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The constant cutting of State, University and CSIRO
funding, the disintegration of the University of Adelaide
Plant Pathology Department — the only one in Australia —
and the constant challenge to retain expertise, all lead me to
believe that as a country, our core skill base in plant
pathology is in a perilous condition. An example is my own
Unit (Field Crop Pathology) which has 46 personnel and is
95% Industry funded (i.e. 5% funded from State resources).
For those staff on Industry funds there is the continual battle
to jump the new project hurdle every 3–5 years. Six of these
staff are Senior Scientists and if they are unsuccessful an area
of work which is of National or Regional importance is lost
together with a loss of long-term career development.

State of plant pathology in Australia

A way of attempting to assess the state of plant pathology
resources available to our nation is looking at the
membership of the Australasian Plant Pathology Society.
Currently it stands at 360 (P. Williamson, personal
communication). Of these we could reasonably assume that
40% are Industry funded and therefore that the core expertise
available to service, train, administer, regulate and research
nationally is approximately 210. These scientists service an
Agricultural Industry (grains, sugar, horticulture, pasture
and forestry) worth $29 billion in 1999 (Australian Bureau
of Statistics 2000). This, in my opinion, appears to be a very
minimal input in relation to the Industry’s size and the
disease risks confronting it. The sharp end of the risks of a
poor skill base is when urgent resources are needed for
‘backup’ for incursions of exotic diseases.

At the Biosecurity 2001 Conference held in August the
conference organisers posed the question ‘Is Australia doing
everything it can to protect our most important industries’. I
believe that the answer in plant pathology is an emphatic
‘No!’ A recent report (Plant Health Australia 2001)
commissioned by Plant Health Australia (PHA) on the
management of pest and disease risks to Australia indicated
that diagnostics were a ‘major weakness in the capacity to

manage plant health risks’. They believed this was caused by
the decline and ageing of skilled people in this area and
‘disbanding and dispersal of discipline-based groups and
government focus on fee-for-service work’; furthermore
succession planning was grossly inadequate. Of course the
excuse by governments for lack of involvement in
diagnostics is that it is largely for private good and they
ignore the public good side. The Research and Development
Corporations (RDCs) see the long-term career development
in diagnostics and taxonomy in plant pathology as a
government responsibility. The decline in skills occurs
amongst this confusion as reported by Plant Health Australia
(2001). The Biosecurity 2001 conference also invites you to
‘Discover how your investment in Agriculture is being
safeguarded or affected and what new developments will
affect your Industry’. Clearly with a poor backup skill base
‘your investment’ may well be at considerable risk. These
same concerns were expressed by Merriman (1994) and Kile
(1994) in the series ‘Plant Pathology in Australia — a future
perspective’.

There are many examples of the value of long-term career
investment in plant pathology. One that involved me and
Alan McKay (leader of nematology in the South Australian
Research and Development Institute (SARDI) at the time),
concerned a threat to the Australian export oat hay industry
valued at $74 million per annum at that time. In 1992, Alan
McKay and Andrew Barr (the oat breeder with SARDI)
warned this industry that because of the level of
contamination with annual ryegrass there was a medium risk
that some of the export hay would be toxic to livestock.
Annual ryegrass seed heads become toxic after infestation by
a nematode which transmits a toxin-producing bacterium.
Ryegrass contamination in oat hay is exacerbated by the
presence of herbicide-resistant ryegrass and by the practice
of producing hay as a means of removing the herbicide-
resistant seed heads from the paddock. The export oat hay
industry ignored the warning and in 1996 toxic hay killed
dairy cattle in Japan. The Japanese response was to shut
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down the importation of oat hay from Australia as a whole.
Within 6 months, the Industry was again exporting oat hay
and this included scientifically rigorous product testing for
the bacterium (an indicator of the toxin presence) developed
by McKay in association with CSIRO and the Department of
Agriculture of Western Australia. This was approved by the
Japanese Ministry of Agriculture and Fisheries. The
reliability of the tests has led to a successful continuation and
expansion of trade in oat hay with Japan ($140 million in
2001). If the expertise from the long-term career investment
in the nematologist and oat breeder had not been available,
the trade would have been lost for at least 2 years and it is
highly likely that the trade would have been completely lost
if a more reliable supplier was found. There are numerous
examples of the value to Australia of long-term career
investment. I have instanced only one of the many that have
occurred in my experience.

