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Introduction
It is just 20 years since the Australasian Plant Pathol
ogy Society decided to establish this lecture series and
101 years since Daniel McAlpine was appointed asthe
first plant pathologist in Australia. Over the next 30
years, he published over 200 papers and books deal
ing with all aspects of the subject, from disease control
methods to taxonomic studies of rusts, smuts and
other fungi and from field diseases of cereals, citrus,
grapes and stone fruit to post-harvest disorders of
apples andotherproduce.Hisbiographer,MrStanislaus
Fish (1976), noted that McAlpine also had a major
influence on the teaching of biology and plant pathol
ogy in Australian universities.

McAlpine was a complete plant pathologist, an all
rounderwhosework ranged widely over many aspects
of the subject. However, plant pathology and plant
pathologists have changed much since McAlpine's
day. The subject and its component disciplines have
expanded so much that it is nowdifficultforone person
to keep upwith the advances in knowledge in even one
of the branches of our science. Some of the disciplines
that go to make up present-day plant pathology are
shown in Table 1. Specialists in many of these disci
plines are now employed to take an active part in
unravelling plant disease problems. Several previous
McAlpine lecturers have discussed detailed aspects of
their speciality and I considered various taxonomic
problems in the fungi as possible subjects. However,
I rejected the fungi in favour of a more general
discussion of some aspects of plant pathology in
Australasia. The matters that I have chosen cut across
all the specialised disciplines and are of importanceto
all who work in plant pathology, whether they be in
research, teaching or advisory positions, whether they
be bacteriologists, epidemiologists or molecular biolo
gists. The title chosen indicates the three main areas
that Iwish to explore - plants, their pathogens and the
diseases they cause andthe peoplewho work on them.
I must stress that the views that I shall give are
personal and any resemblanceto the opinions of other
pathologists is purely coincidental. Moreover, I must
apologise to my Rydalmere colleagues as it is from
working with and observing them for so many years
that some of my opinions have developed. Many of the
examples and statistics that I give are Australian, as
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they were more readily available to me, but I think that
at least some of the general conclusions drawn from
them will apply to New Zealand as well.

Plants

On this earth, the most basic manufacturer, converting
primary energy into organic matter, is the green plant.
"They toil not neither do they spin" (Matthew 6.28) but
their silent, motionless activity is the single most
important biological process going on around us.
Plants are the source of all food and all timber; they
purify the air, help recirculate the water and stabilise
and enrich the soil. The flora is the milieu that houses
and supports all human and animal life and the micro
organisms that play such an important role in the
recycling processes of nature. Green plants are the

Table 1 Some component disciplines of plant
pathology in roughly chronological order of
their development

Agriculture
Forestry
Horticulture
Natural history Earlier centuries
Printing and libraries
Microscopy
Botany
Entomology
Chemistry and physics
Mycology 1800
Nematology
Education of plant pathologists
Bacteriology
Extension and advisory activities
Genetics and plant breeding
Plant physiology
Virology 1900
Electron microscopy
Epidemiology
Computer science and information recall
Molecular biology

All develop in a social, political and economic context
completely surrounded by the natural world.
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Table 3 Estimates of number of species of
introduced cultivated plants in Australia"

"Counts made from a variety of sources including
Hartley (1979), Lord (1973) and Yates Garden Guide
(1988).
BPlus2000 miscellaneous ornamentals.

there are also some crop, pasture and ornamental
species that have escaped and become self-perpetu
ating. Some plants in this group can act as carry-over
hosts for pathogens attacking crop species in the
same family (for example, various cruciferous weeds,
some naturalised grasses and many others) and some
weeds species are candidates for biological control
investigations.

The third layer of plants (Table 3) contains the
cultivated species and almost all are introduced. This
is the major group of food plants, introduced pasture
and softwood timber species as well as a wide range
of ornamental plants covering many botanical fami
lies. Botanically, this is quite a diverse group, contain
ing over 400 species cultivated for food, fodder, fibre,
oil and timber, plus 50 common and at least 2 000 less
common species grown as ornamentals. Most current
scientific effort and expenditure on Australasian plant
pathology is devoted to cultivated plants.

largest, the most cost-effective, the least polluting, the
most valuable and, at the same time, the most over
looked and under-rated of the manufacturing indus
tries. Plants are just there! They are completely taken
for granted by most people.

There are three layers of plants to be considered.
First there is the flora native to the region. As far as
species numbers and diversity go, this is by far the
largest component of the Australian plant population
(Table 2) and these figures are for vascular plants only
and do not include the vast array of cryptogams. At the
family level, the Australian flora is not much different
from the flora of the rest ofthe world. As Barlow(1981)
has said in his informative essay in Volume 1 of the
Flora of Australia "Almost all the Angiosperm families
in Australia occur widely elsewhere. Conversely, al
most all the larger families of the world occur in
Australia." However, at the lower taxonomic levels of
genus and species, a different picture emerges. To
quote Barlow (1981) again "The flora is certainly
unique in the sense that a very high proportion of its
species are endemic to the continent. It is also distin
guished by the fact that two large genera, Eucalyptus
and Acacia, between them, dominate almost all the
plant associations of the continent".

