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"A weed seems to be any plant which has some undesirable characteristics."
This perceptive view of the future of weed science reminds me of two stories from

the thirties when I first joined the srnall band of weed research workers. At this time a

good portion of the literature on weeds emanated from France. My definition of a weed
at that time was the one given in Professor Paterson's lectures at the University of Western
Australia - a weed is a plant growing out of place. But I greatly preferred the French
expression for noxious weeds - Les M4chantes Herbes. It needs more than literal transla-
tion. The noun, herbes, means plants; it is feminine in gender and therefore recalcitrant:
the adjective, mdchont, translates directly as naughty and referred to the young connotes
waywardness rather than destructiveness. Thus one can envisage a weed as a "wayward,
recalcitrant plant" calling for understanding to make it amenable.

The second story concerns a newspaper cartoon strip pasted behind the door of a

laboratory I shared, at times, with Greenham and Cashmore. One of the characters in the
cartoon was tall and thin, garbed in clerical attire, leaning on a hoe in a tidy back garden.

He was speaking, over the fence, to his short tubby neighbour reclining in a hammock in
the midst of a weedy jungle. Said the cleric "I've hoed these weeds, I've poisoned them
and I've burned them. I don't know what to do next." Replied the helpful neiglrbour,
"Perhaps, then, you should learn to love tltem!"

It is little to wonder at that in those days we tried primarily to be concerned with
the biolory of the weed species and its autecolory and synecolory in relation to its kind
and to the productive species with which it competed whether as pastures, arable crops,
horticultural crops, forests, or in the special environment of irrigation supply and drainage
channels.

A historial review may point to some interesting advantages that weeds workers have
had up to the present and it may also indicate how they have been, for a period, deflected
from their early-determine d research priorities.

Strang2 has made an excellent historical review of research administration in
relationto weeds work. It is a record of close collaboration at all levels - institutional and
individual - between Commonwealth and each of the States. Perhaps it fails to make
specific reference to the later collaboration of the chemicals industry with the government
organizations. [n any case it is a story of a closer and longer period ofcollaboration than
other groups of workers have been privileged to enjoy. Long may it continue.

As an ex C.S.I.R.O. worker there is an urge to place the initial credit for this
collaboration with Rivett, Dickson and Currie. Beginning with the co-operation, in 1920,
of the Advisory Council for Science and Industry with the Commonwealth Prickly Pear
Board in prickly pear control, Rivett was imbued after the formation of C.S.I.R. it 19263
with the need to define the fields of research that properly belonged to the States and.

those which the States would wish the Commonwealth to undertake. Meetings begun in
1927 led to the conference in 1934 out of which the Standing Committee on Agricuiture
was formed and later the Australian Agricultural Council. The six State Co-ordinating
Committees on Weed Research were formed in 1935 and were replaced, circa l966,by a

single Weeds Committee. Australian Weeds Conferences have been sponsored in 1954,
1960, 1965 and 1970 to communicate up-to-date researchinformation on weeds and their
control and, more recently scientifically recognized Weeds Societies, like the Weeds
Society of New South Wales, have been formed which convene their own Conferences
and Symposia.

But while Rivett was concerning himself with State Commonwealth co-operation

2 Strrng, !., 1912. - A jubilee of researctr adnlinistration lg2O-1O. Proc, Weed Soc. N.,S.W.,.
. 5: 9-24.
" Currie, G. A. and Graham, !., 1914. - "C.S,I.R. 1926-1939: Fair weather lg26-28i Riding out the

storm 1929-35; Setting new courses 1936-39. (Unpublished).
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work was a negative phase of agricultural research and that many weeds research workers
left the field during the war years.

Basically society had not permitted weeds workers to resolve their problem into its
two parts: first the drastic control of proclaimed undesirable aliens on lands not used for
agricultural production and, second, the amenable control of les mhchantes herbes that
interfered with the man-modified vegetation complex that made us efficient agricultural
producers. To my mind this hampered the development of weed science over more than
twenty years.

And then, with the end of the war, ttre 'trormone-like" organic herbicides literally
burst upon us.

I recall Griffiths-Davies' excited arrival in Melbourne to beard the C.S.I.R. Executive
for additional resources to make a concentrated attack on agricultural weeds. Here were

these simulated plant metabolites, metabolites that the plants themselves utilized to
control their growth: they were not "poisons"; wittr the-help of the organic chemist (as he

was then called) the prospect of molecular reorganization of the compounds was almost

infinite: they could be highly selective: they could be used in low concentration and

application could be the major cost in their use: we need no longer think in terms of
eradication; we would be able to control the development of weeds to the degree and at

the time it was needed. Davies had ttnt kind of enthused imagination and foresight.
The major advances made in this period are well documented: the great investment

and scientific contribution made by the che,rrirnl industry as well as the fortunate market
advantage offered by the extensive agriculhrral and pastoral environment in Australia: the
ease of communication for weeds workers tfuorgfu lhe States'Weeds Co-ordinating Com-

mittees paid off. Progress was rapid compared witt the previous twenty years.

Comment, or opinion, is offered on three aspocts.

Fint is that the chemical industry was extremely fortunate, in the sense of social

responsibility, in its development of herbicides viei-vis its development of insecticides.

T[iy were not (as Davies had said) "poisons" and there has been little to worry about
concerning their effect on animal species, on tfre envirotrm€nt gpnerally and the "balance
of nature". There is little need to document the problenrs in this area that have developed

with the use and misuse of insecticides. Problerns hare arisen because of the nature of the

insecticides themselves and also because of the increasing scial awareness of "pollution"
in all its forms and the accompanying demand for the social accountability and responsi-

bility of science. Some of the new generation of hcrtbides are proving persistent and we

seem to know little of their fate in soils or in water, or of the means or time scale of their
degradation. This lack of knowledge strould be corrected and, as Green said, microbio-
logists and soil scientists will be needed to help in asserrbling the new knowledge. But
most importarlt,care is needed to maintain the adnntagesheld over many years of not
contributing to "pollution". Because of increasing social awareness in this area these

problems should be rapidly defined so that the appropriate research can be undertaken.
The second comment is that the very $rossss of lhe new generation of herbicides

again deflected us from the original rationale of a scie'ntific'approach to weed problems
through study of the ecology and physiolory of the*eedcrop-Soil-water-nutrient complex.
The rapid development of new herbicides and of knowtedge of their effects is probably
reaching an asymptote and refinements in their use will now, perhaps, increasingly depend
on the accumulation of knowledge in other disc[lines. It is hoped that at last the ecologist,
physiologist, plant bio+hemist, microbiologist, rcil sientist and agronomist will be given

the research priorities they need and deserve to accumulate knowledge for the future
resolution of weed problems.

The third comment, which arises from the first two, is that the time has come to
plan for the thorough integration of weed research as well as of weed control prografllmes.

In all areas ofbiological research the interdisciplinary "team" approach has developed and

the need can be cleary seen for this in weeds work With the prospect of an increasing rate
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and in the fact of its applicability. It must still be good science but the end point must be
reasonably assured.

The two points that emerge for future weed research are;
l. To make a concerted move towards basic science to accumulate the pool of

information for the resolution of future weed problems. lYtrile doing this the ecologist
should be given rein at last, to define and help resolve the complex of problems that weeds
impose on our agriculture.

2. Heed strould be taken of the world move towards greater accountability in
science, both in the strict accounting sense and in the need to protect the environment in
which we live. In this latter sense weeds workers havemaintained very high standards over
more than 50 yean. They should jealoudy protect these standards.

One thing we can be zure of: lVe will always have "Les Mbchantes Herbes"
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overseas workers such as williams and Ross (1970),andHerron etal. (1971) have
reported on changes in the weed flora with changes in tillage practice. Apart from these
ecological changes, I believe major changes in the soil environmint have oCcurred in some
areas of Australia as a result ofpast practices.

Dry cultivation, a recommended technique in South Australia for the control of
Asphodelus fistulows L. and Mamtbium vulgare L., two important weeds of lower rainfall
pastures, has created wind erosion problems on sandy soils (young, 1962). Fallowing to
conserve soil moisture and nitrogen has been widely practised throughout the wheat 6elt
of Australia. Although this practice has decreased iniecent years it ias considered tradi-
tional to fallow in the 1940's and in these years some 70 per cent of wheat was grown on
long fallow in South Australia (Beare, 1962). Fallows were maintained in a weedlfree con-
dition throug[rout the year by cultivation. Herriot (1954), noted that the farmer who
ploughed, harrowed, and cultivated early in the fallowing season usually found he had
provided ideal conditions for small seeded weeds to germinate. He therefore had to
cultivate again to stop weeds using stored soil moisture. As a result soil tilth became finer,
more weeds were encouraged to grow, and a vicious cycle began. He suggested that spray-
ing, not tillage, was an answer to weed control.

Tillage operations are time-consuming. Farmers often worked soils for weed control
that were either too wet or too dry at high speed, and further aggravated the soil problems.
Pre-sowing cultivations had a major impact on the soil enyironment prior to the establistr-
ment of recognised legume pastures in the rotation and the widening of rotations in
Australia. In many areas soil structure deteriorated and serious wind and water erosion
problems developed. Surface sealing and crusting followed heavy rains after seeding and
crops failed to break through the seal. Water needed for crop and pasture growth was lost
by runoff as soil permeability declined. Contour banks had io be construcied and farmers
educated to reduce tillage, widen rotations, and build soil fertility by growing legume
pastures.

The introduction of the rust fungus Puccinia chonditlina Babak and Syd. into
cereal and pasture areas for the biological control of Chondilh junceo L. may have enyir-
onmental impacts which have not as yet been recognised. The discharge of millions of
spores into the atmosphere by this pathogen may increase human asthmatic and allergy
problems.

With the restricted summer growth of skeleton weed as a result of fungal attack in
So_t'th Australia, lighter soils and sand ridges are again prone to drift as thi stabilising
influence of this weed is reduced. More acceptable agriculturalplants willhave to be introl
duced into these areas to reduce this new erosion risk.

Some Conclusions

There has been an impact on the environment as a result of our non-herbicidal weed
control activities. Pre-sowing cultivations in cereal production have had a major influence
on the soil environment. This is not generally recognised as primarily being the result of
weed control practices. The problem still exists although it ii not of the same magnitude
that it was thirty years ago.

