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Message from  
our Chairman
Ray Perman 

 

It is a pleasure to introduce the first Annual Report of the James Hutton Institute.  

The intention of the merger, which created the organisation in April 2011, was to bring 

together a range of scientific expertise to enable us to contribute more effectively 

to tackling some of the world’s most pressing problems, such as food security, 

environmental sustainability and combating climate change.

A lot has been achieved in our first year. The key appointments in science and business 

components of our organisational structure have all been made and we have begun 

work on the five-year research packages that we are undertaking on behalf of the 

Scottish Government. We launched the Centre of Expertise for Waters and we led 

the UK team in the international consortium that sequenced the potato genome. The 

technical aspects of the merger have been completed, but there is much more to do 

to ensure that we genuinely function as one organisation. We are well advanced on a 

programme to embed our new culture, structure and approach and to deliver results 

that will make a meaningful positive impact on people’s lives.

We have set ourselves ambitious targets: to deliver the highest quality integrated and 

innovative science and to be a world leader in research and engagement. It is our 

responsibility to ensure that the standard of our science is up to the challenge, so we 

have put in place a series of independent external reviews to help us to achieve and 

demonstrate our expertise. We also recognise that we cannot do everything ourselves. 

Although we are now one of the largest research organisations in our field in Europe,  

to play a leading role globally will demand more skills and resources than we can supply 

alone. We have always worked with other research institutes and universities inside  

and outside Scotland, but we have tasked ourselves to widen and deepen those 

collaborations.

Most of the money that pays for our research comes from public sources, and the 

largest part of that is sourced from the Scottish Government, with whom we have 

developed a close and constructive partnership. However, the resources of all public 

agencies are being squeezed and we have had to make efficiency savings and take cuts 

to our budget. Those pressures will not go away, so a major focus of our corporate 

strategy is to build on the good relationships we have with commercial companies, 

charitable foundations and international agencies – particularly the European Union – 

to broaden the base of our funding.
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The board has an important role to play in ensuring the highest standards of governance 

and accountability and in helping to set the goals and direction of the Institute. During the 

first year members have willingly taken on demanding roles on committees. The board has 

functioned well, but there is always room for improvement, so we are currently reviewing 

our effectiveness in carrying out our key roles, including supporting and challenging the 

Executive.

One of our duties will be to continuously review the corporate strategy to ensure that it 

remains relevant and practical. The world does not stand still.



Professor Iain Gordon 
 
 

 
 
This is the first Annual Report of the James Hutton Institute, launched in April 2011 when  

it brought together the Macaulay Land Use Research Institute and SCRI (Scottish Crop 

Research Institute), to combine existing strengths in crops, soils, water and land use and  

environmental research.

Following our launch, many people asked me why we chose to name the Institute after 

James Hutton, the “father of geology”. James Hutton was indeed a visionary who used his 

observations of land forms to theorise about how rocks are formed and erode and form again.

His insights led to the theory of deep time. Hutton began to realise that the world is much 

older than suggested in the Bible. His thinking formed the basis upon which theories such 

as Darwin’s natural selection could develop. However, Hutton was more than a geologist; he 

was a polymath with his mind ranging across subjects from how rain is formed to how blood 

circulates around the body.

He was also a practical man. He made his money from the manufacture of sal ammoniac 

which was used in dyeing, metalworking and as smelling salts. He also farmed land at 

Slighhouses in Berwickshire where he introduced practices from elsewhere in Europe and 

experimented with plant and animal husbandry. He recorded his ideas and innovations in 

The Elements of Agriculture, which is unpublished to this day but which the James Hutton 

Institute will publish in the future. It is because of his observation and interpretation of the 

world around him and his use of this understanding when applied to the practices of land 

management that we are proud to use the name James Hutton for our new Institute.

Land and the ecosystems it supports underpin the provision of food, fuel, clean water and air 

and many of the cultural experiences that provide for human livelihoods and wellbeing. The 

provision of these goods and services is supported by ecosystem functions such as climate 

regulation, nutrient cycling and protection from disease and natural hazards, collectively 

referred to as ecosystem services. These create a platform on which economic activity occurs, 

governance regimes are built, resource use is negotiated, land management decisions are 

framed and lives are lived.

Ecosystem services are now seriously threatened by high levels of consumption and 

ecosystem degradation which contribute to food and energy insecurity; increased 

vulnerability to natural disasters such as floods and droughts; reduced availability and  

quality of water; threats to cultural heritage; poor plant, human and animal health and  

other, general conflicts. These challenges will be exacerbated further by climate change  

and population growth.

Chief Executive’s  
Foreword 
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The nature of the demands and pressures on land are diverse and decisions about its use 

occur within complex socio-ecological contexts. Delivering innovative solutions necessitates 

the development and application of high-quality inter-disciplinary research in partnership 

with people, organisations and governments. This solution building has to be responsive 

to the requirement for land to meet the current and future needs of our environment and 

society. The James Hutton Institute is structured to deliver integrated scientific outputs 

relevant to global challenges, both now and in the future. Delivering our science is premised 

upon the need to:

•  �Ensure that our science is of the highest calibre, through the inter-disciplinary science 

groups. The groups are the foundation of research excellence within the James Hutton 

Institute. Their function is to maintain and nurture the science and infrastructure 

necessary to build the inter-disciplinary teams required to deliver the vision. The groups 

therefore will focus on excellence by promoting science that is credible and leading-edge. 

They will ensure our research is undertaken in an enabling environment so our scientists 

are properly resourced, with a good infrastructure and supportive management.

•  �Integrate our research to address the demands and challenges on land and natural 

resources to deliver goods and ecosystems services more sustainably, through the 

research themes. Our themes recognise global dynamics and are purposely responsive 

and flexible in their planning and delivery. A key aim is to ensure that knowledge 

generated within the research and other communities flows and reaches the people 

who can apply it in a timely manner. The themes, therefore, will focus on engagement: 

innovative research that is relevant, timely, adaptable and business focused. They will 

be effective by identifying synergies, reducing duplication, and delivering knowledge 

exchange.

•  �Offer world-class facilities and services in all aspects of our operations to enable our 

science to be conducted and delivered. Our Business Enabling Services has two key 

functions within the James Hutton Institute: to support the science and to provide 

stewardship of ‘corporate health’ by ensuring external compliance.

My aim has been to create an Institute that operates as a single organisation across two 

main sites and a number of research stations and farms. The need is to provide staff with 

the same operating environment no matter where they are based. This has resulted in a 

year of change for the staff in the James Hutton Institute as they come to terms with new 

colleagues, organisational structures, senior management team and redrawn processes  

and procedures.

Change is never easy, but I have been heartened by the enthusiasm of the staff for the 

journey that we have embarked upon together. I have been encouraged by the fact that 

we have been able to continue to generate, and work with partners to apply, great science 

over this period of change and transition. This is a tribute to the staff of the Institute and 

the continued enthusiasm of our partners to work with us. In the Annual Report you will see 

many examples of the excellent science that is creating solutions to the challenges facing 

the globe. I hope that you enjoy reading it and I look forward to hearing how we can work 

together in the future.



The James Hutton Institute has over 360 scientific staff working in the area of land use and 

natural resources. We have an excellent scientific reputation with over 400 peer-reviewed 

papers published each year. We have developed collaborative partnerships worldwide and 

numerous interactions with industry, government and the general public. The scientific and 

societal challenges identified in our science strategy are complex and require the application 

of a range of skills and disciplines in concert. Innovative approaches within existing disciplines 

and multi-disciplinary working is required. We also need to recognise that new scientific 

disciplines are evolving to meet these difficult and complex challenges, e.g., bioinformatics 

and environmental psychology. Most importantly we require inter- and trans-disciplinary 

approaches that look at problems in new ways and seek solutions that make a difference. 

The nature of problems change over time and the skill sets required vary at different stages. 

Consequently, flexibility to deploy the appropriate skills is needed at different times, and 

while we apply our science to today’s problems we need to keep developing our scientific 

disciplines to meet the demand of the future.

The James Hutton Institute’s science is therefore managed using a matrix structure  

(Figure 1 and Table 1). Matrix management focuses on integrated project delivery, giving 

flexibility to apply varied skills to specific projects. It also allows for the co-existence of 

specialisation, depth of knowledge, professional development and career progression.  

Figure 1  The five groups in green form the core 
of our science groups and the themes (purple) 
apply these skills to solve problems.

Realising
Land’s Potential

Safeguarding
Natural Capital

Enhancing Crop
Productivity
and Utilisation

Delivering 
Sustainable
Production Systems

Controlling Weeds,
Pests and Diseases

Managing 
Catchments
and Coasts

Environmental 
and Biochemical 
Sciences

Cell and 
Molecular
Sciences

Social, Economic 
and Geographical 
Sciences

Ecological 
Sciences

Information and 
Computational 
Sciences

Nurturing Vibrant
and Low Carbon 
Communities

Our Science 
 
Professor Colin Campbell,  
Director of Science Excellence
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It aims to share responsibility and encourage the delivery 

of project-based research and development.

•  �The science groups are the foundation of the research 

excellence of the James Hutton Institute. Their 

function is to maintain and nurture the science and 

infrastructure necessary to build the inter-disciplinary 

teams required to deliver the vision. The groups 

therefore focus on excellence (i.e., promoting science 

that is credible and leading edge) and is undertaken in 

an enabling environment (i.e., properly resourced, with 

good infrastructure and supportive management).

•  �The research themes integrate our research to address 

the demands and challenges on land and natural 

resources. They use the skills and resources from  

groups in projects applied to the problems and needs  

of stakeholders. The key aim is to ensure that 

knowledge generated within the research and other 

communities flows and reaches the people who can 

apply it in a timely manner. The themes, therefore, 

also focus on engagement (i.e., research that is 

relevant, timely, adaptable and business focused) 

and effectiveness (i.e., identifying synergies, reducing 

duplication and delivering knowledge exchange). 

The science groups have responsibility for the long-term 

stewardship of our extensive chemical, physics and biology 

laboratories and a huge range of cutting-edge analytical 

equipment. Our facilities for science include over  

10,000 m² of glasshouse facilities, ranging from cold 

houses to sophisticated containment houses, a soft fruit 

handling laboratory, 28 polytunnel structures, 19 growth 

rooms, 44 growth cabinets and 18 cold stores. We also 

have a virtual landscape theatre capable of presenting 

3D visualizations to audiences who can interact with the 

display by voting on options such as where to place wind 

turbines in the landscape. We have significant national and 

international scientific resources such as a National Crop 

Seed Store, Insectaries, Crop Germplasm (Commonwealth 

Potato Collection, barley and the Ribes, Rubus collection 

and plant pest and pathogen collections). In addition, we 

host the National Soils Archive and are a national data 

centre for soil and land, the Soil Survey of Scotland, and 

National Mapping of Soil and Land Resources. We continue 

to invest and enhance these scientific resources and make 

them more available to the national and international 

scientific community and more accessible to a variety  

of stakeholders.

In 2011 we have further invested in scientific facilities 

to remain at the cutting edge of science and technology. 

Our imaging facility has recently been enhanced by the 

investment of more than £500,000 to purchase a Ziess 

LSM710 confocal laser scanning microscope (CLSM). The 

microscope is fitted with pulsed diode lasers to enable 

fluorescence resonance energy transfer (FRET) and is 

fitted with a fluorescence lifetime imaging (FLIM) detector 

system. This technology will enable detailed investigation 

of protein–protein interactions in vivo which will greatly 

enhance our capacity to functionally characterise and 

examine dynamic interactions between candidate proteins 

(both plant and pathogen; see Figure 2).

Similarly we have invested in a new state-of-the-art liquid 

chromatograph mass spectrometer to support our work  

on metabolomics.

New technologies enabling rapid and cost-effective 

assessments of organic and inorganic components of soil 

 Enchancing Crop Productivity  
and Utilisation

Developing Sustainable 
Production Systems

Controlling Weeds, Pests  
and Diseases

Cell and Molecular Sciences Crop and pathogen germplasm 
collections, genetics, genomic 
skills; metabolomics

Germplasm collections Crop, pathogen and pest 
germplasm collections, 
genetics, genomic skills

Environmental  
and Biochemical Sciences

Food biochemistry Soil, plant animal nutritional 
analysis; soil physic; 
biogeochemistry; hydrology;  
soil properties

Analysing receptor proteins; 
phytochemicals; pathogen-
environment interactions

Ecological Sciences Plant physiology  
and nutrition

Resource use efficiency; 
integrated pest management 
(IPM)

Epidemiology, plant-insect 
interactions; IPM; weed 
ecology

Social, Economic and 
Geographical Sciences

Agri-economics Agri-economics Agri-economics; social 
dimensions of risk

Information and 
Computational Sciences

Bioinformatic skills; 
metabolomics

Plant-soil systems modelling; 
spatial analysis

Spatial analysis; epidemiology 
modelling; risk analysis; 
bioinformatics and network 
analysis

Table 1  Indicative primary delivery of science from groups (in green) to themes (in purple).



and water are also now emerging. We are developing 

the use of field portable X-ray fluorescence (PXRF) and 

Fourier transform infrared (FTIR) and near infrared 

(NIR) spectroscopy for the determination of organic and 

inorganic components of plants and soil. We are also 

developing the use of total reflection X-ray fluorescence 

(TXRF) for the trace element analysis of soils and waters 

using no more than a drop of solution or suspension so 

that we can investigate the properties of waters and soils 

at an appropriate scale (Figure 3).

Managing Catchments and 
Coasts

Nurturing Vibrant and Low 
Carbon Communities

Realising Land’s potential Safeguarding Natural Capital

Molecular biochemistry of cell 
wall in relation to biofuels

Hydrology; biogeochemistry Ecosystem level fluxes of 
greenhouse gas (GHG); isotope 
tracers

Land and soil survey National Soil inventory and 
archive

Freshwater ecology; 
invertebrate ecology; aquatic 
and riparian vegetation

Long-term vegetation 
monitoring

Landscape ecology Long-term biodiversity 
monitoring

Micro-economic analyses; 
analysis of institutions and 
governance

Micro- and macro-economic 
analyses; analysis of institutions 
and governance; analysis 
of behaviour and related 
constructs

Micro- and macro-economic 
analyses; analysis of institutions 
and governance; analysis 
of behaviour and related 
constructs

Micro-economic analyses 
e.g. non-market valuation, 
analysis of institutions 
and governance; analysis 
of behaviour and related 
constructs

Risk modelling; contaminant 
transport modelling

Systems modelling; risk analysis 
and modelling; economic 
evaluation; non-market analysis

Systems modelling; GIS 
modelling; spatial analysis; 
visualisation techniques 

Modelling ecosystems, GIS; 
population dynamics

We are also investing in apparatus and facilities for 

our informatics and social, economic and geographical 

sciences by way of computing infrastructure, software and 

are designing and building a new human psychology lab 

for our work in environmental psychology.

Innovation is encouraged and nurtured through leadership 

and developing a culture of curiosity and enthusiasm 

for discovery and problem solving. We encourage the 

sharing of ideas through line management leadership, by 

debating current science at every opportunity but also 

Figure 3  TXRF is a multi-element, micro technique with 
remarkable sensitivity in the picogram range. For the analysis of 
liquids or suspensions the sample is spiked with a suitable internal 
standard and a small drop dried on an optically flat disk. Unlike 
conventional XRF, the sample is exposed to a very low-angle beam 
of X-rays and the induced fluorescence measured. The analysis is 
complete within a few minutes and sample changing is automated. 
We are currently using the technique for the analysis of soil pore 
water as seen in this trace.

Figure 2  Escherichia coli O157:H7 bacteria (green) growing 
on the surface of a spinach root and within epidermal cells 
and their associated root hairs. The orthogonal projections 
(xz and yz) show the depth of penetration of the bacteria 
into the root.
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through informal and formal seminars and presentations 

within groups and across the Institute. Scientific horizons 

are monitored through reviewing the scientific literature 

by all staff, through attendance at conferences, and 

systematic monitoring of key publications from societies, 

organisations, government and leading institutions.

The Postgraduate School is another route by which we 

invest in new research, innovation and talent as well as 

build capacity in new skills. The Postgraduate School has 

been developed through seeking and winning externally 

funded studentships, joint funding using Institute seed 

corn monies and through CASE awards funded by our 

commercial subsidiaries (Macaulay Scientific Consulting 

and Mylnefield Research Services). The school comprised 

125 students in 2011 with students registered at 35 

different universities in the UK and abroad. Sixteen PhD 

theses were successfully submitted in 2011/12.

We mentor staff through our line management systems 

and review career development through training and 

scientific opportunities to attend conferences in the UK 

and abroad. Table 2 shows promotions in 2011.

A review of our staff complement indicates that we do not 

fully meet the demand for socio-economics, informatics, 

bioinformatics and the system approaches we are 

advocating. So these are science disciplines and areas where 

we actively encourage recruitment and expansion using 

internal resources. Seedcorn investment, studentships, 

training, mentoring and underpinning capacity are all being 

used to help science groups develop and invest in new 

areas. Seedcorn funds have been used to support new 

projects and ideas in an open competitive call to develop 

strategic science areas. New projects started in 2011/12 

include a co-ordinated Solanaceae research initiative, an 

eco-genomics initiative, and various smaller projects aimed 

at increasing capacity in socio-economics and informatics 

and proof of concept projects developing new innovative 

approaches for analysing materials and our environment.

Enhancing science excellence
The Institute is named after one of Scotland’s most 

inspirational and important scientists and this drives us 

to emulate James Hutton’s insight and impact. We are 

building on a tremendous track record of our legacy 

institutes in providing a wealth of information and 

understanding. We are now publishing over 300 ISI papers 

annually and from our legacy institutes to date have over 

40 papers published in the two top journals of Science 

and Nature. However, we are also increasingly producing 

a wider range of outputs including information systems, 

tools and databases, national assessments and continue to 

grow our track record of engagement with industry, policy 

and the public.

Institute scientists published more than 400 research 

papers in 2011/12 in over 150 different journals (Web of 

Science Database, Thomson Reuters). There were several 

excellent papers across the range of disciplines we cover 

including papers in Nature and Science.

We encourage and celebrate our scientists to win prizes 

and recognition. Dr Jorunn Bos started her Royal Society 

of Edinburgh (RSE) fellowship in October 2010. She is 

studying molecular plant–aphid interactions focusing 

on Myzus persicae interactions with potato. She has 

established her laboratory interacting with several other 

laboratories in the Institute and has won a research grant 

 To Name Group For work on

Band G Dr Rex Brennan Cell and Molecular Sciences Rubus, Ribes genetics

Dr Glenn Bryan Cell and Molecular Sciences Potato genetics

Professor Robin Pakeman Ecological Sciences Plant ecology

Professor Alison Hester Ecological Sciences Ecology of upland vegetation

Band F Dr Rob Brooker Ecological Sciences Plant succession

Dr Roy Neilson Ecological Sciences Ecology of nematodes

Dr Luke Ramsay Cell and Molecular Sciences Barley genetics

Band E Dr Matt Aitkenhead Information and Computational Sciences Soil process modelling

Dr Lisa Avery Environmental and Biochemical Sciences Fate and survival of enterics

Dr Peter Cock Information and Computational Sciences Bioinformatics of plant pathogens

Dr Julian Dawson Environmental and Biochemical Sciences Biogeochemistry of waters

Dr Scott Newey Ecological Sciences Wildlife ecology

Dr Ruth Mitchell Ecological Sciences Vegetation and soil patterns

Band D Malcolm Coull Information and Computational Sciences Soil databases, geoinformatics

Band C Richard Gwatkin Environmental and Biochemical Sciences Automated field data logging

Table 2  Promotions in 2011 



from the Royal Society (London) to develop yeast-two 

hybrid screens to study aphid–plant interactions and 

secured a BBSRC response mode grant starting April 2012.

The Royal Society of Edinburgh has established a new RSE 

Young Academy of Scotland. The Young Academy brings 

together some of the most able and innovative young 

academics, entrepreneurs, artists and professionals in 

Scotland. We were delighted that Institute scientist Dr 

Kirsty Blackstock of the Social, Economic and Geographical 

Sciences group was elected to this new academy.

Seosamh (Joe) Ó Lochlainn was awarded the 2011  

Cocking Prize in Plant Science by the University of 

Nottingham for his PhD thesis on Natural Genetic 

Variation in Zinc Accumulation in Brassicaceae. Joe was 

supervised by Philip White at the James Hutton Institute, 

Martin Broadley, Rupert Fray and John Hammond at the 

University of Nottingham and Graham King at  

Rothamsted Research.

We have also made progress in developing our 

partnerships for excellence, for example with the 

many visiting scientists from around the world and the 

honorary and joint appointments that our staff have 

at universities. We have for many years had a highly 

successful partnership with the Division of Plant Sciences 

of the University of Dundee which celebrates its 10th 

Anniversary in September 2012 and which will expand 

with two new joint appointees in 2012. We also have 

new joint appointments in 2011 with Universities of St 

Andrews (Professor Lesley Torrance and joint Fellow Dr 

Jens Tilsner) and Herriot-Watt (Professor Derek Stewart). 

In 2011 Robert Gordon University have also bestowed 

Wolfram Meier-Augenstein and Lorna Dawson with 

honorary chairs.

The five science groups are creating an enabling research 

environment with due regard to gender and culture. 

We are signatories to the ATHENA SWAN charter that 

recognises and celebrates good employment practice for 

women working in science, technology, engineering and 

mathematics (STEM). The gender balance and distribution 

of grades in groups across our science groups varies 

considerably (Figure 4). The Royal Society of Edinburgh 

has recently reported its findings from its inquiry into 

Women in STEM for which we submitted consultation 

responses and we are now considering their findings and 

acting on them to improve our policies and procedures in 

this regard.

The foundation of an institute is a time when far sighted 

principles, objectives and values need to be set out 

in a way that guides our efforts and endeavours. We 

have a truly excellent track record in science from our 

legacy and we are already seeing early signs of new 

opportunities and synergies in the new Institute which 

gives us confidence and belief in going forward. Science is 

at the core of our Institute and in 2011 we have invested 

in it further and look forward to further innovations, 

discoveries and milestones.

Figure 4  Numbers of staff by gender (F, M) and pay grade in the five science groups 
of the James Hutton Institute. Pay grades increase in salary from A to H. Bands A–D 
are predominantly support scientists and Bands E–H are principal investigators/
senior scientists.
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By 2050 it is estimated that nine billion people worldwide will require to be fed and also 

have access to clean water, sanitation and energy. These needs will have to be met in a way 

that does not compromise vital ecosystem services. The equitable allocation of resources 

will require an over-arching systems approach which considers food, water and energy 

supply, resource efficient agriculture and production, green-based industries and human 

health. These factors will have to be embedded into local or regional frameworks of law, 

regulation and social behaviour. Without such an approach, ‘global security’ will remain 

elusive and it is likely that related stresses, tensions and conflicts will increase worldwide. 

Therein lies our challenge.

To face these challenges we need science that is robust, focused and timely. We need it to 

be contextualised against these global challenges and delivered through an inter-disciplinary 

lens. The seven research themes at the James Hutton Institute provide the context and 

delivery centres for our collective research efforts. These issues are inherently dynamic 

in their nature and this is reflected in the way our research themes will evolve. They 

are forward-looking, analysing opportunities and potential, and developing appropriate 

synergies and partnerships with public, academic, stakeholder and industry organisations 

through which they add to their value. Our themes are designed to target research to meet 

present and emerging policy and societal demands at local, national and international levels.

These themes address the fundamental issues surrounding the natural resource, energy, 

food, environmental and social issues associated with populations across the globe. 

They address a multitude of complex issues using an approach spanning natural science, 

technology, social science, and policy. With a focus on project delivery, they aim to engender 

a multi-, inter- and trans-disciplinary perspective to problem solving, which benefits from 

enhanced information sharing and encourages innovation.

