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1. Introduced weeds 
Despite a competent quarantine service, 
about 300 introduced weeds have become 
naturali zed in Australia (Michael ]98], 
Groves 1986). The number has increased 
linea rly w ith time (Figure 1). This is un
derstandable when one considers that in 
1989 4.5 million passengers, 320 mill ion 
postal articles and large tormages of ca rgo 
arrived in Austra lia . Obviously it is im
possible to inspect a ll these items. The 
Austra lian Plant Q uarantine Service has 
recently reviewed its future policy in an 
attempt to overco me the problems in
volved (Anon. 1988). As a result, Q uaran
tine Procla mation 86P of the Qua rantine 
Act of 1908 is to be changed from, exclud
ing 66 exotic species (Schedule I) and 20 
genera (Schedule 2), to a set of guidelines 
where introduction is considered on data 
presented (Personal communica tion W.N. 
Wright 1990) . This means plants no t listed 
in Schedule 1 or 2 canno t automatica lly 
ga in entry to Australia as did parthenium 
weed (Pnrthel1illm hysterophorlls). It also 
means that we will need more informa
tion on the invasive charac teris ti cs o f 
plants to be introd uced (Groves 1986). 

A second initia tive by the Quarantine 
Service has been the institution of risk as
sessment. This should be done using sci
entific method. However Nava ratnam 
and Catley (1986) suggested that the few 
scientific methods proposed for pest ri sk 
analysis are too theo re tical for general ac
ceptJnce. They consider there is a need to 
use simple crite ria to determine the pest 
risk e.g. economic value of the pest and 
commercia l va lue of the crop. 

proach to invasion (Nix and Wapshere 
1986) and the incorporation of a set of in
vasive attributes in the models of invasion 
(Newsome and Noble 1986). A recent ex
ample of predic tion is the warning that 
Siam weed (Chromo!ne'ln odornfa ) is a 
threa t to Austra lia's north, based on bio
clima tic requirements and invasive at
tributes in other co untries (McFadyen 
1989). However Kloot (1 987) states that it 
is impossible to forecast species that will 
become troublesome in the future and, 
unless there is some catastrophic brea k
down in qua rantine, the weeds of the fu
ture will come from the large number of 
a liens already present. 

Proceeding one s tep further Nava
ratnam and Catley (1986) feel too little at
tention has been paid to monitoring for 
introduced weeds and measures for their 
contro l. Fo r example, 35 yea rs lapsed be-

(Nassella trichotoma) into Australia in 1900 
and its recognition (Cross 1937), a further 
3 years before it was declared noxious, a 
further 17 years before research began and 
a further 10 yea rs before widespread con
trol started . In a more recent example 
Medd (1986) records that 14 years lapsed 
between the introduction of nodding this-
tle (Cardllus nutans) into New South Wales 
(N .5.W.) in 1950 and its declaration as a 
prohibited contaminant of seed. Thus 
there is a need to undertake regular sur
veys for recently introduced weeds and to 
institute action to control them (Nava
ratnam and Catley 1986). 

Even after a plant enters Australia and 
is classed as a weed it is difficult to decide 
whether control should be undertaken. It 
appears the mechanism that triggers con
trol is the "sudden" appearance of large 
areas of the weed. For example, African 
lovegrass (Eragrostis curvllla ) was re
garded as a weed on the south coast of 
N.S. W. in the 1950s but it wasn ' t until 
large areas appeared in the 1980s that con
trol efforts began (Campbell 1983). One of 
the ma in methods of spread of African 
lovegrass was from roadside to adjacent 
ploughed paddocks. Despite this knowl
edge and the exa mple of serious infesta
tion on the south coast, African lovegrass 
infests roadsides in Australia (e.g. e ooma 
to Canberra (Campbell 1983), Dubbo to 
Narrabri, Tamworth to Warwick) where 
contro l is either not enforced (northern ta
blelands) or enforced too late (southern ta
blelands). Thus there is a need to decide 
which weeds of limited distribution are 
dangerous and to instigate their contro l 
before they become widespread. 

Groves (] 986) suggests that by examin
ing the fa cto rs that make for invasiveness 
we may be able to: predict plants that are 
most likely to enter Australia; predict the 
already-introduced plants that will be
come naturalized ; predict their rute o f 
spread; and predict their likely impact on 
the Austra lian ecosystem. Techniques that 
could assist pred ic tion include modelling 
plant spread (Auld and Tisdell 1986), fur
ther development o f a bioclim atic ap-

Figure 1, Increase in number of naturalized species over time in Queens
land (_), Victoria (0), South Australia (0 ) and N.S.W. ( v- ) (Specht 1981), 
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2. Native weeds Table 1. Weeds of New South Wales that have had their area infested 
Kloot (1987) suggested that the native 
flo ra of Australia is ill-adapted to with
stand cultivation, fertilizing, grazing and 
competition from alien plants; conse
quently native plants are not a prominent 
part of ou r weed fl ora . Despite this a 
number of Australian natives have be
come weeds. 