With the current awareness of the need for integrated weed control, and the need to
maintain or improve the soil environment coupled with the trend to minimum tillage, I
cannot see the problem increasing- The change in the soil environment resulted in major
crop and Pasture management difficulties nd in the 1940's this caused a serious faliin
farm incomes. Some areas in South Australia have never fully recovered. Social implica-
tions followed and farms and towns in marginal areas were abandoned as the result of the
shift in the rural population.
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that herbicides are more likely to injure colonies by depriving them of the plants on which
they forage for nectar and pollen rather than through direct effects as poisons.

Movement of Herbbides From the Site of Application

The main blot on the herbicidal record has resulted from the drift of phenoxy
herbicides onto susceptible horticultural crops and ornamental plants. The high volatility
under Australian climatic conditions of some of the ester forms of 2,4-D (2,4-dichloro-
phenoxyacetic acid) has contributed to this problem. Damage has occurred in all states

over a wide range of susceptible crops. The drift of two other herbicides paraquat, and

picloram (4-amino-3,5,6-trichloropicolinic acid) has also been noted. Both aerial and

ground spraying equipment have been involved.
The movement of picloram in either surface runoff water, or attached to soil

particles is suspected of having caused growth deformities in garden plants in one instance

in South Australia. Silt was removed from a dam in a field where picloram had been

applied at rates necessary for perennial weed control, and used to topdress a garden area.

Overseas workers have recorded that initial losses of picloram in runoff water have been

greater on sod than on fallow (Trichell et aL, 1968).
In Australia the amount of damage caused by herbicides moving from the site of

application has been small relative to the amount of herbicide applied in crop and pasture

situations.

The Persistence of Herbbides for Extended Periods of Time in Soil, Plant or Animal

The rate of disappearance of 2,4-D arrd MCPA (4-chloro-2-methylphenoxyacetic
acid) is rapid and of the order of a few weeks to months (Kearney et aL, 1969). Residues

of these herbicides which are widely used in crops andpastures in Australia are not usually

experienced at normal use levels. Wells (1972) working in the Victorian Mallee showed

that when equivalent rates of 2,4-D and picloram were applied for the control of Chondrilla
juncea L. in wheat, residues of picloram seriously affected the growth of Medicago spp., in
the following year. He estimated that in one soil type the maximum picloram concentra-

tion tolerated by germinating medic was .fi)16 p.pJn. No damage occurred in the follow'
ing year from 2,4-D sprays.

The use of picloram has been restricted in crops and pastures because of its soil

residual activity on leguminous species. kgumes have a vital role in building soil fertility
on the Australian agricultural scene. Swain (1970) felt that herbicide residues were an

increasing problem to irrigated cropptng in New South Wales and he felt more research

was needed.
The continual use of diuron (N'-(3ts-dichtorophenylN,N-dimethylurea) at recom-

mended rates in established perennial grass and legume seed crops in South Australia has

not led to a build up of herbicide residue in the soil (Kloot pers. comm.). There is increas'

ing evidence, however, that the degradation pattern of individual herbicides may be altered

by the presence of other herbicides or pesticides (Sheets and Kaufman 1970).

Although the behaviour of many herbicides in Australian soils is not well understood,
the carry-over problems that do occur are few and often result from not following label

directions. Band spiaying, the use of lower rates by the addition of oils or other additives

to increase effectiveness, and the use of more precise and accurate equipment are seen as

ways of reducing the incidence of this problem.

Residues in Food or Anirntl Tisses

Snelson (1970) reported that the use of herbicides in Australia on food cropswas
extremely limited. Early applications to crops had created no residue problems at harvest.

Soil applications limit uptake and plants metabolise compounds into inactive metabolites.

There is no concentration in fruit or in seeds of plants, and there is no concentration in

the f
and I

Prd

Ml

orgal
Grc
hatc
srP
strair
fielil
the t
impr

wtret
the
and,
the r

Celt
flon
insa

Ih
asl
ofr

noII
P6
aglr

PTq

poP
eno
mic
soil

ort

(xr1

ha
mt
thc
sec

oh

Sa

ani
coo
Ra(
cro

t2



€I

tuurncco sBAr lur+ arnlcruls plcos tn uollnlo^eJ eql uo peluetutuoc (OfOt) uoslous

suo17o41dw1 lmios awos

'?rlerlsnv uI patul?lc eq rI33 slueuoq IeIIU{S 'pe^resqo

uooq eABq uoqceduoc pu? ernlcruls [os uI sluouog 'relpd\ pu? rIB ;o uo4n11od prluanbes
-uoc slr pu? uorsore pos pecnper suq ecrlcerd stql 'spee^\ Iorluoc ol seplclqraq Jo asn alp
uo puadep uec e8epl runurrulruJo ecqcerd eql 'dorc roJ pepeeu uaaq a^Bq aqm:aq1o {eu
qJIIA\ se rosor aJII ppr\'suare puorlearcer 'arnlsed lueuururad roJ elqe[?AB epstu uoeq sBq

pu?l eroru pue'spue1 dorc uorg BarB lrun red sp1e1{ eseercul o1 alqlssod }I ep?u eaeq '1no
gulod eq'seprc1qre11 'sel?ls pel1un eql tn paunrco o^?q farp se s]Ueueq esolil Jo euos Jo
saldruexe ue,r6 sur{ (€f 6I) suolrug 'aEesn eptcrlsad go ear_e ouo u urelqord u;o 11nsar eq1 se

seprcllsad IIB Jo esn aq| urrrepuoc o1 parudard eldoed l(q pa>1oope,ro ueuo ool ere esalll
'slcoJJe Plueuuor^uo prcueueq p,q e Bq'".nJ,ri3i"1xt::lr"::,1rfi..iil1ff 

Jurotr u_,
ur seEueqc paprocar amq'(7261) srIBIrBg pue '(016I) fszlrql '(OlOt) ?r ra reqcetuepeg
'?IIBrlsnV ur slearoc ur seufer eplcrqrerl snolr?^ repun BroU EuFueqc aq| uo peluerutuoc
ser{ (996I) uosuqof 'urererp Euulor8 suorlercoss? 1ue1d eq; 3o ftoloca eql uo lcudun uu
peq seq BrIBrlsnV ur sa.rnlsed pue sdorc rrluuac ut soplclqroq Jo asn pruflluoc eql

soatlg DqtO

'ropro /r\ol B Jo sI seplflqroq tuor; suollupdod plqorcltu pos
ol prezq orp l?rp 'rairamoq'a1up o1 qcr?aser erp Ewttar,rar tuou e olleq {aq1 'urogorcrur

Ios uo slcnpord uoneper8ep oprcrqraqJo f11c1xo1 aq1 o1 uarrf uoeq suq uolluoll? qEnoua

lou leql paurecuoc are (9461) rrBuJmX pw sleaqs '(Zrct p /a preqssorC) suorlepdod

IBIqorcIu IIos uo s]caJJe luereJJlp o^Bq 01 u^\ou){ eru sluauoduro, uottrr.YrXrrr.rord

oseql ol uoqdrustp lueueured {uu ptorru o1 fpnls InJorec spaeu plau snp 1eq1 eartu
sroIJo^\ qcruoseg 'seqorcrru [os uo soplcrqroqJo'lcerrpur ro lceJID rerple'slcegge elqlssod
go aEuer eptn\ B sI oroql 'pasp8ocar ilelr\ ere urelsr(soce s.uutu Jo Eu-ruo4curg lutrrrou
orp 01 pquossa eJe lerp sassecord c11cfc u1 sursluu8ro-orclr pos go ecuelrodu4 eq1

'(696 1 olueruzcuoll) slcesul

los pu? surrot\ quee Jo suorlepdod ecnper ol punoJ ueeq eABq soplcrqreq auos 'EroU

-oJcrru [os Jo uo4cun; Eupuerrecs eq1 3o ped sI ]I sB llreuoduq s1 uotltsodurocap asoFIIeJ
'suorlurluecuoc 

^rol 
1e lenbered fq Buq Eupodtuocep esoFlec Jo uorllqlqu-I pelrctu arp

uo pelrodar seq (016I) pazg 'srar;1o wrp c1xolFunJ eroru aq 01 punoJ aren 'lenbured pue
(eern1[r;1aur-11-{xorpau-p-(1{ueqdorogcp-lt),0 'uornu11 'seplclqroq o^\I 'plau aql
ur pecueuadxo og ol {1e4p etuer arn urqlr/t suorlerluecuoc 18 pasn oro/h seplclqreq uaq \
rEung pos go rp,nort eqt uo qceJJe ,ftollqlqul puno3 (6961) szcnl puz uosuD{IIAI

'{oolro^o 01 pJoJJB }ornrec ?rlerlsnv uI altl l?rp 1cedu4

IelueuruoJllue Jo locuJ luelrodun uB sr 1r "dds utnlqozr{UJo uoncnpordar puz rpmorE aq1

uo slceJJo ou eru eror{l seler plou Ieurrou lB IBID papodar o Bq sro{ro1h lsou elq yplou
aql rn pesn sIeAaI l? lenbured Jo suollerluocuoc {q pe}lq1r14 eler(r wnlqo4?U Jo surcr}s

lq8le IBr11 punog (9161) 7o p nfu1wn141 'segcads aurn8el aruos pue Buelceq uaa,trleq drtp
-uorlelar crlorqur{s eql uopuu ''ddswnlqo4{Uruo saplcrqrar{Jo qceJJe oID l?polool o eII
(Zte) Brsr4 prrz InoC pu? (lrc1) treqp.g'(OtOt) '7o p nfr4uue1,11 '(016I) pIBqssoIC

'(OgOt) E \ozcrlr\oced 'sre{ro,t\ seosro o {q flaatsualxe le pelool ueeq seq surstue8ro

1eErz1-uou Jo uollJnporder pue fEolorsfqd eql uo soplclqrerl 3o lcedun aq1
sutsruofug pfuot-uoN ol aSoutog

'salrlunoc ueo^ueq slcnpord pooJJo atueqc-re1ur eqt uI urelqord epzrl ro urelqord
qlpeq ou peluesard saplJlqreq 1eq1 paarEe qloq peq uollesueErg rppeH plro1\ oqt pue
uoqeslueErg arnllnq.rty puB pooJ aql lurll Eurlou fq papnlcuoc oH 'slBunrre Jo sle; erp

uI uops4
'selqoq"l
'lse^Isql
sg,f, sdoE

sB uf,Is ar
se4upF
lequltqr
'poolsra

perelF a!
-SBEIJItr 3
s?qqFu
-ruo*u lt

rlrJuas[ r

IIB EJAI T

,(UproJ I
I.os sll Jo

-,rolloJ r
-B4UaflIl
ur "dds a
Dl0tpuot
pa/f,o$ a
fpnsny
senPFqf,
crlacer(XO

ta

arqsud p
Jo arF q

uaeq arll
?erB u+l
ueeq Psq
oflrslsq a

IIos ol F

puB F.ue
pue'prtr
selsls IF
-oroFplP
/qIII1BIo^
,(xouaqd

qcllr u)



7'

as a result of the use of herbicides in crops in developing countries. Women and children
were released from the task of hand weeding crops and an increase in literacy and
educational standards followed.