Our Research 
Themes 
 
Professor Bob Ferrier,  
Director of Research Impact 
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Safeguarding Natural Capital
Global challenge – environmental security,  
climate change
•  ��Understanding the relationships between natural 

capital, ecosystem functions and services required for 

human health and wellbeing

•  ��Defining ‘critical natural capital’ to prioritise and 

measure progress

•  ��Designing novel and effective valuation methods 

(economic and social) for ecosystem goods and services 

for effective application within different policy and 

governance systems 

Enhancing Crop Productivity and Utilisation
Global challenge – food security
•  ��Improving yield and yield stability

•  ��Enhancing product differentiation through improved 

quality, nutritional value and health benefits from  

crop-based foods

•  ��Utilising translational genomics, genetics, natural 

product chemistry to capture value from functional 

diversity 

Delivering Sustainable Production Systems
Global challenges – food security, environmental 
security, rural development, climate change
•  ��Producing higher yielding and lower input crops for 

specific environments

•  ��Assessing farming impacts on soil and ecosystem health

•  ��Discovering options to reduce wastage in the global 

farm supply chain 

Controlling Weeds, Pests and Diseases
Global challenges – food security, climate change, 
environmental security
•  ��Understanding the role of pests/pathogen effectors  

in suppressing host resistance 

•  ��Exploiting sequence data from genomic technologies  

for plant protection

•  ��Assessing pest/pathogen epidemiology and population 

biology, tracking disease agents and identifying/

monitoring new isolates 

Managing Catchments and Coasts
Global challenges – water security, climate change, 
energy security, environmental security
•  ��Developing and utilising tools to manage catchments 

across multiple scales and potentially conflicting 

demands for services 

•  ��Providing advice and direction for catchment decisions 

in relation to food, energy and ecological security

•  ��Understanding the role of governance in catchment  

and coastal planning 

Realising Land’s Potential
Global challenges – rural development, energy 
security, environmental security
•  ��Evaluating options for the sustainable use and 

management of rural and urban land for long-term 

human wellbeing 

•  ��Understanding the multi-functional uses of land,  

in particular energy and resource provision

•  ��Developing socio-ecological methods for  

future-proofing land use decisions 

Nurturing Vibrant and Low Carbon 
Communities
Global challenges – climate change,  
rural development, energy security
•  ��Quantifying carbon stock changes and greenhouse gas 

emissions from land use change

•  ��Enhancing the understanding of factors influencing 
mitigation and adaptation decisions and evaluating 
governance, institutions and policy incentives needed  

to ensure their uptake

•  ��Understanding changed behaviours and attitudes  

to achieving a low carbon future

 

 



Most global and environmental problems start and 

end with people and those same people must be part 

of the solution and involved from the start. That is the 

only way to translate research into changed attitudes 

and behaviours and outputs into outcomes. Many of 

our research initiatives and programmes implement a 

collaborative approach to create a mutual understanding 

of the issue being addressed. This provides an 

opportunity for researchers to understand societal 

pressures, resource management issues, policy demands 

and consequences, and the perspectives of industry. 

This so-called ‘co-construction’ ensures that outputs 

of the research effort are targeted towards impact and 

the delivery of positive outcomes with the users of that 

research. The integration of social and economic sciences 

with natural sciences has ensured that coupled socio-

technological options can be evaluated and promoted.

A good example of this is the development of control 

methodologies for diffuse pollution at farm and 

catchment scales. Understanding the potential benefit 

of a suite of possible management options is only one 

part of the equation. Ensuring that this knowledge is 

implemented on-the-ground involves dialogue with land-

based industries, awareness raising and capacity building 

resulting in altered perceptions and behaviours.

Our vision for the Institute’s research themes is to 

consolidate and enhance the inter-disciplinary nature 

of our science delivery. Inter-disciplinary science is not 

delivered overnight though – it takes time: time for 

people to feel comfortable in moving from their current 

knowledge domains, time to learn a unifying language 

and time to reflect on how their contribution delivers 

more when integrated into a wider perspective. Many 

of the themes already embrace this approach and 

we have established a specific initiative on enhancing 

opportunities for greater inter-disciplinary working within 

the James Hutton Institute research delivery as part of our 

Seedcorn funding initiative.

Research organisations are all facing a world of tighter 

financial constraints and therefore a vibrant business 

development ethos is critical to the sustainability of 

the James Hutton Institute. The thematic structure also 

aims to increase the efficiency of our income generation 

strategies, mentoring and empowering staff to exploit 

opportunities when and where they arise.

In order to achieve our thematic vision, we believe we 

need to continue to forge alliances with a greater number 

of national and international organisations. Collaboration 

should be viewed as a fundamental part of the science 

process both within and outwith individual organisations 

and will be encouraged at corporate, theme and individual 

level. We also consider the benefits of partnerships that 

provide leverage and giving access to different funding 

sources and provide a route to industry. There is no doubt 

that our commercial subsidiaries – Mylnefield Research 

Services Ltd and Macaulay Scientific Consulting Ltd – 

provide an important vehicle for this engagement with the 

private sector. The themes aim to enhance scientific effort 

and delivery through such collaboration, in particular with 

the Scottish Government-supported centres of expertise 

for waters, climate change and animal disease outbreaks. 

They also seek to work with other networks of excellence 

and strategic partnerships, such as the EU Technology 

Platforms, Joint Programming Initiatives, European 

Innovation Platforms, ERANET activities and international 

initiatives such as IGBP, Diversitas, and UNESCO.

I commend their work to you and hope you will enjoy 

reading about their activities in more detail in the  

chapters that follow.
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Safeguarding  
Natural Capital
Professor Alison Hester, Theme Leader

Protecting the air, water, soil, land and the living organisms which underpin  
the life support systems of our planet

Defining natural capital
Natural capital is widely defined as the ‘stock of natural ecosystems that yields flows  

of valuable ecosystem goods or services into the future’, i.e., the physical, chemical and 

biological resources of the globe: air, water, soil, land and the biodiversity (including 

humans) that is supported by those elements.

Safeguarding Natural Capital is one of the biggest challenges facing us today and into 

the future. Activity tends to be focused in two main ways: the first focuses on protecting 

natural capital and minimising ‘detrimental’ effects of humans; the second, which 

is becoming more prevalent, focuses on protecting natural capital for the services it 

provides for human health and wellbeing. We need robust, underpinning information  

to progress understanding and guide decision making.

For example, the major global issues: food, water, energy, carbon – are all fundamentally 

dependant on natural capital (Figure 5). Global population increases and climate change 

will further increase pressures on natural capital and the services it provides, and it 

is critical to incorporate strong predictive analyses of the likely implications of these 

changes to increase understanding and inform decision making.

Figure 5  Natural capital, through the functions 
and services that it provides, is critical for human 
wellbeing. It underpins all major global needs, 
such as food, water, carbon and energy.
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Our research focus
Research within this theme aims to provide robust, 

underpinning, evidence-based solutions to progress 

understanding and guide decision making in the following 

critically important areas (Figure 6) where inadequate 

scientific understanding is hampering the safeguarding of 

natural capital across the globe. These broad areas require 

linked, iterative research at multiple levels – one of our 

Institute’s strengths – from systems modelling through to 

more focused, in-depth research to target specific gaps.

Safeguarding Natural Capital underpins and interlinks 

with all the other research themes, and we integrate 

our research to address demands on land and natural 

resources to prioritise action and deliver ecosystem goods 

and services more sustainably. Much attention is currently 

focused on the ecosystem approach, originating from 

the Convention on Biological Diversity as an integrated 

approach to ecosystem management (CBD), moving 

away from the ‘traditional’ focus on species and area 

protection towards integrated land use planning and 

ecosystem protection which recognises people and society 

as integral components of ecosystems, their management 

and conservation. There is still much debate about the 

meaning and practical value of this concept in terms of 

management approaches and management outcomes;  

our research sets this in context with other approaches 

and contributes to this wider debate.

Using the two main focus areas, illustrated in Figure 6, the 

following pages give a flavour of the range of research we 

do directly within the Safeguarding Natural Capital theme, 

with a small selection of recent research highlights in more 

detail.

Relationships between natural capital,  
ecosystem functions and services
Natural capital provides ecosystem functions, such as 

energy transfer, nutrient cycling, gas regulation, climate 

regulation, and the water cycles. Ecosystem services are 

often defined as those ecosystem functions which are 

of particular value to humans, although this is a highly 

theoretical concept, as ‘value’ is not always clear or 

definable. Ecosystem services provided by natural capital 

are generally divided into four categories: supporting 

(e.g., soil formation, primary production), provisioning 

(e.g., food, fibre), regulating (e.g., water purification, 

decomposition), cultural (e.g., recreation).

Soils are the foundation of ’supporting services‘ that 

feed through to other services, for example enabling 

ecosystems to produce food and fibre, supply water, 

regulate climate, mitigate natural hazards and maintain 

landscapes and habitats for us to enjoy for recreation 

or for the survival of wildlife. These multi-functional 

characteristics make all soils intrinsically valuable to 

human society. Soil’s most widely recognised function 

is supporting plant growth, whether for crops, trees or 

native habitats. However, sitting as it does at the interface 

between the atmosphere, biosphere and underlying 

rocks, soil is being increasingly recognised for other 

environmental and ecosystem benefits, including climate 

regulation (greenhouse gas emissions and carbon storage) 

and water flow regulation (flood control), and as the 

largest terrestrial reservoir of biodiversity.

Our soils research aims to improve soil quality to maintain 

and enhance the supply of ecosystem goods and services 

benefits through alternate land use systems, innovations  

in management and restoration of degraded soils.  

Our current soil-focused research includes:

•  ��Modelling the contributions of soils to ecosystem 
services from pedon to landscape-scales

•  ��Understanding the role of soil biodiversity in 
maintaining and restoring soil capital

•  ��Developing new approaches in measuring and 
monitoring the soil resource, e.g., developing 
informative indicators of soil quality and developing 
management options to safeguard the capital of soils 
and to enhance and restore the functioning of soils

•  ��Characterising and quantifying the contribution of soils 
to economic, environmental and social benefits derived 
from different land uses and from complex landscapes

•  ��Establishing the trade-offs in multiple benefits 
when soils are managed for different purposes; and 
understanding the risks to multiple benefits from the 
impacts of climate change and other pressures on soils

•  ��Examining the implications of policy and incentive 
mechanisms on the protection and restoration of the 
soil resource.

Significant losses in biodiversity have been documented 

in the UK and around the world over the last 50 years. 

Figure 6  Two main areas of critical global importance for the 
safeguarding of natural capital, where inadequate scientific 
understanding is hampering progress.
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These changes have largely been due to human activities, 

for example, changes in land use, changes in farming 

methods, pollution and climate change. Changes in the 

way humans use the earth’s resources will influence 

what species occur, where they occur, their abundance 

and how they function in terms of providing ecosystem 

services. Our biodiversity research aims to improve our 

understanding of how drivers of change such as land use, 

pollution and climate change impact on biodiversity and 

ecosystem services. This knowledge is essential to advise 

policy makers, land managers, conservationists and other 

stakeholders on methods to help safeguard our natural 

capital and to improve the resilience of species and 

habitats to environmental change.

Our current biodiversity-focused research includes:

•  �Understanding the role of biodiversity in delivering 
ecosystem services

•  �Developing methods to predict the delivery  
of ecosystem services from biodiversity

•  �Assessing the impact of government policies  
on biodiversity

•  �Assessing the impact of human induced drivers  
of change on biodiversity

•  �Developing methods to restore damaged ecosystems 
and habitats

•  �Assessing the impact of introduced or non-native 
biodiversity on native biodiversity and the production  
of ecosystem services

•  �Assessing the impacts of re-introducing extinct  
native species.

Landscapes and regions are where many natural processes 

and human activities interact and potentially conflict in 

different ways. Managing landscapes must satisfy multiple 

purposes, and has to account for multiple time and spatial 

scales. Landscapes are open systems and therefore the 

exchange of nutrients, matter and individuals need to 

be understood in their spatial and temporal contexts. To 

understand the relationships between ecosystem function 

and structure, and how these lead to the services provided 

to society, we adopt a multi-scale perspective, ranging 

from field to continent, depending on the particular case. 

This often implies studying and managing landscapes 

across management units and property boundaries. We 

integrate multiple disciplines in the natural and social 

sciences to study socio-ecological systems, giving the 

human and natural component equal importance to 

understand the past and future trajectories of change, 

to examine trade-offs and policy options. Landscapes 

are dynamic and complex. The nature of their change is 

inherently uncertain and so can be the outcome of policy 

interventions. We facilitate approaches to management 

that involve policy makers, land managers, communities 

and civil society and permit experimentation, participation 

and collective learning by all parties involved in this 

process

Our current landscape/regional level natural capital 

research includes:

•  �Quantifying the spatial distribution of natural capital, 

land functions and ecosystem services

•  �Understanding the natural and land use factors that 

influence the distribution of species and habitats at  

the field, catchment, national, and continental level

•  �Modelling the direct and indirect effects of climate 

change on biodiversity and ecosystem services

•  �Developing satellite-based indicators of the effects  

of climate and other changes

•  �Examining and testing models for multi-functional  

land use options under different scenarios.

Valuation and governance of natural capital
Natural capital and the services which it provides are 

critical to life on earth, yet the value of these services 

is rarely quantified, which often leads to their neglect 

or under-representation in global or local decision 

making and policy development, in comparison to 

services and capital which are readily quantifiable, such 

as manufactured capital. Looking at natural capital 

and the services which it provides inherently requires 

looking at the relationships between humans and their 

natural environment: the concept of ‘capital’ implies 

that components of the natural environment are valued 

and seen as assets. So how are such values played out in 

practice, e.g., in land management and policy making?  

In today’s societal context where natural capital  

has to fulfil multiple, often incompatible functions at 

once, how can we ensure sustainable governance that 

safeguards our natural resources? These questions form 

the basis of the research within this theme.

Key components of our research include: 

•  ��Understanding how people value their natural 

environment, to improve and integrate monetary 

and non-monetary valuation approaches to ensure 

appropriate representation of natural capital and 

related ecosystem services in decision making

•  ��Examining the role and potential of different 

governance approaches to safeguard and promote 

sustainable use of our global natural capital.

Our research addresses a wide range of natural capital 

that can be regarded as providing provisioning, regulating, 

supporting and cultural ecosystem services. We have 

a team of researchers with expertise in valuation and 21
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governance, embedded in UK and European networks, 

and active not only in Scotland but also internationally. 

Valuation and governance are both highly controversial 

areas, with much disagreement and still much lack of 

understanding – this provides an exciting opportunity 

to make a major contribution in both of these critically 

important areas.

Designing an integrated framework to 
support the ecosystem approach 
The ecosystem approach, and associated ecosystem 

services assessments, are being incorporated into a wide 

range of policy objectives and are now being tested on-

the-ground for practical management purposes. Within 

Scotland, for example, the ecosystem approach is being 

viewed as a broad objective across a range of policies 

including climate change, National Planning Framework, 

Scottish Biodiversity Strategy and the Land Use Strategy. 

As a consequence, there is much interest in developing, 

testing and applying a framework that can assist with 

integrated decision making.

A range of frameworks are already in use in various topic 

areas related to understanding ecosystem services and 

environmental management, but none are considered 

to be entirely appropriate for guiding the application 

of the ecosystem approach. The Scottish Government 

(RESAS) funded Ecosystem Services Theme (EST) team 

have therefore developed an integrated framework 

(Figure 7) to aid decision making in ecosystem service 

assessment, research, management and monitoring. This 

was done by reviewing the properties and purposes of 

many other frameworks, and distilling from them a set of 

key components that could be incorporated into a single 

framework aiming to meet the multiple purposes relating 

to research and practice for the ecosystem approach.

The integrated framework aims to be relevant to decision 

making consistent with the ecosystem approach at a range 

of scales, from national-scale policy decisions to local- 

scale (catchment or sub-catchment) land management 

decisions. In this way it will help us to systematically work 

through the issues of applying an ecosystem approach, and 

to work together where necessary to identify and address 

gaps in knowledge.

The integrated framework has been presented to 

stakeholders in the Ecosystem Assessment Working Group 

www.hutton.ac.uk/eawg and we will continue to develop 

it with further feedback and testing. We will make the 

framework available on the James Hutton Institute website 

and there the latest modifications will always be available. 

We would also welcome discussion on any attempts to 

use this framework to assist in applying the ecosystem 

approach to land management decision making, or 

that consider how it aligns with other frameworks and 

processes.

For more information or to discuss using the framework, 

please contact ecosystemservices@hutton.ac.uk
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Figure 7  Development of an integrated framework to support the ecosystem approach.



Modelling ecosystem service provision  
in a changing world
Mapping and modelling the spatial distribution of different 
ecosystem services is critical for the design and ‘future-
proofing’ of multi-functional landscapes to ensure the 
delivery of such ecosystem services under predicted 
environmental and other changes. This allows design 
of land use strategies and incentives, for example, to 
encourage particular land use activity in specific parts of 
the landscape.

Ecosystem service provision from a specific element of 
natural capital can take a range of forms, for example, 
woodlands within the landscape provide services such 
as timber, biodiversity, habitat networks for woodland 
species to move around between different areas, 
recreation, shelter for livestock, etc. The ‘optimal’ location 
for provision of any one of these services can be mapped 
and these maps combined to identify which patterns of 
woodland within an area might deliver the ‘most desirable’ 
combination of ecosystem services.

Mapping/modelling of ecosystem services is increasingly 

being used as a strategic land management tool yet there 

are many uncertainties which need to be considered to 

assess the value of such an approach and the potential 

errors associated with its use for different purposes, for 

example, the relative value of the habitats and land uses 

being created versus those being replaced. Additionally, 

in the case of a habitat that takes many years to develop, 

such as woodland, a critical issue is the consideration of 

future changes that might impact on the service provision 

of a particular landscape. If we take their role as networks 

allowing the movement of woodland species, for example, 

the left-hand side diagram in Figure 8 indicates potential 

pathways that would allow movements of woodland species 

between different woodland habitat patches (using circuit 

theory). The 90th percentile indicates the areas in which 

there is the highest potential for movement within the 

landscape. The right-hand side diagram shows the areas 

that would be most impacted by a predicted improvement 

Figure 8  Designing habitat networks under changing environmental conditions: predicted increases in the area of prime agricultural land 
under future climate and land use scenarios could conflict with the creation of woodland networks, making species movements  
(e.g. in response to temperature increases) much more difficult.
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in land capability for agriculture under future climatic 

conditions (2050), assuming that farmers do take advantage 

of the predicted improvements and use the land for 

agriculture – the brown area indicates the areas which are 

predicted to become much less permeable to forest species 

movements under such predicted land use changes. As 

can be seen, the disruption to north-south movements, for 

example, could lead to some species being unable to shift 

their range northwards under changing climatic conditions.

This research is an important component for identifying 

areas of woodland expansion to meet the 25% targets 

set by the Scottish Government. It indicates the potential 

for this approach to improve targeted land use policy in 

general. This approach can also be used to target economic 

incentivisation; linked research examining attitudes of 

land managers to landscape scale incentives in relation to 

habitat networks is also on-going in the Institute.

Valuation and policy instruments for 
protecting ecosystem services
Payment for Ecosystem Services (PES) is a policy 

instrument to promote the sustainable management of 

natural capital that is growing in popularity. It represents 

a reward mechanism for ecosystem managers to maintain 

or improve provision of services valued by beneficiaries. 

Implementation of a PES system requires the ability to:

•  ��Quantify stocks and flows of ‘benefits’ from ‘nature’

•  ��Understand how these are influenced by other  

systems/processes

•  ��Understand how land management affects these 

processes, the stocks and flows of ‘benefits’ and the 

identification of beneficiaries

•  ��Understand land managers’ and beneficiaries’  

motives/barriers

•  ��Integrate and incorporate this information to improve 

governance and decision making, through  

to implementation.

PES schemes are considered to have a number of benefits 

over other policy instruments for conservation, such 

as the widely used ‘command and control’ types of 

measures, e.g., they are generally more flexible and more 

easily applied, and they allow better targeting of specific 

areas/ecosystems for their service provision. However, 

there are also concerns about their efficacy and possible 

negative effects on people’s perception of nature. Existing 

comprehensive reviews of this policy instrument are 

mostly theoretical and/or qualitative.

Learning from experiences to date is a powerful way 

to guide the development of PES schemes and their 

implementation elsewhere, e.g., through increasing 

our understanding of key features of different PES 

mechanisms, and identifying information needs for 

policy design and implementation in different systems. 

Latin America has more than 20 years’ experience of 

implementing PES, especially for water services; Martin-

Ortega et al. (2012) have made a comprehensive and 

quantitative compilation of Payments for Water Services 

(PWS) cases in Latin America and used this to design 

a new, evidence-based conceptual model to aid wider 

Figure 9  Evidence-based conceptual model of water PES schemes, based on the Latin American experience.
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application of PES/PWS across the globe (Figure 9).

Some key issues illustrated in Figure 9 are as follows.

On the left-hand side, threats to ecosystem services are 

often poorly understood (in Latin America the main threat 

to water services is from deforestation). The green box 

indicates the ‘contract’, i.e., the definition of the ecosystem 

to be protected and the choice of format (payment 

amount, duration etc.) for the PES scheme. Notable points 

here are that the geographical area of any PES contract 

is often not reported, therefore it is hard to analyse how 

different payments compare (e.g., value per area). Service 

delivery (the pink box), requires definition of the actual 

service to be paid for (generally a poorly defined bundle of 

services, not just the target service, as many services are 

intimately interlinked), the payment and required actions 

to be taken. Payments were found to be based almost 

wholly on inputs (actions), not outputs (actual service 

delivery), which gives an undesirable disconnect from 

the desired outcome. It is generally easier to administer 

payment for a specific action than to wait for a desired 

outcome (or not), so this is not easy to solve. The blue 

box represents the stakeholders – the ‘buyers’ (e.g., 

water companies) and the sellers (e.g., farmers) of the 

ecosystem service, together with the intermediaries (e.g., 

Non-governmental organizations). It was also notable that 

the beneficiaries (right-hand side of diagram) often were 

much wider than just the ‘buyers’; for example some PES 

schemes contributed to global carbon sequestration, not 

just improvement of local water services.

The findings of this research highlight the following 

important points

•  ��PES is not a silver bullet but a tool that needs to be 
tailored to different situations where ecosystems need 

better management.

•  ��The tailoring process needs a clear understanding of 
each of the components highlighted by the conceptual 
model.

•  ��There are three crucial elements to this process 
which are critical to understand, as indicated by the 

conceptual model:

–  ��Action-service conditionality (i.e., we need to 

understand whether/how action X leads to service Y)

–  ��Good definition of the ecosystem services (what are 

people really paying for?)

–  ��The level of payment which accords with the sellers’ 

opportunity cost and the buyers’ willingness to pay.

The next steps will be statistical analysis of the factors 

influencing the key components of the PES, to better 

understand their impacts at each stage of the process.
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Enhancing Crop 
Productivity and Utilisation
Professor Derek Stewart, Theme Leader

Unlocking the genetic potential that naturally exists within the plant kingdom  
to produce humankind’s next generation of crops

In global terms, we are currently going through a remarkable period of change with 

multiple, diverse factors impacting on our way of life.

•  ��Financial stringency and austerity

•  ��A global population set to be more than nine billion by 2050 (approximately 30% increase)

•  ��An age demographic shift in the developed world; e.g., by 2025 18% of the population in 

Europe is expected to be over 65 years of age

•  ��Climate change and the requirement for sustainable water and nutrient use.

Primary crop development, production and subsequent utilisation are either impacted upon  

or affected by these factors. Consequently, we need to produce more food and more efficiently. 

Furthermore the food must reach the consumer in a high-quality state that delivers optimum 

nutritive value and health benefits. All of these are targets of the theme’s research portfolio.

In addition, it is well reported that research is a prerequisite to sustainable economic stability 

and growth. Indeed the research of the Enhancing Crop Productivity and Utilisation theme 

chimes with the recent EU’s growth strategy for the coming decade of facilitating the delivery  

of smart, sustainable and inclusive growth. The international level research required to 

deliver on all these fronts encompasses fundamental-through-to-strategic and has involved 

collaboration with many world leading groups as well as significant industrial collaboration.

Potato continues to be a key global food crop and is now recognised as the third most 

important. A milestone was achieved for potato in 2011 with the publication of the potato 

genome by 26 research institutes that came together from around the globe to form the  

Potato Genome Sequencing Consortium, led in the United Kingdom by the James Hutton 

Institute’s Glenn Bryan. A more detailed description of this landmark event is outlined below.

