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Executive Summary

Industry, policy makers and scientists all
recognise that plant pathology is essential
in addressing the issue of food security
and in mitigating the effects of climate
change. The UK must retain the ability to
teach and train plant pathologists able to
tackle these important new challenges.
This audit, carried out on behalf of the
British Society for Plant Pathology,
surveyed the current levels of plant
pathology teaching and training in the UK.

Overall, there is less plant pathology
teaching in UK Higher Education Institutes
(HEI) than there used to be. Less than half
of the 103 HEI offering biology, agriculture,
horticulture or forestry courses at BSc
level provide plant pathology teaching, and
this can be as little as 1-2 lectures. Only
half of these HEI offer practical classes in
plant pathology.

The modular nature of HEI courses means
that students can, and do, opt out of plant-
based modules. Students should have the
opportunity to encounter plant pathology
and other plant sciences in the first year,
making them more likely to choose more
advanced plant pathology modules in
subsequent years.

A wide range of teaching and training

links exist between HEI and both UK
research institutes and industry. These
bring practical plant pathology knowledge
directly into the lecture theatre. Employers
in this survey and elsewhere have
highlighted the need for graduates to see
beyond the gene and understand plant
pathology at the whole organism level.

The age profile of HEI plant pathologists
is of major concern and the strategic
provision of plant pathology teaching
needs to be addressed. Across HEI in
general, academics are retiring and

not being replaced. Plant pathology is
no longer taught at 5 HEI due to staff
retirement, and staffing levels have been
reduced at a further 6 HEI. This implies
that plant pathology is not considered a
priority area across a range of HEI and

it is not known how many will retain the
capacity to teach plant pathology in 5-10
years time.

New departmental appointments and RAE/
REF assessments are driven in part by the
Impact Factor (IF) of scientific publications.
The highly specialised nature of much
plant pathology research means that many
publications are of low IF. So in terms of
this particular measure of esteem, plant
pathologists may struggle to compete
against scientists from other disciplines.

There are many ways in which outreach
and public engagement work can promote
plant pathology to a wider audience. The
British Society for Plant Pathology has
appointed an Outreach Officer.

Today's students are tomorrow'’s teachers.
A reduction in HEI teaching of plant
pathology and other highly specialised
subjects crucial to UK well being and the
economy, will result in fewer teachers
able to teach these subjects in future. A
vicious circle is developing which must
be challenged. A clear and constructive
case must be made to policy makers of
the importance of plant pathology and
the need to teach and train the next
generation of plant pathologists.
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Abstract

The British Society for Plant Pathology Finally, ways to raise the profile of plant
(BSPP) board, concerned about the future pathology were addressed such as

of UK plant pathology, commissioned this outreach work, public engagement and
audit of plant pathology teaching and lobbying.

training.

A survey of undergraduate plant pathology
teaching was undertaken. Quantitative

and qualitative data were collected
including links with UK research institutes
and industry. Teaching resources and
undergraduate training programs such

as summer placements were identified,

in addition to undergraduate and
postgraduate training opportunities.
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1. Introduction

AGE PROFILE IS
OF CONCERN

11 A true story...

‘Plants are boring' said my biology
teacher every year as | ploughed through
my biology courses. ‘Plants are boring'.
Off | went to university to study biology
safe in my knowledge about plants. But
then something extraordinary happened.
Halfway through the first year, an old
professor of botany came to give his
lecture clutching that week's copy of a top
scientific journal. On the front cover was
a picture of a transgenic tobacco leaf. The
professor was thrilled and he told us why.
The technology depicted on the journal
cover opened up a whole new world of
scientific possibilities. The future is here
and the future is plants! He strode up

and down the lecture theatre brandishing
the journal above his head. The whole
episode lasted about 20 minutes and by
the end of it he was speculating about
the distant prospect of photosynthetic
cows. The student next to me, who had
written nothing in his notepad, slowly took
out his pen and wrote in capital letters

in the middle of the page “PLANTS ARE
INCREDIBLE". That was it, job done. That
one lecture changed my life.

1.2 The impact of plant
disease

Food production has tripled in the last 40
years, but of a global population of around
7 billion, approximately 1 billion go hungry,
with an average of 30% of all available
food being wasted ‘from field to fork".

Crop losses through plant disease are

an important component of this. Losses
occur both pre- and post-harvest and can
vary across crops. However, losses are

not widely acknowledged and there are

no recognised units of measurement or
defined ways of measuring losses'. The
term ‘plant health' itself is not clearly
defined?. This lack of accurate data on crop
losses contributes to the low priority given
to plant health and research'.

The western world is somewhat insulated
from the vagaries of plant disease. Crop
failure and poor harvests do not impinge
on our supermarket culture. We may
complain when prices rise, but the shelves
are still full. By contrast in developing
countries, plant disease can result in loss
of income, malnutrition or starvation.
These countries may lack the financial
resources or infrastructure to counter the
effects of crop losses.

A 1% reduction in crop losses would
improve the lives of millions of people.
Importantly this does not require more

land, water or chemicals. It can be
achieved by using best practise to identify
and tackle plant health problems caused
by plant pests and diseases?.

A recent paper on plant health concluded
that although human society makes a clear
link between medicine and health, it does
not make the same link between plants
and food'. Society needs to invest in plant
health in the same way it invests in human
or animal health. Plant pathology has an
essential role in addressing current yield
losses and in managing emerging diseases
such as wheat stem rust Ug99'.

1.3 Food security and climate
change

Plant pathology also has a major role
to play in addressing the issue of food
security and in mitigating the effects of
climate change.

We are reliant on a narrow range of crops
for the bulk of our calories. The global rise
of food prices over the last decade has
forced the issue of food security to the
top of the international agenda, with rice,
wheat and barley all doubling in price“.

Climate change will dramatically affect the
outbreak and spread of plant pathogens
worldwide. A major policy document
commissioned by CGIAR identified
practical solutions to ‘achieve food
security in the context of climate change™.
It made 7 key recommendations, the first 3
of which were

‘Integrate food security and
sustainable agriculture into global and
national policies

Significantly raise the level of global
investment in sustainable agriculture
and food systems in the next decade

Sustainably intensify agricultural
production while reducing greenhouse
gas emissions and other negative
environmental impacts of agriculture™

Plant pathology is directly involved in all
of these. Indeed, in a news interview on
Radio 4 on May 27th, 2012 (the day of

a public demonstration at Rothamsted
Research against a GM wheat field trial),
the UK chief scientific officer, Sir John
Beddington, stated that one of the major
challenges of climate change is that we do
not know what new plant diseases it will
bring.

Concerns about food security are also
being highlighted at the national level. The
UK government launched the Global Food
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Security Programme in late 20009. It brings
together government departments and
research councils such as the BBSRC and
has 4 key research themes

Economic resilience

Resource efficiency
Sustainable production
Sustainable, healthy, safe diets

Again, plant pathology is directly involved
here.

Other areas such as forestry and biofuel
production also need to be considered.
The impact of diseases such as Dutch EIm
Disease, Sudden Oak Death and Red Band
Needle Blight are writ large across our
landscapes. Plant pathology is traditionally
seen as concentrating on high value food
crops, but it also has an important role

in tackling tree and forest pathogens.
Climate change may have a profound
effect on tree health worldwide. Recent
developments such as biofuel and biomass
production may also impact on pathogen
prevalence and spread.

1.4 Vulnerability of plant
pathology

It is clear that plant pathology is
important, however the subject is
vulnerable. Plant pathology has been
identified as a ‘strategically important

but vulnerable area of UK bioscience’ in

a public consultation exercise run by the
BBSRC in conjunction with the Biosciences
Federation®.

Under-investment and closures

There has been chronic under-investment
in agriculture over the last 30-40 years'.
The UK has seen a reduction in plant
science research institutes’® and several
UK organisations have reduced their
cohort of plant pathologists over the last
15 years®. Moreover, the anti-GM stance
of European reqgulators has been a factor
in the closure of major UK agrichemical
company R&D facilities™©.

Taken together these measures represent
an overall loss of plant pathology research
and expertise. This reduces our ability to
teach and train the next generation of
plant pathologists.

Age profile

The age profile of UK plant pathologists
has been highlighted as a concern®. Many
have retired whilst others are nearing
retirement®.

‘In soil science we only have four
specialists under the age of 40, while the
41-60 age group shows 30 specialists, and
similarly for water use, there is only one
specialist below the age of 40, whereas
there are nine aged 41-60. This profile is
depressingly similar in all of the major
disciplines. The great worry is that in 10
years’ time, those specialists at the higher
end of the age profile will have retired and
take with them many years of accumulated
knowledge, while there are insufficient
new entrants.’®

1.5 Vulnerability of plant
pathology teaching

The capacity to teach plant pathology is
also at risk.

Academics question the UK's ability

to teach and train the additional plant
scientists that the challenges of food
security and climate change may require”.

In 2009 the Royal Society produced a
strategy document entitled ‘Reaping

the Benefits' which made a series of
recommendations on how best to enable
UK science to tackle the challenges of
global crop production™. In addition to
requesting more research funding and a
cross-disciplinary approach to research
funding, it also stated:

‘Universities should work with funding
bodies to reverse the decline in subjects
relevant to a sustainable intensification of
food crop production, such as agronomy,
plant physiology, pathology and general
botany, soil science, environmental
microbiology, weed science and
entomology.”"

In addition, the lack of practical plant
pathology teaching has been highlighted.
In a recent skills audit®, BSPP members
said that there is a lack of practical plant
pathology teaching at HEI resulting

in graduates with little or no field
experience or diagnostic skills. This point
was reiterated by a wide range of UK
employers:

All respondents identified that there is
now a market failure to produce plant
pathologists with diagnostic abilities,
knowledge of the industries and the
capacity to appreciate whole organism
biology."*?

1.6 Profile of plant pathology

There is a lack of good information on the
career options open to plant scientists®.
For many people it is just not clear what a
plant scientist does.

7
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Plant pathology in particular suffers here
because the phrase itself seems to be
disappearing. It is hidden behind food
security and sustainable agriculture. For
example, reading the main pages of the
recently revamped Rothamsted Research
website it is hard to find any mention of
plant pathology. The role of the plant
pathologist is not an obvious one.

Moreover the agriculture/horticulture
sector is viewed as a lowly place to
embark upon a career®. There is

currently a shortage of skilled technical
horticulturalists and yet horticulture is not
presented as a career option in schools®.
In a similar vein, the Farming Minister Jim
Paice recently launched a campaign to
attract more young people with a science
or research background into agriculture®.

1.7 Plants are not popular

In the 1990s two botanists coined the
term 'plant blindness' to describe society’s
inability to register the importance of
plants™. They defined it in part as the:

‘Inability to see or notice the plants in
one's environment

Inability to recognize the importance
of plants in the biosphere and in
human affairs

Misguided...ranking of plants as
inferior to animals and therefore
unworthy of consideration

Plant science is undervalued in both
education and research®™>, By post-

16 level, it is one of the least popular
branches of biology in school with both
pupils and teachers alike”. Plant courses
are not popular at university, indeed plant
content is often ‘disquised’ within other
courses’.

So although we live in a world where

plant pathology is essential, all is not well.
The closure of research institutes and
industrial R&D departments means there
are fewer plant pathologists out there. This
is compounded by an ageing population
profile amongst plant pathologists. Plant
science in not a popular subject in school
or university, indeed society as a whole
undervalues plants.

1.8 Audit overview

The aim of this audit was to clarify the
current situation in the UK in terms of
plant pathology teaching and training.
There were several aspects to this

A survey of undergraduate teaching

Teaching resources and training
programmes such as summer schools
and placements

Teaching and training opportunities in
research institutes and industry

Using outreach, public engagement
and lobbying to raise the profile of
plant pathology
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2. Survey Methodology

21 Methodology

Higher education institutes (HEI) likely to
teach plant pathology were identified. The
UCAS database was searched for BSc level
courses in biology, agriculture, horticulture
and forestry. Searches were performed in
February 2012 and some courses may have
been added or withdrawn since this date.
Having identified HEI, a variety of website
search techniques, phone interviews and
email were used to capture data on plant
pathology teaching. Both quantitative and
qualitative data were collected.

2.2 ldentifying HEI that may
teach plant pathology

Whilst it is acknowledged that plant
pathology may be taught in a range of
foundation courses, for the purpose of
this survey only BSc level courses were
investigated. To cast the net as wide as
possible, searches were made using both
the UCAS course finder system and the
Joint Academic Coding of Subjects (JACS)
course codes. These searches identified
103 HEI that offer BSc courses in biology,
agriculture, horticulture or forestry. These
are listed in Appendix I.

2.3 Searching HEI for plant
pathology teaching

Identifying contacts

Extensive website searches were made of
all 103 HEls to identify

Undergraduate courses with plant
pathology content

Departments or research groups likely
to perform plant pathology

A head of teaching or relevant
academic

In 6 cases it was clear from website
searches that all the biology was human
or biomedical. These HEI were eliminated
from any further searches.

For the remaining 97 HEI, phone and
email were used to ask relevant academics
questions about undergraduate plant
pathology teaching. Phone was the
preferred means of contact. Moreover,

a phone call confirmed that the correct
person was being questioned. There are
5 HEI for which there is no data. These
are Duchy College, Teesside University,
University of Gloucestershire, University
of the Highlands and Islands, and the
University of Westminster. This survey
therefore presents data for 98/103 HEI.

Plant pathology may be covered generally
in the first year, however the questions

in this survey were focussed more on
second and third year (and fourth year

in Scotland) modules with specific plant
pathology content.

Quantitative questions asked

+ Do any of your modules have plant
pathology content?

*  Module title?
Optional or compulsory?
Number of students?
Number of lectures?
Are there lab practicals?
Qualitative questions asked

Links with other institutions/industry,
for example visiting lecturers?

Placements/work experience
opportunities?

Other issues

In addition, many academics were
happy to talk more generally about the
issues around plant pathology teaching.
These topics came from the academics
themselves, they were not prompted.

Academics were contacted without

prior warning. Some were unable to
answer all the questions as they did not
have access to precise data on lecture/
practical numbers, or the course was
being reworked and numbers were not
available, or the course format precluded
this (for example block sessions with
combined lecture/lab/tutorial, or student-
led modules without fixed lecture slots).
Several academics were unable to provide
data on links with other institutions or
student placements.

All the responses have been taken in good
faith.
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3. Quantitative data on

plant pathology teaching

10

The quantitative data on plant pathology
teaching are shown in Appendices Il and
1l.

For privacy, the name of the contact/s
used at each HEI is not given. Prior to
publication all HEI for whom teaching data
were to be published were contacted, and
given the opportunity to update or correct
the data presented.

It is acknowledged that aspects of plant
pathology may be covered in more general
courses particularly in the first year. The
data in Appendices Il and Ill concentrate
mainly on second and third year (and
fourth year in Scotland) modules with
specific plant pathology content.

The data show that 47 HEI have specific
plant pathology teaching in some form.

Twenty-six HEI have more than one
teaching module with plant pathology
content.

It must be made clear that these data may
not represent all plant pathology teaching.
HEI may offer additional teaching that was
not identified during this survey.

3.1 Quantifying teaching at HEI

A lecture represents a basic unit of
teaching and a means to measure teaching
levels, although lectures are not always
equal. One academic considered his 2
lectures to be ‘really sort of skimming over
the topic whilst another, an experienced
plant pathologist, said she packed lots

of plant pathology into her two lectures.
Are these two equivalent? Perhaps not.
However, it is clear that a module with,

say 12 plant pathology lectures, will
provide students with a much broader
understanding of the subject than one with
2 lectures.

With this caveat in mind, teaching at the
47 HEI can be split into 4 arbitrary groups
based on the number of plant pathology
lectures in any single module. These are all
second, third (or fourth) year modules.

HEI with 1-2 lectures

Biology courses

Oxford Brookes University, Royal Holloway
University of London, Sheffield Hallam
University, University of Derby, University
of Essex, University of York

Forestry courses
University of Cumbria

HEI with 3-6 lectures

Biology courses

Durham University, Lancaster University,
Liverpool Hope University, University of
Exeter, University of Glasgow, University
of Hertfordshire, University of Leeds,
University of Liverpool, University

of Manchester, University of Salford,
University of West of England
Agriculture and Horticulture courses
Harper Adams University, Queen's
University, Scottish Agriculture College,
Writtle College

HEI with 7-12 lectures

Biology courses

Oxford University, Plymouth University,
University of Birmingham, University of
Sheffield, University of St Andrews
Agriculture and Horticulture courses
Bishop Burton College, Myerscough
College, Newcastle University, University of
Worcester

HEI with over 12 lectures

Biology courses

Aberystwyth University, Canterbury

Christ Church University, Imperial College
London, Newcastle University, University of
Aberdeen, University of Bath, University of
Bristol, University of Cambridge, University
of East Anglia, University of Edinburgh,
University of Nottingham, University of
Reading, University of Worcester

Forestry
Bangor University, University of Aberdeen

Newcastle University, University of
Aberdeen and University of Worcester are
listed twice, for biology and agriculture/
horticulture/forestry teaching.

