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Rothamsted Research does
world-class research that aims to
provide the knowledge, innovation
and new practices necessary to
increase crop productivity and quality,
and to develop environmentally
sustainable solutions for food
and energy production.
Ongoing scientific research is essential
if we are to sufficiently address the
challenges of global food security
and environmental sustainability.
In 2014, we made significant
progress towards achieving our
strategic objectives.
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Director's Overview

Interview with Professor
Achim Dobermann

“The most important thing is that we have excellence in all our science;
without excellence and innovation, we cannot have an applied pipeline
of products coming out into the real world”
Prof. Achim Dobermann

Prof. Achim Dobermann became Director of
Rothamsted Research (RRes) in 2014. In this
interview he takes the opportunity to reflect on his
first year and discuss his aspirations for the future.
What was it that attracted you to join RRes in 2014?
“I came to Rothamsted because it is a fantastic place
for anyone who wants to do high quality agricultural
science and, of course, this place also has a
tremendous history. You can see this everywhere,
not just in the archives of soil and plant samples that
date back to the 1840s, but also in so many of the
other areas of research undertaken since then.”
What were your first impressions when you arrived?
“My initial assessment of the institute was that there
was huge potential that could be tapped to achieve
even greater impact from the research, and this has
shaped my thinking, and the Institute’s thinking, for
future development. We will always make the most
of our historical strengths, including the archives
and long-term data sets, to address a whole range of
new questions, but we will not stand still. We need
to move forward as our forefathers have always done
– asking some big questions – some big contested
questions – that could shape the way we grow food,
and increasingly, how we consume food, in the future.
I believe Rothamsted can play a significant role in this,
not just here in the UK, but internationally. Our aim is
to become a world-leading institute in the thinking,
science and practice of sustainable intensification
of agriculture, and to deliver many of the scientific
innovations necessary to achieve that.”
What were the major research highlights in 2014?
“Well, in a large institute like this, which covers a
wide range of different scientific disciplines – pretty
much every month there is a highlight of some kind.
Of course, we feature a number of these in this annual
report, and many more can be found in publications
and news releases – so I will mention only a few
here. We made an important breakthrough in the

02

Rothamsted
Rothamsted
Research
Research
Annual
Annual
Report
Report
20142014

understanding of photosynthesis, with a major
publication demonstrating the potential for a faster
RUBISCO system; if we succeed in transforming
real crops, such as wheat, with this new trait, then
we could increase their photosynthesis efficiency
substantially. There were also very interesting papers
on the increasing vulnerability of soil carbon to
climate change; on how rising temperature may be the
biggest threat to crops like wheat; and how taking a
systems approach we can have high quality and highly
productive beef production that is also environmentally
friendly. In 2014 both research on willows and on the
genetic engineering of omega-3 fish oils into plants,
reached critical stages in the pipeline from blue-sky
research to commercialization. New projects started,
awards and prizes were received and anniversaries
celebrated, so please take a look at the rest of the
report to find out more.”
How important is personal development at RRes?
“People are extremely important and indeed one
of our greatest assets. Altogether we have nearly
600 people working here and we need to ensure
that they have both a good working environment and
the professional opportunities to fully realize their
potential; ensuring this has been, and will continue
to be, one of my top priorities. In particular I would
like to double the number of students at the institute
because they are energetic, vibrant and challenge
prevailing thinking – and we need more of that.”
What are the big challenges for future research
at RRes?
“In my mind I have four major themes for our future
research based on our existing capabilities as an
Institute. The first major area would be to address
how to accelerate the genetic improvement of crop
plants. We have mastered state of the art genomics
and phenotyping tools and, in principal, this allows us
to investigate new plant traits and new fundamental
interventions on the plant side, and achieve results
much faster than previously. We would aim to elucidate
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Director's Overview
Interview with Professor Achim Dobermann

specific attributes but also work strategically with
international partners in universities, other research
institutions and industry to tackle some of the big
questions in plant science.
The second major theme that we really want to develop
is ‘Smart Crop Protection’. Fundamentally we need
intensive agriculture to produce sufficient food for a
growing population, but it needs to be sustainable
and not rely so heavily on chemicals for protection
against pests, weeds and diseases. To always be one
step ahead of the disease, the insect or the weed in its
evolutionary development, will require a whole new way
of thinking. One example of what we are considering
is the exploitation of new plant signaling and defence
mechanisms to repel pests from crops as an alternative
to chemical sprays. These are challenging and really
exciting new areas for us.
The third major theme will be around a systems view of
producing food in both arable and grassland livestock
systems and we now have a fantastic, world-leading
farm platform at North Wyke to study the latter. We
need concepts that optimize resource flows along the
whole food chain – from soil to steak – or from soil to
whatever the end product is. We have to understand
each component of these systems to then identify and
work on targeted interventions; this brings together
Rothamsted’s expertise in many disciplines, from
mathematical theory and modelling to systems thinking.
The fourth major theme for us will be the application of
new informatics solutions for agriculture, or as some
people call it – ‘digital agriculture’. We have a long history
here in mathematics, statistics, modelling and associated
information technologies. The challenge now will be to
find really ‘Smart’ new solutions for, not just generating
more data, but also for integrating these data so that
we and our many collaborating partners can use them
more efficiently in the practical optimization of farming
and food systems.
These are four very broad themes and within each
there is clearly space to do many, many, many things;
we now have to focus down on which of those areas
we are best placed to do.”

04

Rothamsted Research Annual Report 2014

Top left:
Willow leaf.
Top right:
Image of plant tissue taken
using confocal microscopy.

Bottom:
Researchers explaining
their work at the RHS
Chelsea Flower Show.

In your view, what research approach is needed
to achieve the sustainable intensification that
you describe?
“I would like us to think of our research in terms of
a pipeline from blue-sky through to the market. It is
extremely important that we have the right balance
between basic and applied science and ensure that our
basic research is aimed at delivering strategic outcomes
down the road. Of course, the most important thing
is that we have excellence in all our science; without
excellence and innovation, we cannot have an applied
pipeline of products coming out into the real world.
However, we need to move along the pipeline faster and
we have to ensure that we have the right facilities and
partners to make the initial steps towards translating
very basic scientific findings into things, into products,
into specific techniques or discoveries, that others can
actually use and move out into the real world.”
How will your research approach be supported?
“We need to have excellent facilities to do excellent
science and that means buildings, equipment and
supporting mechanisms, but we also need new models
for doing science. 2014 saw the formation of the
Rothamsted Centre for Research and Enterprise, or
RoCRE, which is a new venture that will become fully
operational in 2015. This involved the construction
of several new buildings including the Lawes Open
Innovation Hub and a major transformation of the
Daniel Hall building. Our aim is to attract businesses –
small, medium and large companies – to come and work
with us in new projects. By connecting businesses with
our own science and scientists we will encourage new
routes to innovation. It is very important for us to have
these entrepreneurial activities on site; new public/
private partnership models will be created that will
not only help us to do even better science, but also to
translate that science into practical solutions. This has
been a very positive development and I am very happy
to have received investment, particularly from BBSRC
and the Lawes Agricultural Trust, to make this possible.
I am looking forward with great excitement to the next
annual report a year from now because I am sure it
will show that we are already on the right track –
but work never stops of course.”
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Research Highlight

Towards ‘SMART
Crop Protection’
Pests, weeds and diseases threaten food security, and
there are no ‘magic bullet’ cures. Interdisciplinary,
science-led approaches are essential to deliver
sustainable crop protection strategies that are robust
and resilient. Scientists at Rothamsted Research
(RRes) have the expertise, experience and state-ofthe-art resources to take on this challenge – and have
already started!
Synthetic pesticides have long been the first line of
defence in crop protection but widespread resistance
and increasing restrictions make this approach
unsustainable if used in isolation. There will inevitably
be situations when fast-acting pesticides are the
only solution and to safeguard their efficacy on these
occasions, we must develop and implement ‘Smart Crop
Protection’ principles. These consist of three integrated
components:
→ Understanding the evolution of resistance and
using this knowledge to deploy existing compounds
effectively and develop new ones;
→ Targeting pesticides more effectively through
monitoring;
→ Replacing pesticides by effective alternatives
whenever possible.