Potato is also a key crop in the research funded by the Scottish Government’s Rural and 

Environment Science and Analytical Services Division (RESAS) and part of this deals with the 

effects of abiotic stress on tuber development. Tuberisation in potato is particularly sensitive 

to elevated temperature with major effects both on yield and tuber size distribution observed 

in warmer seasons and it is predicted to be an increasing problem as our climate changes. 

Preliminary research has identified some of the effects of elevated temperature on the 

transcriptome and metabolome of potato. Clear effects on the tuber signalling network have
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also been identified while the impact of elevated 

temperatures on photosynthesis, carbon partitioning and 

respiration has been determined. Considerable progress 

has been made in developing smart screens that will 

enable populations of potato to be screened for alleles 

that may confer tolerance to different aspects of abiotic 

stress thereby ensuring that we have to tools to ensure 

that the potato industry has a secure future.

Aligned with this, routes to reducing waste in the potato 

industry by controlling sprouting are being sought. As 

part of the Defra Arable LINK project ‘Reducing energy 

usage and wastage by improving ethylene control of 

potato sprouting’, significant progress has been made 

using a quantitative trait loci (QTL) approach which has 

identified several candidate genes that are currently being 

assessed. This has been possible via exploitation of the 

nascent potato genome and recently developed genomic 

tools available for potato such as high density SNP 

genotyping capacity facilitating QTL analysis in tetraploids 

(being developed by Biomathematics and Statistics 

Scotland (BioSS)) and potato microarrays based on all the 

transcripts identified in the potato genome.

Tuber development is a key process and the ability to 
control and exploit this could impact significantly on all 
aspects of the crop: economy, yield, quality, etc. As part 
of EU FP7 METAPRO (http://isoprenoid.com) there has 
been a major breakthrough regarding elucidation of 
the role of strigolactones in the potato tuber life-cycle 
and, by silencing the gene responsible for strigolactone 
biosynthesis (Figure 10), one group have observed 
dramatic effects on tuber development. These include a 
loss of apical dominance with consequential impacts on 
sprouting, tuber formation and dormancy.

The ubiquity of potato as a food crop means that it is an 

excellent vehicle for the delivery and enhancement of 

nutrition and health benefits. This is being exploited, again 

via EU FP7 METAPRO (www.hutton.ac.uk/metapro), with 

regard to increasing total and specific carotenoid content. 

On going research is centred around manipulation of 

genes in the carotenoid biosynthetic pathway, specifically 

crtW (β-carotene 4,4’-oxygenase) and crtZ (β-carotene 

hydroxylase). An alternative approach being pursued is 

that of inhibiting carotenoid catabolism (breakdown). 

RNAi-driven down-regulation of the plastoglobule-

targeted enzyme encoded by the carotenoid cleavage 

dioxygenase gene CCD4 produced a fivefold increase in 

total carotenoids and a tenfold specific increase in lutein,  

a carotenoid required to reduce the risk of incidence of 

age-related macular degeneration, the most common 

cause of vision loss in those aged over 50 years of age.

Nutrient use efficiency (NUE) is a hot topic at the moment 

with the push to grow more with less (inputs) a major 

research focus in most crops. As part of EU FP7 NUE Crops, 

nitrogen and phosphorus use efficiency has been studied in 

winter barley (as a wheat model) and potato, respectively.

An association genetics approach has been taken for 

barley and applied to pan European trials of 150 two and 

six-rowed European winter barley varieties grown at three 

levels of nitrogen supply (0, 120 and 180kg/ha) over several 

seasons (Figure 12). A broad range of agronomic and 

phenotypic assessments are being determined to assess 

differential varietal responses to nitrogen supply and hence 

determine the prospects for combining improved resource 

use efficiency with high yield. This is now being extended to 

wheat to test the transferability and utilisation of genomic 

information from barley to wheat on the genomic regions 

and candidate genes that influence nitrogen use efficiency 

in these closely related cereals.

For potato the target within NUE Crops is P-fertiliser use 

efficiency (PUE) since potato receives a disproportionately 

Figure 10  A generic strigolactone; a new group of plant hormones 
implicated in, amongst other activities, the suppression of lateral 
shoot branching. R1 – H, CH3; R2 - H, OH, OCOCH3; R3 - H, OH, 
OCOCH3; R4 - H, O, OH.
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Figure 11  Phenotype of StCCD8-RNAi (line 1) potato tubers.  
(a), (b) Formation of new tubers directly from mother tubers.  
(c) Control Desiree mature tubers. (d) StCCD8-RNAi mature 
tubers showing outgrowth of lateral buds (present in fully 
underground tubers) and premature shoot emergence from  
the apical buds, encountered in light exposed tubers.



large amount of P-fertiliser compared to other field crops. 

Considerable genetic variation was observed in PUE among 

potato genotypes and, by exploiting a genetic mapping 

population, preliminary observations suggest that PUE is 

largely determined by P uptake efficiency and that this, in 

turn, is related to early season vigour and the development 

of an extensive root system.

Barley, like potato, is the subject of intense genome 

analysis. However, the barley genome is much larger 

(approximately seven times the size of the potato genome) 

such that one chromosome is the size of all 12 potato 

chromosomes put together. It is also complicated by highly 

repetitive DNA sequences that make the determination of 

a linear and complete DNA sequence very difficult indeed, 

and probably not possible using the approaches currently 

used to sequence the genomes of most organisms. To 

overcome this difficulty, and under the auspices of EU FP7 

Triticeae Genome project (www.triticeaegenome.eu), our 

scientists used a combination of next generation survey 

sequencing of individual flow sorted barley chromosome 

arms, hybridising the same chromosome arm DNAs to 

microarrays that contain the majority of barley genes, and 

then using conservation of synteny between grass genomes 

to develop a ‘virtual barley genome’ that contained more 

than 85% of all barley genes in a putative linear order. This 

work, published in the journal The Plant Cell, is enabling 

gene discovery throughout the international grass research 

community.

Recognition of this scientific excellence in cereals is 

reflected in the continuing accrual of competitive, high 

visibility research projects. David Marshall leads the 

development of databasing, visualization and analysis 

tools within the Seeds of Discovery Initiative led by the 

International Maize and Wheat Improvement Centre 

(CIMMYT). The project aims to use Genotyping-by-

Sequencing (GBS) technology to characterise 25,000 maize 

landraces with a view to identifying the genetic potential 

for contributing to global breeding programmes.

Furthermore, the year end was accompanied by 

the announcement of a major BBSRC barley project 

led by Robbie Waugh, and in collaboration with The 

Genome Analysis Centre in Norwich and the European 

Bioinformatics Institute, to co-ordinate international 

efforts to transform genomic information into a  

platform to understand barley genetic traits at a higher 

resolution and, ultimately, to isolate (and exploit) the 

genes responsible.

Soft fruit remains central to a noteworthy proportion 

of our translatory research and one within which the 

research goes beyond product and into the domain of 

human health. In comparison to potato and barley, soft 

fruit is a smaller crop but still economically significant. 

For example, in the UK berries represent 19% of all fruit 

sold with approximately a third of consumers purchasing 

raspberries with an estimated retail value of £125.7 

million. Consequently a significant level of effort has been 

put into developing modern molecular technologies and 

genomic resources to maintain and expand the James 

Hutton Institute’s international reputation and success 

with these crops.

The focus of this effort has been on melding these 

molecular genomics advances with the hugely successful 

breeding programmes. Targets for this approach have 

been the key economic traits of fruit quality, pest and 

disease resistance and more recently health beneficial 

compounds. Indeed, linkage maps with markers along all 

seven chromosomes have been developed in raspberry 

and the chromosomal locations responsible for a number 

of important traits have been identified. Aligned with 

this, research into the impact of the environment on the 

phenotype has shown that, for colour (anthocyanins) at 

least, high heritability is evident meaning that this trait  

is amenable to improvement via the use of markers  

and breeding.

A combined genetic, chemoanalytical and sensory 

approach has suggested that the level of sugars in the 

raspberry fruit is more important in determining taste 

than the type and amount of acids and that three or four 

volatile agents were key contributors to taste perception. 

Fruit softness, a trait important for both the fresh fruit 

(mouth feel) and industrial (processing) markets and a 

contributor in both markets to fruit spoilage and waste, 

was also studied as part of a Defra Horticulture LINK 

grant (Figure 13). Using the Glen Moy x Latham mapping 

population quantitative trait loci mapping analysis 

assigned fruit firmness to the Rubus linkage map, and 

Figure 12  Aerial view of an Institute trial of winter barley varieties 
grown under contrasting nitrogen regimes with N1, N2 and N3 
representing 0, 120 and 180 kg/ha applied respectively.
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QTLs were located on linkage groups LG1, LG3 and LG5. 

Aligned 454 next generation studies also identified 16 fruit 

firmness genes which were found to map across all seven 

Rubus linkage groups. Several candidate genes, including 

those implicated in cell wall metabolism, and regulation of 

turgor pressure are significantly associated with the traits 

of breeder’s firmness score and fruit mass.

Success in the soft fruit arena has been built upon by 

expansion into the newer areas of blueberry and fresh 

market fruit. For blueberry this is in the early stages with 

the development of a mapping population developed from 

two key US blueberry cultivars segregating for a number 

of important phenotypic traits. The mapping population 

is being assessed for a portfolio of quality and phenotypic 

traits, as are a range of currently available cultivars over 

different seasons, with further data available from the 

same mapping population planted across the US as part 

of the USDA Speciality Crop Research Initiative. Once the 

linkage map has been developed QTL mapping of data 

from the key traits assessed will be undertaken.

A focused approach to the fresh fruit market in Europe 

is being addressed via the new FP7 collaborative project 

EUBerry (http://www.euberry.univpm.it/), which is a 

consortium of 14 partners from across Europe (Figure 

14). As part of this our Institute aims to further develop 

molecular breeding strategies for both Rubus and Ribes 

and to use these strategies to identify superior germplasm 

across the genetic base held by the various partners. In 

raspberry, an association mapping approach has led to the 

development of a number of small mapping populations, 

to identify markers linked to physical fruit quality 

traits. The utility of these markers will be examined on 

germplasm from other partner organisations. In Ribes, 

existing markers for gall mite resistance have been used 

to identify resistant germplasm from partners in Poland, 

and newly-developed SNP markers will be deployed for 

the further evaluation of diverse germplasm for fruit 

quality and developmental traits. Furthermore, the James 

Hutton Institute will oversee and lead the research into 

fruit quality determination including the impact of pre- 

and post-harvest processes and the validation of human 

health benefits.

The relevance of fruit consumption continues to be 

validated with the ellagitannin components recently 

demonstrated to effectively inhibit α-amylase activity, a 

human digestive enzyme crucial to starch digestion and 

glycaemic control. These components were able to replace 

(or reduce the dose required for) inhibition of amylase by 

pharmaceutical agents. Furthermore it was also shown 

that berry polyphenols exhibited anti-genotoxic activity 

in radiation protection assays in cancer cell lines while 

the protective effect of raspberry polyphenols towards 

colon cancer has also been demonstrated. The sources 

of these health beneficial effects are being elucidated, 

characterised and validated as traits for targeting in the 

associated breeding programmes.

Decoding the potato genome
The year 2011 was a momentous year for anyone 

interested in potato and the future of breeding one 

Figure 13  Laboratory-based analysis of fruit firmness.

Figure 14  The EUBerry Consortium at the inaugural meeting, 
Brussels, September 2011.



 of the world’s most important vegetable crops. In July, an 

international team of scientists – the UK team being led 

by researchers at the James Hutton Institute – published 

their work on the sequencing of the genome of the potato 

in the journal Nature. This highly significant advance was 

the culmination of several years of work by the Potato 

Genome Sequencing Consortium (PGSC) representing 14 

different countries. The PGSC came into being towards the 

end of 2004, although it took a few years for the various 

countries to obtain the required funding.

Initially the target genotype for sequencing was a 

heterozygous diploid known as ‘RH’ with each partner 

country sequencing one or more of the 12 potato 

chromosomes. However, uneven and slow progress was 

made with the different chromosomes, and the high 

degree of heterozygosity in RH were major barriers 

to progress. In 2008 a new strategy was adopted – to 

sequence a fully homozygous genotype ‘DM’. DM 

is unusual in being a ‘doubled monoploid’ Solanum 
tuberosum Group Phureja clone. Richard Veilleux in the 

USA had previously generated several haploid potato 

clones by anther culture and some of these had been 

doubled to yield homozygous diploids. The homozygous 

nature of DM made the task of sequencing and assembling 

the genome much easier.

A further development in 2008 was the sharp drop in the 

cost of use of ‘NextGen’ sequencing technologies. It was 

decided to use a range of different sequencing technology 

platforms to decipher the DM genome. This activity 

was led by partners in China at the Beijing Genomics 

Institute (BGI) who did most of the ‘Illumina’ (short read) 

sequencing, with the ‘454’ (long read) sequencing being 

carried out in Europe and co-ordinated by the James 

Hutton Institute team.

The sequence data were assembled at BGI, who also led 

the ‘annotation’ process, by which approximately 39,000 

genes, the coding regions of the genome, were identified. 

Our team has been responsible for leading the linking 

of the genome sequence assembly to the genetic and 

physical maps of potato. This is a hugely important aspect 

of the genome analysis as it allows the placing of the 

genome ‘scaffolds’ into their chromosomal locations.

We have been able to genetically anchor approximately 

90% of the potato genome to its corresponding location, 

and this has also led to the development of a new genetic 

map as well as several thousand new genetic markers for 

use in potato genetics and breeding. This is an important 

step in using the genome sequence in potato improvement 

and allows scientists and breeders to compare the genome 

sequence with the locations of important ‘traits’ in the 

genome. This is a major advance in identifying the actual 

genes which play causative roles in important traits, such 

as tuber shape, tuber dormancy, disease resistance and 

earliness –all of which are extremely important to the 

potato industry.
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Delivering Sustainable 
Production Systems
Dr Paul Hallett, Theme Leader

Achieving higher yielding and lower input crop production and livestock systems

Our agricultural science has already delivered production systems and crop varieties that 

need fewer resources and protect the environment. The monumental challenge we now face 

as scientists is to push the boundaries even further – countering the impacts of rising input 

costs, diminishing natural resources, climate change and a growing global population.

The inaugural year of the James Hutton Institute demonstrated that bringing together 

the lowland arable and the upland grazing expertise of the legacy organisations could 

better address contemporary issues facing the sustainable intensification of farming. The 

first publication under the James Hutton Institute banner involving both sites identified 

links between compounds pumped into soil by crop roots and accelerated rates of carbon 

turnover. The first cross-site research award was realised because economists in Aberdeen 

worked with soil scientists at both sites to perform a cost–benefit analysis of mitigating soil 

compaction. One of our flagship field experiments, the Centre for Sustainable Cropping, 

provided a focal point to develop new research activities with scientists from the Managing 

Catchments and Coasts theme investigating interactions between in-field farm management 

and off-site impacts to water quality. In addition our experimental farms and research stations 

at Balruddery (arable), Glensaugh (upland grazing) and Hartwood (lowland mixed) provide 

platforms to take our laboratory-based science into the field to develop and demonstrate 

practical solutions for modern farming.

Within an agricultural production system a myriad of processes underlie productivity, 

environmental impact, resource consumption and long-term sustainability. We have amongst 

the greatest breadth of expertise internationally to study a range of these processes, how 

they interact and how they are influenced by farming practices. Our work tackles the 

following broad topics:

•  Environmental impact of farming systems

•  Enhancing farmland biodiversity to decrease inputs

•  Assessing the efficiency of grazing systems

•  Increasing the capacity of crops to capture resources and tolerate stresses

•  Improving soil conditions for plant growth

•  Health implications of contaminants in the agricultural supply chain

•  Economics and social impacts of sustainable practices.
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New projects that commenced in 2011 linked our 

researchers with leading groups internationally. A notable 

example is PURE (pesticide use-and-risk reduction 

in European farming systems with integrated pest 

management), the largest EU FP7 project in agriculture 

ever funded. In PURE we are leading research on the role 

of ecological engineering in integrated pest and disease 

management. Much of our research taps into the hidden 

half of plants, the roots in soil. Defra-BBSRC-LINK funding 

is identifying wheat root ideotypes that perform well 

in reduced input agricultural systems. Favourable root 

systems will be able to penetrate compacted soils and 

form better associations with beneficial soil organisms 

such as arbuscular mycorrhizae fungi. Research bursaries 

from the Nuffield Foundation, Rank Prize Fund and British 

Mycological Society allowed several undergraduates to 

investigate how plants interact with the environment, 

providing positive benefits to our science and the training 

of the next generation of scientists.

Some of our externally funded research addresses 

immediate practical issues that could decrease the 

environmental footprint of UK farming. With ADAS 

and a range of industrial partners, a Defra LINK and 

Scottish Government-funded project is examining new 

technologies to minimise the run-off of nutrients along 

tramlines. Our on going specialist diagnostic service, 

which identifies soil nematode species in farmers’ fields, 

received funding to develop a new approach using state-

of-the-art molecular biology tools. Quality indicators to 

assess the sustainability of soils, farmland biodiversity and 

resource use are under development, with an intention 

to link with the food industry to enable a roll-out to 

assess their producers’ farming practices. Rapid, in-field 

methods to assess properties of soils, such as the use of 

infrared spectroscopy or the use of artificial intelligence 

linked to the National Soils Inventory of Scotland, are new 

technologies under development.

A new research programme funded by the Scottish 

Government also commenced in 2011. A directed work 

package on sustainable agriculture in the 2006–2011 

programme was replaced by several new work packages 

that tackle a broader range of farming systems and adopt a 

variety of approaches to assess sustainability. Interactions 

of agricultural production systems on wider ecosystems, 

such as the influence on biodiversity, erosion and water 

movement, or greenhouse gas emissions are being 

studied. There is dedicated research focusing on the more 

sensitive farming regions of Scotland, such as the Machair 

in the Outer Hebrides.

Livestock production, particularly greenhouse gas 

emissions and the sustainability of grazing systems, is 

an active research area that we want to strengthen in 

coming years. Our expertise in dietary intake, digestibility 

and plant species composition will be applied to 

delivering more efficient systems. We are also examining 

the transmission of pollutants, particularly endocrine 

disrupting compounds (EDCs), to livestock and their 

impact on health, welfare and reproduction. One route 

for EDCs into the environment is through the application 

of waste to land. A long-standing sewage sludge trial at 

our Hartwood Research Station is one of several field 

resources used for this research. Sewage sludge is applied 

to land to provide nutrients to crops and has secondary 

benefits to soil quality. Bulky organic fertilisers, such as 

composts and anaerobic digestates, are other nutrient 

sources that we are investigating to off-set reliance 

on mined and manufactured fertilisers in agriculture. 

Beneficial impacts of these amendments to soil structure 

and increased carbon storage are being studied along 

with the risks of heavy metals and other pollutants being 

transmitted through the food chain or adversely impacting 

soil biological communities.

One of the greatest challenges agriculture faces in 

Scotland and globally is the supply of nutrients and their 

uptake by crops. A dedicated team investigates how roots 

capture nutrients from soil, including compounds that 

are either locked up on soil minerals or are transformed 

by soil microbes into plant accessible forms. The James 

Institute has brought together soil chemistry and plant 

science expertise, so we have a great capability to 

understand how enzymes and other compounds produced 

by roots influence nutrient flows. There are a range of 

outcomes envisaged for this research including crop 

varieties that inhibit nitrogen leaching or capture large 

reserves of phosphorus that are in soils but not  

in an accessible form.

As this research demonstrates, nutrient use efficiency 

in agricultural systems extends beyond crops to the 

wider environment. To provide an in-depth and holistic 

understanding, we study the proliferation of roots in 

soil, losses of nutrients before they can be captured by 

crops and the functional role of soil microbes and other 

organisms in nutrient cycling. Water use efficiency and 

the tolerance of crops to stresses from waterlogging, 

drought and root growth in strong soils are also addressed 

by examining both the plant and the environment. Good 

soil management is essential for a sustainable agricultural 

system since it should decrease environmental stresses 

experienced by crops and livestock, improve the storage, 

capture and delivery of water and nutrients, and decrease 

the environmental impact of farming.

Alongside a management of soil is the optimisation of crop 

rotations and wider farming systems to decrease required 

inputs and their losses. Our agroecologists specialise in 

the impact of agricultural systems on farmland biodiversity 

and the wider implications to crop productivity. Beneficial 



plant assemblages and the trophic interactions between 

above- and below-ground organisms are key areas of 

study. Moreover, we are learning from nature to assess 

plant traits and agricultural systems that could improve the 

sustainability of production. The properties of natural seed 

coatings that capture water and impact soils, for instance, 

could help develop new technologies to improve crop 

establishment.

In this short article it has only been possible to present 

a snapshot of our research capability. By bridging crop, 

livestock, environmental and social sciences, we have the 

ability at one Institute to have a major impact on future 

agricultural production systems. The research extends far 

beyond the borders of Scotland with projects underway 

across Europe and the globe. We are active partners in 

numerous international advisory boards and steering 

groups such as the International Atomic Energy Agency 

and Food and Agricultural Organization for research on 

crop nutrition, International Council on Plant Nutrition, 

European Food Safety Authority (Environmental Risk 

Assessment Guidelines), and the World Trade Organisation 

(GM dispute). To help build specific disciplines necessary 

to deliver sustainable production systems our scientists 

take an active role in scientific societies. The James 

Hutton Institute staff includes the current President of 

the British Society of Soil Science, Helaina Black and 

several council members, the Secretary General (Elect) 

of the International Soil Tillage Research Organisation, 

Blair McKenzie, and many others with important roles. 

We also actively host international scientific conferences 

including in 2011 ‘Agricultural Ecology Research: its role in 

delivering sustainable farm systems’ and in 2012 ‘Roots to 

the Future’.

The roots of agricultural sustainability
As the James Hutton Institute is hosting over 300 

scientists at the ‘Roots to the Future’ conference in 

June 2012, this focus section is dedicated to our strong 

programme of research on plant roots. Buried in soil, 

out of sight and difficult to measure, plant roots have 

been the subject of much less research than stems and 

leaves. For plant productivity, roots are the conduits that 

capture water and other resources from soil. Roots also 

fuel microbial activity that is vital to cycles of nutrient 

movement and transformations in soil, hold plants up, 

physically stabilise soils and input considerable volumes  

of fresh organic matter. Near their surface roots harbour 

one of the most diverse and abundant biological 

communities on earth. Great scope therefore exists to 

improve root systems and their interaction with soil to 

increase yield and improve the sustainability of farming. 

Their understanding is vital to the next green revolution  

in agriculture.

Our approaches, which are at the cutting edge of root 

phenomics and metabolomics, allow for hitherto enigmatic 

questions about plant root behaviour to be answered.

•  �Advanced analytical and modelling techniques to 

measure the behaviour of chemicals vital to plant 

productivity

•  �Isotopic techniques to trace exchanges of compounds 

between roots, soil and biological communities

•  �Rapid molecular biology methods that target specific 

processes such as nitrogen cycling

•  �Visualization approaches of roots in situ including 

microscopy, X-Ray, computed tomography (CT)  

imaging, rhizotrons and gel based systems. We are  

also developing sensors to rapidly measure root 

properties non-destructively in the field and a novel 

‘invisible’ soil to enable use of advanced imaging 

techniques

•  �Screening approaches to assess the responses of  

roots to stresses such as compaction, waterlogging  

or drought

•  �Field screening of cultivar performance under different 

physical constraints, soil management practices or the 

presence of biopores

•  �A number of approaches to quantify the physical 

stabilisation of soil by root reinforcement and exudates

•  �Advanced numerical models of root growth, resource 

capture and competition between plants

•  �A wide range of crop varieties and mutants with 

different root structures, such as branching patterns, 

the presence of root hairs, aerenchyma formation and 

lignin composition.

Excavating plant roots in the field is a laborious process, 

but it is essential for quantifying how they interact 

with soil (Figure 15). We complement open field 

research examining the behaviour of different crop 

 

Figure 0. Excavating potato roots in the field to 

compare traits of different cultivars.  

Figure 15  Excavating potato roots in the field to compare 
traits of different cultivars. 35
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Figure 0.  A seedling growing in 

compacted soil.  XRay CT 

imaging in collaboration the 

University of Abertay Dundee. 