Four additional HEI have plant pathology
teaching but were unable to give current
lecture numbers: Askham Bryan College,
Easton College, University of Dundee and
the Royal Agricultural College.

There are a lot of data to consider here,
but 2 HEI in particular stand out.

University of Exeter

There are a large number of plant
pathologists working at the University

of Exeter. There are currently 3 plant
pathology lectures in the final year.
However one of their academics said that
Exeter is starting a new first year course
and that there will then be new modules
with more plant-microbe interaction
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content in the second and third year for
this student cohort.

University of Warwick

There are several plant pathologists
working at the University of Warwick.
However, no second or third year plant
pathology teaching was identified in this
survey. There are no plant-based modules
in the final year.

Additional points

The teaching data described above are
also presented in Appendix IIl.

As an additional reference point,
HEI that contribute students to the
Gatsby Plant Science Summer
School (see section 5.4) are
highlighted in bold. A full list of
HEI that contribute students to
the summer school is presented in
Appendix IV.

+  Thereis a strong correlation between
HEI that contribute students to the
Gatsby Plant Science Summer School
and plant pathology teaching. Twenty-
two of the 25 Gatsby HEI offer plant
pathology teaching. Those that do not
are Leicester University, University
of Southampton and University of
Warwick.

Data on staff retirement discussed in
section 4.3 is also incorporated into
Appendix Ill.

3.2 Student numbers

Taking the lower student number in any
given range, at least 444 biology and 30
forestry students take a module with over
12 plant pathology lectures.

Similarly, at least 218 biology and 88
agriculture/horticulture students take a
module with 7-12 plant pathology lectures.

Whilst these numbers are healthy, do they
represent all those interested in plant
pathology or plant science generally? Was
that the only plant-related module in the
timetable slot? If so, the numbers may
represent all students interested in plant
science, only a fraction of whom may go
on to study plant pathology.

3.3 Optional or compulsory

The modular nature of courses means
that the majority of modules are optional.
The data relating to optional/compulsory
modules, where obtained, are presented
within Appendix II.

3.4 Practical work

It was not always possible to gather data
on practical work, however, at least 24
HEI run plant pathology practical classes.
These data are presented within Appendix
I.

Agriculture/horticulture courses were
more likely to involve field walks and
diagnostic skills. Biology courses were
more likely to be laboratory-based.

Final year plant pathology modules
often had no associated practical classes
because students were doing final year
projects. Many academics said that

if students were interested in plant
pathology there were opportunities for
them to take a plant pathology-based
project.

3.5 MSc data

It was intended to include information
on MSc courses, however data
gathering was patchy. Many academics
did not have detailed information, or
courses varied from year to year or
were being restructured. Rather than
present incomplete data that may give
a misleading picture, it has not been
included.

British Society for Plant Pathology http://www.bspp.org.uk
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4. Qualitative data on plant
pathology teaching

STUDENTS
ENJOY IT

12

Qualitative data on HEI links to UK
institutes and industry are presented in
sections 6.4, 6.5, 6.6 and 7.1, 7.2.

In addition, the audit looked at HEI plant
pathology teaching ‘in the round’. Many
academics were happy to talk about
various aspects of plant pathology
teaching and the fate of their subject in
general. Several issues arose which are
summarised below in no particular order.

These topics came from the academics
themselves, they were not prompted.

Direct quotes are anonymous. Where
possible their HEI grouping (1994 Group,
Million+, Russell Group, University Alliance)
is given, although some HEI are not
members of any of these groups.

41 Student attitudes to plants
and plant courses

There were a wide range of opinions.
Students are not interested in plants

‘Students just aren't interested in plants.
They all want to study fluffy animals.’
Million+

‘Once you mention plants they turn off.’
University Alliance

This also applied to agriculture courses

‘Student numbers on crop courses are
lower than those on livestock and business
courses even in Edinburgh, which is a
predominantly arable farming area.’
Agriculture College

A lack of plant science teaching at
school is a contributory factor

‘Plant-based teaching at school level is
often weak. Plant disease or microbes
barely get a mention. Why would any
university student choose to study
something that isn't even worth a mention
at A-level?’Russell Group

Students are unaware of major plant
science employers

Biology students at the University of St
Andrews had not heard of the James
Hutton Institute, situated a few miles away.

Students are unaware of the impact of
plant disease

One Russell Group academic asks his first

year class to name any disease that affects
an important crop plant, for example one
that provides the majority of their calories,
or their favourite alcoholic beverage. They
can't. He believes that because we do

not experience crop shortages in the UK,
society is unaware of plant disease. This
means that plant pathology and the work
of plant pathologists goes un-noticed.

Plant pathology needs to be made
relevant to students

‘Plant pathology is very difficult to sell to
biology students. It brings together the
two worst aspects of the subject: plants
and disease.’Russell Group

‘The whole thing with plant pathology
/s that it's not sold well at all. If you call
a course ‘plant pathology’ no one is
interested’1994 Group

Once students have the opportunity to
study plants and plant pathology they
enjoy it and want to do more

‘Students do NOT like plant science but
tend to be pleasantly surprised by plant
pathology and like it!!l’ University Alliance

‘We get good feedback from the students.
They all want to do biomedicine. Once they
do plant science they enjoy it. It's getting
them in that’s the key."1994 Group

‘Plant pathology is very popular here. The
students enjoy it. They do an optional
module in second year. This is their first
exposure to plant pathology. They enjoy it
and go on to take further modules in the
third year... It's down to the quality of the
teaching.”Russell Group

Students choose the lecturers they like,
independent of course content

‘You basically need enthusiastic lecturers
who are seen in the first year. When
choosing courses in subsequent years
students look to see who is taking the
course. This is somewhat independent of
course content.” Russell Group

These findings are important. They show
that a widespread lack of interest in
plant science and plant pathology can
be overturned with good enthusiastic
teaching.
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4.2 Changes in teaching levels,
specialist options and course
structure

Several academics said that there is now
less overall teaching and that specialist
options, such as plant pathology were
being reduced.

‘In the past teaching was much more 9
to 5. There was more chance to teach
content. It's not like that today’Million+

‘There are definitely fewer modules now
and less teaching time.”Russell Group

‘There are fewer modules overall because
each one has to have lots of students’
Million+

‘Teaching has changed. We're no longer
producing students with a specific

plant pathology degree, instead we're
producing students with broad bioscience
and perhaps a slight leaning towards a
particular area.”University Alliance

‘There are no longer the specialist modules
there once were’ Agriculture College

This therefore makes it difficult to
maintain plant pathology content.

‘It's an uphill struggle to maintain plant
pathology content, but I'm 58, I'm not
going to battle any more’. Million+

Academics said that not enough plant
biology is being taught in the early years
at HEI.

‘The geography students know more
[plant science] than the biologists. It's a
sad reflection on the importance of plants
within the biology syllabus’Russell Group

One academic said she felt that overseas
students had received more training in
botany and plant science and that they
were more aware of the importance of
plant pathology within plant science.

Others said the modular nature of current
courses enabled students to opt out of
plant science. This may then preclude
them from taking plant courses in later
years.

‘The opportunities to get interested in
plant pathology aren’t there because
the first and second year modules aren’t
there... The relationship has changed,
students used to be exposed to a whole
lot of stuff and they decided what they

were interested in as they went along. Now
the students come in with an idea of what
they want to do... consequently they aren’t
exposed to plant pathology.”Million+

However, this is being addressed at one
Russell Group HEI where students start
on a general biology stream and then opt
for different pathways. The HEI is making
their final year module on plant pathology
compulsory in 2012 because they think

‘it is good for spanning these disciplines.’
Importantly, the students don't need to
have taken previous modules on plant
pathology to do the third year module.

4.3 Retirement was a recurring
theme

Plant pathology was no longer taught at
HEI because of retirement

There were at least 5 HEI where plant
pathology staff had retired and not been
replaced. Consequently plant pathology
teaching at these HEI had ceased.

‘No, not any more. Our plant pathologist
retired a few years ago and we haven't
replaced him' Million+

‘We used to have a professor of plant
pathology but when he retired that was it
really. It ceased to be taught.’

Staff numbers have reduced because of
retirement

There were at least 6 HEI where staff
continued to teach plant pathology, but
their numbers had been reduced through
retirement.

These are highlighted in Appendix III.

‘Members of staff have retired and not
been replaced’1994 Group

‘We used to have quite a few plant
pathologists but he's the only one left
now.’

‘We used to have a final year module on
plant pathology but that person retired.’
University Alliance

There are at least 3 HEI with a single
plant pathologist

These are highlighted in Appendix IIl.

Again this makes it difficult to maintain
plant pathology content.

‘It s difficult to raise the number of
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lectures on plant pathology. | am the only
one with expertise in plant pathology in
the department.’1994 Group

Together these cases suggest that plant
pathology is not a priority area for these
HEI. Staff are retiring and not being
replaced and if a lone plant pathology
academic were to retire or relocate, it is
likely that plant pathology teaching would
cease at that HEI.

Age profile

One lone academic, nearing retirement,
suggested that the audit should include
an age profile of all those teaching plant
pathology. He believed many of them
would be around his age.

Although an age profile was not carried
out as part of this survey, it is clear from
the responses that plant pathologists
are retiring across the UK and not being
replaced. In addition, several are nearing
retirement. This observation tallies with
the situation in some institutes®.

4.4 The rise of biomedicine

Several academics mentioned the rise
in popularity of biomedical science. An
American academic said that this is also
the case in the USA where plant and
animal departments are disappearing to
be replaced with Human Biology.

‘Plant pathology teaching has reduced
over the years with the rise of biomedical
sciences.’University Alliance

‘No, we lost our plant people to human
health stuff. Much to my disgust.’

‘It's more biomedical now.” University
Alliance

‘Plant science isn’t wildly popular, not
as popular as biomedical modules' 1994
Group

Every week TV dramas show medics and
forensic scientists doing good deeds,
and young people aspire to these roles.
Plant science does not enjoy such a
high profile. Where are the comparative
opportunities to learn about the role of
plant pathologists?

4.5 Applied courses and
placements

Agriculture, horticulture and forestry
courses

The average age of arboriculture/
horticulture students at one HEIl was

25. Many students had done something
else first which they hadn't enjoyed, and
the course represented a life-changing
decision to work in the agriculture/
horticulture/forestry sector. The students
had not necessarily studied biology before.
Teaching therefore needed to be tailored
accordingly with basic science and lots of
emphasis on practical applications of the
work.

One forestry academic said that although
plant pathology currently formed a small
part of the course, he expected this to
increase in the near future. He cited the
recent spread of Dothistroma (Red Band
Needle Blight) in pine and Phytophthora
ramorum in larch as important issues in
forestry that teaching courses need to
respond to.

Increased interest in placements and
applied courses

Several academics had noticed increased
interest in student placements and

applied courses. They believe the current
economic climate is making students
consider the more applied aspects of plant
science. At least one HEl is settingup a
new Applied Biology course in 2012.

‘These things come in cycles. Applied
Biology is popular again’Russell Group

A lack of plant pathologists with field
experience

One academic bemoaned the lack of plant
pathologists with practical, field-based
expertise.

‘The farming industry is desperate for
trained plant pathologists who can talk to
farmers’University Alliance

4.6 GM, the elephant in the room

One academic, having chatted happily
and at some length about his teaching,
happened to mention a GM field trial
he was involved with. He stopped mid-
sentence and after a few moments of
silence, abruptly ended the call.
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This reaction highlights a major issue
within UK plant science today. It applies

to plant pathology in particular since
many GM projects involve crop protection.
If the end result of years of plant
pathology research is a field trial mired in
controversy and court cases, students (and
indeed their parents) may think ‘do | really
want to be a plant pathologist?’

4.7 New departmental
appointments and Impact
Factor

One Russell Group academic was
frustrated that when new departmental
appointments were made, very few plant
or non-medical microbiologists even
applied. She acknowledged that plants
need specialist growth facilities but argued
that the same could be said of drosophila
or zebra fish. She believed the increasing
cost of pathogen licenses is another
contributory factor in the lack of pathology
applicants.

Another Russell Group academic said
that new departmental appointments
are driven by RAE/REF. This in turn is
dependent on the impact factor (IF)

of publications. Plant science is at a
disadvantage here in that the small size
of the community means that plant
papers are simply not cited as often as
comparable animal/human papers.

Furthermore, because the highly
specialised plant pathology journals have
a low IF, scientists will often publish key
papers in more general science journals
with a much higher IF, thus entrenching
the low IF of plant pathology journals.
Applied plant pathology papers are at a
particular disadvantage because it may
be several years before they are cited,
thereby missing the narrow 2 year window
of citation required for IF calculation.
This observation tallies with analysis of
publications in other applied scientific
fields'.

4.8 RAE/REF assessments

HEFCE, together with other regional
organisations, carry out periodic
assessments of UK HEI research. The
results determine the core funding given
to individual HEI by the UK research
councils. In recent years this assessment
has taken the form of the RAE. In 2014

RAE will be replaced by REF. A new
component of REF will be the ‘impact
statement’ that describes the impact of
published research. For the 2014 REF, the
impact assessment period runs from 2008
- 2013. Underpinning research published
up to 15 years prior to the start of the
assessment period will be considered.

Often the impact of research is not felt
immediately. This can be especially true of
plant science, where many years of field
trials or further testing and development
may be necessary. So at first glance it
appears that plant science academics

may be well placed to produce impact
statements.

Discussion with a Russell Group academic
revealed that staff at his HEI were indeed
being internally advised to base impact
statements on research done in the

late 1990s. However, he thought that

even this timeframe may be unrealistic.
Furthermore, research published in the last
few years may take another 10-15 years to
have demonstrable impact by which time
the academic may have retired.

Another Russell Group academic
mentioned the problems of releasing
impact data from work funded by
industrial partners because of patent and
IP issues.

49 MScidegree programmes

One academic said his HEI has been
running a MBiolSci programme for around
10 years now. It was originally set up
because students were finding it difficult
to obtain funding for MSc courses, and
because the MBiolSCi is an undergraduate
degree, government funding is available.

The HEI entry requirements are strict
and at present 25-30/150-160 students
take the MBiolSci pathway, but many
drop down to a standard BSc during the
course. The 4-year course includes a
dissertation/project and students also
take the first year PhD courses in science
communication and advanced statistics.

Interestingly, the academic had noticed
that a lot of their PhD students had taken
MBiolSci at other UK HEI. He believed
around 10 HEI run the course.
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4.10 Degree accreditation

The Society of Biology has set up an
accreditation process for UK bioscience
degrees. Their aim is to bring biology
into line with other subjects such as
engineering where accredited graduates
become members of a professional body.

Accreditation is intended to identify
degree courses that provide students with
the key skills required to enter academic
or industrial research. These include
academic rigour and analytical skills,
together with substantial experience of
working in a research active environment
in academia or industry. The most likely
outcome is that accredited biology courses
will become 4-year courses with a 1-year
research project or sandwich placement.

One Russell Group academic believed
accreditation would be good for those
students who wish to follow a research-
based career. However, he believed that
biology is seen by many students as a
general purpose science qualification, a
numerate degree. These students have no
interest in doing biology beyond university.
The large amount of lab-based work
required by accreditation may deter them.

Another Russell Group academic was
concerned that accreditation would be
too conservation/zoology based and that
plants may be marginalised. He believed
that many plant scientists are worried

by this. If plant science is not part of the
accreditation curriculum, plant science
teaching may become vulnerable.

"Your topic is not in the curriculum so
your teaching is less likely to be valued.
You don'’t produce high impact papers
because plant pathology doesn’t get

into high impact journals. Your research
is expensive both in terms of the time

to grow plants and the cost of growth
facilities and technical support. It’s not
VAT-exempt because it's not medical. You
will be the first to go in any departmental
restructuring.’

If HEI do consider accreditation then
plant pathologists must lobby to ensure
that their subject is included where
appropriate. Once an accredited course is
in place it may be difficult to add content.

Furthermore, future academic
appointments may be made with the
accredited course in mind.

411 Other Learned Societies

Other Learned Societies are concerned
about student numbers.