Table 2 Number of vascular plant species
(native and introduced naturalised) in Australia
(from Hnatiuk 1990)

Native Naturalised Total
species species species

Australia (total) 15638 1 952 17590
New South Wales 4677 1253 5930
Northern Territory 3293 262 3555
Queensland 7535 1 161 8696
South Australia 2748 927 3675
Tasmania 1627 570 2197
Victoria 2773 820 3593
Western Australia 7463 853 8316

Grasses and pasture plants
Fruit, berries and nuts
Vegetables
Field and fodder
Ornamentals
Miscellaneous crops, herbs etc.
Timber and other major trees
Cereals, millets
Oil seed crops
Fibre
Beverages
Total introduced crop species

134
73
64
56
50B

33
22
15
15

9
4
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The New Zealand flora contains about the same
number of species as that of Tasmania and there is a
marked similarity in both areas in the Antarctic or
Southern Oceanic elements present. The uniqueness
of the Australian flora is at genus and species level but
its continuitywith the rest of the world at family level are
of some significance for plant pathology, especially
when we come to consider exotic diseases and plant
quarantine.

Overlying the native flora, and in varying degrees
intrusive upon it, is the flora of introduced naturalised
plants. This is a much smaller group than the native
plants but the deleterious effects that many have as
invasiveweeds have been enormous. In this category,
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Having identified these three plant groups, it is of
interest to look at the land area they cover (Table 4).
Crops take up lessthan 3% ofthe land area inAustralia
and introduced sown pastures and grasses about
another 4%. More than 50% of the total area is grazed
and this figure includes land that at anyone time is
fallow or lying idle. Native forest is present on only
5.3% of the land area and plantation forests, which
include both introduced and native species, make up
only a fraction of one percent of the Australian land
scape.

Finally, in this set of plant statistics, what are plants
worth to Australia? There are various ways of estimat
ing worth, one of which is monetary value, and I have
shown in Table 5 the figures given for the agricultural
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Table 4 Land areas devoted to various uses in
Australia (from Castles 1991)

Table 5 Value of agricultural and livestock
production in Australia (from Castles 1991)

However, as stated previously, the value of plants
cannot be measured by money alone. Their various
roles in the air and water cycles, in soil stability and
nutrient recycling, as habitats for animals and micro
organisms, their aesthetic and social values -all these
cannot be readily assessed in monetary terms and
much more fundamental value systems come into
play.

It is apparent from the data (Tables 1 to 5) that the
vast majority of plants in Australia, covering most of
the land area, receive little attention from plant pa
thologists. Most expenditure is on crop species, but
even so there are still many crop, pasture and forestry
disease problems that havenever been properly inves
tigated. Of course, it is necessary that we give full
attention to the crop species but as this always uses up
most of the available resources, the majority of other
plants are neglected from the disease point-of-view. I
will return to this when diseases and pathogens are
considered, but first there are two other points about
plants:
(i) In my experience, and rather surprisingly, plant

pathologists often tend to neglect the plant as such.
Their attention turns more towards the pathogen,
the disease and environmental factors or to micro
scopic and sub-microscopic details of plant cells
and of their biochemical and genetic properties.
Often, their general botanical knowledge is poor.
This is a serious handicap to plant disease work as
a sound knowledge ofthe plant in health is essential
if we are to be competent students of the diseased
plant. This applies not only to its external morphol
ogy and internal anatomy but to its cultural and
environmental requirements as well. Many prob
lems presented to pathologists are either of non
parasitic origin or have cultural or environmental
predisposing factors and, for their solution, require
athorough knowledge of the conditions underwhich
the plants are growing and of the treatments they
have received. Whilst important for all plants, this is
especially important in the case of perennial spe
cies, where long term investments are involved.

(ii) All pathologists require some familiarity with plant
classification and plant biogeography. Agood knowl
edge of the relationships between species is an
enormous help when considering such matters as
the potential host ranges of exotic pathogens, the
safety of proposed biological control agents, epide
miological matters involving alternate and carry
over hosts and a wide range of other problems that
arise every day in disease control, quarantine and
trade. In quarantine and trade especially, a knowl
edge of the biogeographic relationships of exotic
floras to the Australasian floras is very important if
exotic disease risks are to be assessed accurately.

area

100.0

2.3
(2.7)

3.9
(3.5)

54.6
(57.3)

60.8A

(63.5)

5.3

0.13

5906 (1988-89)
1 635 (1988-89)

321 (1988-89)

23 060 (1988-89)
15443 (1984-85)

768.28

17.50
(21.10)

30.20
(27.10)

419.20
(439.80)

466.90
(488.00)

40.97

0.97

Category Area (ha)(106) Percentage
1988-1989 total land

(1984-1985)

Total land area

Total crop area

AThe remainder of the area (excluding native and
plantation forests) is taken up by urban development,
mining leases, deserts and large tracts of land, some
of which are under grazing leases but are not always
grazed.
BForest is defined as having plants with an actual or
potential height of 20 metres or more.