There have been some new inputs into plant pathology via
the Australian Cooperative Research Centres (CRC)
program, for example CRCs in Tropical Plant Protection,
Viticulture, and Molecular Plant Breeding, as well as former
Centres for Legumes in Mediterranean Agriculture and the
CRC for Soil and Land Management. Most centres have
short-term futures (the first term being seven years with an
extension of another seven after successfully competing
against other bids) but they do bring extra funds and a
stimulus to the research effort and provide a supply of
specialist postgraduate and postdoctoral pathologists.
However, it is very clear that the erosion of the long-term
skill base is not being addressed by this type of funding.
Cutbacks have been ongoing in State and Federal funding of
research institutions for at least 10 years. These cutbacks
reflect the low priority that State Governments place on
research in Agriculture and its importance to their State’s
economy. For example, in South Australia there has been a
12% decline in the value of Agriculture at the farm gate
relative to the State’s gross production over the past 15 years.
In some cases, investment by the State is based on the Public
versus Private good. This is a tool with deficiencies. It is
precise at each end, where at the one end, public good (e.g.
the environment) is easily defined because the whole of
society enjoys spillover benefits; at the other end private
good is clearly where an industry captures all of the benefits
(e.g. when grain growers adopt an improved wheat cultivar).
However, it is the grey areas between where a large
proportion of agricultural research falls. Private sector
companies get involved where they can make a profit on
their investment in research and development and this is
more likely to occur where they can protect their intellectual
property. Research and Development Corporations have a
strong role to play in private-good research where private
sector firms will not invest in R & D because they cannot
make a profit on that investment. There is a countervailing
‘dry’ economic argument (Kealy 1996) that government-

funded research ‘crowds out’ private investment. However,
the Industry Commission’s case (Industry Commission
1995) supports further government funding because it is
argued that it is not possible for firms to capture sufficient
benefits and that a socially optimum level of R & D is carried
out. Some agricultural research is unlikely to be funded by a
commercial entity because it cannot be protected by
intellectual property rights or because there is no mechanism
for the entity to capture the benefits from selling the
innovation. However, this market failure has been partially
overcome by the formation of the RDCs.

The reduction in University funding (15% in real terms
from 1996–2001) has also cut at the core of expertise and is
driven by a market-demand approach. This path does not
allow for the development of long-term careers as market
demand ebbs and flows; what is seen important today
probably will not be in five years time. This also ignores the
fact that University scientists’ potential to do ‘blue skies’
research and their visions produced from this may well be
vital and not yet understood or appreciated by Industry. On
the basis of demand (produced by the images created by the
press) for courses or degrees, university departments are
disbanded or amalgamated. This can strengthen, isolate or at
worst make the lecturers and their expertise irrelevant to a
new department. This situation has been aggravated by the
loss of staff due to redundancies and early retirement; in
many cases the lost staff are not replaced.

CSIRO too has suffered staff cuts of 11% over the last 10
years with funding remaining the same. Plant pathology as a
discipline does not have divisional status in CSIRO. Not
having such status weakens the voice of plant pathology in
Australia and the case for long-term careers.

So these are the reasons for my concerns regarding the
maintenance of a long-term skill base; in the future,
permanent positions will not be there and we seem currently
powerless to influence governments.