“We are very excited by our findings as this is a novel mechanism for the evolution
of resistance. A long-standing question in evolutionary biology is whether evolution
is inherently predictable, and constrained to follow only a few possible paths, or whether
a range of outcomes are possible depending on various steps along the way.
This study shows a rather unexpected pathway.”
Dr Nichola Hawkins

Research phases
Resistance to azole fungicides
Insecticide resistance projects
Analyses of Insect Survey datasets
Modelling light leaf spot
Controlling pollen beetle project
Field margins project
Lure & kill project
Sustainable control of
black-grass project

Discovery

Proof of
concept

Pilot Market

through overexpression of enzymes that destroy the
pesticide before it can reach the target site (metabolic
resistance). Under constant pesticide pressure,
individuals with these attributes are selectively
advantaged, surviving and increasing in number until
they become the predominant, and uncontrollable,
phenotype.
Mechanisms conferring resistance may not be present
in a population until a particular mutation
spontaneously arises, or they may be present at a
low frequency and undetected until the use of a new
pesticide promotes their selection. The gene CYP51A,
which confers resistance to azole fungicides ,

This may seem straightforward in theory, but in
practice agricultural landscapes are economically and
environmentally complex and changeable, making this
a very significant challenge requiring interdisciplinary
solutions. RRes scientists are making significant
advances in all three components of ‘Smart Crop
Protection’, and their research will lay the foundation for
further development and implementation.
Understanding Resistance: A number of mechanisms
confer resistance to pesticides but predominantly they
result from the presence of a heritable mutation at
the pesticide’s target site, preventing it from binding
and becoming active (target-site resistance); or
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Research Highlight
Towards ‘SMART Crop Protection’

5O years of the Rothamsted
Insect Survey.

Top:
Researcher identifying insects.
Bottom left:
Records of insects.
Bottom right:
Sorting insect samples.

“The results demonstrate the value of datasets gathered using a
standardised methodology over a long time period, and the forward
thinking of those who got them started.”
Dr Richard Harrington
originated in fungi 400 million years ago. Over the
ages and in the absence of fungicides some fungi
retained the gene while others lost it. Dr Nichola
Hawkins and colleagues used a comparative genomics
approach with barley samples from the long-term
classical experiments (one of the four National
Capabilities hosted at RRes) to show, for the first time,
that the fungus, Rhynchosporium commune, which
causes barley leaf blotch, had lost the CYP51A gene
in most populations before the introduction of azole
fungicides in the late 20th century. However, strains
of R. commune that had retained the gene were better
able to survive azole treatments and so increased in
number. As the frequency of the gene in the population
increased, so resistance to azole fungicides became
more widespread (1). If R. commune had lost the
gene completely before azole fungicides were used,
resistance would not have developed by this route.
Pioneering work by Prof. Linda Field and her team, has
revealed the complexity underlying the development
of resistance, and this is compellingly illustrated in a
2014 review of insecticide resistance in the peachpotato aphid, Myzus persicae (2). Seven independent
resistance mechanisms have been reported, with
multiple forms of resistance commonly apparent in
the same individual, making M. persicae a resistance
‘phenomenon’! This aphid species is renowned for its
ability to rapidly adapt to new host plants (its range
covers 700 plant species) and innovative studies by
Dr Chris Bass and colleagues link this adaptability
with its extraordinary capacity to develop resistance.
For example, its ‘host shift’ to tobacco required
the evolution of mechanisms to detoxify nicotine,
a secondary metabolite produced by tobacco as a
defence against herbivory. However, the resulting
subspecies of M. persicae that evolved to survive on
tobacco, was consequently predisposed for resistance
to neonicotinoid insecticides, which have the same
target site (3).
Meticulous work over many years has resulted in the
development of robust rapid-throughput molecular
diagnostics that allow RRes scientists to identify
resistance mechanisms within individual insects.
If control failures are due to resistance then it can
be quickly identified in field-collected insects and
appropriate action taken, as happened when the cereal
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aphid, Sitobion avenae, recently developed resistance
to pyrethroids (4). In 2014, working with farmers
and Levy boards, the widespread control failures
reported for the cabbage stem flea beetle, Psylliodes
chrysocephala, were quickly attributed to pyrethroid
resistance. Fundamental research into the evolution
of resistance is essential when quantifying the risk of
resistance developing. In conjunction with molecular
diagnostics, resistance can be identified rapidly and
informed management decisions made that are tailored
for local conditions.
Monitoring and Predicting: The Rothamsted Insect
Survey (RIS) is another of RRes’s renowned National
Capabilities, and it proudly celebrated 50 years of
continuous operation in 2014. Established by Prof.
L.R. (Roy) Taylor and now led by Dr Richard Harrington
the RIS provides the underpinning long-term data
necessary to understand and predict insect population
dynamics, particularly crop pests. The suction-trap
network consists of 15 traps distributed across the UK
that are continuously collecting aphids – and any other
insect that has the misfortune to be sucked in – from
a height of 12.2 metres above the ground. The aphids
are identified, counted and then recorded; thereafter
the insects are archived and the data added to the
database. In a paper published to coincide with the
50-year anniversary (5) Dr James Bell and colleagues
describe the strong relationships between aphids and
their environment that have been identified using these
long-term datasets , particularly between warming
winter temperatures due to climate change, and aphid
first flight dates. Fifty-five aphid species have their
first flights up to a month earlier today than they did
50 years ago, and 58% of aphids now have a much
longer flight season than previously. This has serious
implications for how early aphids may arrive on crops
and how much damage they can do!
In addition to predicting aphid flight time and
monitoring for new invasive pest species, advanced
molecular diagnostic techniques allow the RIS team to
determine whether individual aphids in trap samples
are carrying plant viruses. In collaboration with Prof.
Linda Field’s team, these tools also allow them to
simultaneously determine each aphid’s insecticide
resistance status. As the traps are present across the
UK and sampled continuously they provide critical
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Of the RHS Chelsea Flower Show exhibit Prof. Achim Dobermann said:
“This is a fine example for how high-quality, interdisciplinary ecological
engineering can contribute to finding new solutions for sustainable agriculture.”