Total sown
pastures and grasses

Total grazing, lying
idle, fallow, etc.

Total agricultural
and pastoral

Total native forest"

Total plantation forest
(native and exotic)

Produce Value (million dollars Aust.)

Total crops (does not include 9906 (1988-89)
pastu res, forests or native flora) 7 867 (1984-85)

Livestock 5292 (1988-89)
Siaughterings, etc.
Wool
Milk
Eggs

and livestock industries in the latest issueof Year Book
Australia (Castles 1991). The figures for 1984-85 give
some idea of seasonal and other variations. The total
monetaryvalueofcrops in1988-89wasnearly$1 0000
million. It is appropriate to include the livestock indus
tries as well, as they are totally dependant on plants.
Their value is about $13 000 million, giving a total for
all agricultural and livestock commodities for 1988-89
of just over $23 000 million. None of these figures
include a monetary value for forestry or the native flora.
It can thus be seen that, in Australia, the plant based
industries are worth a considerable amount of money.

Total of all commodities
(agriculture and livestock)
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Diseases and pathogens

Various other plantfacts will emerge during the discus
sion of diseases and pathogens.

And what is our knowledge of the identity, host range
and distribution of plant pathogens? Iwill deal onlywith
parasitic diseases but it must be remembered that
non-parasitic conditions resulting from environmental
factors such as frost and drought, nutritional excesses
and deficiencies, physiological and genetic disorders,

Unlike diseases of human and animals, plant diseases and pollution of soil, air and water by a diverse range
make little emotional impact on our society. The plight of chemicals can all cause major damage to plants.
of a koala with an eye infection is much more a matter Indeed, frost and drought in some seasons cause
of public sympathy and support than the canker and more losses than the parasitic diseases. These condi-
leaf diseases of the eucalypt on which the koala tions themselves could be the subject of a separate
depends for its life. This widespread attitude leads to lecture.
the perception by society that animal diseases are At present there are no up-to-date counts of the
much more important than plant diseases, if indeed numbers of pathogens invarious groups recorded and
plant diseases are thought of at all. This poor social reported from Australia and New Zealand. From re-
image of plant disease has important practical conse- cent listings of nematodes (Khair 1986), bacteria
quences. For example, the stringent quarantine provi- (Moffett 1983) and plant viruses (BOchen-Osmond et
sions for exotic diseases of animals and the swift and al. 1988), from published lists of diseases for various
dramatic action taken when an outbreak of such a States and from herbarium resources at Rydalmere,
disease is suspected are in marked contrast to the some figures have been prepared showing the ap-
indecision that I have observed in the past in the proximate number of host/pathogen combinations
handling of some newly introduced plant diseases. If and of pathogen species in Australia (Table 6). The
we cared as much about diseases of plants, on which fungi are byfarthe largest pathogen group, accounting
animals depend entirely, as we do about the diseases for 80% of the parasitic diseases recorded and making
of the animals themselves, then I feel sure that our up over 90% of the recorded species of plant patho-
response to exotic threats to plant health would be gens. The plant-associated nematodes are the next
much more appropriate. Certainly, we all need to most numerous and root-knot nematodes are respon-
educate the decision-makers about plants as our basic sible for many of the host-pathogen combinations
life-support system if we are to have sound policies to recorded for them.
protect the plant health of the country. I do know of a As partial comparison between countries, compara-
few people who have spoken their mind on such ble counts forfungi have been made from the recently
problems in the past but this educational role should published list of plant fungi in the United States (Farr
be undertaken by all pathologists. et al. 1989). In Australia, there are about 15 000 host/

How many plant diseases are there in Australia? pathogen combinations reported, of which 12 000 are

Table 6 Estimates of number of 'species' of plant pathogens in Australia and their host genera and
species

Host generaF

Host species"
Host/pathogen combination
Pathogen 'species'?

FungiA

1400
3000

12000
5500

Bacteria"

178
331
443

95

Viruses?

263
514
972
172

Nematodes?

454
889

2306
304

United States
of America

(fungi)E

1 912
8709

77 830
2666

AFigures estimated from sampled counts of published State plant disease check lists and Herb.DAR records.
BFigures from counts of records given by Moffett (1983).
CFigures from counts of records given by BOchen-Osmond et al. (1988).
DFigures from counts of records given by Khair (1986).
EFigures from Farr et al. (1989). The area covered includes continental USA, Alaska, Hawaii, Puerto Rico and
the Virgin Islands.
"Most of the host genera and species shown for bacteria, viruses and nematodes are also fungal hosts, so these
figures are not cumulative.
GForbacteria, each pathovarwas counted and forviruses, the taxonomic groupings underwhich hosts were listed
by BOchen-Osmond et al. (1988) were counted as 'species'.
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Table 7 Comparison of reports of plant fungi from Australia with those from the United States of
America and with size of the flora

Number of vascular plant species in the flora
Number of vascular plant species listed as hosts of fungi
Number of host/fungus combinations
Number of species of plant parasitic fungi
Ratio A: B

Australia"

17 590 + crops (A)
3000
12 000 (B)
5500
1 : 0.7

United States of America"