Figure 16  Quantification of direct links between the root properties of different potato 
varieties and drought tolerance.

Figure 17  A seedling growing 
in compacted soil. X-ray CT 
imaging in collaboration with the 
University of Abertay, Dundee.
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lines with studies in polytunnels and glasshouses where 

experimental treatments can be controlled better. This 

research has unravelled relationships between root 

properties and drought tolerance between potato varieties 

(Figure 16), leading the way to select crop traits that are 

highly significant for sustainable agriculture.

To enable visualization of root-soil interactions a number 

of tools have been developed. X-Ray CT imaging allows 

us to measure contact between roots and soil, and the 

response of root growth to soil compaction (Figure 

17). Although the resolution of X-Ray CT has improved 

significantly in recent years, capture rates are slow and 

a detailed characterisation of root properties is not 

possible. Confocal microscopy has provided new insight 

into the production of border cells and cell growth. Other 

optical imaging approaches used in combination with a 

transparent media that simulates the structure of soil 

allows for the rapid, non-destructive capture of root 

growth in three dimensions (Figure 18).

We use these data to understand root traits that improve 

plant productivity, resource use efficiency and the 

tolerance to stresses. They populate models of root 

growth and resource acquisition to unravel complicated 

processes that will eventually guide future plant breeding 

and agronomic practices.

The interaction between roots and the wider soil 

environment also receives considerable study. Easily 

degradable compounds exuded by roots, for instance, 

have been shown using isotopic techniques to enhance the 

microbial breakdown of less degradable forms of carbon 

that are in soil. A positive outcome of this research is that 

it helps explain nutrient release from soil to plant roots, 

but a negative outcome could be an off-setting of carbon 

sequestration by plants in soil, particularly in relation to 

deep-rooting. Root exudates also contain enzymes and 

other compounds that can improve phosphorus capture 

and decrease nitrogen leaching following nitrification. 

Our work in this area will help develop crops much less 

dependent on fertilisers.

The ultimate goal of the James Hutton Institute’s research 

on Delivering Sustainable Production Systems is to 

decrease inputs, increase outputs and produce a smaller 

environmental footprint from farming. Our research 

ranging from practical, on-farm solutions to a detailed 

understanding of how plants and animals interact with 

their environment, has a good foundation to achieve this.



Figure 18  A lettuce root with abundant root hairs growing through ‘invisible soil’.
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Controlling Weeds,  
Pests and Diseases
Professor Ian Toth, Theme Leader 	

Balancing food security and pesticide reduction

One billion people are undernourished worldwide. To meet projected global food 

requirements in 2050 the Food and Agriculture Organisation (FAO) of the United Nations 

estimates that food production will need to increase by 70% overall and by 100% in 

developing countries. A major constraint on achieving food production is crop loss due  

to pests and diseases, which accounts for as much as 40% of crop losses globally.

Within the EU, a desire for sustainable agriculture with reduced chemical inputs has led 

to the implementation of directives designed to increase the stringency of conditions for 

approval of chemicals for agriculture, limiting the current choice of effective pesticides. 

In many cases, no effective replacements for withdrawn pesticides are available and 

resistance against some pathogens is still lacking in many commercial crops. Current 

breeding strategies for improved crops, and the development of other integrated 

management practices, are often too slow to compensate for the withdrawal of 

pesticides.

Climate change and expanding global trade add further to these problems by increasing 

the risk of introducing new pests and diseases, which may destroy native plant species 

as well as crops, and/or exacerbating existing problems. Such factors may also affect the 

spread and survival of human and animal pathogens in the environment.

Therefore there is a pressing obligation on the scientific community to find new, durable 

and sustainable means to combat crop diseases, as well as limiting the spread of human 

and animal pathogens. Our major goals at the Institute are to increase food security and 

quality, and improve human health through sustainable crop production both within 

Scotland and globally, minimising pesticide inputs, improving disease resistance and 

other control measures, while minimising the spread of harmful pathogens to animals 

and humans – key aspects of our science strategy.
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Within the theme Weeds, Pests and Diseases we have 

multi-disciplinary teams whose aims are to ensure the 

production of sustainable, safe and healthy food by  

(a) reducing the incidence of crop pests and diseases 

through sustainable crop production methods; and  

(b) reducing the spread of human and animal pathogens 

through the environment and the subsequent infection 

of their hosts. In addition, we are exploiting knowledge 

about the way that viruses infect plants to develop ‘plant 

bioreactors’ for production of pharmaceuticals and 

diagnostic tools for animal and human health.

We work on a range of crops: mainly potato, cereals 

and soft fruit, but also tomato, pepper, onion, broccoli, 

lettuce, spinach, trees, and heathland/woodland plants. 

We investigate economically important plant pests and 

pathogens, including but not exclusively: Phytophthora 
infestans; potato cyst nematodes (PCN); Pectobacterium 

and Dickeya; the aphid Myzus persicae (and other aphid 

species); fungi and viruses (mainly potato viruses Y 

and mop-top) on potato; Rhynchosporium on barley; 

Pseudomonas and Burkholderia on vegetables; aphids, 

Phytophthora and viruses of berry fruits; all of which are 

major problems globally. We investigate the role of plants 

(including fresh produce), soil, water and organic waste in 

the spread of human and animal pathogens, including the 

zoonotic pathogens E. coli and Salmonella species, as well as 

the role of wildlife/livestock in the distribution and spread of 

ticks and tick-borne diseases and methods for their control.

We undertake a wide range of research activities within 

the theme, in a pipeline from strategic science to more 

applied science and knowledge exchange with a wide 

variety of stakeholders including Scottish, UK and 

European policy groups, farming industry, commercial, 

public, science. The main areas of our science are 

described below.

Genomics: Within the theme, a key driver for our research 

is gene discovery and the exploitation of sequence data to 

elucidate gene function, which feeds through to practical 

solutions for disease control. This exploitation is only 

possible with the help of highly skilled computational 

biologists, who work closely with laboratory scientists.

Pest and pathogen populations: We study the movement 

of pests/pathogens in the environment and the diseases 

they cause (epidemiology), and the dynamics and 

evolution of pest/pathogen populations. The latter is 

partly achieved through molecular analyses (genotyping) 

allowing disease agents to be tracked and new strains, 

e.g., with increased virulence or pesticide resistance, 

to be identified and monitored. Quantitative diagnostic 

assays are designed and used for research, statutory and/

or commercial testing purposes, particularly where new 

threats to crop production or human health are identified. 

Understanding the movement and survival of human and 

animal pathogens in the environment is crucial if we are 

to reduce their impact and so a team has been set up to 

investigate this area of research in a Centre for Human and 

Animal Pathogens in the Environment.

Plant–pathogen interactions: One of our main collective 

strengths is the study of pest/pathogen–host interactions, 

researching proteins (effectors) that are produced by 

pests/pathogens to facilitate feeding-site formation and/

or the suppression of host resistance (see the ‘Dundee 

Effector Consortium’ below). Through our understanding 

of the interaction between viruses and plants, we have 

also developed methods for using plants as bioreactors in 

the production of animal vaccines and proteins for animal 

disease diagnostics.

Resistance: Host and non-host resistance to pests and 

pathogens is a major part of our integrated pest and 

disease management (IPDM) strategy. An integrated 

approach is being used to identify new sources of durable 

host resistance, e.g., in the Commonwealth Potato 

Collection (CPC) and other germplasm such as soft fruit, 

based on the use of effectors and the development and 

use of molecular markers and the recently published 

potato genome sequence. In addition, we are investigating 

the use of elicitors, which promote natural defences in 

the plant, for direct application to crop plants. To ensure 

integration of effort and tools with research in other areas 

of potato biology as well as that of other solanaceous 

crops (e.g., pepper and tomato), we have formed a group 

dedicated to pooling resources in a Centre for Research on 

Potato and other Solanaceous plants.

Climate change: The climate plays a major part in how and 

when pests and pathogens interact with plants, soil and 

other ecological niches. We are, therefore, undertaking 

a range of activities to examine the possible long-term 

consequences of climate change on factors such as pest/

pathogen populations, disease development, the long-

term durability of disease resistance, as well as keeping a 

watching brief on new potential threats that might arise as 

a consequence of a changing climate.

Integrated pest and disease control: Integrated pest and 

disease management systems (including the regulation of 

pests by their natural enemies).

Dundee Effector Consortium
Plants face a constant barrage of microorganisms – 

bacteria, viruses, oomycetes and fungi (Figure 20), as well 

as pests above and below ground, that aim to strip them of 

their energy and resources. They possess a sophisticated 

immune system, with cell-surface receptors that are able to 

detect conserved molecules from pathogens and pests and 

trigger an array of effective defence measures. Pathogens 



and pests deploy effector molecules to suppress these 

defences and, presumably, to manipulate host metabolism 

for nutritional benefit. A second layer of the plant immune 

system is composed of resistance proteins. These act as 

‘immune receptors’ to specifically detect the presence of 

effectors, rapidly activating further defences. As a key area 

of science within the theme, we have formed a unique 

consortium of scientists at the James Hutton Institute 

and the University of Dundee to study the functions and 

evolution of effectors from diverse pathosystems, their 

targets within host plants, and the roles those targets play 

in plant immunity. A key aim is to exploit our knowledge of 

effector function and diversity to seek resistance genes that 

provide durable disease resistance. For more information 

visit: www.hutton.ac.uk/crps

Centre for Human and Animal Pathogens  
in the Environment
The Centre for Human and Animal Pathogens in the 

Environment (HAP-E) provides a hub for research into 

the transmission and survival of human and animal 

pathogens within the environment, by developing a strong 

scientific network aimed at being prepared and equipped 

for future public health challenges. HAP-E links with 

associated scientists from other Scottish Main Research 

Providers (MRPs), as well as collaborators in the UK and 

internationally.

Research within HAP-E covers a broad range of topics 

including modes of pathogen transmission; interactions 

of pathogens with organic matrices or plant hosts; and 

detection methods and risk analysis. Transmission of 

pathogens via ticks is the focus of research on insect 

vector-borne diseases, including Lyme disease (caused 

by Borrelia species). The research includes risk analysis 

on the vector communities and the impacts of climate 

change on those communities. Alternative transmission 

pathways are being investigated for other pathogens. 

Research into the survival and transport of Escherichia 
coli O157: H7 and Mycobacterium avium paratuberculosis 

aims to identify factors affecting bacterial adsorption onto 

environmental matrices (such as clay colloids and stream 

biofilms). It has led to international projects that address 

the impact of biogas digesters, which treat organic wastes, 

on changes in pathogen transmission. Enteric pathogens in 

the environment are also able to interact with alternative 

hosts such as plants where they can proliferate, and work in 

the centre focuses on aspects that enable E. coli O157:H7 

and Salmonella enterica to colonise such hosts. The work 

extends to investigate plant defence responses that occur 

during bacterial–plant interactions, which may play an 

important part in survival and spread of these pathogens. 

Novel detection methods for multiple pathogens are also 

being developed to help track these pathogens and to help 

in risk assessment and outbreak control.

For more information visit: www.hutton.ac.uk/hape

Figure 20  Effector protein AVR3a (labelled in red) localising at the 
site of haustoria on the hyphae of Phytophthora infestans (green). 

Figure 19  The Dundee Effector Consortium studies the functions 
and evolution of effectors from diverse pathosystems.

Figure 21  Potato plant (Solanum tuberosum).
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Knowledge exchange 
Scientists within the theme produce a number of scientific 

outputs linking their science to our stakeholders including 

industry, governments and the wellbeing of people in 

Scotland and elsewhere. Below are some of our outputs 

and achievements in 2011. 

•  ��Major showcasing events for our research took place 
at events including Potatoes in Practice, Cereals in 
Practice, Fruit for the Future, Linking Environment and 
Farming (LEAF), Open Farm Sunday, Royal Highland 
Show, Crop Protection in Northern Britain, Crop 
Protection in Southern Britain, Dundee Flower and 
Food Festival and other science festivals. Some of our 
scientists visited the House of Lords and presented our 

work on climate change and plant disease. 

•  ��Major new grants were obtained to consolidate our 
funding from the Scottish Government and increase the 
reach of our science outcomes. This funding was from 
organisations including the Technology Strategy Board, 
BBSRC, Leverhulme, EU, Horticultural Development 
Company (HDC), Australian Research Council, Potato 
Council and industry. Many of these grants are in 
collaboration with Mylnefield Research Services Ltd 
which plays an important role in linking our research to 

industry. 

•  ��A number of grower and media publications have 

been produced together with stakeholder reports 

and publications. These include numerous reports 

on the completion of the potato genome and others 

such as the investigation into environmental factors 

and Johne’s disease (caused by Mycobacterium avium 
paratuberculosis).

•  ��Links to policy through presentations on our work 

to the CAMERAS (A Coordinated Agenda for Marine, 

Environment and Rural Affairs Science) group; 

information on the effects of climate change on pests 

and pathogens to the Scottish Government through the 

climateXchange centre of expertise, advice to the Food 

Standards Agency (FSA) on human pathogens on fresh 

produce. Some of our members joined the Cooperative 

of Zoonoses Expertise and Experience (CoZEE) as a 

main route to key research providers and stakeholders 

in this area.

•  �Members of the theme in 2011 were invited to 

participate in working groups and committees, 

including the European Food Safety Association (EFSA) 

to advise on pest and disease legislation in the EU; the 

Technology Strategy Board Biosciences Plant Sector 

Group and the review committee for the BBSRC/Hort, 

both of which ensure close liaison between science and 

industry through their funding; the UKSOL committee 

to represent the science community at the UK Plant 

Science Federation; and an EU study group on Lyme 

borreliosis research and awareness.



Figure 22  Human pathogenic 
E. coli colonising the roots of 
spinach plants.
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Managing Catchments 
and Coasts 
Dr Marc Stutter, Theme Leader

Providing the solutions when conflicting demands for water resources arise

The Managing Catchments and Coasts theme aims to deliver integrated water 

resources management using the ethos of ‘thinking globally, acting locally’. The theme 

aims to support innovative scientific research underpinned by robust and extensive 

environmental information. From this we develop data interpretation tools, modelling 

approaches and visualization techniques that aid understanding and co-operation across 

a range of community and water management sectors, shaping effective policy at local, 

national and EU levels.

Effective catchment management requires an integrated approach to balancing  

the needs of many interests across scales from the headwaters to the estuarine  

and coastal environments.

The Managing Catchments and Coasts theme integrates expertise in soil,  

biogeochemical, hydrological, ecological sciences and socio-economics to manage  

the potentially conflicting demands for water across multiple spatial scales.

The impacts of land management on groundwater, surface and transitional waters 

influence a range of ecosystem services such as aquatic biodiversity, nutrient 

attenuation, safe provision of drinking waters and culture. In maintaining the necessary 

quantity and quality, water becomes a limiting factor in the provision of a range of other 

land-based services. Therefore, waters are at the interface of complicated interacting 

policies for the delivery of flood management, food production, urban development, 

forestry expansion, soil carbon management and renewable energy. Water provides an 

integrated signal of catchment pressures and transports contaminants, or flood peaks 

and their impacts downstream, often across regulatory borders. This necessitates  

multi-scale governance and co-ordination of management activities.

Our research is driven by a need for effective solutions to manage the complex interplay 

of pressures centred on the availability and security of water resources. In addition we 

aim to better link the natural and managed water cycles and take a holistic approach 

to water and its management. We seek to identify opportunities for multiple benefits 

for land, water and people that are cost effective and resilient to the future changes in 

climate, land use and policy. This is achieved by scientists working in partnership with 

regulators, policy makers, industry and communities.
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This really is an exciting time for the science and 

management of our fundamental, shared asset of 

water. Momentum is building through 2012 by way of 

a series of flagship EU events, the World Water Forum, 

the EU Green Week focus on water, the ‘Blueprint’ for 

revised and coherent water policy and the EU Innovation 

Partnerships on Water and Sustainable Agriculture. These 

events demonstrate recognition of the importance of 

water for the environment, society and business at the 

highest level, and are set against the national profiling 

objectives of Scottish Government’s HydroNation 

agenda. Understanding how to manage water resources 

in a sustainable and adaptive way is vital in our rapidly 

changing world. In the following sections we describe 

how our research activities are helping to establish this 

essential knowledge base.

Future scenarios in evaluating water 
resources and catchment impacts
The Managing Catchments and Coasts theme is working 

towards understanding the consequences of future 

strategies for managing freshwaters in the face of 

environmental change. Managing freshwater systems 

is challenging, even without planning for the effects of 

changes in climate, land use, air pollution and human 

driven resource demand. An evidence base of the 

effectiveness of different measures (such as the design 

of buffer strips; Figure 23) for mitigating diffuse pollution 

is underway which will be used to inform the analysis of 

various land management options that could be adopted 

to improve water quality in catchments.

Figure 24 illustrates the results from a scenario of climate 

and land use change simulations to predict stream water 

nitrate concentrations in the Tarland Burn of the River 

Dee, north east Scotland. A weather generator was used 

to create multiple possible representations of both historic 

and future climate taking into account the uncertainty in 

prediction of future climate. Baseline simulations (Figure 

24A) were applied using a 30 year meteorological time-

series representative of the period from 1961–1990, and 

with land use based on a typical 1980s cropping pattern. 

Simulations were then generated for the 2050s period, 

initially assuming no changes in land use or management 

(Figure 24B). A future land use change scenario based on 

ensuring food security was developed. This centred on 

the premise that any land that was capable of supporting 

arable agriculture was used for cropping. The results of 

this scenario applied to the 2050s period (Figure 24C) 

demonstrate that future land use changes could lead 

in some areas to more significant impacts on water 

quality than those resulting from climate change (note 

different scale on y axis). This work is contributing to an 

EU Framework 7 project REFRESH and our continuing 

activities as part of the River Dee Catchment Partnership.

Assessing the effectiveness of rural land use 
management and policies
Incorporated within Scottish Government policies’ 

concerning water is the necessity to meet Water 

Framework Directive (WFD) and public health regulations 

to protect and restore water quality while protecting the 

social and economic interests of those who depend on 

it. It prescribes the use of economic principles, such as 

derogation from Good Ecological Status (GES) on grounds 

of disproportionate costs of mitigation. The Draft River 

Basin Management Plan (2010) requires implementation 

of programmes of measures to achieve these balanced 

targets. Urban sources of pollution are controlled by the 

national Controlled Activities Regulations (CAR, 2008) and 

diffuse pollution is regulated by General Binding Rules, 

whereby activities posing a risk, such as cultivation of land 

and storage of manures need to follow rules to protect the 

water environment.

Assessing the cost-effectiveness of diffuse pollution 
mitigation at local and national scales
We have completed analyses of the cost-effectiveness 

and proportionality of pollution mitigation measures 

for P pollution of standing waters at local and national 

levels. The assumed mitigation target was achievement 
Figure 23  Buffer strip in the Tarland sub-catchment, River Dee, 
Aberdeenshire.



of WFD standards for P status. In the national level work, 

mitigation cost-effectiveness was assessed using combined 

mitigation cost curves for managed grassland, rough 

grazing, arable land, sewage and septic tank sources. 

These provided sufficient mitigation (92% of national P 

load) for GES to be achieved on 62% of the national loch 

surface area at an annualised cost of £2.09m/year. Where 

potential mitigation of external sources was insufficient to 

achieve WFD standards, we assumed achieving GES could 

be done by removal of P directly from lochs (a “mop-up” 

cost of £200/kg P/year , leading to a total cost of £189m/

year. Lochs were ranked by mitigation costs per loch area 

to give a national-scale marginal mitigation cost curve. A 

published choice experiment valuation of WFD targets for 

Scottish lochs was used to estimate marginal benefits at 

national scale and combined with the marginal cost curve. 

This gave proportionate costs of £5.7m/year leading to 

GES in 72% of loch area (Figure 25).

Figure 24  Predicted streamwater nitrate simulations for Tarland 
Burn, Aberdeenshire, accounting for future climate and land 
change scenarios: (A) baseline model results using historic 
meteorological data and 100 weather generator (WG) simulations; 
(B) results for 2050 response under scenario of no land use 
change using two possible extremes of future climate and 100 
WG simulations; (C) results for 2050 response including land use 
change scenario using the same climate simulations as in (B).
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Figure 25  Marginal costs and benefits of achieving loch P 
mitigation: estimates at national scale. Any costs to the right 
of the point where the marginal cost curve cuts the marginal 
benefit curve, are not proportionate.
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Operationalising the ecosystem services approach 
for water management
We have explored the opportunities and risks associated 
with the use of the ecosystem services (ES) approach in 
a WFD context. This approach enables multiple benefits 
and costs to be assessed more thoroughly than is possible 
with a single pollutant approach. Since the release of 
the Millennium Ecosystem Assessment (MEA), the ES 
approach has been increasingly endorsed by the scientific 
community and is finding its way into the policy arena, 
to the point that it can soon become the dominant 
paradigm for approaching resource management and 
conservation. The MEA defined ES as “the benefits people 
obtain from ecosystems”. An analysis of opportunities 
and risks associated with the use of the ecosystem service 
approach in the WFD (Table 3).

C
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Development of innovative methods for controlling 
diffuse pollution

A novel and practical approach to controlling soil erosion 

using ‘filter fences’ has been developed in collaboration 

with farmers in the Lunan catchment. These leaky barriers 

comprise a woven fabric pinned to a line of fence posts and 

supported by wire, installed temporarily on the toe of the 

slope in fields after erodible crops. On one steeply sloping 

field, more than 70 tonnes of soil containing more than  

40 kg P was trapped, and ongoing trials are seeking to 

optimise the design to catch fine soil/sediment while 

allowing run-off water to drain (see Figure 26). The 

concept has been discussed at a farmer focus meeting in 

the catchment and has attracted the interest of NFUS and 

local MSPs.

Hydraulic modelling for assessing flood risk
The risk of flooding in Scotland is predicted to rise in 

Opportunities Risks and Potential Limitations

Values recognition

Opportunity to incorporate the benefits that people derive from 
ecosystems. This often gets ignored in the decision making

Anthropogenic focus: is this enough for sustainability?  
What about existence values?

Helps recognition of the many values of nature within all societal 
decision making contexts and affecting all stakeholders

Increasing knowledge

It helps a better understanding of ecosystem functions, roles  
and interactions

Is the link between good status and services delivered 
completely clear? Can we have a good status but a ecosystem 
not functioning properly?

It enables analysis of unintended consequences and benefits  
of actions

It can enable analysis of trade-offs in situations with competing 
demands

Can the ES approach catch the global perspective when 
understanding water problems?

Enabling dialogue

Powerful communication tool, pragmatic and helpful for 
management

Risks associated with the ‘loss in translation’ from science  
to policy. Are all components being transmitted?

Helps linking policy-science integration

It helps developing a common language

It helps inter-disciplinary science, because it is understood by hard 
and soft scientists

There are risks associated with getting the wrong number  
into policy. Valuation problems.

It leads to multi-lateral decision making, because all the 
stakeholders are invited around the table

Changing visions

It forces us into a more systemic intervention in the context of the 
WFD (i.e. beyond the water body basis initially introduced by the 
WFD). Also, it is more holistic that the WFD because it considers 
semi-aquatic and terrestrial components (while the WFD only 
addressed them if they are protected areas) 

ES might be used to “sell” business as usual work as if it was 
actually new

It can help reconciling perverse pressures and effects

It can support categorisation, selection of measures, acceptable 
tools and also justify exemptions

Using the concept of ES is goal oriented, more practical, it supports 
bottom-up approaches, its system oriented, asking for tailored 
made solutions, requires flexibility

Is the ES serving for creating new demands instead of clarifying 
existing needs?

ES can help formulate research questions, forcing you to think out 
of the ‘water box’

It can help overcoming the rigidity of WFD’s current approach to 
full cost recovery

Policies integration

It is useful at the policy strategic level Lack of consistency across EU policies (e.g., WFD discussions 
seems to embrace ES, while Common Agricultural Policy’s (CAP) 
does not)ES can support understanding links between water and other 

policies (e.g., spatial policy, agriculture)

Table 3  Opportunities and risks associated with the use of the ecosystem service approach in the WFD. 

