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Preface

In the Preface to the companion volume, ‘“People and Plants in
Australia”, we arbitrarily divided the history of the relationship
between plants and people in Australia into six overlapping periods,
from early discovery to the present day. In this volume we are
concerned mainly with the history of the development of disciplines
related to problem solving and with some aspects of plant introduction
and utilisation.

Problem solving implies first, recognition of the nature of the
problem, then its further study in the light of experience to find means
of overcoming it. Good examples are provided by the early history of
poisonous plants, dealt with by Everist in this book. Reports of
mysterious stock diseases and deaths led finally to suspicion falling on
plants consumed by animals. The identification of the poisonous plants
themselves and their toxic principles required expert, usually
professional skills. Similarly, the identification of the syndrome of
symptoms of trace element deficiencies in plants required the
application of chemical skills and expertise in soil science. These skills
were lacking in Australia until late in the nineteenth century. The
training of Australians as chemists had to wait upon the founding of the
first Universities in mid century. No professional botanists were trained
here until the twentieth century.

Many problems arose from the main primary industry based on
plants, wheat growing. There were problems of yield, baking quality
and disease resistance. They required specialised knowledge not
available either to the amateur natural historians who had played so
great a part in the earlier development of the plant sciences in Australia
or to the professional Government botanists, whose forze was largely in
taxonomy. It is appropriate that the history of wheat breeding and the
study of the pathogens causing disease in wheat is outlined in two
chapters of this book. That work continues into an indefinite future. To
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disease in introduced plant species are caused by the naturalised
pathogens brought there from other regions where they were endemic,
and by indigenous pathogens present in the native flora and in the soil.

Although most of the diseases of cultivated plants in Australia are
caused by introduced pathogens, there are some that result from
indigenous plant pathogens moving from the native flora on to
introduced plants belonging to the same taxon as the native hosts.[3]
Obviously, native plants are affected with diseases caused by endemic
pathogens that are frequently as unique as their native hosts.[4] These,
and similar native pathogens with highly specialised host relationships
have not moved on to introduced plant species. However, some of the
introduced pathogens have infected native plants belonging to the same
taxon as the introduced hosts.[5]

Some pathogens that are world-wide in distribution apparently are
also indigenous in Australia which suggest that they have been in
existence for a very long time.[6] This applies particularly to many of
the soil-borne root pathogens occurring on native and introduced
species in Australia. They occur in virgin land too remote from
cultivation, and over distances too vast for them to have been
introduced by man, and spread by natural means since Australia was
settled by Europeans. They include the root-rot fungi of cereals and
forest trees, the root pathogenic nematodes, some air-borne fungi like
Glomerella cingulara[7] and some insect-borne viruses such as barley
yellow dwarf.

It was imperative that the new colony became self-supporting
because of the lengthy and hazardous sea voyages for the transport of
food to it. Almost from the start, attempts at growing food crops in
Australia were plagued with diseases referred to as ‘blights’ in the early
records.[8] By the 1880s, epidemics of plant disease in many crops
grown in Australia were resulting in serious losses in production, and
causing concern amongst growers and responsible Governments in the
various States. Virtually no rational attempts to control plant diseases
were made in those days, except for the use of various wet steeps in the
case of externally seed-borne smuts of cereals. Australia’s progress
towards becoming one of the wheat-producing countries of the world
was threatened by the uncertainty of the harvests, mainly through the
ravages of stem rust. There had been ten seasons when wheat crops had
failed completely through stem rust.[9]

Public concern over the increasing epidemics of crop diseases and the
development of knowledge of pathogenic causes of plant disease,
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writers, nearly always illustrated their published works, McAlpine
mainly with photographs, and Cobb with drawings, using skills at
which both excelled. They published in the journals of the State
Departments of Agriculture, as well as in the publications of the local
Learned Societies. It is salutory to note in perusing these journals, that
there are few fungal diseases in Australia today that were not reported
originally by McAlpine and Cobb.[11]

Laboratory equipment associated with the culturing of plant
pathogenic fungi and bacteria on artificial media came gradually into
use in plant pathological laboratories during the first decade of this
century. Using these techniques in 1895, Cobb was one of the first to
show that bacteria can be causes of plant disease. He proved that
gumming disease of sugarcane was caused by a bacterium at a time
when T.J. Burril and Erwin F. Smith were pioneering work on bacterial
plant pathogens in U.S.A.{12]

The problem of recruitment of agricultural scientists, including plant
pathologists, led to the establishment in the early 1900s of Faculties of
Agriculture in the existing Universities of Adelaide, Melbourne, and
Sydney. The first Chair of Agriculture to be filled was in Sydney in
1910. The appointee was Professor R.D. Watt, a graduate in
Agricultural Science from Glasgow. Watt lectured on all aspects of
agricultural science to a small group of students in 1912, and included 5

lectures on plant pathology, the first ever given at an Australian
University. The textbook he prescribed to augment his lectures, B.M.

- Duggar’s Fungous Diseases of Plants, published in U.S.A. in 1909, could

not have been bettered at that time.[13]

The advent of the First World War in August 1914 halted the early
beginnings of professional training in plant pathology, and most of the
first Agricultural graduates from Sydney in 1914 and 1915 enlisted and
saw active serwjce. Following the Armistice in 1918, there was a rapid
development in undergraduate training of plant pathologists by
Universities in Australia. By the 1930s, universities in all States, except
Tasmania, provided such training either in Schools of Agriculture, or in
Departments of Botany. Because of the remoteness of Australia from
centres of plant pathological progress in Northern Hemisphere
countries, graduates opting to become plant pathologists sought
overseas experience by visiting or studying at such centres. In fact, until
the late 1940s, there was a general attitude in the profession that the

training of Australian plant pathologists was not complete without
overseas experience.
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Figure 1. Dr N.A. Cobb.

Figure 2. Daniel McAlpine.
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At Melbourne University in 1920, Dr Ethel McLennan began
teaching plant pathology, as part of her mycology course in the School
of Botany, to undergraduates in Science and Agriculture. She had
graduated in Science from Melbourne in 1915 with no formal training
in mycology or plant pathology, but through contact with McAlpine
and Brittlebank[120] had developed an interest in, and was self-taught
in, this aspect of botany. Devising her own course, she was eminently
successful as a teacher of mycology and plant pathology, inspiring many
of her students to become plant pathologists, some of whom became
leaders in the profession.[14]

The first professional course in plant pathology, as distinct from
applied mycology, was given by W.L. Waterhouse in 1922 to
undergraduates taking the degree in Agriculture at Sydney

Figure 3. The first plant pathology laboratory in Australia; MacAlpine’s private home
in 22 Armadale Strggt, Armadale, Victoria.

University.[15] Waterhouse was one of Watt’s first batch of students to
graduate in 1914[16]; instead of accepting the award of the 1851
Exhibition to study at Cambridge, he enlisted in the A.I.F. After
recovering from war injuries in 1919, he went to Imperial College,
London, on a Walter and Eliza Hall Fellowship. He studied for a year
under Sir John Farmer and gained the Diploma of the College. He then
visited American Universities at which plant pathology was taught,
spending most of his time with E.C. Stakman at Minnesota. On his
return to Sydney in 1921, Waterhouse was appointed lecturer in plant
pathology, genetics and plant breeding, and agricultural botany in the
Faculty of Agriculture at Sydney University.[17]
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Over the next 30 years, Waterhouse established a tradition of sound
undergraduate training in plant pathology at Sydney, inspiring many
students to become plant pathologists, and in the early years he virtually
was the Faculty. McLennan and Waterhouse were certainly pioneers in
the teaching of plant pathology in Australia. Plant pathology was taught
in other States of Australia either as partofa mycology course in Botany
Schools, or as courses given by visiting lecturers recruited from among
Government plant pathologists, like that instituted by W.M. Carne in
Western Australia in 1923. The courscs taught by part-time lecturers
were, at best, servicing courses with certain attendant disadvantages.
The 1950s and 1960s saw & proliferation of Universities in most States,
as well as the establishment of the Australian National University at
Canberra and a Faculty of Agriculture in Tasmania in 1961.[18]

During this era, the most noticeable change in the training of plant

pathologists in Australia was the introduction of the post-graduate PhD

degree with improved facilities for post-graduate training 1n specialised
e subject. This introduction was followed by the

branches of th
establishment of the first two chairs of plant pathology in Australia, in
of this was that

Adelaide in 1964, and in Sydney in 1966. A consequence

graduates who had majored in plant pathology for their first degree

lined to seek overseas experience until after they had

became less 1nc
undertaken the post-graduate course. Many went Overseas on post-
ge of maturity. The

doctoral fellowships, with the advanta
implementation of training at both levels was made possible through an
increase in staff and through the appointment of persons well qualified
and experienced in research. In the 1960s, the Waite Institute at
Adelaide University became the most favoured for post-graduate
training, and Sydney’s Faculty of Agriculture for undergraduate
training.

The Waite Institute’s premier position at that time in the post-

rose partly from its total responsibility for plant

graduate training a
pathology services in South Australia, justifying a disproportionately

large staff for an academic institution in a State with asmall population
and a large area of land that was mostly desert. It also achieved this
status through the energetic and ambitious activities of the astute head

of its Plant Pathology Department from 1958 to 1970, the late Professor

N.T. Flentje.[19] His persuasive tactics attracted financial support for

his department and, by the mid-1960s, he had developed the best

equipped and strongest research group in Australia consisting of nine
specialist plant pathologists. Consequently the Waite Institute was an
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Research institutes
In the 1920s the establishment of two institutions was to exert a
significant influence on the future of plant pathology in Australia. They
were the Waite Agricultural Research Institute, within the University
of Adelaide in 1924; and the Division of Plant Industry (Economic
Botany) in 1927, within the newly formed Federal Council for Scientific
and Industrial Research (CSIR). At the Waite Institute the first head of
plant pathology, Geoffrey Samuel, a science graduate from Adelaide,
proved to be a versatile and capable plant pathologist, ready to turn his
hand to any problem. He was responsible for all plant pathology
services in South Australia, including teaching it to
undergraduates.[22] In 1934, he resigned from the Waite Institute to
join the staff at Rothamsted in England. He was replaced at the Waite
by D.B. Adam from the Victorian Department of Agriculture.[23]
The need to investigate plant disease problems of national
importance was partly responsible for the establishment, in 1927, of the
Division of Economic Botany (later changed to Division of Plant
Industry), within the CSIR. The first Chief of the Division was Dr B.T.
Dickson, an English-born Professor of plant pathology at McGill
University in Canada.[24] In ten years he built up a staff of 32 research
scientists, of whom eight were plant pathologists working under the
direction of Dr H.R. Angell.[25] During that period, research work was
undertaken on tomato spotted wilt, blue mould of tobacco, virus
diseases of tobacco, flag smut and take-all of wheat, virus diseases of
potatoes and bitter-pit of apples. Significant contributions to the
knowledge of all these diseases were made, but the most outstanding
was that made by Angell and his colleagues on the control of blue mould
of tobacco in seed beds by the use of benzol vapour. In 1951, Dickson’s
successor as Chief of the Division of Plant Industry was Dr Otto
Frankel, a geneticist and plant breeder of international repute, whose
policy was for the Division to be concerned entirely with fundamental
research.[26] He considered the research of plant pathologists to be
‘pedestrian’ and accordingly disbanded the plant pathology section,
replacing it with a section labelled ‘Microbiology’, implying research of
a fundamental nature. He appointed Dr K.O. Muller in 1953, on afive-
year tenure, to pursue his researches on ‘Phytoalexins’ or ‘warding-off

substances’ formed in tissues injured through the presence of pathogens.

[27]
By the 1960s, the number of plant pathologists employed by
Government services, in both Agriculture and Forestry, had increased
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though the establishment of various refereed
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Australian scientific journals in recent years has begun to attract more
attention to Australian work.[20] ,

After the end of the World War II there was a vast improvement in
communication between plant pathologists, both within and outside
Australia. Within Australia this was achieved at conferences, and by
improved dissemination of research findings through an increase in the
number of scientific journals published in Australia. Above all, the
possibility of exchange of personnel between Australia and overseas
centres was greatly improved. The most effective improvement of
communication within Australia was the institution of plant pathology
conferences sponsored by the National Agricultural Council, making it
possible for the widely scattered community of plant pathologists to
come together at five-yearly intervals. The last of these was held in
1971, when 140 delegates attended.[29] With the formation of the
Australian Plant Pathology Society in 1969, these conferences were
replaced by the biennial meetings of the Society, the first of which was
held in Sydney in 1974.

From the published records of plant disease investigations in
Australia it is apparent that progress in Australian plant pathology often
reflected overseas developments in the science. Thus, during the
formative years, the emphasis was on discovering causes of plant
disease; the mid-1950s saw the beginning of an inevitable era of
specialisation. A ‘new breed’ of plant pathologists came into being,
specialists in plant virology, bacteriology, nematology, and so on.
Through all these phases of advancement of knowledge, fashions or
vogues may be perceived. One has only to look through the titles of

articles on plant pathology in accredited scientific journals over a period
of years to see evidence of such fashions. Australian plant pathologists
not only followed these fashions, but created their own new ones.

The History of Some Plant Disease Investigations in Australia
An important part of the history of plant pathology is the history of
individual plant diseases in Australia, and some of these will now be

considered.