21 500c + crops (A)
8709
77 830 (B)
12666
1 : 3.6

AFor sources of figures, see Tables 2 and 5
BHost and fungus figures from Farr at a/. (1989). The area covered includes continental USA, Alaska, Hawaii,
Puerto Rico and the Virgin Islands.
cThis figure is the total for the area covered by Farr at al. (1989); see Hawksworth (1991).

plant/fungus associations, occurring on over 3000
plant species, in about 1400 genera. By contrast, in the
greater USA, there are nearly 78 000 plant/fungus
combinations on 8709 plant species in 1912 genera.
If we compare these figures with the total plant
populations of the two countries (Table 7), it can be
seen that the density of fungus/plant associations
reported in the USA is about five times that reported in
Australia. I have not attempted to distinguish records
on crop species from those on native plants in each
country and it has not been possible to prepare similar
comparisons for other pathogen groups.

A recent article by Hawksworth (1991) has some
disturbing estimates of numbers of species known in
various groups of organisms. In brief, his figures
indicate that the known fungi (about 69000 species)
represent only about 5% of those that exist, an esti
mated total of about 1.4 million species. The compa
rable figures for bacteria and viruses are 10% and 4%
known, respectively. By contrast, the figure for vascu
lar plants is 81%. I recommend that you all read this
thought-provoking article and ponder the implications
for biology as a whole and for plant pathology in
particular. If Hawksworth's estimates are approxi
mately correct, and there is quite a lot of supporting
evidence, then, at the present rate of discovery and
description of new fungal species, it will take another
844 years to compile the remainder!

These considerations lead on to several points:
(i) It is apparent that Australia is still greatly

undercollected as far as the fungi go and I have little
doubt that this applies to all groups of plant patho
gens. The responsibility for recording our plant
pathogens falls largely on plant pathologists. Ours
is a specimen-based discipline and all our investiga
tions begin with observations on diseased plants.
Although the position has improved slightly in recent
years, it is unfortunate that the collecting instinctthat
used to be so strong in all biologists seems to be
almost extinct in some plant pathologists, with
several notable exceptions. However, it is only with

Australasian PlantPathology Vol. 21 (2) 1992
(Volume 21 (1) was issuedon 11 June 1992)

a great increase in the collection of specimens and
inthe numbers of specialists in the various pathogen
groups that the deficiencies in our knowledge re
ferred to above will be remedied in a reasonable
time. Only records based on specimens and their
associated cultures, antisera, and other materials
important invarious pathogen groups are capable of
being authenticated at a later date and it is nothing
short of scientific vandalism when pathologists
discard specimens and other materials that are the
basis of their work or that they have examined for
diagnostic purposes. Thereare nowavailable, within
many groups of plant pathologists, herbarium and
culture collections where specimens and cultures
can be lodged and permanently retained. In this
regard, special support should be given to the
National Collections of Plant Pathogens located at
Burnley, Indooroopilly and Rydalmere and efforts
made to have incorporated in the National Collec
tions some other pathogen collections of impor
tance, especially those atthe Waite Institute. Whilst
all components of the National Collections currently
need increased support, the nematode and virus
collections are in particularly bad shape at present.

The importance of retaining original material for
future reference and study cannot be overesti
mated. Resolution of some trade and quarantine
problems often depends on access to specimens
and cultures collected many years earlier and it is
only with substantial collections that accurate data
on identity, host range and geographic distribution
of pathogens can be obtained. Moreover, with
recent advances in molecular biology, and the
ability to extract and identify DNA from dried
collections, the value of herbarium specimens of
all pathogen groups for identification purposes has
been greatly increased. Forthese reasons, I exhort
all to be aware of the importance ofthe specimens
with which you work, to treatthem with respect and
to lodge them with a plant pathology collection or
pathogen specialist, orwith one ofthe branches of
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the National Collection of Plant Pathogens.
It is also apparent that, in the future, we can no

longer rely on the haphazard collection of plant
pathogens by chance as has happened so often in
the past. Many more organised field surveys of all
plant groups must be carried out and to achieve
these staff numbers will needto be increased. There
is increasing pressure for accurate information on
disease distributions in Australia and quarantine
and trade concepts such as area freedom cannot be
achieved without a thorough knowledge of our
diseases, their host ranges and geographic distribu
tion.

(ii) Secondly, I feel thatthere has been a decline in the
diagnostic ability of some plant pathologists. This
appears to be due partly to the decline in interest in
the general collection of diseased material men
tioned already and partly to increased specialisa
tion, either at the crop, pathogen or discipline level.
To a certain extent, this has been offset by the
development of multi-discipline groups, where the
combined resources of several experts can now be
used to solve problems much more efficiently and at
much greater depth than before, when much reli
ancewas placed on the breadth of knowledge of one
or two people. The diagnostic process is the point at
which all the expertise and experience of a patholo
gist can be brought to bear on solving a problem, and
it is unfortunate that it is often rushed and given a low
priority. The large deficiencies in our knowledge of
plant diseases in Australia and the quality of our
service to the primary industries can be improved
only by a greatly increased commitment to accurate
diagnosis.