information on the frequency and spread of plant viral
disease and existing and new resistance mechanisms.
In the future there are huge opportunities to link the
RIS networks of local biological data (virus/ resistance)
with landscape data (GIS satellites) and weather
information (Meteorological Office), to facilitate local,
regional and national predictions on aphid pest status
and management.
Monitoring fungal diseases of crops to predict their
distribution and severity is fundamental to their
targeted control. Already RRes hosts the forecast
for light leaf spot, an increasingly common and
economically important disease of oilseed rape caused
by the fungus Pyrenopeziza brassicae. The forecast is
crop and location specific, and is based on previous
levels of disease recorded, crop type and weather
factors; it informs farmers and advisors on the likely
levels of springtime disease in their locality. A new
project starting in 2014 and led by Prof. Jon West aims
to improve the forecast by increasing understanding
of the timing of infection. The project will develop a
spore release/epidemic onset model based on data
from spore traps that monitor natural spore release in
the field. Like the RIS suction traps, traditional spore
traps sample fungal spores from the air and retain a
permanent sample for identification and enumeration.
With advances in molecular diagnostic tools, it will
soon be possible to identify many other attributes of
the fungal species captured, such as their fungicide
resistance status, aiding management decisions further.
Developing Alternative Control Strategies: The final
part of the jigsaw is the development of complementary
non-pesticide methods that can be integrated with
existing and new control approaches. These include
cultural control approaches (e.g. soil management,
seed rate adjustment, competitive cultivars) and
biological control approaches (e.g. predators, other
antagonists, competitors). A detailed biological and
ecological understanding of the organisms involved and
how they utilize the agricultural landscape is essential
for successful implementation. This is why their
integrated use is often termed ‘ecological engineering’.
While cultural methods are considered the most
important alternatives for integrated weed and plant
disease control, more diverse strategies are under
development to reduce our reliance on pesticides
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Above: Pollen beetles inside an oilseed rape flower.

for insect pest control. The use of ‘flower power’
for pest control was showcased to great acclaim by
RRes scientists, led by Dr Sam Cook, at the Royal
Horticultural Society’s Chelsea Flower Show in 2014 –
winning a Silver Medal. Part of the exhibit focused on
the pollen beetle , Meligethes aeneus, a common pest
of oilseed rape with widespread insecticide resistance.
Based on elegant behavioural experiments, Dr Cook
and colleagues were able to show that pollen beetles
used colour to find the flowers of their host plants with
white and yellow being particularly attractive. When
white flowers were artificially dyed red the beetles were
unable to find them and plant damage was prevented
(6). Genes that control red colouration are naturally
present in other members of the brassica family, such
as red cabbage and purple sprouting broccoli, and
so, with careful breeding, they have the potential to
be introduced into oilseed rape, producing cultivars
that are effectively invisible to pollen beetles. While
particular components of the fragrance of brassica
flowers account for why some varieties, such as turnip
rape, are particularly attractive to pollen beetles,
fragrances from non-host plants, like lavender, can be
extremely repellent, offering another way to keep pollen
beetles off the crop. Visitors to the Chelsea exhibit were
fascinated by the concept of ‘hiding’ oilseed rape plants
‘in plain sight’ and impressed by the knowledge and
enthusiasm of the RRes scientists that carried out
this research.

Below:
Black-grass herbicide
resistance: a major
problem for farmers
addressed by collaborative
multidisciplinary research.

Also part of the Chelsea exhibit was a very different
type of ‘flower power’ – the power of designer field
margins. Flower-rich field margins that support declining
pollinator and farmland bird populations are becoming
an increasingly familiar sight on arable farms; research by
Dr Cook’s team is showing that, with some modification,
they may also hold the key to conserving and encouraging
the natural enemies that destroy pests and are our allies
in crop protection. This represents a win-win scenario for
biodiversity and farming. Experimental margins have
been designed for targeted support of natural enemies
of pests on key crops within the arable rotation, i.e.
oilseed rape, cereals and beans. They contain mixtures
of plants that are relatives of the crops they protect,
thereby supporting reproduction of specialist natural
enemies, and include varieties that flower at different
times, thereby extending the period over which pollen
and nectar are available. Results to date suggest these
margins have many more natural enemies (particularly
the highly effective specialist species) than margins
containing only grass, with the potential to improve
pest regulation in all crops within the rotation. Gardeners
visiting the Chelsea exhibit were quick to spot the
parallels between farming and gardening and rapidly
identified garden cultivars of margin plants that they
could use at home.
Another interesting example of how a pest’s behaviour
can be manipulated to its own detriment is ‘lure and
kill’ , the subject of a collaborative project, led by
Dr Toby Bruce, that has just started on control of the
pea and bean weevil, Sitona lineatus, and the bruchid
beetle, Bruchus rufimanus on pulse crops. The aim is
to lure these pests into devices baited with attractive
beetle-specific odours; the beetles enter in the false
hope of finding mates, but instead are coated with
spores of a deadly fungal disease. Not only do they
become infected and die but, on leaving the device,
they spread the disease amongst the remaining
population – sneaky, but potentially effective!
Putting it all together: ‘Smart Crop Protection’ is
only achievable when all the components are integrated
together and not used as individual ‘magic bullets’.
Strategies like these require fine-tuning, depending on
crop and environmental conditions, but the concepts
are widely applicable and offer great opportunities for
future sustainable crop protection.

2014 saw the start of a large new multi-partner initiative,
the RRes component being led by Dr Paul Neve, on
sustainable control of black-grass
, Alopecurus
myosuroides, an annual weed with widespread herbicide
resistance. This is a progressive initiative because
it addresses all the key principles of ‘Smart Crop
Protection’ together. In a series of interlinking work
packages the collaborating partners will be elucidating
the ecological and evolutionary drivers for metabolic
resistance to herbicides in black-grass, which is
currently widespread but poorly understood; monitoring
the national spread of resistance; and predicting the
outcomes of integrating different alternative control
options. By focussing on the system as a whole, by
not relying on only one control option, and by taking
advantage of state-of-the-art approaches spanning
molecular biology, weed science, modelling and
agronomy, it is anticipated that significant advances in
‘Smart’ control of black-grass will be identified within
the lifetime of the project. Watch this space!
Further Reading
1. Hawkins et al., (2014).
Molecular Biology and
Evolution 31: 1793-1802
2. Bass et al., (2014). Insect
Biochemistry and Molecular
Biology 51: 41-51
3. Bass et al., (2013). PNAS
www.pnas.org/cgi/
doi/10.1073/pnas.1314122110

4. Foster et al., (2014).
Pest Management Science 8:
1249-1253
5. Bell et al., (2015). Journal
of Animal Ecology 84: 21-34
6. Cook et al., (2013).
Arthropod Plant Interactions
7: 249-258

Rothamsted Research Annual Report 2014

11

Research Highlight

Willow Power:
From Baskets to Biofuel
Research on willow breeding for bioenergy has
moved from fundamental studies to commercial
production in just 10 years! This astounding
achievement reduces reliance on fossil fuels and
contributes to sustainable energy production.

Research phases

Willows (Salix spp.) have been widely grown since Roman
times and, even now, are the material of choice for baskets
and cricket bats. Willows grow fast and are amenable to
short-rotation coppicing, a traditional method for regular
harvest of material from fast-growing trees. The willow
tree is cut back close to ground level; multiple new shoots
emerge from the base and regrow to heights in excess of
7 m within 2-3 years, when they are again ready for harvest.
In response to demand for sustainable alternatives to
fossil fuels, a world-class research programme on willows,
led by Prof. Angela Karp, was initiated at Rothamsted
Research (RRes) in 1990, including the establishment of
a breeding programme 10 years ago. The goal was to
unlock the potential of fast-growing but under-exploited
willows, and provide renewable biomass for bioenergy
production.

resistance to rust, Melampsora spp, and in tolerance
to drought. The most promising lines were crossed and
new, better lines developed and evaluated in field trials.
By 2014 three of the best lines (Roth Chiltern, Roth Cheviot
and Roth Cotswold) had been granted Plant Breeder
Rights in the EU and multiplication licences established
for their commercial production and sale – an outstanding
achievement in the timeframe. Only 20% of crosses have
been exploited to date, and more promising selections
are already in the pipeline, with two new lines currently
in registration – so this is just the beginning.

