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ENVIRONMENTAL IMPACT OF WEEDS

5.E. Humphries
CSIRO Division of Wildlife and Ecology, PO Box 84, Lyneham ACT 2602, Australia

Summary. Plant species which have spread outside the limits of their natural geographic range
as a result of intentional or inadvertent human activities have invaded native communities with
unwelcome effects. Shifts in plant species abundance, often with severe reductions in natural
diversity, are the most overt effects of successful invasions. More subtle and far-reaching are
fundamental alterations to e¢cosystem function including nutrient cycling, hydrolegy and
disturbance regimes such as fire. The nature and severity of the effects of individual species
varies from insignificant to major depending on the attributes of the species involved and the
vulnerability of the system to invasion, The latter is closely linked to human mediated
disturbance. The extent of the impact is dependent on the potential area for colenisation by a
given species and 1s a non-linear function of time since its introduction. Most naturalised
species do not have attributes which lead to serious environmental consequences, but of the
small proportion that do some are capable of ireversible destruction of native populations and
alteration of the structure and function of the host system. In Australia a relatively small
proportion of exotic species introduced, most of them deliberately, have collectively initiated
continent-scale processes of biological impoverishment and ecosystem degradation. Indications
are that the situation will continue to deteriorate but the scale of research effort does not match
the severity of environmental impacts cccurring, The possibility of long-term mitigation rests in
the management of the underlying disturbances, and a shift away from the weed as the primary
focus of attention. To these ends research needs to focus on: (i) more comprehensive and
quantitative documentation of the potential ecological destructiveness of invasive plants; and (ii)
elucidation of the specific linkages and feedbacks between human activities and the introduction,
establishment, and spread of priofity weed species.

INTRODUCTION

My intention here is to present an overview of the nuture and range of ecological consequences
which exotic plant invasions can induce and the current status of invasions on the Australian
continent. in doing this I hope to illusirate the importance of this phenomenon for conservation
of biological diversity and thus to encourage studies which increase cur understanding aof the full
impact of plant invasions and the conditions that promote them.

Australia’s biota and native ecosystemns are changing as human activities increasingly introduce
and assist the establishiment of plant species outside their narural range (see 22 for a recent
review), Although communities are intrinsically dynamic and change is inevitable, the post-
industrial acceleration of change toward homogenisation of plant communities is generally
regarded as unacceptable. Since the SCOPE (Scientific Committee on Problems of the
Environment) initiated stodies of the 1980's (eg. 8,16}, plant invasions are recognised
increasingly to be among the most pervasive processes of impoverishment of natural diversity.
As such, they are a critical issue for conservation. Soulé (38) in his presidential address to the
Seciety for Conservation Biclogy in 1989, listed (1) climate znd ecosystem processes, (2) habitat
frapmentation, (3) community truncation, (4) restoration and (5) biclogical invasions as the
major challenges for conservation biology in the coming decade.
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TERMINOLOGY

An intreduced species is here defined as one which occurs away from its natural geographic
range as a result of intenticnal or inadvertent transport by humans.

Introduced species that are capable of establishing self-sustaining populations are referred to as
‘naturalised’ and if this occurs in natural or semi-natural vegetation they are classified as
‘invasive’. Natural or semi-natural vegetation refers to largely untransformed ecosystems; here
I include disturbed systems that still maintain the main elements of the original community
structure, such as extensively grazed rangelands. "Weed' is a broad, loosely used term that
applies to any plant growing cut of place.

WAYS IN WHICH INTRODUCED PLANTS CAN AFFECT NATURAL SYSTEMS

Studies of invasions do not catalogue all the direct and indirect effects of the new species on the
plant and anima! community and the ecosystem properties. What we have are selected
ecosystern processes and properties and examples of one or more invaders that are capable of
altering these. We have a compasite picture of possibilities from cbservations on many invaders
from around the world,

The potential of invasive plants to affect both ecosystem structure and function is enormous.
Some of these effects are self-evident, others are subtle or manifest only with time. Structure
here means species composition (plant and animal), relative species abundance, the physical
structure of the vegetation assernblage and the trophic structure of the animal community.
Ecosystem function refers to the underlying processes of ecosystem maintenance and disturbance
such as mineral cycling, decomposition, hydrological cycling, and fire regime.

The most deletericus invasive species form a virtual monoculture, successfully colonise a range
of localised environmental conditions, have a broad geographic range and the changes they
initiate are imevocable.

Changes 1o ecosystem structure. Changes to native species abundance are the most conspicuous
impacts of exotic plant invasions on ecosystem structure. The transformation 1o the community
can be so striking that no doubt remains that the invader is having an effect.

The displacement of native species by a monccultare or near monoculture of exotic species has a
self-evident effect: gross reduction or even local extinction of native species. There are no
documented instances of absolute extinctions of native species because of plant invasions. The
possibility has been inferred for areas poorly known hbiologically and likely to be of high
endemicity.

Direct alteration to vegetation structure is not uncornmon, Prickly acacia, Acacia nilotica, which
is invading thousands of sguare kilometres of the Mitchell grasslands of northern Australia is
gradually tuming a natrally treeless community into a shrubland. The giant sensitive plant,
Mimosa pigra, is transforming cpen grass-low shrub floodplain communities into impenetrable
shrub thickets up to 6 m in height (27} in the river systems around Darwin. The blue thunbergia
vine, Thunbergia grandiflora, which colonises lowland rainforest edges of far north Queensland
has the capacity to fell forest remnants (23}, The highly vigorous vine totally blankets trees,
eventually killing them. These subsequently rot and the forest patch is progressively felled from
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the edge. The inter-tidal cordgrass, Spaerfing spp., introduced from the United Kingdom is
changing bare mudflats into dense meadow habitat mainly in Tasmanian and Victorian estuaries

(9.

Indirect changes to structure are usually inferred because the process is not complete due to the
time scales of invasion and response involved. The spread of mission grass, Pennisefum
polystachion, is threatening the recruitment of mid-story tree-species in the monsoonal savannas
of the Top End {6) due toc changes to the fire regime brought on by the grass. The structural
change will only become manifest on a time scale of years as adult wees die. Inhibition of
recruitment of native shrubs and trees by grass and herb invasions is reported for southern
Australian forest remnants (21, 36). These cpportunistic species have high relative growth rates
and compete vigorously for available surface moisture. Interroption of succession by exotic

grasses through competition for water is also documented by researchers in other Systems {e.g.
10, 30, 7).

Changes to vegetation structure can translate into significant changes to fauna habitat which in
turn can cause local change in fauna density. The change can be positive as was found by
Braithewaite and Lonsdale with the small mamma! Sminthopsis virginiae (6) in Mimasa pigra
infested areas. Or, structural change can cause significant decline in veriebrates and
invertebrates as was found by Griffin et al. (14} after the invasion of the tamarisk, Tamarix
aphylia, in the Finke River, central Australia. Spariing infested mudflats have reduced numbers
of wading birds and invertebrates (9).

Changes to ecosystern function. Changes toe processes associated with invasions are rarely
measured; more usually they are qualitatively described or inferred. Australian studies are
notably few and many of the deseriptions are taken from overseas studies.

Alterations to the gpeomorphofogical and hydrological processes. Introduced species have been
demonstrated to affect geomorphological processes such as fluvial geomorpholegy, sedimentaion
and soif erosion, and sand dune geometry; processes which shape landscapes and habiat
characteristics.

The phractophyte tamarisk (athe! ping, saltcedar,Tamarix spp.), introduced to the arid south-west
USA in the mid-1800’s from Eurasia, was common in most major drainage systems by 1920,
Today the woody perennial forms thickets of thousands of hectares aleng these rivers where it
acts effectively as a geomorphic agent. It replaced indigenous vegetation that was repeatedly
swept away by floods and by contrast persisted on unstable surfaces, withstanding inundation
and inducing sedimentation. ts impact on fluvial geomoerphology was documented by Graf (11)
who reports that colonisation by the tree-shrub results in stabilisation of underlying surfaces,
longer and wider islands, wider channel-side bars and expanded alluvial fans. A concomitant
reduction in channel width of 13-55% increases frequency of coverbank floeding. Tamarix spp.
were introduced 1o Austratia in the late nineteenth century and only became invasive in the mid-
1970’s. The invasion is too recent for major geomorphological changes to have developed but
the potential is there (14).

Cordgrass from the genus Sparting, accidentally imported from North America last century,
changed the face of intertidal salt-marshes around the British Isles and other counties {40). The
dense stands this grass produces are famed for their ability to accrete and consolidate large
volumes of tidal sediment and have been used for land reclamation purposes. Accretion rates of
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5-10 cm per year cause a rapid rate of rise of the marsh surface - 70 cm in 60 years and 100 cm
in 50 years are reported from the south coast of England. The plant was introduced to southern
Australia about a century ago for land stabilisation but its spread is now recognised as a major
ecological probtern (9).

Sand dune geometry has been markedly altered by grass species such as Ammophila arenaria
introduced world-wide for sand stabilisation but which inevitably escape their target areas. On
the west coast of the USA, the grass has changed inland sand-dune orientation from the eriginal
perpendicular to the coast to parallel to the coast and foredunes changed from low, gradually
rising to steep (3). Changes to coastal topography induced by exoctic grasses are reported for
Africa (29} and Australia (18).

Invasive plants can alter the hydrological conditions within an ecosystern in ways which are in
addition to the directly competitive strategies for exploitation of available moisture.

Grasses can alter drainage patterns; this is readily observed in the wet tropics where the
introduced para grass, Brachiaria mutica, is choking lowland streams and shallow swarmps. It
and other introduced ponded pasture specics are converting open water into wet grassfands (22).
The perennial bunchgrass, Andropogon virginicus, in the moentane minforest communities of
Hawaii is doing the opposite. Its low wanspiration rates, phenology and lister characteristics
relative to native species reduces water removal and creates swampy areas (31} The water
hyacinth, Eichhornia crassipes, apart from its ability to choke water bodies with its prolific
potential production of in excess of | tonne of dry mass per hectare per day, transpires water at
a rate of up to 7.8 times that of evaporative rates from open surfaces (33}. Water hyacinth is
largely controlled in Australia but outbreaks are always a threat.

The tamarisk, Tamarix spp. described above, is a rapidly growing (up to 4 cm d'') tree-shrub
with roots that reach the water-table. It has very high rates of evapotranspiration and can lower
the water table with disastrous local consequences. It reduces the area of open water which
affects migratory waterfowl, aquatic habitat and water sources for vertebrates (28).

Alterations to the fire regime. The alteration of the fire regime leads predictably to modification
of the native vegetation. Fire affects vegetation communitics depending on the atributes of the
species present, fire frequency, intensity, seasonality and extent.

Introduced grasses around the world are accompanied by altered fire regimes, which in turn set
up a positive feed-back encouraging funther grass invasion. This interaction between fire and
invasion is probably the most ecologically significant effect of exotic grasses. Fuel properties
change with bulkier tussock formations, more centinuous groundcover and different curing rates
that terd to distinguish the successful inoduced species from the native counterparts.

Australia has a number of grass species regarded as a severe conservation threat (22). Buffel
grass, Cenchrus ciliaris, is deliberately planted throughout much of inland Australia. It is well
adapted and aggressively colonises moist habitats such as run-ons, river levees and alluvial pans
where it forms dense, continuous monocultures. The flammable material produced is 2-3 times
that of the displaced native grasses and cures later in the year {25). The result is much hotter
and larger fires later in the season. Infested rivers banks act as wicks spreading fires further so
the paichiness, characteristic of wmaditional burning regimes, is lost. Native eucalypts are
scorched and there are signs that successive fires could kill them (Latz pers. comm.). The
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different timing and intensity of the fires bas implications for recruitment of native species (12,
13), For example, acacias are vulnerable to increased frequency of fire as they rely on seed for
tecruitment and if they are burned twice before they seed, do not recruit.

Mission grass, Peanisetum polystachion, 4 vigorous perennial prass from West Africa is a major
threat o the eucalypt and deciduous pantropical tee species unique to the northern Australian
savanna. It is replacing the native annual Sorghum intrans which is far less dense and cures
earlier in the year. The fires following mission grass colonisation are hotter and occur later in
the year, 'This tends to result in the removal of mid-height vegetation, thereby simplifying
vertical structure, decreasing the abundance of fruit resources, tncreasing scorching of trees and
leading to possible increase in tree death rate (5).

The changes brought about by the changed fire regime can be self-generating, Often recruitment
of the introduced grass is differentially favoured by the fire. In south-western Australia veldt
grass, Ehrharta calycing, invades forests after fire which is promoted in tum by the increased
fuel load of the grass, thereby establishing a cycle favouring fusther invasion (2, 7). Molasses
grass, Melinus minutiflora, greatly increases fire intensity around rainforest edges and has
established a similar cycle on the hillsides around Cairns, Queensiand. The hills manifest huge
fire scars along the entire coastal strip where the grass-induced fires have pushed back the forest
edge (23).

Lantana, Lantana camara, a widespread weed in the Australian wet tropics and elsewhere, has a
role in the fire ecology of rainforest edges (42). It changes fuel characteristics in a complex
way which varies with a range of factors including topography, wind and moisture content of the
vegetation. However, during hot, dry, and windy conditions, lantana bums inwensely and damage
to the forest edge may occur. The situation is exacerbated if exotic grasses are mixed with the
lantana. In mild fires, however, lantana has been observed to act as a protective barrier to fire.

Alterations to mineral cycling. Substantial alteration of nitrogen cycling has been documented in
open-canopied forests of Hawaii where the exotic nitrogen-fixing tree, Myrica faya is
established. A quadrupling of availability of nitrogen has been estimated by Vitousek (43). The
community implications of the increased availability of nitrogen will become evident with time.
One result is that exotic earthworms are two to eight times more abundant than under native
trees (1).

Lantana, Lantang camara, also fixes nitregen but to my knewledge, its contribution to the
ecosystern resource base or the effects have not been estimated. The soil under lantana thickets
is noticeably more friable and richer in organic matter than that in nearby native communities,
suggesting that the plant promotes soil organism activity and rapid rates of soil regeneration.

Indirect evidence of affected nutrient cycling is provided by the changes to soil salinity brought
about by tamarisk, Tamarix spp., invasions. The plant is extremely sali-tolerant with salt
concentrations in foliage up to 50 nmes that in the root water supply (4) so that the leaf Litter is
highly saline. It is also well compacted due to the packing characteristics of the needle-like
leaves. In the Australian study of Griffin et af. (14), inveriebrate fauna in the leaf litter was
found to be sparse and depauperate in tamarisk stands compared with the diverse and abundant
fauna in the native river red gum stands. One can infer from this that the rate of nutrient
cycling will be considerably impaired with fow on effects to both the plant and animal
communities. Re-distribution of salt from the rooting zone to the soil surface by the ice-plant
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Mesembryanthemum crystalfinum has led to soil erosion through the inhibition of native pasture
species which bind the soil (24).

Concluding remarks on alterations to ecosystem function. The above is not an exhaustive list of
the ways in which introduced plants can affect the function of natural ecosystems.

Changes to productivity, biotic interactions (e.g. predation, seed dispersal), hybridisation and
allelopathy are other processes which invasions can potentially induce. Hybridisation by two
Spartina specics eventually led the vigorous hybrid which is now rampant in the UK (41). In
Australia, the high potential for bhybridisation is among the strongest ecological reasons for
minimising use of translocated native species for revegetation purposes. Similarly the
inroduction of non-native species for commercial forestry plantation is introducing the
possibility of hybridisation. For example Eucalyptus ewrophyiia, a tropical timber specics
currently on trial in far nonh Queensland is known to be able to hybridise with the native
E, grandis (23). [nvasion-relaied changes to primary productivity have not been measured o my
knowledge in terrestrial systems but changes to secondary productivity have been inferred, for
example with respect to waterfow! in Spariing invaded communities (3).  Alerations to
recruitment rates of native species and successional sequences after disturbance are implicitly or
explicitly dealt with in the foregoing discussions.

[t is likely that for any known ecological process an invasive plant could be found to illustrate
how it can be perturbed. Very few of these ecological impacts have been studied and the
examples only serve to demonstrate the potential for the range of effects possible and for the
subtle nature of many of them. Also significant are the long time frames required for some of
the consequences to manifest themselves.

I also wish to draw attention to the many ecological impacts a single species may have. One
that has been relatively well documented as an example is tamarisk, which profoundly affects
repional geomorphology, hydrology, the native plant community, the invertebrate and vertebrate
community, and litter decomposition. Most of the seriously invasive plants probably completely
alter an ecosystem in a myriad of ways but these remain undescribed.

IMPACT OF INVASION IN AUSTRALIA

About 11% of Australia’s 17000 or so vascular plant species (19) are naturalised; about half of

these invade natural vegetation and of these about half are serious or have the potential to be so
(22).

Despite the small proportion of introduced plants that become a major environmental problem,
the Australian experience, as elsewhere, has been that a single species is capable of substantially
and irrevocably modifying or wholly destroying an ecosystem. A number of such species
invading Australian ecosystemns have been identified by Humphries er al. (22) whose findings
are briefly summurised below.

On a continentul scale, most major ecosystems have at least one serious invasive species. The
exceptions are the alpine region, large tracts of rainferest or temperate forest, mangroves and the
red sandy deserts of central Australin, With the exception of only a handful of species the
exctic populations are expanding their range and infilling. Control programmes are currently
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effective only at a local scale although biclogical control efforts are under way for a few of the
major problem species.

Broadscale infestations of single species covering hundreds of square kilometres are
characteristic of northem inland Australia and reflect the gradual climatic gradients and the
txtensive rather than intensive land-use. The ecological effects of many of the species in
question (such as prickly acacia, rubber vine, tamarisk, giant sensitive plant, buffel grass, and
mission grass) has been the focus of this paper.

A patchwork of various infestations is more characteristic of southern and subcoastal Australia,
reflecting greater spatial heterogeneity from steeper climatic and topographic gradients and the
substantial fragmentation of the vegetation from intense development. In the tropics and the
sub-tropics a host of vines and several highly invasive shrubs such as Ligustrum, are a particular
threat for rainforest fragments which are vulnerable from the edges. Ranforest edges are also
consistently at risk from fire fuelled by exotic grasses. The south-eastern coastal and subcoastal
systerns are being invaded by two subspecies of the highly invasive shrub Chrysanthemoides
maorilifera which forrs virtual monocultures over large tracts of its habitat. The fragmented
vegetation of the southern agro-pastoral belt is at risk from a range of species of grasses and
herbs that are inhibiting recruitment of native species. Geophytes are invading some semi-natral
areas in the southemn states, Western Australia in particular.

Drainage lines, watercourses and associated habitats have the densest infestations of the locally
prevailing exotic species and also tend to support a higher diversity of species. Consequently
these highly restricted and ecologically criticai habitats are at greatest risk. Wetlands in the
tropics are being choked by the semi-aquatic grass Brachiaria mutica, and other ponded pasture
species. Aquatic habitats remain at risk from a range of introduced exotic species, many from
the aquarium trade. Cutbreaks of water hyacinth and salvinia, Salvinia molesta, are a constant
possibility, although these species are largely under control,

The seriousness of the smaller southern infestations is no less than those of the broadacre ones
of the north. Relative to the size of the habitat available, these species can be viewed as
incurring  proportional damage. A soclal factor is also relevant in considerations of
environmental impact. For example, urban bushlands are particularly vulaerable 10 wesds (22)
and have a high percentage of naturalised species, The fragmented patches of natural vegetation
rermaining are socially among the most significant, given the proportion of the pepulation that
access them. The broadacre species, by contrast, are “out of sight, out of mind" but these are
transforming continental scale areas, biclogically rich or unique sites and some of the only
biclogically unexplored areas left in Australia. So the criteria for evaluating environmental
impact change depending on geographic location and perception of pricrities,

DISCUSSION

The total ecological impact of a weed is a function of the characteristics of the species, the
characteristics of the host ecosystemn and time. [ distinguish this from its environmental impact

only in as much as T would include sccial factors, which I touched on above, as part of total
environmental impact.

The life-form of a species, that is, whether it is a grass, a vine or a tree, has a major bearing on
its behaviour and Impact as was implicit in the above descriptions. At a finer level of definition,
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its physioiogical, phenological, demographic and morphological attributes come inte play two
determine its relative competitiveness and its capacity to alter ecosystem-level processes. The
prediction of invasiveness per se has traditionally occupied ecologists, but the current consensus
is that general anributes are not reliable predictors of the potential weediness of a particular
specics in a particular system {32, 35, 29), CQuicornes of ¢olonisations will emerge only from
focussed studies of particular invaders and particular target habitats.

Defining characleristics of an invasible system has also been a focus of theoretical ecology. (e.g.
see 34 for a review). However, there is only one characieristic upon which I will concentrate on
here: disturbance.

The patterns of success or failure among alien species are broadly associated with differences in
land-use as weli as with the physical environmental factors and the nature of the communities
encountered (see 22 for a discussion for Australian conditions). There is overwhelming evidence
that disturbance, particuiarly human disturbance, promotes plant invasions (see chapters by
Hobbs and others in 8). Invading plants are almest wholly restricted to disturbed sites,
especially sites altered by human activity.

The third factor in assessing impact is time. The current picture is only a snapshot of a dynamic
process involving a number of time scales including those of the wansforming processes (ie. the
feedbacks that follow alterations to the fire regime, nutrient cycling etc.), the spread of the
introduced plant poputations, and the intersection of events that causes an introduced species to
become invasive.

The full impact of a species may not manifest until the pepulation is large enough and the effect
of modified processes becomes apparent. For example, the devastating geomorphological and
hydrological effects of ramarisk in the USA are not apparent yet in the Ausiralian situation
because the invasion is still in its early stages and relatively small. The effects on reproduction
of granivores of a nutritionally inferior food source may not become apparent for decades after
the introduction of an exotic grass - an impact conjectared for buffel grass.

The potential habitat of most invasive species in Australia is not filled, and on a continent scale
invasions continue to spread. Current contro) efforts may be slowing the rate of spread but not
arresting it.  The climatic Yimits of several of the most destructive species have been estimated
and it is clear that they currently occupy only a fraction of their potential range. For example,
Mimosa pigra, is now in the region around Darwin but suitable habitats occur across far
northern Australia.  Similarly rubber vine could spread from Queenstand across the monsoonal
semi-arid of the Northern Territory and Western Australia. There are many more examples (22).
Moreover, specics that are here but have not yet become invasive will manifest over time.
Experience has shown that it may take decades to a cenwry after introduction for a species to
become highly invasive (20). The change from little spread to exponential spread is often
sudden. Sometimes the changeover can be comeluted with an episodic climatic event such e.g.
Tamarix aphylia (14} or with a genetic mutation such as that documented for Sparting spp (40).
The underlying causes of this time lag are complex and poorly understood, involving dispersal to
a suitable habitat and with some species, genetic diversification (15). So called ’sleepers’ are
inevitable and many have been identified for Australia {22).
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The unavoidable prognosis is that the impact of weeds on the Australian continent will continue
fo increase in terms of preoportion of habitat invaded, the numbers of invaders present and
ecosystem-level effects now latent or undetected.

This brings me to my final point.

[ amn of the opinion that there is a serious mismaich between the conservation significance of
invasions and the effort ecologists have devoted to their study. In part this is due to the
relatively recent awareness of the magnitude and seriousness of the process. With the SCOPE
studies (16) there has been increasing level of interest in the study of natural systems invasions
in Australia and a recent overview of the status of environmental weeds in the Australian
landscape by Humphries e al. (22) has further focussed attention on this issue. Traditionally
ecologists have preferred to study native organisms and have used exotics to clarify and build
ecological theory on population and community dynamics. Until very recently, management
related research has been limited to specific studies which underpin direct chemical, mechanical
or biclogical control strategies, a legacy of agricultural weed centrol.

The same is true elsewhere. Temple (39) in an editorial for Conservation Biology writes that
exctic organisms should be a high priority subject for research but they are not. The reasons he
puts forward include misconceptions about the nature and magnitude of the problem and that
threats posed by exotics are often understated and dismissed.

I wish to highlight two management reiated areas of research which need augmentation: the
invaston-disturbance link and better documentation of impacts.

I believe that elucidating the relationships between an invasion and the underlying disturbance is
the most imponant area of envirenmental weed research. To me it is a central tenet of long-
term management that we need to manage the disturbance which makes the site invasible.
Linkages between a plant’s intrcduction, its establishment, survival and spread need o be
examined in relation to specific human activities which may promote each successive stage of
the process. We need to know, for key problem species or areas, the role in this process of
activities such as grazing, fertilisation, manipulation of fire, transport or wvegetation
fragmentation. By defining the disturbance-invasion l!ink more precisely, (ideally,
quantitatively), opportunities for mitigating practices may emerge.