Black Stem Rust of Wheat (Puccinia graminis f. sp. tritici)
Historically and economically, black stem rust is the most important
plant disease in Australia. The control of the disease is by breeding
resistant cultivars, so that much of its general history belongs to plant
breeding, though in many aspects of the disease in Australia, pathology
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is 1?ev1tably linked With. plant breeding. If the ‘blight’, referred to in the
te}.ellr 1§§t records of growing wheat in Australia, was black stem rust, then
T Isease was destined to plague wheat crops from the beginnijng of
co on1§at10n.[30] The term ‘rust’ was not used until 1803, when the
X 2
;:upermten('ien‘t of Captain Cox’s ‘Brush Farm’ in the Dundas
astwood district of today, reported that 265 acres of wheat grown there
were cpmpletely destroyed by rust, some three weeks bef.
harvesting.[31] oo
. The. question of the'source of the earliest rust epidemics has exercised
e minds of ‘Austrahan cereal rust workers ever since. The possible
f{;)urcesl _are: it Wwas on native grasses before wheat was grown in
rul;itra ia; it vs;las Wu;)d—borne from South Africaand/or India, where the
was well-established at that time; i i
. ¢; 1t came from infected and
introduced plants of an alternate host for the stem rust fungus, the
or}rllamental shrub, Berberzs vulgaris; or it was seed-borne in the éape
I‘f] eat used for'sowmg the first successful crops in the Sydney area
sczzlrve perenn;lal grasses of the genus Agropyron, particularly A.
um, or wheat grass, are near relati ) .
wves of wheat and occur
th}:f)l;lghout the wheat belt of Australia. They are hosts for stem rust
ge eltc ril’?ggh?}/e (l;een present on them prior to the arrival of the first
in . Urediniospores of the rust fungi i i
ngisurvive aerial transport in
thed§tr'atosphere (some of the few spores that do), so that I1riable
un:,i iniospores of stem rust of wheat could be blown from South Africa
an /or India, and from Australia to New Zealand. [32] However, it is
ir}?pflioba?le that the outbreak of stem rust in wheat Crops grown d1,1ring
: Oe mlr;:hew years near Sbydney were caused by airborne urediniospores
er continents, because the chanc |
e of such spores landin
. on
;ucl; a'sme;ll target area 1s extremely unlikely. The common barbegrry
erberis vulgaris, is the alternate host fi .
' or the wheat stem rust f
which the sexual sta roduce: on
‘ ge of the fungus occurs and d
strains.[33] This could not h The ently roat
: ave been the source of th
: ( e early rust
infections because this ornamental shrub was not introduce?i’ into

Australia until much lat
wheat.[31] ater than the first appearance of the rust on

W.ﬁlust fuc;lgl are not 'se'e(.i-borne in the sense that urediniospores mixed
1 ; see ccilo not initiate rust infections in plants grown from
contaminated seed. The first wheat i
: . Crops grown in Australi
raised from seed brought fr likely thet
. om Capetown, late in 1788. It is I
this seed was contaminated wi . e
with urediniospores of i
. : _ stem rust, since the
disease was well-established in South Africa at that time. It i’s possible

53




PLANTS AND MAN IN AUSTRALIA

that when the Cape wheat was being sown, urediniospores were blown
onto nearby native wheat grass, 4. scabrum, that became infected with
the rust. Being a perennial grass, such infected plants would then
provide inoculum for infection of the following season’s wheat crop. A
similar happening is believed to have occurred when snapdragon rust,
Puccinia antirrhini, was recently introduced into Australia in
snapdragon seed contaminated with urediniospores of the rust. The
accidental dusting of snapdragon seedlings with urediniospores is
believed to have occurred when the contaminated seed was being sown
in nearby beds.[34] The most likely source of the stem rust of wheat
infections in the new colony appears to have been infected Agropyrum
scabrum. It was either host to an indigenous rust before European
colonisation, or, more likely, it became a native host when dusted with
urediniospores from the contaminated Cape wheat seed. This grass now
serves as an important link in the infection chain of wheat stem rust in
Australia.[33]

By the 1880s, the uncertainty of the wheat harvests through rust
epidemics, and the nondescript nature of the wheat varieties brought to
Australia by the early settlers from England and Europe, threatened the
developing wheat industry. The plight of the wheat industry at that
time induced William Farrer to take up the self-appointed task of
improving, through selection and breeding, the suitability of wheat
cultivars for the Australian climate and their resistance to stem rust.
Farrer, a Cambridge graduate in mathematics, had been asurveyor with
the Lands Department of N.S.W. since 1875, and had ample
opportunity to observe the plight of the wheat farmer. In 1886 he
resigned from his position as surveyor, and began his work on wheaton
3 acres of his property, ‘Lambrigg’ at Tharwa near the present
Canberra.[35] He continued his monumental work until his death in

1906, during which time he succeeded in producing a number of new
cultivars of wheat by hybridising the more promising wheats imported
from different countries. The most popular one was ‘Federation’
produced in 1901, the year of the Federation of the Australian States.
Widely grown throughout Australia from 1910 to 1925, the success of
‘Federation’ was due to its rust-escaping earliness rather than to true
resistance. Its earliness permitted the extension of wheat growing areas
into hotter and drier parts of Australia where stem rust was not so
serious.

The challenge to know more about the rust fungus in Australia was
taken up by W.L. Waterhouse at Sydney University in 1918, and
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;:_?ntmuled throughogt the whole of his working life at the Universit
e explored the strains of stem rust present in N.S.W., and embarkeyci
He ! ] S.w.,
thenpprrogralrnrnc.: o;})rseedmg rust-resistant wheat cultivars to the strains
evalent in N.S.W. He determined i
. the strains present by usi
: . T usin
th:: lt)\lyelllvz differential wheat varieties that Stakman and Levi};le hag
established in their classic work in di
: on strain differentiati i
srab ' ation of rust in
v tS A in .1922.[36] For the collection of rust samples for strain
t e;m1x}at10n on the wheat differentials, he enlisted the help of
lzilec 1c:;s3 (1)n cg(}mtryhschools throughout the wheat belt in N.S.W. By the
s Waterhouse had produced 3 ‘ ially
> 1 ‘ : new commercially via
;r{a.netles. resistant to all the strains then known to be present inyN S l\)Vgle
! ‘ ’ ] S.W.
ressist\;irlety G;lb(;( was the most widely grown of these, until its
ce was broken in 1948 by the a
earance of an i
Breakdown of resist b e ties 10 the
ance to rust was to be repeated i i
. many times in
futIurii becagse the new strains were somatically induce}(ri the
n . . . :
» ustral‘la, stem rust fungus maintains itself solely in the uredinial
ge as continuous infection chains on self-sown wheat plants growin
;)n broadSIdes and headlands out of season as well as on Agropyroi
};a r.umhand possibly other native grasses. Unlike the Northern
emisphere countries, with their ¢ i
old winters, the al
ikt does ot o vith ‘ » the alternate barberry
y any significant part in the survi
e b DT ] urvival of the stem rust
, except in Tasmania where the cli
e climate resembl
somewhat that of the tem i ethern
perate wheat growing ar f
it Tn e 1g areas of the Northern
. pite of the fact that barberry i i i
' infections, which
normally required to give ri i 2 ot occur on
: rise to new strains of the rust, d
mainland Australia, there i i  acw straias arise
N e 1s abundant evidence th i i
ently, Do e that new strains arise
. or LA. Watson at S i i
: ydney University has sh.
the main source of the n i o
ew strains of stem rust is thr i
: ce of the n ough mutation and
somatic hybridisation, in whi i
s ich hyphae of genetic i i
ally different st
anastomose and exchange their ni i “wheat
r nucl in i
p— ear material in infected wheat
W .
- lgggntgiagi(;;(l was Zpgomted to help Waterhouse with the rust work
3 man ditferentials were supplem i iti
an ented with 8 add
wheat hosts containing si i i oA
g single genes identified for resi
system of naming the Australi i plemented, e
. 1an rust strains was implemented i
was essential for the breedin P dontity o
g work to be able to identif i
accurately, not only in diff iti forent years
erent localities but also in di
Loy, hot onh so in different years.
occurrence of strains of rust i i
: rovides evid f
movement of the rust within A i g T
ustralia over a period of i
’ ! years. Thus it
as shown that there was a movement northwards in N.S.W. of strain
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. . . ern
1.1 in the 1955-56 season; a new straim, 21.2, originated mssg(l;ﬂ;nto
Ql.leensland in 1956 and moved southwards through .N. . .train
Victoria, South Australia and Tasmania by 1959. The v1rulentt ; im(,)
, i ountr
d westwards across desert C
21.2, was somehow carrie \ e o
Wes;ern Australia, appearing there in 1960. Both strams,h 21 Tl and 2 Se;
S . an
d (in the wind?) across the asm
the eastern States were carrie _ :
::)(f New Zealand by 1959.[38] Knowledge of strains of stem r.ust' ;r;
Australia has made possible the study of the ecology of ru}slt strf;zsﬁost
i n the sa
i ompete with one another 0 ,
understanding of how they ¢ ! o S
i in why there have been ‘rusty 2
turn helps to explain w \ ‘ '
v ars chanlc)e playing a large part in strain survival. In some years tie
: i uite
Zrnainbstrain surviving after extended periods of drought has been q
i beforehand.[39]
rent from those present ' o
dlfée dney University has become a world centre for rust investigations,
d};ow};las two wheat research Institutes situated where the chm;te is
n . -

; ost suitable for rust studies. One is at Castle H1‘11 near Sydney arll one
:2 Narrabri in the northern wheat belt. Sydney 1s not ‘;he :Ely P (;f}felrg
’ i i taken.

i k and breeding wheats 1s under ;
Australia where rust wor . e e

heat Research Institute 2 R
are the Queensland W ' N oo W
i i h Institute at Horsham a S.
ictorian Wheat Researc .
\ée artment of Agriculture Research Institutes at Tamworthdand
Wap ga Wagga. In the 1960s, J.F. Brown and W.A. Shipton at Sy 1neﬁ
Unigversity attempted to discover the nature of the gene action invo v;
:n resistance mechanisms in different wheat cultivars \gfxtlkll specific
o ' i found that tissue
i st other facts 1t was
enes for resistance. Amongst : : hat tissue
iecrosis in hypersensitive cultivars resistant tof rust 11nfict11.on 15 glle
i ved;
f resistance, as was formerly behieved;
ult rather than the cause 0 ’
iiesad cells are merely ‘monuments of a battle once fought’ between host
e
nd pathogen.[40]
’ Arllj atter%lpt was also made by the late Dr Beverly Keedlzcllt Syddneyl,.io
i i ield and quality
t and leaf rust infection on yie
assess the effect of stem rus . on yield andqne 7y
i that while leaf rust, Pucciniare , caused
of the grain. It was found AR
i in yi f 26 percent, stem rust, I. gr R
a maximum loss in yield o ' D e
i f 55 percent. With this loss,
could cause a maximum loss 0 _ . e
i ion of the protein of the grain resulting
corresponding reduction o : g R
i i interesting fact which emerg
baking quality.[41] An 10 : i from these
i d by stem rust differed greatly
studies was that losses caused Dy : betwesn
different susceptible wheat cultivars, suggesqng thedogeragloo;lt ' e
information is needead a
factor for tolerance. More J . ' d a
epidemiology of stem rust in Australia. Itis under investigation by two
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graduates from Sydney: Associate Professor J.F. Brown at the
University of New England, and Dr R.G. Rees at the Toowoomba
Wheat Research Institute. Research on this aspect of stem rust
emphasises the dilemma involved in attempting to produce new
cultivars of wheat resistant or tolerant to the many new strains of the
rust fungus that continually arise.
Of all the splendid contributions to fundamental knowledge made
over the years by Australian plant pathologists, probably the most
spectacular was the culturing of the stem rust fungus on artificial
medium by Drs P.G. Williams and K.J. Scott in 1965. In many ways,
Sydney University was the right place for the culturing of the rust
fungus. Apart from historical reasons[42], there was on hand a range of
wheat host selections and rust strain isolates. At the time of their
achievement they held teaching and research positions in the
Department of Biochemistry at Sydney University. Both had the right
kind of academic training for such an undertaking, having majored in
plant pathology and biochemistry in their final year as undergraduates
in the Faculty of Agriculture at Sydney, and both later pursued post-
graduate training overseas, Williams at Wisconsin, and Scott at Queen’s
University, Ontario. Their success in culturing the rust fungus on
artificial medium was largely due to their technique of producing
urediniospores aseptically, from which their cultures were grown. It
was also due to their choice of yeast extract additive to the Czapec-Dox
nutritive medium, on which the rust was cultured.

Scepticism and incredulity were the first reactions of most scientists
who heard about their success.[43] They had at this stage produced only
the vegetative growth of the fungus in culture. To prove beyond doubt
that it was in fact the rust fungus, Koch’s Rules of Proof had to be
satisfied.[44] In 1966, they were able to develop both the urediniospores
and teliospores on stroma that formed on densely-seeded culture
medium containing 0.1 percent Evans’s peptone in addition to the yeast
extract-sucrose nutrient medium. They proved the pathogenicity of the
urediniospores produced in the axenic culture, thereby satisfying
Koch’s postulates[45] (Fig. 4). The growing of rust fungi in axenic
culture is not merely a scientific novelty, but has enabled studies to be
made on the nuclear cytology, infection structures and growth

behaviour of different rust strains, that could only be made in axenic
cultures.[46]
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Figure 4. Wheat Stem Rust,

and teliospores 1 axenic culture,
hrough a uredinial stroma,

(a) Microtome section t
surface, showing

(b) Water mount of urediniospores,

(c) Glycerine-jelly mount
(Photos by courtesy ©
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Blue Mould or Downy Mildew of Tobacco (Peronospora tabacina)
The cultivated tobacco of commerce, Nicotiana tabacum, originally a
native of South America, was first grown in Australia about 150 years
ago, but was not grown intensively until after World War I. In a short
time, downy mildew appeared as epidemics, especially in the seed beds,
seriously hampering the development of the tobacco industry.
According to hearsay from farmers who grew tobacco as early as 1850,
the disease was evident then in seed-beds but the first record of it was
made in 1890 by Henry Tryon in Queensland. The next year, Dr Cobb
in N.S.W. reported ‘the disease, which threatens to extinction the
culture of tobacco in certain parts of the colony, especially on young
plants’. In 1889, McAlpine in Victoria had observed the disease on
native tobacco, Nicotiana suaveolens, an indigenous species that occurs
widely in Australia, except in Tasmania. In 1933 D.B. Adam of Victoria
described and named the fungus Peronospora tabacina and found it on
three naturalised species of Nicotiana (N. glauca, N. rustica, and N.
Iongiflora), all introduced from South America. At that time it was
believed that P. tabacina was introduced from South America where the
disease was known to occur on cultivated tobacco. Since some of the
Australian native species of Nicotiana (e.g. N. debneyii and N.
goodspeedii) are resistant to P. tabacina, it is now accepted, consistent
with Vavilov’s rule for indigenous plant pathogens, that the fungus is
indigenous to Australia.[48] The disease was reported in U.S.A. in
1922, and is believed to have been inadvertently introduced there from
Australia.