RRes maintains the National Willow Collection, one of
the largest Salix germplasm collections worldwide and
a unique genetic resource for willow improvement. There
are over 1700 accessions, including 100 pure species,
reflecting the amazing genetic diversity within the Salix
genus. Using cutting-edge molecular genetics and
genomics approaches the RRes scientists were able to
identify willow lines in the Collection with useful genetic
traits, and preselect them for use as ‘parents’ within the
breeding programme. Genetic diversity was characterized
and mapping populations established to create genetic
maps and identify quantitative trait loci (QTL). QTL are
stretches of DNA linked to, or containing, genes that
regulate particular biological traits, and their presence
within a genome can be identified and tracked using
molecular markers. In this way marker-assisted selection
successfully identified lines with high biomass production
traits and also with several of the genes involved in
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Below:
10 years of the Willow breeding
programme: bringing registered
varieties to the market.

“This is the first time a gene has been shown to influence coppicing response
and should enable the breeding of plants with desired stem numbers not only
in willow but other coppiced trees.”
Prof. Angela Karp

Willow breeding programme
AXillary growth genes project
Discovery

Proof of
concept

Pilot Market

In 2014 a significant breakthrough was made. In
collaboration with the Sainsbury Laboratory, Cambridge,
Dr Jemma Salmon and colleagues discovered a gene
involved in the regulation of regrowth following coppicing
(1). Gene regulation is difficult to investigate in willow, but
well understood in the model species, Arabidopsis. More
AXillary growth genes (MAX1 – MAX4) act to suppress
branching in Arabidopsis and corresponding genes
(orthologues) appeared to be present in willow (SxMAX1
– SxMAX4). When different allelic forms of the SxMAX
genes were introduced in to mutant lines of Arabidopsis
that lacked the corresponding MAX gene, branching in the
mutants was generally restored to that normally found
in the wild-type, i.e. gene function in the mutant was
rescued by the willow gene. One allelic form of SxMAX4,
however, was unable to rescue gene function. Segregation
of this allele in a willow mapping population that varied
in its branching traits, was found to be associated with
differences in the numbers of stems produced following
coppicing, confirming the relationship conclusively.
Further Reading
1. Salmon et al., (2014). Plant Biotechnology Journal 12: 480-491
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Research Highlight

GM Camelina: False Flax
with True Potential
Camelina sativa plants have been engineered to
produce omega-3 long chain polyunsaturated fatty
acids – a.k.a. fish oils – and they are currently under
field evaluation. This terrestrial source of fish oil is set
to revolutionize the aquaculture industry’s capacity to
produce farmed fish sustainably, while preserving the
marine environment and ensuring we can all reap the
health benefits of eating oily fish.
Eating oily fish is known to reduce the chances of dying
from coronary heart disease – making fish an increasingly
popular menu choice. It is the omega-3 polyunsaturated long
chain fatty acids (fish oils) present in fish that provide these
health benefits, specifically eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA). With dwindling stocks of
wild fish we are increasingly turning to farmed fish to meet
growing demands – but this has its problems. Like us, fish
cannot synthesize EPA and DHA themselves and accumulate
them from their diet. Farmed fish require supplementary EPA
and DHA in their feed, which is currently harvested from wildcaught ‘feed-grade’ marine species, a finite and irreplaceable
resource – there are just not enough fish in the sea.
Sustainable alternative sources of fish oil are urgently
required, not just to support the growing aquaculture
industry, but to preserve our marine biodiversity; one
possibility comes in the form of a plant called Camelina
sativa, or false flax, a relative of oilseed rape that was once
grown widely in Europe. This plant produces omega-3 fatty
acids in its seeds, but not the beneficial EPA and DHA found
in fish. However, in cutting-edge research at Rothamsted
Research, a team of scientists led by Prof. Johnathan Napier,
have introduced a number of synthetic gene sequences into
C. sativa, that allow it to produce EPA and DHA at levels
equivalent to those found in fish. These sequences were
based on ones found in phytoplankton, the primary producers
of EPA and DHA in nature; their successful introduction into
C. sativa required painstaking experimentation over a number
of years, and a unique and thorough understanding of oil
synthesis in plant seeds. In the latest study by Dr Noemi RuizLopez and colleagues, the remarkably high levels of EPA and
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“Successful expression of more than one gene in a diatom has never been
shown before. We have successfully generated the first transgenic diatom
that can synthesise both of these high value omega-3 LC-PUFAs.”
Dr Olga Sayanova

Research phases
GM Camelina project
Transgenic diatom project
Discovery

Proof of
concept

Pilot Market

DHA in the genetically modified (GM) Camelina seeds provide
convincing evidence that these plants could one day become
‘green factories’ for sustainable fish oil production (1).
Success in the laboratory is currently being followed-up
with rigorous field trials to evaluate the performance of
GM Camelina under real-life conditions. This is the
essential ‘next step’ towards practical uptake. The trials
started in 2014 and will be repeated annually until 2017
allowing fish oil production in the seeds to be evaluated
under a wide range of growing conditions.
The pressing need for alternative sources of EPA and DHA
means all potential avenues must be explored, including
engineering the primary phytoplankton themselves. Two
genes from the alga Ostreococcus tauri have now been
engineered by Dr Mary Hamilton and colleagues into the
diatom Phaeodactylum triconutum, altering the fatty acid
content of the latter (2). This is the first transgenic diatom
able to synthesize both EPA and DHA and a critical
advance in the potential production of high value oils via
industrial biotechnology approaches.
In November 2014 the research team were invited to exhibit
the GM Camelina work at the BBSRC’s prestigious ‘Great
British Biosciences Festival’ – a showcase for groundbreaking
science. Collaborators from the University of Stirling joined
them to present their studies on how well farmed fish
thrive on fish oils produced by GM Camelina. Children were
entertained by the interactive computer game ‘Camelina
Caper’, and enthusiastic discussions amongst scientists
and the public demonstrated a growing interest in biotech
solutions for global sustainability issues.
Further Reading
1. Ruiz-Lopez et al., (2014). The Plant Journal 77: 198-208
2. Hamilton et al., (2014). Metabolic Engineering 22: 3-9
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Research Highlight

“These engineered plants represent a very important step towards
the improvement of plant photosynthetic performance.”
Dr Alessandro Occhialini

Major Breakthrough
in Photosynthesis
Efficiency
Research phases
Fast Rubisco project
Transient carboxysome
formation in tobacco