I have atready alluded to the fact that only a small handful of studies have atternpted to
described a wide range of ecological effects accompanying the invaston process in Australia {¢.g.
studies on Mimosa pigra, 6. 27 and on Tamarix aphylla. 14), Most studies are partial (e.g.
specific plant-plant interactions) and qualitative, and although they are useful in recording the
phenomen or in previding insight into seme aspect of the invasion, they de not provide
comprehensive documentation of the process or its effects.

Quantitative or systematic documentation of ecosystem-level effects is essential for providing
scientific rather than anecdotal evidence of impact. The managemens of weeds is dependent on
public secter funding and iniggrated, supportive political, administrative and legislative
frameworks. Although of itself not always enough, the weight of scientific evidence has to be
there for political support of long-term effort in this area, for addressing conflicting land
management practices, and for imitiating early action weed management is not a short-term
activity. As we know, the problemn is ongoing and growing in magnitude, A comprehensive

9
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description of the nature, scope and dynamics of ecosystem-level effects of weeds provides the
credible evidence upon which resources can be attracted for management. Such in depth, albeit
descriptive studies, will undoubtedly alse uncover important directions for management and
contribute valuable data to ecological theory.
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MON 13200 - A NEW PRE-EMERGENT HERBICIDE FOR WEED CONTROL
TN SUGAR CANE

A.J. Somervaille
Monsanto Aust. Lud., PO Box 884, Toowoomba Q@ 4350, Australia

Summary. Pre-emergent applications of MON 13200 (thiazopyr) provided commercially
acceptable control of a range of annual and perennial grass weeds in sugar can¢ ingluding
summer grass, Digitaria ciliaris, barnyard grass, crowsfoot grass, green surmmer grass,
Brachigria subquadripara and Guinea grass with rates of 0.5 kgaha providing 93, 88, 94, 39
and %6% contol respectively. Control of certain broad-leaved weeds including bluetop,
pigweed, Portulaca oleracea, blackberry nightshade, Sofanum americanim, black pigweed and
Star of Bethlehem was also demonstrated. Good crop safety was exhibited at rates of
application up te 0.5kg/ha MON 13200.

INTRODUCTION

The herbicide MON 13200 (Methyl 2-difluoromethyl-4-isobutyl-5-(4,5-dihydro-2-thiazolyl)-6-
trifluormethyl-3-pyridinecarboxylate) is a discovery of the Monsanto Company, USA. MON
13200 belongs to the pyridine chemical family and exhibits high unit pre-emergent activity
against a range of grasses as well as certain small seeded broadleaf plants (1).

The primary mode of action of MON 13200 is the inhibition of cell division resulting from the
disruption of microtubule formation (1). Seed germination is not inhibited by MON 13200 but
subsequent plant development does not proceed normally.

Selectivity is exhibited in a range of annual and perennial crops imcluding tree crops, vines,
cotton, Jucerne, peanuts, sunfiowers and sugar cang, Thiazopyr is currently registered in a range
of crops in Spain and South Africa,

Infestations of annual grass weeds in Australian sugar cane are a significant constraint 1o
production in Australian sugar cane. Experimental work carried out by Chapman (3) in the
Mackay district during the 1960's demonstrated that a severe infestation of Echinochloa spp.
reduced plant cane yield by 12 tonnes/hectare. In a series of five experiments established in the
Mackay and Tully districts over the 1985 and 1986 seasons, grass weed competition reduced
ratoon cane yields from 7 to 30% (4). A loss of 7% vield on a crop having a potential of 8¢
tonnes/ha and a vulue of $25/tonne represents an economic loss of $140/ha. In the experiments
referred Lo above, weeds exerted a significant competitive effect on yield until the top visible
dewlap of cane reached 10-12 cm high (4).

Green cane trash-blanketing methods of preduction have had a major effect in reducing the
impact of grass weed infestations in ratoon cane in the northern cane growing districts of
Australia. However, the need for effective conirol of grasses in plant cane and in traditionally
cultivaied ratoon cane remains. A range of pre-emergent herbicides are available to growers
including diuron, atrazine, ametryn, ametryn plus atrazine, metolachlor plus atrazine, trifluralin,
pendimethalin, hexazinone plus diuren (5) though the directed application of the knockdown
herbicide paraquat is commeonly an integral part of in-crop weed control programmes.
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The purpose of the experiments reported here was w evaluate the experimental herbicide MON
13200 for the pre-emergent control of annual prass and broad-leaved weeds in supar cane
compared to the commercial standard of atrazine plus ametryn. A second objective was to assess
selectivity of treatments in both plant and ratoen cane,

METHODS

In all experiments reported here an emulsifiable concentrate formulation containing either 360
(MON 13232) or 240 g/L. (MON 13211) active ingredient was used.

Efficacy experiments were established in commercial stands of plant or ratoon cane and subject
to normal management practices up to the point of treatment application. Herbicide teatments
were applied post-emergent to cane and pre-emergent to weeds (except where paraquat was
added at 0.2 kg a.i./ba for control of emerged grass weeds in experiments 2, 9, 15 and 21) using
a compressed gas sprayer equipped with flat fan (broadcast treatments) or flood jet (directed
treatments} calibrated to deliver 80 to 120 L/ha with an operating pressure of 150 (directed) or
250 kPa (broadcast). Directed applications were used where cane exceeded approximately
80 cm in height (Experiments 2 and 15). Treatments were arranged in a randomised compleie
block design with three replicates. Plot size was 3 by 10 or 12 m. Site details for the efficacy
experiments are summarised in Table 1.

Table 1. Site details for efficacy experiments in sugar cane

Expt. Location Situalion Cane stagefheight Soit type

#

1 Woombye piant (Q137) pre-emergent sandy clay loam
2 Yandina ratoon (NCO-310)  out-of-hand;, 140-180 cm clay loam

3 Bundaberg plant {H56-752) grey forest soil
4 Yandina plant (CP44-101)  pre-emergenl red podzolic

5 Tumbulgum  plant (Florida} spike; 0-20 cm river alluvial

(i Bingera plant (2145) 2-3 leaf; 13-4 ¢cm grey forest soil
7 Bingera plant (145} 1-3 lgaf; 10-35 cm grey forest soil
8 Nambour plant (Q11(0 1-2 leaf; 10-30 cm humic gley

9 Nambour plant (Q137) spike; 1020 cm alluvial clay loam
10 Gargelt plant {(Q121) 14 leaf; 15-30 cm loamn

11 Tufly plant {Q122) pre-emergent ¢lay loam

12 Tully ratoon (130 2-5 leaf; 20-60 cm clay loam

13 Nambour plant (CP44-101)  2-4 leaf; 1540 cm clay loam

14 Mackay plant {3 124) 1-3 leaf; sandy clay Joam
k5 Mackay ratoon (H56-752)  out-of-hand; 85-100 cm sandy clay loam
16 Sarina plant (124) 4.7 leaf; 50-80 cm sandy loam

17 Walkerston plany (Q 136) pre-cmergent clay foam

18 Gargelt plant pre-emergent sandy loam

19 Ayr plant (QLL7} pre-emergent clay loam
20 Walkersion plant (H56-752) spike-2 lcaf; 8-35 cm clay loam
21 Walkerston ratoon (Q133) -3 leaf; 10-30 cm sandy clay loam
22 Rosella plam {Q124) §-12 leaf; 50-120 cm sandy loam

13
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Weed control was assessed using subjective assessments of contol by individual weed species
using a 0-100 scale where 100 represents complete controf. Initial assessments were completed
at 21 1o 35 days after initial treatment {where weed growth in untreated plots was present) and
thereafter at 43 to 70 days after reatment. In some experiments weed density in the cane drill
was assessed using four one quarter or one square metre quadrats per plot.

Crop effects were assessed using & subjective 0 to 100 scale where a value of 0 indicates no
effect and 100, complete crop destruction.

RESULTS AND DISCUSSION

Efficacy. Weed control assessments for the major grass weeds evaluated are sumemarised in
Tables 2-5. MON 13200 applied at 0.5 kg a.i/ha provided a weed control or percentage control
rating of 85 or greater (judged to be commercially acceptable) for summer grass, bamyard grass,
crowsfoot grass, green summer grass and guinea grass in 33 of 37 assessments completed in 22
experiments 28 to 97 days after treatment. In contrast, within the same data set,the standard
treatment of 4 kg ai/ha ametryn plus atrazine provided this level of control in 14 of 37
assessments.

Of the grass weeds, summer grass and guinga grass appeared most susceptible to MON 13200
with 15 of 15 and 4 of 4 ratings reaching a value of B85 or greater for these two species
respectively.  Ametryn plus atrazine treatments provided commercially acceptable control of
sumumer grass in 5 of 13 experiments while this was not achieved in any experiment where
guinea grass was present.

Table 2. Pre-emergent control of summer grass Digitaria cifiaris in sugar cane

Control rating (frequency distribution)
Treatment Rate Mean
kg/ha <75 75-84 >84
MON 13200 0.25 I 1 3 828
MON 13200 0.375 ] 1 3 93.2
MON 13200 0.5 Q H 15 929
MON 13200 0.75 0 0 8 02.8
MON 13200 1.0 0 1 14 95.8
atrazine+ametryn 40 7 4 4 80.5
Table 3. Pre-emergent control of barnyard grass in sugar cane
Control rating {frequency distribution)
Treatment Rate Mean
kgfha <75 75-84 »84
MON 13200 025 i 2 0 713
MON 13200 0.375 0 0 i 91.5
MON 13200 0.5 ] 2 5 87.5
MON 13200 0.75 ¢ 0 2 94.0
MON 13200 1.0 0 0 7 84.3
atrazine+ametryn 4.0 4 1 2 72.1

14



New herbicides

Table 4. Pre-emergent control of crowsfoot grass in sugar cane

Treatment Rate Control rating (frequency distribution) Mean
ke/ha <75 75-84 >84

MON 13200 0.25 1 g 1 80.0
MON 13208 0.375 1 1 0 78.0
MON 13200 0.5 0 ] 6 918
MON 13200 0.75 1 0 1 87.5
MON 13200 1.0 1 0 5 95.8
atrazine+ametryn 4.0 2 0 4 85.6

Table 5. Pre-emergent control of green summer grass Brachiaria subquadripara

Rate Contol rating (frequency distribution)
Treatment ean
kg/ha <15 75-84 >84
MON 13200 0.25 1 0 1 78.0
MON 13200 0.375 0 1 0 820
MON 13200 0.5 ] 2 3 89.2
MON 13200 0.75 0 Y 2 915
MON 13200 1.0 0 2 3 o1.8
atrazine+ametryn 4.0 1 2 2 80.0
Table 6. Pre-emergent control of guinea grass in sugar cane
Rate Control rating (frequency distribution)
Treatment Mean
kg/ha <75 75-84 >84
MON 13200 N.25 0 0 2 96.0
MON 13200 0.375 0 0 2 92.0
MON 13200 0.5 0 ] 4 06.3
MON 13200 0.75 0 0 2 08.0
MON 13200 1.0 0 0 4 100.0
atrazine+ametryn 4.0 2 2 0 73.6

Dry weather conditions fellowing azpplication occumred frequently in the course of the
experiments reported here, with 9 of 22 experiments having an extended peried (>4 weeks})
during which no rainfall or irrigation cccurred in the period following application. MON 13200
performed well under these conditions with pood control of grass weeds. In contrast, the
activity of the atrazine plus ametryn standard appeared to be adversely affected by these
conditions. Large losses in activity of atrazine over 10 days following application to a black
earth s0il and protected from rainfall have alse been observed in a series of four cxperiments
conducted by Marley and Robinsen (6). While the significance of photedecomposition and or
volutalization of ztrazine from the soil is not fully understood, available data indicate that both
occur to some extent if high temperatures and prolonged sunlight follow application before
precipitation (7).
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Crop injury. Only slight growth reduction occurred in cane treated with rates up to and
including 0.5 kg/ha MON 13200 except in one experiment (Table 7). Treatments in this
experiment {experiment 19} were applied prior to ¢rop emergence and immediately prior to
flood irrigation. Seil surface crusting occurred following irrigation causing a reduction in crop
emergence which was exacerbated by the presence of herbicide treatments and the withholding
of normal cultivation. Significant and unaceeptable crop injury (injury rating >19) occurred in a
relatively small proportion of trials at rates of 1.0 kg/ha and above.

Injury was characterised by crop stunting and appeared to be enhanced where wet so0il conditions
prevailed soon after application. Effects are attributed to soil uptake rather than foliar as there
were ng evidence of leaf symptoms attributable to post-emergence applications to the crop.

Notwithstanding, crep effects except at three times or greater than the proposed rates of

application appeared to be transitory. A further study is currenily underway to assess this more
comprehensively on a range of cane varieties using crop yield as the final criterion for injury.

Table 7. Sugar cane phytotoxicity (efficacy experiments)

Rate Injury rating {frequency distribution)
Treatent kg/ha Mean
<11 11-1% »19

MON 13200 0.25 5 0 0 533
MON 13200 0.375 7 1 0 2.08
MON 13200 0.5 22 3 0 444
MON 13200 075 12 2 0 4.04
MON 13200 1.0 19 4 2 5.01
MON 13200 1.5 3 1 1 12,66
MON 13200 20 1 1 3 16.66
atrazine+ametryn 4.0 24 1 0 3.05

Nole: injury tating on a 0-100 scale where § = no effect and 100 = complete crop destruction.

MON 13200 would appear to provide a significant opportunity to canegrowers secking to reduce
relisnce on in-crop weed control with cultivation or pest-emergence herbicide treatments by
opening up the window of application of pre-emergent herbicide treatments in advance of the
onset of initial weed germination without significant loss of activity associated with delayed
activation by rainfall or irrigation,

Pre-emergent herbicides currently available are generally used once imrigation or rainfall has
stimulated weed emergence. Whilst this approach is successful if herbicide treatments are then
applied to relatively small weeds, weather conditions may be such that timely application is not
always possible and weed escapes occur particularly in the plant line where spray coverage may
limit effectiveness. Nevertheless, MON 13200 will also be effective in combinations with
knockdown treatments such as paraguat where weed emergence has eccurred prior to treatment,
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QOCCURRENCE OF THE RUST FUNGUS UROMYCES RUMICIS, A BIOLOGICAL
CONTROL AGENT OF FIDDLE DOCK (RUMEX PULCHER) IN WESTERN AUSTRALIA

J.K. Scott' and R.G. Shivas®
'CSIRO Division of Entomolegy, Private Bag PO, Wembley WA 6014, Australia
*Plant Pathology Branch, Western Australian Department of Agriculture, Baron-Hay Court,
South Perth WA 6151, Australia

Summary. A strain of the rust fungus Uromyces rumicis, is widely established as an
unintentionally introduced biclogical control agent on field populations of Rumex puicher in
south-west Australia seemingly without attacking other Polygonaceae species. The extent to
which the fungus may effect the health of R. pulcher populations is unknown.

INTRODUCTION

The rust fungus {fremyces rumicis has been reported from Eurape and Africa on Runex species
in the subgenus Rumex and from the related Polygonaceae genus Emex (2, 6, 9) and has been
long considered a potential bictogical control agent for these weeds {4, 6). It was first studied in
Europe as a control agent for curly dock, Rumex crispus, in North America {4, 5). The rust is
macrocyclic and heteroecious using Ranuncuius ficaria as a host for the haplentic phase. The
dikaryotic phase is host specific to Emex and Rumex subgenus Rumex (1, 5, 6) and the haplontic
phase is specific to Ranunculus ficaria (9). The fungns has been proposed as a potential
biological control apent for Emex and Rumex species in Australia (10),

Uromyces rumicis was first reported as an unintentional introduction to Perth, Western Australia,
in 1986 ¢11). The fungus was observed on R. crispus, R. puicher and E. australis grown in
glasshouses and had not been located in the field. Here we report on its distribution and host
range in the field in Western Australia.

METHODS

During 1990 - 1992 surveys were made of Polygonaceae throughout the agricuitural regions of
south-western Australia as part of an assessment of the presence of potential biological control
agents., Identification of rust fungi was based on Wilson and Henderson {12}, and identification
of Rumex species on Rechinger (7).

RESULTS AND DISCUSSION

Uromyces rumicis was found on R. pulcher at 14 sites in south-west Western Australia. The
sites were found west of the area bounded by Namban {30°23°S 116°03'E) in the north,
Broomehill (33°51°'5 117°38'E) inland and Albany (35°02'S 117°53’E) in the south. The arca
has over 600 mm annual rainfall.

The following plants and sites were examined during the survey: E. qusiralis (31 sites),
E. spinosa (5 sites), R. crispus (39 sites), R. conglomeratus (13 sites), R, obtusifolius (1 site) and
R. pulcher (25 sites), Often two or three Rumex species were found at the same site yet only
R, pulcher showed signs of attack. Uredia and telia were evident from the end of spring until
plants senesced (November and December) and again in May when the plants produced rosettes.
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The host of the haplontic phase, Ranunculus ficaria, is not known from Western Australia (3) so
consequently was aot included in the survey.

The impact of U. rumicis on R. pwicher has not been assessed, but may be important as
indicated by studies on related species, Schubiger er ad, (8) showed that U. rumicis caused
severe damage to R, crispus grown in a glasshouse, reducing the number of leaves and cansing a
55% reduction in dry weight of roots and leaves compared with controls. Less damage occurred
to infected R. obtusifolius grown in a glasshouse. Inman (5} inoculated field plots of R. crispus
and observed a lower seed weight and number in infected plants.

The phenology of the fungus in Western Australia indicate that strains adapted to cooler
conditions would be meore suitable for introduction into the Mediterrangan climate of Western
Australia. Secondly, the limited host range in Western Austalia indicates that strains would
have to be selected for each target species of Rimex or Emex. For example, a strain of the
fungus from E. qustralis has been studied (6) and a strain from R, crispus has been proposed for
introduction into North America (9).
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Integrated weed control and low tiftage systems

ARE PRE-EMERGENT WEED CONTROL AND ZERO TILLAGE COMPATIBLE IN
REGIONS WITH LIMITED RAINFALL?

L. Streit
Ciba Australia, West End ¢ 4101, Australia

Summary. Consistent performance of pre-emergent herbicides requires good incorporation by
rasnfall.  Since rain is unreliable, mechanical incorporation is often needed, which is not
desirable in zero-tillage systems. Censcrvation of soil moisture is imperative under semi-arid
conditions, where planting and herbicide application is often carried out simultaneously using
one implement. Crop phytotoxicity may occur from heavy rainfall on light soils imumediately
after application. Alternatively, poor weed control may result from insufficient rainfall after
applicatien, failing to incorporate the herbicides into the soil profile. These problems are

discussed with weed control in sorghum as an example. The requirement for careful planning is
highlighted.

INTRODUCTION

Water is considered the major limiting factor affecting yields in rain-fed grain growing in
Queensland. Zero-tillage has several advantages under the semi-arid conditions of these regions:
It conserves moistare, reduces erosion, uses less fuel and ensures more consistent yields (1),

The benefits of zero-tillage require efficient weed control, which most often depends on the use
of herbicides in addition to crop rotation.

Pre-emergence residual herbicides are a cost-effective tool for ensuring ideal growing conditions
for the crop. Consistent performance of pre-emergence herbicides requires good incorporation
by rainfall. Since rain i3 unreliable, herbicide application behind the planter may result in poor
weed control dve to lack of incorporation.  Alternatively, crop phytotoxicity may occur from
heavy mainfall on light soils immediately after application. Volatile formulations are also
unsuitable for zero-tillage, since they require mechanical incorporation.

Several problems are associated with pre-emergence herbicide use in zero-tillage cropping
systems:

- peor results if no rain follows after the planting rain;

. reduced efficacy because of heavy stubble; and

. lack of flexibility, i.e. ro "opportunity cropping” due to concern over herbicide residues in
crop rotation.

Therefore, post-emergent weed control is often seen as the answer to these problems. However,
careful planning on an individual paddock basis, together with early pre-plant herbicide
application, is a recipe for a long-term, successful approach to weed control in a sustainable
zero-tillage broad-acre cropping system. This shall be demonstrated with sorghum in a
summer/winter crop rotation as an example {reasonable rainfati, e.g. Darling Downs region).
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CROP ROTATIONS

By following a crop rotation, carefully planned for each paddock (Table 1), it can be decided in
advance, which crop will be planted and what preparation is needed. Although climatic
conditions may render some adjustments necessary, long-term success will rely on adherence to
the plan.

Table 1. Winter Summer Crop Rotation.
Summer crops: Sorghum, Maize, Sunflower;
Winter crops: Wheat, Barley, Canary, Canola, Linseed.
OC: "Opportunity” Crop; Mungbean, Chickpea, Millet, Panicum.
Shaded areas: Possible use of atrazine for weed control.

Paddock 1 2 3 4

1st year Fallow/OC  Fallow/OC

Winter Eallow/OC Winter
2nd year Fallow/OC  Fallow/OC
Winter Winter
3rd year Fallow/OC Faltow/OC

Fallow/QC
Fallow/OC  Fallow/OC

e
Winter

Winter Winter

4th year

Fallow/OC Winter

Fallow/OC  Fallow/OC

Fallow/OC Winter Winter

In the case of a summer crop, sorghum is the most likely option, and atrazine the preferred pre-
emergence herbicide. Singe planung is preceded by a fallow period, it is best if atrazine is
applied 1o the fallow in autumn/winter (April-Tuly) at a rate of 1.8 kg a.i/ha to 3.25 kg a.i./ha,
depending on weed pressure and crop rotation,

This will control weed growth in the fallow, and if weed pressure is low, no further herbicide
will be nceded. The low temperatures prevailing during this period will result in little loss of
activity if incorporating rains fail. Alternatively, an early pre-plant application will achieve
simitar results, provided that it occurs before temperatures reach above 3¢ degrees C. If there is
a high grass pressure, metelachler may be used at planting with Concep Il weated seed, or a
proprietary mixture of atrazine + metelachlor. However, the latter option should only be used
when rainfall is certain 10 occur within 10 days. The very early application has several benefits:
It helps preserve moisture by controlling weeds germinating during the fallow, the chances of
weed control failure are minimised, and plant back restrictions are avoided. The avoidance of
atrazine residues is extremely important, as is demonstrated by ongoing research at the
Queensland Department of Primatry Industries (8. Walker, personal communication). A potential
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disadvantage of residual herbicides may be a negative effect on mycorrhiza, which should be a
focus of further research.

CONCLUSION
This example shows that the use of pre-emergent residual herbicides is a valuable tool in zero-
tiflage broad-acre cropping. Planning for crop rotation and herbicide use should be on a
paddock by paddock basis, allowing maximum flexibility. Growers who commit themselves to
zero-tillage are also committed to long-term, sustainable farming, and therefore include planning
for herbicide use, enabling minimal reliance on herbicides for weed contrel.
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INTEGRATED CONTROL OF THE SHRUB DODONAEA ATTENUATA BASED ON
GOAT GRAZING AND HERBICIDE APPLICATION

C.M. Torpy', 8.1. Muir!, G.J. Melville® and K.1I. Fraser’
! NSW Agriculture, Cobar NSW 2835, Australia
: P O Box 765, Mesilla 83046, USA
! NSW Agticulture, Trangie NSW 2823, Australia

Summary. The use of goats to control the woody weed hopbush (Dodonaea attenuata) resulted
in a shrub mortality of 70%, with their impact being greatest in years of low rainfall and low
pasture biomass. After goat destocking and a period of high rainfall, some shrub regeneration
occurred. Applications of four rates of glyphosate {Roundup®) to regrowth resulted in an
apparent mortality of 66% of all shrubs sprayed at the highest rate. Partial budgeting analysis
revealed that under the poat stocking treatment the sheep stocking rate would need to increase
twofold for one year or by cne fifth for ten years to pay for the displacement of sheep alone,
costing at least $3.83/ha. It is unlikely thar sheep stocking rates could be increased to the
amount required to meet either these costs or the $20.02/ha associated with herbicide treatment.

INTRODUCTION

Woody weed infestation is clearly recognised as one ef the most serious problems encountered
by landholders in much of Australia’s semi arid rangelands. Farm profitability is reduced by
woody weed proliferation through increased costs of production and reduced livesteck
production (4). Heavy infestations can reduce gross margins by as much as 50% compared to
relatively open country (1). The low productivity of infested areas dictates that, to be cost
effective, management options to control these weeds be of low cost and produce lasting
benefits.

Of the management options available, fire is generally seen as the most cost-effective. However,
disadvantages are the income forgone when an area is destocked after a fire, low monality rates
for some woody weed species (e.g. Eremophila spp.) and impracticality in dense populations doe
to restricied fuel production. As an alternative, mechanical contro! (e.g. blade ploughing), is
expensive and may also promote seedling regeneration in some species as a result of soil
disturbance. However, in areas of dense infestation, pasture biomass is usually low, restricting
the opportunity to burn and rendering the cost of mechanical or herbicide treatments prohibitive.
This paper describes the defoliation response of hopbush to different concentrations of the
herbicide Roundup® following goat grazing on sandy red earths north west of Cobar, and the
associated costs of using this control strategy.