In Australia in 1929 Dr H.R. Angell of the Division of Plant Industry
in the CSIR began investigations on the disease; the main objective was
control of the infections in the seed-bed where most trouble occurred.
He found there were two sources of inoculum for seed-bed infections.
One was from within the seed itself when contaminated with oospores
in seed harvested from diseased crops.[49] The other was from infected
native tobacco, N. sauveolens, and the naturalised tree tobacco, N.
glauca, growing in the proximity of seed-beds.[50] This source of
infection was confirmed by H.A. Pittman in 1930 in Western Australia,
when an outbreak of the disease occurred in a newly-cultivated area at
Manjimup, W.A., which he traced to diseased native tobacco, N.
suaveolens, growing near the seed-beds[51] (another reason for
supposing the fungus to be indigenous to Australia).

The disease is spread from leaf to leaf, and plant to plant by airborne
conidia that germinate in water droplets on the lower leaf surface and
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infect the leaf through stomata. Spore germination and penetration had
therefore to be prevented in order to control the disease. Spraying and
dusting with the known protectant fungicides were ineffective because
of the mechanical difficulty of thoroughly covering the lower surface of
leaves close to and parallel with the ground. Angell therefore sought for
a vapourising chemical that could be used to prevent spore germination
and penetration, without causing injury to the plant tissues.

On surveying the literature for such a chemical, Angell noted that
overseas workers had used the volatile hydrocarbons, benzol and toluol,
for soil sterilisation against soil fungi, as a wood preservative against
fungal rots, in the control of brown rot of stored peaches and for the
control of cotton root rot fungus in the soil. All reported that although
fungal growth was inhibited by the volatile hydrocarbons they caused
tissue injury, and in peaches, an undesirable benzol flavour in the fruit.
No one had yet used volatile hydrocarbons for the control of leaf
pathogens like downy mildew.

In 1934, Angell found that benzol, toluol and xylol all inhibited the
germination of conidia of a number of species of Peronospora, including
P. tabacina, in hanging-drop cultures in vessels exposed to the
hydrocarbon vapour.[52] Assisted by J.M. Allen, and A.V. Hill, both
tobacco pathologists with the CSIR, Angell experimented with seed-
beds of tobacco seedlings which were first sprayed with conidia of P.
tabacina then covered with canvas and exposed to benzol and toluol
vapour. They found that infection was prevented, with no injury to

seedlings, in beds created with an area of liquid benzol or toluol equal to
2 sq. inches per sq. foot of the bed. The covers could be removed on fine
days so long as the beds were exposed to the nightly fumigations. Benzol
was considered to be the best vapour to use because of its availability in
commercial quantitites.[53]

In autumn of 1935, extensive field trials were made in the tobacco
growing districts of Shepparton and Myrtleford in Victoria, at Ashford
in N.S.W., and at Manjimup in Western Australia. All confirmed the

efficacy of the benzol vapour treatment. From that time, benzol vapour
treatment of tobacco seed-beds has become standard practice wherever
susceptible varieties are grown.

In 1959, an interesting field obervation was reported by W. Pont at
Mareeba in Northern Queensland. Mature plants when stem-infected
by P. tabacina did not show the foliage symptoms of sporulation by the
fungus.[54] The field observations were confirmed experimentally by
L.A. Cruikshank, and M. Mandryk in the Division of Plant Industry,
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CSIRO, Cagberra. [55] Following up these findings, J.C. Shepherd
glso‘of‘ the Division of Plant Industry at Canberra foim'd t.hat I; i
1nh1b1t9r produced in stem-infected tobaccc; plants rea ungaci
.spo'ru.la.ltlon by the fungus in systematically infected leavesp el
inhibiting infection by conidia. oo wellw
Meanwh‘ile in Canberra, a programme for breeding cultivars of
tobacco resistant to downy mildew was begun by D.C. Wark. He rSd N
survey of resistant native Nicotiana species, and usiné the ‘v'vild’ rsria s
of the .rnll.dew fungus in screening for resistance, sought for s ec'ramsf
the Nzco'tzan'a host in which the growth of the fungus was arrI;st l?is X
sporulathn inhibited. He selected two such species, N. debneyii ecf ]Sfr
goodspeedit, and after making the first cross in 195?; n'lade se31)fl" ings and
b'ackcrosses through 18 generations of the progeny. ,Two comnllngs'i?ld
:lrilal(?l‘esc':ultiv,alrrsr Ef tobacco were produced in 1967, and named ‘gri:)ne}:
. irogo’. The variety ‘Sirogo’ was resi i i
Victoria, while ‘Sirone’ was regsistant t(f S'lcilt:nsttrt:i)i;;r?ﬁsg:: sie . 111n
i\ﬁ:r;;:}tr)rilzzrfea.d Althoggk\lf ‘Sirogo’ proved to be eminently successrflu; ir(z
‘or‘ area in Victoria, ‘Sirone’ proved to be a disaster i
i\oflilieell)(a ﬁlStrlCt. of North Queensland because it was very susce;i:)}iz
o a'([:‘ hZ f?lrrlll;lclhsease pf tobliac;o, ever-present in the warmer Mareeba
- The s causing blac shank disease, Phyrophthora 17]
:r;z 1iztz:zotza;czlae, survives mamly by .chlamydospores ffrmed irf Z::;Zslgg
: , and remains in the soil as inoculum between crops. Th
nllltlrodué:ed variety ‘Sirone’ is not only more pronept(.) inzrréi:gg
:633?11; ii)ls‘,};oc;:ddgvetllcl)pr;lent within the host tissue, but is also more
feadlly inve disea}sre e ungus.'Tk‘le .result was a dramatic upsurge of
Dlack shan¥ not only in Sirone’ but in the more tolerant
. S, rough a greatly increased inoculum load in th i
increasing the chances of infection. ¢ ol

Black Spot of Citrus (Gus, a citri
o _ gnardia citricarpa
’é‘hclis disease was flrst described in 1895 in citrus orchj;rzis around th
beorrle};hmetropqhtan area, but was probably present in citrus lone
efor ;:rpaag T]{I/[e Xrllp'erfect stage of the causal fungus was namedPhomg

y McAlpine in 1899, and by 1920 the di

' : isease was f i
$ostfof the citrus growing areas scattered throughout Australia Osligg l'ré
; :: 1;:t described from Australia, it was thought to have or‘iginateeld
e. It now seems certain that the dise igi in 1
here. Tt now seems ce ; ase originated in the natural
, probably in South Eastern Asia i
. . . . ’ Or C :

first indication that the disease occurred outside Australia camlélirxllal ;r2}(1)e
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when the fungus was isolated in pure culture from citrus fruits grown in
many districts of China, in Hong Kong and Taiwan. Since then, the
disease has been found in most citrus-growing regions of the world
except U.S.A. In 1920, the Australian Plant Quarantine Authority
intercepted dried orange peel imported from the Shanghai district of
China, with typical black spot lesions in which the fungus Phoma
citricarpa was found. In 1932, the United States Department of
Agriculture Plant Quarantine found the disease on oranges imported
from China, Japan and India.

It is difficult to say when and whence the disease was introduced into
Australia, but it is not difficult to say how the black spot fungus was
introduced. The work reported by Dr Temple Kiely of the N.S.W.
Department of Agriculture in 1948 supplies the clue. Kiely not only
discovered and described the perfect or ascigerous stage of Phoma
citricarpa, naming it Guignardia citricarpa, but much more importantly
found that the fungus caused latent infections in leaves and fruit of
citrus.[56] The latent infections remain unnoticed until the leaves and
fruit become senescent, when the black spot lesions develop, producing
first the conidial stage (Phoma citricarpa), and later the ascigerous stage
(Guignardia citricarpa). It is reasonable to conclude that the fungus
arrived in Australia as unseen infections latent in the leaves of imported
citrus stock within the early years of settlement. A similar fungus has
been found on a number of hosts, members of different angiosperm
families, but they are probably different species of the genus

Guignardia.[57]

Gummosis or Die-Back of Apricot (Eutypa armeniacae)
The disease of apricot trees known as ‘Gummosis’ or ‘Die-back’, which
occurs in South Australia, Tasmania and Victoria, is another
introduced disease first reported from Australia. It was first described
by Dr W.]. Dowson in Tasmania in 1931, and in 1938, D.B. Adam of
the Waite Institute in Adelaide isolated a fungus from dead wood of
affected limbs of apricot and identified it as Cytosporina sp. Wound
inoculations on healthy apricot limbs, using only conidia produced in
plate cultures, failed to induce infection nor could the conidia be
induced to germinate by various methods and media. However, when
mycelium from the plate cultures was used as inoculum for the wound
inoculations, infection occurred and the characteristic symptoms
developed 3 to 6 months later.[58] The experience was to be repeated by
subsequent workers on the disease.[59 & 60] In 1945, in an apricot
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orchard at Rokeby in Tasmania which was affected by gummosis, I
exposed plates of agar culture media for a few minutes after rain in Ma,\y
All the plates developed many colonies of a fungus identified by Adarr-l
as Cytosporina.[61] The Tasmanian isolates were shown to be
pathogenic when Dr M. V. Carter at the Waite Institute used mycelium
as 1no§ulum in 1955.[62] The Tasmanian isolates clearly originated
from air-borne inoculum, but air-borne conidia could not have been the
source for the trapping in the plate cultures, though pycnidia of
Cyrosporina develop on dead wood of diseased limbs. Carter therefore
looked for the perfect stage of the Cyrosporina fungus on old dead wood
of apricot trees and on discarded prunings in headlands of orchards in
South Australia, Tasmania and Victoria. In all these localities Carter
found the perithecial stage of a species of Eutypa. Cultures from
ascospores of this fungus were identical with that of Cytosporinasp., and
were equally pathogenic on apricot. Dr C.G. Hansford, also o% the
Waite Institute, described this species of Eutypa as E. armeniacae sp.
nov., and it is believed to be the first record of a pathogen in the genus.
The hypothesis was advanced by Carter that E. armeniacae and
Qytosporma sp. are the perfect and imperfect stages respectively in the
ll'fe cycle of a single organism responsible for gummosis or die-back
Fhsease, and that' air-borne ascospores of E. armeniacae constitute
z)r;z;:l:ilé?mbz)]r which the disease spreads both within and between
Until 1953, apricot was assumed to be the only host for E. armeniacae
Carter then found that 98 different varieties of peach and nectarines‘
and a ‘ph{m, all developed gummosis symptoms when inoculated witI;
mycelial inoculum. Subsequently, he found perithecia of the fungus on
df:ad' wood of grape vines throughout the non-irrigated vine-growin
FhStI'ICtS of South Australia, on dead stubs of limbs of apple and walnu%
in a garden near Crafers in the Adelaide Hills and on dead branches of
the ornamental shrubs Ceanothus and Tamarix in Adelaide gardens
When E. armeniacae was first described in 1957 there were no recorcis
of its occurrence as a pathogen on apricot, outside Australia. It has since
beep recorded on apricot from New Zealand in 1959 and from
Qahfornia. It was found on Tamarix in the Rhone Valley in France[63]
in 1964 and was found to be prevalent in Switzerland on grape vines and
stone .fruits.[64] Since apricot trees have been cultivated in the
countries gf Europe far longer than in Australia, New Zealand and
'U.S.{\., it is believed that, although the fungus has only recently been
identified in Europe, it is likely that it has occurred there for a very long

63




PrLANTS AND MAN IN AUSTRALIA

time, and that it was probably introduced to the ‘younger’ countries of
the world by importation of infected trees from Europe. Carter and his
colleagues found that perithecia and ascospores of E. armeniacae may be
produced on dead apricot wood for at least 5 years following maturation
of the first stroma, and that abundant ascospores are released following
rainfall exceeding 0.05 mm, except during a period in winter when there
is a low ascospore frequency that coincides closely with the dormancy of
the apricot.[65]

In the field, infection of apricot occurred when inocula of 10 to 100
ascospores were applied to wounds on the day of pruning, and then only
by ascospores drawn into the vessels of the wood, up to a depth of 4.5
mm; those on the surface of the wound do not germinate. This
explained why conventional methods of spraying newly pruned trees
with a protectant fungicide did not prevent the incidence of
gummosis.[65] They also found there was a rapid decline in
susceptibility of pruning wounds made in early winter to infection by
ascospores.[66] The seasonal decline in susceptibility of wounds was
found to be related to the colonisation of the wound surfaces by other
micro-organisms (bacteria and fungi), which produce diffusible

metabolites toxic to both ascospores and mycelium of E.

armeniacae.[67] It was further found that spraying pruned apricot
sapwood with a suspension of spores of a common component of the
wound microflora, Fusarium lateritium, gave a high degree of protection
against infection. Such a treatment would be impractical and it was
found that spraying with Benomyl after pruning gave excellent

control.[68]