For the first time plants have been successfully
engineered to fix carbon more efficiently, with the
potential to substantially increase photosynthesis
and crop yields in the future.
In the past wheat yields have increased year on
year, but since 1980 rates of increase have declined,
plateauing at 8.4 tonnes per hectare in the UK. As
wheat provides a fifth of human calories, this represents
a serious challenge for future food security. Through
photosynthesis, plants transform sunlight into chemical
energy. Increasing the efficiency of photosynthesis
could increase productivity and this is a key research
target at Rothamsted Research (RRes).
D-ribulose-1,5-bisphosphate carboxylase/oxygenase,
or Rubisco, is the enzyme that captures CO2 during
photosynthesis. However, the form of Rubisco in C3
plants, which represent 95% of all plants including
wheat, is slow and wasteful; it promotes a parallel
reaction that captures oxygen, thereby initiating
photorespiration and the release of previously fixed
CO2 , NH3 and energy. In contrast, the forms of Rubisco
in C4 plants, such as maize and sugar cane, and in
cyanobacteria (blue-green algae) are intrinsically
faster. Furthermore, in cyanobacteria Rubisco is
localised within intracellular micro-compartments
(carboxysomes) where its efficiency is optimised.
Within a carboxysome the concentration of CO2
is increased, promoting carboxylase activity and
suppressing photorespiration. CO2-concentrating
mechanisms represent a major evolutionary advance
in photosynthetic efficiency. The introduction of similar
attributes into C3 plants could be the key to higher

Discovery

Proof of
concept

Pilot Market

crop yields. In 2014 two major breakthroughs were
made that suggest this could be a real possibility. In a
highly productive collaboration with Cornell University,
USA, RRes scientists, led by Prof. Martin Parry, were
able to combine synthetic biology, genetic engineering
and sophisticated microscopy techniques to introduce
photosynthetic traits from the cyanobacterium,
Synechococcus elongatus, into a model C3 plant,
tobacco, and observe them functioning in planta.
Using recombinant DNA methods, the genes for
production of ‘slow’ Rubisco in tobacco, were replaced
with the genes for production of ‘fast’ Rubisco from
the cyanobacterium. The bacterial proteins that were
expressed within the tobacco chloroplasts assembled
themselves into a functioning ‘fast’ Rubisco enzyme
and had significantly higher rates of CO2 fixation
than the native tobacco enzyme (1). In a separate
but complementary study, leaf infiltration methods
were applied to tobacco to transiently express the
cyanobacterial genes responsible for carboxysome
formation . Only a few days after infiltration
compartments spontaneously assembled within the
tobacco chloroplasts and could be clearly observed
by confocal microscopy (2). Individually, these
two studies represent critical advances, but more
importantly they also demonstrate that the next
challenge – to combine these attributes within the
same plant, and ultimately within less tractable crop
species such as wheat – is definitely within reach.
Further Reading
1. Lin et al., (2014). Nature 513: 547-550
2. Lin et al., (2014). The Plant Journal 79: 1-12
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Retaining and Restoring
Soil Carbon Stocks
Improving soil carbon management has never been
more important; Rothamsted Research (RRes) has
contributed to international recommendations that
could mitigate land degradation and greenhouse gas
emissions, while ensuring food security and water
quality for millions of people.
Globally there is twice as much carbon stored in the
soil as in all the world’s vegetation and atmosphere
combined. Soil organic carbon is essential for the
functioning of all terrestrial ecosystems but stocks are
being lost at an alarming rate. The soil carbon cycle begins
with atmospheric CO2 , which is fixed by plants during
photosynthesis. Carbon enters the soil as exudates from
living roots or following plant death when it is transformed
by a diversity of organisms, including microbes, into
soil organic carbon or returned to the atmosphere as
CO2 through respiration. Soil organic carbon improves
the texture of the soil and its ability to hold nutrients
and water, thereby supporting healthy plant growth.
Historically these processes were largely in balance
and regulated locally by temperature and rainfall. More
recently land-use intensification and climate change have
disrupted this balance and some of the world’s most
environmentally fragile regions are at greatest risk.
How climate change might affect the overall net release
of CO2 from soils has sparked great discussion in the
science community. The concern is that increasing
temperatures will accelerate microbial decomposition of
soil organic carbon, releasing large amounts of CO2 into

“We have a great opportunity to really
advance this subject, and improve
predictions of rates of carbon dioxide
release from soils under global warming,
but there is still a huge amount that we
need to understand better."
Dr Iain Hartley, University of Exeter,
Project Lead
18
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the atmosphere. However, all soils are different, and the
microbial communities within them so diverse, that some
studies suggest that reductions in CO2 release are also
possible as a result of global warming. An international
group of scientists, including North Wyke’s Dr Jennifer
Dungait, has provided some definitive answers. They
compared CO2 release at different temperatures from
the microbial communities in soil sampled along
a transect running from the Arctic to the Amazon (1).
Using a unique soil cooling approach they showed that
increasing temperatures did result in increased rates of
CO2 release , and that this was particularly apparent
in soils from the world’s most important boreal and
arctic carbon stocks. These regions are already warming
most rapidly and therefore highly vulnerable to carbon
loss. Significantly, the rate of release of CO2 was least in
managed agricultural soils where there is also the greatest
potential to develop management strategies to increase
soil carbon and improve soil quality in the future (1).
Improving soil management to retain and restore carbon
stocks is an enormous challenge. To achieve a consensus
of opinion on the best way to address this global problem,
75 internationally renowned experts, including soil carbon
scientists from RRes, were recruited by the Scientific
Committee on Problems of the Environment (SCOPE),
to collate and interpret all the fragmented scientific and
policy data available. The result of this acclaimed 2-year
project was a set of recommendations released on ‘World
Soil Day’ in December 2014. Fundamentally, it is essential
to stop the loss of carbon from vulnerable peatlands and
drylands and promote soil gains by active management
of agricultural lands. International, joined-up research
and policy efforts have the potential to deliver this and
provide large-scale benefits worldwide.
Further Reading
1. Karhu et al., (2014) Nature 513: 81-84

“Protecting and improving soil carbon levels in soils around the world is
essential for sustained economic development and environmental protection.”
Prof. Steve Banwart, University of Sheffield, SCOPE Project Co-Chair

Research Highlight

“This is the first time, to our knowledge, that a study has considered multiple stresses
on wheat under climate change. Adaptation strategies will need to be region specific:
whereas in some regions, it is important to breed cultivars tolerant to heat stress, in other
regions adaptation should focus on water logging, lodging or field accessibility.”
Dr Mikhail Semenov

Predicting Wheat
Production in 2060
Research phases
Modelling wheat yields with
increasing temperatures
Modelling EU wheat yields
and multiple stressors
Discovery