METHODS

Feur 50 ha paddocks were grazed with goats for three years from June 1988 to June 1991. High
poat stocking rates were separated by two destocking events (Table 1). This stratepy resulted in
an average stocking rate of 1.5 goats/ha/month.

Under the goat stocking treatment six transects {4 m x 100 m} were located in each of the four
paddocks.  The first 25 shrubs along each transect were monitored on 8 occasions at
approximately 6 monthiy intervals. Damage and reshooting categories were recorded for each
shrub, but the results reported here are for shrubs assessed as dead or no leaves present.
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Table 1. Geat grazing treatment and pasture biomass levels at
the end of each stocking period commencing June
1988 and ending April 1991,

Stocking rate Stocking period Pasture biomass
(/ha} (months) (kg/ha}
0.4 18 294
4 11 13
spelling 4 638
1 2 <10

From Aupust 1988 pasture hiomass was assessed in each paddock at approximately three
monthly intervals and at destocking events using a comparative yield technique {5). At each,
destocking exclosures were built to simulate the permanent removal of goats and to allow shrubs
to re-shoot. The herbicide Roundup CT® (450 g/L glyphosate) was applied at 0%, 12%, 24%,
50% and 100% of the manufacturers recommended rate for blackberry centrol (1 Lf100 L) with
the wetting agent, BS1000 {200 mL/1000 mL) in mid July 1992, Treatments were randomised
within 2 stocking histories (12 and 20 months regrowth) on two land-types (dune and swale)
within four exclosures built in each paddock. Plants were sprayed in 2 x 30 m sweeps using an
Ag-merf® gas gun powered by propane gas. Biomass of individual shrubs was estimated using
a double sampling technique on five oc¢casions; prior to herbicide appticatien, and 40, 90, 137
and 175 days after treatment application.

Analyses of variance were used to examine the effect treatment. stocking history and land-type
en shrub biomass using initial biomass as a covariate. Analyses were performed using the
statistical package SAS (6). Type HI sums of squares (3) were used where the sums of squares
for euch main effect and interaction is adjusted for all other terms. A separate analysis was
performed for day 175 where the shrubs were designated as dead (zero biomass) or alive (non-
zero biomass). The proportion of surviving plants was employed as the dependent vaniable (an
arc sin transformation being used fo stabilise the variablg). Average initial biomass was used as
a covariate. Models were restricted to main effects, covanates and first-order interactions and
least square means {(+/- standard error) were estimated for each main effect and interactions.
Discounted partial budgeting was used 1o identify the net present value of each control strategy.

RESULTS AND DISCUSSION

A 70% shrub mortality was observed under our goat grazing treatment (Fig. la), goats being
most effective at pasture biomass levels below 100 kg/ha (Fig. 1b). Considerable gains could
result from this reduction in shrub foliage such as improved visibility for easier mustering and
the reduction in shrub canopy (which would limit shrub seed production and thercby encourage
fueture pasture production}. However, some heavily defoliuted shrubs resprouted when goats
were removed, suggesting that the duration of grazing was not sufficient to achieve shrub
mortality. A further understanding of the response of shrubs to the frequency, duration and
intensity of defoliation, over a range of seasenal conditions would be integral to the development
of an effective gout stocking strategy.
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a.Changes in shrub density
(goat grazing strategy)

b.Pasture biomass changes
(goat grazing strategy):
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Figure 1. Changes in shrub density as a result of goat grazing (a} and associated pasture

levels (b).

The costs associated with this goat stocking treatment are shown in Table 2. Under our grazing
treatment the sheep stocking rate would need to increase twofold for one year, by one third for 5
years or by one fifth for ten ysars to pay for the cost of destocking alone (not including the
costs of fencing). To include the costs of fencing the sheep, stocking rate would need to be
increased by at least 50% over a ten year period.

Table 2. Cosis associated with the goat grazing weatment and increases in
stocking rate needed to recover costs.
1 year* 5 years* 10 years*
Cost
S/ha extra dse/ha
wilh fencing
100 ha 73.69 10.686 2.13 107
1.000 ha 2592 335 0.75 0.38
10,000 ha 10.82 1.57 0.31 0.16
without fencing 3.83 0.55 011 0.06

* increase in sheep stocking rate required to pay for cost of goat treatment
over a specified time.

Initial observations on a follow-up chemical application to coppicing shrubs suggest potentially
pood mertality rates can be achieved at higher rates of application (Fig, 2a). Despite favourable
growing conditiens after herbicide application (Fig. 2b), six months after a winter application of
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Glyphosate, 66% of all shrubs sprayed at the highest rate had no leafy biomass These results
contrast {o unsprayed shrubs where biomass increased by almost 50% over the same period.
Actual shrub mortality will be confirmed by moritoring these shrubs for the next 12 months.

a.Changes in shrub biomass b. Rainfall pattern
— saalrat kK B R U MW M p0x oo Bainfall (mea)
lumn—--u-.; N
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]
' Ill' ) T T I‘- Ty Il"' ) i IIH "’ - - uwr L]
Time (duy} Time (days)

Figure 2. Changes in shrub biomass under different glyphosate rates {a) and rainfall during
herbicide treatment (b).

Winter application of glyphosate did not reduce the shrub’s susceptibility to this chemical,
similar to the results reported by Toft (9) for Mimosa pigra. Age of regrowth did not
significantly affect shrub biomass at anytime after chemical application, despite older shrubs
having an initial higher biomass (113.0 g + 10.39) than younger growth (80.2 g + 10.39). At
the higher rates of glyphosate the effect of the chemical tended to have a more rapid effect en
older shrub regrowth, a result expected as presumably the more actively growing younger
regrowth would have a higher chemical tolerance. While shrubs inhabiting the low lying swales
always tended to have a greater biomass than those on top of dunes, land-type did not
significantly influence the effects of herbicide, suggesting that position within the landscape will
not influence this species response to this type of chemical application.

It is unlikely the stocking rates could be increased by the amounts needed to pay back the costs
for herbicide treatment. If it is assumed that the stocking rates will be reduced by the amounts
indicated in Table 3. This may provide economic justification for this treatment.

An increase in income would be expected as stocking rate increases with the removal of woody
weeds. However recovering costs associated with this integrated control strategy are unlikely as
stocking rate would have to double over the first five years. 1t is unlikely that such an increase
in stocking rate would result in a sustainable grazing system. Whilst this type of centrol
strategy is expensive, undertaking no shrub control is likely to result in a further decline in
stocking rate and subsequent productivity. For this reason and from a national environmental
perspective, public may need to decide whether they can support or provide financial assistance
for woody weed contrel in the Western Divisien,
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Table 3. Costs associated with herbicide treatment and increases in stocking rate needed to
TECOVer COsls.
Glyphosate Rate Costfha 1 year * 5 years * 10 years *
® extra dse/ha
12% 9.46 1.37 07 0.14
25% 11.02 1.5% 0.3z 0.16
50% 14.02 203 D.41 0.20
100% 20,02 2.90 0.58 0.29
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A REVIEW OF QUEENSLAND DEPARTMENT OF LANDS RESEARCH
ON BIOLOGICAL CONTROL OF WEEDS

G.G. White and G.P. Donnelly
Alan Fletcher Research Station, PO Box 36, Sherwood Q 4075, Auvstralia

Suwmmary. Queensland Department of Lands has imported and released potential biological
control agents on twelve weeds. We review these projects and highlight some critical issves
including retative success of ¢ellections from the same versus related plant taxa, host specificity
criteria, number of agents required and assessment of efficacy of control agents. Control of the
harrisia cactus complex, Eriocereus spp., by a mealybug has been clearly successful. Results of
insect releases on herbaceous and woody weeds are less clear. Partial control of seven weed
species has been achieved, with effects ranging from major reductions in density over the range
of the weed to temporally or spatially scattered damage. Projects on four weeds have achieved
ne significant contrel ta date.

INTRODUCTION

The highly successful biological control campaign against prickly pear, Opunfia stricta,
invelving Cactoblusis cactorum set the stage in Queensland for continuing research into this
method of weed control. When the Commonweaglth Prickly Pear Board was terminated in 1939,
Queensland Department of Lands took over responsibility for control of exotic weeds. Research
into biological contrel, and other methods of weed control, is carried cut at the Alan Fletcher
Research Station in Brisbane and at the Tropical Weeds Research Centre at Charters Towers in
notrth Queensland,

The current status of Department of Lands biological control projects is reviewed in this paper.

The relevance of these projects to the debate of some critical issues in biolegical control is
discussed.

STATUS OF PROJECTS

The success of biologica! control projects was assessed by the extent to which previously used
contrel measures, such as herbicides or mechanical contrel, have been replaced or reduced
following the relense of biclogical control agents. The status of projects on twelve weeds for
which agents have been released is summarised in Table 1.

Harrisia cactus is a weed of grazing lands in central Queensland. The mealybug has greatly
reduced density of the cactus, but the insect hag limited powers of dispersal. Control by
government and landholders by mechanical clearing and herbicide application has been replaced
by distribution of the meatybug (12}

Noogoora burr is a weed of grazing lands throughout mwuch of Queensland, reducing pasture
growth, impeding access to water, and contaminating wool with burrs. Foliowing the apparently
accidental introduction of a rust fungus, noogoora burr is no lenger considered a serious weed

by many graziers and the cost of removal of vegetable matter from wool has been greatly
reduced (2},
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Table 1. Current status of Queensland Department of Lands biclegical control projects

against weeds

Weed

Degree of control

Effective agents

Eriocereus spp
harmisia cactus

Xanthium strumarium
noogoora burr

Mimosa invisa
giant sensitive
plant

acceptable

acceptable, many
areas and seasons

acceptable, many
areas and seasons

Hypogeococcus pungens
mealybug

Puccinia xanthii
rust fungus

Heteropsylla spinutosa
sap-sucking bug

Baccharis halimifotia
groundsel bush

Lantagna camara
lantana

Parthenium hysteraphorus
parthenium

Ambrosia artemisiifolia
annual ragweed

Ageratina adenophory
crofton weed

partial,
inadequate

partial, some arcas
and seasons,
inadequate

partial, inadequate

partial, inadequate

partial, inadequate

Oidaematophorus balanotes
stem-boring meoth
Megacyllene mellyi
stemn-boring beetle

Tefeonemia scrupulosa
sap-sucking bug
Ocrotoma scabripennis,
Uroplata girardi
leaf-mining beetles
Phenocaccus parvis
mealybug

Epiblema strenuana
stem-galling moth

Epiblema strenuang
stem-galling moth

Cercospora eupatorii
leaf-spet fungus

Ageratina riparia
mistflower

Cryptostegia grandifiora
rubber vine

Acacia nilotica
prickly acacia

Parkinsonia aculeata
parkinsonia

none

nong

none

nang

Giant sensitive plant, Mimosa invisa, is a fast growing, prolific weed of pastures, crops,
plantations and roadsides in the wet tropics. Thomy clumps prevent grazing and restrict access.
Control with herbicides continues in crops. Herbicide use by graziers and government has been
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drastically reduced since introduction of the psyllid in 1988/89, except for areas and seasons that
are too wet or too dry for the psyllid.

Biological control agents inflict damage that is believed te significantly reduce vigour of
individual plants and, in some cases, populations of five of the weeds listed in Table 1, but
without apparently reducing the need for alternative methods of contrel. This degree of control
is listed as partial but unacceptable.

Four biclogical control targets for which only one or two agents have been released remain
uniffected (Table 1).

CRITICAL ISSUES IN BIOLOGICAL CONTROL

Some theoretical aspects of biologicul contrel are raised in many of the forums in which
biocontrel is discussed. The continuing discussion indicates that these issues are unresolved, and
some perhaps cannot be resolved to the stage that useful generalisations can be made. Four of
these issues are discussed below in the light of evidence provided by examples of weed
biocontrol in Queensland.

How many agents should be relessed? Myers (9) has challenged the "conventional wisdom that
more insect herbivory is better for weed control" to conclude that success is more frequently
zchieved by a single species.

In each of the cases of successful control listed in Table 1, success has been achieved by a
single species following release of between two, for giant sensitive plant, and five, for noogoora
burr, agents. Twenty five species have been released on lantana, with four inflicting some
damage, and eight have been released on groundsel bush, with two inflicting sorme damage, and
in bath cuses only partial, inadequite control has been achieved. These examples suppart
Myers' (9) suggestion that each introduction is a lottery that may or may not achieve success,
and that more established agents may not improve control.

Efficacy of "old" versus "new” associations. Hokkanen and Pimentel (8) concluded that
biocontrol agents caollected from species other than the target, thus a new association, have been
mere successful than agenis collected from the larget species, an old asseciation. Goeden and
Kok (6) refuted this claim for weed biocontrol, citing proundsel bush as an example but without
access to complete data.  Data for all species tested, presented in Table 2, provides further
suppont for the cenclusion of Goeden and Kok that new host-plant incompatability is a majer
obstacle for new associations in weed biocentrol.

Assessment_of efficacy of _apents. Hamis (7) suggested that economic evaluation of weed
biocontro} is necessary 10 ensure continued funding, and that scientific evaluation is necessary to
develop concepts that will lead to incressing success in weed biocontrol.

The first of Harris’ (7) points is increasingly important as funding for science in general and
weed biocontrol in particular becomes more competitive.  Evaluations of harrisia cactus (12) and
noogoori burr (2) have clearly demonsmated the large benefits accruing from successful weed
biccontrol. Evaluation of the partial control of parthenium attributed to the stem-galling moth
would identify any economic advantage attributable to effects on parthenium that allew pastures
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to compete more successfully with the weed. However, the resources necessary to do the
evaluation may be better directed towards introduction of further agents.

Table 2.  Comparison of efficacy of old and new associations for biocontrol
of Baccharis halimifolia

Old associations New associations

Collected from: Buaccharis Other Baccharis
hafimifolia sp.
Number of species:
tested 7 14
successfully reared on 5 3
8. halimifolia
released in the ficld 5 3
established in the field 4 2
effective 1 11

Harris® {7) second point is appealing to scientists, but can it be supported? Evaluation has
affowed modification of the weed-biocontrol agent system under study to increase success of that
system (14}, but most attempts at generalisation have failed (4). As Cullen {4) suggests,
scientific evaluation must be directed towards consideration of the paricular insect-plant
interaction.

Host specificity criteria. The centrifugal phylogenetic method of host specificity testing (13) has
been adopted in Australia. These tests have been successful in excluding potentially significant
pests and identifying potential fer attack on non-target native plants (10). However, these tests
are time consuming and may indicate an artificially wide host range (3).

The rust on noogeora burr and the mealybug on lantana (Table 1) were apparently accidental
introductions.  CGiven the results of subsequent host tesing of these agents (1, 11), fonmal
approval for release probably would not have been granted. The host ranges of these agents in
the field are largely restricted to the weed hosts, providing further evidence that decisions based
on the usual tests may be too conservative.

Greater reliance should be placed on the host range of potential agents in the field in their
country of arigin, and Cullen’s (3) suggestions for increasing realism of test procedures should
be adopted.

CONCLUSIONS
This review of successes and failures in weed biolegical control by Queensland Department of
Lands provides further data relevant to debates over some critical issves in the weed biocontrol

process. Whether science can make major contributions to what is still essentially an empirical
process remains to be seen.
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CONSTRAINTS TO THE INTRODUCTION OF BIOCONTROL AGENTS FOR PRICKLY
ACACIA (ACACIA NILOTICA)

J. Marchasy
Alan Fletcher Research Station, Queensland Dept of Lands, Sherwood Q 4075, Australia

Summary. Prckly Acacia, Acacig nifotica, 35 attacked by over ninety different species of insect
in Kenya. However, only a small number of species appear to fulfil the necessary criteria for
biocontral being both adequately specific and potentially damaging, I suggest that the gall
midges are potentially the most damaging insect group and extensive field survey work in Kenya
indicates the midges are host specific. However, the requirement of the Australian Quarantine
and Inspection Service that potential agents must be tested against a long list of plant species
makes testing of these insects, which are very short lived and dependent on developing buds and
flowers difficoit. This is particularly so for prickly acacia as it has not proven possible to get
this weed and many refated species to flower and pod in pots.

INTRODUCTION

Prickly acacia, Acacia nilotica, is an exotic species which was deliberately introduced into
Queensland in the 1920s and 1930s and promoted as a shade and fodder tree. Although prickly
acacia trees are stil considered beneficial at low densities in some simations, undesirable
thickets develop from the enormous soil seed bank after years of above average rainfall.
Prickly acacia is particularly a problem on the fertile black soils of the Mitchell Grass Downs
(1, 2). Approximately 7 million hectares of a total of 22 million hectares of the Mitchell Grass
Downs are currently infested with prickly acacia (27). It is predicted that given a series of wet
years, the entire Downs region could be lost to prickly acacia thom forest resulting in increased
soil erosion and a much reduced carrying capacity (27).

A five year biological control program based in Pakistan was initiated in 1980 and resulted in
the introduction of two insects, a seed-feeding bruchid and a shoot-boring moth (20). Only the
bruchid, Bruchidius sahlbergi Schilsky, has established. It is now widespread destroying up to
50% of prickly acacia seeds. However, the bruchid appears to be having a minimal impact on
the spread of prickly acacia.

A three year biological control project was initiated in Kenya in 198%. I was based at Muguga,
near Nairobi, for the project. Ninety-one different species of insect were found attacking prickly
acacia in Kenya. However, only a few of these species appear to have potential for biocontrol.
Potential insect biological control agents must fulfil two different criteria: they must be
adequately host specific and they must be potentially damaging. From these perspectives prickly
acacia presents perhaps more challenges for biccontrol than "the average weed".

Prickly acacia is very closely related to much of the Australian flora. There are three subgenera
of Acacia. Most phyllodinous Australian species are in the subgenus Heterophyllum. Many,
principaliy African species, are in the subgenus Aculeiferum. Prickly acacia and twe native
Australiun species, Acacia bidwilfi and Acacia sutherlandii and one naturalized Australian
species considered a beneficial, Acacia farnesiana, belong to the subgenus Acacia. The above
three Australian members of the subgenus Acacia also occur on the Miichell Grass Dewns, A
very high level of host specificity, perhaps at the leve! of species specificity, is thus required of
potential control agents. However, if preat biclogical control potential can be demonstrated,
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insects which also feed on the three Australian acacias in the same subgenera might be
considered for introduction. Harris (9) and Cullen (4) discuss the risks associated with releasing
control agents capable of feeding on native plant species and generally conclude that damage is
unlikely to be significant.

Also, particular problems are presented by prickly acacia being a free.  Amongst other
difficulties, potted prickly acacia and related tree species usually do not flower or pod, which
makes testing (which must be undertaken in quarantine) and mass rearing of insects dependent
on developing flowers and pods, impractical at the present time. We are currently experimenting
to overcome this problem. An additional consideration with prickly acacia is the presence of
nine recognized subspecies with different geographic ranges in Asia and Africa. The weed in
Queenstand is considered to be A. nilotica indica, native to the Indian subcentinent. A, nilorica
feiocarpa and A. nilotica subalata are the two subspecies native to Kenya and the subspecies
from which the insects discussed in this report were collected.

I will now discuss the five groups of insects found in Kenya which appear to have most
potential for biccontrol and outline the present position with these insects with particular
reference to their level of host specificity and potential to damage prickly acacia. The insects
are discussed in what [ consider 1o be an ascending order of potential for biecontral. However,
my attempts at grouping and pricritizing should be understood in the context that biocontrol
remains in many ways as much art as science (5,26). It has in the past proven impossible to
predict which insect species will be most effective.

An additional limitation of the following study. and of relevance to all biccontrol work, is
increasing evidence for the prevalence of cryptic (also known as sibling) species (22). Should
we dismiss insects as inadequately host specific on the advice of taxonomists using
morphological characters? For example, cryptic species are very common in scale insects were
morphological conservatism appears 1o be a widespread phenomenon (18). 1 only tested four of
the eight species of scale insect mentioned in this report, the remazining four were rejected on the
advice of taxonormists who indicated they were cosmopolitan and polyphagous.

RESULTS AND DISCUSSION

Flower-feeding lepidoptera. The flowers of acacias in Kenya are almost exclusively ntilized by
tepidoptera {(15). I reared forty-three different species of lepidoptera from the inflorescences of
twenty-six different species of Kenyan acacia over a two year period (15). Field survey data
indicated that no species of lepidoptera is specific to prickly acacia but most appeared restricted
te the subgenery Acucia and Aculieferum.

If these flower-fecding insects were likely to be very damaging to prickly acacia, feeding on the
three Australian species in the subgenus Acacia might be tolerated (see 17 for a precedence).
[owever, given that over 99% of the fllowers produced by prickly acacia are normally aborted
{25) 1 suggest an vnrealistically large percentage of fiowers would need to be destroyed for the
lepidoptera 10 have any impact on seed production. In addition, dissection of inflorescences in
Kenya sugpested that most lepidopteran larvae do not destroy all flowers in an inflorescence
before moving on 19 the nexi inflorescence (Marchasy & Hongeo, unpublished data).

It would thus appear this group of insects have limited potential for the biological control of
prickly acacia, being inadequately host specific and unlikely to be damaging.
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Seed-feeding insects. I found a diverse complex of insects attacking the pods and seeds of
prickly acacia in Kenya including: externally feeding herniptera; lepidoptera and hymenoptera
which feed internally on green seeds; lepidoptera which feed internally on mature seeds; and
bruchids and a cerambycid which feed internally on mature seeds (15). Field survey data and
literature records indicate that many of the lepidoptera and hemiptera are pest species (15}
Most of the bruchids and cerambycids appeared restricted to the acacias but field data for many
of the species, and host specificity testing of two species, indicates they are also capable of
feeding on the seeds of members of the subgenera Aculiferum and Acacia (15).

Feeding by the beetles on the three Australian acacias in the subgenus acacia might be tolerated
if the beetles could be shown to have much potential for biological control (4,17). However, in
my opinion any insect which feeds an mature seeds is unlikely to be effective in Queenstand
because mature pods tend to be eaten by sheep and cattle as soon as they fall to the ground.
Seeds in these pods will pass through cattle and remain viable in cow dung, but will be
inaccessible to attack by beetles which will not search for seed in dung. In addition, it appears
particularly high levels of seed predation are necessary to have any impact on the population
dynamics of long lived perennials with long lived seeds, like prickly acacia (1,3,11,21).

Insccts which attack unripe green seeds may be more effective control agents as these insects
can access the seeds before they fall to the ground and are fed on by stock. The eurytomid
wasp, Rishecoma cuapensis (Walker), is the most promising insect in this category for the
biological control of prickly acacia (15). Field survey data and museum collection records
indicate R. capensis is specific 1o the subgenera Acacia and Aculeiferurn. This means only the
seed of A. farnesiana, A. bidwilli and A. sutherlundii in addition to prickly acacia, are likely to
be attacked in Queensland. However, extensive host specificity testing, specifically of the
Australian acacius in the subgenus Heterophyllum, would be necessary to confirm this.

R, capensis requires young developing pods for oviposition and larval development. It is thus
not possible to rear or test this species until techniques are developed to stimulate pod-set at
feast in prickly acacia.

Interestingly a sced-feeding Eurytomid, Ewrytoma attiva Burks, has been successfully used to
prevent recolonisation by the weed tree Cordia curessuvica in Mauritius (12).

Leaf-feeding insects. Seventeen species of insect were found attacking the foliage of prickly
acacia in Kenya (15). A more thorough and systematic search in Kenya would probably result
in the discovery of many more leaf-feeding insect species.

Interestingly ten of the species are lepidopteran and seven of these belong to the Geometridae.
Preliminary host specificity testing of two species of geometrid in Kenya, indicated that one
species, Tephring new species, is restricted (o the subgenerz Acacia and Aculiferum and a
second, Semiothisa incorspicua, is species specific to prickly acacia (15). I recommend that
both species be imported into Australia for further testing at the Alan Fletcher Research Station.

Detailed testing of the Kenyan leaf-feeding chrysomelid beetle, Weiseana barkeri Jacoby, was
recently completed at the Alan Fletcher Research Station and a report recommending its release
in Queensland has been submitted to the Australiun Quarantine and Inspection Service. This
beetle appears particularly damaging on 4. nilotica subspecies indica {23,14). Continued high
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levels of attack by leaf-feeding insccts have the potential te reduce the fitness of tree species (3).
We are hopeful this species will have an impact on A, nilerica once released.