Grain Smuts
The cereal smuts occurring in Australia can be classified according to
infection types into seedling-infecting smuts, whose inoculum is both
seed-borne and soil-borne, and flower-infecting smuts, whose
inoculum is only seed-borne within the embryo. The primary source of
inoculum for both types is air-borne teliospores (chlamydospores). All
the cereal smuts were introduced into Australia on contaminated cereal
grain or cereal straw used for packing in the early days of colonisation.
Most are seedling-infecting smuts, such as bunt of wheat (Tilleria caries
and T. foetida), flag smut of wheat (Urocystis tritict), loose smut of oats
(Ustilago avenae), covered smut of barley (Ustilago horder), and head
smut of maize (Sphacelotheca reiliana). The flower-infecting smut is
‘loose smut’ of wheat and barley (Ustilago nuda). Floral infection was
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first glemonstrated in 1896 in Tasmania by Frank Maddox
experimentalist with the Tasmanian Council of Agriculture,;;n
reported his discovery in the Tasmanian Agricultural Gazet£ .
fc?llows: “I have never been able to cause infection and reproduceet;:s
dxsea.se with spores on the grain or in the ground, which I can so e 'le
fio with bgnt spores to reproduce bunt. The only way I have been aballzlty
infect grain and reproduce smut is by putting the spores on the pistil (;
1E)hc': plalilt at flowering time, about the same time as the pollen-grgins alcr)e
dfsl?fs esdfflég”fhe grain will mature without the slightest signs of being
fj‘or the control of seedling-infecting smuts, steeping the grain i
;'a.i'llotu.s slg)lutions had been known since 1755 through the Wgorkno}nM
illet in France.[70] He found that stee i ing
Fhe grain reduced the amount of bunt irI1) sc:(f;;.lIIlﬁ (;IS%I’;EC%::VPI?UIH :
in France, found that steeps of lime in seawater, or cop};er salct)S ave
bett'er control of bunt.[71] The steeping of grain before sowin S’f . a
tedious process, and the necessity for the treated graingt 3Sba
subsequently dried resulted in some loss in viability of the rai0 Ie
1919, Darnell Smith in Sydney discovered that treatment %Vitl‘? .d y
copper carbonate gave better results, eliminating the need to d ;Y
seed before sowing, and was therefore less tedious Suchry t g
treatments were of course useless for the control of ﬂox;ver-i fi i
smuts for which the hot water treatment was devised. Seed * S i(?':mg’
w1th copper carbonate and hot water treatment are n0\.v supe pl((::l c;ng
breeding for resistant cultivars in both types of smuts fnéslc; et
treatment .Yvith new chemicals such as hexachlorobenzene (BH(}; o
the .oxathnns. However, J. Kuiper at the N.S.W Depart ) ond
Agncplture Research Institute at Wagga, has founa n o Straims o
Tilletia foetida resistant to BHC.[72] v strains of
'Qf special interest, in Australia, is flag smut of wheat (U .
ZZ:C% It was ﬁlrst reported from South Australia, and since tI::rclyliZ:
sed serious losses in wheat crops in - i i
Al.lstralia.' It was at first believed to ge ind?éiﬂ::)}tll:attoi?l‘:tlg% arlias 0
evidence 1n‘dicates that it was introduced and probably it ﬁrsltazentitr:g
on contaminated wheat and/or rye seed. or i
glifucgibt by t.he German settlers tz SoutI; Ausstt:;‘;; ?;iflef(r)xl;igalcg:(l)g,
€ disease 1s now known to occur in most - i A ‘
:veorld, but fean}res of the climate of Au‘;?rlzli,gfa(s):)végigaléll;eﬁl:fstgﬁ
mperatures, favour its survival and
compound teliospores of flag smut may sur\?ifrz izx?;l ;ezisl;ril;ie g(‘)lille
3
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especially with the prevailing dry summers and mild winters.[73] As its
name implies, flag smut infection results in covered sori of teliospores
on the flag or blade of the leaf. Infected plants do not produce ears, S0
that when infection builds up in a crop to a high level there are serious
losses in yield. The source of the inoculum is the sori of infected leaf
straw, from which teliospores are released during harvesting. They
become attached to the surface of the grain, or lodge in the soil, where
they remain dormant until autumn; when the wheat is sown they
germinate and infect the seedlings.

The teliospores do not germinate in water unless fragments of straw

or wheat grains are present. Dr R.J. Noble of the N.S.W. State
Department of Agriculture, when a student at Minnesota University in
1922, found that traces of benzaldehyde released from the wheat straw
or wheat grains stimulate the germination of the teliospores.[74]
Infection occurs in the seedling stage, as in all seedling-infecting smuts,
when the coleoptile is invaded by dicaryotic hyphae, from which the
infection hyphae spread into the leaf primordia, and then multiply,
keeping place with the developing leaves. Work carried out by Dr J.G.
Churchward at Sydney University in 1936[75], and by H.R. Angell and
Phyllis Jarrett in the Division of Plant Industry at Canberra in 1936-
38[76], showed that in resistant cultivars like ‘Nabawa’ infection of the
coleoptile occurs as in susceptible cultivars, but the infection hyphae
fail to reach the leaf primordia, or if they do enter the primordia, fail to
keep pace with the development of the leaves.

It was found that ‘Fife’ wheats provided a source of resistance to flag
smut. Farrer had used them widely in his crosses, so that many of
varieties bred by him were resistant to flag smut although he did not
select for this resistance. The variety ‘Nabawa’, produced in Western
Australia in 1915, owed its resistance to flag smut to its ‘Fife’
inheritance. The smut was not officially recorded in that State until
1922, when it was causing serious losses in susceptible varieties that
were widely grown there. The resistance of ‘Nabawa’ was first noticed
by a farmer at Belka in W.A., when he planted his 175 acres after fallow,
half with ‘Gluyas Early’ and half with ‘Nabawa’. Flag smut was found
only in ‘Gluyas Early’. W.M. Carne, then Government plant
pathologist in W.A., was quick to confirm this observation, and
‘Nabawa’ became widely grown in the West as well as in other parts of

Australia within 7 years.[77]
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Take- i
The discme s the next most mportant diocnse lutone, s s
rust, in Australia. It was first mentio s oocn i e%t) Sy Ster'n
ai ea'rly as 1852, and since then h;ei:zs Cff)lg;gl%rinnsf:z;ll;h :}IF i;rhael;i
owi i
%vorkerrlsg t?)riefcisir?\lfe:g;ag(?rrllg;/efZﬁclﬁhselases ha"’e Lt s oy
This applies particularly to Australi: ?}glefermd o e o kel
workers have been investigating it sinc’e the iy 19200 S (')f
:ft%rk W;S 1rlllevi.tat‘)ly repetitive, either denyingtz)irgnlf?lrzr?lsi'nz(z}iewojr;(hcl)sf
o erress,u;z; ; vsgzlzlgoagi outs1de. Australia. A very considerable literature
Comribmed., empt will be made here to mention all who have
- é’tsg gllzljsloﬁfd;jr?erf‘ it is almost'certain that the take-all fungus is
o e furf ralia, alogg with many other soil-borne root
o Of. i WOrlgusl oc;urs 1n‘gras§lan‘ds in most of the temperate
egions of ¢ . In Australia, w1‘th its 'varying climate and soil
condie 121:1,1 it occurs wherever wheat is grown in a region extending
Zom soutt ggag;m%ﬂ?d to the drier parts of South Australia and
the wheat plants it.atta:kslsfiil)sr; ?e?d%ilgig ; 3k§fall’ e
fhes 1 R eading stages, resulting i
throig&?&t i:}l;Clclrl(a)lr E)Faﬂ:ches of df:ad or stunted plants scattefr;eg
{roughout the Stiﬁ. e most obvious early sign of the disease is seen
orin clumps tphrough fll;zecr;r:)g};ilslliifgofi Whittl(: eemappeat scattered
death of culms or plants. Hosvev ¢ vhite % Prefnatmf} r'lpe'ning s
not sufficient to diagnose the disezrs,et:setazgj;:;htf:iu(:sznciﬁlon ltself' :
car;nc?lés;% Wlili'tﬁ' heads, such as other root rot ,fungi or f?ve::raaf\grti?ﬁlcs1 >
, Pri 1epx and Delacroix in France were the fi i
. ; . e first to establi
o ;{:;1(13; ;fazg;e Iltleads as mfectlon. by the root-rotting fungfxz
e g W;; Kas left to McAlpine of Victoria in 1902 to show
ety e Seedsrt e cause of ta'ke—all in Australia, and that the
e ot e dis‘mgs and the white-head condition were different
phas ease. In 1972, the generic name was changed to
mm:m.mnomyc.es_. ['78] There are two forms of G. graminis: one is G
i a r(z):vtvfzrr. ntlrzgcz, whu‘:h.attacks wheat but. not oats or barley; the othe;‘
the oat fors :rh.e é;:;zlmmzfs var. avenae, which attacks oats and barley as
it h heat form is much more common and widespread
per! g the rotation of oats or barley with wheat to red ’
1nc1depce of the disease in wheat. The fungus has a wide h ¢ rang ﬂ'le
the tribe Hordeae of the family Gramineae and, underoj\ttf;I;gfi;E
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onditions, the most important non-cereal host is thf: immdufic'lvti?rlgi
grass, Hordeum leporinum, on which tt}e fungus survives v;ge a }11 outythe
infected roots. This and other susceptible grasses occ.urlt rgt;fom iihe
temperate regions of Australia. The fungus has been isolate

. N
of these grasses growing in virgin land where cereals had never bee

rown.[79] - N ‘
1 The Eungus has poor competitive ability as a saprophyte as it1s readily

antagonised by soil microflora. In the absence of a suitable host it will

die out.[80] Use has been made of this fact in practisilng bafre hfailow (;)ii
' i i the tops
i resulting however theloss 0
the soil between wheat crops, gl erinthe L o
i iti G. graminis SUIVIVES inthe veg
under Australian conditions. e e
’ rface of roots, but must continually
as ‘runner hyphae’ on the su v o e
ivi i hich serve as a food base tor
living root cortex tissues W - :
growgth of the runner hyphae. However, the cells of the invaded roo

cortex are killed by the fungus, and are then rapidly colonised by

secondary invading bacteria and fungi thatare usually soil saprophytes.

The result is that the food bases of G. graminis are dest.rgyecioa;r;d tt(l)ef
fungus dies out.[81] Our present knowledge of the ell(n ?«3, ° diizase
take-all disease i clearly insufficient ct10 i{pla;r; ;):rt::f: sfonew fisease
irgi o wheat, and the a .
?rlllfe‘;riigl iifricklles%l‘z{ld.t Thus, in the Netherlands, in newly dra;llrlxc?d
polders of the Zuider Zee, there were severe outbreaks of (tiak8e2—] N;ri
successive wheat Crops after ploughlng' up the natural swar it 2N
does it explain how the fungus ‘survwes over summc}:i~ 1:1 proWing
Australia where there are no living susceptible grass ofs S gss wing
during the hot, dry summer periods, but only fr.agments ofgrzcx1 s stran
and wheat stubble on the bare earth. Other possible modciis or disp
and survival available to the fung}ls have‘ to be explored. tection of
Asexual spore development 18 confined to the produ tion o
microconidia that so far resist a(lil at'cern};tsftt(;1 mglk:: ;::E f;;rg:;d [8,3] d
tlv plays no partinthe ispersal ot the .
zggiignbeysfatZd here that until Drs Gretna West.e and L.BG.Thrr;”v:ficr:ll;z
working at Melbourne University, rilade thseerclfg;);s:ZS, (t.hi aminie
oduce asexual spores. ' .
\sva;rer:))tax}(en;r(,)rc;\:coecf zn perithecia formed in deafl sheatt%mg bases ]1u§t
alt)mve ground level, as has been known for along time. Thl}Sl may If;(ilt)i g;r;
both the dispersal and survival of the.fungus und'er the cc;ors lons
mentioned above. However, for a logg ttl:rie tzl;:;:)li eu;z;:zz%sn s have
i i ibility on the grounds that as :
L%)?l?iiegc;h;iflerZecauZe of antagonism from the rhizosphere microflora.
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This was deduced from experiments by many workers who found that
ascospores failed to germinate in other than a sterile environment[84],
and the failure to produce ascospore infection of wheat seedlings
growing in unsterilised soil by the application of ascospore suspensions.
In 1972, Dr Weste at Melbourne University demonstrated that
ascospores will infect root hairs and epidermal cells of root meristems in
sterile conditions.[85]

Perithecia are formed, both in the laboratory and in the field, in
infected wheat seedlings under suitable environmental conditions: the
two most important ones being sufficient moisture and light.[86]
Although ascospore infection in the field has yet to be proved, there is
some circumstantial evidence of its occurrence. One piece of evidence is
that under laboratory conditions variations in pathogenicity occur
amongst isolates of the fungus. Such variations are known to originate
usually from sexually produced ascospores. By dissecting out the eight
long septate ascospores from a single ascus, I was able to demonstrate
that genetic segregation for pathogenicity occurred during ascospore
formation.[87] This was confirmed later at the Waite Institute by S.G.
Chambers and N.T. Flentje, who found variations in pathogenicity
among ascospore isolates.[88] Dormant perithecia in fragments of
wheat straw may enable the fungus to survive during the dry summers
that prevail over a large part of the wheat growing areas in Australia.
Dried leaf-sheathing bases containing perithecia, which I collected at
harvest time and kept in a dry condition in jars stored at room
temperature for two years, produced viable ascospores when exposed to
moisture. The same thing may happen in the field with the autumn
rains in fields where wheat is sown. If ascospore infection does occur in
the field, then the suggestion by Samuel and Garrett in 1933 that

ascospores are a means of spreading the fungus in the field is
supported.{89]