Wheat is the second most widely grown cereal after
rice and one of just three staples providing 60% of
the world’s food intake. To meet demand there is
continued pressure to increase yields. While this is
challenging enough, two new large-scale modelling
studies predict climate change could make it even
more difficult.
Climate change encompasses a diversity of
transformations in the magnitude and frequency of
extreme weather events, and is particularly associated
with global warming. To mitigate for these effects with
respect to food security, it is increasingly important to
understand the relative contribution of each component
on crop productivity; crop simulation models are
particularly valuable tools for this essential task. In
two recent studies, both involving scientists from
Rothamsted Research led by Dr Mikhail Semenov, the
power of mathematical modelling has been used to
good effect to make robust predictions on the likely
effects of climate change on future wheat production.
In the first study an international consortium of
researchers used a multi-model approach with large
multi-site and multi-season datasets, to elucidate
the influence of increasing temperatures on wheat
production (1). This was the first time this multi-model
approach had been taken and the consensus from the
30 models evaluated was that global wheat production
would drop by 6% for each degree centigrade of global
warming, and that it would become increasingly variable
across regions and seasons. All the models were able to
predict wheat yields reliably under current conditions,
but as soon as elevated temperatures were included the
simulations became far more variable. It was only when
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all models were used together to produce an ‘ensemble
median’, that simulations were consistently accurate
and reproduced field observations at all locations. This
degree of accuracy gives credibility to the extrapolated
predictions made for potential future yield losses under
climate change scenarios, and suggests these predictions
could have great value in informing the selection of
targeted mitigation strategies (1).
In the second study the focus was on European wheat
production and the relative effects of multiple
stressors under climatic change . Again this was
both an international collaboration and a world first
(2). Using the most up to date climate projections the
probability of 11 different adverse weather conditions
occurring either singly or together during the growing
season, was predicted for 14 sites across European
wheat-growing areas. Adverse conditions included frost
stress, heat stress, drought and water logging amongst
others. The overall prediction was that, by 2060, the
frequency of individual adverse conditions occurring
would increase and, more worryingly, that the probability
that more than one adverse weather event would occur
in the same season would also increase, resulting in
frequent crop failures (2).
Both these studies found that predictions, and hence
mitigation strategies, must be considered on a region by
region basis, but that selecting appropriate cultivars and
breeding for cultivars with region-appropriate attributes,
was a good strategy. Crop modelling also proved to be a
valuable tool to explore potential mitigation strategies.
Further Reading
1. Asseng et al., (2015) Nature Climate Change 5: 143-147
2. Trnka et al., (2014) Nature Climate Change 4: 637–643

Rothamsted Research Annual Report 2014

21

“Some species, for example scentless mayweed, grow relatively more quickly
in warm springs so gain an advantage over other species that are found on
the same plots, such as poppies. This interaction between weather and the
competitive balance between weed species explains the change in the character
of the Broadbalk Experiment between years.”
Dr Jonathan Storkey

Research Highlight

The ‘Classicals’: As
Relevant Today as Ever
The classical experiments are over 170 years old;
little could Lawes and Gilbert have realized when
they established them, what a powerful resource
they had secured to address today’s big challenges.
In the mid-1800s Sir John Bennet Lawes and Sir
Henry Gilbert established a number of long-term field
experiments at Rothamsted Research (RRes), with the
purpose of evaluating and improving crop yields and
agronomy. They are now the oldest continuously running
agricultural experiments in the world and known to
all as the ‘Classicals’. As one of RRes’s four National
Capabilities, they continue to contribute to scientific
advances beyond the original vision. From the beginning
experimental samples were archived and much of the
data gathered over the years are now incorporated into
the Electronic Rothamsted Archive (e-RA). Together
with associated long-term weather data, this provides
a unique, accessible and growing resource for today’s
scientists to compare historical samples and data with
their modern equivalents. More than 1400 scientists from
94 countries have used the ‘Classicals’ – from identifying
sources of radioactive fallout to calibrating carbon
cycle models. Two recent examples, published in 2014,
clearly demonstrate the value of the ‘Classicals’.
The first was a study of weed communities on the
Broadbalk Experiment that allowed Dr Jonathan Storkey
and collaborators, to determine how such a multitude of
weed species could coexist in small plots (1). Wheat has
been grown on Broadbalk since 1843. The plots receive
different fertilizer treatments and the weed community
is recorded in designated plot areas that receive no
herbicides. Using associated meteorological data the
scientists were able to differentiate between the effects of
fertility and climate on weed community dynamics. While
fertility determined which weed species were capable of
growing in a given plot, since they had similar resource
requirements, it was their contrasting responses to spring
temperatures that allowed them to avoid direct competition
with each other, and to coexist in the same plots (1).
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The second study involved the discovery by Dr Nichola
Hawkins and colleagues, of an ancient gene conferring
resistance to azole fungicides in the barley pathogen,
Rhynchosporium commune, from a time-series of
samples from the Hoosfield Spring Barley Experiment (see
also article on ‘Smart Crop Protection’). Without access
to the Hoosfield archive it would have been impossible to
know when and how quickly the gene was selected in the
pathogen population (2). While this in itself is valuable,
findings like these, which link the function of pathogen
genes experimentally to virulent and/ or resistant
phenotypes, have even greater value for diagnostics and
the discovery of novel interventions – if they are available
for all researchers to use, as part of a continuously
updated open-access internet resource. This realisation
led to the establishment of the Pathogen-Host Interaction
database by Prof. Kim Hammond-Kosack in 2005. This
is another of RRes’s National Capabilities and the latest
version, PHI-base 3.6 (released in May 2014), provides
functional information on 2875 genes from 160 pathogens
and 110 hosts, and their impact on 4102 interactions;
it has already been cited in over 100 peer-reviewed
journal articles (3). As PHI-base approaches its 10th
anniversary and the Rothamsted Insect Survey has
reached its 50th perhaps it is time to consider them as
the ‘New Classicals’. Whether old or new, investment in
long-term data collection and data curation underpins
our future capacity to address the big challenges for land
management, food security and climate change.
Further Reading
1. García de León et al., (2014). Weed Research 54: 445-456
2. Hawkins et al., (2014). Molecular Biology and Evolution 31: 1793-1802
3. Urban et al., (2015) Nucleic Acids Research 43: 645-655
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Research Highlight

“Changing farming practices is difficult, but farm platforms can evaluate
potential for increased – benefits, act as examples to follow, and provide information
for policy-makers. We hope to identify better practices to optimize the use of
livestock in different regions, using local resources, breeds and feedstuffs –
and produce tangible evidence to convince local farmers.”
Prof. Mark Eisler (University of Bristol),
Prof. Michael Lee (University of Bristol and from 2015
also Head of Site, North Wyke) and colleagues (1).

Making Sustainable
Livestock Production
Possible
If we are to continue to eat meat then livestock
production must be more sustainable. Some key
changes can be made immediately but further research
is essential – and the North Wyke Farm Platform
has a crucial role to play.
Balancing the ever-increasing demands for meat with
feeding the escalating global population is a challenging
task. Almost all the world’s milk and much of its meat
come from ruminant, or cud-chewing, animals like cattle
and sheep. Ruminant production has typically followed
the route of rapid intensification with little regard for
sustainability or how the required inputs stack up against
the actual amounts of food produced. However, some
animal protein in the diet is beneficial for human health
and animals can also eat foods that we are unable to
digest. In fact crop and livestock farming is complementary
– half the world’s food comes from farms that produce
both. The challenge is how to achieve this sustainably.
As part of the Global Farm Platform Initiative, a thoughtprovoking review of sustainable ruminant production was
published in 2014 (1); led by the University of Bristol and
involving grassland experts from North Wyke, the review
outlined eight key steps towards cutting the environmental
and economic costs of ruminant production, while
increasing the quantity and quality of the food produced
(1). These strategies include feeding animals less food
suitable for human consumption; using regionally adapted
breeds and keeping them healthy; using ‘Smart’ feed
supplements; tailoring practices to local cultures; eating
less but better quality meat; and addressing the results of
cost/ benefit analyses. While some gains can be achieved
immediately, the authors highlight the need for further
research to continually improve best practice (1). This will
be achieved through a global network of ‘farm platforms’,
as exemplified by the North Wyke Farm Platform, which
is globally unique and the newest of the four National
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Capabilities hosted by Rothamsted Research. The North
Wyke Farm Platform is comprised of three hydrologically
isolated, 22-hectare ‘farmlets’ providing a unique
opportunity to evaluate all aspects of livestock production
under different management scenarios at the farm scale.
The carbon footprint of grassland livestock production in
the UK could be reduced if the grasses and herbs used are
selected carefully. For example, cultivars of Festulolium
(hybrids of ryegrass and fescue) have uniquely extensive
root systems that provide greater water and nutrient use
efficiency. Furthermore, they could also prevent soil erosion, improve carbon sequestration, and, by increasing soil
water retention, help combat flooding and resist drought.
Upland grasslands, where the majority of livestock graze, are
amongst the wettest areas in the UK; if surface-run off can
be reduced, then downstream flooding can be prevented.
A large new collaborative project, SUREROOT , which
started in 2014, will use multidisciplinary approaches to
evaluate new grass and clover varieties for both their agricultural and environmental properties at individual plant,
plot, field and farm scales. As part of the project Dr Jennifer
Dungait will be using the North Wyke Farm Platform to tease
out the relationships between increased rooting capacity
and environmental services under different management
scenarios; although the results are yet to come in, this
approach could represent a significant advance in both
sustainable livestock production and flood alleviation –
and it is ‘rooted’ in high quality science.
Further Reading
1. Eisler et al., (2014) Nature 597: 32-34

