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New South Wales
Robert Brown (Britten, 1906; Maitlen, 1916) ; Woolls (1867, 1869, 1871,

1880, 1885) I Moore (1884) I Turner (1890b), excluding grasses;
Moore and Betche (1893). BIakeIy (1923) presented a list of about
800 weeds and naturalized plants of New South Wa1es to a Pan-
Paciflc Science Congress. This valuable list with annotations was
never published. Fortunately, I'hat appears to be the flnal draft
of this list is held in the Library of the National llerbarium of New
South JMaIes. Blakely's list is important because it contains a large
number of native species and aquatic rveeds. Maiden (1895) had
earlier drawn attention to the importanee of a number of natiYe
plants as weeds or poisonous plants.

Victori,a
llueller (1888, 1894) ; Ewart and Tovei (1909) ; Audas and Morris

(7e25).

Queenslanil,
Bailey (1880, 1906) and

Everist (1960).

Soutlt Australia

other useful lists or synopses referred to by

Francis, in 1855, in a letter to W. J. Ilooker, published in Best (1966) ;

Schomburgk (1879), with an earlier brief account in the 1873 report
and ampliflcations in the 1883 and 1888 reports of the Adelaide
Botanic Gardens; Tepper (1880) ; Rlack (1909).

Western, Australia
Drummond (1840) ; Ilelms (1897) I Alexander et al. (1921) I Gardner

(1e25).

Northern Territoru
Iloltze (1892).

Taken broadly these lists and/or brief dissertations serve as a useful
weed history, but critical interpretation or assessment ean only be done with
reference to any existing eollections made by or apparently known by the
compilers of the lists or floras, and not without a thorough knowledge of
rveeds as they occur in Australia today and, furthermore, a fair degree of
taxonomic nous. And even then, one may haye to make intelligent guesses as
to the identity of certain plants listed. Ilowever, without the u,ork of these
authors, who have provided the raw materials for further research, we rvould
have very little chance of making intelligible earlier references to weeds in
scientiflc journals, historical records, parliamentary reports, early accounts
of life in Australia and, in newspapers. Let us, as an example, take the
history of introduced rveedy species of Antarattthus in New South Wales.
I shall begin, not in the past, but in the present *,here I feel I am on somervhat
flrmer ground. As far as I knorv the well-naturalized species in New South'Wales today are A- albus, A. il,efl.enus, A. hybrid,us, A. powel,lii,, A. quitensis,
A. retrofl,emn, A- spinoszs and A- oiriil,is. A. lioiilus is quite minor and
A. caud,atus and 1. cruentus mav oeeasionally be weedy in ga.rdens. Anderson
(1939) listed A- albus, A- blitum, A. ileflemrs, A. panicu,latus and
A. retrofl,eou,c as naturalizcd speeies. His ,{. blitnm is probably A. oiriil,is
and his A. ptniatlarus must be taken to inelude at least A. hybriitus and
possibly also the elosely related. a. powetlii, but probably not a. qui,tensis,
the earliest specimen in the National Herbarium of New south wiles, not
having been eolleeted until 1949. Brakely in 1928 ristecl a. al,bus, a. chr,oro-
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mentions the intentional transportation of Cynoitron from the streets of
sydney to Ilobart and Kempsey. Nut grass (Cyperus rotun(l,ws), which used

to be"known here as C. hyitra has been introdueed at least into southern
Australia (Woolls, 1867, 1869). The earliest record I have found of nut grass
as a weed problem is in the 1858 Report of the Sydney Botaric Gardens. There
are proba6ly a number of subtropical or tropical plants which are indigenous
in northern Australia, but intrbduced in the south, either from northern
Australia or other parts of the world.

Nursery unil' Botami,c Gardens Catalogues
other raw materials, useful in tracing the origins and spread of weeds

in Australia are the early eatalogues of nurseries and botanic gardens. In
such studies, howeyer, their use has generally been neglected. I have elsewhere
shown the usefulness of this exercise in ous,l,i,s (Michael, 1964) and no.w
wish to show that they can be of use in the study of the prickly pears in
Australia. By the late 1870s the common pest prickly pear had spread yifely
in Queensland and the upper Ilunter region of New south wales (Bailey,
1880).

Altholgh the nomenclature of some of the prickly pears naturalized in
Australia is still uncertain, they have, at least, been adequately d.escribed,
together with a number of black and white photographs and eoloured plates
ty ttre commonwealth Prickly Pear Board (7925) and Mann (1970). In the
former treatment the prickly pears were grouped. into those that had beeome

pests and those (with other cactus plants) that -were not yet pe^sts. In the
iormer group the following species, all of Opuntia, wete included:

O. bentoni'i," (O. inermis, O. oulgaris), O. stl'icta (O. il,i,l,leni'i,, O. a'i,rampo),
O. aurantaaca (O. f eron) , O. utl,garis (O. monoeamth,Q,), O. tomentosa,
O. i,mbri,cata, O. streTttacantha (O. megacanthfl), O. sp. and O. elati,or
(O. nigricans) O. tuna).

The latter group included the following Opwnti,a species:

O. ilittendi,, O. fdcus'incl,ica, O. anlAclea, O. megacantlua, O. pach'ona,
O. mi,crodlasys, O. subulata, Nopalea (O.) cocheni'lliJera, N. (O.)
d,ejecta.

Darnell-Smith (1927) in a list of OTtunti'a spp. wild in Australia included:
O. aurantiacax (O. feroo, O. horrid,a, O. dejecta), O. imbri'cata, O. nigri,-

cama (O. horr'id,a, O. humi,l,is, O. elati'or, O. tuna), O. inermi,s
(O. strdcta, O. airampo, O. bentonii), O. tomentosa, O. fi,cus'i,nil,i,ca,
O. monocantha = O. oulgaris, O. d,i,l,leni,i and O. m'icroil,asys.

Mann (1970) in his treatment of the cacti naturalized. in Australia includecl
the following Opunti,a spp.--the pest species O. i,nermi,s" (O. bentoni,i, O. tuna,
O. rrul,garis, O. stri,cta), O. stri,cta (O. ddl,leni'i,, O. w'i,rampo), O. auranti,ae,a,,
O. morwcantha (O. oul,gari,s), O. tomentosu, O. streptacantha (O. megacantha
and O. imbricata) and as less important species O. megacanth,a, O. sp.,
O. fiars-inil,ica, O. amyclea, O. pachona, O. l,i,nil,hei,meri, O. rufida, O. elatdor,
0. il,ill,enii, O- opunt'ia, O. mi,croila,sUs, O. sulphurea (O. sp. n.el.r (ntr&n'tiaca)
and O. subulata.