Take-all is a disease of new lands and a characteristic of the disease is
that it is most severe in the first crop of wheat grown on land previously
under pasture or virgin grassland. In succeeding years, if the land is
sown continuously to wheat the disease subsides to a low level. If
wheatlands are returned to pasture again with a legume component,
there is a resurgence of the disease when replanted to wheat, because the
legumes build up nitrogen levels in the soil. This has a twofold effect; it
stimulates the predominance of susceptible grasses, and it favours
saprophytic survival of the fungus on cellulosic residues in the soil.[90]
There is, therefore, a build-up of inoculum in the soil.
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that
ers on the di : : . .
Conference. e disease and P. cinnamomi dominated the
The dramatic ap
pearance of the devastating di i
. ‘ sea i
Zl;gﬁ)ests Flther, that it was here ‘simmering’ %111 the Stirrllrcla .ixus_tlraha
had riZecr)xtlth? natclllrgl forests was disturbed by man, or that thenft;n the
y invaded Australia. Amon : gus
: = : . gst the man ;
cshﬁza;e oglmons were c.hvided about which was righlilvlistllg%orgoféhe
the Eviec:;e . Offthe Dlvmo? of Plant Industry at Canberra exarr,linffd h]
o fnce or E.II‘Id against these two divergent views IjIe stressed the
I a\;e requencies o_f tl}e two mating types, Al and AQ res esse the
2 i%) " pI?Ipulatlons within Australia, and in the Celebe;})Nevingn' the
Qﬁeen.sla r::dobserved the general absence of plant mortality in rlllmf;
o Sout,hcompared with the greater incidence of mortalit Otrh
o one went. .Shepherd concluded that P. cz'nnamom}z{ h g
e rthern Austral%a.along with the Indo-Malayan element of ;
o dm ahcentre of origin in South Eastern Asia. This mi t(') o
P ed to have occurred about 1 to 2 million yea gration 1
eistocene.[99] years ago, during the
The
believedmt;);z?;?t gfb;hsf fungus southwards and into the West is
: recent occurrence and faciliti
S | acilitiat
é)hrlzi;ilcrlxg of chlamyqosPores in soil from contamin:tic?y reas.
stimulgtegsﬁore gormatlon is an unusual feature of the fungus 216; .
v a decrease in soil moisture. Chl . ”
in ‘ . . amydospore ival i
mfcr::_ssiby‘a low organic content of the soil, and a smaﬁ conizrrlzlvfal s
iitions ﬁianlérils.[IOO] Dr Weste of Melbourne University foSnZOII
of P cinnalr)n . "-Neen ml(fr()blal populations in the soil and the acti 'ta
had.a Smauomz,. areas w1t.h severe disease and rapid disease cxtenv'1 !
e andscill mlcrob.lal population compared with areas \:zl(t)ﬁ
e slow extension of the disease.[101] The spatial s rc;-:ad1 f
i egs di}; mle;ans of chlamydospores is associated with road?mak' y
e d > d sturbance of the natural drainage and the presence of o
(Eucal rtalnage (fhannc:IS.[loz] In Western Australia, the ]man;l
e eyP fushmargmaza‘) forest areas could have been sa\;’ed f + th
loadirss (:m:i e ilsease, if it ha}d been known in 1945 that bulldozrc(t)rr;1 1the
making) and ?(t)g;rtll cavy equipment, introduced into the forest for r,O;(;V
g operations after the end of j
t : of World W
;(?;Si};(g;c) ;he d(lls;aase. The Western Australian Forests Depztg;:l:?ﬁld
uced forest hygiene measures t as
of the di . o arrest the man- v
? disease. Many forests in the State are prohibited mr;laid:5£;efad
or

The decline of take-all disease in successive wheat crops may be
explained by the discovery in Australia, in 1975 by P.T. Wong of the
N.S.W. Department of Agriculture, and in 1978 in England by M.J.
Asher, that avirulent isolates of G. graminis protect wheat seedlings
from infection by virulent isolates. The predominance of avirulent
strains in successive wheat Crops would lead to a decline of the
disease.[91] Stimulation of the production of large numbers of
Pseudomonas soil bacteria which attack the runner hyphae of the take-all

was reported in 1976 by R.J. Cook and

fungus, causing it to die out,
A.D. Rovira at the Division of Soils, CSIRO in Adelaide. The

pseudomonads do not survive in large aumbers in soil under pasture
that allows the take-all fungus 10 build up on susceptible grasses.[101]
Another recent discovery is that of at least 8 mycoviruses in the hyphae
of hypovirulent isolates of G. graminis, reported from Rothamsted in
England in 1978. The mycoviruses are transmitted to hyphae of virulent

h hyphal anastomoses, causing a decline in virulence of

isolates throug
the fungus, and thereby reducing the incidence of the disease in

wheat.[92]

Phytophthora cinnamomi, the Root Rot of Native Forests
A disease of considerable ecological importance is caused by the soil-
borne fungus Phytophthora cinnamomi, the cause of root rot and death of
a large number of species of native woody shrubs and forest trees, as
well as of introduced shrubs and trees. The fungus was discovered in
1922 by R.D. Randes who found it causing root rot in wild cinnamon
trees in the mountains of eastern Sumatra. Since then it has become

erent parts of the world. It was first identified in

widely known in diff
Australia, eight years after Randes’ discovery, as the cause of a disease in

pineapples in Queensland. In 1948 Dr Lilian Fraser of the N.S.W.
Department of Agriculture isolated it from the roots of native shrubs
that died suddenly in undisturbed bushland near Sydney.[98] Within a
decade, it was found to be the cause of heavy mortality in native forests
and in surburban gardens, and extended from Southern Queensland
through south-eastern Australia and into South Australia and Western
Australia. However, it was not until the Plant Pathology Conference
held at Toowoomba in Queensland in 1966 that the attention of
Australian plant pathologists was alerted to the seriousness of the
disease, through a paper given by F.D. Podger of the West Australian

Forest Research Institute. There followed arapidly growing number of
disease in different parts of Australia, so much so

investigations of the
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walking, to ensure that chlamydospores adhering to boots will not be
brought into the forests. Recently the practice of <controlled burning’ of
forest litter has come under suspicion as a contributory factor in the
incidence of the disease.

For local spread the fungus depends on asexual motile ZoOSpOres,
produced in sporangia, and the germination of chlamydospores which
build up the population to destructive levels. The short-lived
Z0OSPOres, attracted by root exudates, penetrate and rapidly destroy
root tissue, seriously reducing the ability of the plant to take up water.
The effects of root destruction are most severe when drought follows a
period of warm wet weather. The warmth and moisture encourage rapid
Zoospore production causing destruction of roots on a large scale, and
the drought which follows puts the plants under stress with which they

are unable to cope because of their reduced root system.

Nematode Plant Diseases

Like many soil-borne pathogens, most of the soil-borne nematodes
parasitic on plants in Australia existed there before the advent of
Europeans in 1788, and many are world-wide in distribution. In

Australia by the 1950s the importance of nematodes as causes of plant

disease was beginning to attract attention. This was in part due to the
uncovering of their effects on plant health as diseases with other causes

came under control. It also followed from a general awakening overseas
to the importance of nematodes, as is revealed in the literature.
Nematodes had not been entirely ignored in the past in Australia, for as
far back as 1879, Dr Joseph Bancroft, a Brisbane medical practitioner
with universal interests in parasitology, recorded the occurrence of the
root knot nematode (now known as Meloidogyne), stating: ‘this flask-
shaped creature lives in the centres of the knotty growths in the root of
vines, and the banana also. It lays great numbers of eggs which contain a
worm, coiled up like a figure of eight’.[93] Then in 1890 in Sydney, Dr
N.A. Cobb (who, it will be recalled, had obtained his doctorate from
Jena on nematodes), in an article on Tylenchus and root galls, discussed
the similarity with Bancroft’s root knot nematode, tentatively naming it
Tylenchus arenarius. [94]

Root knot nematodes were uniformly named H. eterodera marioni until
1949 when B.G. Chitwood in U.S.A. revised the genus, renaming it
Meloidogyne.[95] About 35 species of root-knot nematodes belonging to
the genus have since been described. Only three of them are widely
distributed in Australia, namely; M. javanica, M. hapla and M.
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mcogmzq.[93] The most common of them is M. javanica, ex i
Tasm.anla Where M. hapla predominates.[93] What we I'IO,W kcrjlept s
M elozdog'yne javanica was the first species of root-knot nematod o I?S
cle_arly 1d§ntified. It was discovered on sugarcane growie s in
Buitenzorg in Javaby Dr]J. van der Vecht, and was subsequentl nlzxg 13
Heterodera javanica by M. Treub in 1885. Thus Bancroft had};ounzle'
‘pefor'e van Vecht, in 1879. At the turn of the century, root-kn tn .
1@ent1ﬁed in commercial crops in different States of Au;tralia D0 Avi]as
Bird, of CSIRO’s Division of Horticulture in Adelaide conside;”s than
these records were most likely of M. javanica. Since ther,l root-knot hat
bﬁ?en reported on first crops from virgin land in \X; A Go:f ZS
Liverpool and Leppingtonin N.S.W., and numerous area's oI’” virgi " ;
on the. Atherton Tablelands in Queensland. Dr Bird has found tgllrlts.}l(:fl
Javanica grows on native plants better than, or at least as well as i: d :
on crop plants, so that-it and other species of Meloido, i A’ o
are to be considered endemic. nein Austrelia
Many of the species and genera of the ectoparasitic root-injury and
root-stabbing nematodes are also probably endemic in Australlia o ar
also some .endoparasitic leaf nematodes belonging to the) enus
Aphelenchoides. Thus A. oleosistus, although world-wide in distribgfc:'nus
occurs on the widely distributed and indigenous bracken feli i
Austral}a. However, not all plant parasitic nematodes are indigenmrlls ;E
Qustraha, and some hav§ obvipusly been introduced along with their
0sts, €.g. Aphelenchoides ritzema-bosi on chrysanthemums, 4
fragariae on strawberries and species of Xiphinema that are vect B f .
grape fan-leaf virus, also introduced with the grapevine o
thSome of the cyst-forming endopflrasitic root nematodes belonging to
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Z:xe thc.: C;oots ofd gatixe and introduced grasses and H. schach.tii 011517 (i::lé;lll:
wi .esprea in Australia. Fortunately, t
roszochzen'sz's, has not been introduced intz Aﬁgtfa?lti:t?nralqgi eftll‘;vc:) m;: Ilf
intervention of plant quarantine. Unfortunately, ,speciesy of s‘: %:1 t lel
gzri?:g;crlfs of .grzgse§ 1tl)elonging to the genus Anguina were intr(fdu%:aeld
y, mixed with seed. They include earcockle of wheat (4. triti
and the seed galls of grasses (4. lolii) on rye grass (Lols ] ( e
A. agrostis on Chewing’s fescue (Festuca ru . .
Earcockle in wheat was reporteé in NSr\Xl/zrcfb;aéocg)mlnr? IIaSI;ZZGa?dd‘iii

Western Australia by R. Helms in 1
: 896, .
Australia long before that. but was probably present in
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The interesting etiology of a fatal disgase of sheeﬁ glzil;::ot(tilee’
associated with summer grazing on rye grass infected t;if ; e élird o
Anguina lolii, is currently being 1nyest1gateq by D; D, B T ornes
Division of Horticulture, CSIRO 1n Adelalde,,f:;x: ' rltu;e ,in ynes,

lant pathologist with the W.A. Department of Agricult Lren
The we begun by Dr J.M. Fisher at the Waite InStltutt?.' 0
e ‘zas figthat a species of Corynebacterium parasitizes the
p bee'n (s)zele of Wimmera rye grass (Lolium rigidum) only whep th;c1
iler‘s]/ilkc)};ltrlllge nematode Anguina lolii is present; th}f n;mafg;i;;gs sb;l(liezsd

i etrating the deve
caneyin at:,e;tocrtc?i’unr;lesvtiﬁli?l"?’hszlorynebagcterium inva‘des the tisspe
ot the o t1 N asulting in the production of a toxin by the tissue reacting
e Ol:’u tejrizl infection. This toxin is believed to be the cause of tk}e
;Zt;llucalis:;s: in animals grazing on the nematode-infected grass when in

d.[96 . . .
heaThE’, gulb nematode, Ditylenchus dipsaci, was almost certainly

introduced into Australia in infectgd btuhl;s ?ﬁ iﬂg:rizdrlgz:c;r;:z t ({; :
ns certain
prObab;e}u?inZ;ezgeri? was also introduced in soil _and. ;oots I(:f
i?;iec’?;: citrus stock during the early days of colonlsalt)lscéx;‘.ze’g ire;
de occurs wherever citrus is grown, a'nd was first o am
rCllerll'l;l t;)nia in 1912. Dr Cobb, at that time back in U.S.A., first describe
arild1 rcl)amed it as a new genus and species in 1913.[97]

i i lia
Plant Viruses in Austra
i i rtaken
Pioneer investigations in Australia on plant viruses were unIdetitute
during the late 1920s by G. Samuel and R. Best at th(e: \}Va;ze ns " thé
i i .J. Magee
ttman in the CSIR, and by
N D epanmert of Age I studied the effect of
Agriculture. Samuel stu :
.S.W. Department of o
Nnvironment, mainly light and tempel‘:atu.re, on .local le‘:s:11 "
3 velopment and collaborated with Best on virus 1nact1(\irat1.(1)n, asw nas
5 i t virus
icipating 1 ork on tomato spotted wi » fir
ticipating in the foundation w ' : t
Sv?':h P}i)ttma%l and then with Bald. Rupert Best was a l)_lologlc:ll.ch;rgln )
i in
i i developed a life-long interes .
the Waite Institute who : . ' t
at'ruses and was one of the first to isolate a plant virus H:d purllt('lgn
i ; !
Zr stalfine form in 1936. Best continued to pursue fundamc?nt woh n
toZnato spotted wilt virus, producing the first electronm.lcrog;a%ftr;lan
well as demdnstrating recombination of strains of _tlhe.vuust.‘g ;tions
1 s
ici in the tomato spotted wilt inves
Bald participated in t ' . / s
:I;glonstrai)ing the unique vector relations with the virus. Mag
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investigated banana bunchy top virus and successfully controlled
the disease in the banana-growing area of N.S.W.

The dependence of plant viruses on vector transmission introduces
another dimension into the epidemiology of plant virus diseases. When
a plant virus is introduced into a new geographic region such as
Australia, a suitable vector must also be present for it to become
established there. It is essential that the vector should move from plant
to plant, feed on the sap and so transmit the virus. Pollen produced by
virus-infected plants may also transmit virus to the stigma and ovule of
the plant it fertilizes. Then the virus may become seed-borne. However,
with some notable exceptions, few plant viruses are seed-borne. Most
Vectors are insects that transmit viruses to the shoot system, while
certain root-feeding nematodes and root-infecting chytrid fungi that
infect the roots by Zoospores serve as vectors for some plant viruses. In
Australia, such vectors are either introduced naturalised species, or they
are indigenous. Undoubtedly, many viruses have been introduced into
Australia but have not become established here because of the absence
of a suitable vector: this applies especially to those viruses which have
very specific vector relationships.

Until recently, indigenous plant viruses had not been found in the
Australian native plants. The first to be found was a tymovirus[103],
isolated from a legume, the dusky coral-pea, Kennedig rubicunda, by J.
Dale and A. Gibbs, and named by them Kennedia Yellow Mosaic Virus
(KYMV) in 1976.[ 104] Though the virus has been transmitted by
mechanical sap inoculation to crop legumes such as garden pea, soy
bean and Phaseolus lathyroides, it has not been found to have moved
naturally on to any crop species, probably because its flea beetle vector
does not feed on crop species. Three strains of KYMYV have been found
in native legumes along the eastern seaboard of Australia, each being
separated from one another geographically.[105] The virus has not been

found in Western Australia where there are native species of legumes on
which it could occur.