Whilst discussing the poor uptake on plant
courses one Russell Group academic said
she believed that the Society of General
Microbiology are also concerned about
the uptake on microbiology courses.

‘Once you strip away the medical stuff the
numbers are pretty thin, but not as bad as
plants though.’Russell Group

Other academics said they were aware of
an on-going mycology survey by another
Society looking at student numbers.
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5. Student teaching resources
and training opportunities

GOOD TEACHING
INSPIRES
STUDENTS

5.1 Teaching resources

Good teaching inspires students. Good
teaching requires good starting materials
be they images, slides, movies, activities
or workshops. They can all help put plant
science into context, describe the latest
scientific research, and enable educators
to engage with their audience.

Plant Science TREE

The Plant Science TREE (Tool for
Research Engaged Education) is a major
online teaching resource which has been
developed from material presented at
Gatsby Plant Science Summer Schools.
Compiled by research-active academics it
contains around 2000 slides, 70 movies/
animations and 25 online lectures.

Teaching Tools in Plant Biology

This is a US-based teaching resource
published by the American Society of Plant
Biologists (publishers of The Plant Cell)
which contains images, research items and
slides.

Science and Plants for Schools (SAPS)

Core funded by the Gatsby Charitable
Foundation for over 20 years, SAPS
provides free online teaching resources for
primary, secondary and post-16 children.
Many of the resources are activity-based,
hands-on projects.

SAPS offers post-16 teachers the
opportunity to attend the Gatsby Plant
Science Summer School. Applicants

can then apply for funding to cover the
development of new teaching resources.
SAPS also sponsors post-16 teachers to
attend the UK PlantSci conference (see
section 8.3).

SAPS provides opportunities for plant
scientists at any level to get involved in
outreach work.

5.2 Undergraduate summer
placements

A wide range of summer placement
schemes offer plant pathology teaching
and training. These are of fundamental
importance: they give undergraduate

students the chance to DO plant pathology.

It is accepted that within each cohort of
students, only a fraction may be interested
in plant pathology. In an ideal world they

should be given the opportunity to do
some. However, summer placements also
offer the chance to people who wouldn't
otherwise consider plant pathology as

a career option. A great example of this
is Helen Neale (neé Lovell). Her write

up in the autumn 2010 BSPP newsletter
is a heartening tale of the power of a
good research project to inspire a young
scientist to embark upon a previously
unplanned career in plant pathology. Helen
went on to do a PhD in plant pathology
and her paper on Pseudomonas syringae
pv. phaseolicola won the 2011 Molecular
Plant Pathology student prize.

A wide range of organisations including
the British Mycological Society, BSPP,
Carnegie Trust, Gatsby Charitable
Foundation, Genetics Society, Nuffield
Foundation and the Society for General
Microbiology all sponsor student summer
placements. A comprehensive list is
provided by the University of Leeds Gatsby
Plant Science website. Placements are
usually for 4-10 weeks.

5.3 Post-16 placements

The Nuffield Foundation fund 4-6 week
placements for post-16 students.

5.4 Undergraduate summer
schools

Gatsby Plant Science Summer School

The summer school is run for academically
able first year undergraduates who are
interested in plant science. Together 25
HEI (listed in Appendix 1V) contribute a
total of 80 students to the course each
year. Each HEI has a Gatsby mentor who
is given a presentation pack enabling
them to deliver a short lecture advertising
the course and pre-empting many of the
guestions students will have. One mentor
said she had lots of interest from students
following her presentation.

The 4-day practical course contains one
day of plant pathology with training from
experienced plant pathologists.

The Gatsby Plant Science Summer School
represents a major commitment to UK
plant science teaching and is highly
regarded within the scientific community.
Research has shown that the summer
school has a profound positive impact
upon the students, with many going on
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to take plant-related courses". Several
academics in this survey viewed these
cohorts of students as the future of UK
plant science.

Undergraduate Summer Research
Training Programme

Together the John Innes Centre, The
Sainsbury Laboratory and The Genome
Analysis Centre run an 8-week summer
school on plant and microbial sciences
for up to 16 undergraduates from any
scientific discipline. The course involves
training, talks and seminars, including
topics on plant pathology. In addition,
the course includes a research project
where students can gain experience in the
laboratory. Two to three students each
year opt for plant pathology projects.

5.5 Post-16 summer schools

University of Nottingham ‘Plants and
crops summer school - feeding the
world’

New in 2012, this 3-day summer school

is aimed at GCSE level students who are
interested in science. Note the title, who
at this age doesn't want to save the world?
Nottingham academics have been involved
in previous summer schools, but this is the
first plant specific one. There are 15 places
and it is sponsored by, amongst others,
BASF, KWS Seeds, NIAB TAG, Syngenta and
the National Farmers Union. Students will
learn about the importance of crops and
the challenges in global agriculture. There
will be a plant pathology session. There is
also an industrial visit to show how plant
science is applied in practice.

The course will be run alongside a larger
course (50 places) on Food Science. This
too is sponsored by a range of industrial
partners.

These courses represent key investments
by industry in student training.

Sutton Trust summer school programme

The Sutton Trust is a charity that promotes
social mobility through education. It funds
a wide range of activities and in 2012 is
expanding its summer school programme
with places for over 1000 students. The
host HEI are the Universities of Bristol,
Cambridge, Durham, Imperial College
London, Nottingham, St Andrews and
University College London. Each provides a
week-long course.
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6. Research institutes
- teaching and training

CENTRES OF
KNOWLEDGE

Research institutes represent key centres
of knowledge and technical expertise.
Several research institutes across the UK
provide training opportunities for plant
pathologists. Their scientists teach at
HEI. Students visit research institutes as
part of their course, they also do summer
placements or sandwich years there. At
the graduate level, research institutes
provide training for PhD students, visiting
scientists and on-going post-doctoral
training.

The author contacted scientists at several
research institutes for their views on the
current state of plant pathology teaching
and training opportunities, many of whom
responded.

6.1 Research institutes

Food and Environment Research Agency
(FERA)

This is a broad ranging government-
funded organisation with responsibility
for amongst other things, plant disease
identification, quarantine and control.
FERA run diagnostic plant clinics and work
to develop new diagnostic methods and
tools.

East Malling Research (EMR)

An independent research institute that
receives funding from a variety of sources
including BBSRC. Its focus is on perennial
crops such as apple. There are currently 3
main research areas:

Genetics and crop improvement

Pest and pathogen ecology for
sustainable crop management

Resources efficiency for crop
production

Their current strategy document™
emphasises the need to build upon
existing links with the University of
Reading and also to develop links with
other HEI such as Lancaster, Nottingham
and Imperial College London. They
propose collaborative research projects,
undergraduate summer placements and
undergraduate and post graduate research
projects.

Institute of Biological, Environmental
and Rural Sciences (IBERS)

Formed in 2008 from the merger of the
Institute of Grassland and Environmental

Research, the University of Aberystwyth's
Institute of Biological Sciences and the
Institute of Rural Sciences, IBERS carries
out research and training in plant biology,
agriculture and land use. Eight groups
conduct plant pathology research. There
has been no overall change in numbers in
the last 10 years.

When asked about the impact of phrases
such as food security and sustainable
agriculture on plant pathology training,
one scientist said:

‘It will take some time to train the next
generation of plant pathologist but | am
finding the ‘food security’ label a useful
way to get under/post-graduate students
to see the point and show an interest in
plant pathology. | am finding the phrase
‘sustainable agriculture’ less inspiring so
seldom use it.”

John Innes Centre (JIC)

An independent centre for plant science
and microbiology, the John Innes Centre
carries out research and training in a wide
range of areas. The Biological Chemistry,
Crop Genetics, Metabolic Biology, Cell and
Developmental Biology and Molecular
Microbiology groups all contain plant
pathologists and again, numbers have
remained fairly constant for several years
NOw.

When asked about the impact of phrases
such as food security and sustainable
agriculture on plant pathology training,
one scientist said:

‘[The] food security/climate change
agenda does offer opportunities for
crop-based pathologists and I think that
there will be a move... from model to crop
pathologists but perhaps not an overall
increase. There is certainly a need to

train crop scientists and crop pathologists
would fit into this group.”

The Genome Analysis Centre (TGAC)

Co-located with the John Innes Centre

in Norwich, The Genome Analysis

Centre provides training and expertise

in genomics and bioinformatics. UK
research councils are aware of the need
for a co-ordinated strategy for UK-wide
e-infrastructure. A recent document
entitled ‘Strategy for software as an
infrastructure’ ¥ lays out some of the areas
where concerted efforts are required.
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New sequencing technologies enable
scientists to study crop plant genomes in
a manner previously reserved for simpler
model species. For plant pathologists
this represents a major step forward in
studying crop-pathogen interactions
directly.

Rothamsted Research

Perhaps the oldest agricultural research
institute in the world, Rothamsted
currently has 4 main research areas:

20:20 Wheat
Cropping Carbon
Designing Seeds
+  Delivering Sustainable Systems

Their main site is at Harpenden,
Hertfordshire, and there are also facilities
at Broom’s Barn in Suffolk and North Wyke
in Devon.

The James Hutton Institute (JHI)

Formed in 2011 from the merger of the
Macaulay Land Use Research Institute
and the Scottish Crop Research Institute,
the James Hutton Institute also hosts

the University of Dundee Plant Sciences
Division. It operates several farms and
field research stations across Scotland.
Approximately two-thirds of its funding
comes from the Scottish and UK
governments. There are around 30 senior
plant pathologists. There has been no
overall change in numbers in recent years
as retirements have been balanced by
new appointments. However, research
emphasis has shifted towards bacteria,
fungi and oomycetes, and away from
viruses, insects and nematodes.

When asked about the impact of phrases
such as food security and sustainable
agriculture on plant pathology training one
scientist said

‘I think they draw people into the science
as young folk have aspirations to do good
e.g. to improve the environment and to
increase production to alleviate hunger.
But whether this translates into more jobs
for trained pathologists | am less sure.’

The Sainsbury Lab

Founded in 1989 by the Gatsby Charitable
Foundation, University of East Anglia,
John Innes Foundation and BBSRC, The
Sainsbury Lab conducts research and
training in molecular plant pathology and
genetics. Five plant pathology research
groups are based there.

6.2 Institute funding

The BBSRC is the main funder of non-
medical bioscience in the UK. It supports
scientific training at several research
institutes including IBERS, EMR, JIC, TGAC
and Rothamsted Research.

One Russell Group academic suggested
that the recent replacement of institute
core funding with strategic funding may
result in a shift in influence, with the
BBSRC rather than institute directors
being able to dictate what the money is
spent on.

6.3 Institute mergers and
closures

Plant science capacity in the UK has
been reduced by closures and mergers of
institutes and research stations.

For example:

Horticulture Research International
(HRI)

In 1990 the Institute of Horticultural
Research, with sites at Wellesbourne,
Littlehampton, East Malling and Wye,
merged with ADAS experimental stations
at Efford, Kirton and Stockbridge. In 2004
HRI became part of the University of
Warwick and was known as Warwick HRI. In
2009 the University of Warwick closed HRI
and brought some staff into the Biological
Sciences Department.

Rothamsted Research

In 1987 the Long Ashton Research Station
(LARS) and Broom'’s Barn Experimental
Station merged with Rothamsted
Research to form the Institute of Arable
Crops Research. LARS closed in 2002
with some staff moving to Rothamsted
Research. A well-placed academic

has said that Broom's Barn is also due

to close. Rothamsted Research itself

has subsequently undergone several
restructuring programmes with the loss of
plant pathologists.
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6.4 Institute undergraduate
teaching

In this survey academics provided many
examples of teaching links between
institutes and HEI.

James Hutton Institute

James Hutton Institute scientists have
teaching links with a range of HEL.

University of Dundee: formal links
started approximately 10 years ago
and now all the university's plant
scientists are based at the James
Hutton Institute. There are 4 joint
appointments.

University of St Andrews: Lesley
Torrance has recently been appointed
part-time professor at St Andrews.
The research fellow Jens Tilsner is a
joint appointment between the two
institutions.

University of Edinburgh: Lesley
Torrance is a visiting professor at
Edinburgh and Michael Taliansky is an
honorary professor there.

Heriot Watt University: Derek Stewart
is a joint appointment between the
two institutions.

University of Aberdeen: several
members of staff lecture there and
there are joint appointments between
the two institutions.

University of Glasgow: Robbie Waugh
lectures there.

+  Scottish Agricultural College
agriculture students visit the James
Hutton Institute.

The James Hutton Institute hosts
Honours student placements from a
number of HEI.

John Innes Centre and The Sainsbury
Lab

Like the James Hutton Institute, both
these have links with HEI. For example
scientists from both deliver approximately
one third of a final year 20 lecture module
at the University of East Anglia. Scientists
also lecture at nearby Easton College.

East Malling Research

Canterbury Christchurch University
students attend lectures there.

6.5 Institute undergraduate
training

Student summer placements

This survey found that many students have
the opportunity to do summer placements
at research institutes. Several academics
stated that if a student were particularly
interested in plant pathology they would
be able to do a plant pathology-based
placement.

For example

Canterbury Christchurch University
student placements at East Malling
Research

University of East Anglia student
placements at the John Innes Centre
and The Sainsbury Lab

University of Cambridge student
placements at the John Innes Centre
and Rothamsted Research

University of St Andrews student
placements at the James Hutton
Institute

Sandwich placements are also available
at research institutes

For example

University of Bath sandwich
placements at Rothamsted Research

6.6 Institute graduate training
James Hutton Institute

A MRes course ‘Crops for the Future' is
taught jointly between The James Hutton
Institute and the University of Dundee.

Links between the James Hutton Institute
and HEI are mainly research-based and
are often crystallized in the form of PhD
studentships. There are currently around
120 PhD students at the James Hutton
Institute, many of them shared with HEI.

A joint PhD programme has been running
for around 5 years. This takes 8-9 students
per year with 50% funding from the HEI
and 50% from the James Hutton Institute.

John Innes Centre and The Sainsbury
Laboratory

There have been strong links between
the John Innes Centre and the University
of East Anglia for many years. Staff from
both the John Innes Centre and The
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Sainsbury Laboratory contribute to the
direction and teaching of MSc courses at
University of East Anglia. One such course,
‘Plant Genetics and Crop Improvement’,
includes 13 lectures on plant pathology and
approximately half the students each year
do research projects in plant pathology.

The John Innes Centre, The Sainsbury
Laboratory, the University of East Anglia
and other organisations in the Norwich
Research Park have formed a Doctoral
Training Programme in biological sciences,
which includes PhD training in plant
pathology.

6.7 Institute post-doctoral
training

In addition to training their own and
visiting scientists, institutes also run
training courses. For example, in June 2012
Rothamsted Research ran a 4 day training
course for 15 early stage researchers

from across the EU. This was funded by
the European Cooperation in Science and
Technology (COST) framework.
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7. Industry - teaching and
training

THE INDUSTRIAL
VOICE

Plant pathology teaching and training
occur in a range of settings, in both not-
for-profit and commercial companies.

The author contacted several figures
within the UK plant science and biotech
industry asking for their views on the
current state of plant pathology and
training opportunities, but many did not
respond.

71 Industry undergraduate
teaching

This survey found that several HEl employ
visiting lecturers from industry. Applied
courses such as agriculture, horticulture
and forestry in particular invite outside
lecturers to teach aspects of a course.

For example:

Working agronomists are seasonal
lecturers on the Bishop Burton
College agriculture course

+  Members of Forest Research lecture
on the Bangor University forestry
course

Members of the consultancy wing of
Scottish Agriculture College lecture
on their agriculture course

Members of Oxford Botanic Gardens
lecture on the Royal Agricultural
College agriculture course

Biology courses also employ outside
speakers.

An outside speaker gives a lecture on
insecticides at the University of Leeds

Canterbury Christchurch University
Bioscience and Plant Science students
attend lectures at East Malling
Research

7.2 Industry undergraduate
training

Summer placements

This survey found that many students are
able to do summer placements in industry.

For example:

Aberystwyth University student
placements at ADAS

Bishop Burton College student
placements at Mastock and Agrii

+  Canterbury Christchurch student
placements at East Malling Research
and agricultural services companies

University of Sheffield student
placements at Astra Zeneca and in the
food industry

Sandwich placements

Students taking a sandwich year have the
option to do plant pathology-based work. A
few examples are given below, but the list
is by no means exhaustive. The University
of Bath was particularly strongly placed to
offer a range of plant-related placements.