One of the most important is the woody 
weed complex. When sheep were intro
duced into western N .S.W. and Queens
land in the 1870s the land was open 
wooded grassland. By 1979, native woody 
weeds had become so abundant that prac
tically no grass remained (Harrington 
1979). The spread of woody weeds is at· 
tributed to changes in livestock manage
ment and burning procedures. Woody 
weeds are now an existing or po tential 
prob lem on 20 million ha of western 
N.5.W. (Alchin 1983) and larger areas in 
Queensland (Anon. 1988). 

In temperate N.5.W. the native shrub, 
sifton bush (Cnssillin nrCllnta) has in
creased in area from 93,000 ha in 1975 to 
616,000 ha in 1988 due to soil disturbance, 
the 1982 drought and pasture decline 
(Campbell 1990a). Some of the other 17 
Cnssinias in Australia have similar weed 
po tential e.g. C. faevis occupies large areas 
of southern Queensland. Wiregrass 
(Arisfitia rnl1losn), the second most com
mon perennia l grass on 2.6 million ha of 
native pasture on the north-western 
slopes of N.S.W., contaminates carcasses 
and wool (Lodge and Hamilton 1979). Poa 
tussock (Pan labiHardieri) , a native of the 
coast and tablelands of eastern Australia , 
was a sma ll component of grasslands af
ter clearing forests in 1880s, but, with the 
addition of superphosphate and legumes, 
poa tussock increased to become a weed 
of large areas (Campbell el nl. 1986). Other 
native weeds that pose a threat include, 
bracken fern (Pfuidiu/rl esculelltwn) , 
briS<llow (Acncia hnrpophylfn) , galvanized 
burr (Sclerofnenn birchii), sedges (Carex 
spp), and spear grass (Slipn spp). 

3. Areas infested, distribution and 
mapping 
Although huge areas of A ustralia are in
fested with weeds, accu rate figures on the 
hect<ues infested by individuals are rare. 
For example, in the most com prehensive 
assessment of the im pact of pasture 
weeds in Australi" (A non. ]988), the ar
eas infested were not recorded in hectares 
but in indices of severity and incidence. In 
N.5.W. Campbell (1988) found on ly 20 
weeds had their area of infestation as
sessed in hectares, and of these, eight had 
thei r area of infes tation divided into vari
ous densities (Table 1). The definition of 
density differed for different weeds and 
accuracy of assessmen t declined with de
clin ing dens ity. For example, the tota l 
area of light infestation of the eight weeds 

assessed in hectares. 

Weed Heavily Moderately Lightly Total 

African lovegrass 2,500 13,500 29,000 45,000 
Blackberry 171,250 835,100 2.97m c.4.0 mA 

Burrs: 
Californian 
Hunter 
South American 

Cacti: 
Common pear 
Tiger pear 
Harrisia cactus 
Rope pear 
Velvety tree pear 
Smooth tree pear 
Other cacti 

SI.. John's wort 
Serrated tussock 47,000 
Sifton bush 
Thisl les: 

Nodd ing 42,000 
Scotch/Jllyrian 28,800 
Slender 
Spea r 115,000 
Variegated 40,200 

TOTAL 0.45 m 
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SERRA TED TUSSOCK 

61,800 

92,200 
1.6 m 

6.3m 
7.4 m 

16.3 m 

7.6 m 
12.0 m 
!.1m 

881,534 
199,568 

2,003 
6,182 
45,530 
1,759 
5,122 

188,000 
382,600 491,400 

616,000 

4.8 m c. 5.0 m 
18.5 m c. 20.0 m 
18.0 m c. 18.0 m 
39.8 m c. 46.0 m 
28.5 m c. 36.0 m 

113.0 m 152.2 m 

1975 1988 

SIFTON BUSH 

Figure 2. Change in area infested, over time, for weeds under concerted 
(serrated tussock, Campbell 1987) and lax (sifton bush, Campbell 1990a) 
control campaigns. 

was greater than the area of N.S.W. The 
change in area infested over tim e is avail
able for few weeds. Two examples show 
the effect of concerted and lax contro l 
campaigns (Figure 2) . 

Records of the distribution, as distinct 
from hectares infes ted, of weeds in Aus
tralia are more common. Distribution has 
generally been presented by the "density" 
o f infestation in anum ber of regions, 
shires, counties or properties. Briese 

(1988) surveyed the distribution of 12 this· 
ties based on their presence/absence and 
difficulty of control. These data are 
mapped to plot the extent of infestations. 
Changes in distribution over time are rare 
but have been recorded by the Prickly 
Pea r Destruction Commission fo r rela
tively small areas of cactii annual figures 
show changes in the number of properties 
infested. 