Phloem-feeding insecis. A large number of phloem feeding insects were found attacking prickly
acacia in Kenya. Field surveys and host specificity tests in Kenya indicated that the aphids, two
specics of Cicadellidae, and eight species of scale insect have an unacceptably broad host plant

range being able to feed on Australian acacias and in some instances other leguminous species
(15).

Two species of psyllid were found on prickly acacia. Field survey data indicated that one
undescribed specics was able to feed on several species of Kenyan acacia (subgeners Aculiferum
and Acaciay in addition to prickly acacia. A second species, Acizzig new species, appeared
restricted in its host range to prickly acacia (15}, Twoe attempts were made in Kenya to establish
a colony of the Acizzia to conduct host specificity tests but both attempts failed perhaps due to
fluctaations in relative humidities and ternperatures which could not be controlled, due in part to
electricity rationing. Muguga, in the Kenyan highlands, is considerably cooler than the arid
regions of Kenya were prickly acacia grows.

Following approval from Australian Quarantine services, a shipment of psyllids was sent 1o the
Alan Fletcher Research Station. These insects laid lots of eggs but the first instar nymphs all
died without feeding.  Given that the psyllid nymphs tend to be more specific than psyllid adults
(1), 1t is possible that A. nilotica subspecies [ndica, the subspecies on which they were reared at
the Alan Fletcher Research Station is not 4 suitable host.

Gall midges, The Kenyan acacias are host to an interesting complex of gall midges. 1 found
twenty-eight species galling different species of Kenyan acacia, These species, their galls and
acacia hosts are described in Gagné and Marohasy {R). Extensive field survey work established
that all except for one species are monophagous {(8). Five species attack prickly acacia, [
believe three of these species, Acacidiplosis spinose Gagné, Acacidiplosis imbricata Gagné and
Aposhizomyia aruta Gagné, have considerable potential for the biologicul control of prickly
acacia (15).

A. spinosae and A, imbricara  gall the developing inflorescences, replacing seed pods. Te
appreciate the biocontrol potential of these midges it is necessary to have some understanding of
the reproductive biology of acacias. Acacias and many other leguminous species preduce many
more flowers than they have the resources to mature (24). Tybirk (25) estimated that in prickly
acacia 0.3% of Nowers develep into pods. Flower abscission and pod maturation is probably
selective, depending on the order of pollination, the number of developing seeds, pollen source,
and available resources (24). However, it appears that prickly acacia trees can net abert the
galls {as they can abort excess flowers) and that these gally act as energy sinks, consuming
resources which would otherwise be available for pod maturation.  Successfui biocontrol of
Acucia fongifolia has been achieved in South Africa using a galling hymenoptera which operates
in & similar way (6). Dennill (6) reports that the wasp sometimes committed A. longifolia to the
production of 200% more gulls per branch than the normal quota of pods. Dennill (63 dubbed
this phenomena “forced commitment”. Because of "forced commitment” A. spinosa and
A. imbricata have perhaps more potential than other Kenyan insects for the biological control of
prickly acacia.
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I was unable w0 rear A, spinesa in Kenya. The midges would mate in cages but would not
aviposit on two year old poued plants of prickly acacia (13). Given the great petential this
insect has for biocontrol it would be worth further attempts at rearing in very large cages and
with large flowering plants.

A. imbricata is closely related to A. spinosa. It may have less potential for biclogical control
principally because the artichoke-like galls formed by this species are much smaller than the
spiky palls of A. spinosa. The larger the pall, the greater the energy sink and the greater the
petential stress on the host plant (6). This gall midge appears to have a broader distribution than
the spiky gall midge, being also present in South Africa and Zimbabwe. I did not attempted to
rear or test this species.

A. acuta forms u large lumpy gall, typically at the stem apex, inhibiting stem elongation. It is
known that stem elongation in A. nilofica occurs immediately before the development of buds
and flowers and that buds and flowers are only produced on green extending shoots (19).
Through the inhibition of stem elongation this midge can thus effectively stop the production of
flowers.

| was unable to rear this insect in Kenya (13). It would be worth further attempts at rearing
under more controlled temperawures and relative humidities, in larger cages and with larger
plants with larger stem-ends.

CONCLUSION

Only eight of the ninety-one insects found attacking prickly acacia in Kenya appear to have
potential for biclogicat control. Of these species, the psyllid, Acizzia new species, may be too
host specific and the wasp, R. capensis, and the geometrid, Tephring new species, may be
inadequately host specific. The leaf-feeding beetle, W. barkeri, and the laf-feeding geometrid,
S. inconspicua, appear suitable for release in North Queensland. The gall midges, A. spinosa,
A. imbricata and A. acuta, all appear species specific (8), however, because of a combination of
Australian Quarantine and Inspection Service requirements, our curment inability to rear the
midges and our inability to get potted acacias to flower and pod, the use of these midges as
control agents for prickly acacia remains an elusive objective.

Interestingly onty three of the seventy-two species of insect found during the biocontrol project
in Pakistan (20y were also found on prickly acacia in Kenya. When plants have extensive
geographic ranges it 18 nol uncommon that different insect species are found in different parts of
their range (7,16,28). Given prickly acacia’s broad distribution across the African continent,
central Asia and the Indian subcontinent, it 18 reasonable to expect many more potential
biological control apents await discovery in regions distant to Kenya and Pakistan (15).
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SURVEYS FOR THE NATIVE RANGE OF CLERODENDRUM
CHINENSE AND ITS NATURAL ENEMIES

M.H. Julien
CSIRO Division of Entarnology, Long Pocket Laboratories,
Indooroopilly (@ 4068, Australia

Strmmary. The perennial shrub Clerodendrum chinense has become a problem in countries of
the South Pacific. In response to requests to assist in control of the weed preliminary surveys
for the weed’s native range and its patural eoemies were conducted.  The native range of
C. chinense includes southern China and parts of the northern Vietnam border regions. The
native range of the apparently closely related C. chinense var. simplex is wider and includes
southern China. a large portion of northern Vietnam and northern Thailand. A wide variety of
organisms including insects, fungi and rnites were found on these plants. Some caused
significant damage, including the leaf feeding beetle Phyllocharis undulata, a gall fly, stem
tunnelling beetles and leaf attacking fungi. I concluded that 2 biclogical control project would
identify suitable control agents for release in the South Pacific.

INTRODUCTION

Honclulu rose, Cleredendrum chinense (Osbeck) Mabberley (Verbenaceae), is widespread in the
tropical and subiropical world as an ornamental shrub. It grows one to three metres tall, has
attractive large, sermrated edged leaves and white/pink to mostly white, sterile, double flowers in
terminal clusters. It is part of a lurge genus of treey, shrubs and vines native to Africa and
southern and eastern Asia.

C. chinense has become a preblem in several countries in the South Pacific, namely Western
Samouz (first recorded in 1955), Ametican Samoa (no records), Fiji (1940) and Nive (1956), Itis
rated second most important weed in Western Samoa, high among the top 10 weeds in Fiji,
among the t0 most important weeds in Niue and is rapidly becoming a major weed on American
Sameoa (9).

This weed has invaded fertile, humid lowlands and foothills, areas important for cultivation,
estate crops and pastures as well as roadsides and wastelund (6). Weed clumps 1o several
hundreds of metres diameter occur in Western Samoa and the diameter of clumps increase & to
8 m per annum in open areas and 2 m in forested areas. Within clumps, on average 11 stems
per square metre with height 1 to 3 m pravide 25-100% ground cover, dominating other species
{2). The weed poses serious problems for relatively poor farming and subsistence communities.
Chemical control is too expensive. Regrowth is rapid following chemical control or hand
pulling because underground stems remain intact.

Western Samoa and Fiji requested assistance from ACIAR for biological control of this weed.
As a result surveys were conducted in South East Asia and China with the following aims:

* to {ocate the plant and identify its native range,
- to make preliminary cellections of organisms attacking the plant; and
. to determine whether @ biclogical centrel project could be expected to find natural

enemies suitable for release in the South Pacific.
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PLANT TAXONOMY

Synonyms of C. chinense included Clerodendrum fragrans (7) until 1968 when it was found that
the first valid name was C. philippingm Schaver (1847} (1). Unul then many workers treated
C. fragrans and C. philippinum as scparate species or philippinum as a synonym of fragrans.
Subspecific forms of phifippinum were recognised: C. philippinum having double flowers
without functional anthers or stigma, C. philippinum var. subfertile (5) having many or all
flowers fertile und C. philippinum var. simplex having single fertile flowers. Other variety
names were used., multiplex, phifippinem and pleniflorum, that appear io be synonyms of
C. phitippinun.

In 1987, Mabberley pointed out that the first valid name was C. chinense, established by Osbeck
in 1757. The type specimen was collected in southern China in 1751 but had been misplaced in
the bromelaid genus Crypranthus.

tn this paper, as in the author’s survey reports to ACIAR (1992} and Waterhouse {(1993), the
sterile, double flowered, weedy species will be referred to as €. chinense (Osbeck) Mabberley or
Henelulu rose, and the fertile, single flowered plant as C. chinense var. simplex.

SURVEYS IN SOUTH EAST ASIA AND CHINA
Distribution_and_babitat_of Clerodendrim_in South East Asia and China. Surveys were

conducted in norhern and south-eastern Thailand, northern Vietnam and southern and eastern
China.

Honolulu rose wos common in southern and eastern China and tn one area in northern Vietnam
near the Chinese border, and was later found in Quang Ngai Province, central Viemam. It was
growing as a garden ornumental in Kuo Yai National Park in south eastern Thailand, in southem
Victnam and in a village near Hanoi.

Its habitat included roadsides and pathwiys, banks of watcrways, edges of cultivation, in pasture
land and especially in unused areas that were partly shaded. Numerous plants were always
found together at cuch location.  Phenology of the plant varied with habitat from single
stemmed, small leaved plants, less than 50 o high on exposed dry areas, to shrubby clusters of
stems exceeding 2 m in dump, shaded areas.

C. chinense var. simplex, was very abundant throughout northern Vietnam and common in
northern Thailand and southern and easiemm China, It grew in similar habitats to the double
flowered plant, and although both forms were sometimes found in close proximity in China they
were never mixed.

Both forms (Honolulu rose and var, simplex) were surveyed in detail since they appeared to be
close taxonomicalty and have similar hubitat requirements where they overlap. Of the two
forms, the nutive range and abundance of var. simplex wus much greater. If indeed these two
forms are genctically close and have similar chemical and morphological characteristics,
potential biclogicul contro! agents may be found on either plant form.

Other species of Clerodendrum were also surveyed, particularly C. panicudatin (the pagoda
plan) which hosted fungi that also attacked Honolulu rose and var. simplex.
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Qrganisms associated with Clerodendruwn species in South East Asia and China. A wide variety
of organisms including fungi, mites and insects were found in association with the two forms of
C. chinense. ‘Those thought to be host specific and those about which little is known are
included in Table 1. Numerous other species not included are known to attack other plant
species. Severa! individuals and proups are of particular interest.

Phyliocharis undulata is a leal eating beetle that attacked var. simplex in Viemam causing
considerable destruction in localised areas. This insect has been taken to Thailand and released
onto var. simplex and onto cultivated plants of Honolulu rose where it has established (B.
Napompeth, pers. comm,, 1991).

An unidentified gall fly caused stem and leaf galls on var. simplex in China and Vieinam in
areas where the weedy form did not occur. The damage caused deformation, stunting and
reduced numbers of leaves and flowers,

Severai fungi, a rost Endophylium superficiale and a Cercospera like fungus, were found
attacking both flower forms.,

A variety of beetles were found damaging both plant forms of the plant. The most interesting
zppeired to be Cerambycids and Buprestids that damaged stems, Curculionids that damaged
stems and leaves and Chrysomelids that fed on the foliage.

Should biclogical centrol of this weed be pursued, early studies conducted in Vietnam and China
should aim to determine the biology and host range limits of P. yndifara and the gall fly and the
stem and leaf damaging beetles.

DISCUSSION

It is interesting that Honolulu rose has been widespread, mainly as an ernamental, occurring in
over 90 countries, but has enly recently become a problem and only in the South Pacific (8). In
contrast, var. simplex is known from 12 countties, mostly in South East Asia, China, countries
west to Nepal and Pakistan, Japan and the Philippines and Cuba. It is net considered weedy.

The general use of the name . chinense, or its synonyms, O, philippinum or C, fragrans, for
bath Honolulu rose and var. simplex lead to considerable confusion when assessing the literature
and corresponding with collaboraters. The relationship between the two forms is not known;
there are minor morphological differences, such as density of leaf hairs, as well as the floral and
reproductive differences. Honolulu rose may derive from a mutation of the fertile C. chinense
var. simplex. However var. simplex has a much larger southern range in South East Asia than
Honolulu rose.  Studies are needed on the relationships between the different taxa of
Clerodendrum.  This would help determine the plami species or varieties, and therefore the
geographic range, to survey for biological control agents. ¥t would altse assist in interpretation of
host specificity tests of potential control agents.

The results from the surveys indicate that if a biological control project is undertaken apainst
Horolulu rese the exploration phase should be based in southern China and include work in
northern Vietnam. Wider surveys than those already conducted for the plamt would improve
knowledge of the native range and provide limits for exploration for natural enemies.
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Table 1. Organisras found associated with Clerodendrum chinense (C2) and
C. chinense var. simplex (C6) in Thailand, Vietnam and China.

ACARINA: unidentified C2

COLEOPTERA; 11 unident. C2 C6.
Apionidae (1 unident. C2; Lobotracheluy 2 spp. C2). Brentidae (6 unident. C2 Ca).
Buprestidae (1 unident. C2). Agrilinae (2 unident. C2). Cerambycidae (1 unident. C2).
Lamiinae (3 unident. C2). Chrysomelidae (Bruchinac - 1 unident. C2; Cassidinae -
Aspidomorpha fuscopunctata C2, Casyida sp. C2. Chrysomelinae - Phyllocharis undulata
C2, Crivverinac - Lema chujoi C6, Lema indica C2, Lema saigonensis C2, Lema testacea
Ch, Luperomorpha birmanica C2. Eurnolpinae - Aoria bowringii C2, Platycorymus
bicavifrons C2. Galerucinae - Haplosomoides annimita C2 C6, Haplosomoides
appendiculata C2, Haplosomoides costara C6. Hoplosoma sp.? C2, Heplosoma unicolor
C2 C6. Hyphasisy parvula? C2, Hyphasis sp.l C2 C6, Hyphasis sp.2 Cb, Monolepta
signatg C2, Misotra sp. nr. madurensis C2, Sebaethe fusca? C2, Sebaethe sp.1 C2,
Sebaethe sp.2 C6. Taumacera biplagiata C2). Caccinellidae (6 Unident. C2 C6).
Curcalionidae (13 unident, C2 C8, Blosyrus sp. C2, Hypomeces squamosis C2,
Mecysolobus sp. C2, Mylloeerus sp. C2, Tanymecini sp. C2 C6, Cleoninae - 1 unident. C2.
Entiminae - 1 unident. C2. Platypodinae - 1 unident. €6, Scolytinae - 1 unident. C2).
Elateridae (2 wnident. C2 C6). Melyridae (Prionocerinae, | unident. C2). Mordellidae
{1 unident. C2). Nitidulidae (1 unidem. C2, Aerhinz sp. C2). Phalacridae (2 vnident. C2).
Ptitodaciylidae (Frilodacryla sp. C2). Rhychophoridae {i unident. C?). Rhynchitidae {1
unident. C2). Scalytidae {1 vaident. C2}, Scarabaeidae (9 unident. C2 C6, Anomala sp.?
C2, Protaeria sp.? C2, Rulclinae - 1 unident. C2, Scarabaeinae - 1 unident. C2). Sciritidae
(Scirtes sp. C2). Scolytidae (Xyfeborus sp.? C2).

DIPTERA:
Cecidomyidae (1 vnident, C2).

HEMIPTERA: 1 unident, C2 Ch.
Aleyrodidae (1 unident. C2}. Aphididae (7 unident. C2 C6). Cercopidae (1 unident. C2),
Cicadellidae (Tewiyoniclia ferruginea C2). Coccidae (I unident. C2). Coreidae (1
unident. C2, Serinetha sp.? C2). Flatidae (1 unidenl. C2}. Lygaeidae (1 unident. C2).
Miridae {1 unident. C2). Plataspididae {Coprosoma sp. C2). Pseudecoccidae (2 unident.
C2 Co). Pyrrhocoridae (Physopela gurta C2). Tingidae {1 unident, 6},

LEP{DOPTERA: 10 Unident. C2.
Arctiidae (4 unident. C2). Cossidae {2 unident. 6}, Lycaenidae {1 unident. C2).
Phychidae (| unidcet, C2). Pterophoridae (1 unident. C2 C6). Pyralidae (3 unident. C2,
Archips mivaceana C2). Tortricidae (1 unident. C2),

ORTHOPTERA:
Acrididae () unident. C2, Caranrops sp. C2, Oxya diminutg C2, Catanlopinae - 1
unident. C2). Pyrgomarphidae (3 unident. C2). Tettigoniidae (Phaneraprera sp. C2).

FUNGI:
Endophyttunt superficiale C2 Co. Cercospora sp. Ch,
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The number and diversity of organisms found during these preliminary surveys is encouraging
for biological control. [ concleded that a biological control project is likely te identify host
specific natural enemics that could be released in the South Pacific to control C. chinense,
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Environmental weedy

THE [NVASION AND CONTROL OF TAMARIX APHYLLA
ON THE FINKE RIVER, CENTRAL AUSTRALIA

M.R. Fuller
Department of Primary Industry and Fisheries, Arid Zone Research Institute,
PO Box 8760, Alice Springs NT 0871, Australia

Summary. The native ecology of the Finke River is being damaged by the wide scale invasion
of Athel pine, Tamarix aphytla. A contrel programme has been implemented in the Finke and
other rivers of central Australia and basal bark and stemn injection chemical control trials are
being conducted.

INTRODUCTION

Athel pine (Tamarix aphyfia) is native to northern Africa, the Arabian Peninsula, Iran and India.
It waus introduced to Australia from California around 1930 as a shade and ormamental tree and
was first planted in central Australia in the 1950s. Over the past 18 years Athel pine has
become established along several hundred kilometres of the Finke River in the Northern
Territory. Major flows in the Finke River in 1974 dispersed seed along its entire length, and the
wet conditions that foliowed were ideal for seed establishment. Further floods in 1983 and 1984
enabled more Athel pine to establish, from seed and vegetable matter, probably from those trees
established in the 1974 floods. A small infestation also exists in the Ross River east of Alice

Springs. Al infestations originated from trees planted around homesteads and communities for
shade.

The presence ol infesiations of the tree over large areas is likely to have deleterious cffects for
the pastoral industry and censervation of the natural environment. Athel pines tolerate saline
water and exude large guantities of salt through their leaves. They alter several ecosystem
properties with subsequent effects on native flora and fauna. Few native herbs persist under the
dense infestations and the number of birds and reptiles are reduced where native species have
been displaced. Presence of the trees may alter the course of rivers and increase sedimentation
ratcs (1).

The penus has also been studied in the United States of America (USA), where it is a major pest
of descris. Tamarix species cover over 500,000 ha of river systems and flood plains in the USA
and has been associated with huge reductions in native animals and grasses. In the USA the
genus is reported to have higher water usages than native species, desiccating springs, pools and
perennial streams.

Athel pine has the potential to invade all central Australian river systems. It was therefore
declared as & Class B noxious weed in 1988, The strategy for its control is:

(i) 10 eradicate plants from homesteads by chemical and physical means in order to prevent
invasion of non infested rivers;

{ii) to eradicate small infestations already in dver systems such as the Ross River and Palmer
River; and

(iii) ta begin control in the Finke River working from the headwaters downstream and fto
prevent the spread of the tree further downstream from the lowest point of infestation,
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In 1989 a screening trial was carried out to determine which herbicides and application rnethods
would be effective in killing Athel pine. Stem injection with concentrated products of 2.4-D
ester, trictopyr, fluroxypyr, 2.4-D amine plus picloram and triclopyr plus picloram gave 100%
kills, Basal bark treatments of fluroxypyr and triclopyr mixed with diesel at 1:50 gave in excess
of 20% kills (2).

The aims of the experiments described here are to further refine rates of application of
herbicides by basal bark treatment and stem injection, to determine the growth stages at which
basal bark treatment is effective, and 1o determine an appropriate cut spacing for stemn injection.

METHODS

Athel pine often occurs in clumps. This is because young trees are pushed over by floodwaters
and verlical branches appear to be separate sterns or trees. This therefore presents difficulties in
designing herbicide trials as the stems in ¢lumps may well be connected. Some of the kill
ratings of trees in the screening trial may have been ratings of vertical branches of the one tree,
Because of this uncertainty the following experiment was designed to assess the kill of stems,
rather than the kill of individual trees.

The experiments were conducted on New Crown Station in the Finke River system.

Experiment 1 - Basal Bark Treatments, Garlon 600 (600 g/l triclopyr) and Starane (300 g/L.
fluroxypyr), mixed in diesel, were applied to juvenile, intermediate and mature stems in a
randomised block design with four replications. Each plot consisted of groups of 5 to 10 stemns
and each stem was sprayed to a height of 45 cm above ground level. The volume of herbicide
applied per stem varied depending on its size.

The herbicide concentrations were 1:60, 1:100 and 1:120. There were twe types of control:
contrad (i} - diese! alone, and centrol (i) - no ireatment.

The diameter of stems were recorded at application.  Visual observations are being made of
herbicide symptoms, the defoliation response and regrowth. The number of dead stems is to be
recorded 6, 12 and 18 months after herbicide application. Percentage kill data will be arcsin
transformed and analysed as a herbicide rate x growth stage factorial analysis of variance to
determine significant weatrment effects.

Experiment 2 - Stem Injection. Estone 80 (800 g/l 24-D ethyl ester), Garlon (480 g/L
triclopyr), Starane (300 g/L. fluroxypyr) and Tordon TCH (100 g/LL triclopyr pins 50 g/L
piclorum) were injecled into mature stems at waist height in a randomised block design with
four replications. Each plot consisted of groups of 5 to 10 stems. Two cut spacings were
tested: 13 cm and 25 cm centres, with 2 mL of herbicide applied per cut.

The herbicide concentrations were 100%, 50% and 25% product and 2 water injection control.
Visual observations will be made of herbicide symptoms, the defoliation response and regrowth.
The number of dead stems will be recorded at 6. 12 and 18 months after herbicide application.

Percentage kill data will be arcsin transfonmed and analysed as a herbicide x rate x cut spacing
factoriul analysis of variance to determine significant treatment effects.
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RESULTS

At the time of writing only the 6 month recordings had besn made. Resuvits will not be analysed
until the 18 month recordings have been carried out (February 1994).

Past conirol has been carried out using Garlon 600 at 1:60 with diesel. This gives 100% stem
kills. However, ficld observations from the trial indicate that Garlon 600 mixed with diesel at
L1040 will give greater than 95% kiil for trees up to 150 mm diameter that have not developed a
hard mature bark.

Starane does not appear to be as effective on immature stems at 1:60. No conclusions can yet
be drawn from the stem injection trial.

DISCUSSION

The basal bark treatment of Athel pine in the Finke River is continuing. The Tjuwanpa
Outstation Resource Centre and the Aputula Community have been funded by the Bureau of
Rural Science, Australian Nature Conservation Agencies, Save the Bush and the National
Landcare Programme 1o work in conjunction with the Northern Territory Depariment of Primary
Industey and Fisheries to carry out this control.

Until trial results are more conclusive basal bark control will continue using Garlen 600 at 1:100
and 1:60 depending on tree size. Stermn injection will continue using Tordon TCH at 2 mL per
cut, with cuts at 13 cm spacings.

Athel Pine has been eradicated from the headwaters of the Finke River to the Stuart Highway, a
distance of 200 km. 1t is anticipated that it will be totally eradicated from all central Australian
rivers by 1993,
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ALTERNATIVE HERBICIDES FOR GRASS CONTROL IN LEGUME PASTURES

D. Stephenson’, D. Roget?, R. Inweod® and 1. Black®
' $A Research and Developrment Institute, GPO Box 1671, Adelaide SA 5001, Australia
2 CSIRO Division of Seils, PMB 2, Glen Osmond SA 5064, Australia

Suwmmary. Post-emergence herbicide treatments were tested for control of silver grass (Vulpia
myhros), annual ryegrass (Loffum rigidum) and volunteer barley (Hordewm vuigare) in
subterranean clover (Trifofium subtervaneym), and for control of barley grass (H. lepeorinum) and
red fescue (Festucq rubra) in medic (Medicago spp.) in South Australia in 1992, Carbetamide
at 1750 g/ha gave the best control but is expensive. Clethodim + simazine at 60 + 400 g/ha
gave moderate grass control with satisfactory legume tolerance, but the possibility of herbicide
resistance is a concern. Simazine + paraquat at 400 + 40 or 400 + 60 g/ha also gave moderate
grass contral with satisfactory tolerance by both clover and medic. Paraquat at 150 g/ha
temporarily suppressed clover growth and caused unacceptable damage to medic.