Above:
Research on sustainable
livestock production at the
Farm Platform, North Wyke.
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Personal Development

Recognizing and
Valuing Achievement

Any organization is only as good as its people;
scientific advances are built on the achievements of exceptional individuals
and effective teams; Rothamsted Research (RRes) is proud of its staff, students
and volunteers and aims to provide the modern working environment necessary
to allow them to succeed.

Top left and right:
Postdoctoral and PhD
researchers from Rothamsted
Research at work.

Bottom:
The EnviroGrow team from Rothamsted
Research winning the best plant,
microbial and environmental business
plan sponsored by Syngenta at the
Biotechnology YES Competition 2014.

Below:
The team that developed
the Farm Crap App receive
their award.

In 2014 RRes proudly received the Athena SWAN Bronze
award in recognition of its commitment to gender
equality and the support of women building their careers
in science, technology, engineering, mathematics and
medicine. This is a prestigious award demonstrating a real
motivation to continually improve attitudes to equality
in the workplace. RRes is also a partner in two BBSRCfunded Doctoral Training Schemes, led by the University
of Nottingham and the University of Bristol, providing
high quality PhD-level training for the next generation of
scientists to tackle the global challenges we face. RRes’s
first formal apprenticeship scheme was also launched in
2014 in collaboration with Oaklands College, St. Albans.
The scheme will give students a valuable opportunity
to acquire new skills and experience in a professional
environment, while helping RRes to deliver its research
goals and identify new talent for the future.
A number of people were recognized for personal or
team achievements in 2014. For example, two teams
from RRes reached the finals of the Biotechnology Young
Entrepreneurs Scheme (YES) competition. The competition
is an exciting opportunity for early-career scientists to
learn about how scientific advances reach the market
and allows them to compete with other teams to pitch
a business plan for a hypothetical – but plausible – new
start-up company; Joanna Scales and her team did
extremely well, winning the prize for the best ‘Plant,
Microbial and Environmental’ business plan (sponsored
by Syngenta) for their putative company EnviroGrow Ltd.

Image: © BBSRC

Dr Chris Hodgson from North Wyke, in collaboration
with the South West Agricultural Resource Management
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“Biotechnology YES gave me a real
insight into the business world.
It encouraged me to think outside of
my everyday PhD research, which was
really refreshing. It was hard work but
very rewarding, and the skills and
knowledge I gained will definitely
help me in my future career.”
Joanna Scales on the
Biotechnology YES Competition, 2014

“The recent Soil Association Award
has been the icing on the cake –
brilliant feeling to win such
a prestigious award!”
Dr Chris Hodgson

(SWARM) Knowledge Hub, developed an innovative
new electronic tool – the Farm Crap App. It was only
launched in May 2014 but almost immediately won a place
at the Royal Welsh Show’s Tomorrow-Today Exhibition
of Innovation in Agriculture and was awarded the Soil
Association’s Innovation Award – wonderful recognition
for a practical solution that really helps farmers make
decisions about how much manure needs to be spread
to meet crop requirements.
RRes’s senior scientists have also been honoured. Prof.
Martin Parry received a National Friendship Award from
the Chinese government, presented by the Chinese Vice
Premier Ma Kai in September 2014 at a ceremony in Beijing.
The award acknowledged Prof. Parry’s long-standing and
fruitful collaborations with researchers in China. Prof.
John Pickett was also elected to the National Academy
of Sciences in recognition of his contributions to original
research on pest management.
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Communication

Below:
Rothamsted Research staff
and partners engaging with
farmers and the public about
their work.

The Value of Dialogue

To engage with the wider public, RRes organises regular
public meetings, supports events for schools, and
individual scientists present their work to interested
groups such as The Women’s Institute and Beekeeping
Societies. In 2014 RRes exhibited at the Discovery Zone
of the Royal Horticultural Society’s Chelsea Flower
Show, and won a coveted Silver Medal for its exhibit
titled ‘Pests and Petals’. The research team interacted
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RRes is largely publically funded but must increase its
portfolio of funders, including industry, if it is to meet
the next big challenges to sustainable agriculture.
Partnering with industry can also provide routes to
market for new innovations, but has historically been
shrouded in issues of independence, transparency and
ethics. It was therefore very important to RRes that
public opinion was sought when formulating the guiding
principles for its interactions with industry, and a public
dialogue was commissioned and evaluated in 2014. This
dialogue was an example of RRes’s philosophy which
is: to deliver world-class science; be independent,
objective and transparent; build partnerships; lead,
educate and inspire; listen and adapt; foster ethical
science and constructive communication.

“The Great British Science Festival
provided a unique opportunity to
engage with the Great British public
in a fun and interactive way – creating
a truly amazing event.”
Prof. Jackie Hunter,
BBSRC Chief Executive

Image: © BBSRC

‘Cereals’ is the leading event for the UK arable
industry, attracting 25,000 farmers annually; every
year Rothamsted Research (RRes) showcases its latest
breakthroughs in crop production and protection,
engaging with farmers and benefiting greatly from
feedback and discussion. Particularly strong links
have been forged with local farmers that have
resulted in on-farm opportunities for experimentation.
Rothamsted Research Association (RRA), which
facilitates interaction and dialogue between scientists
and practitioners, held regular meetings throughout
2014 to debate hot topics and also provided regular
Newsletters to allow their members to keep up to date
with current progress on key issues. 2014 was also
marked by celebrations for the bicentenary of the
birth of Sir John Bennet Lawes, the founder of RRes.
These included a public meeting highlighting current
research on the Classical Experiments that Lawes
established, and an open farm evening when visitors
could see the Classical Experiments and discover the
scale of their contribution to agricultural research
over the years. An exhibition of artefacts and scientific
equipment was also officially opened.

with thousands of people interested in understanding
how science helps farmers and gardeners alike to
control pests in a sustainable way. In 2014 the research
programme on GM Camelina plants for the production
of essential omega-3 fish oils was taken ‘on the road’
in an exhibit titled ‘Alpha and Omega’. Following
the Cheltenham Science Festival and the Edinburgh
Highland Show, the tour’s finale was at the Great British
Biosciences Festival in London, which marked BBSRC’s
20th anniversary and was a wonderful opportunity for
interaction between scientists and the public, including
school children.