The following early lists of Optntia species from the catalogues of two
overseas botanic gardens, two Australian nurseries and two Australian
botanic gardens are now given for comparison:

R*yal Botanic Gtrilet, GWgoro (1825): O. brtsilicwis, O. coccinel,l,ifera,
O. ctraxoti,oo, O. ikcvmana, O. elatior, O. feroo, O. ficus-i,nil,ica,

* The authors'synonyms are included ln brackets.
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yarious cloyers, rye grass, guinea grass, and the best kind of broom seed as a
substitute for hops. Francis (Anon., 1862) .who illustrated a number of
thistles and Bathurst buru, gave Card,uus nbarianus', C. beneili,ctus, milk
thistle, lady's thistle. holy thistle, variegated. thistle and Scotch thisUe as
other names for ,S,ilyburn, nxarianum, whic]i, was the fi.rst weed to figure in
legislative control of weeds in Australia (Michael, 1968a). R.D. in the Manaro
Mercury (17th December 1870) also wrote of Carduus beneil.icttr,s-((The
variegated thistle is the Caril,utr,s beneil,r,ctus, the sacred thistle of Ireland in
the 13th and 14th centuries. The seed of this variety was steepecl in
usquebaugh by the monks, and given to the peasants as a cure in epilepsy
and all neuralgic complaints". Kingts '(Cariluus beneil,ictust' then, may weII
be the beginning of a long offtcial documentation of thistles in Australia
(Anon., 1848, 1852, 7862a,1869, 1870, 1871, 1887), culminating last century
in '(Illustrated Descriptions of Thistles, etc. Ineludetl lMithin the Provisions
of the Thistle Act of 1890-Dept. of Agric., Victoria 1893". The flrst of these
reports (Anon., 1848) contains a circular addressed to the principal land-
holders in Tasmania. This must be the earliest Australian questionnairre
related to weeds and weed control. Unfortunately, the replies clo not seem
to have been printed. The second report (Anon., 1852), from Nerv South
Wales, is much more enlightening, giving replies to a circular letter adclressed
to the several benches of magistrates, relative to the Scotch thistle and
Bathurst buru.

King's "broom seed" was probably intended for Cytisus scopari'us. Meston
(1857a) refers to the intended son'ing of this species on the hills and ridges
in the Darling Downs and in the elevated parts of Ne'v England and the
tlividing ranges of the Clarenee district. Meston refers to it as "a shrub whieh
requires no culture, as a tonie whieh needs no administration, ferv plants will
rate superior". ft is now eonsidered a bad n'eed. in parts of the llpper
Elunter region.

'We read, too, of the intentional planting of Agropyron repens it a
deseription of Alderman Pye's orange orchard near Parlamatta in the
SydneE Morning Heralil, (18th July 1871) :

('The side of the nursery bounded by the creek is protected by a high
bank thickly sown with t(couch" or (ttwitch" grass. This grass is not only
a valuable food for cattle in the winter months, but by the interlaeing of
its roots, and the rapid growth of its 'layers" so strengthens the soil in
which it is planted as to defy the otherwise ruinous effects of flood-water.
fndeecl, a good twiteh grass bank rather gains than loses by a flootl for
it eatehes in its netrvork a large quantity of soil, and retains it there to
fertilise itself withal."

It may still be found in a weak state on the banks of this creek at
Northmead, near Parramatta. It is, however, only a minor rveed. problem in
New South'Wales today.

Governor King in his list of 1803, in addition to the plants already
mentioned in the discussion on Amaranthus, noted, that English broom
(Cyttisus scoparius), English firze (Uleu europeus) grerv luxuriantly, sweet
brier (Boso rubiginosa) was plentiful, French marigold (possibly Tage.tes),
eurled mallorv (Maloa crispa), Palma Christi (Rieinus communis) and
bladder ketmia (Hibisctts trianum) were in common use and that false
saffron (Carthnmus-perhaps C. tinctorius\ \yas scarce.

Caley in "A short account relative to the proceedings in New SouUr Wales
from the year 1800-1803, with hints and critical remarks" (Historical Records
of New South 'Wales, Yol. 5, p. 290) refers to the presence of oats (presumably
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Morris (Anon., 1862b) wrote '(rt is a well known fact that in the distriets
where the turr grows, that if a shepherd owes his master a grudge from any
supposg! injury,-he seeks satisfaction by driving his flock- thr6ugh a bei
of the Bathurst burr, knowing by doing- so, thai he inflicts a ve"y serious
injury upon him,,.

In Robert Brown's earty list (Britten, 1906;Maiden, 1g16) the important
field weeds Datura and. stachys aroensi,s and the eommon weeds poi annua
alad _Anagallis are mentioned for the f,rst time. Bailey (1880) noted that
the latter two rvere among the flrst European plants to become establishedin south Australia. wool_ls (1869) rvrote that-many cart-Ioads of staehys
arvens'is had been cut in the orange orchards near parramatta to feed colr;s,
but that he had hearcl that the plants, when old, impartetr an unpleasani
flavour to milk.

Bigge in Anon. (1823) mentioned the inientional introduction of ((silk
cotton" (Asclepias fruti,cosa), which Mr. Simeon Lord thought rvould be
useful in the making of hats. rt rvas then wild on the tops of dry hills and
in open spaces. Cunningham (1828) referred to it as a wild cotton plant,
introduced from Barbary and as ((a great pest as, having a flying seed like
the thistle, it spreads everywhere',.

In the llaitlanil Mercurg (72th August 1843), the castor-oil tree
(Rici,nws eommumis) is mentioned as a weed around country dwellings. It
was suggested that it might be made to yield a valuable artiele of commerce
on the London market. A little later in the Ailetaiite Obseruer (29th June
1844) there 'was an offer from a chemist in Hindley street of ten shillings a
bushel of fifty pounds for: castor oil seeds.

there is a reference to an account (originally appearing in the Lainceston
Eoami,ner) of ('a horse stung to death by nettles-with blood black as ink,,.
This is probably a very early record of nitrate-nitrite poisoning.

fn the Lau,nceston Enaryniner (6th January, 1849) silver grass (Vutpi,a)
is mentioned as a competitor of rye.