Most inforrnatjon on area infested and 
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Figure 3. Farmers' terms of trade 1947-91; ratio of prices received to prices paid with 1980-81 = 100 (Australian 
Bureau of Agricultural and Resource Economics). 

distribution in Australia is o f limited 
value because it has been derived from the 
records of loea I government weed control 
offi cers. There has been few weed assess
ments made by more modern methods, 
e.g. stratified surveys, or remote sensing, 
because of the large amount of time re
quired (Smith 1975) and the inadequacy 
of remote sensing at present. Thus there is 
a need to improve the accuracy and 
amount of information collected by weed 
control officers (Campbell 1977). At 
present local governments put low prior
ity on collection of these data. 

Additionally, it appears logical to stand
ardize assessment units and methods. For 
exa mple the "shire" is the most conven
ient unit at present but the objective 
should be the p roperty or even the pad
dock (Cherry 1990) . The division of den
sity into heavy, medium and light is sub
jec tive and needs definition. The Indus
tries Assistance Co mmission has es tab
lished standards fo r density for Paterson's 
curse (Echium plnntngillwm) (Anon. 1985) 
which could be used as a basis for other 
weeds. 

Using computer based weed recording 
systems to monitor area, distribution, and 
mapping is being employed in the No rth
ern Territory (Schultz 1987), Victo ria 
(Lane et al. 1989) and Western Australia, 
and needs to be initiated in other states 
and standardized. 

It is necessary to collect information on 

the area and distribution of weeds, and 
particularl y on changes over time, to find 
out whether we are winning the battle 
against weeds and to supply the basic 
data to enable economic assessment of 
weed control. 

4. Cost of weeds and benefits from 
control 
There has been 19 econom ic assessments 
of the losses ca used by pasture weeds in 
Australia (Anon. 1988). The overall losses 
have been estimated at $454 million per 
annum (Combellack 1987) and $569 mil
lion per annum (Anon 1988). In N.5.W. 
losses caused by only six weeds have been 
calculated and these amounted to $120 
million per annum (Campbell 1988). The 
magnitude of economic loss is difficult to 
measure because of the lack of info rma
tion on the relationship between livestock 
productivity and pasture quantity and 
composition (Anon. 1988). 

In the light of these difficulties, is it nec
essary to know the cost of weeds to a na
tion, or is it a luxury? Groves (1986) con
siders collec tion of such data is needed 
urgently as the implementation of control 
programs becomes mo re contentious, as 
exemplified by the con troversy about the 
biological con tro l of Pa terson's curse. Tn 
addition, recognition of the economic 
costs of weeds is needed to rati onalize 
weed control stra tegies, and plan weed 
resea rch and ex tension. B1acklow (1976) 

noted that there was minimal economic 
input in Australian weed resea rch pro
grammes. 

The cost of weeds by itself is not as use
ful as estimates of the benefits and costs of 
controlling weeds (A uld et al. 1987, 
Pannell 1987) which can affect decisions 
on rationale for government intervention 
and assist land ho lders in their battle 
against weeds. For exa mple, the benefits 
of controlling serrated tussock ($26 mil
lion per annum; Vere and Campbell 1979, 
1984) assisted the N.S.W. government in 
deciding to provide low interest loans for 
control. Similarly, the benefits of control
ling Paterson's curse ($25 millon per 
annum; Anon. 1985) ass isted the Austra l
ian government in its decision to support 
the release of bio-control agents for this 
weed . At the farm level, the benefits of 
controlling serrated tussock in nine differ
ent envi ronments in N.S.W. (Vere and 
Campbell 1986) provided guidance for 
landholders and faci li tated borrowing for 
contro l. 

The above evidence indica tes that little 
work has been done on the economics of 
weed contro l in Australia and there is a 
need for more work in the fu tu re. 
Combellack (1 989) noted that past eco
nomic data was based on crude estimates 
and there is a need to genera te a better 
basis and methodology for futu re assess
ments. He recommends the New Zealand 
approach, where increased returns per 
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hectare from control were based on ex
perimental data (Hartley and Atkinson 
1978). 

5. Control 
Becauseof the massive decline in farmers' 
terms of trade over the last 43 yea rs (Fig
ure 3), future endeavou rs to contro l 
weeds will need to be profitable, with low 
risk and low capital investment. 

5.1. Pastures 
[n the 19505 pasture improvement o ffered 
a low-risk investment that raised incomes 
to a g reater ex tent than any o ther farm in
vestment (G ruen ] 959). A simila r position 
existed in the 1980s (vere and Muir 1987). 
Thus pasture improvement is a profitable 
method of weed control. The majo r re
quirement is to have a perennial grass that 
is persistent, competiti ve w ith weeds 
(Medd e/ al . 1987), co-exists with legu mes 
and yields reasonable animal production. 
These pas tures are most important on 
non-arable land where resowing or rota
tion with o ther species is not desi rable or 
practical. Large areas of temperate Aus
tra lia have been sown to perennia l grass 
pastures to contro l weeds e.g. serra ted 
tussoc k, poa tussock, St. John 's wort 
(Hypericum perforatllm ). 