There is no doubt in my mind that the increase in the use of herbicides in cereal
growing areas of Australia has reduced the number of man hours that have had to be spent
spent cultivating or harrowing for weed control in the past. One can only guess to what
use farmers have put this extra time.

Public concern and pressure fromhorticulturists and other groups following the drift
of phenoxy herbicides onto susceptible plants has resulted in legislation in most states to
control the application of herbicides. Technological developments, such as the use of
herbicid€s, often require more education, and more knowledge and skill than old ways.

It is interesting to note that herbicides now dominate the pesticide market in the
United States, and sales are predicted to rise to $US950M. in 1975 (Farm Chemicals
t97O).

Changes in tenancy, farm size, income levels, farm production efficiency and
migration of farm workers have been accentuated and accelerated by the adoption of
chemical weed control methods in the United States (Miller 1970). These changes,
although not well recognised, are occurring in Australia too. It has been suggested that
we have moved into the era when the brain is now more important than the muscle.

Some Conclusions

I believe that weed control practices involving the use of herbicides have had,
overall, marked beneficial effects on the soil environment. These effects will become
more noticeable in the future.

Herbicides moving in the atmosphere have created problems from time to time but
their impact on the environment has not been a major one although it often receives a
great deal of publicity.

The opportunity for some form of detrimental impact always exists in the complex
processes that involve herbicide detoxication, degradation and disappearance. The fact
that we have had few problems in the past strould not give us a false sense of security.

The establistrment of the Technical Committee on Agricultural Chemicals as the
"watch dog" requiring detailed information of the possible environmental impact of new

herbicides introduced into Australia is seen as a positive step to reduce such risks. It must
be recognised, however, that it is not always possible to tell from laboratory experiments
and small scale field studies the possible effects upon all components of the environment
when a compound is used widely under practical conditions.

Industry has a role in minimising environmental impact by developing herbicides
which:-
l. Are known to be easily ecologically degradable.
2. Will not impose limitations on crop rotations.
3. Have low toxicity and volatility characteristics;

The social implications of the wideqpread use of herbicides in crops and pastures in
Australia would seem to me to be quite dramatic if they follow the same pattem as that
seen in the United States.
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EFFECTS OF SOME ECOLOGICAL METHODS OF WEED CONTROL
ON THE AGRICULTURAL ENVIRONMENT IN NEW SOUTH WALES

M. H. Cltr,tpsEtt*

Weeds are usually defined as: plants out ofplace; plants in place; undesirable plants;
harmful plants; inferior plants; etc. A major conflict arises in using the term 'weed' when
aplant is consideredundesirable in one situation but desirable or tolerable in another. For
example, 63% of farmers in a New Zealatd survey considered barley grass (Hordeum
murinum) a weed, but 37% did not (wasrnuth, 1972). Paspalum dilatatum is a major
'weed' of golf courses but a valuable pasture species on the coast of New South Wales.
Thus, classifying a plant as a 'weed' can only be substantiated if the situation in which it
occurs is speciflted, and even then opinions will differ. Perhaps the greatest advantage of
the term 'weed' is that it generally replaces two or more words and thus contributes to
brevity.

What we generally mean by 'weed control' in agricultural situations is, the replace-
ment of one plant with another. If the process is done correctly the replacement is superior
to the original and this 'weed control' should really be termed lasture improvement'. In
water and on industrial sites we are mainly concerned, at the moment, with removing all
or nearly all plants but, in future, we may find suitable plant populations for these areas
which will obviate the necessity for repeated spraying.

Ecology has been variously defined as: 'ilre study of organisrns in relation to their
environment'; 'the nature of selection pressures, defence, reproduction, feeding, social
spacing, community structure and energetics'; tnan yersus nature'; 'elaboration of the
obvious'; 'a discipline primarily associated with discarded beer cans for recycling centres';
and, simply 'awful ain't it'. If we select the definition of ecolory with regard to weeds as,
'the study of weeds in relation to their environment', then, ecological methods of weed
control must include biological and chemical techniques as well zs the use of pastures,
crops and gtazirrg management. Autecolory can be taken to mean the study of the weed
itself, and when this information is related to the whole environment, it becomes ecolory.

Recently there has been a call for less work on chemical and more on ecological
methods of weed control (Quinlivan, 1972). lt seems to me that herbicides are part of the
ecological control process just as cultivation is a method for removing undesirable plants
and preparing a seedbed for desirable replacements. In short, 'ecological' is a mis-used
term. It refers to the complete story of weed control, not just a part of it.

'Ecological methods of weed control' are generally regarded as those which use
findings from autecological studies, as well as animal management or improved pastures to
control, remove or replace undesirable plants. Thus this paper will be restricted to a dis-
cussion of these aspects of weed control in New South Wales with qpecial emphasis on the
need to replace undesirable species with those perennial improved species which provide
long-term botanical stability of the pasture.

Background Knowledge

Quinlivan (1972) points out that our understanding of the 'ecology' of undesirable
plants and the research effort being channelled into this subject is far from satisfactory.
Although studies have been or are being made on the ecolory or autecology of: skeleton

tNew South Wales Depaitment of Agriculture, Box 43S, P.O., Orange, N.S.W., 2EOO.
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undesirable plants on the Tablelands of New South Wales, e.g. Poa tussock, serrated
tussock, and Chinese strrub (Cassrnia uamta), needs investigation.

In low rainfall country the use of goats to remove unwanted scrub qpecies is being
investigated (Anon., 1973b). Because goats do not eat some aromatic woody plants, the
danger of creating a 'gciat resistant' scrub has been recogrised and methods of overcoming
this, e.g. burning, are being investigated.

Lax Grazing

Spelling a newly sown pasture for the first year after sowing is necessary to control
regeneration of serrated tussock seedlings (Campbell, 1963). The improved species grow
faster than the tussock seedlings, eventually shading them and killing them. A similar
animal-free period could prevent regeneration of other weeds, e.g. Poa tussock, in newly
sown pastures.

Where serrated tussock infests an established pasture, spelling during spring and
summer periods can reduce the infestation (Campbell , 1974a). Deferring'grazing until
winter or spring reduced the population of slender thistles (Carduus pycnocephalus ar.d
C. tenuiflorus) in a ryegrass pasture in Tasrnania (Bendall, 1973) and offers a possible
method of control for other thistles.

In these situations the exclusion of the grazing animal favours the desirable species

at the expense of the undesirable species. In each case however, the improved species,

which included a perennial grass, had to be establistred by using agronomic techniques,
otherwise spelling would not have had the desired effect.

Improved Pastures

Generally the response of native plants to superphosphate is not sufficient to
exclude the more invasive weeds nor to give economic increases in animal production.

Naturalised or introduced species are generally necessary to repel or control the
more invasive weeds. However, in large areas of New South lVales topdresing with super-

phosphate and sowing with legumes has resulted in the exclusion of the dominant native
perennial grasses and subsequent invasion, due to the increased soil fertility, by thistles,
barley grass, brome grasses (Bromus mollis, B. stertlis), horehound (Mamrbium vulgare'),
and other undesirable plants. These plant associations represent unstable sub-climax
pastures. Their botanical composition varies wildly with seasonal influence and they are

susceptible to invasion by even less desirable plants, e.g. serrated tussock.
The agronomic short+omings of suchplant associations, result in lack of production

in dry periods, bloat, animal disease and injury, and management problems. The intro-
duction of a strongly perennial improved grass, e.g. phalaris into these sub-climax pastures
can stabilise the botanical composition and make it resistant to invasion by barley grass
(Tiver, 1954), Paterson's curse (Michael, 1970), some thistles (Michael, 1968a;19580),
and perhaps other undesirable plants. The introduction ofthe perennial grass is generally
preceded by one or two crops to take advantage of the increase soil fetility and to reduce
the seed population of unwanted plants. More recently herbicides and aerial techniques
have been used to introduce perennial gasses and legumes (Wheatley and Phelps 1973;
Campbell, 1974b') into sub-climax pastures.

Controlofother undesirable plants on arable and non-arable land is usuallyachieved
by, reqpectively, cultivation or the use of aerial techniques. In most situations it is desir-
able to include a strongly perennial grass in the pasture mixture sown to replace the
undesirable plant. Australian commercial phalaris has proved superior to cocksfoot
(Dactylis glomerata) and ryegrass (Lolium perenne) in providing long-term control of
serrated tussock (Campbell ,197k). However there is a need for an even more competitive
grass than Australian Commercial phalaris to provide more efficient long-term control of
serrated tussock. Development of two new phalaris cultivars (Anon., 1974)may assist in
fulfilling this need. Perennial grasses have also been shown to assist in the control of St
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THE ENVIRONMENTAL IMPACT OF WEED CONTROL IN PUBLIC
PARKS AND GARDENS

W. GeNrrs*

Infioduction
Parls and gardens account for a great percentage of the recreational use areas to

which weed control chemicals are applied. By emphasising the public garden component,
attention is also focussed on areas where local governing bodies apply the greater percent-

age of formulations used. Use of these is not inconsideiable. The 40 or so Councils which
form the local governments of the Sydney region consume annually about 50,fi)0 kg of
of prepared formulations, more than half of which is 2,4-D. Addition of private garden

usage in Australia's largest metropolitan complex therefore indicates an intensity of weed-

icide usage which usually escapes evaluation if one confines the exercise solely to agricul-
tural practice.