Gardner (1854) rvrote of the ((growing injury,, of the yellolv lucerne
(Melilotus i,nd,ica) :

((This noxious weed commonly ealled the yellow lucerne which €lrowsfreely in the moist lands where wheat is sown on the rower Hunter is
steadily progressing further and further yearly. The flower of this weed
possesses so permanent a seent that when the wheat which grows around
it has been reaped and threshed the scent is just fainfly perceivable in
the grain; when the wheat is ground into flour it becomes-quite strong;
and when the flour has been made into bread it is so offensive tnat many
persons refuse to eat the bread, imagining it to be bad.,,

The weeds which were of greatest importanee to farmels and graziers
in New South'Wales in the 1850s were Bathurst btrr, Sil,gbum mnrianum and,
burr medie (Creswick, 1858; Shepherd, 18571 Meston, 1857b). Meston (18b7b)
also mentioned wild oats, gamboge plant (probably Argemone, oclwoleuca),
horehound, urarigolds (Tagetes\ and docks. fn the same period llarvey
(1855) mentioned ho-rehound, ehamomile (Anthemis), thistles, sweet briar,
furze and hawthorn for Tasmania.

tr'rancis 'wrote in the Parm anil, Garilen (17th April 1862) :

"rt is astonishing what an amount of self-gloriflcation is sometimes
got up under the discovery of things long and well-known previously
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Obsentations on Biol,ogy anil, Di,stribution
Early observations on the biology of weeds in Australia are very limited

and almost entirely restricted to methods of spread and habits of vegetative
reproduction-for example, to the spread of thistle seeds by wind and water,
of seeds of briar by opossums and birds anil to the underground system of
nut grass (Anon., 1869, 1870). Badgery in Anon. (1869) referred to the
reeent introduetion of Cirsi,wm oul,gare in rye grass seed.

Early writers on thistles, I think essentially on Sil,ybum mari,anum, in
Tasmania and New South Wales, obseryed their preference for the more
fertile soils:

'(rf Mt. Vlellington were alone infested we wouldn't eomplain-but
instead of that the most fertile spots are always the flrst to be covered
as well with this as the sow thistle and three or four other syngenisious,
unsightly wasting plants."

Eobart Town Courier (28th January 1832).
((Many of the gulties in the interior, where it flnds adequate moisture

and good soil, are actuallv impassable, being one mass of dense thistles.,,

-Eobart 
Town Ailaertiser (23xd. January 1846).

('Though flats may not be the charaeteristic of Van Diemen's l and
they can nearly rival the Pampas in the prolif.e production of thistles.
They are really occupying the best parts of the eolony."

-Hobari 
Town Ad,t:ertiser (7th June 1848).

"I am astonished at the rapid increase of the thistle, occupying and
almost destroying some of the most valuable localities; for it is in the
rieh alluvial deposits that it flourishes in the greatest luxuriance, eom-
pletely eradieating the more valuable herbage.',

-R.D. in the Manaro Mercury (Cooma) (17th December 1870).

Bailey (1880), holever, remarked that Sil,yburn maria,nurn grew in poor
soils.

Tenison-Woods (1881) attempted to relate ecological factors to the
distribution of a number of our important weeds. Ile suggested that dry
summers and hot dry winds, as experieneed in southern Australia, wers
necessirry for the successful spread of Arctotheca calenil,ukr, (cape weed),
the humid, wet summers of coastal New South Wales and Queensland being
quite unsuitable. Railey (1880) had earlier remarked on the unsuitability of
cape weed for the coastal areas of Queensland but, in error, supposed it was
a threat to western parts of Queensland, giving as an instance, the Diamantina
region. Tenison-Woods (1881) also notecl that the briar (Eoso rubiginosa)
was much more at home in the eold tableland areas of New South Wales
than on the coast. Ile appears to have been familiarn,ith rveeds from
Tasmania to Port Denison (Bowen) in Queensland.

Bailey (1880) after referring to the spread of Siil,a rhombi,folia south-
wards wrote "Why it shoulcl have existed all the years it tlitl in North
Australia, without spreading, and then come trooping all over the land, must
remain an unsolyed problem". Its aggressive nature and the opening of
new lands must surely be an adequate answer.

Macarthur in Anon. (1869) observed that the loose earth on railway
embankments was very favourable for the growth of n eeds.

Bigge in Anon. (1823) mentioned the abundanee of rveeds consequent
to floods along the Ilawkesbury.
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Weeil, Control,
Maiden (1895) gaye a list of the methods of exterminating weeds.

Briefly they were:
1. The prevention of seeding by eutting the weeds when flowering or

in early fruiting stage.
2. Continual cutting to cause '(atrophy of the root".
3. If necessary cutting a few inches below the soil surface to prevent

production of lateral branching. fle mentioned a '(scuffle-plough" with
a double eutting blade formed like a "Y" for this purpose.

4. The use of a mechanical extractor when neeessary. Ile refers to one
described in the Agricwl,tu,ral, Gazette ol N.S.W., Yol. 2, 1891, p. 814.

5. The sowing of erops to smother weeds. Change of crop often useful
and especially the introduction of root or other crops.

6. The use of chemical exterminators such as salt and kerosene.

But methods of control were not really Maiden's forte, so let us turn to
older records.

Mechani,cal Methoiils
There are various references to the cutting, mowing and burning of

thistles in early newspapers, for example:
('If eut off close under the ground, so that their wound is protected

from the sun, the roots will bleed to death. On the New Town Road
several men have been employed by the government in this praiseworthy
employment."

-Hobart 
Town Ail,oertiser,23rd January 1846.

In answer to a memorandum, dated 3rd December 1846, from Capt. E. C.
Frome of the Surveyor General's Office in Adelaitle, the expenditure of f,15
or f18 rvas authorized for the extermination of thistles along the River
Torrens. They were mowed before going to seed and burnt. The first payment,
under the provisions of the South Australian Thistle Act of 1851 was f,1, paid
to natives for clearing thistles from the Police Padclock in Adelaide in 1852
(Anon., 1858).

Shepherd (1857) suggested hoeing for control of Bathurst burr and
noted that there was little germination of this weed after December. With
burr medic, he suggested burning in heaps after drying. Ele aclvocated the
use of the Dutch hoe.

Meston (1857b) including cutting, burning, rolling and scariflcation
after each germination in his methods.

Clrcmical, Method,s
There are a number of brief references to ehemicals-fsv example:

('A thistle may be destroyed by common salt."
il,elaiitre Obseroer, 5th October 1844.

In relation to thistles:

"it is now gravely proposed to cut them down and sprinkle a little salt or
arsenic on the root of each plaut to render them twholly innocuous'."

-Mdboumw 
Argus, 1st December 1859.

Francis in Anon. (1862) stated that '(a thistle could be destroyed by a
drop of nitric acid dropped on it when very young, but cutting was better".
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To be sure, with the growth of settlement in Australia we had, by 1920,
built up atr extraordinary collection of weeds, and much useful information
concerning them, which wiII provide materials for continuing enquiry. I
believe that the problems of identity are of prime importance in any pro-
gramme of research or teaching on weeds. It is regrettable that in the history
of weed research in Australia no thoroughly critical, concerted attempt has
ever been made to solve these problems.
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of St. John's wort (Moore and Cashmore, 1942), and prospeets for insect
control of the wort (Wilson, 1946).