Passionfruit woodiness virus (PWV) may yet prove to be another
indigenous plant virus in Australia, It is thought that it has moved from
one or all three of the native species of Passiflora on to the cultivated
passionfruit, Passiflora edulis, which was introduced from South
America early last century. Woodiness or bullet disease of passionfruit
was first described and so named by Dr Cobbin N.S.W. in 1901 but was
present in crops long before that.[106] In 1964 R . H. Taylor and K.A.
Kimble, of the Victorian Plant Research Institute, found that two
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unrelated viruses, cucumber mosaic and passionfruit woodiness
(PMV), separately caused the same disease symptoms in edible
passionfruit throughout the length of the coastal region of eastern
Australia.[107] So far as is known, passionfruit woodiness virus occurs
only in eastern Australia, although woodiness disease has been reported
from Western Australia, South Australia, South Africa, Royal Kew
Garden in England, and in Sumatra where it is believed to be caused by
cucumber mosaic virus.

Though PWYV has not yet been proved indigenous to Australia, there
are strong indications that it is. There are three native species of
Passiflora with distributions that overlap geographically over the length
of eastern Australia, and considered to be components of an ancient
invasion of eastern Australia by elements from Indo-Malayan
flora.[108] They are P. cinnabarina, P. herbertiana and P. aurantia, the
last extending in natural distribution into New Guinea, and to some of
the western Pacific Islands. It is significant that there are no indigenous
species of Passiflora in Western Australia, where woodiness disease in
P.edulis is caused by cucumber mosaic virus.[109] Two of the native
species have been found to be symptomless carriers of PWV, which
suggests the virus is endemic in conformity with Vavilov’s rule. The
vector is the ubiquitous aphid, Myzus persicae.

Barley yellow dwarf virus which affects cereals and festucoid grasses
in the grassland regions of the world also appears to be endemic in
Australia. First recognised as a virus disease of cereals in 1951 in
"U.S.A.[110], it has since been recorded from most cereal growing areas
of the world. It was first recognised in Australia in 1956 in a cereal
variety trial at Tamworth in N.S.W. by a visiting New Zealand plant

pathologist, Dr Harvey Smith, recently returned from U.S.A. and
familiar with the disease.[111] Considering its widespread occurrence,
it is surprising that it had not been discovered earlier. This was probably
because the field symptoms can be easily confused with other cereal
diseases, such as take-all. In fact, it was claimed in 1963 by R.D. Price
and L.L. Stubbs of the Victorian Plant Research Institute that the
symptoms of take-all in wheat were caused by barley yellow dwarf virus
rather than the take-all fungus.[112] However, other workers, before
and since, have produced take-all symptoms in wheat under controlled
glasshouse conditions in the absence of insects and barley yellow dwarf
virus.[113]

Barley yellow dwarf virus can only be transmitted by aphid vectors.
All attempts to transmit it by seed and mechanical sap inoculation have
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seed into Australia. It seems more likely that the mycoplasmas are
endemic in Australia, especially since the leaf-hopper vector for all of
them is indigenous. However, so far no natural reservoir of the
mycoplasma has been found in the native flora, though fasciations
similar to those occurring on cultivated plants are frequently observed
on native species.

Some plant viruses have been reported for the first time from
Australia and at the time of reporting were thought to have originated
here. Subsequently, they have been found to have been well entrenched
in other parts of the world. Such virus diseases are tomato spotted wilt,
banana bunchy top, lettuce necrotic yellows, carrot motley dwarf and
broad bean wilt.

Tomato spotted wilt disease was first observed in a suburban
garden in Melbourne in November 1915 and was given that name by
Brittlebank when he reported the disease in 1919.[102] Within a few
years the disease had become by far the most serious tomato disease in
all States of mainland Australia and threatened the tomato industry. In
1927, G. Samuel and H.J. Pittman began working on the disease in
Adelaide. Later J.G. Bald replaced Pittman, and it was found that the
disease was transmitted by thrips and could be induced artificially by
sap inoculation. The conclusion was reached that the disease was caused
by a virus.[121] This was later confirmed by R.J. Best when improved
techniques became available for studying plant viruses.

In 1931 Bald and Samuel reported that the virus had a wide host
range including members not only of the tomato family Solanaceae, but
also of other families.[122] Since then, other workers throughout the
world have found that the virus has an exceedingly wide host range
including members of at least 30 families of flowering plants. Unusually
for plant viruses, they include both dictyledons and monocotyledons.
Since the virus was first reported in Australia in 1919, it has been
reported from almost every crop-growing part of the world. It is often
disguised under different names depending on the host species. In

1890, a serious disease of tobacco and tomato was reported from the Kat
River district of Cape Colony in South Africa. It became known as the
‘Kat River disease’. In other parts of South Africa, the same disease in
tobacco was named ‘Kromnek’ because it produced crooked necks in
tobacco plants. Later these two diseases were identified with tomato

spotted wilt.
“In 1946, Dr D.O. Norris of the CSIRO in Canberra found that there

were many strains of the virus, each of which caused different
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thrips population during the height of summer has become a general

practice.
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introduced and naturalised willow aphid, Cavariella aegopodii. This
vector overwinters as dormant eggs on willow and on weed members of
the carrot family, Apiaceae. In spring, the winged form of the vector 18
most active and feeds on any member of the carrot family, but transmits
the virus only to cultivated and wild carrot (Daucus carota) under
natural conditions. The virus was transmitted experimentally by
infective aphids to some member of Apiaceae, including two native
species, the slender celery, Apum peptophyllum, and sea celery, Apium
prostratums, as well as the introduced hemlock, dill and coriander. Many
members of Apiaceae were found to be immune to the virus, €.g. celery,
parsley, parsnip and fennel (Foeniculum vulgare[128]). Stubbs found
that the virus is not seed borne, and is not artificially sap-transmissible
to carrot. The incidence of the virus in carrot crops grown from seed
therefore depends on the presence of the virus in reservoir hosts and the
activity of the aphid vector. During the summer months the aphid is not
active, so that summer-sown carrot crops escape the disease. In
Australia, healthy carrot crops are produced by delaying sowing until
late spring when dispersal activity of the aphid vector is over.[129]

Lettuce necrotic yellows was reported first from Australia in 1963

by L.L. Stubbs and R.G. Grogan in Victoria.[130] The virus causing
the disease is rare amongst plant viruses, being bacilliform or bullet-
shaped. It was classified as one of the 14 plant viruses known as
rhabdoviruses by DrR.L. Francki of the Waite Institute.[131] The virus
is not transmitted by seed of lettuce or any other plantso far tested. This
is a characteristic of plant rhabdoviruses.

The virus is transmitted specifically by the aphid, Hyperomyzus
lactucae which has a wide geographical distribution in Australia and is
believed to be introduced. It overwinters in the dormant egg stage on
currants (Ribes spp.) and may have been originally introduced into
Australia as dormant €ggs adhering to root-stocks of currants imported
from Europe. The vector feeds and breeds on the introduced and
naturalised weed, sow thistle, Sonchus oleraceus which occurs widely in
Australia and is also the main reservoir host for lettuce necrotic yellows
virus. Sow thistle is an ideal host for the virus because it does not show
signs of infection even in the presence of high concentrations of the
virus. The virus is transmitted from sow thistle to lettuce by the aphid
(H. lactucae) and from sow thistle to the native prickly lettuce (Lactuca
serriola) but not from lettuce to lettuce, or from prickly lettuce to
lettuce, so that all lettuce infections come from the virus reservoirs in
sow thistle. Therefore the control of the disease in lettuce is relatively
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normally sown in I;ut g. In Australia, the susceptible legumes are
move from the senes:mn when weed growth has ceased. The aphids
carrying with them ¢ kt:nt Weed§ to more succulent seedling legumes
e & dovastatine i e virus if the weeds were infected. The virus’
Motropolitan area %a 1segse in suscept.ible legumes and, in the szdney
crops. In this area’ rilgse complete failure of broad bean and sweet pea
s In the hills’d' wort was ?OUI.ld to be the main reservoir for the
headlands and gardelsma’ eradlf:atlon of ribwort from nearby fields
legumes. ns resulted in the production of healthy crops o%
Th ; . .
ot eo?gaé C{’?IHCIﬁlil}l:st% in Australia had its beginnings on the north
from Sugar-g.I'O\;Vin Ce 2.05’ cane setts were brought into Australia
it were o] g ountrle_s, and with them came the virus diseas
o plague the future industry. Such diseases as cane dwarf, F 16]81
>
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disease, grassy shoot, mosaic and ratoon stunting, were first
investigated by David North of the Colonial Sugar Refining Company
in N.S.W., and later by A.F. Bell, C.G. Hughes and D.R. Steindl for
the Queensland Bureau of Sugar Experiment Stations. These diseases
were assumed to be caused by viruses, because they were vector

d setts were freed of the disease by heat treatment.

transmitted. Disease
Until recently none of the diseases had been associated with virus

particles. Dr Francki and his students at the Waite Institute have since
described the morphology of the Fiji disease virus.[138]
The same group of workers at the Waite Institute investigated the
morphology of the virus causing Chloris striate mosaic disease which
was first found and described in the introduced Rhodes grass (Chloris
gayana) by N.E. Grylls of the CSIRO in 1963.[139] In 1979, Francki
and his associates reported that the yirus particles are polyhedral and
belongs to a newly—discovered group of plant geminiviruses, the
particles of which are arranged in pairs. In this character, Chloris
striate mosaic virus resembles maize streak virus, first isolated in Africa
(the original home also of Rhodes grass) suggesting that both
geminiviruses may have originated there. It is characteristic of the
geminiviruses that the particles are confined to the nuclei of the phloem
arenchyma cells in infected plants and that the virus is transmitted by
cicade11id leaf-hoppers. [140]

Another geminivirus has recently been purified and identified by Dr
J.W. Bowyer and his student at Sydney University from French bean
plants affected with ‘bean summer death’ and from tobacco plants
affected with ‘tobacco yellow dwarf disease. Both diseases are
transmitted by the leaf-hopper Orosius argentarus and are believed to be
caused by strains of the same geminivirus.[léll] Both the purified

geminiviruses produced identical symptoms when transmitted to the

French bean cultivar, ‘Spartan arrow’.[141]

Viruses specifically affecting introduced fruit tree Crops such as
citrus, stone-fruits and pome-fruits were obviously introduced into
Australia because there are no related native species that could serve as
reservoirs for these viruses in Australia.[136] One such virus, ‘scaly
butt’ or <exocortis’, was not revealed until anew pbudding stock was used
in N.S.W. to overcome a problem with a fungal root-rot disease of
cirtrus, caused by Phytophthora citrophthora. Root stocks of Poncirus
trifoliara, immune to the root-rot fungus, were used instead of the
susceptible stocks commonly used. Some tenyears later, trees grownon
the ‘trifoliata’ root stocks were observed to be stunted, a symptom
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gsosrc;mated. W}th §caling of the butt of the stock below the bud uni
Weree n;f:rr;e;}cf:zcl;k; ?l(lashmgton navel oranges and Marsh grapeflr(:l?';
by Dr Lilian Frzse:‘ :r?dog?gcsér\svg; ltlfarlflied 'oml o icion o
. e Horticulture Divisio
gé.:g.bg)zpvilmint of Agmculture, indicated that this conditrilocr)f\;[vk:s:
root stocks. The; iﬁént;};ev?;ivfooi W:)liCh e It e
: ‘  nar scaly butt’; it was later identi
X;tsh ;::elzxzcc:io'rtls Erus of Q.S.A.[137] A citrus certification :Icl:ltllgfli
as deve ex}:) ) in wl ich the citrus budwood was indexed for freedom
o e ot of e iriiate” v ateck. 1o b reistont pot
only tq latent exocortis virus but aolsl(;ntcz) :ﬁ:trf)?[flr(;)tl tflllsnrft:lss1 srant net
-~ lzggzsg ;Ifle %ast d'ecade.subvirl‘lses, known as ‘viroids’, wire.revealed
R transgfug;)lllke dlseasgs in plants. They are ribonucleic acids
A trensn 1851 de by gr'aftmg and sometimes through seed. Their
fotection W ar;u;ll e p0351.ble through electrophoresis of sap from
diseasec and calthy plapts in polyacrylamide gels, in which a particular
e Sem Ip;s 1r; t(llle mfectefi sap gel but is absent from the gel of
pealt tyhe ;t)).angrl \176 Preparatlons of the infectious RN A are then made
e b b %r(())lds were ﬁrst discovered as the cause of potato
spindle tuber \3{7/ . ;h. D‘lener in 1971 in U.S.A.[142] The next year
Semancik ar athers in t.he 'U.S.A. found that exocortis disease of
as also caused by a viroid.[143] In Australia, viroids have been

found to be the cause of Cadan ;
-Cad
and sun blotch of avocado.[145gj adang disease of coconut palm[144]