University of Aberdeen sandwich
placements at Forest Research

. University of Bath sandwich
placements at ADAS, Eurofins,
Syngenta, FERA, NIAB TAG, Kew
Gardens, Wakehurst Place, National
Botanics Wales

+  Harper Adams University sandwich
placements at agrichemical
companies, Sutton Bridge, NIAB TAG

Royal Agricultural College sandwich
placements at agrichemical
companies, field trial units

University of Hertfordshire sandwich
placements at Syngenta, FERA, BASF

University of West of England
sandwich placements at Astra Zeneca,
Syngenta, agrichemical and agrifood
companies

Several companies including BASF, KWS
Seeds, NIAB TAG and Syngenta sponsor
student summer schools (see section 5.5).

NIAB TAG also run a student bursary
scheme with the Universities of
Nottingham, Reading, Harper Adams and
Newcastle aimed at encouraging more
students into plant science.

7.3 Industry graduate training

Industry sponsors graduate level training
in a range of ways.

CASE studentships

These are awarded jointly to a HEI and
an industrial partner, with the student
spending at least 3 months at the
industrial setting. For the HEI, CASE
studentships not only bring a student to
the lab, they are also key in establishing
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industrial links and future collaborations.

One Russell Group academic believed
there has been a reduction in the number
of CASE studentships awarded over the
last 10 years. Another University Alliance
academic said he still received industrial
interest in fungicide research.

Grant committees

BBSRC welcomes industrial expertise onto
grant committees. The industrial voice is
an important one.

One Russell Group academic believed
this is key to getting more applied or
crop-related BBSRC grants approved. He
said that academics should be working
more closely with industry to ensure that
industrial experts sit on BBSRC grant
committees.

7.4 Industry funding

Knowledge transfer networks work with
industry to drive the commercialisation
and development of scientific research.
One of their key roles is to identify funding
sources.

Plants fall within the Biosciences network,
which is focussed in 3 main areas:

Plant production and performance

Renewable and sustainable bio-
products

Sustainable food supply and security

The network has links to UK research
councils and regional funding agencies. It
also works with EU funders such as Eureka
Eurostars, 7th Framework, UK Research
Office and the Technology Strategy Board.

7.5 Graduate skills

A key question is whether current
undergraduate plant pathology teaching
provides the knowledge and skills that
employers want. Scientists at several
organisations were asked about the skill
sets provided by current undergraduate
teaching, three of whom replied.

RHS Garden Wisley

Wisley is the ‘flagship’ garden of the Royal
Horticultural Society. Wisley perform field
trials, cultivation trials and operate a series
of model gardens to inspire gardeners.
There are 3 full-time and 1 part-time plant

pathologists. This number represents an
increase of 1 plant pathologist in the last 6
years. The plant pathology group perform
research and also have an advisory role.
They are part of a larger scientific team
that includes horticulturists, soil scientists,
botanists and entomologists.

When asked about skills, their head plant
pathologist said:

‘When we interview for a plant pathologist,
no one seems to have a broad knowledge
of plant pathogens. A lot of students in
plant pathology are trained as molecular
plant pathologists and have a detailed
knowledge of one pathogen at the
molecular level but not at the whole
organism level.’

Centre for Agricultural Bioscience
International (CABI)

A not-for-profit intergovernmental
organisation with 47 member countries,
CABI provides scientific expertise and
information to support farmers worldwide,
enabling them to grow more and lose

less. Around 400 staff work worldwide
and of these, approximately 50 trained

as entomologists and 25 as plant
pathologists. Overall about 25 of these
staff were trained in the UK.

When asked about skills, one of their
senior plant pathologists said that new
graduates did have the technical skills
required. However, members of staff
believe that there has been a decline

in traditional plant pathology teaching
at HEI. This causes problems for CABI

as they need graduates with diagnostic
experience, able to recognise plant health
problems in the field. They need people
who can look beyond a gene and see the
bigger picture.

This plant pathologist also highlighted

the benefits of sandwich courses, saying
that the skill sets gained during these
placements are of immense practical value.

In both these cases employers highlighted
the need for graduates to be able to see
plant pathology at the whole organism
level.

National Institute of Agricultural Botany
and The Arable Group Limited (NIAB
TAG)

A registered charity based in Cambridge,
NIAB TAG provides research and
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information to the agriculture and
horticulture sectors. There are currently
17 plant pathologists, a slight decrease on
previous numbers.

When asked about skills, one of their
senior plant pathologists said:

‘Students were generally taught the
right things, but not in much depth. Field
experimentation techniques in particular

are seldom taught in depth. There are
different skill sets in diagnostics and
molecular genetics, and these seem to be
taught to a greater level in undergraduate
courses.’

Again the lack of practical fieldwork
experience is highlighted.
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British Society for Plant Pathology http://www.bspp.org.uk



(Plant pathology education and training in the UK: an audit

8. Raising the profile of plant

pathology

26

One way to raise the profile of plant
pathology is through outreach and public
engagement work. It is an opportunity to
explain why plant pathology is important
and why we need plant pathologists.

8.1 Outreach and public
engagement

Publicly funded bodies such as HEI

are under increasing pressure to be
accountable for their research output.
Outreach and public engagement are
now an important part of their remit.

The terminology has also changed. The
‘public understanding of science’ was

felt by some to be too didactic. HEI
should be ‘engaging’ with the public, not
teaching them to understand. The process
should be seen as a dialogue between
equals. For example, the University of
Bristol is ‘committed to being an engaged
university'.

Scientists too recognise this change of
emphasis. The BSE crisis left the term
‘government scientist’ with precious little
credibility. Scientists have realised they
need to engage and explain their work on
for example GM, rather than simply lecture
the public.

Research Councils are also increasingly
aware of the importance of outreach work.
Current BBSRC grants stipulate that the
grant holder must perform one day of
public engagement/outreach work per
year.

Workshops in schools

As part of this project the author attended
a public engagement workshop at the
University of Bristol run jointly with
Lighting up Learning Limited (www.
lightinguplearming.com). They in turn
work with the STEM network (http://
www.stemnet.org.uk/) an organisation
sponsored by the Department for
Business, Innovation, and Skills, the
Department for Education, and the Gatsby
Charitable Foundation. The STEM network
provides ambassadors who work closely
with scientists to develop workshops for
schools.

A spokesman for Lighting up Learning
recommended late primary school age
children (Key stage 2, years 5 and 6) as a
key target for workshops. The activities do
not necessarily need to fit into part of the

school curriculum. Scientists are there to
inspire and engage.

A key goal is simply to put scientists in
front of children. The reason is clear,

as every child knows that scientists are
old men with white hair and a lab coat.
Here is some pupil feedback from a
nanotechnology workshop, reported in the
Guardian newspaper in 2012.

‘The scientists weren't at all what | was
expecting. | thought they would all be
wearing lab coats and glasses, but they
seemed like pretty normal people.’

‘Before the debate, | thought scientists
were boring, but they were really
interesting and told funny stories about
their work... | want to go to university to
study nanotechnology now.’

So there is the classic ‘lab coats and
glasses' expectation, and of course
scientists are ‘boring’. Just one workshop
let the children see that scientists are not
boring they are normal people, just like
themselves. One child now wants to be a
scientist. What a difference a day makes!

A major goal of any outreach work should
be to put real scientists in front of children,
to show them that plant pathology is
relevant to their lives and that it is carried
out by people just like them.

Talks

Talks are another way to explain the work
of plant pathologists. Some secondary
schools run lecture series with invited
speakers. These are intended for A-level
students but members of the public may
also attend. Talks need to be pitched
carefully and they need to be done well.
For example, a good starting point may be
to adapt a first year introductory lecture.

Workshops and public talks may not appeal
to everyone. However, there are a range

of other ways in which to promote plant
pathology and to put it in context.

Public engagement via HEI

Many, if not all HEI, have a press office.
These employ people who are paid to
promote your work. They produce press
releases and can arrange phone and
television interviews.

University publications are another outlet
for work. For example, the University of
Bristol magazine Nonesuch highlights
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research and profiles academics. Produced
termly, it has a circulation of 125,000,
including staff, the local community and
research councils.

Public engagement via the media

Commissioning editors have acres of
newsprint and hours of airtime to fill each
day. They need news stories. However, it
is important to remember that the media
are there to entertain as well as inform
their customers. News stories need to be
pitched with this in mind.

Public engagement via social media

Social media now constitutes over a

third of all internet use amongst young
people?®, Individual programs may come
and go, but social media is here to stay.
Although usage amongst academics
varies dramatically, young people consider
social media an integral part of their
lives. Outreach work must consider social
media as an outlet. For example, the main
ethos of Twitter is sharing, it is all about
dialogue.

8.2 What to communicate

Scientists want to communicate their
research findings. However, they must
recognise that others may not share their
wide-eyed enthusiasm. Perhaps scientists
should appeal to a more basic instinct.
Money.

For example, a 2012 newspaper story
about vaccine development described the
economic impact of the work first, then
went on to say that the work would benefit
human and animal health, and lastly added
that it would benefit others in developing
countries. It is all about the money.

Scientists do not always think of the
financial aspects of their work. Perhaps
this is an area where plant pathologists
should be promoting the important
economic benefits of plant pathology
research.

8.3 Lobbying

Another way to promote plant pathology is
to lobby. This should be done at all levels.

For example the UK Plant Sciences
Federation, launched in October 2011 as
a special interest group of the Society of
Biology, aims to:

Promote plant and crop science
across government, industry and
society

Provide information to inform policy
on the funding of plant science

‘Educate and inspire’ the next
generation of scientists

The federation is made up of a wide
range of member organisations including
Learned Societies, plant breeders and
industrial companies. BSPP is a member.

Their inaugural UK PlantSci conference
was held in April 2012 with the opening
address given by Sir John Beddington. The
conference publicity stated that it would
be of interest to everyone in the plant
science sector and went on to list them:
cell biologists, industrialists, physiologists,
ecologists, plant breeders, soil scientists
and agriculturists. There was no mention
of plant pathology. Disappointing!

But this is about more than conference
posters. As a member of the federation
BSPP should work hard to ensure that
plant pathology is on the agenda of this
important new lobby group.
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Governments, policy makers and scientists
all recognise that there is a clear need

for plant pathology. There is also a clear
need to ensure future provision of plant
pathology teaching and training to enable
the UK to produce plant pathologists able
to respond to the issues of food security
and climate change.

Of the 103 UK HEI offering biology,
agriculture, horticulture or forestry
courses at BSc level, 47 provide plant
pathology teaching in some form. This
ranges from 1-2 lectures to over 12
lectures in any single teaching module.
Approximately half of the 47 HEI offer
plant pathology practical classes.

Good teaching is key. A widespread lack of
interest in plant science can be overturned
with good, enthusiastic teaching. There

is the opportunity to learn from HEI with
good student uptake on plant pathology
modules.

Overall, there is less teaching than there
used to be and the modular nature of HEI
courses means that students can, and
do, opt out of plant-based modules. This
means that students are not exposed to
plant pathology teaching.

Ideally students should encounter plant
pathology and other plant sciences in
the first year, making them more likely to
choose more advanced plant pathology
modules in subsequent years.

In terms of practical work, agriculture,
forestry and horticulture courses were
more likely to involve field walks and
diagnostic skills. Biology practical classes
were more likely to be laboratory-based.
However employers in this survey and
elsewhere have highlighted the need for
graduates to be able to see beyond the
gene and understand plant pathology at
the whole organism level.

Developments in molecular biology

have revolutionised plant pathology and
obviously this has led to a more molecular
focus in HEI teaching. However, perhaps
the new focus on food security and
sustainable agriculture should be seen
as an opportunity to re-establish the link
between plant pathology and agriculture.
This could apply to both lecture content
and practical classes.

A wide range of teaching links between
HEI and both UK research institutes and
industry exist. These bring practical plant

pathology knowledge directly into the
lecture theatre. Many plant pathology-
based student placement opportunities
in research institutes and across the
agriculture, horticulture and forestry
sectors were also identified. These provide
students with practical plant pathology
experience and enable them to make the
link between their course work and plant
pathology research and its application in
the wider world.

The age profile of HEI plant pathologists is
of major concern. The strategic provision
of plant pathology teaching needs to be
addressed.

This survey presents a snap shot so trends
cannot be identified, however it is clear
that across HEI academics are retiring and
not being replaced. Staff retirement has
meant that at least 5 HEI no longer teach
plant pathology and staffing levels have
been reduced in at least a further 6 HEI.
This implies that plant pathology is

not considered a priority area across a
range of HEI. Furthermore if a lone plant
pathology academic were to retire or
relocate it is likely that plant pathology
teaching would cease at that HEI.

So although substantial numbers of
students currently take plant pathology
modules, plant pathology teaching may be
vulnerable at a sizeable proportion of HEI.
It is not known how many HEI will retain
the capacity to teach plant pathology in
5-10 years time.

New departmental appointments and RAE/
REF assessments are driven in part by the
Impact Factor (IF) of scientific publications.
The highly specialised, often applied,
nature of much plant pathology research
means that it is often published in low

IF journals. So in terms of this particular
measure of esteem, plant pathologists
may struggle to compete against scientists
from other disciplines. New assessment
criteria such as the REF impact statement
may not necessarily help plant scientists,
particularly those in more applied areas.

Academics should be aware of the issues
of degree accreditation and ensure that,
where appropriate, plant pathology is
included in accredited courses as this may
impact on the strategic provision of plant
pathology teaching within HEI.

Academics working in applied areas
should work closely with industry to
enable industrial experts to sit on grant
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committees. The industrial voice is an
important one and should be part of grant
committee deliberations.

Plant pathology does not enjoy the

high profile afforded to other areas of
biology such as biomedicine or forensic
science. This is not helped by that fact
that the term ‘plant pathology' itself is
disappearing. The terms food security and
sustainable agriculture abound in mission
statements and strategy documents. How
can prospective students learn about the
importance of plant pathology if it is not
clearly presented as a subject in its own
right? This needs to be addressed if we
are to encourage young people to consider
plant pathology as a career option.

There are many ways in which outreach
and public engagement work can promote
plant pathology to a wider audience.
Some grant awards now stipulate public
engagement work. BSPP has appointed
an Outreach Officer to develop a series

of plant pathology-based resources and
activities.

Lobbying should be used to ensure that
plant pathology is part of the conversation
about plant science in the UK.