Herbicide Compounds Used

Materials used can be listed as being principally:
2,2,DP A(Dalapon): 2,2, dichToropropionic acid
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2,4-D amine:
2,4-D ester;
24,5.T:
Ametryne:
Amitrole:
Atrazine:
Bromacil:
Diuron:
Fenoprop:
Paraquat:
Simazine:

2,4-dichlorophenoxyacetic acid amine
2,4-dictrlorophenoxyacetic acid ester
2 1,5 -tichlorophenoxyacetic acid
6-ethylamino4isopropylamino-2-methylthio- 1,3,5-triazine
3 -arrrrno - 1,2 Strizzole
2-chloro-6-ethylamino4isopropylamino 1,3,5-triazine
5-bromo-6-methyl-3(l -methyl-n-propyl) uracil
N'-(3 f -dichlorophenylNNdimethyl urea
2{2 A,5 -trictlorophenoxy) propionic acid
l, 1'-dimethyl4,4lbipyridylium ion
2+hlo r o 4,Gbisethylamino 1,3,5 -triazine

Calcium hypochlorite and copper sulphate: (Algal control)
Of this list the most used, singly or in mixture, are 2,2,DPA;24-D; and Amitrole. By
extending the subject area to include national park or forest areas used for recreation the
usage of 2,4,5-T also becomes a sigrrificant addition because of its widespread application
to control woody weeds, particularly lantana.

Nature of Problems Engendqed in the Environment
While most agricultural weed control applications tend to remain close to the target

or, if they do drift, tend to affect very similar crops or situations, those used in parks and
gardens are less likely to do this. They are often used in very close proximity to other
users, to other activities, and to other sorts of land use, and frequently they move well
away from the original points of application before bringing about unintended environ-
mental damage.

This feature can be traced to two characteristics of the specialised environment in
which they are used. Firstly, it is often the built environment in which the park or public

+Public Service Board of New South Wales.
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concentration of both population and park or garden areas close to estuarine drainage
lines further aggravates possible damaging episodes due to lack of time for biodegradation
to occur.

Indigenous fauna, especially the leaf eaters, are placed at some risk, usually over-
estimated, by weed control activities in parks and gardens, as are valuable plants.
Sensitivities of some plant species are well known. In general the overall environmental
effect on the flora is related more to carelessness with the chemicals concerned than to
persistent or cumulative effects arising from the chemicals themselves.

Synergistic effects, especially of 2,4-D, probably need more evaluation. There are

reports of augmentation of residual effects of insecticides applied mixed or in proximity
with 2,4-D, resulting in unintended toxic effects on useful non-target insects such as bees.

2,4-D has also been linked with synergistic augmentation of the poisonous effect of plant
species containing cyanogenetic glycosides and in some national park usages this may be
important, if proved of general significance at particular seasons of the year.

Environmentally the aesthetics of chemical control as opposed to mechanical weed
control can be important in parks and gardens. Extensive areas, or long strips, of dead and
dying vegetation, despite the economies of chemical control methods, may not ht in with
the overall objective ofattractive park and garden surroundings.

Solutions

Environmental hazards relate more to methods of application than to inherent
chemical hazards. It is true that episodes such as the inclusion of dioxin n 2,4,5-T colour
this appraisal, but given the range of materials most commonly used in weed control in
parks and gardens it is equally true to say that stupid, careless, unnecessary or uneducated
usage is the chief hazard.

Education of users must continue to have a top priority. Not only is it important to
stress the need for protective clothing, careful applicition, understanding of the labelled
instructions, careful disposal of containers, but it is also necessary to demonstrate con-
crete examples of environmental misuse to supervisors. Environmental linkages arc not
readily apparent to other than professionally trained people. Coupled with the national
"she'll be right" approach, extensive damage at a later time or at a distant location can

result from the fact that apparent ecological damage is not in evidence and therefore the
significance of careless methods is unappreciated at the zupervisory level. Environmental
protection in the broad sense cannot therefore be achieved without user education as a

primary step.
As a secondary step, the professional can zuperimpose the stratery of alternative

control methods, but he must be aware that any weed control process which is not
attractive economically in the intensive care environment of park and garden management
will not be embraced very enthusiastically on purely environmental grounds. The chemicals
in use are attractive economically and are fledble enough in their useful attributes to be

the basis for tolerable weed control prograrnmes.
As a third step, integrated pest control programmes should be instituted. The chief

advantage is reduction in the amount of chemical required - always a desirable step

environmentally.
As a fourth step, legislative researchis requirqd to decide how to legislate effectively

to restrict unnecessary or unwise usage. Without legislative research, restrictive legislation
along conventional lines is unlikely to be successful or enforceable. Compulsory labelling
was a big step forward but legislative incentives to ensure that key provisions of the label
are complied with are still needed. It may well be that legislation requiring the education
of users is the only practical step.
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EXOTIC PLANTS IN URBAN BUSHLAND IN THE SYDNEY REGION

D. ADAMSoN* and R. BucununN*

Exotic plants are studied by certain categories of botanists and ignored by others.

Ornamental plants attract the horticulturalist, crop and pasture plants claim the agricul-
turalist, and weeds force their attention on both. The academic botanist usually prefers to
study native plants in relatively undisturbed communities, reflecting the traditional
academic viewpoint as well as the intrinsic botanical importance of our native plants.

However, at the present rate of development of bush for commercial purposes, the
botanist browsing in the undisturbed community is often, figuratively speaking, only
yards ahead of the chain saw, the bulldozer,the mining dredge or the rising water of a new
dam.

This picture of the preferences and professional commitments of botanists in
Australia is of course oversimplified, but not many would argue with the general picture.
One consequence is that exotics within communities of native plants have been little
studied because of the disturbed nature of the communities or their lack of agricultural
interest. Quite simply, bustr invaded by exotic species (weeds) is a botanical no-man's-land

despite its considerable academic and practical implications. This paper is a preliminary
examination of the problem and its implications using Sydney as an example.

Since white settlement, the flood of new species and the changed environmental
conditions mean that rapid evolutionary change can be expected as new groupings of
plants occupy the disturbed areas (Stebbins, 1971; Baker and Stebbins, 1965). The rapid
changes are also ofinterest to ecologists but the research and teaching potentialsofweedy
bushland have been overlooked. Botanists should also be interested in the spread of exotics
for the long-term future of the native vegetation and its associated animals. Irgislation to
create national parks can protect native communities from direct human destruction but
it cannot prevent their invasion by exotics. Although most bushland is fairly free of
exotics, their spread is well under way in vulnerable environments. Vulnerable environ'
ments include those wittr high moisture, high nutrients, and high input of propagules. The

relic rainforests on our east coast are in this category, as are tlte patches of bushland sur-

rounded by urban development in the Sydney district. White settlement is still a very
recent event in Australia and the extent of exotic invasion of wlnerable areas of urban
bushland can be taken as an early waming of future changes in similarly vulnerable but
more remote areas.

Urban Bushland in the Sydney Region

Shale and sandstone determine Sydney's topography, soils, vegetation and pattern

of settlement. Most of the shate areas have been cleared of native vegetation. Residual

bushland occurs mainly in the sandstone areas where the rugged topography has retarded

urban and agricultural development. Sydney has bushland only because of the com-

mercially inhospitable country to the south of Botany Bay and to the north of Port
Jackson. The total arnount and distribution of bustrland within the Sydney region is not
known. Large areas occur in about four local government areas because large national
parks come within their boundaries. By contrast, pieces of bushland under local control
ire individually small but surprisingly numerous. These small bustr areas often follow

*School of Biological Sciences, Macquarie University, North Ryde, N.S.W., 2113
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TABLE I: TRADESCANTIA ALBIFLORA KUNTH.*

Stems and leaves:-
total fresh weiglrt (g)

total drY weiglrt (g)

Leaves:-
total number
total area (m2)

19700
7.5

Stems:-
total length (m)
total number of nodes

l 100
34300

*Yield of Tradescanda albiflora pet

River valleY.
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THE ENVIRONMENTAL IMPLICATIONS OF WEED CONTROL IN
AQUATIC SITUATIONS

W. P. DUNK*

Aquatic weeds have special significance from an environmental point of view, largely
because of the value of the water medium in which the weeds grow. Water is used, not
only for biological life processes and primary production, but also for manufacture,
health, transport, drainage, recreation, aesthetic and other purposes. Consequently the
possibility of environmental effects resulting from uncoirtrolled growth of aquatic weeds

and from unbridled and careless weed control operations is very real and covers a very
wide qpectrum.

Some of these environmental effects are discussed in this paper. Both the direct
effects from the presence of the aquatic weeds themselves and the indirect effects resulting
from the control measures applied will be considered. In particular, attention is drawn to
the impending infestation of the Murray-Darling river system with water hyacinth
(Eichhomia aassipes), requiring immediate preventive action to be taken. Emphasis will
also be given to the problems of nutrient enrichment of inland waters and to the possibility
of private and commercial aquaria qpreading new weed qpecies.

Direct Effects of Aquatic l4)eeds

Increasing use of Australia's rather limited water resources, has made the direct
effects of aquatic weeds better known and better understood. Some of the main effects
are listed below:
(, Biologbal

Growth of water plants can lead to far-reaching changes in the biological regime.

Aquatic weeds are an essential part of biological productivity but, when the density
of the weed is high, useful biological species, e.g. qPort fish, are at a competitive
disadvantage.
Excessive growth of emergent weeds, for example Typlw and Phragmites species,

can also reduce the value of swamps for water birds. Weed growth can be so dense

that some water birds are not even able to gain access to the water surface. On the

other hand, aquatic plants in moderation are of importance for shelter and nesting.

These are simply physical effects caused by the sheer bulk of weed growth affecting
part of the biological system but the chemical changes, which aquatic weeds pro-
duce in the water itself, can be of greater biological significance (see iv below).

(ii) Soil Stability
Aquatic plants, particularly Phragmites, Typha arrd Paqalum species, rushes and

sedges can play a useful role in stabilizing soil and silt. These plants mostly have

extensive stoloniferous root systems, they prefer shallower water and are well
adapted to erosion control at the margins of waterways.

(iii) Hydroulic
The physical presence of weeds in water completely changes the flow characteristics
of the waterway. In irrigation channels it is not unusual for the flow to double

.Assessment of Envronment Effects, Ministry for Conservation, 24O Victoria Pde, E. Melbourne.
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tion of strict controls and limitations over the manner of their use (Bill, 1970; Dunk,
1965). The major aquatic herbicides in use in Australia are listed in Table I; their use has
been reviewed by other writers (Bill, 1969; Bowmer, 1973)and will not be considered here.