The problems of cutbacks in plant pathology are not just
Australian but are shared by the developed countries
globally. In an International Food Policy Research Institute
essay ‘Financing science for global food security’, Pardey
et al. (1997) expressed concern about the slowdown since
1981 in investment in public research in agriculture. This is
despite the fact that the evidence shows that these
investments have generated annual rates of return in excess
of 30%. Concern was expressed also at the shift to shorter-
term contracts for staff. Although this has the advantage of
removing ‘dead wood’ they warned that this approach
should not be used as an underhand way of cutting staff
numbers and again thwarting long-term career
development. They commented that the removal of long-
term guarantees of employment reduces incentives for
gifted individuals to pursue research careers requiring large
personal investments in human capital. This is the nub of
my argument.
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Prior to the Chief Scientist’s (Robin Batterham) ‘Chance to
Change 2000’, a public discussion paper based on a scientific
capability review of science providers in Australia, and
subsequent support by the Federal Government, Australia’s
investment in science was 17th when compared with other
OECD countries. Research investment was at the level of the
early 1990s. Robin Batterham’s ‘Backing Australia’s Ability’
(2001), with the government investing an additional $2.9
billion over five years, has put Australia partially back on track
scientifically, stimulating basic research, infrastructure,
major national research facilities, expanding the number of
CRCs, encouraging the private sector to invest in research and
increasing training. When considering the thrust of this
program and its effect on longer-term career development
there will be opportunities in ‘spin off’ companies and some
additional indirect funding of government research
institutions through the Diffusion program and the Pre-seed
fund. This then leaves CSIRO and State research institutions
largely out of the program and contingent with this there are
serious difficulties in succession planning or long-term career
planning. A Grains Research and Development Corporation
(GRDC) survey of their science base showed that 71% of all
grains research was conducted by State research institutions
(49%) and CSIRO (22%). Dr Batterham (personal
communication) agrees that the lack of increased funding to
State institutions and CSIRO is a difficulty. He is working on
determining priority setting which should enable better
funding for government research agencies. Hopefully, this
attempt will be soon enough to stem the large losses of
expertise from these institutions and to attract new staff to
create a future. Another negative associated with this dilemma
is that it is already clear to students at all levels that there is no
commitment to agricultural science or to creating
opportunities for a long-term career, resulting in fewer
enrolments and leading to a diminution of the quality of the
intellectual base for the future.

Reasons for increasing the government funding base

There is an urgent need for increased government
expenditure not only to retain the current diminished skill
base but also to provide a minimum succession plan.
Increased government investment will secure long-term
career development and will signal to young people that
there is an interesting and rewarding career in science worthy
of the investment of their energies and dreams.

There are increased opportunities for interactive research
between government and the private sector and there are also
competition laws to ensure that government competes fairly
with them. More than ever, government research
complements that of the private sector.

Government research also provides a balance for the
overall research effort. Industry in Australia is heavily at the
applied and development end whereas the public sector
research is at the more strategic, knowledge-building, basic

end. The skill base of government scientists (involved in
public good research) has benefits for commercial research.

Another good reason for increased public spending on
research is the size of the private sector and its economic
difficulties in achieving critical mass. By linking with the
public research sector the private sector can achieve
economies of scale (i.e. a critical mass) and access to
resources which will allow the possibilities of quantum
advances in research. On their own, most of the research
outcomes from the private sector would probably be
incremental. With a well-funded public sector there are also
economies of scope; business can look across a wide range
of research platforms to choose which to tap into. However,
for this to be successful, public institutions need to be
sensitive to industry needs and to assist in facilitation.

Studies on the benefits of public-funded agricultural
research [e.g. ‘Gains for Grain’ (1993), an economic analysis
of 21 GRDC research projects] showed that large benefits
from research (with benefit-cost analyses ranging from 3:1
to 129:1) accrue to both grain producers and the Australian
community indicating the success of public investment.
More recently, a paper from the American National Bureau
of Economic Research (Romer 2000) showed a range of
social returns from 25 to 65% public investment in R & D.
They suggest that an increase in investment in research by
2% of Gross Domestic Product (GDP) could increase the
rate of growth by 0.5%. Assuming a 50% social return on
R & D (around the mid-point estimate from the Industry
Commission Report in1995), then the $600M per annum
boost to R & D by the Federal Government through ‘Backing
Australia’s Ability’ (2001) will boost GDP growth by $900M
a year.