Today's students are tomorrow'’s teachers.
A reduction in HEI teaching of plant
pathology and other highly specialised
subjects crucial to UK well being and the
economy, will result in fewer teachers
able to teach these subjects in future. A
vicious circle is developing which must
be challenged. A clear and constructive
case must be made to policy makers of
the importance of plant pathology and
the need to teach and train the next
generation of plant pathologists.
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Aberystwyth University v/ v v/ |/
Anglia Ruskin University v
Askham Bryan College,York |/ v
Aston University, Birmingham v/
Bangor University v v |/ v
Bath Spa University v v
Bishop Burton College, Yorkshire v
Bournemouth University v
Canterbury Christ Church University v |/ v v
Cardiff University v v |/
Coventry University v v
Duchy College, Cornwall v
Durham University v/ v
Easton College, Norwich v
Edge Hill University v v
Edinburgh Napier University v
Glasgow Caledonian University |/
Harper Adams University College v v |/ v
Heriot-Watt University v/ v
Imperial College London v v |/ |/
Keele University v v v
King's College London v
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Kingston University v v v
Lancaster University v v v/
Leeds Metropolitan University v
Liverpool Hope University v v
Liverpool John Moores University v v v/
London Metropolitan University v |/ v
London South Bank University |/ v V4
Manchester Metropolitan University v
Middlesex University v v
Myerscough College, Lancashire V4 v
Newcastle University v v v I/
Northumbria University v v |/
Nottingham Trent University v v/
Oxford Brookes University |/ v
Oxford University v v
Plymouth University v v v
Queen Margaret University, Edinburgh v
Queen Mary, University of London v v v
Queen's University, Belfast v v v v |/
Robert Gordon University, Aberdeen v
Royal Agricultural College v v v
Royal Holloway University of London v/ v v
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Scottish Agricultural College VA 4 v v
Sheffield Hallam University I/ v v/
Staffordshire University v v
Swansea University v v v
Teesside University v
University Campus Suffolk v
University College London v v/
University of Aberdeen v |/ |/ v
University of Bath v v v
University of Bedfordshire v
University of Birmingham v v v |/
University of Bolton v v v
University of Brighton v/ v
University of Bristol v v v
University of Cambridge v
University of Central Lancashire v
University of Chester v v
University of Cumbria v v v
University of Derby v v
University of Dundee v v |/
University of East Anglia v v v
University of East London V4 v v/
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University of Edinburgh v v v v
University of Essex v v v/
University of Exeter v |/ v
University of Glamorgan v v
University of Glasgow |/ |/ |/
University of Gloucestershire v v
University of Greenwich V4
University of Hertfordshire v
University of Highlands and Islands v
University of Huddersfield v v
University of Hull v v
University of Kent v v
University of Leeds v v |/ v |/
University of Leicester v |/
University of Lincoln v v v
University of Liverpool v v |/ |/
University of Manchester v v v |/
University of Northampton v |/ v
University of Nottingham v/ |/ o/
University of Portsmouth v v v
University of Reading v v |/
University of Salford v/ v v
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University of Sheffield v v v/ |/
University of Southampton v v v/
University of St Andrews v v v
University of Strathclyde v
University of Surrey v |/
University of Sussex v v v/
University of Ulster v v
University of Warwick v v v/
University of West of England v v |/
University of West of Scotland v
University of Westminster v |/
University of Wolverhampton v v
University of Worcester v v v v v
University of York v v v
Writtle College, Essex |/ v

35

British Society for Plant Pathology http://www.bspp.org.uk




yn-bioddsgmmm//:dily Abojoyzed jueld 1o} A3a190S ysiilig

O
(4]
ON 0z o€ Asosindwo) [SBLEEYN
ésjeanyoead Abojoyjed jueld :$34N329| JaquinN :Sjuapnls JAqunNN :Asosjndwoo/jeuoydo HEJEIVAL-EY Y
Ul|edH 159104 :3]313 3|npoN
SOA (SJRUIWSS JU3PNIS BWOS) 0Z o€ Alosindwo) FABLEETN
ésjeaijoeuad Abojoyjed jueld $S31N399] JaquinN ‘sjuapnis Jagwnn :Asos|ndwoo/jeuorydo HELEI VALY
Yl|edH 159104 :3]313 3|npoN
SOA AJsalod auoyd
¢buiyoeay Abojoyjzed jueld :9s4n0J d31bap osg :poyjaw youeas

Ayisianlun Jobueg

ON S92UdIDS |ea1bojolg |leW?S pue auoyd
¢buiyoeay Abojoyjed jueld :9s4n0J d31bap 2sg :poyjaw ysueas

weybujwuig ‘AjIsiaAlun uoisy

ejep oN ejep oN ejep oN ejep oN ejep oN

ésjearyoeld Abojoyzed juelq :$34N399] JaquinN :sjuapnls JAqwnN :Asosindwod/jeuonydo HEJEIJAI-EY ]
B1ep ON :9]313 3npo

SOA 9IN}|N21}J0H [lew?s pue auoyd

¢buiyoeay Abojoyjed juelq :9s4n0d d31bap 2sg :poyjaw ysueas

OoN 9SM pueT pue ain}nduby |lew?s pue auoyd

¢buiyoeay Abojoyjzed juejd :9s1n0d d34bap osg :poyjaw youeas

YJI0A ‘9b3)j0) ueAig weyysy

ON 3|qediidde suoN |leWS pue 3}ISqaM
¢buiyoeay Abojoyjzed jueld :9s1n0d d34bap osg ‘poyjaw yosueas

AjisIaAlun upysny ejjbuy

SOA o€ 0€-0¢ leuonydo € JBdA
ésjeajoead Abojoyzed jueld :$34N393| JaqunN :S3UdaPN3S JagquinN :Asosjndwoo/jeuonydo HEVETYA1-EYY

suaboyjed pue s1sad Yiim SUOIIDRISIU| Jue|d :3j313 3JNPO

SOA Abojoig jue|d pue Abojoig jlew3
¢buiyoeay Abojoyzed juelq :$9s1n02 331bap osg ‘poyjaw youeas

Ayis1anun y3AmisAsagy

‘pajuasald ejep ayj 1094402 10 31epdn 03 Ajlunlioddo ayj usAlb pue ‘pajoeiuod alam paysiignd ag 03 alam elep bulyosesl woym 1oy |3H ||e uoljedignd o3 Jolid

3uiyoeal A301j0yied jueld uo eleq “_ _ X_ _UCGA.._h_<

lipne ue )N ayj ul buluiey pue uonesnpa Abojoyied jue|d




yn-bioddsgmmm//:dily Abojoyzed jueld 1o} A3a190S ysiilig

N~
™

ejep oN 9IN}N213J0H auoyd
¢buiyoeay Abojoyjed jueld :9s4n0d d31bap osg :poyjaw yosueas

Jlemudo) ‘ab3ajjo0d Ayong

ON S9IUBIIS JISUSI04 pue [ealbojolg 2Sg auoyd
¢buiyoeay Abojoyzed juelq :9s4n0d d31bap oS g :poyjaw ysueas

Ayisianiun Aiauano)

ON Abojoig |lew? pue auoyd
¢buiyoeay Abojoyjed juejd :9s1n0d da4bap osg :poyjaw yoieas

AyisiaAiun yipaed

SOA 0z 817-Gl Asosindwo) 9 |9Ad7
ésjeanyoead Abojoyied jueld 1S94N399] JAaquinN :sjuapnis Jagwnn :Asos|ndwoo/jeuoydo HEVETYA1-EYY

JUBWUOJIAUT 3Y] 0] Sasuodsay jue|d :3J313 3JNPo

SOA 0z 81-Gl Asosindwo) 9 |9Ad7
ésjeanyoead Abojoyjzed jueld 1S34N399) JaqwinN :sjuapnis JagwnN :Asosjndwoo/jeuonydo HELETYVA1-EYY

suaboyied pue sajiseled ‘sisad :@]H3 ajnpon

SOA 92U3IDS JUB|d 2Sg pPuUe S82Ua12s0lg 2Sg [IeW?S pue auoyd
¢buiyoeay Abojoyjed juelq :9s4n0d d31bap 2sg :poyjaw ysueas

AyisiaA1un yaanyosisiay) Aingusjue)

ON S92UdIDS |ea1bojolg [lew?d pue auoyd
¢buiyoseay Abojoyjed juejq :9s4n0d d31bap 2sg :poyjaw ysueas

AjisIaAlun Yyjnowsauinog

SOA 2l gl Atosindwo) 9 |19A97]
ésjealjorad Abojoyzed jueld :$34N393] JAaqunN :S3U3PN]S JaqWNN :Asosindwos/jeuorydo HEJEIPAL-EY ]

juswabeuep wieq pajeibaju| :31313 3jNPON

SOA juswabeuey 924n0Say [N} NdLIbY [lewsa pue auoyd
¢buiyoeay Abojoyzed jueld :9s1n0d d34bap osg :poyjaw youeas

aJ1ysyJoA ‘abajjod uojing doysig

ON Abojoig |lews pue suoyd
¢buiyoeay Abojoyied juelq :9s1n0d d341bap osg ‘poyjaw youeas

Aj1s1aniun eds yjeg

‘pajuasald ejep ayj 1094402 10 31epdn 03 Ajlunlioddo ayj usAlb pue ‘pajoeiuod alam paysiignd ag 03 alam elep bulyosesl woym 1oy |3H ||e uoljedignd o3 Jolid

3uiyoeal A301j0yied jueld uo eleq “_ _ X_ _UCGA.._h_<

lipne ue )N ayj ul buluiey pue uonesnpa Abojoyied jue|d




yn-bioddsgmmm//:dily Abojoyzed jueld 1o} A3a190S ysiilig

(00}

™

S9A
ésjeanyoead Abojoyjed jueld

€
:S31N329] JaqunN

0S
SjUapnjs JaquinN

[euonydo
:Asosindwoo/jeuoydo

€ 19A97]
HEVETYILEIN

uo132910.d dou?) :3j33 3jNpoW

SOA
ésjeanyoead Abojoyzed jueld

€
:S31n329] JaqunN

19
Sjuapnjs JaquinN

[euonydo
:Asos|ndwod/jeuonydo

Z19na
SRV VIEYN

uo112910.1d doJ) :31313 3jNPOn

SOA
ésjeanyoead Abojoyjed jueld

SOA
¢buiyoeay Abojoyjzed juejd

ON
¢buiyoeay Abojoyjzed jueld

ON
¢buiyoeay Abojoyjzed jueld

ON
¢buiyoeay Abojoyzed jueld

ejep oN
:S34N309] JAqUINN

14
Sjuapnjs JaquinN

ainynd1by
:9s1n0d da4bap osg

9|gedijdde auoN
:9s1n0d d34bap osg

92UB12g [ed1bojolg
:951n03 da1bap 2sg

Abojoig
:9s4n02 331bap osg

|euonydo
:Asosindwos/jeuonydo

|lews pue auoyd
poyjawl youeas

A)isIaAluN swepy JadieH

[lews pue auoyd
poyjaw yosieas

Ay1s1aA1un uejuopaje) mobse|n

|lews pue auoyd
:poyjaw yoieas

Ayisianiun JsideN ybanquip3

[lews pue auoyd
:poyjaw yoieas

Aysianun |iH 9bp3

9 19na17
HEVEIYALEIN

AWoUo1bY padueApy :3]H3 3Jnpo

ON
ésjealjoead Abojoyzed jueld

SOA
¢buiyoeay Abojoyjzed juejd

€
1S24Nn393] JaquInN

06
:SjUSpN3S JaquinN

a1nynd1by
:9s1n0d da1bap osg

|euoiydo
:Asosjndwos/jeuorydo

|lews pue auoyd
poyjawl yosueas

yoimJoN 'abajjo) uojsey

€ 19191
HEY S VILEYN

JUSWUOIIAU

3 8y] 0] asuodsay pue ssalls :@]H3 ajnpow

EIN
¢buiyoeay Abojoyzed juelq

$92U310S |edibojolg
:951n03 da1bap osg

|lews pue auoyd
:poyjaw yoleas

Ajis1aAlun weyang

‘pajuasald ejep ayj 1094402 10 31epdn 03 Ajlunlioddo ayj usAlb pue ‘pajoeiuod alam paysiignd ag 03 alam elep bulyosesl woym 1oy |3H ||e uoljedignd o3 Jolid

3uiyoeal A301j0yied jueld uo eleq “_ _ X_ _UCGA.._h_<

lipne ue )N ayj ul buluiey pue uonesnpa Abojoyied jue|d




yn-bioddsgmmm//:dily Abojoyzed jueld 1o} A3a190S ysiilig

o))

™

ON
ésjeanyoead Abojoyzed jueld

ON
¢buiyoeay Abojoyjed jueld

14
:S31n329] JaqunN

€c
Sjuapnjs JaquinN

9|gedidde suoN 91ISO9M
:9s4n0d 331bap osg :poyjaw youeas

Ajisianiun ueyijodol}sy spaa]

leuondo € |9Aa7
:Asos|ndwod/jeuonydo HEJEIPAL-EY Y

SUOI30RIdIU| 1S9d-1SOH Jo AbPojoisAydood :9)313 Sjnpo

ON
ésjeanyoead Abojoyjed jueld

€
1S24Nn393] JaquInN

8¢
:SjUapPN}s JaquinN

leuonydo 2 |19A37]
:Asosindwos/jeuonndo HEJEIJAI-EYY

ABOJ0ISAUd |RPJUSWIUOIIAUT 3]} SINPON

SOA
ésjealjorad Abojoyzed jueld

SOA
¢buiyoeay Abojoyjzed juejd

ON
¢buiyoeay Abojoyjed jueld

ON
¢buiyoeay Abojoyjed juelq

ON
¢buiyoseay Abojoyjed juejq

8l
1S24Nn393] JaquinN

Sl
:SjUSpN3S JaquinN

$82UBI2S |ea1bojolg [lews pue auoyd
:9s4n02 331bap asg poyjawl yosueas

AjisJ1anun Jajysesue]

Abojoig |lews pue suoyd
:9s4n0d d31bap osg :poyjaw youeas

Ayisianiun uojsbury

3|gedijdde auoN JleWws pue aIsgam
:951n02 da1bap 2sg :poyjaw yaieas

uopuoT] 363jj0) s,bury

Abojoig |lews pue auoyd
:9sJn02 331bap 2sg :poyjaw yoieas

AjisIaAlun 3j33y

leuoiydo € |9A37]
:Asosindwos/jeuorydo HEJ ALY

SUOI10RIDIU| 9COIDIN-1UR|d JB[NI3JON :2]313 dJNPON

SOA
¢buiyoeay Abojoyzed jueld

ON
¢buiyoeay Abojoyied juelq

Abojoig |lews pue auoyd
:954n0d d31bap osg ‘poyjaw yoiess

uopuo- 369jj0) jersadwy

$92U310S |edibojolg |lews pue auoyd
:951n03 da1bap osg :poyjaw yoleas

Aj1s19A1UN 33EM-3OLISH

‘pajuasald ejep ayj 1094402 10 31epdn 03 Ajlunlioddo ayj usAlb pue ‘pajoeiuod alam paysiignd ag 03 alam elep bulyosesl woym 1oy |3H ||e uoljedignd o3 Jolid

3uiyoeal A301j0yied jueld uo eleq “_ _ X_ _UCGA.._h_<

lipne ue )N ayj ul buluiey pue uonesnpa Abojoyied jue|d




yn-bioddsgmmm//:dily Abojoyzed jueld 1o} A3a190S ysiilig

40

SBA ol
ésjeanyoead Abojoyzed jueld :$34N393] JaquinN

ge-0¢
Sjuapnjs JaquinN

Alos|indwo)
:Asosindwos/jeuonydo

2 Jeajp
HEVETPALEYN

SpPaa pue saseasiq ‘1Sad 21313 3|NPON

SOA
¢buiyoeay Abojoyjzed juejd

9.4N3|NJ11I0H puUB 34Nn}Nd1I0g.y
:9s1n0d da1bap osg

|lewsa pue auoyd
poyjawl youeas

aJlyseoue ‘ahajj0) ybnoosisApw

ON
¢buiyoeay Abojoyjzed jueld

S92U312S0Ig
:9s1n0d d34bap osg

[lews pue auoyd
poyjawl yosueas

AjisIaAlun X3saIppIN

ON
¢buiyoeay Abojoyjed jueld

Abojoig JejndajoN pue AbojoIqoldIN
:9s4n0d d31bap osg

[lews pue auoyd
:poyjaw yoleas

Aj1s1an1un uejrjodosjay J133saysuey

ON
¢buiyoeay Abojoyjed juelq

92UdIdsoIg
:9s1n0 da1bap osg

[lewsa pue auoyd
:poyjaw yoieas

A3i1siaA1un Yueg yjnos uopuoT

ON
¢buiyoseay Abojoyjed juejq

S92U3IDS |edIbojoIg
:9sJn02 331bap 2sg

|lewa pue a3Isgam
poyjawl yosueas

AjisiaAiun ue3ijodosjay uopuo-]

ON
¢buiyoeay Abojoyjzed juejd

Abojoig
:9s1n0d da1bap osg

|lews pue auoyd
poyjawl yosueas

AjisIaAlun SaJ0O uyor joodiaAlT]

ON 14
ésjealjoead Abojoyzed jueld 1S34N3}93)] JaqunN

2e-cl
:SjUSpN3S JaquinN

Atosindwo)
:Asosjndwod/jeuorydo

2 1edA
HEYEIVILEYN

suoije|

ndod pue susboyied ‘sanbe|d :3j3}1} jNPON

EIN
¢buiyoeay Abojoyzed juelq

Abojoig uewnH yym Abojoig ‘Abojoig uewny ‘Abojoig

jlewy
poyjawl yoleag

:951n03 da1bap osg

Ayis1aA1un adoH joodaanr]

‘pajuasald ejep ayj 1094402 10 31epdn 03 Ajlunlioddo ayj usAlb pue ‘pajoeiuod alam paysiignd ag 03 alam elep bulyosesl woym 1oy |3H ||e uoljedignd o3 Jolid