In tropical and sub-tropical regions, 
perennia l grasses are sown to replace 
bunch spea r grass (H eteropogoll cOlltortlls) 
or brigalow Uohnson 1964). In semi-arid 
Queensland buffel grass (Cenchnls ci finris) 
is aerially sown to rep lace low quality na
tivegrasses(Pa uli and Lee 1978). The com
bination of tropica l perennial grass, 
Rhodes grass (Chloris gayana), and a tem
perate legume, serrad ella (OrthillopliS 
snti1.1l1 s), in sub-tropica l Queensland has 
g iven year ro und weed contro l (A non. 
1990). 

In north western N.S.W. perenn ia l 
grasses a re needed to replace huge areas 
of brassica weeds. Facto rs limiting the es
tablishment of perennial grasses are unre
liable rainfall, weed competition and low 
cold tolerance of establiShing seed lings 
(Bellotti 1987, Ca m pbell e/ al. 1990). 

In med iter ranean Australia perennial 
g rasses are no t often sown to con tro l 
weeds beca use it is considered that annua l 
pasturesa re equal ly as productive and d ry 
summ ers make weed control unneces-
5..1 ry. Perhaps new and more productive 
perennial g rasses wou ld cha nge this posi
tion. Eventua ll y other factors, e.g. ero~ion 

cont rol and st.:lb il ization of the environ
ment, may determine whether perennial 
g rasses should be sown. 

Where annua l legumes and fe rtil izers 
are used fo r weed manClgement, the <ljm 
is to prom ote resident n<'ltive gr<'lsses by 
light stoc king and low ratesofsuperphos
phate (C rofts 1989). This technique is suc
cessfu l on infert il e so ils, but on fertile 
St.lils, it often results in the formation of 

nitrophilous weed associations. A similar 
process is underway in the tropics where 
Digitarin , Brachinria and Pelmiseil lm spp. 
invade Townsville stylo (S tylosanthes 
Irlllnil is) pastures (Gi llard and Fisher 1978, 
Stu rtz e/ al . 1975). Under heavy grazing 
Arist idn infests and soil erosion and sca lds 
occur (Torssell e/ al. 1975). Similarly, in the 
subtropics, warm and cool season nitro~ 
philo us weeds invade pastu res not domi~ 
nated by perennial grasses (Tothi ll and 
Jones 1977). 

Successful management of these nitro
philous weeds entai ls thei r replacement 
with perennial grasses which utilize the 
eXCESS nitrogen. Where phosphate inputs 
have been historica ll y high, withholding 
phosphate in periods of economic strin
gency cou ld reduce weed infestation and 
save money. ln New Zealand fertilizer ces
sa tion proved a sound strategy to survive 
periods of low product price,fertili zer cost 
ratio (Clark e/ al. 1989). Phosphate ferti
lizer was withheld from heavily stocked 
ryegrass (Lafium perellll e) - white clover 
(Trifoli lllll repells) pastures where compe~ 

titia n made weed ingress difficult and 
heavy stocking contro lled scrub weeds. 
The effects of withho lding phosphate fer
tili zer on pasture weeds in Austra lia 
needs to be exa mined. 

5.2. Crazillg 
In the 1950s set stocking at high stock

ing rates was promoted to boost animal 
prod uction and weed control in perennial 
grass~ann ua l legu me pastures (Will
oughby 1959). Even higher stocking rates 
were promoted in the 1960s by ra tioning 
pasture according to sheep needs to maxi
mize prod uction and weed cont rol 
(Wa tson el al. 1963). However, due to sub
seq uen t dro ughts most landholders in 
Austra lia ha ve opted for conservative 
stocking rates to reduce the risk of anima l 
loss which has resulted in weeds being left 
ungrazed . Under these circumstances 
there is need fo r new grazing manage~ 

ment stra tegies that fo rce animals to ea t 
weeds as well as pastu res. Such r€Guire
ments suggest the adap tation of New Zea~ 
land mob stocking to A ustralian condi
tions. Here <1nimil ls are fo rced to eat pas
tures, weeds and all. Such management 
could a llow a conserv<1tive stocking rate 
over the whole property but intensive 
stocking on small paddocks for short pe
riods, a t critica l times, to cont ro l weeds. 
Im plicit in this technique, is that the pas
ture associa ted with the weeds contains a 
perenni<l l g r<lss th<lt c<ln respond to weed 
remoYi'd and repel future weed invasions. 
In Auslrali<t, special grazing stra teg ies 
have been deviSt'd to control slender thi s~ 
tI es (CllrdJ/J/s ~pp .; l3end,, 11 1973) and bar
ley g rass (Hordelllll sp p.; Myers and 
Squires l Y7(1), but it is doubtful if they are 
being used in practice due to insufficient 
extension. 

