Lincolnshire Rural Support Network, chairman of the Technology Strategy 
Board’s Sustainable Agriculture and Food Innovation Platform, and a member of 
the BBSRC Council, the Commercial Farmers Group, the Nuffield Farming 
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Appendix 2.  
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Campden BRI publications 

‘Scientific and technical needs of the food and drink industry – 2012-14’  
http://www.campden.co.uk/research/strategy.pdf 

House of Lords 

European Union Sub-Committee D ‘Innovation in EU Agriculture’ –  published July 2011  
(19th Report of Session 2010-12)

HM Government 

The Natural Choice – securing the value of nature. UK National Ecosystem Assessment 
http://uknea.unep-wcmc.org/ 

Commercial Farmers Group (CFG) 

Priorities for Agricultural and Horticultural R&D (2009)

Environmental Sustainability KTN 

‘Environmentally Sustainable Agri-Food Production’ (2012) 

Defra Green Food Project Report 

http://www.defra.gov.uk/publications/2012/07/10/pb13794-green-food-project/

Hybu Cig Cymru (HCC) Welsh Meat Roadmap 

http://hccmpw.org.uk/medialibrary/publications/HCC%20Sustainable%20Red%20Meat%20
Roadmap%20English%20LR_1.pdf

Institute of Agricultural Engineers (IAgrE)

http://www.iagre.org/sites/iagre.org/files/repository/IAgrEGlobal_Food_Security_WEB.pdf

Society for General Microbiology

http://www.sgm.ac.uk/PA_Forms/FoodPS_Web.pdf

British Beet Research Organisation (BBRO)

http://www.bbro.co.uk/science

Feeding the Future – Innovation Requirements for Primary Food Production in the UK to 2030
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Appendix 3.  
Collated workshop outputs
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Summary of outputs from cross-sector R&D  
road-mapping workshop, 30th July 2012 – Stoneleigh
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Q2.  What generic areas of research will have the most positive impact  
on the sustainable intensification of agriculture in the next 20 
years?

Precision/ smart engineering *************

Soil biology, rhizosphere and water interactions **********

System-level research ************

(Relevant and objective) sustainability metrics *********

Genetics and marker-assisted selection/ ‘omics’ and understanding ‘omic’ information******

Social science – translation and communication *****

Nutrient use efficiency – nitrogen ***** and phosphorus **

Protein supply ***

Research motivation, R&D resilience and flexibility ***

Targeted KE/ KT for differing needs ***

New pest management techniques ** (incl. weed control)

GHGs and soil (N2O)- and rumen (CH4
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Q3.  What key challenges/ research needs were not highlighted/ 
identified by sector workshops?

Systems-level solutions – macro level *******

New/ emerging crops (grain maize, soya, alfalfa )******

Consumer psychology/ behaviour and trust *****

Impact assessment of R&D/ technology by stakeholders (incl. evidence) **

Quality of private sector research (capability) and open access – using private sector R&D for wider 
business benefit **

Application of genomics **

Optimising N use*

Modelling efficiency re GHGs*

Social science*

Greater industrial/ academic collaboration *

Structural issues in R&D capability (soil, weeds etc)*

Cell-level systems biology

Decision support tools

(Bio-) chemical feedstocks for industrial/ non-food use

Algae/ fungi as a source of feed/ protein/ energy

Q4.  Given that current systems of agricultural production in the UK are 
driven largely by historical factors, what changes/ alternative 
farming systems should be investigated or researched to deliver 
sustainable productivity growth and provision of environmental 
goods in the future?

New paradigms in precision agriculture

Remote monitoring, control and application technologies

Protecting soils – controlled traffic farming

Protecting the environment – better targeting and timeliness of inputs

Environmental and economic benefit: defined – increased resource use efficiency/ yield/ reduced 
cost of compliance with regulations

Analysis, understanding and integration of yield mapping and soil/ crop monitoring data 

Decision support tools

Outreach and training – KE/ KT requirement

Compatibility issues need to be resolved

Market pull – ‘glorified red tractor’

Infrastructure investment

System design according to topography and soil type/ cropping etc.

Feeding the Future – Innovation Requirements for Primary Food Production in the UK to 2030
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Better understanding of soil pathogens and life cycles/ interactions with soil biota/ crops

Soil-borne disease pressures increasing

No current solutions

Requirement for national soil audit re soil health

Public funding issue – value must be recognised

Link outcomes to yield map data to identify potential causal links.

Valuing ecosystem services and developing land use systems 
to optimise delivery where appropriate

Tropical cropping systems/ wild harvest – what can be learned?

Vertical farming systems – opportunities in light of climate change

Prudent nutrient recycling

Dual cropping/ mixed farming systems (silvo-pastoral production)

Paradigm change; monitor ecosystem service output (how to measure/ value)

Re-definition of mixed land use

Rewarding ecosystem service eg agro-forestry

Logistical problems of low volume production

Unit of accountancy for ecosystem services (catchment NOT farm).

Endemic and emerging disease management and eradication in livestock
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Q5.  What other factors (positive and negative) will have a significant 
effect on agricultural production between now and 2030, and what 
role does R&D play in ensuring those impacts are optimised/ 
mitigated against?

Positive factors:

1. Consolidation/ collaboration of agricultural R&D with other strategic imperatives

Eg energy and AD

Integrated management of complexity

Structured approach to R&D programming.

2. Climate change opportunity

Embrace systems biology

Increase diversity of genetic pool in agricultural production

Increase resilience (plants and livestock).

3. Rising demand for food 

Drive for efficiency gains
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Robust models required for plants and animals.

5. Carbon accounting
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Appendix 4.  
Examples of successful integrated R&D programmes  
in the agricultural sector. 

1. The Australian model for applied agricultural research: rural development 
corporations

Rural development corporations commission agricultural research on a competitive basis from 
both public and private providers, using funds from production levies that are matched (up to a 
ceiling of 0.5% of the value of production) by federal funds. There are currently 15 RDCs, each 
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2. The Consortium for Plant Biotechnology Research, St Simons Island, Georgia, USA.

The CPBR is a non-profit NGO whose aim is to speed-up the transfer of plant biotechnologies 
from the research laboratory to the marketplace, expanding economic opportunities through 
university research and global networking. The consortium supports biotechnology research 
that has practical applications, it advances technological innovations based on new 
understandings and uses of plants and other organisms, it provides multidisciplinary training 
and research opportunities for a new generation of scientists and engineers, and it connects 
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3. Canadian Agri-Science Clusters

Total funding of $68.5m has been approved under the Canadian Agri-Science Clusters initiative 
of the Growing Canadian Agri-Innovations Programme. This funding is being allocated to 
10 science clusters which are organised along commodity lines, as follows: beef cattle, dairy, 
swine/ pork, poultry, canola/ flax, pulse, wheat breeding, edible horticulture, ornamental 
horticulture, and organic agriculture. 

The initiative provides financial funding contributions for recipients to carry out research 
projects with universities and other research and development organisations. Funding may also 
cover non-pay costs associated with research to be performed at Agriculture and Agri-Food 
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