INTRODUCTION

The cost of the cereal root disease, take-all (Gawnannomyces graminis var. ritic), has been
estimated ac $100-200 million p.a. acress southern Australia (1,6). The major control srategy is
through rotation with non-cereal crops although the practice of removing grasses (the disease
hosts} in the pasture phase is of increasing importance. Both these techniques rely heavily on
the use of selective grass herbicides and ure therefore under threat from the development of
herbicide-resistant grasses (11),  Furthermore, these selective herbicides do not ¢ontrol Vulpia
species {silver grasses) (8).

The use of herbicides to centrol grasses in pastures is expecied to increase because it is a
relatively simple and cost-effective technique, there is increasing evidence of the value of the
pasture phase of rotations in sustainable farming systems, and it is one of the few effective
options for cereal root disease contrel in low rainfall areas where grain legumes or oilseeds are
nat suitable.

Research in Western Australia suggests that the incidence of wke-all increases by about 3% for
each 100 kg/ha of grass dry matter in spring in the previous year's pasture (10). In South
Austrafia, take-nll was controlled when grass comprised 3% or less of the previous year’s
pasture (6).

The principal uims of 2 field experiments conducted in South Australia in 1992 were to
investipute alternutive herbicide strategies for the control of pgrasses in pastures that would:

(1) reduce the grass component to a level that would provide control of take-all,

{2) provide options to the currently available selective grass herbicides in order to reduce
selection pressure for the development of herbicide-resistant grasses,

(1) previde adeguate control of silver grass, and

(4} exhibit acceptable safety 10 pasture legumes.
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METHODS

Post-emergence herbicide treatments were applied on 25 June in a medic pasture at Palmer
(sandy loam, pH 8.2) and on 16 July in a subterranean clover pasture at Marrabel {clay loam,
pH 6.1} in South Australia in 1992. Treatments were applied with a hand-held, 2 m-wide spray
boom delivering 85 L/ha of spray mixture.

Grasses present at Marrabel were silver grass, annual ryepgrass and volunteer barley. Barley
grass was present at the Palmer site which was expected to also contain silver grass, but this was
later provisionally identified as red fescue. Because of the carly break to the seasen in South
Australia in 1992, the grasses were well advanced (tillered} at the time of spraying.

Experimental design was a randomised complete block with 4 replicates and 12x3 m plots. Data
were handled by analysis-of-variance technigues.

Effects of the herbicide treatmenis were assessed at bolh sites by visual inspections and by
measuring the percentage ground cover of each species in grazed sections of the plots. Herbage
was cut and oven-dried to determine pasture production (dry weight) and composition.

At Marrabel, cuts were taken frem ungrazed pasture in 3 replicates on 21 September to
determine total pasture dry weight, and from lightly grazed pasture in 2 replicates on 2
November. Equipment failure prevented any further sampling at the later date. The proportion
of grass and clover in the samples from the later harvest was estimated visually, with reference
to the ground cover measurements of 27 October.

At Palmer, herbage was cut from ungrazed pasture in all ploats on 13 Qctober and soried into
species to determine the proportion that each compenent contributed to total dry weight.

Resulis from some herbicide treatments are not reported in this paper but were included in the
statistical analyses. Imazethapyr at 40 g/ha, mixed with paraquat or simazine, had little effect on
grass control, Spraying oil added 10 severa! of the herbicide treatments also had hittle effect.

RESULTS AND DISCUSSION

Marrabel,  All herbicide treatments significantly reduced total pasture dry weight on 21
September, Paraquat at 150 g/ha, followed by both simazine+paraquat mixtures, gave the largest
decrease (44-66%). It is probable that many of the herbicide weatments suppressed clover

production, since this was the main component of the pasture, bul quantilative data were not
obtained.

The light grazing that occurred prior to 2 November may have partially masked differences
between treatments, and the harvesting of only 2 replicates decreased the sensitivity of the
statistical analtysis. Given these limitations, no weatment significantly reduced clover or total dry
weight on 2 November. Several (reatments significantly reduced grass dry weight, with
1750 p/ha carbetamide and clethodim+simazine giving complete grass contsol {Table 1).

These resulis are supported by the ground cover measurements on 27 October, where

carbetamide and clethodim+simazine were the only treatments to significantly decrease grass
ground cover and significantly increase clover cover.
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Table 1. Pasture dry weight (kp/ha) at Marrabel, 2 November 1992

Treatment and rate (g/hu) Clover Grasses Total
Untreated 2556 639 3195
Paraquat (150} 074 1019 4093
Carbetamide+paraquat

(350-+40) 3269 57 3846

(700+40) 2895 102 2997
Simazine+paraquat

(A0)+40) 3086 250 3335

{400+60} 2833 58 2801
Clethodim+paraquat {(60+40) 3098 356 3453
Carbetamide (1750) 3479 0 3479
Carbetamide+simazine

(350+400) 3119 15 334

{700+400) 3207 36 3242
Clethodim+simazine (60+400) 2985 0 2085
Lsd. (5%) n.s. 478 n.s.

Some herbicide treatments containing paraquat initially reduced clover vigour which allowed
grasses, especially silver grass, to increase in proportion. This effect was most obvious with
150 g/ha paraquat. The clover recovered as the season progressed but the proportion of grass
remained higher than in untreated pasture (Table 1) and, according to percentage ground cover
measurements, was significantly higher for silver grass.

Palmer, Most herbicide remmments significantly reduced barley grass dry weight, but fewer
significantly reduced total dry weight (Table 2). Paraguat at 150 p/ha caused severe medic
damage, but 40-60 g/ha in mixtures with other herbicides was acceptable. The ground cover
measuremnents in grazed areas showed that there was a higher percentage of bare ground where
barley grass was controlled.

The herbicide treatments that significantly decreased barley grass dry weight also decreased the
proportion of barley grass in the pasture. Carbetamide, both carbetamide+simazine eatments,
and simazinc+paragquat w1 400+40 g/ha significantly increased the proportion of medic in the
pasture.

Conclusions. Carbetamide ar 1750 g/a gave the best grass control but is an expensive treatment
{approximately $65/ha). Lower rates {350 and 700 g/ha) were tested in mixtures with paraquat
or simazine, in order to reduce the cost of treatment, but grass control suffered as a result. It
appears that at least 700 g/ha carbetamide is needed for acceptable grass contrel and that
carbetamide+simazine is more promising than carbetamide+paraquat.

Other research has shown that a mixture of a selective grass herbicide with simazine can give
pood control of a range of grass weeds including silver grass (6,9). Such mixtures do not
overcome the threat of herbicide resistance. If they are used in the pasture phase, selective grass
herbicides should not be applied in the crop phase (5}
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Clethodim was the selective prass herbicide used in these experiments because it has some
activity on silver grass at high rates (2,3,4.7,12). Unfortunately, it has poor activity on barley
grass {7) which was the dominant weed at Palmer. An altemative grass herbicide, such as
fluazifop, would have been more appropriate in this situation.

Mixrures of simazine with paraquat conuolled silver grass and other annual grass weeds in
southem New South Wales (9). Similar treatments in South Australia have sometimes given
unsatisfactory control of grasses other than silver grass (13).  Ar rates that exhibit acceptable
safety to pasture legumes, mixtures of simazine with paraquat may not control all grasses well
enough te effectively reduce take-all. Nevertheless, these treatments merit further investigation
as they are relatively cheap and offer an alternative to the selective grass herbicides. Based on
the results from this experiment and on other research experience, application to young plants
andfor an increase in the paraquat rate above 60 gfha may be necessary to achieve & satisfactory
level of grass conwol, This is likely to increase the risk of pasture legume damage (especially in
medies} and reduce feed availability during winter, but may be the price that has to be paid if
take-all is to be controlled.

Table 2. Pasture dry weight (kg/ha) at Palmer, 13 QOctober 1992

Treatment and rate {g/ha) Medic B;l::g Fescue  Broadicaf Total
Untreated 1156 1104 0 80 2340
Paraquat (150) 471 104 84 310 869
Carbetamide+paraguat

(350+40) 856 956 0 46 1838

{700+40) 1158 243 147 91 1639
Simazine+paraquat

{400+40) 1344 74 26 226 1670

(400+60) 996 290 58 179 1522
Clethodim+paraquat (60+40) 1456 530 0 550 2536
Carbetamide (1750} 1370 0 167 164 1701
Carbetamide+simazine

(350+400) 1466 369 43 38 1916

(700+400) 1063 96 5 4 1170
Clethodim+simazine (60+400} 1058 980 0 22 2060
Ls.d. (5%) 486 M n.s. n.s. 655
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ACTIVATED CARBON IMPROVES THE TOLERANCE OF LETTUCE TO
MIXTURES OF NAPROPAMIDE WITH DIURON OR PROMETRYNE

J. Toth?, P. Milham' and L. Smith?
' NSW Agricuiture, PMB 10, Rydalmere NSW 2116, Australia
* 8 Darwin Drive, Lapstone NSW 2773, Australia

Summary. Propyzamide selectively controls weeds in lettuce, however, it is not effective apainst
weeds of the same botanical family and chemicals that are effective also kill lettuce. To
overcome this problem several means were tested of applying activated carbon to protect lettuce
against various herbicides and herbicide mixtures in the glasshouse and field. Field treatments
included mixtures of propyzamide (3 kg/ha) with napropamide (1, 2 and 3 kg/ha), linuron (0.5,
0.75 and 1 kg/ha), diuron (0.5, 0.75 and 1 kg/ha), propachlor (0.5, 1 and 2 kg/ha) or prometryne
(0.25, 0.5 and ©.75 kg/ha).  All mixtures provided excellent weed controi and activated carben
applied above the lettuce seed at sowing protected the seedlings against mixtures containing
napropamide, diuron and prometryne but to a lesser degree against these containing linurcn and
propachlor. A prototype machine has been developed to sow seed and apply activated carbon
over the seed prior to herbicide application.

INTRODUCTION

In commeon with other Asteraceae, lettuce is relatively tolerant of the herbicide propyzamide
which is used to selectively control weeds in lettuce crops throughout Australia. The crops are
predominantly grown near the coast, where potato weed (Galinsoga parviflora Cav., also a
member of the Asteraceae family) thrives on cultivated land. In this environment, weed seed
production (greater that 70,000 seeds per plant) and germination (greater than 2(L000
seedlings/plant) continue all year round. Potato weed is resistant to propyzamide, and is the
maost economically important weed in the production of lettuce in Australia.

Activated carbon adsorbs herbicides (8), and with other adsorbents has been used to protect
crops such as lettuce {1} from injury by herbicides and thus enhance selectivity. Toth et al. {5)
used activated carbon to protect tomato against metribuzin and Taylor and Warholic (5)
protected fluid drilled lettuce from various herbicides using activated carbon applied in gels with
the seed. Germination of letiuce seed has been shown to be uninhibited by activated carbon (3).

The following experiments were conducted to investigate whether the tolerance of lettuce to pre-
emergent herbicides could be improved by placing small quantities of activated carbon near the
seed prior to application of the herbicides.

METHODS

Glasshouse trials. The first experiment assessed the effects of 33 herbicide aeatments (Table 1)
on the growth of both potato weed and letiuce. The most promising 23 weatments (Table 2)
were fepeated in a second experiment. In both experiments white polystyrene cups were used as
pots, cach containing ~250 g of air-dry sandy loam. A mixed fertiliser solution was injected
into each pot (6) then lettuce was sown into two thirds of the pots (10 seeds/pot) and potato
weed into the remaining one third. Activated carbon suspension in water (2 mL containing 0.1 g
of carbon) was applied on the soil surface immediately above the seed row in half of the pots
containing letiuce. Herbicide treatments were applied and watered-in using a conventional spray
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nozzle mounted in 2 specially designed spraying cabinet. Each treatment was replicated four
times. Watering was maintained independemily for each pot using jute wicks with one end
implanted in the soil and the other immersed in waier in a reservoir (7). Seedlings were counted
at weekly intervals und plants were barvested, dried and weighed four weeks after emergence.
The best trearments from the sccond glasshouse experiment were rialled in the field.

Field tria}. In the field trial a randomised sphit plot design was used with 4 rows of lettuce per
plot. There were eighteer main treatments and each treatment was split into 4 spb-freatments (1
row of lettuce). The trial was replicated 4 times. The main treatments included a nil control
and a hand weeded control, all other treatments received 3 kgfha propyzamide alone or in
mixture with linuron (1.5, 0.75, 1.0 kg/ha), prometryne (0.25, 0.5, 0.75 kgfha), diuron (0.5, 0.75,
1.0 kg/ha), propachler (0.5, 1.0, 2.0 kg/ha) or napropamide (1.0, 2.0, 3.0 kg/a). The sub-
treatments used were seed with no protection, seed in xanthan gum, activated carbon placed on
the seil surface above the seed, and seed in xanthan gum with activated carbon. The herbicide
trestments were applied using a small compressed air plot spraying apparatus.  Lettuce plants
were counted 7 days after emergence. They were harvested and weighed green 60 days after
planting.

RESULTS AND DISCUSSION

Glasshouse trials. Data from the first experiment clearly illustrate the difficulty of selectively
removing potato weed from lettuce since all the effective herbicides were also highly toxic to
lettuce (Table 1). It would be a rather simpler task te remove lettuce from a crop of potato
weed using butylate, profam or chiorthal!  Selection of herbicides for subsequent experitments

was therefore strongly influenced by the degree of protection afforded to the lettuce by activated
carbon.

Activated carbon enhanced the tolerance of letiuce 10 all the herbicides, particularly linuron,
prometryne and napropamide, as evidenced by beth increased survival and weight of seedlings
(Tables 1 and 2). However, this beneficial effect is not attributable solely to a reduction in
phytotoxicity through adsorption. There are at least two confounding influences. First, activated
carbon stimulated germination probably through adsorption of inhibitors (3). With the short
duration of the experiments, this caused growth enbancements in the absence of herbicides
{Table 2} and perbaps in their presence.  Secondly, with linuron in the first experiment and
prometryne in the second, increasing the herbicide dose increased dry weight in the presence of
activated carbon.  This is attributed to incomplete herbicide adsorption, resulting in growth
stimulation from the residual low herbicide dose (2 and 4). We find such effects notoriously
difficult 10 reproduce between experiments, but have observed them on several other occasions.

Field trials. There was a wide range of weed species in the experimental area. When no
herbicide was applied grusses dominated and weed compeltition overwhelmed the crop (Table 3).
When only propyzamide was applied the grusses and most of the broadleaves were controlled.
Potato weed became dominant and the ¢rop yield was reduced by more than 75% compared with
the hund-weeded control (Tables 3 and 4).

All the herbicide mixtures provided excellent weed control.  Therefore the effects of the
treatments on yield are not due to weed competition (Tubles 3 and 4). As in the glasshouse

experiments the herbicide treatments that controlled the weeds were also toxic to lettuce (Table
3.
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Tabte 1, Effect of treaiments on establishment and growth of leituce and potato weed in the first glasshouse
exporiment. Plants were harvesied four weeks after emergence.

Herbicide treatments Seedling establishment and growth (dry weight)
Lettuce Polato weed
L Raie -AC? +AC?
Combination . No. of Dry wt,
(kg of aiha) MNa. of Dry wl Na. of Dry wi. plants Ty
plants {2 planis [€4]
Propyzamide 225 4 0.248 Kk 1.355 120 981
Py 450 26 0.357 23 1.147 70 1653
Propyramide plus 225 4+ 0,128 28 0202 b4 (.794 106 2973
linuron 2.25 + 0.250 32 0.383 22 0.611 3z 0.634
225+ 0375 23 0.260 30 1791 24 (.243
225 + 0.500 3 0.4035 33 1778 22 0.304
Propyzamide plus 225 + 0.125 12 0.099 k2! 1.866 7 0.009
[rometryme 225 + 0.250 6 0006 36 1.442 4 0.0i¢
225+ 0375 9 0.016 14 1.247 3 0.005
225 4 QL300 9 0.042 M L33 - -
Propysamide 2.25 + D65 29 0.324 9 1.334 15 0.027
plus propachloe 225+ 430 27 0112 29 0.6i8 g 0.005
225 + L95 23 0.066 28 1.186 6 0.00B
Propyzamide plus 225 + 025 31 0.277 27 121t - -
timron 225+ 050 13 0.020 29 1052 7 0.010
Bropyzamide plus 225+ 0.50 29 0.253 37 1479 96 0.951
napropamide 225+ 1.00 3 0312 37 1.713 70 0.138
225 + 1.50 32 0.242 2 1.362 68 0.108
Propyzamide plus 2,25 + 180 25 0,469 31 0.626 54 0812
diphienamide 225 + .60 23 0.259 21 0490 42 0457
225+ 240 9 0282 35 1.016 9 D468
Bensulide S.00 28 0.203 33 0.500 85 j.otl
10.00 27 0.172 35 0.557 37 1.228
Butylae 1.00 3 0.073 16 0.54] 81 31,040
2.00 27 0.081 16 0.353 4 2950
.00 25 0,004 36 0.561 99 3.579
4.00 26 0.073 32 0.612 13 2.651
Chilorihal-liruron 1125 27 G.110 34 0.758 4 0092
{Shamrox®) 6,250 26 0.138 38 0.744 - -
Prapham .00 30 0215 33 1068 99 2815
6.00 29 0.087 29 0.642 79 2,554
Chiorthad 1.50 £ 0172 k% 0841 45 2243
Cryzalin 0.50 » 0.0t 15 0.850 - -

" Data are witals Tor (he Toor replicates,
* 4 AC = activated carbon added and -AC = no activated carbon added.
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Table 2. Effect of treatments on establishment and growth of letiuze and polato weed in the second
glasshouse experiment. Plants were harvested four weeks afler amergence.

Herbicide wrealments Seedling eslablishmenl and growth (dry weighl)
Lettuce Potalo weed
S Rate -AC +AC?
Combination i No.of  Dry wi
(kg of aifha) No.of  Drywt. No.of Drywh  plagg )
plants (g} planis (g)
Propyzantide 0 i6 0.287 32 0.425 62 2.795
Y 225 33 0.307 33 0.311 13 0.997
Propyzuamide plus 225 + 0250 3 0.286 38 0.687 19 0.240
linuron 225 + 0375 11 0.098 36 0432 4 0.027
2.25 + Q.500 11 0.051 k¥ 0.443 1 0.002
Propyzamide plus 225+ 00125 M 0.308 32 0223 22 0.288
promelryne 225 + (L2530 - . 3 0.399 [¢ 0017
225 + 0375 - - kX 0.440 & 0.026
2,25 + 0.500 1 0.002 34 0624 - -
Propyzamide 225 + Q.05 i} 0054 4 0222 24 0,063
plus propachlor 225+ 130 - - 31 0.226 12 0.039
225+ 193 - - 28 0.226 1 0.009
Propyzamide plus 225+ 020 27 0.148 k] 0243 20 0178
diyron 2.25 + 040 33 0.188 29 0.205 17 0.015
2.25 + 060 23 0.144 34 0214 1 0.002
2.25 + 030 k] 0.008 33 0219 1 0003
Propryzunide plus 2.25 + 1.0 30 0.153 3 0.223 32 0412
naproprunide 225 + 1.50 i3 125 16 0378 44 0076
Propyzamide plus 225+ 160 35 0.166 3l 0468 44 0.280
diphenamide 225+ 240 34 D.t63 35 0.254 1 0.068
Prapyramide plas 2154025 33 0.4151 36 1.053 12 0.0i8
oryzatin 225 + 050 12 0.116 32 0.726 2 0.003

b Data are totats Tor the four replicates.
? L AL = activated carbon added and -AC = nu sclivated carbon added.

Sowing treatments that did not include activated carbon did not reduce the phytotoxicity of the
herbicides to lettace (Table 3). Under these condilions, mixtures containing linuron or diuron
were very toxic.  Application of activated carbon on the soil surface above the seed gave
superior protection compared with its application in xanthan gum (Table 3).

Plucement of activated carbon on the soil surface increased lettuce vield in the absence of
herbicides as it had done in the glasshouse (Table 3). When herbicides were applied over the
activated carbon the optimum rates were linuron (0.5 kg/a), prometryne (0.25-0.50 kg/ha),
divron {0.75 kg/ha), propachlor (1.0 kg/ha) and napropamide (3.0 kg/ha).  However, by
comparison with the hand-weeded control, yields were depressed even at the lowest rates of
linuron, prometryne and propachlor (Tables 3 and 4). These results have been confirmed in
other field experiments at Richmond and Gosford, NSW. En choosing between the optimal rates
of diuron and napropamide, horticulturists should consider both the cost of the herbicides and
their residu] effects on {ollowing crops.
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Table 3. Weight (g} of lettuce plants 60 days after emergence in the field trial®,

Herbicide trestments Fresh weight of lettuce (kg)
Sawing treatmenls
Combination Rate Seed enly Secd+X’ Seed+ AC? Seed+ X+AC?
{kgMha)
Nil contrel 0 0.0 0.0 0 00
Hand weeded 0 304 222 332 286
Propyzamide 3 54 7.1 7.9 6.7
Propyzamide 3+ 050 0g o0 25.4 64
plus linuron 3+075 0.0 0.0 9.7 23
1+ L0 0.0 00 113 0.3
Propyzamide 3+0325 123 106 275 194
plus prometryne 3+050 4.4 30 280 7.2
I+ 075 14 24 207 1438
Propyzamide 1+ 050 05 a1 29.9 130
plus diuron I+075 00 0.0 4.7 10
3+100 02 0.0 23.0 37
Propyzamide 3+ 05 16.1 127 219 195
plus propachlor 3I+10 113 58 26.1 ig.4
3I+20 17 6.3 244 13.1
Propyzamide 3+ L0 49 80 309 11.6
plus 3+20 0.7 21 13 86
napropamide 3+30 02 03 52 23

' X = xanthan gum,
* AC = activated carbon added,
' Dala are 1otad [or the four replicates.

Table 4, Lewtuce vield in the field experiment relative to the hand weeded control when activated carbon
applied on the soi! surface is used to protect the seed.

Treaiment Letiuce yicld as a per cent of hand weeded control Comments
culeulated for different herbicide application rates'
Optimum cate? Average for three rates’
Nil treatment [eht) 0.0 Weads completely
avergrew the plots
Propyzamide 238 238 Potato weed reduced
yield on these plots
Propyzamide plus 6.5 46.5 No weeds
Finuron
Propyramide plus B4.5 76.5 No weeds
promegtryne
Propyzamide ptus diuron 104.5 8.0 No weeds
Propyzamide plus 1059 G977 No weeds
napropamide

' Dana calculated from Table 3.
* Raes given in Tuble 3.
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As a tesult of these experiments a prototype machine has been developed to sow seed and apply
a small paich of activated carbon on the surface of the soil above the seed prior to herbicide
application.
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Weeds in field crops

RESEARCH NEEDS FOR MANAGING POTENTIAL WEED PROBLEMS IN THE
MALAYSIAN AGRICULTURE INDUSTRY

Ahmed Anwar Ismail
Malaysian Agricultural Research and Development Institute
PO Boex 12301, 50774 Kuala Lumpur

Summary. Weed science research in Malaysia is reelatively young and is often dominated by
site-specific empirical studies which almost always compare the effects of different conirol
measures or herbicide application techniques. As a result several issues confronting weed science
have emerged cver the last decade, including increased weed resistance, emergence of new weed
ptoblems, growing public concern on indiscriminate pesticide use and its effect on environment
and human health, and increased regulatory restraints on herbicide development. The greatest
challenge to weed science research, therefore, is to develop a control technology that will
integrate the ecological, physiotogical, demographical and morpholoegical responses as crops and
weed interact with their environment and with each other. This paper outlines thrust areas for
research, priorities and development approaches reguired as well as specific studies for weed
science.

INTRODUCTION

The problems confronting the agriculture industry in Malaysia with respect to weeds and the
current management practices available for oil palm, rubber, cocoa, orchards, field crops and rice
have been reviewed elsewhere (1).

Plantation crops have dominated the agricultural scene in Malaysia over the last few decades,
and by 1990 the area under rubber, oil palm, cocoa and rice had reached 1.86, 1.78, 0.36 and
{1.64 million hectares respectively. In terms of export earnings, the three main ¢Tops, rubber, oil
palm and cocoa constitute about 21.1% of the country’s total earring amounting to 11.67 billion
ringgits. For the country 10 maintain its competitive edge in the international market it has to be
an efficient producer, which can only be achieved by obtaining high yields of crops and through
reduction in the cost of production. One of the important production inputs is the management of
weeds and the significance of this is reflected in the high expenditure of herbicides compared
with other pesticides. il palm, rubber and cocoa are the three main crops that used large
quantities of herbicides, approximately 80% of the total herbicides in 1990. Despite the
significant progress in various control measures, it is estimated that weeds still cause losses in
excess of 10% of the country’s agricultural production per year.