Crazing management can convert a 
weed to a productive species, e.g. African 
lovegrass in Texas USA is converted from 
an unpala table weed to a plant prod ucing 
600 kg of beef per hectare per ann um by 
burning. fertilizing. and grazing paddocks 
rotationally in two to five days to main
tain quality and avoid spot grazing (Dahl 
and Cotter 1982). Beca use lovegrass is 
mainly a weed of dairying in Australia 
such grazing management canno t be con~ 
sidered. However it is spreading on the 
tablelands of N.5.W. where this grazing 
strategy could be worth investigating de~ 
spite the inferior quality o f this lovegrass 
when compared with the Texas type. 

In Australia a strategy of g razing 
wiregrass (Aristidn ramosn) heavily during 
flowering in summer, and speLl ing dur
ing winter and spring when Df1Ilthollin 
spp. flower, has, over a period of years, 
eliminated the wi regrass and promoted 
Dall/hollia (Lodge and Whalley 1985). 

For many weeds detailed grazing man~ 

agement stra tegies for contro l have not 
been devised, e.g. Moore and Cashmore 
(1942) recommended a " ro tational graz
ing system" for the control of St. John 's 
wort but no deta ils were given of slocking 
ra te o r timing of grazing. Campbell and 

_Dellow (1984) showed set stoc king with 
merinos a t 5 to 8 d .s.e. per hecta re on a 
lightly infested 80 ha non-arable paddock 
during the d ry yea rs o f 1979-82 virtually 
elim inated mature plants. However in an~ 

other area, Coolah, on heavil y infested 
paddocks of 160 ha, set stocking with 
sheep proved ineffective because animals 
refused to graze the weed over the whole 
paddock and dest royed the associated 
pasture (Persona l communita tion LR . 
Arnott 1979). Subsequently Arnott found 
that cattle were more effective than sheep 
beca use of better surviva l and less dam
age to the associated pasture. Ano ther 
stra tegy, used near Well ington N.5.W., of 
g razing a subterranean clover (TrlfOliulII 
sllbterrnllelllll) - S1. John's wort pasture in 
large paddocks in hill country at 10 d .s.e. 
per hectare, only when there wasan a bun~ 

dance of pasture, resulted in 75% contro l 
o f the weed (Personal co mmunitation 
M.B. Campbell l Y88). Thus there are a 
num ber of confl icting leads but no clearly 
defined management strategy fo r control. 

The use of protected protein to encour
age animals to graze weeds of low feed 
value needs inves tiga tion. An a ttempt to 
control poa tussock by rota tiona lly graz
ing small paddocks with high stoc ki ng 
rates of sheep and ca ttle supp lemented 
with by-pass protein shows promise in 
the southern tablelands of N.5.W. 
(Mackay 1990). 

Specia l grazing managemen t s tra tegies 
for weed cont ro l in pas tures are not 
practiced in western N.S.W. Approxi
mately 2% of landholders in the Ilourke 
district employ lower than average stock-
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ing ra tes to sustain pastures, o r va ry stock 
numbers according to the season; another 
20% are considering such prac tices; the re
mainder use no special management tech
niques to maintain pastures and contro l 
weeds (Personal communita tion R. 
O'Shea 1990). Management aim ed a t fos
tering the regeneration of native perennial 
grasses in these areas could assis t weed 
contro l. For exa mple, the useof herb icides 
to remove brassica weeds during flower
ing and seedling recruitment o f native 
grasses and the excl usion of stock has in
creased Mitchell g rass (Astrebln Inppncen) 
density a t Walgett (Figure 4). The increase 
in numbers resulted from the recovery o f 
a lmost-dead plan ts that set seed w hich 
later established . Soil samples revealed no 
viable Mitchell grass seed in the soil so all 
recruitment came fro m seed set by recov
ering plants. Also in the Walgett a rea some 
success in pasture es tablishm ent and 
weed control has been achieved by aerial 
sowing perennial grass seed jus t before 
harvesting whea t. 

5.3. Coats 
A recent advance in weed control in Aus
tra lia has been the use of goats to g raze 
weeds that a re unacceptable to sheep and 
cattle. Coa ts ea t the more fibrous plants 
and leave the less fibro us, e.g. clovers, 
which improves production and weed 
control. By grazing a p lant but no t killing 
it, goats remove ma ture tissue and pro
mote new grow th and thus convert a 
weed to a non-harmful plant, e.g. poa tus
sock (Campbell et nl. 1984) . Whether or 
not goats elim inate a weed often depends 
on the amo unt of weed present. For ex
ample, goa ts were able to elimina te an in
fes tation o f serrated tussock occ upying 
20% ground cover (Ca mpbell et al. 1979) 
but no t one occupying 50% (Campbell 
unpublished data). Goats will contro l a 
wide range of pasture weeds in temperate 
Austra lia (Holst and Cam pbell 1987) and 
will be particularl y useful in hi ll country. 
Commercial goat farming is now well es
ta blished in New Zea land hill co untry 
where it reduces costs by controll ing 
scrub and pasture weeds (Batten 1989). 