Meanwhile Caetobl,asti,s cactorum had exploded and caused the almost
total colJapse of Opuntia inermi,s and O. stri,cta by 1934 (Mann, 1970).

The efforts of the State Weeds Co-ordinating Committees eommenced to
bear fruit by a greater awareness of weeds (Judcl and Carne, 1935), identi-
flcation of weeds and their control (Morgan,1931; Carne,1935; Clarke,1936;
Cashmore and Carne, 1938). An article by Ross and Taylor (1935) proposed
the use of lucerne to compete with skeleton weed.

1940-60

We do not know of any signiflcant changes in the administration of
research during and after the Second World [ar until 1954.

The flrst Australian Weed Control Conference was held at Roseworthy
in that year where overall research progress was reported for the flrst time.
Interesting appendages to the Conference included separate statements by
each State weeds authority about their research organization. A notable
feature of the Conference was the vigorous entry by private industry into the
evaluation of individual herbicides (produets). South Australia's organiza-
tional chart placed private industry ahead of the Waite Researeh Institute.
Also summaries of research activities and priority weeds lists were presented.
Resolutions from the Oonference allocated the evaluation of herbieides to
'State authorities and it was proposed that the six State weeds co-ordination
committees be re-formed into a single Weeds Committee.

?he Last Decad,e
The seeontl Australian Weeds Conference, Canberra, 1960, attracted

contributions on a wide range of topies. Its outeome revealed the need to
treat skeleton weed as a speeial problem and to inerease eommunication
between weed researehers. The former resulted in the formation of the
Skeleton Weed Committee, 1960, and the latter in the publication by C.S.I.R.O.
of the Aus'tral,ian Weed,s Reseat'eh Nemsl,etter, L962.

In regard to the Skeleton Weed eommittee the Australian Agricultural
Council approved of its prineipal objectives as:

(o) recommending priorities for researeh projects which Council's eon-
tributions and similar contributions should. be appliecl.

(b) co ordinating all skeleton weed researeh undertaken as a result of
deeisions of Stancling Committee on Agriculture and the Australian
Agricultural Couneil.

(c) recommending any adclitional research on skeleton weecl found neces-
sary or desirable from time to time.

(d) providing liaison between the various skeleton weed researeh groups
and the Standing Committee on Agriculture.

An upsurge in skeleton weed research was made possible by the acqui-
sition of funds from the Wheat Research Council and State 'Wheat Industry
Research Committees. The outcome of this researeh was a better under-
standing of the plant's biological performanee, herbicides to eradicate small
areas of new infestations, suitable legumes to eompete sueeessfully with the
weed and the release of biological eontrol agents.* The Committee disbanded
in 1971.

+ Biological control agents, liberatetl for weed control in Australia, are listed in the
appendix to this paper.
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The fourth Australian Weeds Conference, Hobart, 1970, recommended:
(i) the provision of a national data bank on the deleterious effects of

plants on animals.
(ii) the establishment of a national research laboratory for the study

of plant poisons on animals.
It is too early to gauge the usefulness of these proposals.
rn 1920 weeds research had barely started. The farmer was faced with

the _awesome problem of combatting prickly pears, burrs and other serious
weeds_. The organization of research has grown to seryice not only agriculture
but also o_ther- primary industries as well as public facilities and transport
services. considerble spin-off has brought advantages to other areas, suci as
health, and real estate development.

The year of Jubilee was a time when slaves were released. Thus it is
fltting to nominate 1970 a Jubilee year of weeds Researeh. This is a time of
rejoicing for the community as organization has enabled weeds research to
release the community from much of the bondage of hand labour which was
the principal method of weed eontrol in 1920.
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Plant Agent Introduced
Years

Liberated States

Crofton weed
Eupatorium ail,eno-

phorum
Mist flower

Eupatorium ripartum

Procecidochares utilis

Cercospora eupatorii

1952-4
1953-4

1957

Qtd.
N.S.W.

Qld., N.s.w.
( accidental)

Gorse
Ulea europaus

Apion ulicis 1939

\
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Noogoora burr
Xanthium pungens

Euaresta @qualis
Mecas saturnina
Nupserha antennata

1932-40 Qrd.
1963 Qld.
1964 Qld.
1971 N.S.W.

Bathurst burr
Xanthium spinosum,

Camaromyia bullans 1928 N.S.W.
(accidental)

Ragwort
Senecio iacobea

Callimorpha jacobae 1930-2 Tas., Yic.
1934, 1936,

1937

Groundsel bush
B accharis hali,mil olda

Trirhabda baccharitlis
Aristotelia sp.
Oidrematophorus lacteotlactylus
Cecidomyia sp.
Phalonia sp.
Rhopalomyia californica

1969
1969
1969
1969
1969
1968

Qld.
Qld.
Qtd.
Qld.
Qld.
Qld.

Skeleton weed
Chonilrdll,a juncea

Uroleucon chondrillina
Aceria chondrillina
Puccinia chondrillina

1971
1971
1971

S.A., Vic., N.S.W.
S.A.,Yic., N.S.W.
S.A., Vic., N.S.W.

N.B.: Native insect anal fungus species are excluded.

Bources:
'Wrr,sorv, X'., 1960.-A review of the biological control of insects anil weeds in Australia

and Australian New Guinea. Tech. Comm. No. 1, Common. Instit. Biological Con-
trol, Ottawa, Canada.

IIABLEI, K., 1970.-Personal communication, C.S.I.R.O.
IIASELEB, W., 1972.-Personal communication, Alan Fletcher Research Station.
Couuorwrelrrr Drplnrlrnnr or Hrer,ru (Plant euarantine), 1g?2.
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H. perloratuna in the Mudgee climate but did not suggest the possibility of
using summer growing species.

Weed control in the early thirties was obviously distracted by the success
of Cactoblasfis and apart from that, the use of poison salts '(dominated
thinking" (Costin, 1959). It became evident, however, that some chemical
methods were not economically realistic. In 1935 the cost of control of
Chond,rill,a juncea, skeleton weed, by sodium chlorate was f,4 to f,5 per acre
(Ross and Taylor, 1935) ; an untenable control recommendation at the time.
As an opiate to the people, the New South 'Wales Government offered a
f,5,000 reward for a practicable method for ((eradication" of skeleton weed
(Agric. Gaz.l{.5.W.,46:378,1935). Costin (1959) tells of a ((notable Temora
farmer, the late William Giles (who) applied for the reward on the basis that
the weed could not only be controlled but also put to good use by ineorporating
a year or two of grazing by sheep into the usual wheat rotation". Costin
records that the claim was not setiously considered. Earlier in the very year
in which the reward n,as offered two of that government's own offieers had
rvritten an article on the control of skeleton weed by lucerne (Ross and
Taylor, 1935). Apparently this was not the panacea expectedl nevertheless,
Ross and Taylor (1936) persevered. Clearly, the possibilities for eeological
control had not been fully appreciated at this stage.