Some Investigations on Biological Control
(()]fogtlr)(;i E(f, pi?lntodlseas es through competition between avirulent strains
investigatei b, r provided by other micro-organisms, has long been
e ot uc Cy mérllflg wor1.<ers throughout the world with varying
st oo eetsi : (; decline of Fake—all disease in wheat in Australia
o G ,,fanl fon between :av1rulent and virulent isolates of the
tungus Caeun erzlomy;es graminis, has been suggested from the work of
OfPhymphthoga C,',(; re errt?Fl toitas ‘cross protection’.[91] The survival
. namoni in soils has been shown by Dr G. Westeto b

gr?‘ﬂy influenced by the intensity of soil microfloral acti.vit [le()t ;) )
Agmbzas;fui;ssf;} bcontrol of bacterial crown gall, cai,l.sed ]by
b fr:;fn thacter var. tumefgcz’ens, in stone fruit trees through
competition e non-pathogenic A. radiobacter var. radiobacter

ported by Dr A. Kerr of the Waite Institute in 1972.[146] The
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soil-borne crown gall bacteria cause a troublesome disease f’f frultt trae;:s1
and nursery stock, by inciting gall c_levelopment‘ on their roo sstoCk
stems. It was probably introduced into Australia on nur(s:ery St
brought from Europe in the earLy yeglrg of t?ettlljerneélet.O[flﬁzgts :z\g oi "
ia li rophytically in the soil in the absen ‘ ,0nc
E:tfgfigahgzei;ai n}:erery, zre virtually %mpossible to eradlcafte. S’{;k:zcrl
presence has resulted in some instances in the abandonment o110
St(}lrllef;l;&nul?e?rle;(.)und that at low ratios of pathogenic (A.r.vari.l
tumefacienjs) to non-pathogenic ({4..r.var. radwbacterl) fc?r;rlxs;tizy
induction can be completely inh}b1t€d.[148] An eco og}ic oL sudy
showed that the pathogenic form biotype 2 was presentint : oil near
galled almond seedlings, where it formeq asignificant propor 1od of the
total biotype 2 population. The patholgen;:: form wa;st ng; Srciitzc;(e)r r;nwas
seedlings; only the non-p j
nizertllf a[lllt:g] 2g‘rrrcl)ilrlldthese sttigdies and glasshouse expe'rlments Kerr
geduced that, in the field, gall induc;ion dfe}t);:nd;a(zﬁ c’:g: I;l:efgi glea?ciﬁe
i ation relative to that ot the
Svagggie;iz, i:l\b;l{clll as on the inhibitory efficiency gf the;1 noﬁ-pithh:ii?(;
Significant biological control of crown gall was achieved when the ratio
- en was 1:1, whereas when the ratio o
o pc?t?geg:? \;an: ?edpitcktli(z)gn of 76% of crown gall infections.[150] Mu.ch
uzeth’e success of this work was due to the develop.ment of a sel_ect%ve
(r)nedium for A. radiobacter (biotype 2) which permltteq a quaiztgltatwe
estimate of the bacterium in the soil and crown gall USSE'C.}[I' C]aused
The successful control of black spot, or scab, (?f applf': w 1<; is aused
by the fungus Venturia inaequalis, through stlmu.latlon o m(l;ted ol
activity by a pre-leaf-fall spray of 5.0% urea solution yvai rep red 1o
1965 by K.E. Hutton of the N.S.W. Department of Agricu ture,haseS is
English colleagues at East Malling Kent.[151] _There are two p hases in
the infection chain of the black spot fun'gus,v viz:- a_parasmc pn e o0
apple foliage and fruit during the growing ‘and frultmghse?slcl)en * the
host in spring and summer and a saprophytic phase on the ;t thepei ¢
leaves during the dormancy of the I%o.st from late autumn a? t.0 cend
of winter. The parasitic phase is imtlfated by ascospore in ec 10;1,rmed
ascospores released from perithecia developed in strohma (c;ofthe
beneath the old lesions in the dead leaves on the ground at the en
sar;gf Irlr}:;fyp;:;rz protective spray programmes were applied Fo the
emerging foliage in early spring, in an attempt to prevent infection by
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ascospores released from the overwintering leaf litter. The cost of such
programmes, and the uncertainty of success because of unfavourable
weather conditions, induced Hutton to seek eradicant methods that
would prevent the development of the source of ascospores in spring.
Overseas workers had tried unsuccessfully to eradicate ascospores by
spraying leaf litter with ground sprays of various chemicals. Failure was
mainly due to the impossibility of contacting all the fallen leaves with
the chemicals. Hutton developed the concept of post-harvest, pre-leaf-
fall sprays as an eradicant treatment, and found that phenyl mercuric
chloride sprays at 0.3% concentration eliminated the saprophytic phase
of the fungus and the source of ascospores in the spring.[152]

By 1963 the post-harvest, pre-leaf-fall spray was widely used by
growers in N.S.W. In that year, Hutton went to East Malling Research
Station in Kent, England, for a year to work with R.T. Burchill and
H.E. Crossc on eradication control of black spot of apple. While there,
they became interested in urea as a possible non-toxic replacement for
the toxic phenyl mercuric chloride as an eradicant. Their interest in
urea was aroused through two publications one of which was from
Canada, where in vitro studies had shown that excess nitrogen
suppressed perithecial formation in Venturia inaequalis. The other was
from Norway where post-harvest pre-leaf-fall sprays of urea were used
as a means of supplying nitrogen to fruit trees.

Hutton, with the East Malling group, carried out experiments with
urea as an eradicant spray for black spot. They found that a maximum
reduction of 97% infection was obtained when 5.0% urea was applied as
a post-harvest, pre-leaf-fall spray. The urea hastened the
decomposition of the leaf tissue and so prevented the formation of
stroma and perithecia of the fungus.[151] The replacement of urea as a
post-harvest spray for the toxic phenyl mercuric chloride was

opportune because, by the 1970s, all mercury salts were banned from
agricultural usage in Australia.

Concluding Remarks
The author did not intend to write a complete coverage of the history of
plant pathology in Australia for such a coverage would itself need a book
rather than a chapter in a book. However it is regretted that space does
not permit more than the mention, to select only a few, of such
fundamental studies as that on latent infection in tropical fruit by J.H.
Simmonds in Queensland, the influence of the soil chemical factors of
oxygen and carbon dioxide in the ecology of soil fungi by Professor
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at the time when he was Reader in Plantbpat;k)l(r):o%gf St
sydney University, the it vorl, o0, P Division of Plan
i an . '
11“‘:11135 I.é'SI(I:{rgﬂ;ts Ié‘él:fllnt’)erra, and the many investigatxf)ns on I}OSt-
P hogen lations in plant disease which have been c.arrled out in an
i re? idate disease resistance mechanisms in plants, by as
— t?{ : ucs there are Institutions investigating diseases of plapts in
Xilslt};:{io: g:hir more applied investigations cleser\‘zingf1 a Aplacrel glrtxhtelire1
: i ia have been omitted. AmMO
pg Of'pl'ar'lttPg;h(())lfo t%)}:3zlrrllAs‘itcialclf:rktlification for halo blight and
e ltha 1t‘he late R.D. Wilson of the N.S.W.. Department of
aﬂtt}racnose t}?e t;ssue culture work of J. Sutton in freeing potato clones
Agrlcul'mre, in Tasmania, and Victoria, now at the Victorian Plant
goza;z;usle;stitute and the mineral deficiency work donz Slz)y (ialzt
Nfillikan of the same Institl.lte. There are nfowla(r)lxt/erath()logy o
thologists actively engaged in some aspect 0 pl pe rology
I()}aovernrnent institutions, at universities and in private 1n v

Australia.

D.M. Griffin,

The following abbreviations will be used:

APDR: Australian Plant Diseases Reporter

APPS: Newsletter:Australian Plant Pathology Society Newsletter

i Pathology
APP: Australian Plant .
]AIAS:]ournal of the Austra}lan I
JCSIR: Journal of the Councﬂ.o.f S
TBMS: Transactions of the British

nstitute of Agricultural Science
cientific and Industrial Research

Mycological Society

indigenous flora the Aborigine
I b e tt;ft b::;i“;;?;g;iﬁ?f;‘gg E}fr::i;rslettglement or cultivation such
el f(c)ir(l;‘::irzodl:;lo::d elsgewhere in the world at that time. But see the Chapter
?)snhtie botany of the first Australians. | n

i f wheat (Puccinia glumarum), a serious disease m .the coqler ;ouil e

St onthern Hemisphere, has never become established in Australia,
o t;li)lljoéteté:lrsle ite carrl)not ;urvive the high temperatures of Australian
proba

summers.

(1

2]

Y P 2] ustraha
l he d()w]] ]lul(lCW ()‘ |()haCC() J eronospora tabac”’la 1S lndlgenous m li
5 5

i Australia.
b i lens, which occurs throughout :
i tobacco, N. suaveoiens, : .
espec1allyn?:nn§;‘{:e rust, Puccinia lagenophorae, whlch‘ occurs Vc()lr'xlna‘tlw\c’:v Sﬁ:ﬁ;ﬁ ’
Tfh ;C:)er:;ceae infects introduced members of that family. Cf Wilson, |
of As
and Walker, 1975, T.B.M.S. 48, 501. ) N
i - »sis. which causes powdery midew .
{4] Obligate fungi such as Ovwulariopsis, W e B achsomiae Some

native legumes, Uromycladium rusts of Acacia,
causes rust of native wedge peas.
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Grape downy mildew fungus, Plasmopara viticola, has moved on to native grape
(Cissus hypoglauca) and the late blight of potato fungus (Phytophthora infestans)

has moved on to native species of the genus Solanum, such as kangaroo apple (S.
aviculare).

Before the breaking up of the ancient land mass into the fragmented and
separated land masses as we know them today.

This fungus was found on native orchids, Dendrobium spp. on the remote and
uninhabited Whitsunday Islands off the North Queensland coast.

See (30).

Waterhouse, W.L. Proc. Linn. Soc., N.S.W. 61, 5.

Fish S. ‘Daniel McAlpine, A Pioneer Plant Pathologist in Australia’. 4.P.P.S.
News Letter, 5, 11, 1976.

[10a] Cobb was an inventive genius who was too little understood at that time.

(1]

[12]
(13]

[14]

[13]

[16]

(17]

(18]

(19]

McAlpine published 5 monographs as well, on diseases of citrus, stone fruits,
potatoes, rusts of Australia, and smuts of Australia. In all of them he described

new species of fungi. Thus in his rust monograph he described 161 species of
rust, and 75 of them were new.

Blanchard, F.C. Asa Gray Soc. Bulletin 3, 1205, 1957.

There is little doubt that Watt’s students learnt more from this text, and the 25

plant diseases they collected and identified during that year, than they did from
the 5 lectures he gave.

Such as: D.B. Adam, S. Fish, A. Pugsley, A.V. Hill, J.G. Bald, C.R. Millikan,
G. Wade, N.T. Flentje, L.L. Stubbs, L.B. Thrower and Gretna Weste.

Waterhouse stressed the importance of cultural methods and techniques used to
establish Koch’s Rules of Proof.

He graduated with 1st class honours, and medal; the first of many medals he was
to be awarded.

Waterhouse was so dedicated to serving the needs of plant pathology in
Australia, that he declined the offer by Sir John Farmer in 1923 to become
Associate Professor of Plant Pathology at Imperial College, London University.

Some training in plant pathology is undertaken by some of the new universities,
but the older universities have maintained their major role in the training of
plant pathologists at both under-graduate and post-graduate levels.

Flentje began his career in plant pathology when appointed to D.B. Adam’s staff
in 1944, when he had just graduated in Agriculture from Melbourne.
Subsequently, he spent a lot of time overseas, including 2 years at the Imperial
College, London, where he graduated PhD. He was a fine tenor and delighted in
singing Schubert Lieder, such as the song cycle, Die schone Miillerin. He
became Deputy Vice-Chancellor of Adelaide University.
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He
i i head of the sub-department.
i is period (1953-71), N.H. White was T E
[19e] ;:;Lllrﬁegn%gz fron(l Sydney in 1938, where he was a st.udenstez?ccllerin ot
1 in re
W.L. Waterhouse. He had experience lar
Osz‘)in, a;?th the CSIR at Canberra (1938-43); later was plant p;atholl(z)%lzit Iir;
Phe E)l"ogfnanian Department of Agriculture (194.3—46), be orecientS e
We ﬁ(s)use’s staff. ‘His infectious enthusiasm inspired many s;ub "
}S’Zf:gzrey to specialise in plant pathology.” He was capably assisted by D.
Griffin (1955-70), and C.D. Blake (1963-70). | |
] S
h journals as Australian ¥. Agricultural Rese.arch, Aust. §. Biological Sciences,
1203 i:; A]ust ¥. Experimental Agriculture and Animal Husbandry.

k tsin
[21] By the Victorian Government in 1875, N.S.W. and Queensland governmen
1887.

. L ide,
[22] Samuel had transferred from the Botany School 1r11 ﬂ'.le IfJn1ve1r)sr1(t)¥e(;§ (ﬁc’ll“alg ;
i m .G.B.
ver the duties of plant pathologist fro :
ocor h? hf;i;)aklflz garticipated in the discovery of manganese deﬁc1er}cy as Ctit:se
OSbomfué}rey épeck disease in oats, at a time when minor elIeJment ;ie icien
o : g
;?;Seebeginning to be investigated. (See Chapter by G.W. Leepe
i lant
23] In 1951, Dr C.G Hansford replaced Dr Adam, who had died, as head of plan
n s .G. Ha
: pathology at the Waite.

i i t ayear
Dickson was first appointed Chief Mycologist e.md P}ant gatho'b%l;tg’gbl‘;, ;\eyrrl ar
24 e he was made Chief of the Division. He arrw.ed in Sydney mh 1;t e
1atfirh'e ucleus of staff were housed temporarily in the BotanyISck(;\(/)l s t}; dney
?Sl i ;isrilty until the new laboratories were completed at Black Mo
niv ,
Canberra in 1931 | |
[25] Angell was a former student of Dickson’s at McGill, and aPhD from Wisconsin.
Frankel, an Austrian by birth and educatiox}, was knigh‘;ed Ciln 1966. He had
20} 1b)eren 1”Dircc;or of Crop Research in the DSIR in New Zealand.

. . .
|2 7 l \/l ! l“el llad l)egun hlS Iesearches on phytoalexlns, SO named by hllll, in (}Cl many
befOIe W or ld “ ar II and had Contlnued at CanlbI ldge dUI lng the Hltler reglme
)

in Germany.

!8 | th ]966 census o 010 i [h re were i h al ($) OW. g,'
I n (+4 f plant path 1 ngtS, € 1 €ac ] St te t]le l I.l 1mn
i T Ii 2 S Queensland 24, SOUth lkustfaha 12, “’JL 10, a.[ld
VIC() a 9, IJ. .W. 28,

Tasmania 5.

9| l of these Co i i 1 4 the next 1n S y dney
nferenCeS was held m IVlelbourne m 9 9
2 ; he fiI‘St h f h ‘ : ) '
m 195 ;, m 1961 at I&delalde, and mn 1966 at IOO W QOIIIba mn QueenSland

] ; d 1802.
[30] David Collins: An Account of the English Colony in N.S.W., 1 7?8 an
Reprinted by Reid, Sydney 1975.