TABLE I: MAJOR AQUATIC HERBICIDES
(Bill, 1970; Bowmer, 1973)

KEY: non-persistent in water (days) or non toxic,
moderately persistent in water (weeks) or moderately toxic,
very persistent in water (months) or very toxic.

Only chemicals of low mammalian toxicity are normally used in water weed control
operations. The exception to this is acrolein which, although toxic, is not persistent in
water and rapidly degrades or evaporates.

Where the manner and amount of herbicide use is such that residues in water occur,
it has been the practice in Victoria to have tolerances for water set by the Pesticides
Review Committee, which includes representatives from the Victorian Ministry for Con-
servation and the Departments of Health, Agriculture, Iands, and Fisheries and Wildlife
and the State Rivers and Water Supply Commissions. In the case of amitrole these limits
have also been confirmed by the Commonwealth National Heatth and Medical Research
Council. The existing herbicide tolerances for water, developed in Victoria and used also
in New South Wales, are amitrole 0.002 ppm, 2,2,DPA0.002 ppm and diuron .004 ppm.
This cautious approach to the use of herbicides in aquatic situations has kept damage to
the minimum. The only harmful indirect environmental effect of significance has been to
fish, which are often killed within the confines of the channel systems when acrolein and
xylene are used. This is an undesirable effect, but no way has yet been found ofavoiding
it.

The irrigation authorities in Australia, remembering the scope and complexity of
their weed control activities, have a remarkable record, extending over decades, for safe
and effective herbicide use. This has been difficult to achieve because, as Table I shows,
the major aquatic herbicides are unsatisfactory from an environmental point of view. Most
of the herbicides use remain active in water for long periods; acrolein and xylene are the
only unstable herbicides and they kill fish and are difficult to handle, being inflammable
explosive and volatile; acrolein also has a high mammalian toxicity.

The task of those using aquatic herbicides would be greatly simplified if tailor-made
chemicals were available for use in water. The ideal aquatic herbicides for protecting the
environment should be quickly degraded in water, becoming harmless to humans, animals,
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water for both domestic and irrigation purposes. The bill will then run into millions of
dollars per anrum and even then the rezult, in terms of the hydraulic and economic effects
on the Murray, will be disastrous. Surely we can learn from the tragedies repeated time
and time again in other countries Qlolm et aL, l97O).....

"Water hyacinth was frst reported in the Congo River in 1952 andin less than tfuee
years it had qpread 1600 l<rn from kopoldville up to Stanleyville. In 1954 it had
already begun to block tranqportation. Buoys were submerged and navigation
channels were hidden. Fistr qpawning areas were blocked. M*V fistring gr6unds
were destroyed by darkness and lack of oxygen as the weed cover became more
dense, and, nities we.e denied their principal source
of protein. strips, planes and helicopt"rr, Uy tSiZ
Belgian scie ,-up of moie than 1600 tm of tfre river at a
cost of $l million. In spite of this massivi effort, k Brun reports that in the same
year waler- hygcinth was still floating past kopoldville on the way to the sea at the
rate of 136 melric tonsper hour. During the turbulent years followingindependence,
the Congo government services could not maintain the weed control lrogr*" *d
the Congo River is again badly infested.
The history of the infestation of the upper White Nile is equally tragic. The first
report of the weed in the Write Nile was in 1958. Again, the multiplication and
spread took place so quickly that even the best efforti of the Sudan Government
could not organise a campaign in time to contain the weed. A staff of 200 workers
lguinped with ships, planes, and land vehicles was organised to keep the river and
harbours open. During the early 1960's, the waterhyacinth team oCthe Sudan was
able to keep the weed under control in the most .riti""t areas with herbicides. At
one time the cost of this operation was g 1.5 million per year."

C.le{ly the responsible authorities, namely the New South wales Departments of
Agriculture and Local Government, and the River Murray Commission must combine and
act decisively and quickly before it is too late. The answer is simply to:-
(a) spray the weed now, immediately whilst it s and
(b) to institute a regular system of aerial and assisted by
colour aerial photographs, to locate any future
These actions are of far greatet signiftcance thon anything else that can be done to
pteserye the aquatic environment of south-eastern Australia

(ii) Eutrophication of Intand |laters
Eutrophication is simply the enrichment of our water with nutrients - particularly

phosphates and nitrates. This is a natural probess which normally occurs verykowly, but
some modern practices have accelerated eutrophication leading to excessive growths of
aquatic weeds, which destroy the appearance and reduce the value of inland an-tl estuarine
waters. Both urban and agricultural development of our catchments have contributed to
this problem. The main,factors operatin E, apaft from the direct discharge of sewerage into
water, have been the cle-aring of land, pasture improvement, increased use of feriltzers,
and increased numbers of livestock. Agricultural development and intensification has been
a major factor in the eutrophication process and if this is allowed to continue, unchecked,
more and more problems will develop. Monitoring systems and tight control of all dis-
charges into natural waters will be necessary to avoid the degradatlon of water supplies
and to preserve the amenity of our natural waters.
(irU A third problem, which is with us now, and is threatening the future, arises from
the exotic aquatic weed material to be found in commercial and private aquaria through-
out Australia. If these weeds are discarded into waterways they can add enormously-to
our Present problems. Therg is a good case for expanding the lists of noxious aquatic
weeds to eradicate some of those introduced plants at p.esent found only in aquaria.
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ECONOMIC ASPECTS OF WEED CONTROL

B. R DAVIDSoN*

The purpose of any form of weed control is to remove or decrease the number of
unwanted species from a crop or pasture and so increase the yields of the useful species

by removing or reducing competition for light, water and mineral elements. Weed control
can be achieved in a number of ways including cultivation before and after sowing and
the use of both post and pre€mergence herbicides. None of these rnethods are mutually
exclusive, they can be applied either singly or in comtination, or one may be substituted
for another.

It is the work of the economist not only to decide if the value of the increase in
yield is sufficient to cover the cost of a particular form of weed control, but also to deter-
mine the optimum amount of any form of weed control which should be used in a given
situation, and the optimum combination of methods of control where more than one form
of weed control is available. All of these tasks can be achieved by using the conventional
theories of production economics.

Theoretical Aspects

The nature of costs

The costs associated with any form of weed control are normally of two types:
(a) Fixed costs

These include all costs which will not vary if there is a small variation in the
amount of given treatment. Such costs include permanent labour and the depreciation of
machinery. Thus an increase in the number of interrow cultivations from one to two cul-
tivations can be achieved without purchasing additional machinery or labour if the second
cultivation is carried out when labour and machinery are not being used for any other
purPose.

There is obviously a limit to the additional amounts of a particular treatment which
can be given without increasing fixed costs and these often vary widely with the type of
treatment given. Thus an increase from two to four in the number of pre-sowing cultiva-
tions to destroy weeds might involve doubling the machinery and labour required for
cultivation if the period available for land preparation is short. On the other hand the
quantity of a herbicide which can be applied in any one treatment can be increased
indefinitely without increasing labour or machinery costs.

In some instances fixed costs may be nonrxistent. If cultivations are carried out
with permanent farm labour which would not otherwise be employed and with machinery
which is required for other purposes on the farm, but which is not required when weed
control opefations are carried out, then fixed costs are zeto. Or in economic terms labour
and machinery have no opporunity cost.f
(b) Variable costs

These include all the costs which will increase if the amount of a treatment is
increased. Thus if the number of cultivations is increased, fuel and machinery repair costs
will increase in proportion to the number of cultivations. Similarly the cost of herbicide

*Department of Agricultural Economics, University of Sydney, N.S.W. 2OO6

fOpportunity cost is defined as the profit a resource would earn in its most profitable form of
employment.
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TABLE I: TOTAL AVERAGE AND MARGINAL PRODUCTS FOR WHEAT AND
FALLOW CULTIVATION

Number
of fallov
Number of workings
of fallow

Units

Production of wheat (kg)

Total
yield

Total
product

Marginal
product

Average
product

0
I
)
3
4
5

6
7
8
9

l0
ll
t2

I,000
1,050
l,l l0
1,180
1,260
I,330
1,390
tl4o
1,480
1,510
1,530
1,540
I,530

0
50

110
180
260
330
390
440
480
510
530
540
530

50
60
70
80
70
60
50
40
30
20
l0

-10

50
55
60
65
66
65
63
60
57
53
49
44

5to

)
:
) aro

t

The optimum level of'application will always lie in the zone of diminishing returns.

If a cultivation is worth carrying out at all then it is obvious that while increasing returns
persist the increase in yield from the last treatment is always higher than from the treat'
ment before it. The optimum level will also be beyond the point where average returns
arc at a maximum as until this point is reached the yield per unit of cultivation is

increasing. On the other hand the optimum point must be less than where negative
returns begin as beyond this point further cultivations cause yields to decrease.

Thus a rational zone of decision, in which the optimum level of application must
lie, exists. It extends from the point where average returns ue at a maximum to the point
where negative returns begin and can be determined from the physical relationship
betweenthenumberof treatmentsorlevelof treatmentandyield. InFigure I therational
zone extends from 5 cultivations where the average product is at a maximum to I I culti-
vations as after this number of workings negative marginal returns are obtained.

The rational zone is the same regardless of the cost of the treatment or the price of
the commodity produced. The only situation where this would not be true would be one

where either the product had a negative price or the treatment a negative cost.
To determine the optimum level within the rational zone it is necessary to know the

marginal cost of each treatment (i.e. the cost of the last treatment; this is normally
constant) and the marginal revenue (marginal product x price) associated with each treat-
ment within the rational zone.