(iii) Thirdly, whilewe know many pathogens by name,
we often know very littleabouttheir biology andwhat
they are doing when they are not obvious to us as
pathogens. The recent finding in South Australia of
the teleomorph of the wheat eye-spot fungus is just
one example of what can be discovered in the area
of pathogen biology by careful work. Some species
concepts are also so wide as to be almost useless.
For example, the name Colletotrichum gloeo
sporioides as commonly used in plant pathological
literature refers to such a large group of different
organisms that it conveys virtually no information
about the identity of the fungus present or its
properties in any particular case. Again, to refer to
a bacterium as Pseudomonas solanacearum is
quite insufficient for any accurate decisions to be
made about it in, say, a particular quarantine inter
ception. Inadequate species concepts and the oc
currence of variation at several sub-specific levels
are not only matters for specialist study, but are of
immediate practical importance in most aspects of
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our work. Amongst other things, we may need to
reassess some of the risks involved in the move
ments of plant material and of living cultures of
micro-organisms. A policy that says we already
have pathogen speciesAin this country and sothere
is little or no risk if we introduce it again could easily
lead to the introduction of damaging pathogenic
variants of the species. Asimilar situation exists with
the movement of plants and pathogens from one
part of Australia to another. Moreover, proposals to
release organisms for biological control purposes
without detailed knowledge of their identity, biology
and current distribution should not be contem
plated.

(iv) Fourthly, with a few exceptions, diseases of native
plants and of many introduced non-crop plants have
been largely neglected in Australia. As mentioned
above, this has mainly been neglect by default, as
most resources are used up on crop and major
timber species. There are many reasons why this
situation must be remedied and I will give a few
examples. Inmy last two years at Rydalmere, I spent
a lot of time trying to unravel some problems raised
by the United States Department of Agriculture
about Australian grass seed exports to the USA
These concerned several diseases, mainly smuts
on native grasses, which the USDA said were
present in Australia and which constituted a poten
tial threat to the USA if imported. Because of these
problems, grass seed exports were held up. By
chance, I had worked on several of these smuts over
the years and was able to show, to the satisfaction
ofthe USDA, that all but one did not constitute a risk.
The one remaining difficulty concerned the native
smut Sorosporium cryptum which occurs in eastern
Australia on several native species of Panicum.
Little is known of the biology and pathology of this
smut and work is still in progress at Rydalmere on
its life cycle and ability to infect cultivated Panicum
spp. Until this problem is resolved, difficulties re
main with the export of grass seed. This is a good
example of the direct relationship between lack of
knowledge of a native disease and an international
trade problem.
While dealing with grasses, it must also be men
tioned that, although of considerable importance to
the grazing industry over nearly 60% of the conti
nent, and with a potential for improvement and
much greater use in arid areas, practically no stud
ies have been made of the diseases of native
grasses, apart from the description of some fungal
parasites.

Another aspect of this problem is our inability, in
many cases, to provide data on diseases of Austral
ian native plants to those interested in growing them.
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Table 8 Estimated losses of potential crop pro
duction due to various causes, by world regions
(adapted from Wortman and Cummings 1978)

North and Central 9.4 11.3 8.0
America

South America 10.0 15.2 7.8
Europe 5.1 13.1 6.8
Africa 13.0 12.9 15.7
Asia 20.7 11.3 11.3
Oceania 7.0 12.6 8.3
USSR and China 10.5 9.1 10.1
World 12.3 11.8 9.7

There are just two other aspects of pathogens and
diseases that Iwould liketo mention briefly. The losses
caused by plant diseases are difficult to estimate but
some idea ofthe scale of possible losses can be gained
from figures prepared bythe United States Agricultu raI
Research Advisory Committee (Table 8). It can be
seen that, overall, the estimated losses due to plant
diseases exceed 10% of potential crop production.
Regardless of how accurate such statistics are, it is
obvious that losses are considerable and there is no
reason to doubt that the position in Australia is any
different. I would ask you to keep that figure of 10% in
mind.

Finally, in this consideration of pathogens and
diseases, there is the matter of control measures.
There is now considerable social pressure, backed in
many cases by scientific evidence, for a reduction in
the amount of chemicals being put into the environ
ment. On this point, I am grateful to Professor Brian
Deverall for some recent comments. He attended the
1991 International Plant Protection Conference held in
Rio and representatives of the chemical industries
attending reported that big changes are imminent.
These are due largely to pressure from environmental
groups, and particularly from the Environmental Pro
tection Agency in the United States, to cut down on the
use of chemicals. As a result, large cut-backs in the
production of agricultural chemicals are forecast for
the nearfuture and, because ofthe reduction in income
this will cause, some of the biotechnological projects
ofthesecompanieswill alsobe reduced.These changes
will have important consequences for plant pathology.
First, in disease management, there will be much less
reliance on a chemical fix and much more on the
manipulation of biological and environmental factors.