Source: Own elaboration on the basis of the discussions at the 2nd Water Science Meets Policy Event held in Brussels in 29–30, September 2011. 
http://www.onema.fr/IMG/EV/images/2ndSPIevent.pdf. All speakers are to be credited for this information, but special mention should be made to 
Edward Interviews for his ideas regarding the risks (Interviews, 2011). The discussion on the potential of ES for the implementation of the full cost 
recovery principle was brought up by Antonio Massarutto, and the expression ‘thinking out of the water box’ is from Colin Byrne.



Figure 26  Part of a filter fence in an arable field after 
potatoes, showing capture of soil from an erosion rill 
spreading the sediment out along the contour, with fine 
sediment being captured in the corner of the plot by 
finer mesh fabric.

Figure 27  Water flow profiles from ISIS model (1 in 100 year event).

the future with the impact of climate change. Modelling 

techniques are able to help in predicting where flooding 

might occur, how severe it might be, and the impact that 

different mitigation measures might have on flood risk 

in different situations. A hydraulic model of Tarland Burn 

was developed using the computer software called ISIS. 

Flood Estimation Handbook (FEH) techniques are used to 

determine catchment characteristics such as topography, 

slope, land use, soil and sub-surface moisture conditions 

required for the model. The results from the model can be 

viewed in a graphical form (Figure 27). This shows water 
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Figure 28  Flood extent map (1 in 100 year) showing depth of flooding in Tarland. Ordnance Survey data used by permission.

levels in a longitudinal direction along the watercourse as 

well as lateral direction at any point of interest. The figure 

indicates that extreme rainfall events such as 1 in 100 year 

event will result in overtopping of river banks thereby 

increasing the risk of flooding in many locations including 

the residential areas of Tarland village and Aboyne.

In order to better understand the process of flooding, a 

two-dimensional hydraulic model was developed using 

Tuflow. The model provides information on how the 

flood wave advances within the floodplain, providing 

useful data and information such as depth of flooding, 

extent of inundation, residence time, rate of increase and 

duration of flood and most importantly the direction of 

flow paths as the flood water travels. This information 

can be overlayed onto base maps or aerial photographs 

(Figure 28), so that they can be easily read by farmer 

and members of the at risk community. This allows local 

communities and land managers to find out whether 

their farm/property/community is likely to be flooded in a 

specific situation. The results from both models indicated 

that significant areas including part of the Tarland village 

are likely to be flooded from extreme rainfalls such as 1 

in 100 year event. Work is continuing on improving the 

model by incorporating more detailed information to 

better represent land use and incorporating survey data 

on in-channel structures such as bridges and culverts. The 

impact of land use change and natural flood management 

measures such as storage ponds, buffer strips etc. on 

mitigating flood risks will be assessed in the next phase  

of the research.

Achieving multiple benefits using riparian 
buffer strips in agricultural landscapes
Catchment riparian areas are considered key zones in 

which to target mitigation measures aiming at interrupting 

the movement of pollutants from agricultural land to 

surface waters. Hence, unfertilised buffer strips have 

become a widely studied and implemented ‘edge of field’ 

mitigation measure assumed to provide an effective 

physical barrier against nitrogen, phosphorus and 

sediment transfer across them (Figure 29). The James 

Hutton Institute has led an initiative to look at wider 

aspects of managing buffers to achieve a number of 

multiple diffuse pollution mitigation, stream and riparian 

habitat and social functions (Table 4). A workshop was held 

in 2010 in Ballater, UK to highlight research on riparian 

buffer strips under the EU COST Action 869 knowledge 

exchange programme. Following this workshop the James 

Hutton Institute has contributed to six out of 13 papers 

for a special collection of the Journal of Environmental 

Quality, and acted as editor with colleagues at the Danish 

National Environmental Research Institute and at Alterra 

Institute in the Netherlands.

To ease the legislative process buffer strips are often 

narrow mandatory strips uniformly against all streams 



and rivers, across different riparian soil water conditions, 

between bordering land uses of differing pollution burdens 

and without prescribed buffer management. It would 

be easy to criticise such regulations for not providing 

the opportunity for riparian ecosystems to maximise 

their provision of a wider range of ecosystem goods and 

services. However, the scientific basis on which to judge 

the best course of action in designing and placing buffers 

 
 
 
 
Aspects of multiple benefits associated  
with riparian restoration 

 Diffuse pollution control ✔ ✔ ✔
Biodiversity ✔ ✔ ✔
Shading and temperature regulation ✔ ✘ ✘

Water storage and flood control ✔ ✔ ✔
Carbon sequestration ✘ ✘ ✘
Cultural services ✘ ✘ ✘
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Figure 29  Four photographs of riparian management in north east Scotland. Clockwise from top left: Cattle access for watering to  
the stream; consequences of a narrow ineffective riparian field margin; a fenced buffer, planted with trees with a public access footpath;  
a fenced buffer with cattle crossing point.

Table 4  The range of ecosystem services that well-managed 
riparian areas can provide. Ticks are given where the state 
of research knowledge, guidance to practitioners, policy and 
funding is sufficiently developed.

to benefit their multi-functionality has slowly increased 

over the last five years. Our collection of papers evaluates 

a range of studies of riparian buffer management and 

assessment from across Europe.

The themes addressed are:

•  Evidence of catchment- to national-scale effectiveness

•  �Ecological functioning linking terrestrial and aquatic 

habitats

•  �Modelling tools for assessment of effectiveness and costs

•  �Process understanding enabling management and 

manipulation to enhance pollutant retention in buffers.

The combined understanding leads us to consider four 

principal challenges for buffer strip research and policy.

•  �How can we bring efficient placement and design of 

buffers in landscapes to minimise diffuse pollution 

delivery?

•  �What are the key aspects and aims in the ongoing 

management of riparian buffers?

•  �How can we maximise benefits for riparian habitat 

restoration through buffer design?

•  �What are the most important aspects of multiple 

benefits to different stakeholders and how should we go 

about observing progress to achieving desired goals? 51
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Marine litter issues, impacts and action: 
contributing to a marine litter strategy  
for Scotland
Increasingly, policy makers and the public are experiencing 

the problem of litter in our seas and on our beaches 

(Figure 30). Marine litter has a substantial impact on 

Scotland’s society, economy and marine environment. In 

2010, a total of 53,162 items of litter were collected on a 

sample of Scottish beaches (along a length of 22.3 km), 

an average of 2380 items per km. The majority consists of 

plastics and is highly persistent in the marine environment, 

with the lifetime of plastics estimated between 100-1000 

years. Globally, as well as for Scotland, studies estimate 

that the greatest proportion is from land-based sources 

(Figure 31).

As part of a Scottish Government-funded study, 

contributing to a marine litter strategy for Scotland, 

the James Hutton Institute and Scottish Association 

for Marine Science examined the impacts of marine 

litter. Environmental, social and economic impacts were 

documented that threatened marine resources and the 

future success of policies, such as the Marine Strategy 

Framework Directive that focus on delivering a clean  

and healthy marine environment.

The approximate cost of marine litter in Scotland, 

estimated at £16.8 million per annum, was recognised  

Figure 31  Beach litter origins (MSC, 2010).

Figure 30  Beach litter, Cairnbulg Aberdeenshire.
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as a gross underestimate due to a lack of data on 

impacts in many sectors such as recreation or tourism. 

The research provides concrete policy options towards 

becoming a society that embraces the concept of ‘waste  

as resource’ across five strategic directions:

•  �Improving public awareness of and behaviour changes 

around, marine litter

•  �Reducing terrestrial and maritime sources of litter 

entering the marine environment

•  �Contributing to a low carbon economy by treating 

‘waste as a resource’ and seizing the economic and 

environmental opportunities

•  Improving monitoring at a Scottish scale

•  �Increasing engagement at the UK, EU and international 

scales.

The study highlighted that a mix of regulatory tools exists 

across Scotland, but these should be co-ordinated into a 

Scottish marine litter strategy. This strategy, and resulting 

policy, should take an innovative systems approach 

across terrestrial and marine sectors, using a variety of 

institutional, social, technological and regional tools to 

bring about the required changes in human behaviour. The 

vision for the proposed strategy is: ‘By 2020 marine litter 

in Scotland is significantly reduced and does not pose a risk 

to the environment or communities. This is achieved within 

a Scotland where people and businesses act responsibility 

and reuse, recycle, and recover waste resources’.
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Realising Land’s Potential
Professor David Miller, Theme Leader

Researching the means to maintain a land that can support multiple uses  
in a sustainable way

Forces of change such as globalisation and climate are interacting with altered demands 

for food, fuel and fibre, and coinciding with national shifts in demographic and social 

patterns (e.g., expectations for homes, leisure and work patterns, quality of life 

expectations, access to land for recreation). Accelerated changes in land use increase the 

risks of degrading and depleting ecosystem services through unexpected and unintended 

environmental consequences that can undermine efforts to promote a sustainable, 

wealthier and fairer society. Thus, there is increased demand, and opportunity to use 

ecosystem services within land use decision making to better understand intrinsic trade-

offs involved in delivery of multiple functions and services, based upon the long-term 

implications for human wellbeing.

Realising Land’s Potential aims to develop the scientific evidence base for sustainable 

use and management of land. It seeks to understand the mechanisms supporting the 

multi-functional use of rural and urban land (e.g., agriculture, forestry, renewable 

energy, recreation, urbanisation) at different scales, and to provide methods of enabling 

improved future-proofing of land use decisions through understanding the role of energy 

in social and ecological systems – international and local. We are using integrated  

inter-disciplinary methods and approaches, including the assessment and 

communication of risks associated with land use futures, quantitative and qualitative 

studies of agents of change (i.e., people, such as land managers and developers), 

modelling of biophysical resources of land now and under scenarios of change,  

the measurement monitoring and analysis of change, and effective means of  

knowledge exchange.

Our scientific challenges include understanding and communicating the biophysical 

and socio-economic trade-offs between green energy production and other land uses, 

assessing service flows between areas and across scales, and linking land potential with 

risk. The ultimate outcomes from realising the potential of the land are protection of ESS, 

increased wellbeing, sustainable and resilient supply chains, all in support of sustainable 

economic growth.
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We plan our research to be relevant to international, 

European and Scottish policy areas. Examples include 

the environmental governance and resource efficiency 

priority area of UNEP, and its Energy Programme, the EU 

Sustainable Development Strategy; and the EU’s Europe 

2020 strategy, the European Common Agricultural Policy 

and associated rural development policies. For the Scottish 

Government, an important challenge is reconciling global, 

national and local influences on rural and urban Scotland, 

ensuring economic growth, social justice, and protection 

of the natural and cultural heritage. The Scottish Land 

Use Strategy responds to this challenge with a vision of 

recognising understanding and valuing ‘the importance 

of our land resources, and where our plans and decisions 

about land use deliver improved and enduring benefits, 

enhancing the wellbeing of our nation’. Delivery requires 

linking public policies such as the 2020 Routemap for 

Renewable Energy, Scottish Adaptation Framework, Food 

and Drink, National Planning Framework 2, Scottish Rural 

Development Programme, Scottish Soils Framework and 

Building a Sustainable Future.

The theme places considerable importance on developing 

close relationships with stakeholders by:

•  �Running consultative groups drawn from across the 

public and private sectors on land use, and renewable 

energy

•  �Playing an active role in stakeholder institutions, such 

as the Land Use Strategy Action Plan, the Scottish Agri-

renewables Strategy Consultative Group, the Woodland 

Expansion Advisory Group, discussions on the National 

Ecosystem Assessment 2, and contributing to the 

Scottish Government deliberations on the CAP post-

2013 in Scotland and Europe.

Together, these interactions with both the public and 

private sector enable us to gain new insights into debates 

of societal interest.

Natural resource datasets and databases
Protecting and improving the health of soil is a major 

way to increase food security and fibre production: to 

protect water supplies, to mitigate climate change and 

make our ecosystems more resilient to environmental 

change. Recognising the importance of soils to many 

aspects of Scotland’s economic and environmental 

health the Scottish Government produced the Scottish 

Soil Framework in 2009, which identifies threats to the 

resource and encourages sustainable soil management.

To support delivery of the Soil Framework, we are 

drawing on the unique resources of our physical archive 

of soil samples (Figure 33), collected since 1930 from 

across Scotland and overseas, and the national mapping 

of Scotland’s soils. All our maps of soils and peatlands,  

900 in total, have been digitised, at scales of 1:500  

(peat deposits) to 1:250,000 (Scotland-wide soil data). 

These data are being made available via the internet  

(http://sifss.hutton.ac.uk/, Figure 32) for anyone to 

obtain information about the soils in their area of 

Scotland. Queries can be made by identifying locations 

on maps, or using postcodes or geographic co-ordinates. 

Outputs include maps, graphical summaries and scaled 

diagrams of soil characteristics. Dissemination of 

soils information is also being developed for Scottish 

Government, to produce a website compatible with 

the Scottish Environment website (www.environment.

scotland.gov.uk), the principal portal for environmental 

information for Scotland.

Exploiting databases: example – soil 
forensic science
Benefits have accrued to a range of stakeholders from the 

underlying science and methods developed from funding 

by RESAS, and the maintenance of the Institute’s soil and 

vegetation databases. One example is advice to the police 

and investigating authorities. This includes guidance on 

identifying areas to search for scenes of crime, testing the 

authenticity of artefacts in cases of potential fraud and 

our staff being called as expert witnesses to the criminal 

courts in cases of serious crime. Cutting-edge approaches 

have been developed in the use of soil, vegetation and 

geological material for use in criminal investigations across 

the British Isles. Their uptake illustrates how innovative 

tools can be developed in one area of science and 

deployed to great effect in another. 

Land use change, monitoring and systems
Our research focuses on studies with Scotland-wide scope, 

developing and applying the concepts of resilience and 

adaptive capacity to the systems of land management. 

The most significant external driver influencing such 
Figure 32  Accessing digital map data online (left screen) and 
using it in a GIS (right screen).



Figure 33  National Soils Archive. 

systems in Scotland is that of the £560 million from the 

European CAP. We have developed a unique agricultural 

land use database, which links the Scottish June 

Agricultural Census and December Survey, together with 

mapping from the Integrated Administration and Control 

System (IACS), with other data from Ordnance Survey and 

Forestry Commission. This has enabled us to model the 

potential consequences of CAP post-2013 on land systems, 

and future land uses under climate change. Such analyses 

are developed jointly with RESAS and policy staff through 

CAP Stakeholders Technical Working Groups and informal 

meetings, and provide inputs to modelling of work on land 

use scenarios and futures.

This database has been used to derive maps showing the 

distribution of livestock, which is a key input to many 

Scottish Government rural policy objectives. Following the 

Pack Inquiry, to advise Scottish Government on how to 

support agricultural and rural development, the Land Use 

Strategy, and more recently the work of the Woodland 

Expansion Advisory Group, the question of ‘How much 

livestock is where?’ is a current issue.

Figure 34 shows the output of our mapping of stocking 

rates across Scotland which, for the first time, illustrates 

the geographic distribution of stocking rates for Scotland 

in livestock units per hectare. Our calculation was at a 

holding level using our agricultural land use databases 

together with mapping from the Crofters’ Commission, 

taking account of livestock types (cattle, sheep and deer) 

and numbers, forage area, seasonal rentals, multiple users 

of land parcels and common grazings.

The output shows the highest concentrations of highly 

stocked units to be in the areas associated with dairy 

cattle, such as the lowland areas of south west Scotland, in 

particular the lowlands of Ayrshire, Galloway and Dumfries, 

and Orkney. Although there are also units with high 

stocking levels in north east and south central Scotland the 

overall density and geographic clustering is lower.

Current work is considering the potential implications of 
these findings with respect to pressures on waters and 
soils, and the potential for displacement of more livestock 
if changes in land use, such as woodland expansion, arise 
in south west Scotland compared to north east Scotland, 
or land management adapts to climate change.

Scenarios and land use futures 
Environmental, economic and social issues associated with 

agriculture are often fundamental for rural prosperity and 

sustainability, with consequent implications for any debate 

Figure 34  Geographic distribution of stocking rate across Scotland 
for 2009 (White areas indicate those areas for which there are 
no map data from the IACS or Crofters Commission sources, and 
those in dark grey are due to issues of limited information).
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about future land use. A key to supporting the planning 

of change is to understand the capability of the land for 

uses such as agriculture for the future as well as today, 

and the ecosystem service supply and land uses they can 

support. We are creating a series of new models of land 

capability for different ecosystem services at different 

scales and trade-offs in values between combinations of 

ecosystem services. This work uses spatial frameworks 

for ecosystems, multi-functional rural and urban land use, 

and landscape capacity for change, and targets aims of the 

Scottish Land Use Strategy.

Evaluation of multiple benefits from land (‘multi-

functional land use’) was investigated through the 

development of land use change scenarios. These 

combine different coherent options of land uses 

and land management, and consider consequences 

of climate change, present and future. To facilitate 

creation of scenarios, the LandSFACTS toolkit was 

developed to support scenarios from field to national 

scale, for snapshots in time to multiple years. These 

land use change scenarios have been used to evaluate 

consequences for water quality in the Dee catchment 

(north east Scotland) (Figure 34), and assessing risks to 

the environment, economy and society, and resulting 

priorities of climate change adaptation, through the 

Centre of Expertise on Climate Change (CXC). Assessments 

of changes in water supply/demand budgets are enabling 

studies of interactions between land use, climate change 

and water resources, through the Centre of Expertise 

for Waters (CREW). Our new typology of different land 

managers then enables us to better understand different 

motivations and preferences towards multi-functional 

land use and characterisation of the choices identified by 

the scenarios.

Another set of techniques being developed to investigate 

land use change is through the use of remote-sensing 

data, linked to the array of new satellite and airborne data 

sources. High-resolution applications are being developed 

to map vegetation change, micro-climate and land use 

patterns. The links between land use and land cover have 

been investigated through a project for Scottish Natural 

Heritage to map the distribution of priority habitats in 

the uplands. The distribution of many of these habitats in 

Scotland has been poorly recorded outside of protected 

sites. This project mapped the most likely areas using 

other data such as soils, geology, geomorphology, 

climate, land use and topography, providing inputs to the 

mapping of ecosystem services being undertaken in the 

Safeguarding Natural Capital theme.

The European Landscape Convention has led to integrated 

views of landscapes in which visual, cultural and social 

qualities are included with ecological functions. Indicators 

which synthesise information relating to landscape 

functions and their interactions, such as pressures of 

socio-economic change systems on natural systems, 

were articulated in terms of ecosystem services in the 

Millennium Ecosystem Assessment. We are developing 

a framework to link landscape concepts with those of 

ecosystem services, as part of the testing of Ecosystem 

Approaches.

We use visualization tools (e.g., the virtual landscape 

theatre) to interpret scenarios of land use change through 

public preferences for landscapes, and elicit scenarios 

of preferred future land uses from audiences familiar 

and unfamiliar with an area. In the study of the Tarland 

sub-catchment of the Dee (Figure 35), our findings show 

significant differences between audiences related to 

medium-sized windfarms on hills north of the village. 

Those unfamiliar with the area (Birmingham and some 

in Edinburgh) argued that renewable energy was a 

priority and highlighted open hilltops as opportunities 

for maximising energy return. Those familiar with the 

area, even if not residents, were conscious of the local 

significance of prominent hills and previous rejections 

of windfarm proposals, with audiences in Edinburgh and 

Ballater (Figure 36) being positive towards small-scale 

wind turbines associated with farming or communities. 

However, there was commonality between audiences 

for increasing amenity woodland adjacent to the village, 

quality recreation within the village, conservation 

interests, and recognition of risks to water quality with 

increased agricultural activity.

A new collaboration was initiated with the Scottish 

Association for Marine Science (SAMS), focusing on 

environments above and below sea level. The approach 

uses the Virtual Landscape Theatre with sea floor data 

(from SAMS and British Geological Survey), terrain 

(Ordnance Survey), and protected areas (Scottish Natural 

Heritage). It enables interpretation of habitats, above and 

below water, in the context of designations and use (e.g., 

renewable energy and aquaculture). It was launched at 

the World Congress on Marine Biodiversity in Aberdeen, 

to international representatives from public policy, 

resource management, the private sector, and scientists. 

We will be exploring its use in modelling multiple 

uses of seascapes, in collaboration with the Managing 

Catchments and Coasts theme.

Attitudes and behaviours
Critical though our understanding of biophysical processes 

is to understanding different options for our land, factors 

such as governance and how society, and in particular 

land managers, respond are key to how that change will 

actually manifest itself on the ground. The research in this 

area focuses on understanding land-manager attitudes and 

behaviours, particularly as these relate to environmental 



Figure 35  Evaluation of land use scenarios and ecosystem services.
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assets and climate change. Although farmer environmental 

attitudes and behaviours have been studied at the Institute 

for over a decade, the topic of climate change is relatively 

new to social science. Therefore, our current work started 

with a scoping study of the existing research.

We found that published research focuses on agricultural 

land management, and decision making on commercial 

farms, as opposed to estates, public sector bodies, 

crofts, or hobby farms, and concentrates on uptake of 

agri-environmental schemes and organic farming. There 

is a body of literature on how farmers interact with the 

environment but it is primarily focused around how they 

respond to individual policy incentives or decide to convert 

to organic farming, and not on how they would respond to 

the combinations of policies and issues that arise from a 

global phenomenon such as climate change. We also found 

that there has been very little research on the system-

level changes that occur to influence change, i.e., how 

combinations of policies interact with changing markets, 

business opportunities and land capability.

The scoping has been followed by a programme of 

engagement with stakeholders (i.e., NGOs, local authorities, 

National Farmers Union Scotland, Scottish Land and 

Estates, the New Entrant Forum, farmers and academics) 

to identify specific topics on which to focus. These were 

on-farm renewable energy, formalised farmer collaboration 

(specifically machinery rings and response to collaborative 

agri-environmental incentives), soil management and 

part-time/hobby farming. A spatial context is being 

provided by analysing geographic relationships between 

land management and governance, at different scales 

across Scotland, to test the compatibility between land 

management objectives (e.g., forestry, biodiversity, rural 

development, soil management, renewable energy).

Preliminary findings from interviews with key actors 

revealed that machinery rings are important service 

providers and included information on renewable energy 

production, and that ‘hobby farming’ comprises commercial 

Figure 36  Eliciting public opinions on alternative future land uses in the virtual landscape theatre  
with audiences from: (A) Edinburgh and (B) Ballater.

part-time farms, non-commercial small-holdings, and 

people with livestock and horses as ‘pets’ who do not 

view themselves as farmers. We found that small-scale 

land holders improve the environmental condition of 

their land independently of agri-environmental schemes 

or cross-compliance. Finally, we found that local planning 

authorities and Scottish Government are the strongest 

actors influencing uptake of on-farm agri-renewable 

energy production. This has increased rapidly in the last 

10 years, primarily wind energy, but there is also high 

potential for small-scale hydro on rivers and anaerobic 

digestion of livestock slurry. Most of the early wind 

energy developments were organised by non-agricultural 

businesses, on land they either purchased or long-term 

leased from farmers. However, the National Farmers Union 

of Scotland expects uptake of renewable energy production 

by farmers to increase rapidly, in part reflecting the 

introduction of ‘feed-in tariffs’ to support renewable energy 

production by both private households and commercial 

businesses. This informs the work being undertaken by the 

Institute’s renewables team.

We are now studying the influences of system-level 

changes on farmer uptake of renewable energy production 

(i.e., interactions between energy companies, turbine 

suppliers, government policies, energy and commodity 

markets, social norms), and how or if land managers differ 

from households in terms of their rationales for engaging 

in renewable energy production. We are reviewing the 

sources of information and processes land managers use to 

get involved in renewable energy production, particularly 

in relation to risk and, using agent-based modelling tools, 

mapping how land managers of different types interact. 

Linking with the Institute’s environment, risk and health 

team, our research is studying the roles and responsibilities 

of different actors specifically for soil conservation.

Renewable energy, supply and demand
The International Energy Agency (World Energy Outlook 60
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by 2035, as the world’s population grows by a further 1.7 

billion people. In 2011, the Scottish Government published 

its Routemap for Renewable Energy. This sets demanding 

targets to be achieved by 2020, of 100% electricity from 

renewable energy, 11% of renewable heat, 30% overall 

energy demand, and 500MW from community and 

locally-owned renewables. The Routemap identifies new 

strategies for micro-generation and agri-renewables, 

reflecting the growing significance of small-scale 

generation and opportunities for local and rural ownership 

of energy, and the best use of biomass and biofuels to aid 

delivery of the targets on heat.