Total revenue, marginal revenue and marginal cost based on the physical data in
Figure I and Table 1, were calculated on the assumption that the variable cost of each

cultivation is 50 cents per hectare and the price of wheat is 2 cents a kilogram. The results

of the calculation are shown in Figure 2 and Table 2 and indicate that marginal costs equal

marginal returns when both equal $1. This is at the point where 7 cultivationscostinga
total of $7 are carried out giving a total increase in product of 440 kilograms, a marginal
product of 50 kilograms and a total additional revenue from fallow cultivation of $8.80
(Figures I and2 and Tables I and2).
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The optimum point is where marginal cost equals marginal returns because it is

always worth spending $l if more than $l is obtained in return. The only exception is

where capital is limited and it is impossible to carry out all operations to the point where

marginal cost equals marginal returns. In other words one may have to choose between

applying more fertilizer or more herbicide because, with the capital available, it is impos-

sible to apply both to the point where marginal cost equals marginal return. In this situ'
ation all resources should be used to the point where marginal returns to the last $1 spent

on each are equal. The optimum level of application within the rational zone is also the

pointwhere the ratio between the marginal quantity of the product and marginal quantity
of the resource is equal to the inverse price ratio between the two.

AO/AR = PRPO

With each cultivation costing $ 1 and each kilogram of wheat 2 cents

PR/PO=100/2=50

and the marginal output per cultivation (AO/AR) = 50 when 7 cultivations are carried out.
The optimum level of application is either the point at which maximum profits or

minimum losses are obtained from treatments. Whether a loss or a profit is sustained can

be quickly determined by calculating if the total increase in revenue from treatments at
that level (additional yield x price) is greater than the total cost, both fixed and variable,

of the treatment at that level. As the additional return from the 7th cultivation exactly
pays its cost,6 is the optimum number.

The total cost of 6 cultivations of fallow are as follows:

0
I
2
3
4
5

6
,|

8
9

10
n
t2

Numb
Cultiva.

*Whcat

Total
mtmb

Fixed cost

Depreciation of cultivator $600 @ 7 per cent

Fuel and repairs to tractor @ $l per cultivation for
6 cultivations over 500 hectares = $l x 5 x 500

Total costs

$

42

3,000
$3,042

TABLE
(

The cost should be compared with an increase in yield of 390 kilograms per hectare valued

at $0.02 or ($0.02 x 390) $7.80 per hectare and (500 x $7.80) $3900 giving an increase

in pro{it ($3900 - $3,042) = $858 from 500 hectares of wheat.
If the price of the product increases the optimum level of weed control will increase.

Thus when wheat was priced at 2 cents per kilogram the optimum level of cultivation was

7 cultivations. If the price is increased to 3 cents per kilogram, marginal revenue is greater

than marginal cost when 8 cultivations are carried out (Table 2). Conversely if the cost of
cultivations are increased the optimum level declines. If the marginal cost of cultivation is
increased from $l to $2,3 cultivations would be the optimum number (Table 3).

The Optimum Combination of ControlMethods
Given that control of weeds can be achieved by two methods, the optimum

combination of the two can be found provided
(a) both are being applied in the diminishing returns section of their own production
function
(b) that the same level of yield can be obtained over a range of combinations of both
methods. The optimum combination is the point where the ratio of the marginal rates of
substitution of the two treatments is equal to the inverse ratio of their prices. A hypo-

thetical example of a combination of various numbers of fallow cultivations each costing

50 cents and the application of herbicide at different strengths, any combination of which

will give a wheat crop of 2,000 kilograms per hectare, is shown in Table 4. The opportu-

nity cost of the equipment and labour needed to carry out the operations is zero in both
cases (i.e. there are no tixed costs). An optimum combination is achieved at 8 cultivations
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and 30 grams of herbicide when the marginal rate of substitution between cultivations
and herbicide is approximately ll25 and equal to the inverse ratio of the 50 cent price of
cultivations and the 2 centper gram price ofherbicide.

A decrease in the price of cultivations will move the optimum level of cultivation to
one containing more cultivations and a lower strength of herbicidal treatment. An increase
in the price of cultivations or a decrease in the price of herbicide will have the opposite
effect.

Sources of Data
While the theory required to establish the optimum level of application of a

treatment or combination of treatnents is simple, the data on which such calcultions
may be based is difficult to obtain. The results of treatments on any one crop will vary
with the physical environment and thus the production function or factor relationship
canvaty between reglons and between years. It is only when a number of years of data
are available that definite conclusions concerning optimum level of treatments or
combination of treatments can be drawn.

Two possible sources of data exist and both present their own problems. In theory
data from farmers using different levels of weed treatment in a homogeneous region can

be used to establish a production function by means of regression analysis, in which the
effect of weed treatments can be isolated from factors affecting yield. However, it is often
difficult to find a number of farmers using differing levels of weed treatment and still
more difficult in practice to separate the effect of weed treatments from other factors
affecting yields, because of the high levels of correlations that are often found between
the treatment examined and other factors affecting yield. The problem can be overcome
by using experimental data where factors other than the one being examined are stan-

dardised. However, the results obtained on farms using the same technolory are seldom
the same as those obtained under experimental conditions. While some work has been

done to establish the ratio between farm yields and experimental yields, the ratio estab-

listred is only an average over a period of years for a large number of farmers within the
region where the experiment was conducted (Davidson and Martin, 1968). In addition the
ratio can only be applied to a region with the same physical environment as that in which
the experiment was conducted and to farms within the region where all cultural practices
(e.g. levels and type of fertilizer, rotation and amount of cultivation) were the same as in
the treatment of the experiment with which the ratio of farm to experimental yields was

established. The ratio is only true over a number of years. [n poor years farm yields are

almost equal to experimental yields but in good years they are much less.

The ratio is not a guide to individual farmers' yields as these can vary widely from
the mean. Some farmers obtain yields equal to the experimental yield even in good years.

Thus there are definite limits to the usefulness of data obtained from experiments.
It can only be used to measure the increase which might be obtained in yield by the
average farmer over a number of years in a similar environment and where cultural prac-

tices are the same. The relationship of average farm yields to average experimental yields
appears to depend on the intensity with which labour and capital are used which in turn
depends on the average commercial acreage of the crop. For small horticultural crops
grown on 2 hectares, average farm yields are 90 per cent of avera9e experimental yields.
However, the ratio drops rapidly as average crop area increases. Crops grown on 80
hectares or more seldom have an average farm yield of more than two thirds of the experi-
mental yield even when environmental conditions and cultural practices are the same.

Problems of Experimental Design and Interpretation
Traditionally field experiments consist of a small number of treatments with each

treatment replicated many times to establish the differences in yield which are due to
factors other than the treatment being examined. Thus the eft'ect of no herbicide and

thorl
5 tim6,
any dq
need m
resPonS

tion of
some cr
experur
ever, if
extrer

o
treatmr
ana$n
betweer
ment- I
and off
range d

Residtt
l

reduce
tion in
the cro
analyn
ate intr
of appl
benefic
the tot
Theh

0
point r
employ
simpty
(a) m
G)m
(q) *1
(d) wr
If (a +l

I
6 cultir
tractq,
per hoc

A

(a) m
Deprec
InterEJ
Cultivt

=3)
2liil

Tractq

40



b

009'z$

00€
00s I

peplo^v slsoJ I3]oI

rnoq rad 9$ @ srnoq 0s srl?der roltBll
(Z x SZ'O$ x 000'€) rnoq red seIlII Z

T orll red sluac SZ@ pq 'srnoq rolcerl 000'€ =
e.relceq/srnoq € = orelceq red srnoq S'O @ 9 :suolle^IllnC

obol @ 000'S$ Jolcerl I ur polse ul 1u11dec uo lsorelul
%Ol N 000'S$ rolc?Jl ouo uo uorlutcerdeq

epeplo^B oq [U'\ slsoc 1eq11 (z)
:parudard oq Plnoc leEPnq PrPud Y

sureraoll4 7 ,rq asearcul ru.,u plel^ do.rc. stq os Eupp ,(q rerp 
^\oDI 

osle ,Wr*X'i'''rX]#
I ilos 01 ur.n{ elq?ue pm a8ueqc oq} pu? luarulBorl lBprcrqroq euo q}IA\ suorlB^rllnc 9
aculder u?c eq lBql t\ou>I tqElur dorc ? Jo se[lcaq 996'1 EuranorE reurruJ e JI snql

'Eu11zur rpro,y\ q atueqc oql uoql (p + c) < (q + e) lt
'lsol eq 1p^\ snuo or PIo 13qA\ (P)

iperrncq eq il1al slsoc.n\eu rerftt (5)

ipaupE oq ma enuelar meu 1eq11 (q)
apepro^? aq ru^\ slsoc 12q76 (z)

:suorlsenb rno; tur,uo11o3 erp 01 ra/hsue oql qslq?1se o1 ,(1duns

sr ernpecord eql'ta8pnq prped eql s1 'pe1ru41 sr se lleurelle Jo rogrunu eql uoq^\ foldura
01 Iool lngesn ,(.rea y 'srs{puu uollcunJ uo4cnpotd Jo su?eu {q uorluclldde go lurod
unurldo eql lcales 01 luelrgJnsln sI oIqEITBAB uollBturoJul Jo lunotue aql ueUO

spoqpru p4uoJ paail u1 atuotlS o lo uo1fin1oag ctwouocg aqJ

.o^Jnc onua^er plol 0ro

luorJ polcerlqns u?ql roqlur peppp 1nq {u,n eures eIfl uI poleerl oq plnoqs ,(eq1 ptegeuaq
ere slceJJo lenprsar 11 '{ean purou arg ur srs{1eue qt1,tr Eutpeecord ueql pue uotlecrlddu 3o

Iolel qrua 18 enualer lelol oql uorJ pal?Fcl?c os runs aql tullcnpap pue olur lsoralul ele
-rrdordde ue Eursn eturl luesard oql 01 enualeJ uI suoqcnper ernlng Euqunocstp {q stsfleuz
uorlcunJ uorlcnpord pturou eql uI pelerodrocur eq u?c lcaJJe slql u/l\ou>l sr dorc eq1

3o ecrrd eql pue pessess? eq uec sdorc ern1n1 uI luerulsorl Jo IeAeI qcso roJ platf ut uotl
-cnper eql pappord'pol?erl dorc eql rage un'o.€ sdorc luenbesqns Jo splav( eql ocnper

III/( qcIP\ slceJJe I?nplsor eABq uBc sluou!?all peoiY\ oluos suoll?nlls ul?lrec uI
slcatlg pnpsag

'rersee uorl?c1dde 3o lurod urnurldo eql Jo uollcelos eql aIBIU IIA\ sluolul?er1 go aEuer

aloqa eql relo suorlplresqo Jo reqr.unu eErul e sarrrE qcr,qlt anbruqcal fuy 'sreqlo puu