3uiyoeal A301j0yied jueld uo eleq “_ _ X_ _UCGA.._h_<

lipne ue )N ayj ul buluiey pue uonesnpa Abojoyied jue|d




yn-bioddsgmmm//:dily Abojoyzed jueld 1o} A3a190S ysiilig

41

ejep oN
ésjeanyoead Abojoyled jueld

-1
:S24Nn393] JaquINN

Gz punosy
:SjuUapn3s JaqunN

jeuoydo 2sg Abojoig 1o4
:AJos|ndwoo/jeuoydo

€ IedA
HEYEIYILEYN

ABOjouYD3]0Ig Ul SSIURAPY 31313 SJNPON

elep ON
ésjeanyoead Abojoyjzed jueld

Z-l
1S34n3293| JSqunNN

GZ punoly
SjUapN)s J3qUINN

|euoiydo
:Asosindwoo/jeuonydo

2 Jeap
HEVEIWILEYN

9DU3IDS Jue|d 3J}3 SINPOW

SOA
ésjeoanyoead Abojoyjed jueld

SOA
¢buiyoeay Abojoyzed jueld

ON
¢buiyoeay Abojoyzed juelq

ON

¢buiyoeay Abojoyjzed juejd

L
:S24Nn393] JaquInN

([Abojoig JendsjoN pue

11921 Abojoig g ‘Abojoig € 'an3nd1bY |t7)
o

Sjuapn3s JaquinN

92U3IDS [eJUBWILOIIAUT ‘ABOjOIg
:9s1n03 da1bap 2sg

Abojoig paijddy
:9s4n0d d31bap 2sg

Abojoig paijddy
:9s1n0d da1bap osg

Abojooz ‘(Abojoig Jejndsjon

pue ||90) Abojoig (Abojoig |ejuswuoIIAUF
pue Abojoa3) Abojoig ‘Abojoig Jo}
jeuolydo ‘ainyndolby Joj Alos|indwio)
:Asosjndwooy/jeuorydo

[lews pue auoyd
:poyjaw yoieas

A}ISIaAIUN S3)00.g PIOJXO

|lewsa pue auoyd
:poyjaw yoJeas

Aj1s1aA1un Juaal weybuijoN

|lews pue auoyd
poyjawl yoaueas

AjisIaAlun elIquINY3ION

| JeaA
HEYEIALEY

S158d doJ) 13|31} 3|NpoW

21n3}N211bY :3s4n0d 934bap 2sg

SOA
ésjealjoead Abojoyzed jueld

6l
1S24Nn393] JaquInN

19
:SjUSpN3S JaquinN

Atosindwo)
:Asosjndwod/jeuorydo

€ IedA
HEY VLY

Abojoyied jue|d :2J313 3Inpo

EIN
¢buiyoeay Abojoyzed juelq

(Abojoig Jejndsjo pue |13)) Abojoig ‘Abojoig

:951n03 da1bap osg

|lews pue auoyd
:poyjaw yoleas

A3isiaA1un 3j3seomaN

‘pajuasald ejep ayj 1094402 10 31epdn 03 Ajlunlioddo ayj usAlb pue ‘pajoeiuod alam paysiignd ag 03 alam elep bulyosesl woym 1oy |3H ||e uoljedignd o3 Jolid

3uiyoeal A301j0yied jueld uo eleq “_ _ X_ _UCGA.._h_<

lipne ue )N ayj ul buluiey pue uonesnpa Abojoyied jue|d




yn-bioddsgmmm//:dily Abojoyzed jueld 1o} A3a190S ysiilig

42

oN Abojoig jlewy
¢buiyoeay Abojoyied jueld :9s1n0d d34bap osg :poyjlaw youeas

uopuo-] Jo Ajisiaalun ‘Adepy uaanp

ON a|qeoyjdde auoN [leWS pue 9}ISgapm
¢buiyoeay Abojoyied jueld :9s1n0d d34bap osg :poylaw yasieas

ybanguip3 ‘Ajisianiun jasebiepy usanp

ON al 0¢-8l Jeuonydo € JBdA
ésjeanyoead Abojoyjed jueld :S34N3}99| JAaqunN :SjUapN3s JaqWNN :Asosindwoo/jeuoiydo HELETYA1-EYN

(‘Abojoyied Jo s3daau0d awos 210|dxa ||iM 1Ry} dWaY] B Ylim s|ediioesd awos a4 |jim a1ay} pue sjuspnis Jo Jaquinu awes ay} Inoge aAey ||im 3| "9|npow Abojouydajolg jueld e yyim padejdal aq ||Im 9|npow Siyl Jeah 1xaN)
UOI32830.d PuUB U0I}dNPO.d dol) :3]313 3jNpon

SOA 9 0¢ Jeuoiydo [N
ésjeanyoead Abojoyled jueld $S94N399] JAaqunN :sjuapnis JagwnN :Asosindwoo/jeuorydo HEVETYA1-EY

ABO|0ISAUd JuB|d |[RIUBWUOIIAUT 331} S]NPON

SOA S92U3IDS |ed1bojolg [IEWS pue auoyd
¢buiyoeay Abojoyjed jueld :9s4n0d d31bap o2sg :poyjaw yosueas

Ayisianiun yjnowAjq

SBA 9 08 jeuonndo € 1eaA
ésjeanyoead Abojoyzed jueld :$34N3}99] JaquinN :Sjuapnls JAqWNN :Asos|ndwos/jeuonydo HEJ VALY

WIaISAS aunww| Jue|d :3J313 3jNpon

SOA Zl S6 leuonndo Z 1B3A
ésjeanyoead Abojoyjed juejd :$34N329] JaquinN :sjuapnis JAqwnN :Asosindwos/jeuonndo HEJEIJA1-EYY

950351 JUB|d :3]}13 3INPON

ON q 2l Atosindwo) | JeaA
ésjealjoead Abojoyzed jueld 1S34N3}93)] JaquinN :SjUapN3s JaquinN :Asosjndwod/jeuorydo HEYETA1-EY

9s4Nn0d JedA )siid

EIN s92uaIdg |edibojolg [lews pue auoyd
¢buiyoeay Abojoyzed juelq :9s1n0d d341bap osg ‘poyjaw youeas

Ay1s1aA1un paoyxo

‘pajuasald ejep ayj 1094402 10 31epdn 03 Ajlunlioddo ayj usAlb pue ‘pajoeiuod alam paysiignd ag 03 alam elep bulyosesl woym 1oy |3H ||e uoljedignd o3 Jolid

3uiyoeal A301j0yied jueld uo eleq “_ _ X_ _UCGA.._h_<

lipne ue )N ayj ul buluiey pue uonesnpa Abojoyied jue|d




yn-bioddsgmmm//:dily Abojoyzed jueld 1o} A3a190S ysiilig

™

4

ON
ésjeanyoead Abojoyjed jueld

4
:1S31Nn329| JaquNN

14
:SjUapnjs JaquinN

leuonydo

:Alos|indwoo/jeuoydo

€ Jeap
HEVEIWILEIN

JUSWUOJIAUT 8] pue sjue|d :2buey) alewl|d :3J313 ajnpon

ON
ésjearyoead Abojoyzed jueld

L
:S31Nn}29] JaqunN

ov
Sjuapnjs JagquinN

leuondo

:Asosindwod/jeuorydo

2 Jeap
HEVETYALEIN

aJI7 jue|d 31313 3NPoW

ON
ésjeanyoead Abojoyled jueld

SOA
¢buiyoeay Abojoyjzed juejd

Jaqwinu d1J129ds oN
:S24n309] JaquiNN

0l-9
iSjUapPN)S JaquinN

Abojoig
:9s1n0d d34bap osg

leuondo

:Asos|ndwoo/jeuoydo

[lews pue auoyd
poyjawl youeas

uopuo-] Jo AjisiaAlun AemojjoH jeAoy

9 [anaT]
HEYETVILEY

20U

3195 Jue|d pue doJ) PaJUBAPY :3J313 3JNPOW

ejep oN
ésjeanyoead Abojoyzed juejd

SOA
¢buiyoeay Abojoyjzed jueld

ON
¢buiyoeay Abojoyjed jueld

elep oN
:S34N309] JaqUINN

ejep oN
SjUaPN3S JaqUINN

91n3N211bY
:9s4n0d 331bap osg

9|gedidde suoN
:9s4n0d d31bap osg

e1ep oN

:Asos|ndwos/jeuorydo

auoyd
:poyjaw yaieas

9b3)j0) |eun}Nd1IbY JRAOY

[lews pue auoyd
:poyjaw yaieas

u3apIaqgy ‘AjISIaAlun UOPIOS 313GOY

€ Jeaj
HEVEIVALEYN

e}ep ON :9]313 3jnpo

e1ep ON
ésjeanyoead Abojoyjed jueld

e-Z
:S24Nn393] JaquInN

02
:SjUapPN}s JaquinN

Atosindwo)

:Asosindwos/jeuonndo

2 Jeap
HEVEIPALEYN

uo139Npold dou) :3j3 ajnpo

ejep oN
ésjearjoead Abojoyzed jueld

€-Z
1S24Nn393] JaquInN

oc
:SjUSpN3S JaquinN

Atosindwo)

:Asosjndwod/jeuorydo

| Jea
HEYETJILEY

22UBPS Jueld :3J}H3 ANPOW

EIN
¢buiyoeay Abojoyzed juelq

Abojouydsa] |einynolby

:9s1n03 da1bap 2sg

|lews pue auoyd
:poyjaw yoleas

(9s14d1ajug jeany pue pood 31n}nd1iby jo 3b3jj0) Je jybne) Jeah puz pue 3s|) jseyag ‘AISIBAIUN S,Ud3NY

‘pajuasald ejep ayj 1094402 10 31epdn 03 Ajlunlioddo ayj usAlb pue ‘pajoeiuod alam paysiignd ag 03 alam elep bulyosesl woym 1oy |3H ||e uoljedignd o3 Jolid

3uiyoeal A301j0yied jueld uo eleq “_ _ X_ _UCGA.._h_<

lipne ue )N ayj ul buluiey pue uonesnpa Abojoyied jue|d




yn-bioddsgmmm//:dily Abojoyzed jueld 1o} A3a190S ysiilig

4

<

ON
ésjeanyoead Abojoyjed jueld

ejep oN
¢bujyoeay Abojoyzed jueld

ON
¢buiyoeay Abojoyzed juelq

ON
¢buiyoeay Abojoyjzed juejd

-l
:S24n309] JaquINN

14
iSjuapnjs JaquinN

S32U3IDS |edIbojoIg
:9s4n0d dalbap osg

[lews pue auoyd
:poyjaw yaJeas

AjisIaAluUn dpISSaal

Abojoig Jlews pue auoyd
:9sJn0d dalbap osg :poyjaw ysieas

A}IsIaAlun easuems

Abojoig |lews pue auoyd
:9s4n0d d34bap osg ‘poyjaw youeas

AjisIaAlun adiysployeis

Asosindwo) € JesA
:Asosindwoo/jeuoydo HEVETYA1-EY

ABojouydajoig Jueld :31313 ANPOW

SOA
ésjeanyoead Abojoyjzed jueld

SOA
¢buiyoeay Abojoyjed jueld

9-¢
1S34N323] JSquNN

S
SjUapN3s J3quINN

Abojoig |lews pue suoyd
:9s4n0d d3lbap osg :poyjaw youeas

Ajis1aAlun wejjeH plaays

(21/1102 Ul € Je3A)
Jeuoizdo 7 10 € JB3A
:Asosindwoo/jeuorydo HEVETYA1-EYN

U01129]0.d JUB|d Ul SBAI1DadSIad MaN :@]H3 3JNPon

SOA 9IN}N213J0H [leW?S pue auoyd
¢buiyoeay Abojoyjed jueld :9s4n0d d31bap o2sg :poyjaw ysueas

SOA G-€ S leuonndo L

ésjeanyoead Abojoyjed juejd :$34N329] JaquinN :sjuapnis JAqwnN :Asosindwos/jeuonndo HEJEIJAI-EYY

ABojouysa] U01129]01d Jue|d 3]} 3INPON

SOA
ésjealjoead Abojoyzed jueld

9-€
1S24Nn393] JaquInN

4!
:SjUSpN3S JaquinN

|euoiydo (¥ 40 IN0) € Jesap
:Asosjndwos/jeuorydo HEYETYA1-EY

U01129]0.d 1UB|d Ul S3AI1DadSIad MaN :@]}H3 8JNPoN

EIN
¢buiyoeay Abojoyzed juelq

9ouaIdsolg paljddy pue ainyndlby
:9s4n0d dalbap osg

|lews pue auoyd
:poyjaw yoleas

9b3)j0) jeun3INdLIbY ysi3309s

‘pajuasald ejep ayj 1094402 10 31epdn 03 Ajlunlioddo ayj usAlb pue ‘pajoeiuod alam paysiignd ag 03 alam elep bulyosesl woym 1oy |3H ||e uoljedignd o3 Jolid

3uiyoeal A301j0yied jueld uo eleq “_ _ X_ _UCGA.._h_<

lipne ue )N ayj ul buluiey pue uonesnpa Abojoyied jue|d




yn-bioddsgmmm//:dily Abojoyzed jueld 1o} A3a190S ysiilig

n
<

ON
ésjeanyoead Abojoyjed jueld

ON
¢buiyoeay Abojoyzed jueld

[44
:S34n329] JaqunN

0c
:Sjuapnjs JagquinN

92UdI2S |ed1bojolg
:9sJn0d dalbap osg

[euondo
AJos|ndwod/jeuonndo

[lewsa pue auoyd
poyjaw yoieas

allyspaojpag jo Ajisianiun

€ Jeaj
HEV WAL

suo

1102431U| WSIULDIO0IDIN-IUL|d 31313 3JNPON

SOA
ésjeanyoead Abojoyjed jueld

ac
:S34n399] JaqunN

G2-0¢
Sjuapnjs JaguinN

[euonydo
Asosindwos/jeuorydo

2 Jeap
HEVEIPALEYN

Abojoyjed Jueld 21313 9|npo

SOA
¢buiyoeay Abojoyzed juejq

Abojoig
:9s1n0d da4bap osg

|lews pue auoyd
poyjaw yosleas

y3egq jo AjisiaAiun

ésjeanyoead Abojoyjed jueld

:S34n329] JaqunN

Sjuapnjs JagquinN

ON SIeUIWaS "pnjdul 2z “xolddy elep oN jeuonndo BLEIN

ésjearjoead Abojoyzed juejd :S34N393] JaqunN :SjUdpPN3S JAqWNN :Asosindwod/jeuonydo HEJ ALY}
yjjeaH 1sa404 Jo Aboj0d3 pue Abojoig :3]313 3|NpoW

AJ1S2104 :9s4n0d d34bap 2Ssg

ON o€ 14 Jeuonydo (740 IN0) € Jeap

Asosindwos/jeuoiydo

HEVEIPALEYN

9seasiq jue|d Jo ABojod3 pue Abojolg :3J}13 3|INpo

SOA
¢buiyoeay Abojoyzed juejq

ON
ébuiyoeay Abojoyzed jueld

ON
¢buiyoeay Abojoyzed jueld

Abojoig
:9s1n0d da4bap osg

S92U3IDS |edIbojoIg
:9s4n0d dalbap osg

aoualdsolg
:954n02 2a1bap osg

|lews pue auoyd
poyjaw yosieas

u33pIaqy o Ajsianlun

[lewsa pue auoyd
poyjaw yosieas

uopuoT] 363J109 AjIsiaAalun

[lewsa pue auoyd
:poyjaw yoleas

yjoyyns sndwe) AjIsiaAiun

‘pajuasald ejep ayj 1094402 10 31epdn 03 Ajlunlioddo ayj usAlb pue ‘pajoeiuod alam paysiignd ag 03 alam elep bulyosesl woym 1oy |3H ||e uoljedignd o3 Jolid

3uiyoeal A301j0yied jueld uo eleq “_ _ X_ _UCGA.._h_<

lipne ue )N ayj ul buluiey pue uonesnpa Abojoyied jue|d




yn-bioddsgmmm//:dily Abojoyzed jueld 1o} A3a190S ysiilig

46

ON S G9 |euonydo € JB3A
ésjearjoead Abojoyzed juelq :$34N399] JagqunN :sjuapn3s JagwunN :Asosindwoo/jeuoydo HELETYA-EYN

Abojouydajolg [ednyndliby :9j33 ajnpo

BN Gl 0L [euondo [ELEON
ésjeanyoead Abojoyjed jueld :$34N399] JaquinN :SjUapN3Ss JAqWNN :Asosindwoo/jeuonydo HELETYAL-EYY

a5eas1Q Jueld :3|313 ANPOW

SBA Z 08l Alos|ndwo) BN
ésjeanyoead Abojoyjed jueld :$34N399] JaqunN :SjUdpN3S JAqWNN :Asosindwos/jeuonydo HEJEIJAL-EY

9s.Nn02 Jedh )sii4

SOA Abojoig |lews pue auoyd
¢buiyoeay Abojoyzed juejq :9s1n0d da4bap osg :poyjaw youeas

Jo3siig Jo AjisiaAlun

ON Abojoig |lewa pue auoyd
ébuiyoeay Abojoyzed jueld :9s4n0d d31bap 2sg :poyjaw ysieas

uolybiig jo Ajisianiun

ON Abojoig |lewa pue auoyd
¢buiyoeay Abojoyzed jueld :9s4n0d d31bap o2sg :poyjaw ysieas

uojjog jo A}isiaAlun

L 09-05 leuoiydo Z JBaA

ON
ésjeanjoead Abojoyzed juelq :$34N399) JagqunN :SjUapPN3Ss JAqWNN :Asosindwoo/jeuonydo HELETYA1-EYN