Image: © BBSRC

Dialogue between scientists, citizens and other
interested parties can provide an essential positive
feedback mechanism for the development of good
ideas; it informs the direction of innovative research
and ensures that practical solutions get in to
farmers’ hands.
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Below:
Building the new Rothamsted
Centre for Research and
Enterprise (RoCRE).

RoCRE

Research and
Enterprise Hub
at Rothamsted
The new Rothamsted Centre for Research and
Enterprise (RoCRE) brings together agri-science
researchers, businesses and investors in an
environment of innovation, entrepreneurship and
collaboration. Due to open in May 2015, RoCRE will
be the conduit that allows science and business to
effectively address the big issues of food security
and climate change together.
Following an investment of £13.5 million from the
BBSRC, Lawes Agricultural Trust (LAT), Rothamsted
Research (RRes) and the Herts Local Enterprise
Partnership, work on RoCRE commenced in January
2014 and it is due to become operational in May 2015.
The Centre will be a globally recognised, self-sustaining
hub for science and development, extending over
three buildings: the newly built Conference Centre
Extension and Lawes Open Innovation Hub and the
refurbished Daniel Hall building. Across the campus
RoCRE will encourage a culture that brings like minds
together and supports innovation, collaboration,
entrepreneurship, investment enterprise and
knowledge exchange.
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RoCRE is a limited company jointly owned by RRes, LAT
and BBSRC and, under its CEO Designate Dr Chris Dunkley,
will achieve its mission by strengthening the relationships
between its joint owners that will enhance the value of
this unique research campus to commercial scientists
while simultaneously leveraging public funds. Linking
excellent research at RRes, and elsewhere, with local and
national businesses will support economic growth and
maximise collaborations. This will lead to new skilled jobs
and sustained development of the campus infrastructure,
while reducing the chances of emerging agri-tech and
bioscience entities failing through lack of business support.
Together with the existing RRes Knowledge Exchange
and Commercialisation Team, RoCRE will support the
development of collaborative relationships between client
companies and RRes scientists.
Specialist Services include: Incubator space for early-stage
businesses; follow-on space for growing SMEs; facilities for
collaborative research; extensive conferencing facilities and
seminar programmes; agri-related business and funding
services and support; facilitation of networking opportunities
with national and global agri-tech communities.
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About Us

“I am both delighted and honoured to be invited to be the Chair of the Rothamsted
Research Board. Rothamsted is both our oldest and one of our most prestigious research
organisations in the agricultural field. The problems of food security and the associated
issues of water and energy security need research at the highest level and I am confident
that Rothamsted can provide it.”
Sir John Beddington

Rothamsted
Today
Rothamsted has been at the forefront of scientific
developments in crop-based agriculture and
its interactions with the environment since its
foundation by Sir John Bennet Lawes in 1843. It is
the longest established, active agricultural research
organisation in the world.
Rothamsted Research (RRes) is an independent
charitable company, limited by guarantee and governed
by a Board of ten non-executive Trustee Directors;
the current Chair is Prof. Sir John Beddington who
succeeded the previous Chair Prof. Nick Talbot, in 2014.
The Biotechnology and Biological Sciences Research
Council (BBSRC) and Lawes Agricultural Trust (LAT), as
our largest funder and our landowner respectively, each
nominate one Trustee. The Chair is jointly nominated
by BBSRC and LAT. All Board vacancies are advertised
in the national press; the positions are renewable, fouryear appointments and, with the exception of the Chair
who receives an honorarium in line with BBSRC, are
unremunerated; we welcome enquiries from interested
candidates at any time. The Institute is very grateful
to all who freely give up their time for its benefit.
Details of the current Board members are available at:
http://www.rothamsted.ac.uk/about.
The Chief Executive of RRes is the Institute Director,
Prof. Achim Dobermann, who reports to the Board
Chair and is in attendance at Board meetings. RRes
has an annual income of around £26 million, the
largest proportion of which comes from BBSRC in the
form of milestone-driven strategic programme grants
(approximately £13 million). BBSRC also provides
investment in equipment and facilities. BBSRC is a nondepartmental public body that reports its activities to
the UK government through the Department of Business
Innovation and Skills (BIS). The terms of the funding from
BBSRC are governed by the Institute Grant Agreement
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and a number of associated documents, including those
on the ownership of intellectual property (IP) and similar
rights, which remain with RRes, along with the obligation
to ensure IP is commercialised by the most appropriate
channels available.
LAT owes its existence to an endowment made by
Sir John Bennet Lawes, the founder of RRes, whose
family had lived at Rothamsted Manor since the 17th
Century. In compliance with its Deed of Foundation and
charitable Objects, LAT supports agricultural science
nationally and internationally, primarily through the
provision of facilities and modest grant funding to RRes
and Rothamsted International. LAT is now a charitable
company limited by guarantee with eight Trustee
Directors on its Board. The entirety of ‘Rothamsted’ and
its activities are perhaps best thought of as an enduring
‘partnership’ between three parties with coincident
interests: LAT, BBSRC and RRes and these three elements
are combined in and sustained by the Members of
the RRes charity, thereby facilitating the long-term
operational functionality of the association.
RRes is also supported by the Rothamsted Research
Association (RRA), which facilitates interaction and
dialogue between researchers and practitioners. RRA
aims to ensure that new scientific knowledge of relevance
to agricultural and land-management practices are
rapidly transferred in a usable form for commercial,
environmental and societal benefit. Members include
farmers, land owners, consultants, advisors, industry
representatives and policymakers. RRA is a charity
operating independently from RRes and is managed
by a Board of Directors representing a cross-section
of interests, and predominantly elected from the
membership.
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Institute Statistics

Facts and Figures
Grant funding for
Rothamsted Research (RRes)
from the 2014/15 accounts

Peer-reviewed journal
publications in 2014
with RRes authors

262

Total number of RRes employees
(Dec. 2014)

557

PhD students starting
in 2014

10

Papers published in 2014
with an impact factor > 9

16

		
BBSRC – ISPG

(13.89)

BBSRC – Competitive

(5.47)

DEFRA

(2.11)

Industrial

(2.95)

Trusts, Foundations
and Charities

(1.32)

European Union

(1.18)

Research Councils

(0.71)

Other Grants

(1.59)

Total

36

£ in millions

(29.26)
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Research projects starting
in 2014 and involving
RRes scientists

73

Total number of international
staff joining RRes in 2014

54

Representing the following
different nationalities

PhD students successfully
graduating in 2014

13

22
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Contact Us

Further
information

For further information on our work,
please visit our website at:
www.rothamsted.ac.uk
Alternatively please write to:
Head of Communications
& Public Engagement,
Dr Matina Tsalavouta
By email:
matina.tsalavouta@rothamsted.ac.uk
Or by post:
Rothamsted Research
Harpenden
Hertfordshire
AL5 2JQ

Rothamsted Research receives
strategic funding from the BBSRC.
Rothamsted Research is a company
limited by guarantee, registered in
England under the registration number
2393175 and a not-for-profit charity
number 802038.

Follow us on Twitter:
@Rothamsted
Subscribe to our YouTube channel:
www.youtube.com/user/RothamstedResearch
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