Plant Weeds
diseases

Losses (%) due to

Insect
pests

Region

Eucalyptus spp. have been grown overseas since the
early 19th century and in recent years there has been
an increasing interest in the cultivation of a wide range
of native species. Many are now being sought as
ornamental plants, both in Australia and overseas,
and surveys carried out in Victoria and other States by
Pascoe and Sutton (1987) on a range of species have
revealed many previously unknown parasitic fungi and
highlighted the need for much more intensive work in
this area. Australian Acacia spp. provide another
example with the use of nitrogen-fixing trees to pro
duce protein-rich seed for human consumption receiv
ing recent attention (Zimsky 1991). The author states
"The Australian Acacia spp. may hold the greatest
promise as a nutritious tree food source for arid
regions" and these trees have considerable potential
for human food production in the drier parts of Africa.
Already locally grown Acacia holosericea seed is being
incorporated into diets in Nigerand it is highly likely that
other Acacia spp. will be used for similar purposes.
Other examples could be given. However, one fact
stands out. When we think of the constant use we
make of overseas information on diseases of plants
native to other countries, it is obvious that we have a
responsibility to provide similar data about our plants
for overseas users. The amount of pathogen and
disease information available overseas about genera
such as Triticum, Trifolium, Prunus, Rosa, Citrus, Pinus
and many others, on which we draw constantly, far
outweighs that available intheir native country for such
genera as Acacia, Melaleuca, Callistemon, Grevillea,
Leptospermum, Lechenaultia and others.

Many other reasons could be given for studying
diseases of native plants, including their significance
to the Aboriginal people, their importance as food and
shelter for native animals, the light that they shed on
theevolution, classification and biogeography of plants
and their parasites and, not least, the economic
potential they offer for Australia.

Iwill mention only one point on exotic diseases. Just
as Australia is underexplored for plant diseases and
pathogens, so are many other countries. Moreover, as
already noted, in many groups of micro-organisms,
the described species probably represent only a small
proportion of those that exist. There is thus a strong
possibility that there are asyet unknown or undescribed
pathogens in most countries, some of which could
constitute a real quarantine risk for other countries.
Indeed, 30 years ago, this was the case for some ofthe
Central and South American pathogens of Myrtaceae
which are now known to attack several species of
Eucalyptus and other Australian genera. This possibil
ity must be taken into account in all quarantine delib
erations, at least partly by a concept of high risk plant
groups.
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Table 9 Plant pathologists in Australia: distri
bution by employing body

AThis figure does not include post-doctoral fellows who
make a substantial contribution to University plant
pathology.
BThe total of 205 does not include figures for those
organisations who did not complete the survey form or
for pathologists in private practice (see text).
cThis total does not include 184 technical scientific
support staff counted in the 1991 survey, who make a
major contribution to the work of plant pathology.

Already, some pest and disease management strate
gies make use of non-chemical means to reduce the
damaging impact of insects and pathogens butthis will
need to be greatly extended in the future. This will
necessitate a much more detailed knowledge of the
biology of plants and their pathogens than we have at
present and a return to many of the basic disciplines.
The present decline in the teaching of these subjects
in some universities may well need to be reversed in
the near future. Secondly, the traditional employers of
plant pathologists will have to fill this need and it is to
be hoped that they will realise the opportunities offer
ing.

So far I have dealt with some plant facts and figures
and with some aspects of pathogens and diseasesthat
I consider to be important to the work of plant patholo
gists. Iwould now liketo discuss some aspects of plant
pathologists themselves.

Plant pathologists

State Departments
Universities
CSIRO
Commonwealth

Departments

Total

1966 Survey

79 (56.5%)
37 (26.5%)
16 (11.5%)
8 (5.5%)

140

1991 Survey

149 (72.7%)
36 (12.7%)A
22 (10.7%)

8 (3.9%)

205BC

In 1966, I carried out a survey of plant pathologists in
Australia and made some comparisons with overseas
countries (Walker 1966). This year, I attempted a
similar survey but the response was not as good as I
had hoped and so the statistics shown are incomplete.
However, for Australia, the data cover the majority of
institutions concerned with plant pathology research
and its associated advisory work, and with the teach
ing of plant pathology. For New Zealand, with its
current reorganisation ofpublic-funded science, I have
been unable to obtain sufficient figures to compile a
realistic table. Also, too few replies were received from
overseas countries to make accurate comparisons
with them.

In Table 9, the 1966 and 1991 survey figures are
given. These show that 205 plant pathologists are
currently employed, almost three-quarters of whom
are in State Government departments. This figure
agrees fairly well with a count made from the current
APPS membership list. Although 433 personal mem
bers are listed, these include student and retired
members and when these are subtracted, there are
about 241 active pathologists listed for Australia at
present. There are 30 listed from New Zealand and 14
in private industry in Australia. This table shows that
the State Government organisations remain the main
employers of plant pathologists in Australia, and
indeed their percentage of the total has increased
since 1966. Numbers in universities have fallen over
the 25 year period, although I have not included post
doctoral fellows in the 1991 survey figures.