A major void in the design and conduct of experiments to reveal the environmental impacts of
new technology is the lack of understanding of the diversity of ecosystems under which crops
are grown and of specific crop ecosystems in relation to their weeds. More basic information is
needed en the prevalence and imponance of native beneficial organisms and how they relate to
each other and their pest hests. Knowledge about the interactions within pest complexes and
between host and pest populations is needed., Satisfying these basic ecological information
needs would provide a much sironger foundation upon which to develop research programmes
that would yield acceptable data on environmental impacts.
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THRUST AREAS FOR RESEARCH IN WEED SCIENCE

For the coming decade and beyond, researchers have come to recognize that they must develop a
more thorough understanding of the basic biology of weeds. Studies on biechemistry, ecology,
population dynamics and allelopathy are needed. Competition threshold calculations are required
for specific weeds and crops. A betier comprehension of the life cycles and growth stages of
weeds, particularly of perennial and biernial species must be understood. In addition, more
attention is required on plant and seed dormancy and their impacts on the efficacy of weed
control tactics. A more thorough understanding of plant metabolism is needed to study
iranslocation of herbicides and growth regulators and to evaluate the resistant and reactive sites
of herbicides. The residual properties of herbicides in soil and water require attention and theis
degradative and metabolitic products need to be identified. An important technological area
requiring addicional research emphasis is the adverse effects on non-target environmental
components of volatility, drift and misuse of herbicides.

These ure some of the thrust areas where research 15 needed to strengthen, diversify or develop
new weed control technology, and on which research institutions, universities and the R & D
department in the plantation sector shoutd focus.

PRICORITIES AND DEVELOPMENT APPROACH REQUIRED

At least five major activities have been identified at the national leve! where emphasis is to be
given by researchers engaged in weed science and related areas. These are to:

(i) develop relevant control technology based on the ecophysiology and demography of weeds,
including biclogical control of noxious weeds;

{ii) continue biclogical studies of selected weed species including seed dermancy, germination
and life cycle (growth and development) in order to elucidate their persistence in soil and
the controlling factors for their gerrination and competitiveness;

(iii) elucidate the degree of weed colonization and of weed shift in selected agricultural systems
as influenced by cultivation practices, continued use over years of similar control measures
and other factors;

{iv) study the mode of action of novel herbicides, safening and other adjuvants; and

(v) improve and refine herbicide application technology.

[anovative approaches in weed control, e.g. using herbicide-resistant crops via biotechnology is
also on the agenda for evaluation but this would be the preserve of chemical and biotechnology
firms rather than research institutions, universities or the plantation sector.

PROGRAMME AREAS IN WEED SCIENCE
Specific research programunes for weed science have been drawn up by bringing into focus the
thrust areas and prioritics cutlined above. Both basic and applied studies will be tailored to the

needs and requirements of realizing the full potential for weed management in the major crops in
the apricultural industry. Some of the research programmes identified are listed below.

59



Weeds in field crops

10.

Biological control of major weeds in waterways. Particular emphasis is given to salvinia
and water hyacinth. That for salvinia is completed where the impact of Cyrtobagous
salvinige on iis control have been quite significant in three of the areas evaluated. That for
waterhyacinth looks promising with the introduced biological agent Neocheting bruchi.

The control of the noxious weed Mikania micrantha in oil palm, rubber and cocoa/coconut
plantations is being studied through biologicai means with the use of the paturzl enemy
Linthrips mikaniae. Two years of study have given mixed results on the efficacy of the
introduced biclogical agent but more wotk in this area is being pursued.

The study on the bialogy, spread and control measures of four important weed species that
are beginning to encroach into rubber, oil palm and cocoa and cane growing areas. These
are Asystasia  spp., Mimosa pigra, Pennizeturm polystachion and Roitboellia
cochinchinensis. For M. pigra, wotk on biclegical control has started in collaboration with
CSIRO.

Phytotoxicity studies of some promising broad spectrum herbicides for use in cocoa, The
studies will involve bioassays for residual activities of herbicides in soils and phytotoxicity
to cocoa scedlings.

For weed management in fruit orchards, refinement of contrel measures both cultural and
chemical are given emphasis which will include phytotoxicity tests for several new
herbicides.

Development of cost effective systems for weed management in some of the important
field crops including maize, cassava and sugarcane. Screening of more suitable chemicals
will continue.

Maintenance of vegetation cover under different inputs and management systems for
planiation crops and fruit trees.

Monitoring of herbicide residues in rice ecosystems, vegetables, fruits and in soils and
groundwater.

Ecology of plant commurities in tin-tailing areas. Liitle is known of the population
dynamics of the natural vegetation and those of pioneer plant species that colonize large
wracts of land. Baseline information is sought as to how best the natural vegetation can be
manipulated for the success of reclamation and for growing of crops subsequently.

Programmes on herbicide application technology, safety and handiing of chemicals are also
being defined especially for orchards, field crops and vegetables.

These research activities have been designed and planned in such a way that the development of
weed control technology rmust emphasize studies on biology and ecology, biological control, and
low-cost herbicide development. Consideration will be given to safety aspects in herbicide
application technology and integrated management for weed control. The primary concern rmust
be that all such activities be geared towards preserving environmentat guality while trying to
achieve a more sustainable agriculture development for the country in years 1o come.
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CONCLUSION

In Malaysia, losses due o weeds in the plantation are moderately high (1). At present,
herbicides are used to control weeds but the cost of chemical control is rapidly escalating. The
present trend is towards the use of cost effective herbicides which have low toxicity 1o a
particular ecosystem and the environment at large. Those herbicides which coniribute to
minimal pollution to soil, water and harvested products will be strongly recommended, There is
an urgent need to cut back on the number of spraying rounds and rely more on selective
spot-spraying for particular noxious weeds. In this way a beneficial ground cover can be finally
ebtained especially in the plantations.

An integrated management system involving the use of cultural methods, herbicides, grazing
sheep and biological agents (insects) is highly recommended to reduce problems associated with
weed infestations in plantations. Good cultural practices such as the use of minimal and proper
timing of tillage, legume covers, intercropping and manuring will be encouraged (4, 5). The use
of vigorous and high yielding clones or cultivars and advanced planting materials are to be
stressed as this will reduce the period of immaturity and thereby reducing the number of
spraying rounds for weed control in rubber and 0il palm (6). In rice, emphasis is now given on
proper water management and improvement of crop establishment in direct seeding to reduce
weed problems (3).
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HONEY LOCUST (GLEDITSIA TRIACANTHOS) AND ITS CONTROL

T.R. Armstrong
Alan Fletcher Research Station, Queensland Department of Lands,
P Box 36, Sherwood Q 4075, Australia

Summary. Practical control measures for honey locust {(Gleditsia riacanthos) were investigated
necar Cliftoen on the Eastern Darling Downs and Toogoelawah in the Brisbane Valley in South
East Queensland. Basal bark spraying with fluroxypyr as the methyl heptyl ester (Staranc) at
3 ¢/L of diesel for basal diameters up to 10 cm, at 6 g/L. for stem diameters of 10 o 20 ¢m and
at 10 g/ for ounks greater than 20 cm in diameter at their bases gave the most consistent
control, Foliar spraying with fluroxypyr at | g/l. of water when actively growing gave effective
contro} of scedlings and regrowth to 2 m tall. These findings have been used to obtain
Agricultural Requirements Board approval for using fluroxypyr in a new initiative scheme of
progressively controlling honey locust throughout Queensland.

INTRODUCTION

Honey locust (Gledirsia triacanthos L., Caesalpiniaceae), was introduced from North America
and cultivated at Camden Park, New South Wales along with three other Gledifsia species as
early as 1843(2). Honey locust has been widely promoted as an ornamental, fodder (1), shade
and bee keepers’ wree with its first reported planting in Queensland being in 1907(3).

It is a deciduous leguminous wee growing up to 24 m 1all and bearing prolific green bipinnate
leaves ca. 10 cm long, from spring to autumn. In spring it bears creamy, yellow pendulous
flower spikes ca. 10 cm long which develop into 30 cm or so long brown pods. Some varieties
havc separatc male and female plants, while cv. irermis has been developed, sold and planied as
a tharnless type. Naturalized offspring develop formidable (up to 25 cm long) trifid (crucifix
tike) spines along trunks and branches especially after pruning, cutting or grazing (Fig. 1).

Honey locust’s pods are sweet and arc relished by livestock which spread its seeds in their dung.
Seedlings quickly grow a stromg tap-root and dominate sumounding vegetation. Flood waters
also transport the floating pods, causing major infestations of dense thomy thickets along the
fertile atluvial flood plains from Southern Australia {5) to north of Monto (latitude 245} in
Central Queensland. Tis potental for spread over large areas is enormous, as it grows naturally
from Mexico to Ontarie (Qatitude 26? to 50°N) (3) (Fig. 2).

Following the first infestation reported to Queensiand Lands Department in 1955 along
Cressbrook Creek, a survey revealed it present along the Brisbane River, and in the Kiliamey,
Maryvale and Warwick districts. Control trials resulted in a 1959 endorsement by the Co-
ordinating Board (precursor of the Rural Lands Protection Board) of a Weeds Committes
recommendation "That all Local Authorities in South East Queensland be requested to destroy
infestations on roads and reserves and to encourage landholders to take similar action on their
heldings’ (4). Since that time public, resumed and ungrazed land has become more densely
infested to the detriment of the native vegetation and wildlife (3). Fire and/or dozing kills plant
tops but produces massive regrowth from their bases unless deeply ploughed and regularly

cropped.

62



Woody weed conmol

Gleditsia triacanthes was declared a P2 category plant following a detailed submission in 1992

(5}, which means it must be destrayed.

Figure 1. Honey locust (Gleditsia rriacanihos).
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Figure 2. Potential distribution of Honey locust in Queensland,
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Control experiments have been set out progressively since the 19305 in Queensland as new

methods and herbicides became available (8).
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alternative contrels of honey locust, & series of experiments were set out along King Creek near
Clifton from October 1989 to January 1990 (Table 1).

Table i, Clifton applicalion techniques, herbicides, rates and coniral as percentage kill of untreated Gledissia
trigcanthos.

Date Technique Herbicide Rae Target type  Control %
Ireated by 18/12/90
30/10/89 Basal Bark* 24.5-T esler 20 gL Diescl >10 m tall 100
1Mo Basal Bark Trclopyr ester 10 g/l Dieset >10 m 1all 95
" Cui Stump® Triclopyr cster 10 g/l. Diesel <10 m tall 95
" Over all spray” Triclopyr ester 10 g/L Diesel <] m tatl 95
" Basal Burk Fluroxypyr ester 10 g/l Diesel >10 m tall 100
" Cut Swump Fluroxypyr cstes 1 g/l Diesel <)0 m sall 100
" Over all Spray Fluroxypyr esler 10 g/l Diesel <1 m 1all 100
" Stem inject” Dicamba 200 g/l >10 m 1all 100
" Stem inject Picloram + Triclopyr amine 50 g + 100 gL >10 m tall 100
N Stem imject Clopyralid 300 g >10 m tall 100
" Siem inject Glyphosate 450 g/l »>10 m tall 100
N Stem inject Hexazinone 250 ¢ >10 m tall 50
Stem inject Metsulfuron methyl 6 g/l waler >0 m wl 95
12/1,/90 Foliar Spray* 2.4-D amine + 'Pulse’ gL + 2mL/L watet <10 cm tall 100
" Foliar Spray Picloram + Triclopyr ester 0335 g+ 1.05 g/1. water <2 m tali 100
" Foliar Spray Fluroxypyr + Pulse 13 gL + 2 mL/L waler <3 m lLall 100
Fatiar Spray Clopyralid + Ethokem 13 gL+ 5 mLAL water <1 mi tall 100
>1 m tall 50
" Foliar Spray metsulfuron methyl + 6 g + 500 mLA10G L <2 m tall 50
Ethokem witer
h Sprinkler Spray Glyphosate + Ethokem 18 g + 10 mL/L water <2 m talt 50
" Checks untreaied ¢ 0-20 m tall i)
a.  Basal Bark reatment of full circumference of cach runk 1o 40 cm above ground kevel.
b.  Cut stump and immediately swab fresh sap.
t.  Overall spray leaves and stems with knapsack sprayer,
d. Stem Inject with 1 mLy3 cm cut with <} ¢m between cuts around cireumference,
¢.  Foliar Spray all leaves to poini of run-off at ca 2000 L/ha with knapsack sprayer.
f. Sprinkler Spray foliage with large droplels al ca. 100 Liha

Following mote interest and requests, further experiments were set out along Cressbrook Creek
near Tecgooawah from December 1991 (Table 2).
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Table 2. Toogoolawah application techniques, herbicides, rates and conrol as perceniage kill of untreated
Glediisia trigeanthos

Duie Techwique Herbicide Rate Target 1ype Control %
treatesd by 8/10/92
17/12/91  Foliar Spray’ Glyphosale 3.6 g/l water <2 m Regrowth 97
Foliar Spray  24-D amine + Surfactant 5 /L + 2 mL/L <2 m Regrowth ]
walcr
Foliar Spray 24-D acid 3 g/l water <2 m Regrowth
Foliar Spray 2.4-I) ester 24 gl water <2 m Regrowth
Foliar Spray  Picloram + 2.4-D amine 05g+2gL <2 m Regrowth 20
water
Foliar Spray  Picloram + Triclopyr ester 035 g2+ 1.05 g1, <2 m Regrowth 70
water
Foliar Spray  Picloram + Triclopyr ester 2.1 g/L water <2 m Regrowth 20
Foliar Spray Fluroxypyr ester 1 g/l water <2 m Regrowth 99
Foliar Spray  Clopyralid + Surfactant 152+ 2mL/L <2 m Reprowth 50
waler
Foliar Spray  Dicamba + Surfaclant 2g+2mL/L <2 m Regrowth 30
080192 Foliar Spray Dichlorprop K salt 6 g/L wiler <2 m Regrowth 20
Foliar Spray Dichlorprop acid 4 gfl water <2 m Regrowth 20
Foliar Spray  Amitrol-T + Surfactam S5g+2ml/L <2 m Regrowth 0
walcr
Folir Spray Imazapyr 10 gL wager <2 m Regrowth 20
Foliar Spruy Fluroxypyr ester 1.5 g/L waler <3 m Regrowth %99
09/01/92  Foliar Spray Meisutfuron methyl + 15 g + 150 mi/100 <} m Regrowth 97
'Bond’ L water
Basal Bark* Triclopyr cster 10 g/L Diesel »20 cm Diameter 95
Basal Bark Fluroxypyr esler 10 g/L Diesel »>20 cm Diameter o5
05/02/92 Basal Bark 24-D esler 16 ¢/ Diesel »20 cm Diameter 80
Basal Bk 24.D eslcr 20 g/L. Diesed »20 cm Diameler 90
04/03/92 Basal Bark Fluroxypye cster 6 g/L Diesel >i0 cm Digmeter 95
Busal Bark Fluroxypyt uster 5 gL Diesel 10-20 cm Diameter 100
Basal Bark Diesel Neat <10 cm Diameter 100
Foliar Spray FluroxypyT esier 0.75 g/l water «<3 m Regrowth 90
Checks Untreated 0 040 cm Diameler 1]
i Foliar Spray with 12 volt battery powered pump and brush gun at ca. 3000 Lha
k. Basal Bark spraying of full circumilerence of each trunk to at beast same height as its diameier.

RESULTS AND DISCUSSION

Mature honey locust trees were difficult to stem inject due to numerous spines along their trunk
and cuts greater than 3 ¢m apart allowing growth to continue. In dense situations the cut stump
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technique was only practical for trees less than 10 m talt. Basa! bark spraying was the easiest
and gave the best kills from the largest to the youngest trees, with the same diesel mixtures
working as a cut stump or overall spray for young trees under 1 m tall. Trees less than 3 m tall
were susceptible to foliar spraying with water based fluroxypyr (Starane) and picloram +
triclopyr (Grazen). Seedlings not eaten by cattle were controlled by 2,4-D amine (Amicide 500),
whiie plants up to 1 m tall were killed by clopyralid (Lontrel). Glyphosate {Roundup} as
applied through a sprinkler sprayer and metsutfuron methyl (Brushoff) applied with a knapsack
sprayer at Clifton (Table 1) were not as effective as treatments at Toogoolawah applied with a
battery powered brush gun (Table 2},

Even though most of the honey locust on alluvial flats beside Cressbrook Creek was regrowth
after dozing there was 90% or better control from foliar sprayed glyphosate (which was non-
selective on pasture grasses), metsulfuron methy! at higher than normal rates, and fluroxypyr at
1 g/L. of water. The latter was reformulated into Starane 200, which gave a more stable solution
in diesel than the fluroxypyr at 300 g/L for reliable basal bark spraying of all sizes of honey
locust.

As there is usually a wide range of sizes of honey locust to be controlied in the infested areas, it
is most practical to use the basal bark rate for the largest trees present but to use less of the
mixture for smaller trunks so long as the full circumference of each stem’s base is treated to at
least the same height above ground level as its diameter.
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AERIALLY APPLIED HERBICIDES SELECTIVELY CONTROL BITCGU BUSH GROWING
IN COMMUNITIES OF INDIGENQOUS PLANTS ON SAND DUNES

1. Toth', P. Milham® and C. Nazer®
' NSW Agriculture, PMB 10, Rydalmere NSW 2116, Australia,
* ACT Parks and Conservation Service, PO Box 1119, Tuggeranong ACT 2901, Australia

Summary. Bitou bush (Chrysanthemoides monilifera spp. rotundata (L.) T. Norl.) is a perennial
South African shrub that was planted extensively during the 1950°s and 1960's to stabilise
coastal sand dunes in eastern Australia. By the late 1960's it was recognised as an invasive
weed.  Experiments in 1985-86 tested herbicides to control Bitou bush at Bherwerre Beach, in
the (now) Jervis Bay National Park on the south coast of NSW, Australia. Six herbicides were
applied by hand to assess their relative toxicity to Bitou bush and to seven native plant species
which had been planted in the 1960°s to stabilise the beach, Glyphosate (Roundup 36% a.i) and
metsulfuren methyl (Brush-off 60% a.i.) excelled. Bitou bush was most susceptible to the
herbicides during and just after peak flowering (May throngh August), when the native species
were Ieast susceptible. These findings led to aerial application of Roundup® at 3, 6 or 9 L/ha or
Brush-off® at 50, 100 or 150 g/ha in 60 L of water per ha during August 1989. All rates of
both chemicals killed Bitou bush without harming the native plants. Experiments are continuing
using lower herbicide raies.

INTRCDUCTION

Bitou bush is a woody perennial native to South Africa.  Weiss reviewed the records of
occurrence of C. monilifera in various countries, including Ausialia (10). He concleded that
information on the subspecies rottndara (Bitou bush) was vague, with the earliest records being
for a specimen collected in the Stockton area near Newcastle, presumably from 'ballast dumped
on the north bank of the Nunter River by South African ships. No other records exist uniil 1950
when a specimen was collected from the experimental areq of the Soil Conservation Service of
NS W. at Port Macquaric'.

Weiss (10) continues "Seed was sown extensively by the Soil Conservation Service of NSW.
from 1946 1o I%68 ... (and by companies extraciing titanium from beach sands) from 1950
to 1970'. As a consequence of these activities and of the natural mechanisms of propagation
and dispersion, Bitou bush occurred along 660 km of the N.5.W. Coast and was doeminant along
220 km, by 1982 {4). The density and extent of the infestation has not since been resurveyed;
however, both are reputed to have increased substantially. This is consistent with an evaluation
of the bioclimatic potential of Bitou bush (3). By the mid 1960"s Bitou bush had been
recognised as a threat to the flora and favna of over 20 National Parks and Nature Reserves.
Planting and seed distribution for stabilisation purposes ceased during the 1970°s and
investigation into control bepan. Control efforts were focussed from three directions. First,
community groups were encouraged to recognise the plant and remove it.  Secondly, 2
systematic search was commenced for biocontrol agents. Thirdly, the potential for selective
chemical control was examined. This aricle is an account of part of the latter stream of
research.

Between 1985 and 1989 we conducted twe series of experiments using an LPG powered

spraygun {8). The first series tested the relative selectivity of the herbicides Ciba-Geigy Code
No. GGA-131036, dickloropicolinic acid (Lontrel), fosamine (Krenite), glyphosate (Roundup),
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metsulfuron methyl {Brush-off) and tricolpyr (Garlon) on Bitou bush, Casuarina glauca,
Leptaspermum laevigatum, Leucopogon parviflorus, Acacia longifolia var. sophoral, Banksia
integrifolia, Monotoca elliptica and Lomandra longifolia. Only glyphosate and metsulfuron
methyl proved sufficiently selective to warrant further study (6). Similar results were obtained
by McMillan {5). The second series explored times and raies of herbicide application to
maximise selectivity and minimise herbicide dose, This work is continuing, but by 1989 had
progressed to the point where a window of opportunity had been demonstrated (7). This
occurred in winter, after peak flowering of Bitou bush. Finally, Anderson reported successful
control of Biton bush, using § L of Roundup in 122 L of water per hectare from a helcopter,
without damage to (unspecificd) native vegetation (1). Armed with this information we
undertook our first aerial herbicide applications in winter 1989,

METHODS

The site was at the northern end of Bherwerre Beach in the (now) Jervis Bay National Park.
This beach had been destabilised by repeated grazing and buming over the previous 60 years. It
was reshaped and stbilised during the 1960°s. The species planted included: Acacia longifolia
var. sophorae, Banksia integrifolia, Leptospermum laevigatum, Leucopogen parviflorus,
Lomandra longifolia, Monotoca elliptica, and (~ 300 wbestock of) Bitou bush. Despite attempts
to contain the Bitou bush infestation by hand spraying with herbicides, Bitou bush had become

the dominant species over much of the 7 km of the beach by 1989 and was invading adjacent
woodland.

The treatments were four raies of glyphosate applied as Roundup (36% a.i) at 0, 3, 6 and 9 L/ha
and three rates of metsulfuron methyl applied as Brush-off (60% a.i.) at 50, 100 and 150 g/ha.
The laner tremtments were applied with nonionic wetter (BS 1000) at 1 mL/L and the 50 and
130 g/ha rates were repeated withour wetter.  All treatments were applied in 60 L of water per
hectare using conventional spray nozzles fitted to a boom attached 10 a helicopter flying at -
104} kmyhr.

Each treatment was a single swath (~ 11 m wide and 280 m long). Treatments were separated
by buffer stps {~ 19 m wide and 280 m long). Treatmenis were replicated twice and
randomised within each of the two biocks. The buffer strip between blocks was ~ 38 m wide
and 280 m long, resulting in an experimental area ~ 520 m x 280 m.

Before the tremments were applied we tagged cight individual ptants per plot of each of the
seven plant species that had been used to stabilise the beach. The tagged plants were scored for
herbicide damage to the foliage (0 = no damage, 10 = foliage completely desiccated} during the
following 12 months.

RESULTS AND DISCUSSION

Bitou bush, RBitou bush was more sensitive 1o both herbicides than anticipated from the results
of hand spraying, with the lowest rates of both aerially applied herbicides causing very high
mortality (Table 1). Consequently, the enhancement of metsulfuren methy! toxicity expected
from the addition of wetting agent was evident only at the first time after spraying and then only
at the lowest herbicide rate {Table 1).
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Table 1. Bitou bush response to herbicides applied from the air in 60 L of water per
hectare during Winter 1989

Herbicide treatment Time after application {months)
] 2.5 5 7
Compound Rate Foliar damage score'

Roundup 0 L/ha 0 i 0 0
(36% a.i.) 3 Lha 0 9.7 9.9 9.9

6 Lha 0 9.9 10 10

% L/ia 0 10 10 10

Brush-off 50 g/ha - wetter’ 0 8.4 10 10

(60%% a.i.) + wetter? 0 9.0 10 10

100 g/ha + wetter? [ 9.7 10 10

150 g/ha - welter’ Q 9.5 10 19

+ wetter? ] 9.6 10 10

Scores of 0 and 10 equate to no damage and total desiccation of foliage
respectively. Values arc means for eight plants per replicate and two replicates per
treatnent.

! Wetter is BS L1000 at 1 mL/L of mixture.