Commercialisation to increase the funding base

Commercialisation has been grasped by governments and
Research and Development Corporations to increase their
funding base. With billions of dollars invested in research,
they rightly want to capture any benefits which emanate
from this and not see it commercialised overseas with little
or no benefit to Australia. However, this thrust has
unintentionally devalued much of the research previously
done, which had annual rates of return greater than 30%.
These projects did not create an income stream directly back
to the funding body but distributed the benefits to the
Industry with second round effects to the community, thus
creating wealth for the whole nation.

Commercialisation can also be seen as a partnership
between the private and public sectors. Although this is
laudable, there is the hazard that governments may seize this
opportunity to reduce their inputs.

The development phase of research

Commercialisation of research does not come without its
difficulties. These difficulties have affected my Unit,
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particularly in the development phase of the Root Disease
Testing Service, which Alan McKay and Kathy Ophel Keller
established. As pointed out in the Industry Commission (IC)
Report on Research and Development (Industry
Commission 1995), ‘development funds’ were not available
from the RDCs. As a result, these scientists largely carried
out the development of this significant breakthrough in their
own time and this amounted to two years working at nights
and weekends. At that time, RDCs lacked understanding of
the size of the effort required to develop a scientific
discovery for industry use. Also, with multinationals
hovering over a potentially commercial innovation, there was
fear that they would be exploited and unable to capitalise on
their intellectual property. This reaction made funding of
development and research difficult and commercialisation
extremely painful, leading a Research and Development
manager to call this development phase ‘death valley’ for
discoveries. These difficulties were pointed out in the IC
report — ‘…the lack of understanding by funding agencies
of the investment required both in development and
commercialisation of research. Industry would prefer less
investment in research and more support in development and
commercialisation’.

Cultural and skills impacts

There are also problems with cultural differences in the
interactions between private and public institutions, both at
the institutional and personal level. At the personal level,
these differences are reflected in various ways. In general,
scientists act and dress casually and are mostly interested in
the elegance of the science, the excitement of the
breakthroughs and the benefits to the broader community.
On the other hand, behaviour and dress in the private sector
tends to be more formal with a focus more on the business
opportunities and profit.

At the Institutional level, management in the public sector
tends to be more collegiate than that in the private sector,
which is more hierarchical and individual, leading the private
sector partners confused as to who makes the decisions in
public institutions. Lack of understanding of the processes of
research on the one side and commercialisation on the other
also add to the difficulties. Ignorance on both sides does not
help in building the partnership necessary for the growth and
success of the research sector. These comments were
supported by the IC report indicating a lack of Technology
Managers, who are people with skills in project
management, technology, marketing and intellectual
property management. These managers are seen by the IC as
important in both the private and public sector for successful
commercialisation of research. The Prime Minister’s
Science, Engineering and Innovation Council
(Commercialisation of Public Sector Research 2001) has
noted this and recommends, amongst other things, that
public sector researchers improve their skills by developing

a forum for information exchange and taking short courses
in basic business skills or commercial awareness. It does, at
least, briefly address the other side of the equation, by
indicating to business leaders that ‘researchers, government
and industry will need to learn new skills and develop new
tools and approaches to working together for mutual
benefit’. However, there is also a need for courses to enable
industry to better understand the public research sector, to
learn what motivates scientists and to appreciate the
complexity of the scientific process. Surely this will ensure
better partnerships in the future.