In drier a reas results are not as p romis
ing. For example, an assessment of goats 
for controlling wood y weeds and promot
ing grasses in western N.S.W. and 
Queensland, between 1974 and 1977, 
showed that goa ts could only be used on 
a large scale w here pala table shrubs were 
do minant (Ha rring ton 1979). Even then 
the cost of fencing, the effi cacy of the fenc
ing in large paddocks and the possibility 
o f unpala table shrubs taking advantage o f 
the remova l of the pala table species sug
gested that goa ts would only provide tem
porary relief. 

Fo r goa ts to be mo re w idely accepted 
for weed contro l in Australia, problems o f 
profi ta bi lity, internal parasites, foo t 
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Figure 4. Regeneration of Mitchell grass plants on sprayed-ungrazed ("'), 
unsprayed-ungrazed (e) and unsprayed-grazed ( ... ) land at Walgelt, 
N.S.W. 

health, fencing, and anti-goat bias need to 
be solved. 

5.4. Biological COIi/rol 
The pesticide explosion has confronted 

us with an environmenta l crisis that has 
led to a change of attitude and has pro
vided biological control with a newly ac
quired aura of respectability (Doutt and 
Smith 1974). The change in attitude has 
been even g rea ter than fo reseen in that 
bio logical control is now the g reat hope 
for the future, particularly for controlling 
widespread weeds on rangelands. 

There have been a number of notable 
successes in biological control o f weeds 
that have ad vanced our ca use. Asa result, 
39 research program s are under way in 
A ustra lia testing the effect o f various bio
logical agents on weed s (Harley and 
Wright 1987). In 11 of these control ap
pea rs possible but it is too early to judge 
success or o therwise in the rema inder 
(Cullen and Delfosse 1990). 

The inundative approach is only begin
ning to be studied in Australia and one 
potential success has alrea dy been re
po rted by Auld et nl . (1988), i.e. the con
trol of Bathurst burr (Xt1l1tJr ium spinosum) 
by fungus (Coli do/ric/111 m orbiculaTe) fo r
mulated as a mycoherbicide. The major 
barrier to this approach seems to be eco
nomic; related to the return expected from 
a bioherbicide which has a limited market 
due to host specifici ty (McRae 1988). De
s pite this, McRae considers the main 
th rust o f modern research is Iikelv to con
centra te on the inllndati ve approach, with 
the aid of genetic engi neering and the de
velo pment of funga l toxins as bie
herbicides. 

The most difficu lt fo rm of b iological 

control, the use o f a native pathogen for 
the control o f a na tive weed, has no t been 
used in Australia because native preda
tors usually restrict the popula tion of the 
pathogen. Despite this, inves tiga tions 
have begun to ascertain whether spread
ing scale insects (A ust rotaclzardia spp., 
Tnchardia spp., Tndtnrdil1n spp.) by humans 
ca n result in contro l of sifton bush in 
N .S.W. Early results have shown that 
crawlers of A ustrotnchnrdia migrate read
ily when infected cuttings are tied to new 
plants just prior to crawler emergence 
(Campbell unpublished da ta) . Sca le in
sects have been spread successfully in In
d ia by humans (Froggat 1899). 

Whilst biologica l control has a lot to of
fer there is a need to ensure the weeds re
moved are replaced by pastures so that 
long- term contro l can be achieved and to 
prevent one weed replacing another. For 
exa mple, the biological control of Sifton 
bush no rth of O range N.5.W. has resulted 
in its replacement by Acacia spp. and other 
broadleaved weeds. Thus there is a need 
to investigate pasture establishment or re
placement techni ques in each biological 
contro l programme. 

5.5. Illtegrated cOlltrol 
Allen et nl. (1989) considered that true in
tegra ted weed control, as contained in the 
concept of integrated pest management, 
has not been full y achieved in Australia 
mainly because tactics a re not actively in
tegrated. They considered the likelihood 
of achieving in tegrated weed control in 
complex gra zed pasture systems in Aus
tra lia is low for the fo reseeable futu re and 
thus remains a challenge. 
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5.6 Herbicides can be achieved with tetra pion (Ca mpbell 
Most majo r advances in weed contro l et nl . 1979, 1985, 1987). When glyphosate 
over the past SO years have arisen from is used to selectively remove poa tussock 
the development of herbicides, which it is best applied to dormant phalaris and 
have been used without detailed knowl- kikuyu in, respectively, summer and win-
edge of the behaviour of the weeds at ter o r when either is heavily grazed 
which they were di rected (Roberts 1982). (Ca mpbell and Ridings 1989). There is 
For future progress, it is essential that re- room for investigation into the interaction 
sea rch on the biology and control o f between selec tive herbicides and grazing 
weeds should proceed in parallel. management for the control of the many 