We also recorded the number of Bitou bush seedlings in 50 em x 50 cm fixed quadrats under
the tagped Bitou bushes. Where glyphosate had been applied, there were >400 seedlings per
square metre and the number was independent of the herbicide rate, This is consistent with low
availability of glyphosate even from sandy seil (2). In contrast, metsulfuron methyl has a
residual effect (9). This was evident as a depression in the seedling density to <200 plants per
square metre, which lasted throughout the period of observation.

Native plants. It is conjecturzl whether the herbicides caused any measuvrable foliar damage to:
Acacia longifelia var. sophorae, Banksia integrifolia, Lomandra longifolis and Monotoca
effiptica. 1f any damage occurred it was ephemeral. Consequently data are not presented for
these species. Leptrospermum laevigatum and Leucopogon parviflorus were not affected by
glyphosate and only slightly damaged by metsulfuron methyl (Table 2). Addition of wetting
agent to metsulfuron methy! did not consistently modify its phytotoxicity, so we have presented
averages for the + wetting agent treatments (Table 2).

These results clearly demonstrate that Bitou bush can be killed using low doses of Roundup
(3 L/ha) or Brush-off (50 g/ha) from the air in winter, without appreciable damage to the six
native plant species studied. Experiments conducted in winter 1991 at Bherwerre Beach and in
winter 1992 at twe locations confirm these findings.  Since none of the treatments failed to
control Bitou bush, further reductions in herbicide rates should be possible.
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The results also justify continued research on chemical control of Bitou bush. First, to assess
the herbicide tolerance of a wider range of native plants and so establish the likely usefulness of
aerial spraying against Bitou bush on sites supporting more diverse plant communities.
Secondly, to assess the impacts of these herbicides in the dune environment. And thirdly, to
facilitate integration of chemical and biological control strategies.

Table 2. Native plant species damaged by herbicides applied from the air in 60 L of
water per hectare during Winter 1589

Herbicide reatment Plant species Time after application (months)

0 1.5 25 7

Compound Rate Fotiar damage score’
Roundup 0 L/a Leptospermum 0 0 0 0
(36% a.i) 3 L/Ma laevigatum 0 0 0 ]
6 L/ha 0 g 0 ¢
9 L/ha 0 0 0 0
Brush-off 50 g/ha + wetter a 1.0 025 0
(60% a.i.) 100 g/ha + wetter ] 2.0 1.0 0
150 g/ha + wetter® 0 2.0 1.0 0
Roundup 0 L/ha Leucopogon ¢ 0 0 0
(36% ai) 3 L/ha parviflorus 0 (] 0 0
6 L/ha 0 0 0 0
9 Lha 0 0 0 0
Brush-off 50 g/ha + wetter® 0 1.3 1.0 0
(60% a.i.) 100 g/ha + wetter” 0 1.5 1.5 0
150 g/ha + wetter® 0 20 1.25 0

Scores of 0 and 10 equate 10 no damage and total desiccation of foliage
respectively. Values are means for eight plants per replicate and two replicates per
treatment, except where the Brush-off data have been averaged across two wetter
treatments.

* Wetter is BS 1000 at | mL/L of mixwre,

ACKNOWLEDGMENTS
The authors express their gratitude to Du Pont (Australia) Ltd., Monsanto Australia Led., and
Graeme Beech, the manager of the (then) Jervis Bay Nature Reserve, (now) the Jervis Bay
National Park. Without their assistance this research could not have been conducted.

REFERENCES

1. Anderson, T. 1989, Proc. 5th NSW Noxious Plants Conf. Vol. 1, 69-72,
2. Comish, P.§. 1952, AJEA 32, 395-399.

10



Woody weed control

3. Howden, SM. 1984, Proc. Conf. on Chrysanthemoides monilifera, Port Macquarie.
(NSW Nat. Parks and Wildlife Service and Dept of Agric., Sydney, Australia). pp 6%-77.

4.  Love, A. 1984, Proc. Conf. on Chrysanthemoides monilifera, Port Macquarie. (NSW Nar.

Parks and Wildlife Service and Dept of Agric., Sydney, Australia), pp 53-64.

McMillan, M. 1989. Proc. 5th NSW Noxious Plants Conf. Vol 1, 67-68.

Toth, I, 1989, 5th NSW Noxious Plants Conf,, Vol. 2, 3542,

Toth, J., Milham, P.J. and Maguire, M.J, 1991. 6th NSW Noxious Plants Conf. Vol. 1,

18-20.

Toth, J. and Smith, L. 1984. Proc. 7th Anst. Weeds Conf. Vel. 1, 56-63.

Walker, A. and Welch, S5.J. 1989, Weed Res. 29, 375-383.

0. Weiss, PW. 1986, JAIAS 52, 127-134,

e

= ¢

71



Weeds in tree crops

CONTROL OF CLIDEMIA HIRTA IN MATURE RUBBER AREAS

M.A. Ahmad Faiz
Rubber Research Institute of Malaysia, Kuala Lumpur, Malaysia

Suwmmary. Field trials were conducted under mature rubber trees to control Clidemia hirta by
slashing and with herbicides. Triclopyr at 0.375 kg a.e./ha was more effective than slashing.
Fluroxypyr at 0.4 kg ae/ha and metsulfuron methyl ar 0.02 kg a.i/ha plus a nonionic surfactant
were effective. Mixtures of triclopyr with either fluroxypyr or metsulfuron methyl enhanced
control of the weed but its mixture with the contact herbicides paraquat or sodium chlorate
produced less persistent control. Addition of the adjuvants Ethokem, Polypot Ace, Lissapol and
Bivert showed some improvement in control of the weed. Application of wiclopyr at 0.25 kg
a.e./ha using five different sizes of fan nozzles with their orifices ranging from 0.08 te 0.28 ¢m
resulted with nonsignificant difference in control but triclopyr at 0.075% w/v applied using these
nozzles produced decressing weed control with decreasing nozzle sizes.

INTRODUCTION

Clidemnia hirta, a woody shrub under the Melastomnacease family, is an important dicotyledonous
weed found under mature rubber especially in the southem part of Peninsular Malaysia. It is
usually about one meter high but can grow much taller. Gnce established, it can spread rapidly
especially via seeds. Slashing causes shoots to regenerate from the basal stems. The seeds are
gimali and are embedded in bluish black berries which are relished by birds which help to spread
the weed. This weed is susceptible to a number of herbicides and some of these can provide
persistent control. The herbicide 2,4,5-T was formerly recommended for conmrolling this weed
(3) but due to its contamination with dioxin which is carcinogenic, alternative herbicides were

sought. Subsequent to this, the herbicide triclopyr was found to be a suitable alternative to
2.4,5-T (10).

The objective of the trial was 10 determine the effectiveness of slashing, herbicides or herbicide
mixlures in comparison to triclopyr on the control of C. hirta. 1t was also investigated whether
weed control could be improved by adding adjuvants to triclopyr. Trials were also conducted 10
determine whether weed control is affected by variable orifice sizes of fan nozzles.

METHODS

Established stands of C. hirta of moderate 1o high density under mature rubber trees of abous
thirty years old in Sunpgai Buaya, Selangor were used. The height of the weed was mostly about
three quarter to one meter high. The herbicides were sprayed using a knapsack sprayer fitted
with a fan jet nozzle. The pressure of the pump was about three bars. The size of each plot

was 20 m? and there were three or four replicates for each treatment. The soi! was sandy clay
loam.

Weed control was assessed visually based on a G to 100 rating system where 0 = 0% kill and
100 = 100% kill of the weed a1 about monthly intervals. The data were transformed to arcsin
Jpercentage for statistical analysis.

The herbicides used were Garlon 250 {triclopyr, butexy ethyl ester - 32.1% w/w), Tordon 101
(24-D tnisopropanol amine salt - 39.6% w/w + picloram triisopropancl amine salt - 10.2%
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wfw}, Starane 200 (fluroxypyr, I-methyl heptyl ester - 29.64% w/w), Ally 20DF (metsulfuron
methyl - 20% w/w), Gramexone PP910 (paraquat dichloride - 25.3% w/w) and Ancom Sodium
chlorate (sodium chiorate - 99% w/w).

Effect of slashing and herbicides. Slashing using a motorised slasher was compared to the
herbicides triclopyr (0.375 and 0.75 kg a.e./ha) and picloram + 2,4-D (0.2 + 0.7 and 0.3 + 1.2 kg
a.e.fha). Different rates of miclopyr ranging from 0.125 to 0.625 kg a.e./ha was also evaluated.
The more recent herbicides, fluroxypyr and metselfuron methyl, were also evaivated. The rates
of flurexypyr were 0.1 to 0.6 kg ae/ha while metsulfuron methyl were from 0.02 to 0.1 kg
a.ijha.  Du Pont Agricultural surfactant which is @& nonionic surfactant was also added to
metsulfuron methyl.

Evaluation of triclopyr mixtures. Mixtres of triclopyr with either fluroxypyr, metsulfuren
methyl, paraquat or sodium chlorate were evalvated in order to determine whether imrovement
in weed control could be obrained.

Evaluation of adjuvants. The ability of sclected adjuvants to improve the effectiveness of
triclopyr was evaluated. The effectiveness of triclopyr at 0.25 kg a.e/ha mixed with either the
cationic surfactants Ethokem {faity amine ethoxylate} or Hyspray 52 {polyethoxylated amine), a
nonienic surfactant Pelypol Ace (nonylpheno! polyethylene glycol ether) or Lissapol (sodium
oleyl ceyl sulphate) or with an adjuvant Bivert (amine salts of organic acids, aromatic acid,
arematic and aliphatic petroleurn distillate) was also evaluated.

Evaluition of fun nozzles. Triclopyr at (.25 kg a.e/ha was sprayed using fan nozzles with
nozzle erifices of 0,08, 0.12, 0.16, 0.2 and (.28 cm which delivered about 100, 130, 300, 500
and 600 L/ha of water respectively.

In another trial, triclopyr at a fixed concentration of 0.075 % wiv of the active ingredient per
unit area was cvaluated with similar sizes of fun nozzles.

RESULTS AND DISCUSSION

Effect of slashing and_berbicides. Slashing was only effective initially as shoot regeneration
from the tiving steins was relatively rapid (Fig. 1). Picloram + 2,4-D at 0.2 + 0.7 or 0.3 +
1.2 kg a.e./ha did not give good control of the weed but was more effective than slashing.
Triclopyr at 0.375 and 0.75 kg a.e/ha were significantly more effective than picloram + 2,4-D
and siashing. Teoh er al. reported that triclopyr was effective on C. hirfa at 0.7 and 1.4 kg
ae./ha (7). The present trial, however, showed that a lower rate of triclopyr was sufficient to
give good control of the weed. Yeoh and Faiz also reported on the efficacy of triclopyr but the
rates used were slightly higher (10).

Increasing the cutes of wriclopyr increased control. Goed controd was achieved with triclopyr at
0.375, 0.5 and 0.625 kg a.e/ha.  Regeneration of the weed was slow and at 36 weeks after
treatment, triclopyr at 0.375 kg a.e/ha produced about 70% control while at 0.5 kg a.e./ha and at
(.625 kg a.e/ha, about 90% control was achieved. At least 0.375 kg a.e./ha of wiclopyr was
necessary to obtain effective control of the weed. Abu Bakar and Abu Bakar reported that
triclopyr at rates of 0.45 to £.75 kg a.e./ha were effective (1).
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Fluroxypyr at 0.3 kg a.e/ha or more produced more thun 90% control. At 30 weeks after
treatment, fluroxypyr at 0.3, 0.4, 0.5 and 0.6 kg a.e./ha still shewed more than 0% contol. The
efficacy of fluroxypyr on perennial broad-leaved weeds had been reperted by Lee and Liae and
they suggested rates of 0.25-0.5 kg a.e/ha for effective control {3),

{Y)
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Figure 1. Effect of slashing (a---a) versus wiclopyr at 0.375 kg ae/ha (O---O) or 0.75 kg
ae/ha (O—0O) and picloram + 24-D at 02 + 0.7 kgae/ha{a—a)or 03 + 1.2 kg
a.e/ha (@—W) on conwol of C. hirta.

Metsuifuron methyl was also effective and more than 90% control was still obtained at 29 weeks
after weatment with the herbicide at 0.04 1o 0.1 kg a.i/ha. The results thus agree with Ackerson
and Davis who reported on the efficacy of this herbicide on brush species in plantation crops
(2). Earlier, Chnistie and Cornwell also reported on the effectiveness of this herbicide on broad-
leaved weeds in vereals (4).

Efficacy of triclopyr _mixtures.  Triclopyr mixed with fluroxypyr produced enhanced and
significantly more persistent contrel of the weed compared to the individual herbicide alone.
Mure than 90% control was still obrained at 32 weeks after treatment with these mixtres.

Mixing triclopyr with metsulturen methyl also improved weed conoel.  Increasing conwol was
obtained with increasing rates of metsulfuron methyl in the mixtures. Control was alse more
persistent with the herbicide mixtures compared to the individual herbicide treatment.

Mixwres of wiclopyr at 0.25 kg a.e./ha with the contact herbicide paraguac at gither 0.2 or 0.3 kg
ai/ha or with NaClO; ar either 10 or 15 kg a.i./ha showed significantly less persistent control
compared to triclopyr alone. Reduction in control could be atributed to the death of the weed
tissues caused by the contact herbicides which prevented further translocation of trictopyr which
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is a systemnic herbicide. Increasing rates of paraquat or NaClO, in the respective mixtures,
however, showed slight enhancement in weed control.

Evaluation of adjuvamis. The effectiveness of wiclopyr at 0.25 kg ae/ha was reduced when
mixed with Hyspray 52, slightly imptoved with Ethokemn, and was significantly better when
mixed with Polypol Ace at 1.0 L/ha respectively. However, these treatments were significantly
less effective than triclopyr at £4.375 kg a.e/ba. Improvement of triclopyr activity by Ethokem
had alse been reported by Prasad on forest weed species (8).

Addition of the nonionic surfactant Lissapel to triclopyr (0.25 kg a.c./ha) enhanced control of the
weed significantly and increasing the rate of Lissapol also increased weed control,
Wangwattana and Suwanketnikern had also reported on improved activity of triclopyr when
added with a nonionic surfactant. They also found that the nonionic surfactant was also more
effective than the anionic surfactant which they tested (9). The addition of the adjuvant Bivert
at 0.5 L/ha did not impreve triclopyr activity, However, control was slightly improved by the
higher rate of Bivert at 1.0 L/ha. Mixture of triclopyr at (.25 kg a.e./ha with Lissapol plus
Bivert each at 0.5 Lfha respectively showed significant irnprovement in weed control.

Evaluation of fun nozzles, The different sizes of fan nozzles used to spray triclopyr at 0,25 kg
ae/ha did not produce significant differences in control. This indicated that the different
volume rate of water applied did not affect the performance of wiclopyr. Thomas et al. (1988),
however, reported that a high carrier volume application generally was more effective and they
attributed the improvement in control to better penetration of the dense weed in their trials,

On the contrary, a fixed ¢oncentration of triclopyr at 0.075% w/v applied using these fan nozzles
produced decreasing weed control with decreasing nozzle sizes (Table 1). This is due to the
lower active ingredient per unit arca being delivered with the decreasing volume of water.

Table 1. Effect of wiclopyr at 0.75% w/v on C. kirta using different sizes of fan
nozzles
Mozzle size Mean % control

em) % weeks 12 weeks 25 weeks
0.08 0 63 30
0.12 75 70 38
0.16 80 75 35
0.20 08 28 85
0.28 0% Q5 80
1.s.d. {P=0.03) 5.4 7.7 4.8

CONCLUSIONS

Slashing was less effective than triclopyr at 0.375 kg a.e./ha and picloram + 24-D at 0.2 + 0.7
or 03 + 1.2 kg ae/ha. Fluroxypyr at 0.4 kg a.e/ha and metsulfuron methyl at 0.02 kg a.i/ha
plus a nonionic surfactant were effective. Mixtures of triclopyr with either fluroxypyr or
metsulfuron methyl improved weed conmol but mixtures of triclopyr with the contact herbicides
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paraquai or sodium chiorate resulted in less persistent control. Addition of the adjuvants
Ethokem, Polypol Ace, Lisszpol and Bivert showed some improvement in centrol.  Application
of triclopyr at 0.25 kg a.e./ha using fan nozzles with their orifices ranging from 0.08 to 0.28 cm
resulted in almost comparable control.  Application of ticlopyr at 0075 % w/v with these
nozzles, however, produced decreasing weed control with decreasing nozzle orifices.
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REPLACEMENT OF LUDWIGIA PERUVIANA WITH NATIVE PLANTS
USING HERBICIDES IN AN URBAN WETLAND

G. McCorkelie', K.H. Bowmer', G.R. Sainty* and J, Stricker®
L CSIRO Division of Water Resources, Griffith NSW, Australia
? Water Beard, Sydney NSW, Australia

Summary. The use of herbicides o control Ludwigia peruviana was investigated in the Botany
Wetlands, & series of shallow urban lakes in the Sydney metropolitan area. Field trials over two
years evaluated five herbicides registered for aquatic use. Glyphosate and 2,4-D amine
(diethylamune salt) gave best control. AppHeation in April-May was most effective but earlier
treatment smproved selectivity of severul desirable species, notably Typha spp. and Persicaria
strigasa.  Other effective herbicides were dicamba, picloram/2,4-D, fluroxypyr, imazapyr and
triclopyr when applied in January and May. They offered little advantage over glyphosate or
24-D.

INTRODUCTION

Ludwigia peruviana is a shrub-like plant that was introduced to Sydney in 1907 as a botanical
specimen (1), It was recorded as naturalised in the Botany Wetlands in 1970 (although it was
growing there before this date) and currently forms dense dominant stands over about 21 ha of
the total area. L. peruviana is deciduous, seeds prolifically, thrives in shallow water or
waterlogged areas and can grow up to 3 m all 2, 3).

Resteration of the wetlands requires the removal of L. peruviana and its replacement with native
species. Seven field trials were established to investigate the efficacy of herbicides for
controlting L. pernvigna, while minimising damage to native species,

METHODS

Two groups of compounds, registered aquatic herbicides and registered non-aquatic herbicides
{Tuble 1}, were evaluated in replicated randomised ptot field trials. Plot size varied from 3x5 m
to 30x8 m and plant stands were 2-3 m tall.

Herbicide application was made using an adjustable hollow cone nozzle attached to a 2.5 m hand
lance connected to a 9 [ back-mounted tank, pressurised by LPG gas to give a spraying pressure
of 250-300 kPa. Spraying was done from the shore, penctration of foliage being obtained by
altering nozzle pattemm and angle. Volumes of application were to point of run-off, and ranged
from 650-1875 L/ha.

Timing of application varied from mid-Janvary through to mid-May {mid to late growing season)
except for one trial where application was made in late August just as plant dormancy was
breaking.
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Table 1. Treatments used

Herbicide Formulation Rate a.i. Wetter
{% wiv) (% product)

Registered Aquatic Herbicides
amitrote 250 ¢/l 0.10 Agral 600 (0.2)
{amitro]c 250 gL { 0.10 Agral 600 (0.2)
+ 2,2 DPA +740 gikg +).33
dichlobenil 67.5 gkg 15.0 {kg/ha) -
diquat 200 o/L 0.10 Apgral 600 (0.2}
glyphosate 360 gL 0.36 -

" " 0.54 -

! " 0.36 Pulse (0.2)

" ! 0.54 Pulse (0.2)
2.4-D amine* 500 g/L. .50 Agral 600 {0.2)

Registered Non-Aquatic Herbicides
clopyralid 300 gL 0.09 Agral 600 (0.2)

" " 0.18 Agral 600 ((0.2)
dicamba 200 gL 0.10 -

" " 0.20 -
flurox ypyr 300 g, ¢.09 -

“ " 0.18 -
imazapyr 250 g/l 0.13 -

" N 0.25 -
messulfuron 600 g/kg 0.001 Agral 600 (0.2)
picloram/2 4-D** 504200 ¢/L 0.i3 Agrat 600 {(0.2)

N “ 0.25 Agral 600 (0.2)
triclopyr 480 g/ 0.14 -

! N 0.29 -

*  diethylaming salt
**tri-isopropana! amine sult

RESULTS AND DISCUSSION

Registered aquatic herbicides {Tuble 2)

Amitrole alone and in mixture with 2,2 DPA, and dichlobenil, gave poor control.
activity may have been inhibited by the deep black fluffy benthos built up from urban run-off.

Diguat produced rupid and complete knockdown including extensive cane damage.

despite a second application at 62 DAT (days after treatment) the plants regrew (o pre-treatment

density from basal stem material.
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Tabie 2. Phylotoxicity scores {mean) for all trials,

91051 (3R} 91-G52 (2R) 92-066 (2R) 91057 (3R) 92-067 (3R) 92-071 (2R) 92-069 (2R)
11 MAT 9 MAT 10 MAT 5 MAT 10 MAT T MAT 9 MAT

Herbicide % wiv at phyta (2 phyto C.v. phyto o, phyto A2 phyto (A2 phyto cv. phyto  ow
Registered Aquatic Herbicides
amitrole 0.10 23 138.0 - - - - - -
amiwole + 2.2 DPA 010+ 0.33 1 87.0 - - - - - -
dichiobenil 15.0 (kg/ha) 7 87.0 - - - - . -
digquat 0.10 12 65.0 - - . - - -
glyphosate 0.36 93 115 9% 0.7 95 0.0 33 458 99 i) 100 0 -

" 0.54 23 350 99 0.7 i 6.0 . - - -

" f Puise 0.36/02 95 o0 - - - - - -

" f Pulse 0.534 /02 100 00 - - - - - -

14-D 0.50 43 4.0 is 60.5 78 32.0 27 21.7 - - -

" 0.67 - - - - o7 22 - - - -
Registered Non-Aquatic Herbicides
clopyralid 0.09 - - - - - 71730 - -

) 0.18 . - - - - 0 0.0 - -
dicamba 0.10 - - - - - 48 59.0 - -

- 0.20 - - - - - 78 22.0 - -
fluroxypyr 0.9 - - - - - 81 24.0 59 07 -

.. 0.18 - - - - - 90 6.0 99 0.7 -
imazapyt .13 - - . - - 9 0.6 . -

) 0.25 - - . - - 100 0.6 - -
metsulfuron 0.001 - - 5 141.0 - - 32 55.0 - -
pickoram/2.4-D 0.13 . - . - - 96 20 - -

- 0.25 - - - - - 99 06 - -
triclopyt 0.14 - - . - - 0 29.0 931 40 95 0

" 0.29 - - - - - 97 30 58 0 95 0
Unireated 00 0 0 0 0 0 0 O 0 o 0 a 0 0 0

MAT - Months aftar meatmentDAT - days after reatment
c.v. Coefficient of variation %(-R) - Number of replicates

Phytotoxicity - % visual phytotoxicity score (-100% linear scale
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Glyphosate alone at 1.36% wfv guve almost complete control and was equal to the higher rate of
0.54% when applied between January and May (summer-zutumn).  Trial 91-057 applied in
August (late winter-garly spring) gave poor contrel. The high rate of plyphosate {(0.54% wiv)
with Pulse adjuvam gave complete kill with one application in small plots. On a large scale re-
treatment would be necessary to control seedling growth and two applications of glyphosate
alone ar the lower rate (0.36% w/v) would probably give the same result as using higher rates
with Puls¢, It would also be cheaper as well as reducing the potential contamination.

2,4-D gave initial control equal 10 glyphosaie but erratic regrowth occurred. One re-treatment
would probably give complete conwol.

Registered non-aguatic herbicides {Table 2)

Metsulfuron and clopyralid gave poor control and treated plants recovered readily. Dicamba was
not quite as effective as 2,4-D, and was more expensive,

Fluroxypyr, imazapyr, picloram/2.4-D and iriclopyr all gave excellent control when applied in
January.  Fluroxypyr and triclopyr gave slightly improved centrol when applied in May
{autumn).  Trclopyr has excellent aquatic toxicology, shont half lfe in water and useful
sefectivity (registration is pending tn the USA) thus it offers good potential for use in the Botany
Wetlands.

Sclectivity

Further work is planned to more clearly define selectivity for native plants. Chbservations to date
indicate 2,4-D had strong selectivity to grasses, a useful species in steep sandy shore line areas
prong to erosion. At the water ling Persicaria strigosa recovered rapidly and Typha was tolerant
o 2,4-D.

Glyphosate is most effective when applied in autumn on L, peruviang. The protective effect of
L. peruviana should ensure reasonable survival of Typha which usually rapidly re-¢stablishes.
Re-treatment with an aiternative herbicide such as 2,4-D is propesed in areas where Typha is
desirable,

Observations on single plants indicated that Schoenoplectus validus, Acacia longifelia, Kunzea
ambigua and Triglochin procerunt can tolerate partial treatment with glyphesate. Hydrocotyle
bonariensis and Persicaria sirigosa were initially desiceated but regenerated readily.