Our research seeks to better understand biophysical, 

economic and social constraints on the provision of 

renewable energy and to identify means for the delivery 

of renewables as part of land use mixes and systems. Our 

principal question is: What are the main trade-offs in land 

use options with respect to energy provision and use, at 

different geographic scales? Our work uses land use and 

climate change scenarios to consider the implications 

for future capability to meet renewable energy demand 

in Scotland. This enables options for the provision of 

renewable energy to be assessed (e.g. biomass production 

using crop types that are not currently suitable for the 

Scottish climate) and the role of water use efficiency. 

The work focuses on biophysical assessments but social, 

behavioural and economic factors are also critical in 

determining capability to deliver resources. For example, 

we are currently studying the geographic distributions 

of demand for electricity and the provision of energy 

from renewable sources (Figure 37). This will draw on 

the social research expertise in the social, Economic and 

Geographical Sciences group and the systems research 

skills within the Environmental and Biochemical Sciences 

group.

A particular challenge for our research is to consider the 

cumulative impacts not just of one type of development 

(e.g., wind turbines) but of the combination of means 

of generating renewable energy, and understanding 

the potential conflicts and complementarities of wind, 

micro-hydro and biofuels on each other, and on a suite of 

ecosystem services. 

Urban land use and change

Ultimate outcomes sought from our environment need 

to be compatible with improved human wellbeing. One 

of the ten principles of the Scottish Land Use Strategy is 

that Scotland’s landscapes are important to our sense 

of identity and to our individual and social wellbeing, 

and increased attention is being paid to managing stress 

by supporting positive wellbeing. This forms one of the 

contexts for our research on ecosystem services supported 

by urban and rural landscapes.

Figure 37  Change in ordinary domestic electricity consumption and renewable energy projects (2011).
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The expansion of urban areas increases pressures on a 

range of ecosystem services, impacting on above and 

below ground biodiversity, soil sealing, and changes the 

number, size and configuration of green and open spaces. 

We are studying accessibility to greenspaces, physical 

and visual (Figure 38), with analysis to identify potentially 

spatially significant urban greenspaces which can offer 

multiple benefits in relation to ecosystem services supply 

at a city scale (e.g., green networks), site level (e.g., urban 

gardens), semi-natural sites (e.g., neglected woodlands), 

and urban water courses (e.g., rivers, ponds).

Research for the Scottish Government on the roles played 

by greenspaces and human health and wellbeing (the 

Green Health project) has shown that people’s stress levels 

are directly related to the amount of greenspace in their 

area – the more greenspace, the less stressed a person 

is likely to be. We showed that for every 1% increase in 

2011) estimates that energy demand will grow by 40% 

greenspace there was a corresponding steeper decline in 

stress hormone levels and where there is more greenspace 

people tend to respond better to disruptive events, either 

by not getting as stressed in the first place or by coping 

better. This complements the ethnographic studies on 

greenspaces in the Nurturing Vibrant and Low Carbon 

Communities theme. 

Knowledge exchange
The theme’s aims for knowledge exchange are to use 

effective communications to increase our profile and 

impact in research, consultancy and policy arenas, such 

as those identified in the introduction. Our strategy is 

to position ourselves as the first choice for advice and 

partners, and to work with stakeholders to improve the 

quality of interactions, and the impact of our products. 

Our significant role in the Centre of Expertise on Climate 

Change (CXC) and the consultative groups we run, provide 

key mechanisms in the delivery of this strategy.

For younger audiences, we focus on the provision of 
materials for teachers to use in class, designed for use 
as part of the Scottish Curriculum for Excellence and 
accredited by the Scottish Qualifications Authority. 
An example is the ongoing maintenance of a suite of 
factsheets and Powerpoint slide sets on Scotland’s soils, 
soil formation and associated ecosystems. Such products 
are developed in collaboration with key stakeholders, in 
this case principal geography teachers, and augmented 
by workshops for children for gaining direct feedback and 
staff development.

For public audiences, outputs include awareness-raising 
events, such as that on forensic science, books and web 
resources, and the role of soils in the crofting counties 
of Scotland (Figure 39). Soils of the Crofts was written in 
partnership with Crofting Connections, school teachers 
and The Soil Association and endorsed by HRH Prince 
Charles. This resource has been used in over 200 schools  
in Scotland, particularly those in remote areas.

We aim to share visions, focus on collaborative projects 
and foster co-construction of research. To do so, we seek 
to take advantage of the positive benefits of trans- and 
inter-disciplinary research to have a greater impact 
on scientific and other stakeholder communities, thus 
building on Institute strengths of high level of inter-
disciplinary capabilities. In collaboration with other 
research themes, we will be seeking new opportunities 
to develop and expand our core areas to deliver research 
outcomes to different stakeholders on how to optimise 
systems to provide multiple benefits. 

Figure 38  (A) Accessibility to greenspaces of properties in south Edinburgh 
(light blue greater than 300 metres). (B) Physical and visual access to 
greenspaces in Pilton, Edinburgh.
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Figure 39  Soils of the Crofts (open double page of book).SOILS
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Nurturing Vibrant and 
Low Carbon Communities 
Dr Robin Matthews, Theme Leader

Preparing rural communities for a low carbon future by helping break the link between 
economic prosperity and greenhouse gas emissions

With global population predicted to increase to around 9 billion people by 2050, 

concomitant increases in demand for food, water and energy against a backdrop of 

climate change, urbanisation, limited land resources, and the need to reduce greenhouse 

gas emissions, there is growing concern that the planet’s limits are being reached and 

that a move to a more sustainable and equitable way of living is urgently required.

Seventy-five per cent of the global population is projected to be living in urban 

environments by 2050, but with the need to preserve enough land to provide food and 

other ecosystem services, rural/urban interactions are likely to become more important. 

Historically, rural communities throughout the world have experienced relative 

disadvantage in earnings compared to urban counterparts, a trend which has only 

recently been reversed in parts of some developed countries.

In developed countries, past dependencies on primary industry have reduced and rural 

areas are now much more like urban areas in their economic structure, albeit with more 

small/medium enterprises. In many developing countries, however, stimulating growth 

in the rural sector is seen as the route to stimulating growth in the whole economy and 

thereby reducing poverty. In both cases, there are large spatial variations in wellbeing 

and a range of social, economic, institutional and environmental factors mediate the 

pursuit of sustainable development. Further, the traditional practice of public support 

to rural areas primarily through the farm sector is increasingly challenged by the 

Organisation for Economic Co-operation and Development’s (OECD) territorial approach, 

which builds development strategies around multi-sectoral territorial development.

Alongside these rural socio-economic challenges, mitigation of and adaptation to climate 

change is becoming increasingly factored into policy making and land use decision 

making. Addressing poverty and disadvantage through low carbon interventions in 

developing countries, is central to, for example, the Department for International 

Development’s (DFID) and other aid agencies’ missions.
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In Scotland, although it contributes only around 0.2% of 

global greenhouse gas emissions, per capita emissions 

are relatively high. The country, therefore, has a moral 

responsibility to reduce its carbon footprint and to 

demonstrate to the rest of the world that this can be done 

in a sustainable way. In 2009 the Scottish Government 

passed the Climate Change (Scotland) Act committing 

the country to a target for reduction of greenhouse gas 

emissions of 42% by 2020 and 80% by 2050. The Climate 

Change Delivery Plan (June 2009) noted the role of rural 

land use in contributing to emissions and the measures 

that can be taken within the agriculture, land use and 

forestry sector to deliver targets, particularly to protect 

high carbon soils, restore degraded peatlands and to 

increase forest cover to 25% by 2050. Scotland also has 

obligations to contribute to the UK’s monitoring and 

reporting of greenhouse gas emissions and to the emission 

reductions required by Annex 1 countries of the Kyoto 

Protocol. As part of this, the impact in other parts of the 

world of Scotland’s choices in moving to a low carbon 

future on greenhouse gas emissions also needs to be 

evaluated. 

Approach
The challenge, both globally and in Scotland, is to move 

to a more sustainable development path, maintaining 

or increasing food production and the provision of other 

ecosystem services, while at the same time reducing net 

greenhouse gas emissions from human activities and 

enhancing livelihoods and social equity.

We contribute to addressing this challenge by identifying 

and improving understanding of the factors that encourage 

and enable sustainable development in rural areas, 

including endogenous bottom-up approaches. We examine 

current policy interactions, conflicts and synergies, and 

explore alternative future policy scenarios and assess their 

consequences on the farm, rural and wider economies. 

We will also contribute to improving the evidence base 

for monitoring progress towards a net reduction of 

greenhouse gases in rural areas, recognising the global 

footprint of rural consumption as well as the emissions and 

carbon stores associated with the rural land use sector, 

and by assessing options for increasing use of renewable 

energy and sequestration of carbon in vegetation and 

soils. We enhance our understanding of the perceptions, 

attitudes and behaviours influencing individual decisions 

and social norms regarding the adoption of these options, 

evaluate the governance, institutions and policy and 

incentives needed to ensure their uptake, and assess the 

implications of these for community vitality.

These issues are complex, often involving social,  

economic and biophysical perspectives, and therefore 

require inter-disciplinary socio-ecological systems (SES) 

approaches to address them rather than a piecemeal 

approach dominated by either the social, economic 

or biophysical sciences. For this reason, the Nurturing 

Vibrant and Low Carbon Communities theme aims to 

draw on the expertise of researchers from all of the 

five science groups where appropriate. We are using a 

range of approaches, from qualitative research to better 

understand the functioning of formal and informal 

governance mechanisms in key rural institutions, through 

to quantitative research, including modelling and scenario 

analyses, to formalise our understanding of social, 

economic and biophysical processes and their interactions, 

and how they influence trajectories to a sustainable 

future. We take a global perspective by seeking synergies 

between experience gained in Scottish agricultural, 

forestry, moorland, grassland and peatland systems and 

that from similar systems in other parts of the world.

Examining possible changes in soil C stocks 
following the resampling of the National 
Soils Inventory of Scotland
The change in soil carbon stock over around 25 years has 

been measured at 179 sites on a 20 km grid as part of the 

National Soils Inventory of Scotland (NSIS) resampling. 

There was no detectable change in total soil carbon stock 

(to 100 cm depth) overall or within specific vegetation or 

soil types. The exception was for woodland soils, excluding 

those on deep peat, which exhibited a significant gain of 

1.0 t C ha-1 year 1. Woodland (mainly coniferous plantation) 

also showed a significant increase in percentage carbon, 

a significant decrease in bulk density and an increase in 

the depth of the LFH layer (accumulating pine needles). 

Recalculating the C stock to 15 cm showed a significant 

increase in moorland soils in addition to woodland soils, 

suggesting that had we only sampled to 15 cm, we would 

have reached a different, possibly misleading, conclusion. 

Ap horizons (i.e., cultivated top soils) increased in depth 

from 29 to 32 cm, with a concomitant decrease in %C and 

a slight increase in bulk density; this we ascribe to deeper, 

or more efficient, ploughing. In the context of possible soil 

carbon losses, our data shows that a loss of 0.09% per year 

is unlikely (P=0.05) and that a loss of 0.18% per year is very 

unlikely (P=0.01).

Understanding and managing rural conflicts: 
the case of outdoor access
How to increase the uptake of outdoor access 

opportunities (and provide associated health and 

economic benefits) while meeting agricultural and 

conservation land management objectives, is a key 

challenge for rural policy, especially given the history of 
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conflict between recreational and other land uses. Our 

research addresses the crucial issue of identifying formal 

and informal governance mechanisms for mediating, 

resolving and avoiding such conflict. During 2011 we used 

observational and novel mobile video methods to do the 

following:

•  �Identify and assess the frameworks, tools and 

deliberative (and other) processes involved in the 

functioning of a Local Access Forum. Provisional 

findings were presented to the Cairngorms Local 

Outdoor Access Forum generating subsequent requests 

to share the findings with other stakeholders, including 

the Cairngorms National Park Authority Board and the 

National Access Forum

•  �Deepen understanding of how conflicts of recreational 

disturbance of wildlife and livestock arise (and could be 

prevented), through:

– � demonstrating how knowledge of rights, rules and 

codified protocols are necessary but insufficient for 

achieving ‘responsible’ outdoor access

– � identifying some of the key social, environmental 

and human-animal interactional factors that shape 

how (ir)responsible practices occur

– � highlighting the ways in which these factors are 

insufficiently taken into account when designing 

management interventions

•  �Disseminate insights to policy and practitioner 

audiences through the establishment of a Twitter 

feed (@outdooraccess) and through Scottish Natural 

Heritage’s Sharing Good Practice event ‘Dealing with 

Dogs!’

•  �Investigate tensions surrounding newer forms of 

recreation in environmentally sensitive areas using 

a case study of mountain biking in the Cairngorms 

National Park. Initial findings have been used to inform 

policy and provide direct advice for the revision of 

Scottish Outdoor Access Code supporting guidance.

Governance and decision-making  
for community empowerment in  
rural communities
The question of how rural communities can be 

empowered, or can empower themselves, is of key 

importance in this ‘age of austerity’ and the push to 

localism and the ‘big society’. Researchers from the 

James Hutton Institute are working with colleagues at 

SAC to develop methods of understanding, improving and 

designing effective approaches to utilising local capacity 

to deliver vibrant rural communities, and to assess 

approaches to designing a place-tailored approach to rural 

policy.

A recent literature review of conceptual frameworks 

and methodologies relating to community vibrancy, 

empowerment and resilience highlighted the need to: 

•  ��Develop the concepts of vibrancy, empowerment, 

adaptive capacity, social capital, wellbeing, governance, 

institution decision making and resilience in rural 

communities

•  ��Understand the key criteria through which interventions 
to enhance or support the capacity of rural 
communities are evaluated, including how outcomes 

can (or cannot) be attributed to specific interventions.

These concepts and methodologies will be evaluated 

through a series of case studies. The James Hutton 

Institute is leading a specific case study working with 

Orkney Housing Association and the Climate Challenge 

fund to look at the social effects of installing energy 

monitors in domestic homes.

Meeting the Scottish Government’s 
woodland expansion targets
The James Hutton Institute, in collaboration with Forest 

Research, has been providing advice to the Woodland 

Expansion Advisory Group. It was established by the 

Scottish Government to take forward the initiative within 

the Land Use Strategy to expand woodland cover in 

Scotland to 25% by sometime in the second half of this 

century. A range of biophysical, policy and designation 

issues have been examined in relation to the opportunities 

and constraints that they provide for woodland expansion. 

Almost half of Scotland is seriously constrained because 

of unacceptable growing conditions for tree growth or 

because of different policy drivers related to protecting 

prime agricultural land for food production and peat 

deposits for carbon storage precluding large scale 

expansion. Other areas are designated for their open 

ground habitats and associated wildlife and woodland 

expansion is likely to be constrained here as well. 
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The net result is that woodland expansion is likely to focus 

on a relatively small proportion, approximately a third 

of the Scotland land mass: ‘the squeezed middle’. This 

currently contains a mix of land uses from arable land 

to poor rough grazing. Notably much of the improved 

grassland resource in Scotland is found in this area and 

any new woodland onto it would have implications for 

the livestock industry in Scotland. Additionally current 

research suggests that this type of ground might become 

more flexible in terms of agricultural production in a 

warming climate.

This work provides a valuable context for research in a 

number of our themes and helps focus where there are 

most opportunities to achieve multiple benefits from 

land; many areas simply do not have that flexibility. How 

do we optimise and reward land management activities 

that maximise carbon sequestration but at the same time 

provide the range of other services that we expect from 

land? Our multi-disciplinary approach to research puts 

us in an excellent position to explore a range of scenarios 

to examine trade-offs between these services but within 

the real world context of the biggest anticipated land use 

change in the country.

Restoring Scotland’s peatland
The agriculture, forestry and land use sector has 

an important role to play in meeting the emissions 

reductions targets of the Scottish Government, as it acts 

both as a source of greenhouse gas emissions as well as a 

carbon store, contributing about 20% of total greenhouse 

gas emissions but removing about 16%. A major part of 

this includes land use changes on peatlands. Discussions 

at the United Nations Framework Convention on Climate 

Change (UNFCCC) Conference of the Parties (COP) 

meetings are currently underway to include accounting 

for emissions from peatlands in any post-2012 climate 

change agreement, so that they would be included in 

the Agriculture, Forestry and Other Land Uses (AFOLU) 

chapter of national greenhouse gas inventories, and 

in the creation of internationally accredited carbon 

credits. Scotland contains about two million hectares of 

peatlands, 60% of which are degraded due to drainage 

and use for agriculture and forestry. Restoration of 

these areas could potentially represent sequestration 

of considerable amounts of carbon. Consequently, the 

Scottish Government has identified peatland restoration 

as a key milestone in its commitment to meet its 2020 

and 2050 greenhouse gas emission reduction targets. 

(Low Carbon Scotland: Meeting the Emissions Reduction 

Targets 2010–2022. The Report on Proposals and Policies.)

There is, however, a huge amount of uncertainty in current 

estimates of abatement potential of peatland restoration. 

This is complicated still further by the predicted increased 

temperatures and decreased precipitation of future 

climates, making peatlands vulnerable to increased 

oxidation of the organic carbon they contain, which could 

potentially release significant quantities of CO
2 into the 

atmosphere. Work is continuing within the Nurturing 

Vibrant and Low Carbon Communities theme to reduce 

some of this uncertainty. Key points that have emerged 

from the work so far include the following.

•  ��Net potential abatement benefits from peatland 
restoration, given our wide span of values for near-

natural and damaged sites could range from 0.6 to  

8.3 t CO2e ha-1 year 1.

•  ��Values at the lower end represent restoration C savings 
of the least damaged sites, which may be achievable 
within less than a 10 year timeframe after restoration 
efforts. In addition, early intervention on such less 
damaged bogs also prevents further progression to a 
more damaged, and more highly emitting, state. Values 
near the upper end apply to the restoration benefits 
of severely damaged sites but these will take longer to 
stabilise (20– 50 years) and temporarily high methane 

emissions may limit early carbon savings. 

•  ��A precise figure for the area in Scotland that has the 
potential for some degree of change in management 
or active restoration is not available but is likely to 
be in excess of one million hectares of which around 
350,000 ha may be in the ‘severely damaged’ category 
of previously cutover, eroded, severely drained or 
afforested peatlands that would require active efforts 

to restore.
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Reducing Emissions from Deforestation  
and Degradation (REDD)
Deforestation represents an estimated 15-20% of 

anthropogenic greenhouse gas emissions; greater than that 

from the whole global transport sector. The 2007 Stern 

Review concluded that reducing deforestation is a highly 

cost-effective way to reduce net global emissions relatively 

quickly, as well as providing co-benefits in terms of soils, 

water, climate protection, protection of biodiversity and 

livelihoods, rights of local communities and sustainable 

forest management. The concept of reducing emissions 

from deforestation and degradation (REDD), in which non-

Annex 1 countries could voluntarily choose to reduce their 

national emissions from deforestation and gain carbon 

credits at the end of a commitment period that could be 

sold on international carbon trading markets or to other 

governments, thus earning income for the country, has 

been receiving much attention at UNFCCC meetings. The 

REDD-ALERT project, led by the James Hutton Institute 

in partnership with 12 research institutions in Europe, 

Africa, Asia and Latin America, aims to contribute to the 

evaluation of mechanisms and the institutions needed at 

multiple levels for changing stakeholder behaviour to slow 

tropical deforestation rates and hence reduce greenhouse 

gas emissions. The project focuses on case study areas in 

Indonesia, Vietnam, Cameroon and Peru, which represent 

different stages of forest transition, to document the key 

drivers of deforestation and land conversion. At each of 

the field sites, data has been collected on deforestation 

rates, deforestation drivers, socioeconomic variables, soil 

and biomass carbon contents and greenhouse gas emission 

rates from selected land use transitions. An analysis of 

forestry-related policies at the international level is being 

made to investigate conflicts and synergies, and potential 

REDD mechanisms are being identified for influencing 

deforestation behaviour at the local level. Agent-based 

modelling is then being used to integrate this social, 

economic and ecological information to evaluate impacts 

of climate change, the potential REDD policy levers and 

possibly shifts in food crop versus bioenergy demand on 

land use change in tropical forest margins.

There are two major issues that must be addressed: firstly, 

the way a continuum of tree densities in the landscape is 

forced into a forest/non-forest dichotomy, with substantial 

areas of land around the cut-off point of any definition; 

and secondly, the institutional rather than vegetation-

based interpretation of ‘forest’ that exists in many 

government agencies that are the source of internationally 

available data. An example is the FAO and UNFCCC 

definition of forest, which can include ‘forests without 

trees’ (harvested, but with an intention of replant), while 

‘trees outside forests’ (not meeting the shape and size of 

area, canopy cover, or tree size aspects of the operational 

forest definition), agroforestry trees, and tree crops tend 

to be excluded. He says there is ‘growing awareness’ that 

the national reporting systems in tropical forest countries 

need to be improved to cater for ‘whole system carbon 

accounting’, and treat the ‘forest’ issue as a subset of this, 

depending in the rules that will emerge in international 

discussions. Work by the REDD-ALERT collaboration 

has developed a hierarchical land cover classification 

subdivided into ‘forest’, ‘tree-based systems’ and ‘open-

field agriculture’ categories in a stepwise fashion towards 

locally meaningful entities. The project team are now 

working on developing new negotiation support tools. One 

example of such a tool is a carbon calculator for exploring 

the greenhouse gas emission consequences of different 

land uses on peatlands. 
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Mr Michael Gibson (left) Chair of the 
Macaulay Land Use Research Institute 
and Mr Peter Berry CMG (right) Chair 
of SCRI sign legal documents forming 

the James Hutton Institute with Mr Ray 
Perman who was appointed Chair of the 

James Hutton Institute.

Mr Anthony Aglen, a direct descendant of James Hutton was a guest for our launch reception 
at the Royal Society of Edinburgh.

Iain Gordon addressing press in Dundee on launch day.
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Review of the Year
Phil Taylor, Head of Communications

On 30 January 2008, First Minister Alex Salmond announced to the Scottish Parliament 

that, “Scotland’s environmental research capacity will be strengthened and its international 

competitiveness enhanced by encouraging our environmental and rural research organisations 

– notably the Macaulay and Scottish Crop Research Institutes – to form a new single Institute.”

From that moment, service teams at the two sites began devoting an increasing portion of 

their time to planning for the new, unified organisation. By the beginning of 2011, detailed 

planning was underway to achieve business continuity from the very first day of the new 

James Hutton Institute.

When did the heart of the James Hutton Institute start beating? Was it upon the 

appointment of our Chairman, Ray Perman, in March 2010? Was it the selection of Professor 

Iain Gordon as our Chief Executive in July that year? Or was is when Professor Lesley 

Torrance suggested we name our Institute after the Scottish Enlightenment hero, Dr James 

Hutton in late August 2010. 

Whatever the answer, for the 600-plus staff of the new Institute, many months of hard work 

resulted in the official launch of the James Hutton Institute on 1 April 2011.  

The organisation’s logo was created by our in-house graphic design team, adding the 

strapline Science Connecting Land and People. The equally spaced vertical segments in the 

logo show structure and foundation. This, together with the horizontal segments, hint at 

‘unconformity in land’ one of the many discoveries made by James Hutton as he studied the 

land and its potential. The landscape and water are illustrated in the waved lines of the logo. 

The purple (heather) is to symbolise the Scottish roots of the James Hutton Institute. The 

design can be interpreted as geological strata, as field plots or as runrig in traditional Scottish 

farming and crofting.

The public launch of the Institute was held at the Royal Society of Edinburgh on the capital’s 

George Street. Guests attending the reception in the ‘Hutton Room’ were able to examine 

the orginal manuscript of Element of Agriculture which was on show for the evening. 

The then President of the RSE, Lord Wilson of Tillyorn, reminded the audience that Hutton 

was a founder member of the Society in the late eighteenth century.  The use of the Hutton’s 

name for the Institute was entirely approved by the Society, said Lord Wilson, and he wished 

the new “very significant” organisation very good fortune.  