The success of herbicides has been so weeds not already investigated . 
great that now we are concerned about New herbicides promise much but are 
thei r over-use. Combellack (1989) has pro- costly to develop. The use of natural 
posed a reduction in current herbicide chemicals (a llelopathic compounds, other 
dose rates by 15% in five years and 50% in plant chemicals, microbial phytotoxins) is 
ten years by investiga tion of the integra- a new initia ti ve, but most so far investi-
tion of herbicides in control packages and gated have a fairly restricted weed spec-
a reduction in the repetitive annual appli- trurn; a t present there appears no alterna-
ca tions. tives to modern herbicides which are 

Concern about herbicides can reach ri - grass or broad lea f weed specific (Morgan 
diculous proportions. For exa mple, the 1989). 
National Women's Consultative Council 
has demanded that the Federal Govern
ment approve the phasing out of aerial 
spraying by 1994 (Anon. 1989). If we lose 
aerial spraying it will be a major blow in 
our fight against weeds on non-a rable 
land. Such ex treme action could be over
come by informing the community of the 
significa nce and cost o f weeds (Com 
bellack 1989) and of the efforts of the in
dustry towards self regulation of sa fe ap
plication. 

On the o ther hand there is a need to use 
herbicides as much as possible to replace 
cultivation for weed control and thereby 
reduce erosion. Direct d rilling pastu res to 
control weeds has not been as widely used 
as hoped, thus there is a need to improve 
the accep tance of this technique. Aeria l 
techniques fo r es tablishing pastu res to 
control weeds also need further resea rch 
particu larly in the application of herbi
cides in rugged country (Campbell 1991) . 
The main herbicide used here, g lyphosate, 
has replaced most other herbicides be
ca use of lower costs per hectare. Its effec
tiveness needs im proving on tolerant 
weed species Vutpin , Erodilllff , Matva, Ge
rI1lliulIl and Urlica especia lly when ap
plied from above tree height. 

Use of herbicides to selectively remove 
weeds from perennial g rass pas tures is 
acceptable environmentally because ap
plication is no t repetitive. rnvestigation 
into the selective removal of weeds from 
establishing perennial grass pastures is a 
high p riority, e.g. the remova l o f annual 
grasses fro m es tablishing phalaris 
(Ca mpbeIl1990b). The use of genetic engi
neering may have application here. 

The selective removal o f perennial grass 
weeds from perennial grass pastures g ives 
long-term weed contro l. For example, the 
removal o f African lovegrass and serrated 
tussock from pha laris (Phalaris aqllnficn), 
cocksfoot (Dactylis glomera tn), fescue 
(Fllfucn arum/il/naa) or kikuyu 
(PellJlisefulII cfnlldesfillllm) based pastures 

5.7. Bllmillg 
Date (1987) is o f the opinion that pre
scri bed burning is the only practica l 
method for controlling woody weeds in 
western N.S.W. Prescribed burning has 
reduced the density of woody weeds but 
the degree of reduction is related to the 
proportion of sprouting species and the 
level of recruitment of hard seeded spe
cies (Hodgkinson 1987). Where sprouting 
species dominate, repeated burning is re
qui red but such a prospect would have lit
tle acceptance under cu rrent manage
ment. To restore the country to its former 
producti vity Hodgkinson el nl . (1984) 
state that stocking rates need to be re
duced, especially during drought, to hus
band the re turn of grasses; fires need to be 
lit whenever sufficient fuel accumulates 
and property size needs to be increased to 
provide the fl exibility required . Such ad
justment is unlikely to succeed wi thout 
Governm ent involvement. At present 
there is no governmental restric tions on 
burning under Regula tion SOC for woody 
weed contro l in western N.S.W. How
ever, R. O'Shea (Personal communitation 
1990) suggests that burning is best carried 
out when woody weed seedlings (ap
proximately 1 m high, depending on spe
cies) are beginning to encroach and not 
when sufficient fuel accumulates. Prop
erty size is increasing in western N.S.W. 
as a result of the abo li tion, in 1988, of the 
home maintenance area policy. However, 
demand is for lightly infested properties, 
which st ill leaves the more heavily in
fested too smal l for profitabl e prescribed 
burning. ]Jurgess (1987) found prescribed 
burning an economica l option for 
broadacre shrub management provided 
graziers evaluated cash-flow impact be
fore burning. 

In summa ry, Hodg kinson (1989) be
lieves prescribed fire is an effective low 
cost management for shrub control but its 
adoption isconstrained by, the short-term 

investment being paid back general ly over 
a long term ; lack of experience; and risks 
associated with burning. Research is re
quired on the shrub encroachment proc
ess, soil and pasture responses to shrub 
reduction, development of low cost ' inte
grated ' control methods and development 
o f better advisory systems (Hodgkinson 
1989). 