[31] See [9].
[32] Watson, LA. & Cass Smith, W.P. $.4.1.4.S. 28, 279, 1962.
[33] Waterhouse, W.L. Proc. Linn. Soc. N.S.W., 54, 615, 1929.

[34] Walker, J. Proc. Linn. Soc. N.S.W., 79, 145, 1954.
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[35] ‘Lambrigg’ was a wedding present to Farrer from his father-

Duntroon, when Farrer married his daughter in 1885. See the
Breeding.

in-law de Salis of

Chapter on Wheat

[36] Stakman, E.C. & M.N. Levine. Univer. Minn. Agric. Bullerin 8, 1922.

[37] Watson, L.A. & Luig, N.H. Proc. Linn. Soc. N. S.W., 83, 190, 1958.

[38] Watson, I.A. & Cass Smith, W.P. FALA.S., 28, 279, 1962.

[39] Mecintosh, R.A. Farrer Oration 1976. F-ALA.S., 36, 203, 1976.

[40] Brown, J.F., Shipton, W.A. & White,

{41] Keed, B.R. & White,
]

N.H. 4nn. appl. Biol. 58, 279, 1966.
N.H. Aust. ¥. exper. Agr. & Anim. Hus. 11, 550, 1971.

[42] It was on the site now occupied by Sydney University, that the first record of a
stem rust epidemic was made by Capt. Tench in 1795,

[43] The Editor of Nature returned the manuscript which was to have announced
their success as a ‘Letter to the Editor’, on the grounds that they had not

produced enough evidence that it was, in fact, the rust fungus that was growing
on the medium.

[44] Williams, P.G., Scott, K.J. & Kuhl, J.L. Phytoparhology 56, 1418, 1966.

[45] Williams, P.G., Scott, K.J., Kuhl, J.L. & Maclean, D.J. Ibid 57, 326, 1967.
[46] Hartley, M.]. & Williams, P.G. T.B.M.S. 57, 137, 1971.

[47] Adam, D.B. ¥. Vicr. Dep. Agric. 31, 412, 1933,

[48] Vavilov’s Rule: Where a pathogen is indj
of the host plant and strains of the
through the gradual process of
susceptible hosts are eliminated, le
have ‘learnt to live’ with the patho,
Botanica 13, 364, 1949,

(491 Angell, HR. ¥.C.S.LR. 2: 156, 1929.
[50] Angell, HR. & A.V. Hill. C.5.I.R. Bulletin 65, 1932.
[51] Pittman, H.A. W.A4. ¥nl. Dept. Agric. 7, 469, 1930,

genous in a geographic region, varieties
pathogen have reached a state of equilibrium
natural selection, during which the more
aving mostly tolerant and resistant hosts, that
genover millennia. Cf. N.I. Vavilov. Chronica

[52] Angell, HR,, Hill, A.V., & Allen, I.M. ¥.C.5.1.R. 8, 203, 1935,
[53] Hill, A.V., Angell, H.R. ¥.C.S.L.R. 9; 249, 1936.

[54] Pont, W. Qld. Dept. Agric. & Stock Bullerin 148, 1959,

[55] Cruikshank, I.A. and Mandryk, M. JA.LA.S. 26, 369, 1960.
[56] Kiely, T.B. Proc. Linn. Soc. N.S. W. 73, 249, 1948.

[57] Punithalingam, E. C.M.J. Mycological Paper 136, 1974,

[58] Adam, D.B. }. Depr. Agric. S.A. 42, 14, 1938.
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[63] Carter, M.V. A.P.D.R. 16, 8, 1964.

[64] Carter, M.V. & Bolay, A. Phytopath. Z. 75, 187, 1972.
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[73) Noble, R.J. §. Proc. Roy. Soc. N.S.W. 67, 403, 1934.

{74] Noble, R.]., Phytopathology 13, 127.

[75] Churchward, ].G. Ann. appl. Biol. 27, 199, 1940.

[76] Angell, H.R. & Jarret, P. fnl. C.S.LR. 10, 136, 1934.

[77] Cass Smith, W.P. §.A.LA.S. 10, 93, 1944.

[78] Walker, J. T.B.M.S. 58, 427, 1972.

[79] White, N.H., Unpublished data, 1940.

[80] Garrett, S.D. Ann. appl. Biol. 27, 199, 1940.

(81} Cook, R.]. & Rovira, A.D. Soil Biol. & Biochem. 8: 269, 1976.
[82] Brooks, D.H. T.B.M.S. 48 237, 1965.

[83] Weste, G. & Thrower, L.B. Phytopathology 53, 354, 1963.
[84] Garrett, S.D. Ann. appl. Biol. 26, 47, 1939.

[85] Weste, G. T.B.M.S. 59, 133, 1972.

[86] Weste, G. Aust. ¥. Bot. 18, 11, 1970.

[87] White, N.H. fnl. C.S.I.R. 12, 209, 1939.
Also fnl. C.S.I.R. 15, 118, 1942.

{(88] Chambers, S.G. & Flentje, N.T. Aust. . Biol. Sci. 20, 927, 1967.
[89] Samuel, G. & Garrett, S.D. Phytopathology 23, 721, 1933.

92

[
[
[
[

PLANT PATHOLOGY

[90] Garrett, S.D. T.B.M.S. 49, 57, 1967.
[91] Wong, P.T. Sotl Biol. & Biochem. 7: 189, 1975.

92] Almond, M.R., Buck, K.W. & Rawlinson, C.J. Bulletin B.M.S. 12, 115, 1978

94] Cobb, N.A. Agric. Gaz. N.S.W. 1, 90, 1890.

[92]
[93] Bird, A.F. C.S.I.R.O. Drv. Hort. Res. Tech. Paper No. 2, 1978
[94]
[95] Chitwood, B.G. Proc. Helm. Soc., U.S.A. 16, 90, 1949

[96] Bird, A.F. & Stynes, B.A. Phytopathology 67, 828, 1977.

[97]° Cobb, N.A. ¥. Wash. Acad. Sci. 3: 432, 1913.

[98] Fraser, L.R. A.P.D.R. 8, 30, 1956.

[99] Shepherd, C.J. Search 6, 484, 1975.

[100] Weste, G. & Vithanage, K. Aust. ¥. Bot. 217, 1, 1979.
[101] Weste, G. & Vithanage, K. Ibid. 25, 577, 1977.
[102] Weste, G. & Taylor, P. Ibid. 19, 281, 1971.

[103]

Tymoviruses are characterised by Harrison ez al, in Virology 45, 356, 1971 as
3 >

SphCrIC I 1SOmetric partl m dla]lle] €r, ar l(l usua. l t 1 y
al 0. et CICS 5() nm y
5 S ransmi ted b

[104] Dale, J.M., & Gibbs, A. Aust. ¥. Biol. Sci. 29, 397, 1976.

[105] Gibbs, A., & Guy, P. APP 8, 41, 1979.

[106] Cobb, N.A. Agric. Gaz. N.S.W. 12, 407,‘ 1902.

[107] Taylor, R.H. & Kimble, K.A. Aust. J. agric. Res. 15, 560, 1964.

[108] de Wilde, W.].J. Blumea 20, 227, 1972.
Also Green, P.S. Kew Bull. 26, 539, 1972.

109 i :
[109] At Carnarvon in W.A., there was one outbreak of woodiness disease in

passionfruit plants brought from N
passionfruit woodiness virus. S-W., and found to be caused by

[110] Oswald, ].W. & Houston, B.R. Amer. Plz. Dis. Rept. 35, 471, 1951. -
[1111 Smith, H.C. Commonwealth Phytopath. News 3, 10, 1957
[112] Price, R.D. & Stubbs, L.L. Aust. ¥. agric. Res. 14, 154, 1963

[113] White, N.H. ¥.C.S.L.R. 20, 66, 1947.
Also Weste G. & Thrower, L.B. Phytopath. Z. 10, 197, 1971

114] Butler, F.C., Grylls, N.E. & Goodchild, D.J. ¥.4.1.A.S. 26, 57, 1959
115] Samuel, G., Bald, J.G. & Eardley, C.M. Phytopathology 23, 641, 1933.
116] Edwards, E.T. Dept. Agric. N.S.W. Bulletin 52, 1935. |
117] Hutton, E.M. & Grylls, N.E. dust. ¥. agric. Res. 7, 85, 1955.

93’




PLANTS AND MAN IN AUSTRALIA
[118] Bowyer, J.W., Atherton, J.G., Teallé, D.S. & Ahern, G.A. Aust. . biol. Sci. 22,
271, 1969.
[119] Doi, Y., et al. Ann. Phytopath. Soc. Fapan. 33, 259 1967.

[120] Brittlebank, C.C. J- Vict. Dept. Agric. 27, 231, 1919.

Brittlebank (1867-1945) was born in Winster, Derbyshire. His family moved in

1875 first to the New Hebrides and later to Australia. In 1893 they finally settled
in Bacchus Marsh, Victoria as dairy farmers. The young Brittlebank was a
naturalist and a talented artist. His drawings for French’s Destructive Insects of
Victoria (1891, 1911) (originals now in the National Museum, Victoria) brought
him to notice but his chief fame rests on his discovery of the evidence of
Pleistocene glaciation in Werribee Gorge, near his home. In 1908 he became
assistant to McAlpine and illustrated his mycological works. He replaced
McAlpine in 1913, at the age of 46, as Plant Pathologist, Dept. of Agriculture.
Technically over age, he obtained permanency in the post by challenging the
Public Service Commissioner to a boxing match. He retired in 1928 as Biologist
in charge of the Science branch of the Dept. of Agriculture. (See Prescott, E.E.
“The late Charles C. Brittlebank’, Vic. Nat. 62, 189-191, 1946).

(121} Samuel, G., Bald, J.G. & Pittman, H.A. C.S.I.R. Bulletin 44, 1930.
[122] Bald, J.G. & Samuel, G. Ibid. 54, 193L.

[123] Norris, D.O. Tbid. 202, 1946.

[124] Magee, C.J. Ibid. 30, 1927.

[125] Magee, C.J. §. Proc. Roy. Soc. N.S.W. 317, 1, 1953.

[126] There is at least one native species of the genus Musa, M. banksii, in far northern
Queensland.

[127] Stubbs, L.L. & Grieve, B.J. Vict. J. Dept. Agric. 42, 411, 1944
[128] Stubbs, L.L. Aust. ¥. sci. Res. 1, 303, 1948.

[120] Stubbs, L.L. Ibid. 5, 399, 1952.

[130] Stubbs, L.L. & Grogan, R.G. Nature 197, 1229, 1963.

[131] Francki, R.I.B. Adv. in Virus Res. 19, 257, 1973.

[132] Stubbs, LL. & Grogan, R.G. Aust. J- agric. Res. 14, 439, 1963.
[133] Randles, J.W. & Crowley, N.C. Ibid. 21, 447, 1970.

[134] Randles, ]J.W. & Carver, M. Ibid. 22, 251, 1971.

[135] Stubbs, L.L. ¥. Dept. Agric. Vict. 46, 323, 1947.

[136] The native desert lime, Eremocitrus glauca, occurs in the drier parts of northern
Australia, where citrus crops are not grown commercially.

[137] Fraser, L.R. & Levitt, E.C. Cirrus Dis. Univ. Cal. Dav. Agr. Sci., 1959. Also
Benton R.J., Bowman, F.T., Fraser, L.R. & Kebby, R.G. N.S.W. Dept. Agric.

Sci. Bulletin 70, 1950.

94

PLANT PATHOLOGY

[138

—_—

Itegami, M. & Francki, R.I.B. Vir
A, >, R.I.B. ology 61, 327, 1974.
Also: Hatta, T. & Francki, R.I.B. Virology 76, 979, 1977.

[139] Grylls, N.E. Aust. J. agric. Res. 14, 143, 1963.

[140] Harrison, B.D.H,, et al. Nature 270, 760, 1977.

[141] Thomas, J.E. & Bowyer, ].W. A.P.P. 8, 36, 1979.
[142] Diener, T.O. Virology 45, 411, 1971.

[143] Semancik, J.S. & Weathers, L.G. Ibid. 45, 456, 1972.
[144] Randles, J.W., et al. Phytopathology 67, 1211, 1§77.

[145] Dale, J.L. & Allen, R.N. A.P.P. 8, 3, 1979.
Also: Thomas, W. & Mohamed, N.A. A.P.P. 8, 1, 1979

[146] Kerr, A. ¥. appl. Bact. 35, 493, 1972.

[147] Stapp believes crown ia origi i
; gall bacteria originated in Asiati i ]
Plant Diseases, Stapp, C. Oxford Uni%. PressTleglla.tlc countries. L. Bacterial

[148] XKerr, A. Aust. ¥. biol. Sci. 22, 111, 1969.
[149] New, P.B. & Kerr, A. ¥. appl. Bact. 35, 279, 1972.
[150] New, P.B. & Kerr, A. . appl. Bact. 34, 233, 1971.

[1511 Burchill, R. T, Hutton, K. ‘
Dure! on, K.E., Crosse, J.E. & Garrett, C.M. Narure 205, 520,

[152] Hutton, K.E. Narure 174, 1017, 1954.

. . Acknowledgments
hiastrtn md’;ll)lted to many for help in providing information used for this
s I(l)rtyo. . e}{( are t0O NUMETOUS to mention each one individually but I
ank, in particular, Stan Fish who was Chief B Sgist at-
ish tc iol
Victorian PlzjlnF Research Institute at Burnley from 1938 t?)gis9t6?213t tfloe
%ililteéogﬂ};( g1v1§g% me personal information about McAlpine Cobb,an;
ebank, and for the trouble he took in providi ith i
for Figures 1, 2 & 3. I also thank et ot the Setoul o
‘ R . Dr D.G. Parbery of the School
ggglcg(x/ltlér.e lalno F;)restry at Melbourne University, John Walkf:r(c))(;ﬂ?cf
N.S.W. Biological and Chemical Reseach Instit
P.G. Williams of the same Institute for t eanho i Figare . Dy
: e for the photographs in Fi :
PI; Carne, Deputy Ch.lef of the Division of Entomology CS%llgghalsé
the Central Information Section of the CSIRO at Canb,erra Las’t but

not least, I appreciate the co i i
: | -operation and sacrifices ma i
Jean in making this work possible. de by my wife

95