Although not shown in the table, the survey replies
also indicated that there are about 180 technical
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scientific officers employed in Australia, as well as a
smaller, unspecified number of assistants in
laboratories,herbaria and culture collections and a
range of clerical support staff. The technical scientific
officers and the assistants are often responsible forthe
day-to-day running of projects and for doing much of
the hack work involved in research and advisory
programs. At best, they are fully acknowledged and
take their proper place as full co-workers in projects
and in the publication of results; at worst, some are
treated rather as dogsbodys, with little use being made
of their talents and enthusiasm. They play an impor
tant and often underestimated role in Australasian
plant pathology.

How much the figure of205 (241) for plant patholo
gists represents a real increase over the last 25 years
is uncertain. Certainly, during that period, there has
been an increase in the range of people who are called
"plant pathologist". For example, plant pathology po
sitions in some institutions can now be filled by
specialists in disciplines such as molecular biology,
population genetics, Virology and bacteriology who
have had little or no formal training in plant pathology
but who are nevertheless making a major contribution
in the current multi-disciplinary thrust of the science.
Moreover, from the comments that accompanied the
figures, it is apparent that there has been a real and
significant decrease in the number of forest patholo
gists employed in Australia within the last 10 years.

The universities surveyed provided figures of cur
rent numbers of students taking plant pathology as a
majorcourseand estimates of numbers expected over
the next 10 years. Employing organisations (including

Australasian Plant Pathology Vol. 21 (2) 1992
(Volume 21(1) was issued on 11 June 1992)



universities) estimated the number of job vacancies in
plant pathology over the same period. These figures
are combined in Table 10. It can be seen that the
number of potential graduates is about six times
greater than the expected number of job vacancies,
even allowing for a proportion of overseas students
returning to their home countries for jobs there. If only
post-graduate students are considered, the ratio is
about two to one. Employing bodies commented that
things were expected to become tighter over the next
10 years and there were also fears expressedby some
universities both about the shortage of jobs for their
graduates and the future fate of plant pathology and of
some of its basic disciplines such as mycology in their
institutions.

The survey also sought information on expenditure
on plant pathology and the replies obtained are sum
marised in Table 11. As expected from the employ-

Table 10 Estimated numberofgraduates in plant
pathology and of possible employment positions
available to the year 2000 (from 1991 survey)

Graduates to year 2000 550
Post-graduates to year 2000 143
Total 693

Deduct overseas students returning home 200
New total 493

Estimated total positions vacant to year 2000 78
Ratio graduates: positions- 493 : 78 =6 : 1

If only post-graduate plant pathology students
are considered, the figures are 143: 78 =2: 1

AI n the 1966 survey, the respective figures for the ten
year period 1966-76 were 294 graduates and 40
expected vacant positions, a ratio of 7 : 1.

ment figures, State Government organisations spend
the largest amount and also obtain the largest amount
in grants. Thetotal of just over$19 million shown is not
complete but does cover most of the research and
teaching activities in plant pathology that go on in
Australia. Itdoes not include quarantine, private indus
try or figures from a minority of institutions that
regarded them as confidential.

Thereis just one moresetoffigures (Table 12)which
bring together some of the data given in earlier tables.
If we assume that losses due to plant diseases in
Australia are of the same order as in most other
countries, then an overall figure of 10% does not seem
excessive.Aswe haveseen,the total annual monetary
value of crop production in Australia is in excess of
$7000 million, but this figure does not include the
forestry industry, the nativeflora orthe $13 000 million
livestock industry, totally dependant on plants. Com
bining these two figures, it can be said that plant
diseases cost Australia at least $700 million per
annum, and in view of the exclusion of several major
plant groups, this is probably a most conservative
estimate. The current survey indicates that we spend
something more than $20 million each year on plant
pathology research and teaching in Australia, which is
about 3% of the estimated amount that crop diseases
cost usand aboutO.3% ofthe monetary value of crops,
not including forestry, the native flora, pastures and the
livestock industry. This seems a very small investment
to me.

We live in a social, political and economic climate
that is largely ignorant of, and indifferent to, plants,
their diseases and the peoplewho work on them. It has
been said with some truth that scientists are politically
and economically naive. But I suspect that the con
verse also applies - that many politicians and econo
mists are scientifically naive and have little idea about

Table 11 Some incomplete figures on expenditure on plant pathology in Australia ($ Aust.) (from
1991 survey)A

Organisation Organisational expenditure Grants Total

Universities 1 046000 1 198000 2244000
State Government 9564250 4542219 14106469
CSIRO 1499000 1213000 2712000
Totals 12109250 6953219 19062469

AThis table does not contain figures for expenditure on plant pathology from the following sources:
(a) some organisations that did not provide them,
(b) Commonwealth Department of Primary Industries and Energy, especially expenditures on plant quarantine

(not surveyed),
(c) private industry (not surveyed),

The figures shown represent replies received from 11 universities, 9 State Government departments and
2 CSIRO Divisions, and cover most of the plant pathology work carried out in Australia by these
organisations.
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Table 12 Some approximate figures for further
consideration

either the technicalities of science or the climate and
conditions necessary for science to do its job. How
ever, in our society, it is politicians and economists
who make the decisions, which can often have serious
repercussions for scientific work. In recent years, in
several organisations in Australia and New Zealand,
we have had ample evidence of that. And it will
continue in the future. It is thus essential for plant
pathologists to ensure that the decision-makers are
thoroughly informed, and indeed convinced, of the
basic importance of plants and their diseases. In the
widest sense, they must be shown that biological facts
are inexorable and that true social, political and eco
nomic progress is possible only by working with the
biological facts of life and not against them.