Otet) uosrepuv'(ggOt) uopq {q possncslp ueeq o^eq senbruqcel qcns Jo osn eql 'lueru
-leerl ol{l uFlll^r lurod prluec e alecqdar ol eq plno^\ asrurordtuoc V 'sueetu eql uee^Ueq
-udordde ue Eursn'eu41 luasard erp ol anue or ul suoqcnper ern1n3 Eurlunocstp {q stsr(1eue

uorsserEer Jo sueetu {q sllnser eql es{pue pue uotlecrlddz 3o etuur epll\ ? relo sluolul?all
pelucrlderun Jo raqunu e8rel u esn ol sI palse8flns ueaq seq qcq/!\ uoqnlos euo

'1no ,(rrec o1 alrsuedxe fleuarlxe
oq ppolr lueurrredxe eql sorull g palucrlder aq 01 ere slurod 17 el{l Jo qcee;t'raila
-/r\oH'luelul?erl euo {ue 3o uorlzcrldde;o 1aae1 urnurldo eql puu o1 sp1ar,( pluaurredxa
pue urBJ uoot\loq dlqsuorleler oql JoJ Euunolp relJu PUB ,{cernccu s}I uI ecuepUuoc aluos
qlr/Yr uorlcunJ uorlcnpord e 1o1d o1 ury{ olqBue plno,tr ue,rr3 slurod eq1'sruurtolq z Jo uoq
-ecrtdde ue o1 dn uorluclldde oplcrqraq ou luo{ sunrE gg1 l?}ueruercul qceo roJ sesuodser
plarf aqt A\orol ol eTI plnot\ lsltuouoco eqr {1eap1 'acuoroJor 3o slurod aroru {ueur paeu

plno/r lslruouoca uv 'elqslrB^? er? suorlB^resqo sI qEnoqlp ocueplJuoc 3o eerSep .(ue

qlrin slurod eerql qEnorqt uollcunJ uorlcnpord e 1o1d o1 alqrssodurr sr 1r'renetroll'se1llll S

pelucldar lueulBerl qc?e qllt\ peulw?xe eq {utu dorc e uo ePlclqreq 3o uur8olq I rc %

00s
00s

$

puB epp
01 enP.
qcea rD-r

'aur
-rredxa I
08uot
'splatA 1
sdorc p
urnl u! I
splep( p
-curd pr
ew^ql
'sluaru.u
'Srear( p

uror; l(y

erE splel
se,tr sPla

ur se au
sacEcBl
qcltlt u
aql uoF
orll uIql
-qBlsa o
ueeq sE

ruopls
-u31S ar
eluocra
UeOrtla
srolcsJ

ruls pur

ueuo q
oql qrl
uBc uol
,(roeqt

ro slui
?}BP JO
dr,qsuot

fte,r 1p
suopF:
eJou

alrsodd
oS?ercu

ol uoE

JO eCul

suoIl?il



(b) New revenue gained:

2 kilograms of grain @ 4 cents = 8 cents/hectare from
1,000 hectares (= $0.08 x 1,000)

(c) New costs incurred:
Herbicide @ 50 cents per hectare (50.50 x 1,000)
One treatment @ 0.5 tractor hours per hectare = (0.5 x 1,000)

500 tractor hours; fuel @ 25 cents per litre and two litres
per hour = (500 x $0.25 x 2)

Repairs,8.4 hours @ $6 per hour

Total New Costs Incurred

(d) Old revenue lost

arb = ($2,800+$80) = $2,880
c*d = ($ 800+$ 0) = $ 800

Increase in profit = $2,080

500

2so
50

$800

nil

Economic Factors Affecting tt)eed Control in Australia

Moisture is the factor which limits plant growth in Australia. Normally crops and

improved pastures can only be established in regions with a growing season of more than
fivi months where a growing month is defined as one where Precipitation/Evaporationo'?s
>4.

Althoug[r only one third of the Australian continent has a growing season of more
than five months the area of such land is extremely large in terms of thb nation's popula-
tion. It has been estimated that Australia would have to have a population of 50 millions
before it was as short of well-watered land as the U.S.A. is at present and 138 millions
before the ratio of well-watered land to population equalled that of Western Europe
(Davidson, 1969).

Because of the high ratio of arable land to population in Australia, land has always
been cheap in terms of labour.In these circumstances systems of farming which used large
areas of land and little labour have normally been profitable. On the other hand intensive
types of farming which required high inputs of labour have normally been unprofitable.

The small Australian population also meant that any large agricultural industry had
to rely on export markets. As Australia had a comparative advantage in terms of land and

a comparative disadvantage in terms of labour over the main importing countries in Europe
and the U.S.A. and Japan, the large agricultural industries which did develop were those
producing cereals and animal products under extensive farming conditions. Of the 18

million hectares sown to crops in Australia,66 per cent are the broad acre cereals,wheat,
barley, oats and sorghum, and a further 27 per cent are fodder crops. Intensive fruit and

vegetable crops are sown on less than 2 per cent of Australia's cropped area.
Expensive methods of weed control are only profitable if either a large increase in

yield is obtained or the commodity produced is highly priced so that small increases in
yield are worth the extra cost of the treatment. As 93 per cent of Australia's crops consist

of low priced cereals and fodder crops, very large increases in yields would have to be

obtained to make expensive weed treatments worth while.
Because economic success in Australia depended on obtaining a large output per

man rather than a large output per hectare, Australian yields tended to be low compared
with other countries. Wheat and other cereal yields in Australia are less than half those
obtained in Europe. Thus a given weed treatment which was profitable if it increased

cereal yields by l0 per cent in Europe would have to increase cereal yields in Australia by
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DEVELOPMENTS IN THE BIOLOGICAL CONTROL OF WEEDS

J. M. CIJLLEN*

Introduction
It is probably a legitimate question to ask how the term development is relevant to

biological control . After all, it is not immediately obvious in what way one can develop
from a rationale superbly effective in its basic form as long as forty years ago. In attempt-
ing to answer this question I shall briefly summarise current practice and progress in the
biological control ol weeds and point out future activities which will follow fairly
obviously from this approach. Finally I shall suggest the possible directions this science
might or should take in the future.

The Present Situation
I shall assume a certain familiarity with the underlying philosophy of a traditional

biological control proBramme i.e. the concept of a plant introduced to a new country
without the complex of natural enemies which help keep it under control in its native
environment, and the aim of biological control in attempting to restore a satisfactory
balance by importing those enemies specific to that plant. A successful result to such a
proglrmme, which produces self perpetuating control throughout the range of a weed,
has obvious advantages. Economic gains can be enormous through increased production
and decreased expense on other control measures. In a world increasingly sensitive to the
potential dangers of the liberal use of chemicals in the environment and also to the con-
servation of resources in general, a system which relies on nature alone for its effective-
ness and continuity, has a lot to recommend it over and above the straightforward
economic aspects.

In practice, the idea of re+stablishing a balance between a weed and its natural
enemies hasled in the past to the introduction of organisms toAustralia to control prickly
pear Opuntia spp., lantana Lantana camaro sens. lat., St. John's wort Hypericum per-
foratum L., crofton weed Eupatorium adenophorum Spreng., noogoora bwr Xanthium
pungens Wallr., gorce Ulex europaeus L. and ragwort Senecio jacobaea L. with varying
degrees of success. The lantana programme has been rejuvenated and is looking quite
hopeful, while programmes for skeleton weed, Chondilla juncea L., groundsel bush
Bacchais halimifulit L. and Emex spp. are proceeding vigorously at the present time.
Activity is in fact quite extensive in this field in Australia. and this is indicative of the
world situation. There are programm€s of this nature being tackled by Canada, U.S.A.,
N. Zealand, S. Africa, Chile, Czechoslovakia and by the Commonwealth Institute of Bio-
logical Control on behalf of several other countries. The techniques of this approach are
now well developed and there are many weeds which might be considered as candidates
for exhaustive investigation using what are now fairly standard guidelines. The list of
weeds introduced to Australia from Europe, S. Africa and the Americas obviously provides
considerable potential for future activity in this field. Very few weeds, even those already
considered at some stage in the past, have been fully studied in the manner which we now
know they should be tackled. This applies particularly to the geographic region which
should be the most productive of effective natural enemies i.e. the evolutionary oiigin of
a weed or subgenus (Harris, l97l ; Wapshere, in press\, and those areas with enyironments

*CSIRO Division of Entomology, P.O. Box 170O, Canberra City, A.C.T.
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ting the system in man's favour in some way, perhaps on a regular basis. There are several

ways this might be carried out and various efforts have already been made, some quite
successfully.

To take the simplest situation, a natural enemy may not be able to contact and

attack areas of weed soon enough. The obvious answer is to collect and redistribute the
enemies as required. For insects, the distribution of the defoliating beetles Chrysolina
quadigemina Suffr. and C. hyperici (Forst.) to infestations of St. John's wort is in fact a

very simple example. For fungi, the facilitation of inoculation of a weed provides an

example of this approach, as has been successfully carried out with persimmon wilt
Cephalosporium diospyi Crandall on weedy persimmons Dioryyrus virginiana L. (Wilson,

1965) and oak wilt fungus Ceratocystis fagacearum (Bretz) Hunt. on unwanted oak trees

(French and Schroedet, 1969). Alternatively, the population of a natural enemy may not
increase naturally to a level high enough and/or rapidly enough to be effective, and the
possibility arises of mass rearing and making regular inbculative or inundative releases. As
far as I know, this has not been attempted with any insects in order to control a weed,
though it has been done with parasites to control insect pests and, more relevantly, with
fungi to control weeds e.g. the control of Cuscuta spp. in Russia using Alternaria sp.
(Miusov and Bashaeva, 1968) andnorthern joint-vetch,4eschynomenevirginica (L.)inN.
America using Colletotrichum gloeospoioides (Penz.) sacc. f. sp. aeschynomene (Daniel
et al., 1973).

The alternative to manipulating the numbers and distribution of the attacking
organism is to manipulate the environment in its favour. This area of development is

probably the furthest from practical realisation at the present time but remains a distinct
possibility. It is really only one step removed from the sort of consideration given now in
the development of ecological and cultural methods of control, relying as it does on a

good understanding of weed ecology. What it also requires is an understanding of the
ecology of the natural enemy and also the ability to combine the two.