JUBWUOJIAUT 3] 03 S3|NJ3JON Wol) Abojoig Jue|d 31313 3jnpon

SOA S92UdIDS |ed1bojolg [lew? pue auoyd
¢buiyoeay Abojoyzed jueld :9s4n0d d31bap o2sg :poyjaw ysieas

weybuiwg jo Ajisianlun

‘pajuasald ejep ayj 1094402 10 31epdn 03 Ajlunlioddo ayj usAlb pue ‘pajoeiuod alam paysiignd ag 03 alam elep bulyosesl woym 1oy |3H ||e uoljedignd o3 Jolid

3uiyoeal A301j0yied jueld uo eleq “_ _ X_ _UCGA.._h_<

lipne ue )N ayj ul buluiey pue uonesnpa Abojoyied jue|d




yn-bioddsgmmm//:dily Abojoyzed jueld 1o} A3a190S ysiilig

47

SOA
ésjeanyoead Abojoyjed jueld

-l
:S31n329] JaqunN

0¢ [euondo
:S3UdpPN3S JaqWNN :Asosindwoo/jeuonydo

2 Jeax
HEV WAL

ABOJOIGOIDIA 3J33 SINPON

ON
ésjeanyoead Abojoyjed jueld

SOA
ébuiyoeay Abojoyzed jueld

4
:S34n399] JaquinN

Abojoig
:9sJn0d dalbap osg

0z Asosindwo)
:SjUdpN3Ss JAqWNN :Asosindwoo/jeuonydo

[lewsa pue auoyd
:poyjaw yoieas

Aquaq jo Ayisianiun

| JeaA
HEVEJALEY

BUNYINDIAIIS 31313 dINPOW

SOA
ébuiyoeay Abojoyzed jueld

ON
¢buiyoeay Abojoyzed jueld

ON
¢buiyoeay Abojoyjzed juejd

AJ1sa104
:9s1n02 d3Jibap osg

Abojoig
:9s4n0d dalbap osg

$92U3I0S |edibojolg
:9s1n03 da1bap 2sg

[lewsa pue auoyd
poyjaw ysJeas

eLIquin) Jo AjISIaAlUN

Jlewa pue a31sgam
poyjaw yosueas

19353y Jo A}ISIaAIUN

[lews pue auoyd
poyjaw yoleas

aljyseoue jeJjua) Jo AjIsianlun

SOA [44 09-09 leuoiydo Z Jeap

ésjearjoead Abojoyzed jueld 1S94Nn3299] JAaqWInNN :sjuapnls Jagwnn :Asos|ndwoo/jeuoydo HEVETYA1-EYN
S9UDIDS |RIJOJDIN PUB JUB|d :3]313 3JNPON

SOA 9 0v2-0€¢ [euonydo | J1BOA

ésjeanjoead Abojoyzed juelq :$34N399] JaqunN :S3UapPN3S JAqWNN :Asosindwoo/jeuonydo HELETYA1-EYN

swisiuebiQ 1o AbojoISAyd :9]313 d|Npo

SOA
¢buiyoeay Abojoyzed jueld

$92UBIDS |elnieN
:954n02 2a1bap osg

[lewsa pue auoyd
:poyjaw yoieas

abpriqwe) jo AjIsiaalun

‘pajuasald ejep ayj 1094402 10 31epdn 03 Ajlunlioddo ayj usAlb pue ‘pajoeiuod alam paysiignd ag 03 alam elep bulyosesl woym 1oy |3H ||e uoljedignd o3 Jolid

3uiyoeal A301j0yied jueld uo eleq “_ _ X_ _UCGA.._h_<

lipne ue )N ayj ul buluiey pue uonesnpa Abojoyied jue|d




yn-bioddsgmmm//:dily Abojoyzed jueld 1o} A3a190S ysiilig

0

<

ON
ésjearjoead Abojoyzed juejd

Sl
1S94n399] JaqWInN

Ol
:SjUapN}S JaquinN

[euolydo
:Asosindwod/jeuonydo

7 JeBA
HEY VALY

ABojoyjed jueld pue 1buny :aj313 ajNPon

SOA
ésjearjoead Abojoyzed juejq

S
1S94N399| JaqWINN

A
:SjUapN)S JaquinN

|euoiydo
:Asos|ndwoo/jeuoydo

(7 40 1N0) ¢ Jed\
HEVEIJALEY

ABoJOISAUd JUBld :3]313 SINPO

SOA
ésjeanjoead Abojoyzed juelq

9
:S31n329] JaquInN

06
:SjUapN3s JaquinN

|euoiydo
:Asosindwoo/jeuoydo

(7 J0 3n0) Z Je3)
HEYEIWILEY

sIsoIquIAS pue 1bun jue|d :3j313 3INpo

ON
ésjeanjoead Abojoyzed juelq

SOA
ébuiyoeay Abojoyjed jueld

ON
¢buiyoeay Abojoyjzed juejd

0¢
1S34n329] JaquinN

Zl
:Sjuapnjs JaquinN

S32U3I0S |edIbojoIg
:9sJn0d dalbap osg

9|gedidde suoN
:9s4n0d d31bap osg

leuoiydo
:Asos|ndwoo/jeuoydo

[lewsa pue auoyd
:poyjaw yoJeas

ybinquip3 jo AjIsiaAlun

|lews pue a3sgam
:poyjaw yoieas

uopuo-] jse3 jo AjsiaAlun

€ Jeap
HEYEIYILEY

suoloe

19]U| 3GOJDIN-1UB|d JBINDSJO 31313 SINPOW

ejep oN
ésjeanjoead Abojoyzed juelq

L
:S31n329] JaquInN

ov-0¢
:Sjuapnjs JagquinN

[euonydo
:Asosindwoo/jeuonydo

2 Jea
HEV WAL

ABoJ0Iq JUeld 3313 3INPOW

ejep ON
ésjeanjoead Abojoyzed juelq

SOA
¢buiyoeay Abojoyzed jueld

elep ON
:S31n329] JaquinN

0.1-091
:SjUapnjs JaquinN

S92U3IDS |edIbojoIg
:9sJn0d da1bap osg

Asosindwo)
:Asosindwoo/jeuonndo

[lewsa pue auoyd
:poyjaw yoieas

eljbuy 3se3 jo AjIsiaalun

elep oN
HEV WAL

e1ep ON :31313 INPOW

SOA
¢buiyoeay Abojoyzed jueld

Abojoig
:9sJn0d dalbap osg

[lewsa pue auoyd
:poyjaw yoieas

dapunq jo AjISIaAIUN

‘pajuasald ejep ayj 1094402 10 31epdn 03 Ajlunlioddo ayj usAlb pue ‘pajoeiuod alam paysiignd ag 03 alam elep bulyosesl woym 1oy |3H ||e uoljedignd o3 Jolid

3uiyoeal A301j0yied jueld uo eleq “_ _ X_ _UCGA.._h_<

lipne ue )N ayj ul buluiey pue uonesnpa Abojoyied jue|d




yn-bioddsgmmm//:dily Abojoyzed jueld 1o} A3a190S ysiilig

elep ON
ésjeanjoead Abojoyzed juejd

o))

<
ejep oN 9IN}N21}I0H [lew? pue auoyd
¢buiyoeay Abojoyzed jueld :9s4n0d d31bap 2sg :poyjaw ysieas
OoN 21n3|N211bY |eUOIIRUISIU| |lew?a pue auoyd

¢buiyoeay Abojoyzed juejq

ejep oN
¢buiyoeay Abojoyzed juejq

9
1S84n399] JaqWNN

91-8
:SjUapN}S JaquinN

195103 da1bap 2sg

:9s1n0d d34bap osg

poyjaw yoleas

YdIMU3319 Jo AJISIaAlun

Abojoig |lews pue auoyd

poyjawl yosieas
311YyS193539N0]9 J0 AJSIIAIUN

7 Jeap
HEVETPALEYN

[euoiydo
:Asosindwos/jeuonydo

Abojoig Jejndsjop jueld 21313 3JNPoN

ON
ésjeanjoead Abojoyzed juelq

SOA
ébuiyoeay Abojoyzed jueld

ON
ébuiyoseay Abojoyjed jueld

€
:S31n329] JaquInN

(ABojouyoazolg yym) Abojoig Jejnjiad R Jendajo ‘(@2Ua1dS Jue|d
yum) Abojoig Jeinjja) X JeindsjoN ‘Abojoig Jejn|iad R Je[nI3JoN ‘S2118ua9 ‘Alisiwaydolg

0L
:Sjuapnjs JagquinN

[lewsa pue auoyd

:S354n02 d31bap osg poyjaw ysieas

:9s1n03 dalbap 2sg

mobse|9 jo Ajisianlun

Abojoig |lews pue auoyd

:poyjaw yoieas

uebiowej9 jo Ajisianiun

[euodo
:Asosindwoo/jeuoydo

€ Jeap
HEV WAL

9seasI[ JO S10109}47 [RIGOIDIN :3J3}3 dINPOW

e}ep ON
ésjeanjoead Abojoyzed juelq

SOA
¢buiyoeay Abojoyzed jueld

4
:S31n329] JaquinN

Sl
:SjUapnjs JagquinN

:Asosindwoo/jeuoydo

S92U3IDS |edIbojoIg jlewy

195103 3albap 2sg

:poyjaw yoieas

1933x3 Jo AJISIaAIUN

jeuondo € JeaA

HEV WAL

AbBojouydajolg |eIUSWUOIIAUT PUE JUuB|d :3J}} 3JNPOW

SOA
¢buiyoeay Abojoyzed jueld

92UdI2S |ed1bojolg

[lewsa pue auoyd

195103 3albap 2sg :poyjaw yoleas

X3sS3 Jo A}ISI9AIUN

‘pajuasald ejep ayj 1094402 10 31epdn 03 Ajlunlioddo ayj usAlb pue ‘pajoeiuod alam paysiignd ag 03 alam elep bulyosesl woym 1oy |3H ||e uoljedignd o3 Jolid

3uiyoeal A301joyied ueld uo eleq *

| XIpuaddy

lipne ue )N ayj ul buluiey pue uonesnpa Abojoyied jue|d




yn-bioddsgmmm//:dily Abojoyzed jueld 1o} A3a190S ysiilig

50

ON Abojoig |lews pue auoyd
¢buiyoeay Abojoyzed juejq :9s1n0d da4bap osg :poyiaw ysieas

Juay| Jo Ajisianiun

ON Abojoig |lewa pue auoyd
ébuiyoeay Abojoyzed jueld :9s4n0d d31bap 2sg :poyjaw ysieas

IINH jo AjsIaAlun

ON Abojoig |lewa pue auoyd
ébuiyoeay Abojoyjed jueld :9s4n0d d31bap o2sg :poyjaw ysieas

PISYSIAPPNH 0 AjisIaAiun

eJep ON AJ3salod [lew? pue auoyd
¢buiyoeay Abojoyzed juejd :9s4n0d d31bap osg :poyjaw yosieas

spue|s| pue spuejybiHq ayj jo A}isIaAlun

ON 14 L [euoiydo € JB3A
ésjeanjoead Abojoyzed juelq 1S94Nn3293] JAaqWNN :Sjuapn3s Jagwnn :Asos|ndwoo/jeuoydo HEYETYA1-EYN

eJep ON :3J313 3INPOW

SN 14 o] jeuo3do 2 Jeap

ésjeanjoead Abojoyzed juelq :$34N399] JagqunN :S3UapPN3S JAqWNN :Asosindwoo/jeuonydo HELETYA1-EYN
B1ep ON :9]313 3Npo

SOA S92UdIDS |ed1bojolg [lew? pue auoyd

¢buiyoeay Abojoyzed jueld :9s4n0d 331bap 2sg :poyjaw ysieas

3J1yspJoj1iaH jo Ajisianiun

‘pajuasald ejep ayj 1094402 10 31epdn 03 Ajlunlioddo ayj usAlb pue ‘pajoeiuod alam paysiignd ag 03 alam elep bulyosesl woym 1oy |3H ||e uoljedignd o3 Jolid

3uiyoeal A301j0yied jueld uo eleq “_ _ X_ _UCGA.._h_<

lipne ue )N ayj ul buluiey pue uonesnpa Abojoyied jue|d




yn-bioddsgmmm//:dily Abojoyzed jueld 1o} A3a190S ysiilig

51

ejep oN
¢buiyoeay Abojoyzed juejq

2in}Ind1Iby
:9s1n0d d34bap osg

|lews pue auoyd
poyjaw yosleas

SOA
ésjeaijoead Abojoyzed juejd

ON
¢buiyoeay Abojoyzed jueld

ON
¢buiyoeay Abojoyzed juejd

paseq-ge| e - SUON
:$91N129| JaquinN 2.

:S31n}93] JaquNN iSjUapN3s JaquinN

Abojoig
:9sJn0d dalbap osg

$92U3I0S |edibojolg
:9s1n03 da1bap 2sg

feuondo

:Asosindwod/jeuonydo

[lewsa pue auoyd
:poyjaw yoieas

ujodui jo AjIsiaAlun

auoyd
(poyjaw yoleas

13)s932197 J0 A}isIaAlUn

€ Jeap
HEVEIPALEYN

Abojoig jueld palddy :2]313 a|npo

SOA
ésjearjoead Abojoyzed juejd

9 ov
1S31n}99] JAaquINN iSjUapn3s JaquinN

leuondo

:Asos|ndwoo/jeuoydo

2 1edA
HEYEIVILEYN

$159d doJ) se sjewiuy :3jH3 ajnpo

SOA
ésjeanjoead Abojoyzed juejd

9 ov
:S24n}93| JAqWINN :Sjuapnjs JaquinN

leuondo

:Asos|ndwoo/jeuoydo

2 Jeap
HEYEIWILEYN

A)1In2aS poo :31313 3INPoW

e}ep ON
ésjeanjoead Abojoyzed juelq

9 ejep ON
:S31n329] JaquInN :Sjuapnjs JagquinN

elep oN

:Asosindwoo/jeuonydo

| JeIA
HEVEJALEY

ol

n)InaLbY pue Abojoig paliddy :3j313 INpow

SOA
¢buiyoeay Abojoyzed jueld

Abojoig
:9sJn0d dalbap osg

[lewsa pue auoyd
:poyjaw yoieas

Spa3 Jo AjisiaAlun

pajuasald ejep ayj 1094402 10 d1epdn 03 Ajlunjioddo syl usaAlb pue ‘pa3drju0d alam paysliignd g 03 a1am eiep buiyseal Woym 1oy [3H ||e uoliedijgnd o3 Jolid

3uiyoeal A301j0yied jueld uo eleq “_ _ X_ _UCGA.._h_<

lipne ue )N ayj ul buluiey pue uonesnpa Abojoyied jue|d




yn-bioddsgmmm//:dily Abojoyzed jueld 1o} A3a190S ysiilig

o

n

ON
ésjeanjoead Abojoyzed juelq

ON

¢buiyoeay Abojoyzed jueld

4
:S31n329] JaquInN

[0}
:SjuUapnjs JagquinN

Abojoig
:9s4n0d da1bap osg

ejep oN
:Asosindwoo/jeuonydo

[lewsa pue auoyd
:poyjaw yoieas

uojdweylioN Jo A}ISIaAIUN

€ Jeap
HEVEIWILEY

Abojouydalolg Jueld :31313 NPow

ON
ésjeanyoead Abojoyjed jueld

9
:S34n399] JaquinN

Ov-0€
:Sjuapnjs JagquinN

9DU3IDS S Jue|d Jo} Alosindwo)
:Asosindwoo/jeuonydo

€ Jeaj
HEV WAL

suoi1oelaU| Usboyled ue|d 3|13 JNPoN

ON
ésjeanjoead Abojoyzed juejd

4
:S34n329] JaqunN

00¢
Sjuapnjs JaquinN

ejep oN
:Asos|ndwod/jeuonydo

| JeaA
HEVEIPALEYN

ABOJOIGOIDIA 31313 BINPON

ON
ésjeanjoead Abojoyzed juejd

SO

¢buiyoeay Abojoyzed juejq

S
1S84n399] JaqWINN

(0}3)
:SjUapN}S JaquinN

9JUBI0S jue|d pue Abojoig
:9s1n0d da4bap osg

|euolydo
:Asosindwod/jeuonydo

[lews pue auoyd
poyjawl yosleas

13)sayduey Jo A}isIaAlun

€ Jeap
HEVEIPALEYN

AYISIaAIQ [RIGOIDIA 31313 SINPON

ON
ésjeanjoead Abojoyzed juejd

|
1S94n399] JaqWInN

oct
:SjULPN}S JaquinN

|euoiydo
:Asos|ndwos/jeuoydo

2 1edA
HEYEIVILEYN

e1ep ON :91313 9|Npo

ON
ésjearjoead Abojoyzed juejd

L
1S34n329] JaquInN

(o]0}
:sjuapnjs JaquinN

leuoiydo
:Asos|ndwoo/jeuorydo

| JeaA
HEYEJILEY

S9QOJDIN JO Abojoig :9]}13 3jnpo

ON
ésjeanjoead Abojoyzed juelq

€
:S31n329] JaquinN

00¢
:Sjuapnjs JagquinN

Asosindwo)
:Asosindwoo/jeuonydo

| JBIA
HEVEJILEY

S

GOJDIN PUE SIUBId JO A}ISIBAI] :3J}3 SINPO

SSA

¢buiyoeay Abojoyzed jueld

S92U3IDS |edIbojoIg
:9sJn0d dalbap osg

[lewsa pue auoyd
:poyjaw yoleas

JoodJaAIT Jo AjISIdAIUN

‘pajuasald ejep ayj 1094402 10 31epdn 03 Ajlunlioddo ayj usAlb pue ‘pajoeiuod alam paysiignd ag 03 alam elep bulyosesl woym 1oy |3H ||e uoljedignd o3 Jolid