Reassessment anil, Deoelopment
The period. from 1936 to 7942 marked the real genesis of ecological weed

research in Australia. The late 1930's was a time of re-examination of
approaches to weed problems (Clarke, 1937) and increasing interest in
ecology (Trumble, 1938). Currie (1936) in'(A Report on a Survey of Weed
Problems in Australia" stressed the use of pasture to control weeds: ((in

pastoral areas, too great stress appears to be placed on the destruction of
weeds and too little on the pasturre conditions. . ."

In 1936 the Council for Scientific ancl Industrial Research appointed an
ecologist to study skeleton weed and weeds of pastures and an assistant
ecologist to study Rassia species and nut grass (J. Coun. Sei,. Inil,. Res.
(Aust.),9: 145). This represents something of a landmark in the stucly of
the ecology of rveeds in Australia. Although B. T. Dickson, Chief oI the
Council's Division of Economie Botany, had commented on the paucity of
autecological data on Noogoora burr in1927 (J. Coun'. Sci. Ind,. Res. (Aust.),
1:375) little had followed (Calvert,1932), and the need for this kind oI
information for other species had not been rvidely acknowledged.

Paradoxieally, the flrst publieation to arise from this newly eonceived
ecologica,l approaeh was one dealing rvith ((experiments with weed-killers" on
skeleton weed (Cashmore and Carn, 1938). Notwithstanding this uncertain
start, autecological work was soon published (Cashmore, 1938; Prunster,
1941) and Pemberton and Prunster (1940) produced an ecological survey of
a veed in Victoria; some of the work done during this period remains unpub-
lished (e.g., Roe's fleld studies of Bos.via birchii).

It was during this period also, that ecological control of a weed by
pasture rvas admirably demonstrated and elearly reported by Moore and
Cashmore (1942). They examined six pasture mixtures and three different
seedbed preparations in separate experiments in the control of St. John's
wort. They concluded that ttsubterranean clover in association with perennial
grasses . . almost completely eradicated St. John's wort". Stening (1933)
in claiming that sub-cloyer would "choke out" St. John's wort had already
demonstrated the prineiple of ecologieal eontrol, but lvithout the support
of experimental data and follov'ing so soon after the suecess of Cactobla,stis,
the work failed to have the impact of Moore and Cashmore's study.
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Unfortunately, few scientists (Everist, 1959; Moo
interest in the history of the introduced floral even li
useful. There have been ferv published accounts of d
maps of known range from herbarium records) and even fewer (e.g., Roe

urd Shu*, 1947; Aull, 1969) retating distribution to environmental factors.
These deflciencies mean thai for many of our weed species we have little
understanding of their ecological amplitude: the possibility ancl direction of
their further spread.

Research workers have d.isplayed meagre interest in the clevelopment of
machinery speciflcally for weed control. A. C.
invented the rotary hoe in 1920 and in the next
types for weed control (Wheelhouse, [966) ; a
was described by Powell in 1952. I d ubt if an
gatetl Ande".ori. (1963) tool for manual contlol of Lantana', in spite of tfe
iact that thousands of dollars have been spent in attempts to control it by
insects and chemicals.

One of the more unfortunate aspects of weed. research has been the general
lack of interest in introtluced flora by systematic botanists. The consequences

of incompletely or incorrectly established identity can be disastrous. For
example lalthough White (1029) had made some attempt) it is incredible
that ihe i*u" ,a1o"" of Lantana carnara was not apparent (L. S. Smith,
unpublished data) until over flfty years after the flrst insects were introduced
tor its control. Th" ta*ooomic 

-complexity of some of our other weeds has

recenfly become apparent (AIi, 1964; Michael, 1964) and an identity
imbroglio in other (tspecies" is emergent.

Ilowever, developments in the recent past are enc

the last ten years in particular, in the stucly of weed
and eultural eontrol has undoubtedly established a
foundation for the future. The increasing number of agricultural scientists
employed in this fle1d and a wider appreciation of ecology in the community
is further cause for optimism.
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So says tlre shitt ching-The Book of odes-written between the 10th and

Otrr Ct"t""ies e.c. (Shih, 1958), while a popular Chinese ballad of the same

period (Anon'' "'L:::" 
;"ff*',Tlr*,o,,* *,u,,

W_eeders wade, a numerous train."

Weed, Control' in th,e Chri,stian Era
tr'rom the late Roman periocl on, although 1veed control became more

important, cultivation methods limited its effectiveness. After the plough
brot<e the'land labourers were set to breaking the clocls with a variety of
mallets anrl other tools. On the other hand a deflnite sequence of cropping,
typiflerl in feudal England by the '(three fleld" system (Bryant, 1953)
gr^aaualy developed. tn ttris ,otutio, winter wheat was followed by spring
wheat while the third year was a fallo'rv year.

Cultivation methods improved over the years, when harro\vs maale of

"wooden frames through which iron tines were set" (Goodland, 1955) were
introduced in Norman times. Nevertheless. u'hile Shakespeare's words:

((I will go root away
The noisome weeds, that without prof.t suck
The soil's fertility from the rvholesome flolers."

- 
(Richar(I,,I1, 3. iv.)

refleet an inereasing awaleness of the role of weeds, no marked changes in
methods of tillage and of weed control, occurred until well into the eighteenth
eentury. Then, because Jethro TuII in 1731 advocated interplant cultivatjon
for the purposes of aeration, water conservation and. weed control, horse ho_es

with three or more tines were produced. Goodlands (1955) reports that the
inner tines had triangular blades f.tted, but that the outer ones were L-shapecl
to allow cultivation as close to the rows as possible'

During the 19th century the production of new types of agricultural
machinery was a concomitant of the industrial revolution. Similar advanees
'tr"re -ad" in Australia: the stripper developed by Bull and Ridley in 1843

and the stump jump plough of Robert Bowyer Smith i1 f8'76 are well known
('Wheelhouse,-f0OO[. Yet in 1856, His Excellency_, Sir William Denison, in a
iresidential ' Address to the Austrz lian Ilorticultural ancl Agricultural
Society, had oceasion to saY:

,,we are deflcient in what may be termed the economy of horticulture.
The cultivation of the ground is sloveuly; weeds are allowed to absorb
much of the nutriment which should go to the plant . . . yet few or no
efforts have been made to devise a remedy for this evil. ."

(Campbell, 1901).