Another speaker at the launch was Denise Daly Walton, an authority on the life and times 

of James Hutton.  She told the gathering, “I can honestly say for all of us who have worked 

over the last years to bring James Hutton into common knowledge that this is the ultimate in 

recognition that he so justly deserves.  His name will now be carried with every communication 

and every service emanating from this new, super-institute onto the global stage.” 
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Potatoes in Practice. The event is co-hosted with Potato 

Council at our Balruddery Farm in Angus and drew a large 

number of visitors, including guests from Norway, France 

and China as well as farmers and agronomists  

from England.

The new organisation also managed to show its colours  

at many other events during 2011, both large and small:

•  �A Hutton Berry Festival at the Royal Botanic Garden 

Edinburgh 

•  ��Dundee Flower and Food Festival

•  �The Fourth International Workshop on Barley Leaf 
Blights attracted 75 delegates from all over the world

•  ���British Potato 2011 in Harrogate in company with 
Mylnefield Research Services

•  ��Macaulay Scientific Consulting Ltd (MSC) successfully 
showcased its analytical services at the Offshore Europe 
Exhibition at the AECC, Aberdeen

•  ��The Science and Parliament event at Holyrood hosted 
by the Royal Society of Chemistry

•  ��The first ever wood ant symposium organised by 
the National Wood Ant Steering Group of which the 
Institute is a partner.

In the autumn, at the request of the Scottish Government, 
the Institute co-ordinated a day-long workshop on the 
impact of climate change on agriculture. Once again we 
were delighted to welcome the Scottish Government 
Minister for Environment and Climate Change, Stewart 
Stevenson MSP.

Speakers from the James Hutton Institute included Colin 
Campbell, Iain Brown, Willie Towers, Adrian Newton and 
Robin Matthews. Other speakers came from the Scottish 
Government, SAC, the Rowett Institute of Nutrition and 
Health and the Moredun Research Institute.

Among the audience were policy officials from the Scottish 
and UK Governments, scientists and representatives from 
food and farming bodies including the National Farmers 
Union Scotland. There were also delegates from the 
devolved administrations in Wales and Northern Ireland.

Dundee also welcomed a group of senior Ukrainian 
government officials. Led by the vice-Governor for the 
Lviv region, Ivan Stefanyshyn and Ivan Bilak, the Head of 
Sambir District State Administration, the group was on a 
tour of Scotland organised by Continental Farmers Group, 
which operates 70,000 acres of arable land in the Ukraine.

The James Hutton Institute continued to make the news 
headlines. Evelyne Delbos, who works with Macaulay 
Analytical and the Scanning Electron Microscope in 
Aberdeen, found herself at the centre of media attention 
after the renewed volcanic disturbances in Iceland. 
Evelyne’s analysis of samples from the ash plume featured 

One of the first stakeholder events to be hosted by the 

newly formed James Hutton Institute was the second EU 

REFRESH project meeting held at Craigiebuckler, Aberdeen. 

It was attended by just under 100 delegates who spent a 

week developing research plans for measures that might 

minimise the adverse consequences of climate change on 

freshwater quantity, quality and biodiversity.

The arrival of summer brought with it some staple events 

including LEAF (Linking Environment and Farming) Open 

Farm Sunday which was held on the Dundee site – a 

LEAF Innovation Centre. The special guest was scientist 

Dr Heather Reid OBE who gave several of her informal 

lectures on meteorology. With her experience in the 

television industry, Heather had earlier agreed to present a 

video about the plans for the James Hutton Institute which 

was used at our launch events and throughout the year.

One of the biggest public engagement events in our 

calendar is the Royal Highland Show (RHS). The corporate 

display together with Scottish Agricultural College 

(SAC), in the Scottish Environment and Rural Services 

(SEARS) marquee and in the Royal Highland Education 

Trust building, entertained an astonishing 7000 children 

between Thursday and Sunday. Iain Gordon and his 

management team engaged with special guests including 

an official delegation from China’s Jilin Province – home 

to 27 million people. Other VIPs paying us a visit included 

the Scottish Secretary, Michael Moore, the then Scottish 

Conservative leader Annabel Goldie and the Holyrood 

Environment and Climate Change Minister, Stewart 

Stevenson, who spent time engaging with the James 

Hutton Institute team.

The Minister was soon back with us visiting the Institute’s 

Glensaugh Research Station in August to find out more 

about issues affecting moorland areas. The visit was jointly 

arranged by the James Hutton Institute and the Moorland 

Forum and aimed to highlight the work being undertaken 

by the two bodies, as well as the practical measures the 

research station undertakes with regard to upland hill farm 

management.

As the first months in the life of the Institute rolled by, we 

hosted the annual meeting of the Scottish Society for Crop 

Research (SCCR). SSCR functions through its crop sub-

committees for combinable and energy crops, potatoes 

and soft fruit. You can read of their work elsewhere in 

this Annual Report and SSCR continues to support vital 

research work at the Institute.

Long-established and growing industry events held on 

the Dundee site got a new lease of life under the James 

Hutton banner: Fruit for the Future and Cereals in Practice 

attracted good turn outs and incredibly, record rainfall and 

serious flooding did little to deter a record attendance at 



on the BBC News website and she was interviewed by the 
Press Association and several other outlets.

There was global media coverage of the mapping of the 
potato genome. This global collaboration was led in the 
UK by Dr Glenn Bryan and his team at Invergowrie. Glenn 
Bryan and Commonwealth Potato Collection assistant 
curator Gaynor McKenzie talked to the Channel 4 News 
Science Correspondent Tom Clarke in a news feature 
broadcast soon after the story broke.

Institute specialists helped BBC Scotland’s Beechgrove 
Garden investigate the science of soils. Presenter Jim 
McColl joined Jason Owen in the laboratories in Aberdeen 
where Jason had set up some experiments to show what 
effect organic matter has on soil drainage.

Looking back on the first year of the James Hutton 
Institute, you could be forgiven for seeing a busy – but 
fairly routine 12 months in the life of a scientific research 
institute. What makes the story rather more remarkable, 
perhaps, is that this energetic schedule of activity and 
engagement with stakeholders from many sectors was 
maintained during a process of fundamental change for  
all our staff in Aberdeen and Dundee.

Playing the Colonise game with children 
at the Royal Highland Show.

Winners at the 2011 Postgraduate student competition. Front 
from the left: Nicola Cooke, Florian Jupe and Hazel Bull. Rear 
from the left: Howard Davies, Nigel Kerby and John Jones.
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Biomathematics  
and Statistics  
Scotland
Professor David A. Elston, Director

Improving science and society through an understanding of variation,  
uncertainty and risk

Biomathematics and Statistics Scotland (BioSS; www.bioss.ac.uk) is one of the 

Scottish Government’s main research providers, delivering research, consultancy and 

training in statistics, mathematical modelling and bioinformatics. BioSS plays a unique 

role in the Scottish research community, bridging the gap between research in the 

mathematically-based and traditionally more qualitative sciences. Although formally 

part of the James Hutton Institute, BioSS interacts scientifically with all of the MRPs 

and indeed with other institutions as if it were an independent organisation.

The scientific projects that BioSS staff contribute to cover four broad application 

areas: plant science; animal health and welfare; ecology and environmental science; 
and human health and nutrition. We also conduct a programme of applied strategic 

research to address generic issues encountered in these application areas. Our 

research is managed in three broad themes: statistical bioinformatics; systems and 
process modelling; and statistical methodology. The additional capacity gained from 

our research ensures that the methodological approaches adopted in our applied work 

are constantly advancing.

Analysis of omics data
Understanding the complex molecular interactions taking place within plant cells is 

an important activity at the James Hutton Institute, enabling researchers to learn 

about the processes which control economically important traits of crop plants such 

as flavour. Transcriptomics allows us to study the molecular interactions controlled by 

plant genes, proteomics allows us to quantify the number and levels of the proteins  

expressed in an experiment and metabolomics measures the great many different 

types of smaller molecules called metabolites involved in the growth and development 

of plant cells. These omics technologies utilise a variety of modern lab equipment such 

as microarrays, 2D gels and gas chromatography-mass spectrometry (GCMS), providing 

estimates of the presence and concentrations of features in the cells of plants of 

different varieties, at different stages of growth or growing in response to different 

nutritional treatments. 
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Having determined which features are to be considered as 

responding to a factor or factors of interest, a second issue 

is how to present the results from so many analyses. We 

have developed a cluster analysis approach, whereby the 

subsets of features that are considered to be responding 

to the factors of interest are clustered into groups which 

appear to be responding to the factors in similar ways. 

Profile plots of feature mean values for the different 

levels of the factor of interest allow visual examination 

of similarities and differences both within and between 

clusters. Future work will investigate the estimation of 

false discovery rates for complex treatment combinations 

rather than the single treatment terms (Figure 40).

Predicting the effect of climate change  
on crop productivity
BioSS has been working with collaborators in the James 

Hutton Institute and Scottish Agricultural College (SAC) 

to develop an approach to using data from climate 

projections as inputs to plant–environment models in 

order to explore some important aspects of the potential 

effect of climate change. Simulated weather data were 

used to drive three different plant–environment models: 

CropSyst for spring barley, DNDC for grass production, 

and PALM for short-rotation coppice. This work was 

done as part of a Scottish Government-funded cross-

cutting theme project to take a co-ordinated approach to 

learning how best to use the capabilities of UKCP09, the 

UK Government’s state-of-the-art resource for providing 

projections of future climate and associated simulations  

of weather.

Within this project, we took a stratified random sampling 

approach to selecting 100 from the 10,000 potential 

future climates available under the IPCC A1FI (high 

emissions) scenario for any specified 5 km by 5 km square 

in Scotland. The stratification, which was on projected 

spring temperature and summer rainfall, ensured balance 

with respect to two important determinants of plant 

growth. For each specified 5 km by 5 km square, we 

generated 30-year series of simulated daily weather for 

each selected future climate, and used these weather 

data as inputs for each model, resulting in 3000 simulated 

annual yields of spring barley and grass cut for silage. 

Due to the need for an establishment period and triennial 

cutting, we only had eight short-rotation coppice yields 

per future climate.

As expected, the three different crops showed different 

mean responses to the stratification of climate samples: 

cut grass yields and coppice yields responded positively 

to increasing spring temperature, whereas spring 

barley yields responded negatively to increasing spring 

temperature. More interestingly, we were able to perform 

variance components analyses to examine the relative 

contributions to the variation in the simulated yields made 

by uncertainty about the future climate and by annual 

variability in weather. For example, when analysing yields 
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Figure 40  Analysis of omics data. Vertical axis: Standardised expression levels. The data in the figure display 
standardised mean expression levels of genes in a microarray experiment selected as displaying an interaction 
between the two factors: treatment (air, ethylene) and genotype (Stirling, 12601). The left-hand panel shows 
results from the cluster in which ethylene caused a reduction in mean expression level for Stirling but an 
increase for 12601: the right-hand panel shows results from the cluster in which ethylene caused an increase 
for Stirling but a decrease for 12601. 75



Figure 41  Kernel density estimates of the distributions of spring 
barley yields for the 5km by 5km square containing Mylnefield 
near Dundee. Yields were calculated from the Cropsyst model 
using UKCP09 simulated weather data for each of three time 
periods: before the onset of climate change (blue); and using 
projected climates for the 2040s (green) and 2080s (red) under  
a high greenhouse gas emission scenario.
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produced using simulated weather data from projected 

climates for the 2080s, we found that the residual 

variation within 5 km by 5 km squares reduced by 26% for 

total silage yield and by 62% for spring barley yields when 

a random effect for climate projection was added to the 

model: the corresponding ratios of variance components 

for climate projection to residual were 0.35 and 1.63. 

Although there are many caveats relating to these results, 

the broad interpretation is that, relative to inherent 

variation between years, the particular trajectory followed 

by our future climate will be less important for silage 

yields than for spring barley yields. More work along these 

lines will be carried out in the new Centre of Expertise on 

Climate Change (ClimateXChange).



Mylnefield  
Research  
Services Ltd
Nigel Kerby, Managing Director
Jonathan Snape, Commercial Director

Mylnefield Research Services Ltd, is a leading technology company providing products and 
services to the agricultural, horticultural and environmental sectors realising the potential 
resources of the James Hutton Institute.

Introduction
Mylnefield Research Services (MRS) Ltd was established in 1989 as a wholly owned 

subsidiary of Scottish Crop Research Institute and began trading in 1992. It was established 

to generate commercial income, diversify the funding base and reduce the reliance of SCRI 

on Government funding. This remit is just as relevant today for the James Hutton Institute 

as it was in 1992. A significant proportion (determined by the Board of Directors) of profits 

made by MRS have been transferred to SCRI (and now the James Hutton Institute) and 

the Mylnefield Trust through Gift Aid. MRS has made a profit every year and carries out its 

activities without subsidy. On the 1 April 2011 the ownership of MRS transferred from SCRI 

to James Hutton Institute. Ray Perman was appointed as Chairman and Iain Gordon and 

Julia Brown joined the Board of Directors.

The mission of MRS is to assist the James Hutton Institute achieve its mission, namely:

To deliver the highest quality integrated and innovative science that contributes knowledge, 

products and services to meet the multiple demands on land and natural resources.

This is implemented in the following ways:

•  �Product development: building upon the scientific expertise that we have in cereal, 

potato and soft fruit crops to develop high-quality, innovative products

•  Intellectual property: ensuring the appropriate exploitation of intellectual assets

•  �Partnership: encouraging commercial partnerships that benefit James Hutton Institute 

and provide routes to market for its products and services

•  �Knowledge Transfer/Exchange: focusing our knowledge transfer and exchange activities 

to maximise exposure and return. 
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Analytical services
The turnover from Mylnefield Lipid Analysis (MLA) in 
2010/2011 was the same as the previous year (£350k). 
With the assistance of Marilyn Emery Consulting (MEC) 
Ltd, Claire Traynor and her team were successfully 
inspected by the Medical and Healthcare products 
Regulatory Agency (MHRA) and can now undertake 
analyses to Good Manufacturing Practice (GMP) standards 
as well as Good Clinical Practice (GCP). MLA is one of only 
a few specialist laboratories in the world able to offer this 
service and it has already generated new business from 
clients in Iceland, Ireland and North America.

Under the leadership of Professor Wolfram Meier-
Augenstein, the stable isotope analysis business grew 
by 2% in 2010/2011 to reach £126k. In addition, MRS 
is a partner in a new Technology Strategy Board project 
with Rutherford-Appleton Laboratory and Protium MS, 
to develop a commercial laser isotope ratiometer for 
detecting food adulteration.

Associated businesses
MRS has a 47% shareholding in EnPrint Ltd, a company 
established in 2008 to commercialise the intellectual 
property generated from a Scottish Enterprise Proof of 
Concept project to develop laboratory-based molecular 
analysis service business focused on water quality. In 2011, 
EnPrint started work on a project co-funded by Scottish 
Water and the Technology Strategy Board to develop 
methods for analysing Cryptosporidium in drinking water. 
This project has attracted interest from other UK water 
companies.

Licensing and royalties
Royalty income declined by 8% compared to the previous 
year partially due to an 18% decline in the area of 
Glen Lyon planted in Spain and Glen Ample facing stiff 
competition in the UK from North American primocane 
varieties. Potato royalty income showed a modest increase 
and Lady Balfour – the UK No.1 organic variety, entered 

the top ten of UK export varieties for the first time.

Income from soft fruit accounted for almost 74% of all 

royalties with raspberries accounting for 45%, followed by 

blackberries 9%, blackcurrants 9% and strawberries 10%. 

16% of royalty income was derived from potatoes and the 

remaining 10% from brassicas.

In 2011, one potato variety (Pioneer) was placed on the 

National List and four other potato varieties (two for 

the fresh market, two for processing) were entered into 

National List trials. Two raspberry varieties (Glen Ericht 

and Glen Cally) and one blackcurrant variety (Big Ben) 

were granted EU Plant Variety Rights and two raspberry 

varieties were granted Norwegian Plant Variety Rights. 

MRS sought Plant Variety Rights for two raspberry varieties 

in Norway, two blackcurrant varieties in the USA, one 

blackberry variety in Serbia, one potato variety in the EU 

and one processing potato variety in South Africa. A total 

of 13 new propagation licences were granted in 2011, 

including licences to growers in Uruguay and Serbia for the 

first time.

MRS now has a portfolio of 45 varieties that are licensed 

to 103 propagators/growers in 28 countries. In addition, 

there are currently more than 100 trialling and testing 

agreements for varieties bred at SCRI by MRS. As a result 

of the merger between SCRI and Macaulay Land Use 

Research Institute in April 2011, and the resulting change 

of ownership of MRS, all of these companies had to be 

contacted and informed of the change in early 2011.

Contract research
Despite the recession, income from contract research 
managed to grow by 32%. This strong performance was 
made possible by several new contracts starting in 2011 
including a major new Technology Strategy Board project 
developing potato breeding tools based on association 
mapping and genomic sequencing. Other new contracts 
included a project to isolate genes important for 
carotenoid production in potatoes, a new contract from 
the HDC on onions and efficacy testing of crop protection 
compounds on raspberry and spring barley.

Project management
In 2011, MRS expanded its commitment to manage large 
multi-partner collaborative research projects, especially 
those funded by the Technology Strategy Board and LINK. 
A dedicated project manager (David Somerville) was 
recruited to strengthen the MRS team and enable us to 
support more projects. A three day course on scientific 
project management was developed by MRS and delivered 
for the first time in November 2011 and will be repeated in 
future years.



Macaulay  
Scientific  
Consulting Ltd
Bill Donald, Commercial Director

Leading the way in environmental consultancy by offering unparalleled experience in soil, 
waters and land evaluation.

In the first year of the James Hutton Institute, and the period of major change that 

accompanied it, the Aberdeen-based Macaulay Scientific Consulting (MSC) Ltd 

maintained business as usual. The enterprise has continued to develop successfully its 

external income streams, particularly for advanced analytical services, with the objective 

of achieving the agreed business targets for the 2011/12 financial year.

Organisational background
Macaulay Scientific Consulting Limited is operationally centred at the Aberdeen site 

and offers a comprehensive range of advanced analytical laboratory services and 

environmental/land use consultancy services to private and public sector customers.

MSC was formed in April 2008, following rationalisation of the previous, MLURI 

commercial business vehicles, Macaulay Enterprises Limited (MEL) and Macaulay 

Research and Consultancy Services (MRCS).

MSC operates as a shell company, with no directly employed staff or owned assets, 

essentially purchasing all analytical laboratory facilities and staff services from the 

Institute on an as-required time basis. MSC therefore leverages the benefits of the 

excellent analytical facilities at the Institute’s Aberdeen site and draws on the extensive 

scientific knowledge and skill sets of its inter-disciplinary scientists for the benefit of its 

external customers.

Current business/operating environment
The MSC business has shown favourable, year-on-year growth largely due to the 

successful and focused development of its advanced analytical services despite the 

essential structural changes in the new Institute implemented during the year and the 

unfavourable economic climate which affected both private and public sectors. Science 

consultancy services in the areas of soil forensics and surveys, environmental studies 

for renewable projects and commercial land development have also contributed to the 

overall income generation of MSC, although income contribution is slightly down on 

previous year.
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MSC is developing promising new technologies in the 

analytical services sector to support customer demands 

and to provide differentiation and uniqueness in its 

advanced services. For example, we have developed and 

implemented an advanced software analysis tool to greatly 

enhance our scanning electron microscopy capability. 

This provides better analytical data interpretation and 

presentation for the identification and monitoring of 

oilfield scales and reservoir produced solids. This is already 

positively received by our oilfield customers, saving costly 

interruptions to production operations and reducing 

equipment down-time.

We have seen an increasing demand for fast-track 

analytical services throughout the year, particularly from 

the oil and gas sector and for which we apply premium 

prices. These new technologies and fast-track services 

for existing and new customers will play a large part in 

fuelling growth for our advanced analytical services in the 

coming years.

Business review and outlook
MMSC has benefited from its strategic positioning 

in the advanced level of analytical and consultancy 

services markets as a reliable and experienced supplier, 

while maintaining diversity and applied relevance in its 

range of service offerings to industry and public sector 

organisations. Our customer base has grown rapidly with 

more than 200 active customers (from private and public 

sectors). Key sectors served include oil and gas, minerals 

(mining and processing), other commercial laboratories, 

other research organisations, food and drink processors, 

environmental consultancies and agencies, general 

industry (manufacturing, engineering, construction), 

governmental organisations, local councils, universities, 

consultancies (civil engineers/land surveyors), science 

societies, land owners and developers.

Not surprisingly, the major part of MSC business 

(33%) came from the North Sea oil and gas sector and 

opportunities to expand business in this key sector 

nationally and internationally continue to arise as the 

industry remains buoyant with a promising outlook. 

A significant amount of business came from other 

commercial laboratories (12%) and this supports our 

positioning strategy and focus on the advanced analytical 

services market.

The MSC business is projected to show at least 5% 
overall growth for the financial year ending March 2012, 
well supported by analytical services income (which is 
projected to grow by 14% in real terms) with a significant 
contribution from X-Ray Diffraction Analysis (XRD) work. 
Income from consultancy projects has been lower than 
previous years. Total income contribution to the Institute 
is projected to be in the order of £1.26 million. MSC also 
continues make a profit for the Institute.

During the year, strong marketing and promotional 
initiatives were implemented in order to continue to 
raise the profile of our specialist, advanced analytical 
and scientific services with direct marketing and 
sales campaigns mounted for target customers in key 
sectors. The initiatives also included attendance at 
industry-specific events such as Offshore Europe and 
All-Energy/Renewables Exhibitions and Conferences and 
AECC, Aberdeen and advertising campaigns mounted 
at Aberdeen Airport at key times during March and 
September. A significant number of new commercial 
customers were won and retained during the year which 
would indicate that our promotional and profile raising 
campaigns were effective.

Due to increasing demand, we are also planning to extend 
our clay mineralogy analysis and interpretation service 
(in a phased manner) beyond XRD analysis to include the 
physical testing of clays, minerals and associated mineral 
products.

The outlook for continued MSC income growth is therefore 
very favourable. This is projected in our operational 
budget plan for the 2012/13 financial year. Overall income 
is projected to be £1.532 million, an average increase 
of ca 8–9% over the forecast for 2011–12 (subject to 
consultancy income continuing to be channelled through 
MSC). A continuing significant contribution to the 
Institute’s income and profit delivery is budgeted.

Continuing, stronger and customer-focused marketing and 
promotion initiatives will be required to deliver planned 
short term and longer term growth for the MSC business.

To support the growth in the commercial analytical 
business, there is also a need to review and probably 
extend the available capacity within the analytical 
sections of the Institute and this is being addressed. Given 
the current external business climate, this can only be 
beneficial to the Institute and its income generation plans.



Division of  
Plant Sciences,  
University of Dundee
Professor John W. S. Brown, Head of Division

Our main event in 2011 was the Quinquennial Review of the Division of Plant Sciences by an 

external review panel of Professors Sir David Baulcombe (University of Cambridge; Chair), 

Nick Talbot (University of Exeter), Alan Schulman (University of Helsinki) and Simon Turner 

(University of Manchester). The plant sciences’ Principal Investigators (PIs) presented their 

research achievements and future plans and students and postdocs presented posters. The 

panel also met Professor Iain Gordon and senior scientists from the James Hutton Institute.

The Quinquennial Review report recognised the scientific excellence of the plant sciences 

PIs and their research programmes. They particularly praised the partnership with the James 

Hutton Institute and emphasised the added value to both institutions, rewarded by increasing 

successes in joint funding and publication outputs. After a positive review, the University of 

Dundee College of Life Sciences (CLS) and the division are delighted to reaffirm commitment 

to strengthen this partnership and build a strategy that extends and exploits our interaction 

for the future.

A major milestone has been establishment of the Dundee Effector Consortium (DEC), 

composed of research groups from the University and the Institute, which is studying 

effectors (proteins secreted by pathogens into plants to overcome immunity) from bacterial, 

fungal, oomycete, aphid and nematode pathogens and pests. This unique combination of 

systems under one roof allows members to share knowledge and technologies co-ordinate 

resource acquisition. The consortium has prepared grant and studentship proposals to 

support primary research and training, and to promote collaboration.