3uiyoeal A301j0yied jueld uo eleq “_ _ X_ _UCGA.._A.._<

lipne ue )N ayj ul buluiey pue uonesnpa Abojoyied jue|d




yn-bioddsgmmm//:dily Abojoyzed jueld 1o} A3a190S ysiilig

™
LN
AJuo [ejuspiou| 2.4n}ndoLby [lew?s pue auoyd
ébuiyoeay Abojoyzed jueld :9s4n0d d31bap o2sg :poyjaw ysieas
SOA Gl Gl |euoiydo [4ELN
ésjeajoead Abojoyzed jueld :S34N323] JaqunN :SjUdpN3Ss JAqWNN :Asos|ndwos/jeuorydo HEJEIPAL-EY ]

aseas|( jue|d Jo Juswabeuey pue Ab0j0d] :3)}3 3jnpo

SOA
ésjeanjoead Abojoyzed juejd

SaA

cbuiyseay Abojoyjed jueld

ON

¢buiyoeay Abojoyzed juejq

ac
1S84n399] JaqWINN

9g
:SjUapN}S JaquinN

aIn}na1iby/sadualds [eaibojolg
:951n03 da1bap 2sg

|lewsa pue auoyd
(poyjaw youeas

buipeay jo AjisiaAlun

Abojoig |lews pue auoyd
:9s4n0d d34bap osg ‘poyjaw youess

yanows}iod Jo Ajsianiun

jeuonndo € Jeap
:Asosindwod/jeuonydo HEJEIPAI-EY ]

|043U0D) 3SeasI( Jue|d 31313 3JNPON

SOA
ésjeanjoead Abojoyzed juejd

0c
1S94n399] JAaqWINN

9g
:SjULpN)S JaquinN

jeuonndo [SELEEIN
:Asos|ndwos/jeuoydo HEYETYA1-EY

SUOI}DRISIU| SCOIDIN Jueld :3J313 SJNPON

ON
ésjearjoead Abojoyzed juejd

0¢
1S34n329] JaquInN

L1-06
:sjuapnjs JaquinN

jeuondo € IeaA
:Asos|ndwoo/jeuorydo HEYETYA1-EYN

ABojoyied 1ue|d Jejnda|oA :3]313 9jNPON

SOA
ésjeanjoead Abojoyzed juelq

4
:S31n329] JaquinN

0¢1-08
:SjUapnjs JaquinN

jeuo3do Z 1BoA
:Asosindwoo/jeuoydo HELETYAL-EYN

Abojoyied jue|d A1010npouiu| 9313 dJNpoN

SSA

¢buiyoeay Abojoyzed jueld

92UdIDS Jue|d pue Abojoig
:9sJn0d dalbap osg

[lewsa pue auoyd
:poyjaw yoleas

weybuijjoN jo Ayisianiun

‘pajuasald ejep ayj 1094402 10 31epdn 03 Ajlunlioddo ayj usAlb pue ‘pajoeiuod alam paysiignd ag 03 alam elep bulyosesl woym 1oy |3H ||e uoljedignd o3 Jolid

3uiyoeal A301j0yied jueld uo eleq “_ _ X_ _UCGA.._h_<

lipne ue )N ayj ul buluiey pue uonesnpa Abojoyied jue|d




yn-bioddsgmmm//:dily Abojoyzed jueld 1o} A3a190S ysiilig

<

n

OoN USALIP-]UapNIS
ésjearjoead Abojoyzed juejd :S34N399] JaqunN

Ol
:SjUapN}S JaquinN

[euolydo
:Asosindwod/jeuonydo

14
HEYETYIT-EYY

suol}oeIBIU|

JUSWIUOJIAUT-IUR|d SISOIqUIAS :3]}3 3Jnpo

ON 8
ésjearjoead Abojoyzed juejq :1S94Nn3}93] JAqWINN

0s
:SjUapPN)S JaquInN

|euoiydo
:Asos|ndwoo/jeuoydo

(7 J03n0) €
HEYETYAEY

SUOI1DRIBIU| JUB|d-[PWIUY 31313 SINPON

SOA
¢buiyoeay Abojoyzed juejq

ON
¢buiyseay Abojoyjed jueld

ON 9
ésjeanjoead Abojoyzed juejd :1S94Nn393] JAqWINN

14
:SjULpPN}S JaquinN

Abojoig
:3s4n0d 33lbap osg

Abojoig
:9s1n0d d34bap osg

|euoiydo
:Asos|ndwos/jeuoydo

[lews pue auoyd
:poyjaw yoieas

SM3JpuY 3S Jo AJISIaAIUN

|lewsa pue auoyd
(poyjaw yoieas

uojdweyjinos jo A}isIdAlun

€ IedA
HEYEIVLEYN

Ssjue|d Ul uoijejnbay |ejUSWIUOIIAUT :3]313 SJNPON

ejep oN 6
ésjearjoead Abojoyzed juejq :1S94Nn393] JAaqWINN

e1ep ON
:sjuapnjs JaquinN

leuoiydo
:Asos|ndwoo/jeuoydo

2 Jeap
HEYEIYILEY

SISOIqUIAS :31313 3INPO

9-S

ON
ésjeanjoead Abojoyzed juelq :$34N399] JaquinN

05-0%
:Sjuapnjs JagquinN

[euonydo
:Asosindwoo/jeuonydo

2 Jea
HEV WAL

Al

n2as poo4 pue Abojouydalolg 3313 3jnPon

SOA
¢buiyoeay Abojoyzed jueld

9

ON
ésjeanjoead Abojoyzed juelq :$34N399] JaqunN

or-0¢
:SjUapnjs JaquinN

92UBIDS Jue|d pue Abojoig
:9sJn0d dalbap osg

[euonydo
:Asosindwoo/jeuonydo

[lewsa pue auoyd
:poyjaw yoieas

PISI43YS 40 ApsiaAlun

JEIEY
HEYSY VALY

U012V Ul SWSIUebIOOIDIN :3J313 3jNpoW

SOA
¢buiyoeay Abojoyzed jueld

Abojoig
:9sJn0d dalbap osg

[lewsa pue auoyd
:poyjaw yoieas

pJojjes jo AJISIaAlun

‘pajuasald ejep ayj 1094402 10 31epdn 03 Ajlunlioddo ayj usAlb pue ‘pajoeiuod alam paysiignd ag 03 alam elep bulyosesl woym 1oy |3H ||e uoljedignd o3 Jolid

3uiyoeal A301j0yied jueld uo eleq “_ _ X_ _UCGA.._h_<

lipne ue )N ayj ul buluiey pue uonesnpa Abojoyied jue|d




yn-bioddsgmmm//:dily Abojoyzed jueld 1o} A3a190S ysiilig

LN

LN
eJEp ON S92U3IDS |edIbojolg [lew? pue auoyd

¢buiyoeay Abojoyzed juejd :9s4n0d d31bap osg :poyjaw ysieas

J3)sujwlsap Jo AjisiaAlun

ON 2oualdsolg palddy [IeWS pue auoyd
¢buiyoeay Abojoyzed juelq :9s1n0d d34bap osg ‘poylaw youeas

PUR|30IS JO 3SAM JO A}ISIaAIUN

SOA L elep oN |euoiydo Z
ésjeanjoead Abojoyzed juejd :1S94Nn393] JAqWINN :sjuapnjs Jagwnpn :Asos|ndwos/jeuorydo HEYVETYA1-E)N

ABoJoIGOIDIN 31313 BINPOI

SOA 9 01% Jeuoiydo 4
ésjeanyoead Abojoyzed juejd :1S94Nn399] JAaqWINN :sjuapnls Jagwnn :Asosindwoo/jeuoydo HEVETYA1-EVN

[EAIAINS PUE YIMOI JUBld 3J}3 NPOW

SOA S92UdIDS |ed1bojolg [lew? pue auoyd
ébuiyoeay Abojoyzed jueld :9s4n0d d31bap o2sg :poyjaw ysieas

puejbuz jo 3S9M J0 AJISISAIUN

OoN S92UaIdS |edibojolg [lew?s pue auoyd
¢buiyoeay Abojoyzed juelq :9s4n02 d31bap osg ‘poyjaw youeas

WoIMJIeM Jo AJsIaAlun

ON Abojoig |lews pue suoyd
¢buiyoeay Abojoyzed juejq :9s1n0d d34bap osg :poyjaw youeas

133N J0 AJIsIaAlun

ON Abojoig |lews pue auoyd
¢buiyoeay Abojoyzed juejq :9s1n0d da4bap osg :poyjaw youeas

X3ssNS }Jo AjIsIaAlun

ON S92UdIDS |ed1bojolg [lew? pue auoyd
ébuiyoeay Abojoyzed jueld :9s1n0d da1bap osg :poyjaw ysieas

Aauing jo Ayisianiun

ON 9|gedidde suoN |lews pue auoyd
¢buiyoeay Abojoyzed jueld :9s4n0d 331bap o2sg :poyjaw ysieas

apAjoyjeais jo AjisiaAiun

‘pajuasald ejep ayj 1094402 10 31epdn 03 Ajlunlioddo ayj usAlb pue ‘pajoeiuod alam paysiignd ag 03 alam elep bulyosesl woym 1oy |3H ||e uoljedignd o3 Jolid

3uiyoeal A301j0yied jueld uo eleq “_ _ X_ _UCGA.._h_<

lipne ue )N ayj ul buluiey pue uonesnpa Abojoyied jue|d




yn-bioddsgmmm//:dily Abojoyzed jueld 1o} A3a190S ysiilig

O
LN
ejep oN 2in3na1Iby auoyd
¢buiyoeay Abojoyzed jueld :9s4n0J 331bap o2sg :poyjaw ysieas
ejep oN € 0G-Si7 Asosindwo) [SELEEIN
ésjearjoead Abojoyzed juejd :1S94Nn393] JAaqWINN :sjuapnjs JagwnpN :Asos|ndwos/jeuoydo HEYVETYA1-EY

AbBojoyied pue yimous dou) :3J313 9jnpon

S
ésjearjoead Abojoyzed juelq

9
1S34n329] JaquInN

0G-S¥
:Sjuapnjs JaquinN

Asosindwo) Z JesA
:Asosindwoo/jeuonydo HEYVETYA1-EYN

92UBIDS U01129]0.d Jue|d :3]3}1} 3|NPO

ejep oN
ésjeanjoead Abojoyzed juelq

SOA
¢buiyoeay Abojoyzed jueld

2l
:S31n329] JaquinN

0c
:SjUapN3s JaquinN

2.n3|NdI3I0H [lews pue auoyd
:9s1n03 da1bap 2sg :poyjaw yoieas

x3ss3 '9b3)]0) 3J1HIM

jeuonndo € JeaA
:Asosindwoo/jeuorydo HEVETYA1-EYY

eJep ON :3J313 3INPOW

SOA
ésjeanjoead Abojoyzed juelq

SOA
¢buiyoeay Abojoyzed jueld

0l-8
:S31n329] JaquinN

2l
:SjuUapnjs JagquinN

Abojoig |lews pue auoyd
:9sJn0d dalbap osg (poyjaw yoieas

YIO0A Jo A}isIaAlun

jeuo13do Z 1BoA
:Asosindwoo/jeuoydo HEVETYA1-EYN

Abojouyda] aua9 pue buipaalg jue|d :9]313} INpoN

SOA 94N}N213J0H [lew? pue auoyd

ébuiyoeay Abojoyzed jueld :9s4n0d d31bap o2sg :poyjaw ysieas

SOA vl G€ |euolydo Z Jesp

ésjearjoead Abojoyzed juejd :1S94Nn3}93] JAaqWINN :sjuapnjs JagwnpN :Asosjndwoo/jeuoydo HEYETYA1-EY

suabla||y pue sjusby snoijdayul ;31313 3jNpon

SOA
¢buiyoeay Abojoyzed juejd

ON
¢buiyoeay Abojoyzed juejq

Abojoig |lews pue suoyd
:9s4n0d d31bap osg :poyzaw youeas

13)S32J0M J0 AJiSIaAlun

$82UBI2S |ed1bojolg [lews pue auoyd
:954n02 931bap osg poyjawl yosueas

uojdweylanjop Jo AjiSIaAlun

‘pajuasald ejep ayj 1094402 10 31epdn 03 Ajlunlioddo ayj usAlb pue ‘pajoeiuod alam paysiignd ag 03 alam elep bulyosesl woym 1oy |3H ||e uoljedignd o3 Jolid

3uiyoeal A301j0yied jueld uo eleq “_ _ X_ _UCGA.._h_<

lipne ue )N ayj ul buluiey pue uonesnpa Abojoyied jue|d




Plant pathology education and training in the UK: an auditw

Appendix llI:

HEI with plant pathology lectures

Prior to publication, all HEI for whom teaching data were to be published were contacted and given the opportunity to update or correct

the data presented.

1-2 lectures

3-6 lectures

7-12 lectures

>12 lectures

Biology courses

Biology courses

Biology courses

Biology courses

Oxford Brookes University
Royal Holloway §

Sheffield Hallam University
University of Derby
University of Essex
University of York

Durham University
Lancaster University
Liverpool Hope University
University of Exeter
University of Glasgow
University of Hertfordshire
University of Leeds
University of Liverpool *§
University of Manchester
University of Salford *
University of West of England

Oxford University
Plymouth University *
University of Birmingham *
University of Sheffield

University of St Andrews

Aberystwyth University

Canterbury Christ Church
University

Imperial College London
Newcastle University
University of Aberdeen
University of Bath *§
University of Bristol
University of Cambridge
University of East Anglia
University of Edinburgh
University of Nottingham
University of Reading

University of Worcester

Forestry courses

Agriculture and Horticulture
courses

Agriculture and Horticulture
courses

Forestry courses

University of Cumbria

Harper Adams University
Queen's University

Scottish Agriculture College
Writtle College

Bishop Burton College
Myerscough College
Newcastle University
University of Worcester

University of Aberdeen

Bangor University *

+  Newcastle University, University of Aberdeen and University of Worcester are listed twice, for biology and agriculture/horticulture/

forestry courses

«  Four HEI have plant pathology teaching but were unable to give current lecture numbers: Askham Bryan College, Easton College,

University of Dundee and the Royal Agricultural College

+  HEI that contribute students to the Gatsby Plant Science Summer School are highlighted in bold

+  HEl where staff numbers have been reduced through retirement are marked with a *

+  HEl known to have a single plant pathologist are marked with a §

British Society for Plant Pathology http://www.bspp.org.uk
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(Plant pathology education and training in the UK: an audit

Append iX |V HEI that contribute students to

the Gatsby Plant Science Summer School

Durham University University of Glasgow
Imperial College London University of Leeds
Lancaster University University of Leicester
Oxford Brookes University University of Liverpool
Oxford University University of Manchester
Royal Holloway University of London University of Nottingham
University of Bath University of Reading
University of Birmingham University of Sheffield
University of Bristol University of Southampton
University of Cambridge University of St Andrews
University of East Anglia University of Warwick
University of Edinburgh University of York

University of Exeter
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