Thus the situation in this country was very litfle different from that obtaining
in Europe. There were, however, two very important differences influencing
the development of weed control practices generally and chemiea,l methods
in particular:

(i) an extensive as opposed to an intensive system of agriculture, and
(ii) a preponderance of deep-rooted perennial weeds as opposed to

annuals.
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conducted tolerance tests with the major crops wheat, rnaize, barley and rye.
The growth of wheat, for example, was found to cease when the concentration
of sodium chlorate in the soil reaehed 9'Q9 per cent, ammonium sulphocyanide
0.005 per cent and arsenious acid 0'1 per cent. Maize, barley and rye were
reported as being somervhat more tolerant of these herbicides.

Surface application and injection experiments for the control of prickly
pear continued in Queensland and New South Wales (Brunnich, 1909, 1911 ;
Darnell-Smith, 1913), until an exhaustive survey of potential herbicides by
Dr. Jean White-Ilaney (1916) showed arsenic pentoxide to be the most
effective compound available. The control of prickly pear thus obtained
widened the investigational fleld. considerably. Arsenicals u,ere used, s,ith
varying success, on ragwort (Seneeio jacobaa L.), Noogoora burr (Xantlti,um
pungens Wallr.), St. John's rvort, hoary eress,_cumbrungi (Typha sp. L.) and
skeleton weed (White-Ilaney, 1930; Morgan, 1931, 1934; Calvert, 1932;
Cashmore and Carr, 1938, 1940; Prunster, 1940 a, b; Gardner and Royce,
1948).

Eradication of deep-rooted perennials like hoary cress and skeleton rveed
requires that the roots be killetl to a considerable depth. This can be achieved
chemically by soil sterilization or, preferably, by the use of translocatetl
sprays. Sueh sprays when applied to the leaf or stem, are absorbed into the
vascular system and caruied into the root. White-Ilaney (1915) lr'as the flrst
to report movement of arsenieals from the leaf to root, but only in the shallorv-
rooted prickly pear. Subsequently, however, Gray (1917), working in
California, described movement of arsenic into the roots of the deep-rootecl
wild morning glory. Even so, successful control of these rveeds with the
arsenicals was not assured. It was apparent, therefore, that factors affecting
the effieiency of translocated sprays required investigation.

In Australia, tr{organ (1931) working with hoary cress noted that ('the

conclitions most favourable to remote penetration (translocation) of
arsenic pentoxide spray were those producing a high rate of transpiration
and photosynthesis . . . the especially favourable rreather conditions may be
broadly deflned as a week of hot weather preceding the spraying". In other
words a marked water deflcit rvas required. Working concurrently with
Morgan but in California, Kennedy and Crafts (1927, 1930) using wiltl
morning glory eame to the same broad conclusions. They also showed that
the arsenical solutions applied externally rapidly killed the outer tissues of
the leaf making them permeable. Thus the plant sap, mixed with the arsenical
solution provided a "\,olume of liquid" at the tops of the leaf trachere which,
as a result of the loss of water tension, rvas sucked downwards into the xylem.
Herbieidal effectiveness then, depended upon spray retention on the leaf
surfaee, penetration of the cutiele, the presence of a water deflcit (c.f. current
requirements for active growth) and a highly toxic chemical.

The later ryork of Hellquist and Bengtsson (1954) and Brunskill (1956)
and others on spray retention, and of Aslander (1927), Loomis, Bissey and
Smith (1931), Crafts (1931) and others on mode of penetration, was to some
extent foreshadowed by White-Haney (1913, 1915, 1916). She found that
with prickly pear, spray applieations-with an atomizer did more damage than
eoarser droplets for equivalent amounts of arsenie pentoxide. Mode of
penetration was shown to be via the euticle and not the stomata while, to
reduce evaporation from spray droplets, whieh slows down the rate of entry,
she recommended spraying in a (tairly moist" atmosphere.

Dr. Charles Greenham and his co-workers subsequently extended these
physiological studies to skeleton weed. The early work by Cashmore and
Carn (1938, 1940) suggested that eradication of skeleton weed could be
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and the British Isles (X'ryer and Evans, 1968). Ilowever, although mentioned
occasionally in extension articles (e.g., Anon., 1900b1 Maiden, 1916; Blakely,
1923), selective chemical control was not attempted in this country until
1937 39. By this time wild turnip was fi.rmly established in the Western
Australian wheat areas and seriously reduced yields. Control was attempted
with copper sulphate and sulphuric acid sprays in a series of co-operative
experiments (State Department and the C.S.I.B.O.). But, although the weed
population was reduced.; damage to the crop prevented any yield increase
(Thomas, Nunn and Knapp, 1940).

Expansion of selective control investigations was prevented by Worltl
War If until kerosene and the tr'rench patented dinitro-ortho-cresylate
herbicides were introduced by United States Army-sponsored farm advisers
(Magee, 1951). Both proved eminently successful in vegetables (Hardy, 1944;
Anon., 1945a) and the d.initros, under the n6me ('Dinoc (R)", were testetl
and used on a yariety of other crops (Anon., 1945b I Meaclly, 1945; Raw, 1945;
Scott, 1945; Olyclesdale, 1950).

In the immediate post-war years the State Departments of Agriculture
and the C.S.I.R.O., joined the manufacturing flrms in an intense study of
the phenoxyacetic acid and the carbamate herbicides (Pearson, 1946 I Moore,
t947; Orcl"Lard,,7947; TiIt, 1947; Sims, 1948; Clyclesdale, 1950; Mead'ly, 1950).
The early release of these wartime discoveries (Ilamner and Tukey, 1944 I

Nutman, Thornton and Quastel ,1945; Templeman and Sexton, 1945) curtailed
work on the substituted phenols. These investigations did not stop altogether
and at least in Queensland resulted in the use of pentachlorphenols as pre-
and post-emergence sprays in sugar cane, pineapples, bananas and vegetables
(Donaldson, 1959, 1960).

The phenoxyacetic aeid herbicides (2,4-D, MCPA, 2,4,5-T) were an
immediate success. Annua1 broadleaf species succumbed quickly, perennial
herbs and some woody species wele susceptible and even grasses were not
wholly resistant (Moore, 1947; Cuthbertson, 1949, 19511 Johnson, 1948;
Anon., 7949a, b, 1950b1 Green, 1950a; Richardson, 1953; Cock, 1951).