5 .8. Regll/alion 
Vesting regulatory powers in local gov
ernment has advanced weed contro l by 
forcing lax landholders to adopt modern 
control techniques, e.g. using pasture im
provement with perennial g rasses. in 
some cases landholders have been forced 
to sell badly infested properties to o thers 
who are prepared, and financia lly able, to 
con trol the weed . These and related activi
ties have wrought changes long before 
they would have occurred no rm ally. 
However fo r a local government council 
to adopt a policy of prosecution it gener
a ll y takes time and can bring about their 
downfa ll . For examplel immediately after 
election a council generally adopts a 
policy of land holder education. This has 
the desired erfect on conscientious 
landholders but, inevitably, the council 
has to resort to prosecution of the lax 
landholder which often b rings about its 
dismissal at the next elec tion. Following 
councils repea t the process. Thus there is 
a need to ensure that the policy of pros
ecuting lax land holders is continuous and 
not episodic. 

Other problems in the regulation of 
weed control stem from absentee 
landholders, property fragmentation, 
crown land and insufficient penalties. The 
latter two problems are being addressed 
in N.S.W. where penalties for non-com
pliance with notices have been increased 
and effortsare being made to enable coun
cils to have the sa me powers to enforce 
weed control on crown I::md as on free
ho ld land. Absentee owners presen t weed 
off icers with grea ter problems in enforc
ing weed contro l than resident owners 
wh.ich is reflected in more time being 
spent on absentees. For exa mple, in 1989, 
in Ta llaganda Shire N.5.W., 82% of in
spections were on properties with absen
tee owners despite absentees constituting 
only 47% of landholders in the shire (Per
sonal communitation P. Corham 1990). In 
addition absentee landholders had 
smaller holdings, 64% being <40 ha com
pared to 48% with <40 ha for residents. 
The above is only one example of a proc
ess that will have impact on future weed 
control particu larly in the vicinity of large 
towns. 

Conclusions 
In a review of weed control in Austra lia, 
Moore (1971) no ted that, o f the 32 weeds 
listed as important in 1952 (as determ ined 



by the now defunct States' Weeds Coordi
nation Committee), 26 were still impor
tant in 1970. By 1988, 34 weeds were listed 
as impo rtant, i.e. had significant eco
nomic impact on the Australian wool In
dustry (Anon. 1988). All these weeds 
were li sted as im portant in 1970. How
ever if w eeds o f agricultural industries 
o ther than wool were taken in account in 
1988, as in 1952 and 1970, then there 
would be more than 34 important weeds 
in Australia. This is to be expected consid
ering the difficulty of stopping weeds 
from entering Australia and the grad ual 
transition o f native and naturalized from 
non-harmful plants to weeds. 

Moore (1 971) attributed the increase in 
the number of weeds to the impossibility 
of permanently reducing the population 
of an established weed unless we change 
the environment. If changing the environ
ment is taken to mean replacing the weed 
with a perennia l grass pasture, then the 
area sown to perennial grasses would in
dicate whether we are winning or losing. 

Figures from the Australian Bureau of 
Statistics show an increase of 40% in area 
sown to perennial grass pastures in Aus
tralia between ]984 and ]989. However 
the Bureau considers these figures so un
reliable that the relevant question in an
nual re turns supplied by landho lders is to 
be dele ted in future. 

In Victoria there is a need to replace 4% 
of the area sown to pastures each yea r 
with new pastures to maintain high qual
ity "weed-free" pastures. As only 2% of 
the area sown is be ing replaced annually, 
then pas ture quality is declining and 
weeds are increasing (Persona l com
munitation j .A. Sykes 1990). Data are not 
available for other states but if a simi lar 
trend is evide;'t, as is most likely consid
ering the decline in farm er's terms o f 
trade, then weeds are winning over much 
of Australia . 

A majo r negative influence in the war 
against weeds wa s the 1982 dro ught. 
Many weeds, e.g. St. John's wo rt, 
Onollortiultl spp., si fton bush, responded 
by increasing in area after the droug ht. 
Accu ra te reco rds o f these increases are 
rare; one example is for sifton bush which 
increased fo rm 93,000 ha in 1975 to 
616,000 ha in 1988 (Campbell 1990). 

A positive aspect in the battle against 
weeds is the swing to biologica l control, 
where, o f the 39 programs underway in 
Australia, 1] appl:'ar to already have pros
pects of success (Cu llen and Delfosse 
1990). 

Thus the weed control battle ebbs and 
flows depending on the climate, financial 
position of the landholder and the ability 
of pa slurl:'s to contro l weeds. Unti l we 
have accurate records o f the area infested 
by weeds over time and the reasons fo r 
the ebbs and flows we wi ll not know 
whether we are winning or losing. 
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