I have tried to explore a few of the biological
foundations of our work on plant diseases and give a
selection of statistics about pathologists and pathol
ogy. You will all be able to think of many aspects that
I have not mentioned and you may well question the
completeness and accuracy of some of the statistics.
Butthis iswhere you, the Australasian Plant Pathology
Society, come into the picture. From now on, our
Society must take a much greater role inthe promotion
of plant pathology and its component disciplines in this
part of the world. Article 2 of our Constitution states

"The objectives of the Society shall be the advance
ment and dissemination of the knowledge of plant
pathology and its practice, particularly, but not
exclusively, in relation to Australia and neighbouring
countries"

and one of the means to achieve these objectives
mentioned in Article 3 is

"by increasing public awareness of the functions
and achievements of plant pathologists."

AEstimate of annual losses
due to plant diseases

BAnnual value of crop production
in Australia (excluding pastures,
forestry, the native flora and the
livestock industry.

Estimate of value of annual
losses due to plant disease

CEstimate of amount
spent on the science and
teaching of plant pathology in
Australia each year

ASee Table 8
BSee Table 5
cSee Table 11

About 10%

$9,906 million
(1988-89)

$990 million
(1988-89)

$20 million plus

I feel that, as a professional society, we have failed
in this objective and have also failedto present any sort
of convincing case to Governments orto the adminis
trations of various institutions and departments of the
importance of our work and the reasons why it should
receive increasing support. For these reasons, Iwould
like to put to you a few steps I think the Society should
take to improve this situation.
1.Accurate data are essential. I thus suggest that the

Society carry out a survey similar to that reported
here in order to compile complete and accurate
statistics on staffing, expected job vacancies and
graduate numbers, expenditure on research and
teaching and other matters aswell as information on
the achievements of Australasian plant patholo
gists, and on the contribution that our science
makes to the economic and social life of the region.
Who will do this? Well, there are already at least two
special interest groups in the Society dealing with
tropical pathology and nematology. Surely a third to
gather such information and continually update it in
the wider interests of plant pathology could be
formed.

2. The Society must have a louder voice in Australa
sian science and promote the interests of plant
pathology. We do have a voice through FASTS (the
Federation of Australian Scientific and Technologi
cal Societies) butthe general issues raised bythe 70
societies that make up FASTS can bury many of the
areas significant for plant pathology. Several of
these have been raised in this lecture, for example

• the need for more intensive plant disease surveys;
• the need for staff to carry them out and for pathogen

group specialists to cope with the taxonomic and
identification work they generate;

• the need for more basic biological studies of a wide
range of diseases as an essential component of
disease management programs to minimise use of
chemicals;

• the vast discrepancy between the work to be done
and the small number of new jobs available in plant
pathology on the one hand and the large number of
graduates expected who are the potential patholo
gists of the future on the other;

• the overburdening of scientific workers with admin
istration duties;

• the discrepancy between the monetary value of
plants and the losses caused by diseases ontheone
hand andthe very small percentage of this value that
is returned for research in, and teaching of, plant
pathology;

• the declining number of forest pathologists, and
many other more general issues in areas such as
trade and quarantine, conservation and the environ
ment.
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3. In order to try and achieve some of these ends, it is
suggestedthata permanent group beformed, under
the auspices of the APPS, consisting of the Heads
of Plant Pathology departments in all institutions
where research and teaching of plant pathology is
carried out inAustralia and NewZealand. This group
could meet at least once a year to discuss and
prepare submissions on the many matters of con
cern to plant pathology. In the future, if we are to
progress or even survive, we must show a much
greater degree of co-operation at the personal,
institutional, state and country levels than we have
in the past. The botanists have given us a good
example to follow. They have a Council of Heads of
Australian Herbaria that meets at regular intervals to
discuss matters of common interest and they have
a strong voice inAustralian science and a significant
input to the decision makers. We need to do some
thing similar, sothatthesignificance of plant pathol
ogy in the social and economic life of this region is
clearly seen.
And so, at the end, I come back to where I began.

Present-day plant pathology is composed of many
disciplines. Ability to manage plant diseases for the
benefit of agriculture, horticulture, forestry, the envi
ronment and society as a whole can flow only from a
rigorous practice of these sciences. All now work in
intimate association to help solve the biological com
plexities facing us. Anything that interferes with this
symbiotic relationship between these disciplines ad
versely affects plant pathology. Each of them is a
science in its own right and, in this part of the world,
may be represented by very few, or in some institu
tions, by only one, active worker. We are thus very
vulnerableto disruption of any sort. We must getthese
messages across. You, as the plant pathologists of the
present day, are the carriers of the discipline and its
component sciences and you are thus its guardians.
You all walk in the footsteps ofDaniel McAlpine. It's up
to you.
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