The control of perennial species was not straightforward. Greenham
(1947) soon gaye warning of the need to inelude suitable reference compounds
as a check to environmental response and, later (1950), implicated time of
spray application as a mediating factor in control. With skeleton weed, in
particular, application of the sprays to ll'eeds growing on the fallow, as
was successfully employed rvith the acid arsenicals and chlorates, rvas dis-
appointing: weed control in the crop was poor and yield lorv. Not until post-
emergence applications rvere made during crop growth (Tindale, 1954) was
any success achieved. Obviously the competition suppliecl by the crop was
an essential part of the control mechanism. Similar problems were encoun-
tered with other perennials. Reduction in populations were only obtained
after repeated applications of 2,4-D (Moore, 1953, 1954; Tintlale, 1954).

The discovery of the phytocidal activity of the aliphatic aeitl, TCA
(Anon., 1950c), together with the previously known carbamates, IPC and
CIPC, complemented the phenox;racetic acicls. Pre-emergence application of
both groups providing satisfactory control of several grass speeies (Moore,
1947,7950a. b; Anon., 1950b; Green, 1950b).

The sucncessful application of these herbicides in the fleld stimulatecl
research, leading to the discovery of the phenoxyproprionic acids (Coulter,
1954) ancl the phenoxy-butyrie acids (Wain, 1955) and many others. There is
no doubt, however, that herbicides owe their present position in Australia
to the work of State Departments of Agriculture and of private flrms like
Timbrol Ltd, (now Union Carbide (Aust.) Lttl.), I'C.I.A.N.Z. and all the
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Some authors have reported. on the economics of weed control which are
useful for cost-beneflt studies. Reeves and Tuohey (1971) report that tli-allate
or tri-allate at 0.6 kg/ha gave the Inost economic control of lMimmera rye
grass in wheat. Rylands (1967) repolted an almost 100/o increase in earrot
yields by the use of herbicides. McDiarmid (1967) discussed the cost of
herbicides and calculated the returns to growers from the use of 2,4-D to
control skeleton .weed, and other herbicides to control amsinckia in wheat.
IIis overall conclusion was that chemical control was profitable.

tr'isher and Schulze (1967) have reported on costs of chemical rveed
control in cotton and Cuthbertson (1967) has estimated likely community
gains from herbicide use in wheat. These estimates are of little use in cost
beneflt analyses for a farm situation.

There can be little doubt that more attention must be given to this area
of researeh and it is one in which non-comme'rcial groups can play a major
part.

Deoel,opment of Chemdcal Weeil, Comtrol,
The progress of chemical weed control since 1950 has been from the

control of broad-leaved weeds in wheat and pastures, to grass weeds in wheat
and pastures and to all weeds in horticultural crops as well as the use of
herbicides for chemical ploughing. This pattern has been partly possible
because of an increasing sophistication of herbicitles and methods of use. A
second factor has been that growers of high return investment per hectare
horticultural crops have become convinced of herbicide safety. Iligh costs
of traditional methods of weed control also played an important part in this
rlevelopment. Mears and Green (1968) made reference to problems of the use
of herbicides in horticulture.

Inil,i,oidual Crops
Wh,eat

Weed problems in wheat received attention, particularly eontrol of
skeleton weed, shortly after 2r4-D and. Similar herbicides became available.
Tindale (1954, 1955) reported on the effieacy and safety of 2,4'D ancl MCPA
in this regard. As new chemicals became available and other weeds beeame
irnportant, research continued. Amsinckia eontrol has been reported by
Lumb (1968) and capeweed eontrol by Reeves and Lumb (1572). Molnar,
Donaldson and Parsons (1967) diseussed the use of picloram to control
skeleton weed. In reeent years interest has developed in the eontrol of wild
oats in wheat and progress in this fleld has been reported by McNamara
(7972).

I>rt stures
Green (1951) reported on the use of 2,4-D to control St. John's wort in

pastures. HalI (1961c) reviewed the use of TCA, 2,2-DPA, MCPA, 2,4-D and
2,4-DB and Campbell (1961a) reported on the eontrol of barley grass in burr
medic pastures. Cuthbertson (1961) fountl cliquat at low rates useful to
control eapeweed in improved pastures. Squires (1963) controlled barley
grass in irrigated clover pastures with 2,2-DPA, diquat and paraquat and
found 2,2-DP1' at 2'2 kg/ha the least acceptable. Pearce (1964) found that
spiny emex eould be eontrolled with dieamba if legume preservation was not
important. MeGowan (1970) studied effects of 2.4-D, 2,2'DPA, paraquat and
diquat on weed eompetition and pasture yield. He coneluded all were useful
in improved pastures but time of spraying affeeted yield and proportion of
pasture speeies. An important effeet of picloram on pasture establishment
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(1959) used amitrole for the control of water couch in channels. Toth (1921)
reviewed the use of chemicals for total vegetation control and indicated that
a large number of chemicals haye a place.

S e eil,b e iL Pr epar ati,on
While not initially aiming to provid.e a chemical seedbed by killing the

dominant existing species, campbelt (1961b) laid a basis for later rvork. rlis
demonstration that serrated tussock could be killer1 by the application of
28'0 kg/ha of 2,2-DPA, applied either from ground or air, allowed later work
in pasture establishment. campbell and Annard (1962) also reported that
burning assisted in control of serrated tussock by allou,ing a reduced rate of
herbicide. oocks (1965) reported that diquat assisted establishment of
pastures by controlling caperveed. Colman (1966) used 2,2-DPA at 7 kg/ha
to incorporate an annual component into a perennial grass pasture. other
authors have also reported on this technique for establishment of crops or
pasture species into an existing pasture. Murtagh (1972\ demonstrated that
77 kg/ha of 2p-DPA reduced the grass competition to Dolichos lablab ancl
that the nitrogen available as a result of reduced paspalum growth compen-
sated for low nitrogen flxation by poor strains of Rhizobia.

Control of Wooily Weed,s
A considerable amount of research has been undertaken in regard to

the control of woody weeds. This interest has developed from three" points
of viewl to clear and maintain lines of communication', in land develoiment
and to remoye pest harbours.

Only three ehemieals, 2,\5-T, ammate and picloram have engendered
much interest and 2,4,5-T is fairly widely reported in the literature: Bissett
and Shaw (1954) I Robertson (1961) I Parsons and Amor (1968). Mears
(1966) reported on the use of picloram for timber killing.

General,
fn recent years some research has been undertaken on aspects of herbicide

use other than those directly related to a weed or crop reaction. Greenham
(7962) investigated the translocation of herbicides in slieleton weed. Bowmer
(1971) discusses the adsorption of atrazine on some soils and the effect this
has on grass control. Pillay and rchan (19?1) found that the effectiveness of
tliuron is reduced by increasing amounts of organic earbon in the soil.