Paul Birch’s research investigates the functions and recognition of RXLR effectors from 

the oomycete pathogen Phytophthora infestans, and the defence mechanisms that they 

manipulate in the host. Highlights in 2011 were the demonstration that the host target of 

P. infestans AVR3a is required for cell death triggered by various pathogens and that AVR3a 

is able to suppress all of these cell death responses. In addition, recognition of AVR2 by the 

host R2 protein depends on another host protein, BSL1, a phosphatase in the brassinosteroid 

signal transduction pathway.
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John Brown’s lab demonstrated that alternative splicing 

(AS) occurs more frequently in plants than previously 

thought – around 62% of intron-containing genes undergo 

alternative splicing, including genes involved in virtually 

every aspect of plant development and stress responses. 

In addition AS can regulate gene expression and features 

of transcripts which lead to reduced transcript levels were 

identified. This regulation was found to be important 

in a range of regulatory genes and, in particular, in the 

circadian clock which controls and optimises plant growth 

and metabolism.

Claire Halpin leads the University of Dundee/James Hutton 

Institute part of the BBSRC Sustainable Bioenergy Centre 

and had a successful review and site visit in 2011. In 

collaboration with Robbie Waugh, excellent progress has 

been made in association mapping in barley to identify 

QTLs for traits including grain yield, straw biomass, and 

amount of sugar released from straw by saccharification. 

The Global Climate and Energy Project (GCEP) programme, 

with Gordon Simpson, has discovered several novel genes 

with previously unrecognised roles in lignin biosynthesis.

Edgar Huitema’s lab is studying the processes that govern 

translocation of a class of effector proteins called Crinklers 

and their role in infection by asking which host proteins 

are targeted. An interesting observation is that all Crinklers 

appear to go to the plant nucleus, leading to the intriguing 

suggestions that key nuclear host proteins and processes 

may be disrupted by Phytophthora. Complementary to 

these efforts, his group is using P. capsici in comparative 

studies with P. infestans to examine what determines host 

range of these pathogens.

Gordon Simpson’s lab, which produced a seminal paper in 

Developmental Cell on the function of FPA as a regulator 

of RNA 3’ end formation, has used direct RNA sequencing 

to determine, for the first time, signals in plant genes 

which control polyadenylation. This has led importantly 

to a reappraisal of current ideas about the degree of non-

coding RNA transcription in the genome and the frequency 

of for example anti-sense transcripts. This has led to a 

major new grant from BBSRC to investigate the non-coding 

RNA genome of plants.

Andy Flavell has developed association genetics 

approaches for exploiting natural barley diversity for 

breeding, in collaboration with colleagues at the James 

Hutton Institute. A bottleneck in gene-identification 

and breeding is the high proportion of barley genes that 

are trapped in heterochromatic chromosome regions 

with low recombination. Unlocking these genes will 

expand the genetic variation in the barley gene pool. A 

BBSRC grant will begin in 2012 to understand the genes 

in these areas and the factors involved in this genomic 

compartmentalisation.

The CLS won the BBSRC Impact with Excellence 

competition in 2011. Claire Halpin was one of two PIs 

responsible for driving the CLS entry and many Plant 

Sciences staff contributed. Staff of the Division at all levels 

have been active in public engagement, participating in the 

CLS Doors Open Day (part of the Dundee Science Festival) 

and other events. Claire Halpin and Gordon Simpson 

presented their work at the Edinburgh International 

Science Festival. Finally, several of our students won prizes 

for research talks at various events.
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The Scottish  
Society for  
Crop Research 
Dr Bill Macfarlane Smith 

The Society is the successor to the Scottish Society for Research into Plant Breeding 

which was established in 1921 to set up and run the Scottish Plant Breeding Station 

in Edinburgh. Over the years, it has had a strong and very close relationship with first 

SPBS and then, in 1981, with the newly created Scottish Crop Research Institute (SCRI). 

However, at that time, the Society relinquished its role in the direct running of the 

Institute.

Very recently with the creation of the James Hutton Institute, the Society has been 

reviewing its role, and this will be an ongoing process for the foreseeable future. 

Giving further emphasis for this need to review, has been the marked increase in 

communications from farmers and other end-users, over the future of research in 

Scotland and whether or not there will be a continuation of the past support. In this 

specific context, the Society sees a need to continue and expand its interface role 

between scientists and end-users, and to continue to assist in its role with knowledge 

transfer.

Currently, the Society provides a link between the James Hutton Institute and farmers, 

processors and other interested bodies.

Currently, the Society provides a link between the James Hutton Institute and farmers, 

processors and other interested bodies:

•  �By supporting field events in the summer and meetings during the winter,  

for the exchange of information 

•  By financing science-based publications for the benefit of the membership

•  �Through the formation of crop-based sub-committees which maintain contact  

with members on specialised topics 

•  �By funding research at the Institute which is either ‘pump-priming’ to initiate new 

research, or work for minority interests that the large funding bodies would not 

support 

•  �In helping to fund sabbaticals for scientists who wish to work for periods of up to  

a year at the James Hutton Institute.
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The Society also has a role in raising awareness of items 

of interest and concern to the agriculture, horticulture 

and forestry industries. At the moment, this is achieved 

by funding the Annual SSCR Lecture given by people 

prominent in the industry, immediately following the 

Annual General Meeting. The 2011 Annual General 

Meeting was held on Wednesday 25 May and the Annual 

Lecture was given by Professor Iain Gordon, recently 

appointed Chief Executive of the James Hutton Institute.

The Society currently supports research on a range of 

topics, with funding being made available on an annual 

basis for work selected by the three crop sub-committees. 

Reports on the outcome of research funded in the  

past by SSCR, are provided on the Society’s website  

(http://sscr.co.uk). Funding is also provided for a 

keynote speaker at the Crop Protection Northern Britain 

Conference. 

Cereals in Practice was held on 5 July 2011 at the 

Institute’s Balruddery Farm, attended by growers, 

processors, end-users and scientists. This event combined 

the research and practical demonstrations of the work  

of James Hutton Institute and Scottish Agricultural College 

(SAC) scientists, and again included demonstrations  

of new varieties, new husbandry methods and displays  

of machinery.

The Fruit for the Future event was held on 14 July 

2011, and attracted breeders, growers, end-users and 

processors. New selections of raspberries, strawberries, 

blackcurrants, and gooseberries were displayed, with the 

opportunity provided for the tasting and evaluation of 

prospective new varieties of raspberry.

Potatoes in Practice was held on 12 August 2011 at 

Balruddery Farm. This was attended by growers, breeders, 

scientists and advisers. Perhaps due to the difficult and 

continuing economic problems, there was enormous 

interest in new research, new cultivars and on new 

methods of crop husbandry. The focus of interest was 

very much on how growers might control and reduce their 

input costs. Support was again provided by the Potato 

Council, SAC, Masstock Arable (UK) Ltd, the James Hutton 

Institute and the Society.

The Potato, Combinable Crops and Soft Fruit Crop  

Sub-Committees held other half day meetings during the 

year to provide information on current research and to 

permit continuing interaction between end-users, growers, 

processors and scientists. These meetings were supported 

by over 200 people in total.

At its AGM on 25 May, acting Chairman for the day,  

Mr Ian Ivory, re-iterated the Society’s views on the 

important role it could play in the future, and expressed 

his thanks to previous Directors and staff of SCRI, SHRI 

and SPBS, for the tremendous contributions they had 

made to agriculture, horticulture and forestry, both in 

Scotland and the wider world. Presentations had been 

made earlier to the retiring Director of SCRI, Professor 

Peter Gregory, and to the Society’s Honorary Treasurer,  

Dr Neil Hattersley. Mr Andrew Logan stood down after  

41 years’ service as a member, on the Society’s 

Committee of Management and as a Trustee and was 

thanked by Mr Ivory for his sterling contribution.84



Accounts 

Income  2011–2012

£,000

RESAS - revenue 24,524 63%

RESAS - Voluntary Exit 951 2%

RESAS - transition costs 0 0%

RESAS - capital 3,101 8%

Research grants and contracts 4,299 11%

Trading income from subsidiaries 4,313 11%

Other income 1,643 4%

Total income 38,831

Expenditure

£,000,

Staff costs 24,413 63%

Scientific consumables 4,847 13%

Depreciation 3,345 9%

Other costs 5,973 15%

Total expenditure 38,578

Surplus for year 253

RESAS – revenue

Income

Expenditure

RESAS – capital

Research grants and contracts

Trading income from subsidiaries

Other income

Sta� costs

Scientific consumables

Depreciation

Other costs

RESAS – Voluntary Exit

RESAS – revenue

Income

Expenditure

RESAS – capital

Research grants and contracts

Trading income from subsidiaries

Other income

Sta� costs

Scientific consumables

Depreciation

Other costs

RESAS – Voluntary Exit
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Balance sheet  31 March 2012

£,000

Fixed assets 30,073

Stock 500

Debtors 5,936

Cash at bank and in hand 9,742

Creditors/provisions (8,959)

Net assets 37,292
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RESAS Core
Theme 1  Ecosystem Services

Theme 2  Water and Renewable Energy

Theme 3  Land Use

Theme 4  Economic Adaptation

Theme 5  Food

Theme 6  Health and Welfare

Theme 7  Healthy Safe Diets

Theme 8  Rural Communities

Strategic Partnership – Food and Drink

Strategic Partnership – Animal Science Excellence

Centre of Expertise – Climate Change

Centre of Expertise – Animal Disease Outbreaks

Centre of Expertise – Water

Research in Progress  
at 1 October 2011

RESAS Contract Research Funding
SCR/921/09	� Cell wall lignin programme: manipulating lignin  

to improve biofuel conversion of plant biomass.
SCR/925/09	� Study the epidemiology of Phytophthora ramorum 

and Phytophthora kernoviae in managed gardens 
and heathland in Scotland.

SCR/926/09	� Functional characterisation of novel pathogenicity 
genes of the parasitic nematode Globodera pallida.

SCR/929/11	� An enduring pipeline to identify and utilise durable 
late blight disease resistance in potato.

BSS/038/10	� Integrating the use of climate impact projections  
in the MRPs.

BSS/845/06	� Epidemiology, population, health and infectious 
disease control.

IOM/848/08	� Environmental determinants of public health in 
Scotland.

MLU/845/06	� Epidemiology, population, health and infectious 
disease control.

MLU/847/08	� The contribution of green and open space in public 
health and wellbeing.
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External Research Contracts
Aviagen Ltd	� Development of software package for the semi-automatic tracing of longitudinal  

cross-sections of poultry breast images

BBSRC (via University of Birmingham)	 LoLa: Meiosis in barley: manipulating crossover frequency and distribution

BBSRC (via University of Dundee)	 LoLa: What are the roles of oomycete RXLR effectors in the establishment of plant disease?

BBSRC (via University of Dundee)	� Host translocation requirements of the cytoplasmic crinkler (CRN) effector protein family 
in Phytophthora

BBSRC (via University of Sussex)	 Targeted mRNA degradation in Drosophila spermatogenesis

Belgian Government	 PROBA-V: Evaluation of accuracy characteristics in heterogeneous zones

Bioforsk	 Plant metabolites for healthy plants and healthy people

Commercial	 Brassica breeding

Commercial	 Potato breeding

Commercial	 Blackcurrant breeding

Commercial	 Lipid analysis

Commercial	 Germination testing

Commercial	 Environmental impact

Commercial	 Land use/contaminated land assessment

Commercial	 Soil survey

Commercial	 Soil mapping

Commercial	 Analytical services

Defra	� Development of appropriate variety testing methodology for assessing nitrogen 
requirements of new varieties in trials undertaken for national listing

Defra (Darwin Initiative)	 Building natural resource monitoring capacity in Ethiopia’s key afro-montane ecosystems

Defra (via ADAS)	 Improvements to the UK national inventory of greenhouse gases.

Defra (via Centre for Ecology and Hydrology)	� Terrestrial umbrella: Effects of eutrophication and acidification on terrestrial ecosystems.

Defra (via Centre for Ecology and Hydrology)	 Critical loads and dynamic modelling

Defra (via Duchy College)	� Micropropagation for the conservation of rare species under threat of infection  
by Phytophthora ramorum and P. kernoviae in the UK

Defra (via Greenwich University)	 Reducing energy usage and wastage by improving ethylene control of potato sprouting

Defra (via Moredun Research Institute)	� Further work on host parasite interactions, including the potential for the control of sheep 
scab using immunological approaches and the development of diagnostic tools

Defra (via SAC)	� Sustainable and effective control of potato blight: Matching fungicide inputs to cultivar 
resistance level

Defra (via SAC)	 Welfare costs and benefits of existing and novel on-farm culling methods of poultry

Defra (via SAC)	 Early environment effects on welfare, health and productivity

Defra (via SAC)	� Study to determine whether cage-based breeding can meet the needs of game birds,  
and if not, to identify best practice

Defra LINK (via ADAS)	� TRAMLINES: Practical cost-effective techniques to reduce pollution from tramlines in 
combinable crops: a field and catchment scale evaluation

Defra LINK (via AHDB/HDC)	 SCEPTRE: Sustainable crop and environment production - targeted research for edibles

Defra LINK (via East Malling Research)	� Developing biocontrol methods and their integration in sustainable pest and disease 
management in blackcurrant production

Defra LINK (via NIAB)	 New wheat root ideotypes for yield performance in reduced input agriculture
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Defra LINK (via SAC)	 CORACLE: Control of Ramularia leaf spot in a changing climate

Defra/RESAS LINK	� QUOATS: Harnessing new technologies for sustainable oat production and utilisation. 
(SCR/928/09)

E-Content Plus	 GS soil - European soil information

EU	 SPICY: Smart tools for prediction and improvement of crop yield

EU	 Triticeae Genome: Genomics for Triticeae improvement

EU	 PLAPROVA: Plant production of vaccines

EU	 Meiosys: Systematic analysis of factors controlling meiotic recombination in higher plants

EU	� NUECrops: Improving nutrient efficiency in major European food, feed and biofuel crops  
to reduce the negative environmental impact of crop production

EU	� METAPRO: The development of tools and effective strategies for the optimisation of useful 
secondary metabolite production in plants

EU	 Legume Futures: Legume supported cropping systems for Europe

EU	� PURE: Pesticide use-and-risk production in European farming systems with integrated pest 
management

EU	� EUBerry: The sustainable improvement of European berry production, quality and 
nutritional value in a changing environment: strawberries, currants, blackberries, 
blueberries and raspberries

EU	 HUNT: Hunting for sustainability

EU	 GILDED: Governance, infrastructure, lifestyle dynamics and energy demand

EU	 REDD-ALERT: Reducing emissions from deforestation and degradation

EU	� REFRESH: Restoration, protection and management of European freshwater ecosystems  
in a world of global change

EU	 SPIRAL: Science-policy interfaces for biodiversity: research, action and learning

EU	 LOCAW: Low carbon at work

EU	� FARMPATH: Farming transitions: pathways towards regional sustainability of agriculture  
in Europe

EU	� LandscapePartners: The contribution of multi-stakeholder partnerships to sustainable 
landscape management.

EU COST Action	 COST Action 869: Nutrient mitigation options

EU Interreg IVB	 Climafruit: Future-proofing the North Sea berry fruit industry in times of climate change

EU Interreg IVB	� WaterCAP: A cluster project on water management in a changing climate, adaptation  
to new conditions, and promotion of new strategies

EU Interreg NSP		  AQUARIUS: The farmer as water manager under changing climatic conditions 

Forestry Commission		  Modelling forestry impacts on water quality

German Government		�  LEGATO: Land use intensity and ecological engineering - assessment tools for risks  
and opportunities in irrigated rice-based production systems

Genomia		  Validation of a high-throughput nematode molecular tool as a bio-indicator of soil health

Home-Grown Cereals Authority 	 Fungicide performance information for barley growers

Horticultural Development Council	 Assessment of plant elicitors to induce resistance against head rot in broccoli

Horticultural Development Council	 Reducing bacterial infection in seed onions through the use of plant elicitors

Horticultural Development Council/Genecom	 Integrated pest management strategies for vine weevil

Innovation Portal		  Desk top study of control of head rot in broccoli

International Atomic Energy Agency	 SCRI barley mutation grids108



International Atomic Energy Agency	� Improving nutritional quality by altering concentrations of enhancing factors using 
induced mutation and biotechnology in crops

Monsanto Fund		�  Increased potato yields and farmers’ incomes by establishing systems to support  
virus-free seed tuber production and demonstrating the benefits

NERC (via University of Aberdeen)	� PolicyGrid II: Supporting inter-disciplinary evidence bases for scientific collaboration  
and policy making

NERC (via University of Aberdeen)	� The importance of intra- and interspecific diversity of ectomycorrhizal fungi on 
ecosystem functioning

NERC (via University of East Anglia)	 Valuation network

NERC (via University of East Anglia)	 Virtual observatory pilot

Norwegian Forest and Landscape Institute	 Cultural landscapes of tourism and hospitality

Norwegian Research Council	 Structural changes in agriculture, rural communities and cultural landscapes

Norwegian Research Council	 Reindeer heading and commodification of the outfields and commons in Southern-Sami

Norwegian Research Council	 TICKLESS: Tick control in sheep in Norway

Potato Council/RERAD		�  Investigating the biology and appropriate control of Dickeya solani affecting GB potato 
production

Potato Council Ltd		  Independent variety trials

Potato Council Ltd		  GB late blight populations: monitoring and implications of population changes

Potato Council Ltd		  Informing management of potato diseases through epidemiology and diagnostics

Potato Council Ltd		  Aphids and virus transmission in seed potato crops

Potato Council Ltd		�  Research to support further development of the PCN model: understanding interactions 
in mixed populations and the potential for a second generation of PCN

Potato Council Ltd		�  Evaluation the effectiveness of mineral oils in minimising the spread of non-persistent 
viruses in potato crops in GB

Potato Council Ltd		�  Provision of comprehensive independent disease resistance ratings for potato varieties 
for the potato industry

Quality Meat Scotland		  Soil sampling and analysis to inform disease management and soil health

Quality Meat Scotland		  Farm Soil Carbon: Farm assessment of soil C status

RESAS/AHDB		  A raspberry (Rubus idaeus) breeding consortium for the UK. (MRS/008/09)

RESAS/Defra/Potato Council 	� Sequencing the ‘gene space’ of potato chromosome IV, comparative analysis with  
tomato and development of a gene-based mapping platform. (SCR/920/08)

RESAS/Defra LINK (via John Innes Centre)	 INSPYR: Integrated strategy to prevent mycotoxin risks

RESAS/GSK (HortLink)		  Development of high profile germplasm for UK production of blueberries. (MRS/007/09)

RESAS/HDC (HortLink)		�  Developing breeding and selection tools to reduce spoilage of soft fruits and wastage  
in the supply chain. (SCR/924/09)

RESAS/Rothamsted International LINK	 Producing low acrylamide risk potatoes. (SCR/923/09)

RESAS (via SAC)		  Research towards an integrated measurement of meat eating quality

Robert Gordon University	 GIS and remote-sensing course materials

Royal Society		  Identification of aphid effector plant targets in solanaceous crops

Royal Society		  Plant virus modulator of host defence interactions with plant cell components

Royal Society for the Protection of Birds	 Social and environmental consequences of game bird shooting styles

Royal Society of Edinburgh/Scottish Government/	 Personal Research Fellowship – Dr Jorunn Bos 
Marie Curie Actions 2010
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Scottish Agricultural College	 Novel approaches for the management of cabbage root fly

Scottish Agricultural College	� WildTech: Novel technologies for surveillance of emerging and re-emerging  
infections of wildlife

Scottish Catholic International Aid Fund	 Kulima Programme

Scottish Executive		  Malawi Development Fund: Strengthening potato development

Scottish Funding Council	 Paraban sub-project on influence of environment on paraTB

Scottish Ministers		  JANEEMO enterprises

Scottish Natural Heritage	 Feasibility study: Translocation of species in northern or montane environments

Scottish Natural Heritage	 The Scottish beaver trial monitoring programme

Scottish Natural Heritage	 Managing and restoration blanket bog to benefit biodiversity and carbon balance

Scottish Natural Heritage	 Surveillance of BAP priority lichens in Scotland

Scottish Natural Heritage	 Development of a surveillance scheme for priority lichens and fungi in Scotland

Scottish Natural Heritage	 Surveillance of priority terrestrial invertebrates

Scottish Natural Heritage	 Deer performance and health data analysis

Scottish Natural Heritage	� Linking macrohabitat and pressure data with freshwater pearl mussel distribution  
in the river Spey

Swedish University of Agricultural Sciences	� Towards the mitigation of environmental and public health risks due to heavy metal 
contamination in irrigated rice-based systems in Vietnam

Swedish University of Agricultural Sciences	 Stumps and invertebrate and fungal diversity

Technology Strategy Board	� Breeding for physical resistance traits – protecting soft fruit crops from pests  
and pathogens

Technology Strategy Board	 MIDRIB: Molecular improvement of disease resistance in barley

Technology Strategy Board	 SIBLINGS: Symptomless infection of barley-resistance breeding and integrated crop 
protection strategies

Technology Strategy Board	� FLN Potato: Strategies for quantifying and controlling free living nematode populations  
and consequent damage by Tobacco rattle virus to improve potato yield and quality

Technology Strategy Board	 Application of association mapping and genomic sequencing to modern potato breeding

Technology Strategy Board	 Development of a commercial laser isotope ratiometer for food adulteration analysis

Thomas Thomson and Innovation Portal	 Analysis of fruit juices and related vegetable shelf-life extension

Universidada de Evora, Portugal 	 Genomic analysis of bacteria associated with pinewood nematode infection

University of Aarhus, Denmark	 Ultrastructural analysis of rhizobial endocytosis in the model legume Medicago truncatula

University of Ghent, Belgium	 EUMAINE: European Master of Science in Nematology

University of Glasgow, Scotland	� Why some hosts have high parasite burdens and the implications for the design  
of sustainable control strategies

World Bank	�	�  Terms and reference for the outlook of trends and scenarios for the social,  
economic and environmental services of the South China Sea and East Asian Seas

Zhejiang Academy of Agricultural Sciences	 Establish an international laboratory for sustainable pest and disease control 
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Candidate Project Title Viva Passed University of Registration

BREEN, Susan Investigation of the recognition and host targets of the 
Phytophthora infestans effector PiAVR2

29/03/2012 Dundee

BROWN, Chris A socio-economic study of bioenergy crop adoption 
in North East Scotland – an agent-based modelling 
approach

20/01/2012 Aberdeen

COOK, Nicki Population genetics of the farmland sawfly Dolerus 
aenus (Humenoptera, Symphyta)

08/11/2011 Dundee

DALY, Paul Downregulation of caffeic acid O-methyltransferase in 
barley to improve the efficiency of biofuel production

03/11/2011 Dundee

DAVIS, Jayne Molecular reactions of potassium deficiency and 
pathogen resistance in barley

09/11/2011 Glasgow

FYANS, Joanna The role of protein transport in the pathogenicity of 
Streptomyces spp.

31/08/2011 Dundee

GROUFAUD, Severine Translocation of phytophthora effectors and their 
manipulation of host plant disease resistance

12/05/2011 Aberdeen

HEROLD, Miriam Significance of fungal and bacterial denitrification in 
arable soil

29/10/2011 Aberdeen

KERCHEV, Pavel Local and systemic responses to Myzuz persicae in 
Arabidopsis. A role for  redox components

20/01/2012 Leeds

LLOYD, David Genetic control of cooked potato tuber taste and 
texture

14/12/2011 Dundee

RATAJ, Katarzyna Functional characterisation of the protein interaction 
domain of FPA

09/05/2011 Dundee

SCHMIDT, Sonja Root responses to soil physical conditions and the role 
of root-particle contact

16/05/2011 Abertay

SELGE, Sebastian Public and scientific discourses on biological invasions: 
Social representations of invasive non-native species in 
Scotland

12/12/2011 Aberdeen

SHAW, Jane The role of Cajal bodies and their major scaffolding 
protein, Coiloin, in plant-virus interactions

02/12/2011 Dundee

SUBRAMANIAN, Nithya Genetics of mineral accumulation in potato tubers 31/01/2012 Nottingham

THIRUGANSAMBANDAM, Amar Role of seed-borne infection in Rhynchosporium and 
Ramularia epidemics in barley

20/12/2011 Dundee

Postgraduate Studentships
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