There are one or two significant points about what I strall for the moment refer to
as manipulated biological control. Firstly, the advantage of no recurring expense is
obviously lost but that of least possible disturbance of the environment is retained.
Secondly, some of the more traditional limitations of biological control become less sig-

nificant. If a natural control system is only going to be effective when augmented in some
way, one automatically has control over the areas where control might or might not be
desirable, thus causing fewer problems if a weed is beneficial in some situations. Again, if
the effect of an enemy is to be artificially augmented, the fact that a plant is also a signifi-
cant weed in its native environment is no longer a deterrent. Similarly, endemic weeds
become possibilities for this approach if natural enemies are present, whose effect can be

enhanced. There would seem to be a fertile field here for research and development. The
demand for this sort of approach is not very great at present unlike the situation with
insect pests, but it is a demand which may increase in the future.

Meanwhile it is apparent that such an approach will be heavily dependent on a better
knowledge of the ecology of weed - natural enemy systems. It has also been pointed out
that development in this field is necessary for improving the efficiency of traditional
biological control programmes, where activity will no doubt steadily increase. The

importance of this area of research is fortunately being increasingly realised and biological
control programmes contain an increasing emphasis on post introduction work, which is

the most efficient way of developing this field. Biological control is essentially a specialised

area of ecological control and it is the level of ecological research which will largely

determine the extent to which biological control will develop further from its present

promising stage.
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INDUSTRIAL WEED CONTROL AND THE ENVIRONMENT

J. TotH*

Introduction
Weed control in non-crop situations, termed "Industrial Weed Control" or "Total

Vegetation Control" (T.V.C.) has become an important field, with very wide economic
and environmental significance. The non{rop situations in which we use some degree of
vegetation control include: roadsides, railway lines, transmission lines, sub-stations, switch
yards, pipe lines, airfields, industrial sites, drains, channels, silos, storage tanks and fence
lines.

Beside chemical methods of weed control in T.V.C., mechanical methods are used
in a large proportion of cases. These include: mowing, slashing, discing,pruning, cutting
and burning. These methods may be considered safer to ttre environment than chemical
methods but their labour requirement and low efficiency frequently make them
uneconomical.

Control measures, mechanical or chemical, are required for the following reasons:
(i) to reduce fire hazard, lraftic hazard, traction losses on rail tracks, drainage

problems, corrosion and rotting of equipment and materials.
(ii) to maintain access to and around installations, public utilities and storage tanks.

(iii) to prevent weed seed, insect pest and rodent infestation of neighbouring areas.
(iv) to maintain some aesthetic value of a site.
To meet all these objectives under varying soil and climatic conditions, with large

variation in vegetation, could be regarded as a very challenging, but not a simple research
task. In spite of this, total vegetation control has received surprisingly little research
attention from universities and other institutions. This is probably due to lack of financial
support from Government and Industry, who are the main beneficiaries of such research.
Furthermore, T.V.C. research has not attracted the attention of students and young
scientists because it requires long duration research projects, whjle research into other
aspects of weed control may be more attractive and can lead to M.Sc. or Ph.D. degrees in
the normal time.

Application of T.V.C. by Government Bodies in New South Wales

New South Wales Government departments during I 969 spent more than $3 million,
in 1971 an estimated $5 million and h 1974 it could be expected that $6-7 million will
be spent on total vegetation control. However, the present situation in N.S.W. is that
the Government departments and semi-Governmental bodies, the major consumers of
T.V.C. products, are mostly without fulltime professional staff engaged on T.V.C. prob-
lems. Because of this the selection of herbicides for their needs is mainly based on the
sales information of commercial firms. To add to the users' difficulties, the market offers
approximately 100 trade named herbicides (mainly mixtures) for T.V.C. use, and their
number is increasing.

The type and length of vegetation control required varies between Government
departments quite considerably and in some, requirements are rather specific.

The Department of Railways requires total control of vegetation on the ballast,
which is invaded mostly with easily killed annual plants from spilled seed from trucks,

*Department of Agriculture, N.S.W. Research Unit, Hawkesbury Agricultural College, Richmond,
N.S.W.
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total cost, due to one or more factors including:

- lack ofprofessional knowledge

- inadequate equipment

- incorect time and method of application

- untrained, temporary application teams.
In situ, any of these factors could induce an undesirable result which may not

always be easily expressed in monetary terms such as: the damage to the neighbouring
areas; undesirable ecological changes; pollution of water; erosion of slopes. Losses could
be caused by the application of unsuitable herbicides or further losses could occur when
vegetation is burnedoff prior to application of some herbicides such as ureas and triazines.
The burnt residue could reduce the herbicide activity by 25-3Wo,due to absorption.

Most of the herbicides used in TV.C. have a lower mammdian toxicity than
ordinary table salt, but despite this, safety regulations must be observed, and on some
herbicides, such as hormones, further tightened.

Before any herbicide is zubmitted for registration important data such as oral and
dermal toxicity and residues in plants are determined. We should also be more concerned
with the fate of herbicide in the soil and water, its by-products, the fate of carriers and
compounds accompanying the herbicides in the manufacturing process.

Conclusion

The problems of industrial weed control are not as simple as some may think. It is
not just a question of how to eradicate vegetation in certain situations. We also need to
predict the nature of the reaction; how we are going to affect the zurrounding environment.

This all points, in my view, in one direction: that we need much more knowledge
about the target plants with which we are dealing and about the tools, the herbicides,
with which we are working and their long term ecological effects.
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become increasingly more obvious in the future, is the invasion of crown lands by weeds.
The threat of alien plants in national parks, forests and foreshores is being highlighted in
the increased interest in conservation and by the action of various State Governments in
recent years in declaring large areas as nature reservations. In the State of Victoria
Osteospermum moniliferann threatens much of the area earmarked for a national park on
the Mornington Peninsula and the potentiality for recreation and wilderness. The existing
flora ofthe alpine and north eastern parts ofVictoria are being affected by the invasionin
the river valleys of weeds such asHypeicum perforatum. H. androvemum and RuDus spp.

l|eed Control Measures

All methods of controlling weeds are likely to have some impact on the environment.
Hand Disturbance of Weeds: Broad scale manual removal of weeds is only likely to

be considered where labour is very cheap. It is obviously not an important method of
weed control in Arrstralia. However, there are special situations in home gardens, park-
land and nature reserves where high costs may be acceptable and the consequences of
other methods of control not acceptable.

Meclwnical Disturbance: The use of agricultural machinery such as ploughs, harrows
or rollers certainly has effects on the environment. There is no need to emphasise the
importance of the removal of top soil by wind or water on exposed cultivated farm land
or the consequences of the run off affecting the quality of water in streams and water
stora8es.

Competition: Weeds can be controlled in some situations by manipulating the
competition from useful crop or pasture species. This may be a matter of selecting more
vigorous species or strains,changing the time of planting or adjustinggrazingmanagement.

Chemical Control: There has been a very rapid development in the use of chemicals
to control weeds in the last 40 years. It would appear that no more than l0 compounds
were available prior to 1950. Just fewer than 20 were discovered between 1950 and

1960. Most have been developed since 1960.
We noted 241 *parute herbicide chemical identities up to 1971 although not all

have become commercial products. Since then another 88 structures have been noted.
There is now a very diverse range of chemical types which have proven successful as

herbicides.

TABLE 2: MAIN CHEMICAL IDENTITIES WHICH HAVE BEEN
DEVELOPED AS HERBICIDES

(Source:.Bnfrslr WeedControlHandbook5th ed. V.l.Extracted fromTable 17,pp.354447)
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Miscellaneous - with 25 separate identities

The increase in the number of herbicides in the last 20 years stems from a search for
chemicals with greater potency, more specific action and with less toxic or enyironmental
overtones, together with the fact that emerges from Table 2 - phytotoxic activity can
occur in an extremely wide range of chemical structures offering commercial incentives
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Measurements of the effect of herbicides used continually on the one area have so
far failed to show sigrificant changes in soil bacteria or micro-aithropods.

Some of the Problems Facing Chemical Development
These aspects of environmental impact which have been briefly discussed have a

sigrrificant effect on the development of new chemicals for weed control.
Although the number of chemicals available has increased greatly in recent years,

increasing research costs are now becomingLyery serious problem (Table 3).

TABLE 3: PESTICIDES RESEARCH AND DEVELOPMENT DGENDITURE IN U.S.A.
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$52.4 million
$69.1million
$71.6 million

In the U.S. the cost from discovery through to marketing of a product escalated by

chemical irt l97O was $5.5 million as compared with only $2.1 million in.1964.
Part of the increase in cost is in evaluation of the ecological effects of each

compound. ICI has about 100 people in its environmental sciences group assessing adverse
side effects and tracing the ultimate fate of the chemical in a soil or plant. This is approxi-
mately 2Vo of the total effort by ICI in agricultural chemical research.

The effect of increased screening costs is being strown in the last few years in the
number of chemicals being tested Qable 4).

TABLE 4: TRENDS IN SCREENING

USA
Compounds Sy nthesised specifically

for Pesticide,4ctivity
Screening of Compounds

from all soutces

1967
1970
t97t

235OO
28,000
26,600

60T00
62,800
60,000

It will be seen that although the number of chemicals screened increased from
23,500 in 1967 to 28O00 in 1970, there was a decline to about 26600in t97l.At the
same time the average number of chemicals screened for each new product marketed
increased from 5,400 in 1967 to 7,400 in 1971, an increase of 37Vo reflecting the
increasing difficulty of discovering safe and effective chemicals.

At the same time the period of time required to take a compound from discovery
to commercial application increased from 5 years to 6thyears (Table 5).

From Time

Screening
Decision to develop
Registration Submission
Approval

33 months
19 months
I I months
14 months

TABLE 5: DEVELOPMENT TIMETABLE

Decision to develop
Registration Submission
Approval
First Sales
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nation of other areas. In non-agricultural areas attitudes will strift towards management of
the plant community from the more simplistic current approach of specific weed control.

In our attitude to development chemicals for weed control we have to find a balance
between the needs of our growers to improve their technology and thereby increase our
food productivity and our responsibility to the conservation of our environment.

A lack of understanding of the inter-relationship of these two key issues could lead
us to an extreme view on either side. If we follow either extreme we will be abdicating
our responsibility to Australia's agricultural industry and to the environment in which
we live.
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