Conclusi,on
Research activities of non-commercial Australian workers have generally

been concerned with similar aspects to those of commercial workers. rn
the main, they were commeneed after those of commercial workers and results
did not appear until a chemical was being used. This is unavoidable as
companies are required for their own purpose, antl by law, to thoroughly test
a chemical before sale.

over the period under review it can be seen that as the number and
sophistication of herbicides inereased, so did the broadness of their use, rn
general herbieides useful in controlling weeds in annual crops developed flrst
and gradually were moved into perennial erops. The use of herbieides in
high value per hectare crops, either in terms of returns or of capital invest-
ment, was slower to develop.

The later interest of non-commerci6.l groups in other aspects of herbicide
usage is welcome and must be continued. There is urgent ,eed to evolve weed
eontrol systems using herbicides to do what is requiied rvithout leaving any
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methods. Ilowever, as was pointed out by Mr. Campbell-Smith, much of the
development responsibility in Australia fell to industry. Therefore we haYe
seen that the agricultural chemical industry not only provided the herbicides
but also, because of their own work and that in co-operation with Government
departments, developed chemieals, markets and new techniques.

If industry had not accepted the challenge and established their orvn
research and development organization, Australia would not now lead the
world in ryeecl control (e.g., industrial weed control antl early season ureed
eontrol in cereals). Their rvork and contribution to rveed control has led to
the acceptance of the agricultural chemical industry as an equal partner vith
the Government groups in the flelds of weed research, development and
education in Australia.

Ilowever, this was not the case in the early 1950's as is evidencecl try the
number of delegates attending the weed control-conference held at Roservorthy
Agricultural College in 1954. At that time, out of 44 delegates, only flve
came from inclustry, compared with 60 out of 143 delegates lrho attended the
1970 Australian Weeds Conference at llobart. This was the f.rst instanee
where weed control had received any recognition as a science and of the part
played by an industry group in this development.

Industry and Goyernment have had some'n'hat different approaches to
their flelds of investigation in rveed control. The interests of industrT are
ereated largely by markets, i.e.. the size and capacity to pay (for obvious
reasons), whilst the interests of the Government people has led to investiga-
tions being carried out in flelds of weed control whieh are of interest to smaller
groups. This statement coulcl raise criticism because of the activities of the
Government bodies in many large development projects, €.9., brigalow
control in Queensland, but in the main the statement is correct. This is not
meant to be a criticism of the Government's activities but rather indicates
how a symbiotic relationship developed between the two groups right from
the outset ancl has eontinued to rvork over the years.

Ilowever, the object of this paper is not to grind an axe on industry's
behalf but rather to shorv from an overall point of view the way industry has
contributed to the history of rveed control in Australia.

On looking through the literature and other sources of information it
is obvious that oyer the years there has been close co-operation between
industry and both State ancl Commonu,ealth Departments. There are too
many examples of this to cite particular cases but it is eviclent this occurred
from the outset and 'n'ill continue in the future.

Ilolever, this work was of importance in the early 1950's and in Oetober
1953 the then Timbrol Company produced a Technical Information Sheet
titled ('Chemical Weed Control with 2,4-D and 2r4r5-T" which provided a
summary of the information on the results and practical suggested usage
of these chemieals in Australia. In the acknorvledgement section it is stated
that the co-operati'r,e fleld work and interchange of rveeds research results
nith the various Commonwealth and State departments had enabled Timbrol
to produce this bulletin indicating that close co-operation had existed.
fndustry undertook to compile that information and disseminate it by way of
such teehnical bulletins, etc., a practice whieh has continued.

It is interesting to compare the recommendations given in that Technical
rnformation Bulletin in 1953 with a recommendation chart prepared h lg72
and note the many reeommendations which still remain valid. This surely
indicates that the phenoxy herbicides heraldecl the birth of sophisticated
rveed eontrol.
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As a result of the introduction of diquat /paraqttat herbicides work com-
menced in the horticultural flelds for the flrst time. These products have not
continued as the only compounds available but have led to the introduction
and use of combinations of knockdown and residual herbicides ineluding
amitrole, triazines, ureas, 2,2-DPA, and others.

During the period 1960/1965 the agricultural chemical industry was
largely responsible for the development and introduction of early season
weed. control in cereals with the preliminary development of prometryne ancl
linuron, for eontrol of phenoxy-resistant weeds. F inal development work was
carried out in co-operation with the yarious Departments of Agriculture.

As a result of this work compounds such as bromoxynil (Amchem),
methabenzthiazuron (Bayer) were introduced in the Australian market
with their subsequent development into other flelds. Had not industry opened
up the fleld of early season weed control in cereal crops these latter two
compounds may not have been developed.

During this period also as a result of research in the Monsanto Labora-
tories, di-allate and tri-allate were developed for the control of wild oats and
rye grass in rvheat and barley. This was another example of a co-operative
project between industry and Government departments resulting in an answer
to a major problem in an extensive agricultural market.

The use of products other than 2,4-D necessitated a change in attitude
and approach to cereal spraying and as a result requirecl an extensive
educational programme rvhich largely became the responsibility of the
companies selling the various products.

During this period trifluralin-the flrst of the aniline groups of com-
pounds-was introduced to Australia for development by EIi-LiIly. This
allowed effective grass control in many crops to be obtained where it was not
previously possible. Trifluralin lvas introdueed to Australia at about the
same time as cotton was developing as an industry. Cotton, being a high-eost
agricultural produet, allowed the introduction and development of a sophisti-
eated group of products like trifluralin. If these produets had been introduced
prior to the establishment of the cotton-gro'rving industry it is doubtful if
they would have generated the interest that they have to-day.

fndustry does not alu'ays back winners as eyidenced by the amount of
money some companies spent in the sugar-cane industry. Some exeellent
products have been developed specifi.cally for this crop for weed control but
because of poor farmer aeeeptance they have disappeared from the Australian
weed control scene. Thus we see that industry has to have a major market
available to allorv it to exploit the potential of a product. This probably
explains why, in general, industry activity in weed control in vegetables has
not been exploited to the same extent. The introduetion of produets such as
chlorthal, CDEC and CDAA are largely due to Government work, again an
example of the symbiotic relationship which has been established in
Australian agriculture.

Since 1950 and the introduction of 2,4,5-T arrd. 2,4-D, no major break-
throughs occurred in the field of scrub and brush control until approximately
7963/64 when picloram w.as developed by Dow Chemicals.

The teehniques developed for the uses of 2r4r5-T and mixtures of
2,4,5-T with 2,4-D (i.e., overall spray, basal spray, frilling, etc.) were largely
a result of work carried out by industry groups, but the adoption of this work
and its applieation for the eontrol of scrub antl brush speeies on non-arable
land was carried out largely by Government workers and here we refer to the
use of 2,+.5-T on euealypts (regrowth control) and the eontrol of brigalow
scrub in Queensland.
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