Commercialisation in agricultural research will always be
difficult, with many small businesses (farmers) making up
the industry. So it will not be the big pot of gold and it will
not greatly increase the opportunities for long-term career
development. However, it will efficiently deliver some
products of research and this and other factors will create a
better understanding in both sectors leading to more
profitable partnerships.

Commercialisation of plant pathology research

To understand the level of commercialisation in plant
pathology research, I surveyed some of the institutions
involved. In my brief survey, plant pathologists have pointed
out that they have greatly contributed to their industries and
the environment by researching disease management, by
identifying causal organisms, by understanding
epidemiology, and by discovering new and strategic uses of
fungicides. They have also contributed through exclusion
and eradication of exotic diseases and by the incorporation of
disease resistance into crop plants. All of these are examples
of successful commercialisation but all provide an indirect
financial benefit to the research providers. One exception is
the development of disease resistant cultivars
commercialised under Plant Breeders Rights; these provide
a direct income stream to the RDCs and the providers.
However, by commercialisation I mean that the research
product had been picked up by the private sector and sold to
generate a profit. The CRC for Tropical Plant Protection has
five patents, two licences and a complete licence for DNA
detection of Phytophthora (John Irwin, personal
communication). However, they see the Queensland
Department of Primary Industries as the transfer vehicle for
diagnostics. SARDI, in an alliance with CSIRO Division of
Entomology, has commercialised its DNA detection of
pathogens in a soil test internationally with Aventis Crop
Science and nationally with C-Qentec (a subsidiary of
Aventis Crop Science). They have marketed the test for
soilborne pathogens of cereals as Predicta-B. C-Qentec has
made a multimillion dollar investment in commercialisation,
including a $1.4 M investment in research and development
to further commercialise the tests. So you can see that the
opportunities for commercialisation where a direct income
stream is produced are reasonably limited. While it is
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imperative to capture and commercialise the benefits of
research, the emphasis on this area by government and RDCs
needs to be more realistically attuned to the dimensions of
the opportunities.

Opportunities for more effective outcomes

Research and Development Corporations 

The RDCs need to develop better partnerships at a higher
level with research providers. Consultation should be
ongoing and not only at the 5 year planning stage. There
needs to be a recognition of a long-term career development
and succession planning. The current tensions over funding
responsibilities for long-term careers between funding
bodies, State institutions and Universities urgently needs
addressing. As long as the current ‘stand-off’ remains,
skilled staff, as well as potential new staff, will continue to
be lost. In this situation both partners are the losers. Another
way to extend partnerships is to use cross-Corporation
funding in association with a government institution as a
method to save expertise which is shared across industries. In
my Field Crop Pathology Unit we have a nematode
taxonomist (one of two in Australia) funded by the Sugar and
Grains Research and Development Corporations,
Horticulture Australia and SARDI. The project is being
funded for only five years unfortunately, and not for the long-
term.

The RDCs need to develop their skillbase in technology
management as described in the IC report and so assist
scientists to commercialise their research.

Government institutions

Government institutions need to develop reward systems
providing benefits like funds (small amounts) for high-risk
interest research, bonuses, capital for equipment, travel,
training, recognition and advancement. In addition, they
need to consider more flexibility in employment and a more
commercial approach in some cases e.g. consultancy for
longer-term career development. Training is required for
technology managers and for commercialisation, and for
understanding by the private sector. Better partnerships are
required between government, the RDCs and the private
sector. This is a serious area but difficult negotiations, such
as the commercialisation of former GRDC–government
wheat breeding programs, can be achieved and so can the
partnership in long-term career development between RDCs,
the private and the public sectors.

Universities 

Universities are fortunate in that most lecturers are given
tenure, which then facilitates long-term career development.
However, recently there have been moves toward fixed-term
contracts for lecturers, again threatening long-term careers.

The opportunities for increasing the funding base will be
through direct interaction with industry or indirectly through
the Australian Research Council (ARC) and RDC funding.

There are problems with understanding interactions with
industry and also with intellectual property sharing.
Problems with industry interactions involve cultural
differences, the needs of industry, the essential requirement
for retaining confidential intellectual property until
agreements are forged and an understanding of the
technology transfer process. Moreover, it is important to
understand that publications are vital performance indicators
for University staff and students. Intellectual property
sharing has been unsatisfactory in Universities. A recent
review by Technical Consultants Group commissioned by
the University of Adelaide indicates that University
scientists want greater recognition and appreciation for
successful outcomes from their research. For their rewards
they want greater flexibility (e.g. more time for research or
teaching and peer activities) and more participation in the
profits of commercialisation. When both these areas
(effective industry collaboration and reward systems) are
improved, there will be a greater funding base for
Universities.

Private sector 

The private sector needs to get a better understanding of
the RDCs and the public research sector, its management and
its scientists. This is more critical than ever to capitalise on
the opportunities presented by ‘Backing Australia’s Ability’
(2001) for collaborative research.

Suggestions to strengthen long-term careers in plant 
pathology research over the next five years

Maximise collaboration with industry

Scientists can immediately broaden their funding base by
accessing the increased ARC funding, by seeking
partnerships with industries accessing AusIndustry funds,
and, where possible, by commercialising research and its
delivery. There are many benefits from partnership with the
private sector. For example, benefits may include an ability
to deliver the technology, access to other sources of funds not
otherwise available to publicly funded researchers,
assistance with ideas for development of end product and
even untied funds for private-interest research.

Those scientists whose research programs are likely to
produce commercial outcomes will be more successful by
adopting some of the suggestions from the Prime Minister’s
Science, Engineering and Innovation Council (PMSEIC).
These include being part of Industry forum exchanges and
attending commercialisation courses, being sensitive or open
to industry needs and facilitating them to access the
necessary resources or making them aware of the
opportunities. While appreciating the private sector culture,
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there is a need to make that sector aware of the scientific
process and the public sector vision and role for science. 

Attract increased government funding

The state of plant pathology research, its importance and
its relevance need to be brought to the attention of
government. One way that this can be achieved is by the
Australasian Plant Pathology Society (APPS) becoming a
member of the Federation of Australian Scientific and
Technological Societies (FASTS). Currently there are
approximately 56 member societies with a total membership
in the vicinity of 60 000 scientists and technologists. FASTS
aims to influence the formulation of science and technology
policy and to improve the overall climate for R & D, thereby
benefiting the nation. The President of FASTS is in a
position to influence national policy development by being a
member of the PMSEIC. This also gives FASTS access to the
seven ministers with science-related portfolios, who are
members of this Council. FASTS makes submissions to
government enquiries and reviews, gives evidence to
Parliamentary committees, meets with Ministers and raises
science issues in the media. It also organises ‘Science meets
Parliament’ days, which is an important two-way exchange
with largely legally trained politicians hearing about
scientific opinions and scientists learning about the political
realities of their proposals.

APPS needs to have a communication program. This
program could convey success in plant pathology research
and the benefits to the community, as well as commenting on
issues of concern. The aims and culture of APPS could also
be a part of this program.

Although I have expressed concern for the future of our
science, opportunities do exist if plant pathologists utilise all
funding sources and increase awareness in the community of
the benefits of their work. As participants in the research
sector, we need to make the community aware of the benefits
of research to them, the environment and industry.
Hopefully, this should erode the image of scientists as white-
coated, eccentric individuals happily and selfishly pursuing
their own interests at taxpayers expense.

The success of the Chief Scientist in doubling the funding
for the Australian Research Council and his ability to
influence the highest levels of government through the Prime
Minister’s Science, Engineering and Innovation Council is a

reason for optimism. The Australian Labour Party’s promise
to elevate this council with broader responsibilities into the
Department of Prime Minister, if it gains office, gives further
cause for optimism for the place of science being removed
from serious decline and neglect to being recognised as
important in the economy.
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