With triclopyr good selectivity was noted 1o the grasses Paspalum urviltel, Eragrostis curvila
and Pennisetum clandestinum. Qther species that were tolerant or recovered included Typha,
Efeocharis sphacelata and  Hydrocoryle bonariensis. Triclopyr and  2,4-D show similar
selectivity.

ACKNOWLEDGMENTS

This work was funded by the Water Board, Sydney NSW Australia.

80



Aquatic weeds

REFERENCES

1. Records of the National Herbarium, Royal Botanic Gardens, Sydney.

2. Samty, G.R. and Jacobs, S.W.L. 1981. Waterplants of New South Wales. Water
Resources Commission of New South Wales, 550 pp.

3. Saimty, G.R. and Jacobs, S.W.L. 1988, Waterplants in Australia. Ausmalian Water
Resources Council Canberra, 144 pp.

31



Herbicide resistance and rolerance

SONCHUS OLERACEUS RESISTANT TO THE ALS INHIBITING HERBICIDES

P. Boutsalis and 5.B. Powles
Waite Agricultural Research Institute, Department of Crop Protection,
University of Adelaide, Gles Osmond SA 5064, Ausralia

Summary. A biotype of Sonchus ofleraceus from Goondiwindi, Queensland, is the first dicot
species in Australia resistant to ALS inhibiting herbicides. This biotype was selected for § years
with chlorsulfuron and is resistant to chlorsulfurcn and a wide range of other sulfonylurea and
imidazolinone herbicides. The LDy, ratios for the resistant biotype are at least 60-fold greater
for sulfonylureas and a1 least 4.5-fold greater for imidazolinones than for susceptible
3. oleraceus. GRy, ratios are greater than 9-fold for sulfonylureas and 7.4-fold for imazapyr.
The resistant biotype is not resistant to non-ALS inhibiting herbicides. This paper documents
the dose response of the resistant 8. oferaceus to a range of herbicides.

INTRODUCTION

Senchus oleraceus is an annual weed present in all states of Australia and widespread in the
temperate zones of both hemispheres (1}. It can be a serious problem in the northern Australian
cereal cropping zone.

Acetolactate synthase (ALS, also know as acetchydroxyacid synthase, or AHAS) catalyses the
first reaction in the production of three branched chain amino acids, leucine, iseleucine and
viline (2). This biosynthetic patbway is only found in microbes and higher plants. There are
several classes of herbicides that inhibit ALS. Chlorsulfuron was the first ALS inhibitor
herbicide in the sulfonylurea class, commercialised in 1982, Imidazolinone, triazolepyrimidine
and pyrimidinyl thiobenzoates are three other herbicide classes that directly inhibit ALS activity
(reviewed in 3).

In Australia, sulfonylureas are the most widely and frequently used herbicides throughout the
cereal cropping zone, particularly chlorsulfuron and triasulfuron for control of Lolium rigidum
(annuat ryegrass) and many broadleaf weeds in cereals. To add to the selection pressure
imposed by ALS inhibitors, the imidazolinone herbicide, imazethapyr, and two
triazolopyrimidine  herbicides, flumersulam and metsulam  are being marketed. These
imidazolinone and trizzolopyrimidine herbicides are recomimended for weed control in some
dicot crops. Untit recently these crops were an important break from sulfonylureas, but now
there will be an ALS3-inhibitor herbicide that could be used in each part of the cergal-legurne
rotation. This can only lead to a higher selection pressure imposed on all susceptible weed
species.

In North America, eight dicot and two grass weeds have developed resistance to ALS inhibitors
(reviewed in 3). In contrast, until now annual ryegrass hus been the only weed to develop
resistance to the ALS inhibitors in Australia (4, 5). However, our current work reveals that
biotypes of three dicot weeds, S. oleraceus, Sisymbrium orientale and Brassica tournefortii, have
developed resistance to the ALS inhibitors following selection with sulfonylurea herbicides,
This study reports the first broadleaf weed in Australia, §. oleraceus, 1o become resistant to ALS
inhibitors.
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METHODS

Plunt_material.  Seed of §. oleraceus was collected in the summer of 1991 from a wheat field
near Goordiwindi in which chlorsulfuron had failed to control this species. In this ficld
chiorsuifuron was applied between 185 and 12.75 g ai/ha, cither pre- or post-emergent
consecutively for 8 years. Hereinafter this population is referred to as the resistant biotype.
Susceptible seed (hereinafter referred to as the susceptible biotype) was collected from the Waite
Institute from a paddock which had never been treated with an ALS inhibitor.

Pot experiments. Seeds were germinated on (6% agar in a seed incubator. After five days,
seedlings were transplanted into 17 ¢m pots outside. When at the 3-4 leaf stage, the plants were
sprayed in a precision herbicide spray cabinet. Both biotypes were tested post-emergent with six
ALS inhibitor herbicides and five herbicides with different modes of action. There were five
replicates (pots) per rate and seven rates per herbicide. The herbicides tested were chlorsulfuren,
sulfometuron, metsolfureon, imazapyr, fumetsulam, bromoxynil, divron, memibuzin, MCPA and
diflufenican, Surfactant (3.2% (v/v) Agral 600®) was applied with each herbicide.

After herbicide application, the plants were returned to the field and organised in a completely
randomised design. Thirty days after spraying, survival was recorded and dry weight 48 h later.
The experiment was repeated and the data pooled for analysis.

RESULTS AND DISCUSSION

Resistance to ALS inhibitors. The pot studies confirmed the field failure of chlersulfuron in that
the S. vleraceus biotype is highly resistant to this herbicide. Susceptible plants were killed with
2.5 g aifha whereas doses above 67.5 g a.i/ha chlorsulfuron were required to kill resistant
plunts (Fig. 1a). Although the difference in dry weight response between the resistant and
susceptible biotypes was not as large as the difference in plant survival to chlorsulfuron, the
difference was stll signiticant (Fig. la and 1b). The large difference in response to
chlorsulfuron between both biotypes is further exhibited by the R/S 'LD,, ratio, being greater
than 86 (Tuble 1) and the R/S "GR,, greater than 28 (Table 1). This S oleraceus biotype was
also tested with two other sulfonylureas and found to be highly resistunt (Table 1), Very similar
GRy, raties have been recorded for Kochia sceparia in North America (6). However, for
resistant biotypes of Stelfaria media, Lofium perenne and Salsola iberica higher GR., ratios were
recorded suggesting that plant growth reduction was not as sensitive to these suifonylurea
herbicides as for this §. oleraceus biotype (7).

The finding that the 8. oferacens biotype is highly resistant to sulfometuron-methyl (Table 1)
indicates 1hat the mechanism of resistance to the ALS inhibiters may be a mutant form of the
ALS enzyme, as has been documented for al! dicot weed species that have developed resistance
to the ALS inhibitors in North America (3), This indication is based on work that has shown
that sulformemrron-methyl metabolism is very slow, even in species that rapidly metabolise other
sulfonylurcas such as wheat (8, 9). in light of such findings, because the §. oferacens biotype is
hiphly resistant to sulfometuren, then resistance is unlikely metabolism based, but most likely
due 10 a mwtunt ALS enzyme. Encyme assays have nat yet been performed.

The S. eferacens biotype is less resistant to imidazolinone herbicides. This is illustrated by the

LD,, ratics which are at least 10-fold greater for the sulfonylurea herbicides (Fable 1). The
GRy, ratio of the resistant S, oferaceus falls within the published results of the GR,, ratios of
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three ALS target-site mutant resistant weed species; the GR,, ratio of §. mediz was 8-fold
greater, L. perenne 000-fold greater and §. iberica 2.5-fold less (7).

1{a) 1{b
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> 6 :.2_
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2 4 (=]
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Figure 1. (a) Percent survival and (b} percent dry weight of susceptible () and resistant (@)
5. oberaceus 10 chlorsulfiuron 30 days after treatment. Each point is the mean of 5 replicates
repeated twice. Error burs show the standerd ermor of the mean for that rate.

Tuble 1. LB, and GRy, measurements for resistant and susceptible 5. oleracens treped with
11 herbicides

Herbicide LDy, (g ai/ha) GRy, (2 a.iha)

R 5 R/S ratio R 5 R/S ratio
Sulfometeron >120 <0.94 >128 263 <(0.94 >28
Chlersulfuron >90 L1 =82 16.6 <0.71 »23
Metsulfuron >24 <).38 »63 3.3 <(.38 >9
Imazapyr 142 17 84 317 4.4 74
Imazethapyr 467 135 1.5 - - -
Flumetsulam >160 >t60 >160 >160
Metribuzin 31.6 297 1.1 25.6 319 08
Diuron 2438 357 0.7 15 291 0.5
Bromoxynil 89 8.1 11 - - -
Diflufenican 52.1 46 11 13 17.5 0.7
MCPA 215 256 11 77 87 0.9

" LD, is defined as the mte of hecbicide application in grarms active ingredienyhectare (g 3.1/ha) required
to kill 50% of the population,

' GR,, is defined as the rate of herbicide application in ¢ a.i/ha required to inhibit plang growth by 50%
relative 10 untrealed conools,
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Flumetsalam had no activity on either 5. oferacens biotype. This finding is consistent with
technical information supplied by Dow Elanco. In contrast, susceptible §. media was sensitive
to DE-489 another wiazolopyrimidine, whereas the chlorsulfuron resistant 8. media biotype was

cross-resistant to DE-489 (10). It wilt be interesting to test if ALS from §. eleraceus is inhibited
by flumetsulam.

Both §. sleraceis biotypes were equally sensitive to herbicides with modes of action different
from ALS inhibiters {Table 1}. This response was also documented for resistant and susceptible
K. scoparia, tested with bromoxynil, MCPA and diuron (6). Therefore, as for the North
American ALS inhibitor resistant dicot weed species the resistant §. oleraceus does not show
uny cross resistance to non-ALS inhibitor herbicides.

CONCLUSION

This study documents the first dicot weed species, S. oferaceus resistant to the ALS inhibiting
herbicides in Australia. This biotype is highly resistant to the sulfonylurea herbicides, similar to
the ALS inhibitor resistant dicot weeds of MNorth America and is resistant, but less se, to the
imidazolinone herbicides. Early indications suggest thal resisiance is probably due to a mutated
ALS enzyine, although this has not yet been confirmed. Current studies have recently confirmed
two other dicot species as highly resistant to sulfonyiureas. There seems little doubt that other
weed species will develop resistance 1o the ALS inhibitor herbicides. Given the widespread
usage of sulfonylureas and the introduction of new ALS irhibitors it is inevitable that further
species will develop resistance.  All sectors of the industry should address this looming problem.
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DISTRIBUTION OF BRIDAL CREEPER (MYRSIPHYLLUM ASPARAGOIDES)
IN WESTERN AUSTRALIA

VK. Scou' and J.P. Pigort
'CSIRO Divisien of Entomology, Private Bag PO, Wembley WA 6014, Australia
*Western Australisn Herbarium, Department of Conservation and Land Management,
PQ Box 104, Como WA 6152, Australia

Summary.  Bridal creeper (Myrsiphyllum asparagoides) is widespread in the south-west of
Western Australia. The weed has a disjunct distribution, isolated but severe infestations occur
throughout the area, particularly associated with old settlements and town sites. 1t is likely that
bridal creeper in the south-west of Western Australia has yet to reach the fulf extent of its
distribution and impact on native vegetation.

INTRODUCTION

Brdal Creeper, Myrsiphyllum asparageides, is a significant environmental weed in south-western
Australia (Y). Bridal creeper is of southern African origin and has been grown extensively as a
garden plant. The weed is spreading rapidly through bushland of high conservation value on
roadsides, fanmlund and public reserves. In this poster we report on surveys of the distribution
of bridal creeper in Western Australiu us part of the preparation for the inroduction of biological
control agents (17) and for the eventual proclamation of bridul creeper as a noxious weed in
south-west Western Australia.

METHODS

Surveys were started in 1990 1o establish the extent of infestation. Data were cempiled from
records of roadside populations (first author), records held by the Departrnent of Conservation
and Land Management, including records of the Western Australian Herbarium, and from
infestation reports of the Agriculture Protection Board (second author).

RESULTS AND DISCUSSION

The plant is widespread and was found at over 90 localities during the roadside survey, spread
throughout the muddle gnd lower south west of Western Australia. Plants were found south west
of Regans Ford (30°39°S 115°42°E) in the north, Lake Gruce (33°06°S 118°28°E) inland and
Hopetoun (33°537°S 120°07°E} in 1he cast (Fig. 1).

The Departiment of Conservation and Land Management Herbarium recerds show that the
euslern exiremity of bridal creeper occurmrences in Western Australia are Israclite Bay (33°38°S
123°52°E) and Toolinna Cove (32°44°8 125°01'E) on the coast of the Nullarbor Plain (Fig. 1).
These locations are in the Nuoywsland Mature Reserve.  Plants have also been observed at
Dongara (29"15°S 114°56°E) (Keighery pers. comm.) which is 210 km nerth of plants found at
Regans Ford.  Bridal creeper has been recorded in other nature conservation reserves m the
south-west of Western Australia {10), particularly the wheatbelt {Table 1). Bridal creeper has
been recorded 1 9 of the 43 National Parks in the south-west of Western Australia (Table 2).
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Figure 1. Dvstribution of Myrsiphylium asparagoides in Western Australia,

Table 1. Known infestations of bridal creeper on CALM nawre
reserves in south-west Western Australia.

Nawre Reserves Shire Source
4569/1711 Broomehill 6
9219 Kent 6
10914 Tambellup &
10930 & 25711 Dumbleyung 6
24599 & 32204 Kaunning 6
29860 Lake Grace 6
29182, 6798 & 9718 Pingelly 3
25705 Albany 3
8478 Bridgetown/Greenbushes 3
A29977 Northam 3
Town reserves Manjimup 3
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Table 2. Known infestations of bridal creeper in National
Parks in Western Australia.

Natienal Park Shire Source
Yanchep Wannerco 1
Neerabup ‘Wanneroo 10
Yulgorup Waroona 10
Tuart Forest Capel 10
Lecuwin/ Naturaliste Busselion & Augnsta - 10
Margaret River

Stirfing Range Cranbrook 10
Fitzgerald River Jerramungup - Ravensthorpe 2,4
Stokes Esperance 10
Cape Arid Esperance 2,16

Additional published records of bridal creeper are known from banksia and tuart woodlands near
Perth (8, 11) and the Warren Botanical subdistrict (7). The weed is well established in the Perth
metropolitan area at locations including Woodman Point (14), Bold Park (12), Star Swamp,
Trigg Dunes and Forrestdale Lake (Pigott, unpublished data), and Kings Park (17).

An 1886 record of bridal creeper from Nichol Bay in the Pilbara (16) (Fig. 1) appears to be
anomalous as there has been no further records from the region. The carliest confirmed record
is 1956 for plants found on Garden Island off the coast near Perth (15).

Bridal creeper has aiso been recorded by the Agriculiure Protection Board as occurring in 33
south-west shires including drier parts of the southern wheatbelt. Reports from this source are
known to be incomplete becuuse of the informal nature of the reporting request (ie. bridal
creeper is not a declared plant and does not have to be reported). From our other records bridal
creeper is known from an additional 9 shires not including local govemment areas of
metropotitan Perth. [n total, bridal creeper is found in more thun one third of south-west shires
and notably all cosswl shires between Perth and Esperance.

Bridul creeper populations are often centred on old setilements and town sites indicating that
humans are a major source of inital spread. Invasion into remnant vegetation is mostly
attributed to escapes from gardens and garden refuse, and also to seed dispersal by birds and
flowing water {13). However, while Western Australian Herbarium records indicate that bridal
creeper hus long been established at some sites (eg. old Telegraph Station at Israelite Bay), the
weed has not spread from these locations. In conrrast, populations at other locations (eg.
Waadman Point} have spread extensively through undisturbed remnant vegetation in recent times
(Keighery, pers. comm.),

Control options being considered for bridal creeper include herbicide treatments (eg. 13), and the

introduction of biclogical control agents (17). The weed is being considered for proclamation as
a noxious weed or as u shire pest plant in south-west Western Australia.
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A NEW APPROACH TC WEED CONTROL ON TASMANIAN ROADS

P.]. Barwick® and K. Young®
' Greening Australia (Tas) Inc, 169 Campbeli Strect, Hobart TAS 7000, Australia
? Dept of Primary Industries and Fisheries, Stoney Rise, Devonport TAS 7310, Australia

ROADSIDE VALUES

Roadsides are ofien considered an unimporiant asset, and in many people’s minds the fact that a
plant grows by the wayside is enough to define it as a valueless weed. Some people consider
any plant which is not cultivated is second rate and any natural species as worthless bush to be
controlled at every opportunity. A Local Govenment Act in Tasmania allows indiscriminate
cuiting of native trees but requires permission before interfering with exotics! Roadsides are in
fact valuable havens, harbouring rare plants, unusual plant communities and fine examples of
indigenous species. Roadsides are comparable in total area with seme of our National Parks,
and contain rare flora and fauna as well as fine examples of our cultural heritage. They are also
viewed by multitudes each day, framing almost every countryside view.

ROADSIDE WEEDS

Though many roadside plants are valuable, not all of them are. For a variety of reasons some
plants are definitely undesirable. Of the many definitions of a weed three are undesirable as
roadside plants.

Matural_weeds ure the prolific, opportunistic, gratuitous plants which rush in to spoil our hard
work just after we have dug and tidied the garden, or, on roadsides, just after we have scraped
the verpes and dug out the drains.  In nature, these plants are designed to colonise bare soil.
They are very useful, the first in the plant succession. On roadsides they do not seem to
understangd that they should not grow, even though our traditional activities make an ideal
environment for them! Some natural weeds are exotic; dandelions and gorse are such examples
in Tasmania, but of course there are native examples too including blackwood and silver wattle.

Social weeds show litle more sensitivity than natural weeds. These are perfectly good, useful
species of plants growing in the wrong location. For example, the pine tree Pirus radiata is
planted a8 a crop in Tasmania, and as such is a useful tree. When its seedlings escape the
plantation and lodge in table drains they are “plants out of place”, too large for the roadside we
have made; and therefore weeds.

Likewise, exolic pasture grasses are acceptable in grazing paddocks, but quite undesirable in
road verges where no stock will keep them in control and they become expensive to mow; more
weeds.  Even the most atractive of trees become a nuisance if growing directly under power
lines, and the tastiest fruit tree is nothing but a weed where its fruit makes a road pavement
slippery and dangerous.

Ecological weeds are also a panticular menace on roadsides. Rampant exotics with no natural
predators to keep them in check, they rampage the verges. Sometimes they march stealthily out
onto the cartiapeway, narrowing the traffic lanes and blocking sight lines. At other times they
are less bold and simply swatnp the indigenous species refuged in the roadside corridors.
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It is not wncornmon for roadsides o contain rar¢ plants because of the alienation to farmland or
other uses of all the surrounding habitat, and in such locations environmental weeds pose a huge
threat: unstoppable, unwanted, but largely uncontrollable for fear of dasmaging the rare plants.

CHARACTERISTICS OF ROADSIDES

In many ways roadsides arc ideal havens for weeds. They are very long, narrow pieces of land,
open 1o attack at aimost every location.

¥ehicle movement is the express purpose of every road, and yet this very movement in the
vulnerable corrider is a primary means of spreading weeds. Some wehicies are devoted to
camrying seed, hay, stock and other farm preduce. Any escaping material can cause an
immediate weed problem.  Some vehicles service infrastructure such as pipelines and cables.
Tyres can pick up weeds, seeds and diseases in one work site and wansport them to many others.
Gravel and road-making wmaterials are carted around the countryside, and even the most benign
passenger vehicle will regularly suck up material in one place and carry it in its own wind o
dump it in another location on the roadside.

Dramatic profiles are an inevitable characteristic of many roadsides, especially in hilly Tasmania.
As we lay out our flat ribbons of road we inevitably create cut and fill batters and disturb large
quantities of soil, The batters are too steep and smooth for easy or natural revegetation, and
remain bare for many years. The wind of passing cars dislodges the sail, which collects in the
drain and forms a perfect seed bed, weed bed. As the silt builds up and rampant weeds grow
they block the drain, so drains are scraped and the whole cycle starts again. Weeds grow
thickest where there is plenty of water and fine soil; in a drain.

Anenymity is both a positive and negative factor,  As alrcady mentioned, roadsides coentain
many treasured plants simply because no-one cared to cultivate them as they did the paddocks.
In this way the neglect has been benign. Howewer the neglect of problem plants on roadsides
has led to the unchecked spread of many weeds. In my own locality I have watched as the first
ong of many weed species have moved onto our roadsides, One small gorse bush, one pampas
grass, one Erica lusitanica. The one has spread to become a few, and before long whole
cotridors are filled with weeds. Soon the weeds are over the fence and into the farmland, The
neglect which allows this kind of weed spread weuld never be entertained in our domestic
gardens.

ROADSIDE WEED CONTROL

The most corunen practices for weed control on Tasmanian roads are:  scraping, where plants
and collected silt are simply removed from their location; herbicide spraying, where unwanted
piants are left dead in their place; and slashing, where the bulk of above ground material is
removed, leaving roots and some shoots still intact in the soil. In part ¢ach method is effective,
but in large measure cach is at best ineffective and at worst counter-preductive.

As previously discussed, scraping simply re-opens a new weed bed and may destroy valuable

plants along with weeds. The scrapings are rarely carried away but usually windrowed, thus
€xposing even more soil and potential weed bed.

91



Weed extension, training and the community

Herbicide is generally non-selective in its destruction and leads to denudation of the ground and
creation of a new weed bed. We have one striking example of this in Tasmania, where almost
every table drain is infested with the turge pastore grass Paspalum. This invasion was caused by
repeated indiscriminate sprayings of the drains in spring when most other plants are vigorous but
Paspatum is dormant. Tn this way all competition was removed, leaving a seed bed ready for
autumn invasion by the Paspalum. Herbicide spraying has actually promoted this major weed.

Weed control by slashing is undoubtedly effective in the short term, reducing the biomass. It
may also prevent seed spread if casried cuat at the correct time. However the removal of foliage
only encourages the devekpment of latent buds and lignotubers, and trees are encouraged to

coppice or form epicormic regrowth and thus the unwanted vegetative material is actually
increased rather than decreased.

In pur opinion, the millions of dollars spent in Tasmania on roadside weed control of one kind
or another is largely misspent (and there are $2 million spent by the power authority in tree
cutting alone). Almost all of the work consists of repetitive, indiscriminate programs carried out
regardless of needs or results.

Greening Australia and a number of others in the community have begun a process to try to
improve roadside vegetution management. Some new approaches have been identified and are
being tried in small ways.

NEW APPROACHES TO EFFECTIVE ROADSIDE WEED CONTROL

New techniques can be sorted into ditferent catepories. Some of the suggestions are guite
imexpensive, but even the more costly and labour intensive ones could be easily financed by
simply abamdoning the old ineffective practices and relocating the funds.

There are four categories of technique: awareness raising, so that workers have a betier
understanding of what plants really are roadside weeds, and why; maintenance and construction
practices which avoid the creation of weed havens; selective control of weeds, using methods
tailored to the specific problems which exist, and joint professional and community-based
initiatives for control of roadside weeds.

WEED AWARENESS RAISING

Most people in the general community have a fuirly low awareness about weeds. Before being
exposed to weed experts most of us would have simply thought a weed was a dandelion or
blackberry. In contrelling roadside weeds, we have found it is useful to remember that there are
ne bad plants, not even good ones, only some plants in a helpful situation and others
inappropriately placed. Plants come to us with their own special characteristics and we need to
use them wisely, not try to change their nature.

In atlempting to change the attitudes of some Tasmanian road workers, Greening Auvstralia (Tas)
has held numerous discussions, training sessions, field days and plant identification exercises.
They have shown many colour slides of different plants and wied to explain their growing
habits, benefits and impediments in different roadside locations.  With this increased knowledge
the workers have begun to appreciate that their real task is to find effective ways to manage
euch of the roadside plants, not simply to seek ways to destroy them alk.
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WEED AVOIDANCE

As already noted. many common roadside practices create arcas of disturbance and exposed soil,
in new rond-making a certain amount of ground remadelling is essenttal; however roads which
minimise that reshaping are better aesthetically, ecologically, from a landcare point of view and
for weed prevention. They are generally also cheaper in the long run.

Where disturbance is necessary it is also most desirable to encourage rapid revegetation for all
of the above reasons. Revegetation is generally most effective when batters are laid back and
bare arcas topsoiled, roughened, seeded and mulched. Bare roadsides with smooth, steep batters
have been common in the past. ‘These encourage erosion, drain silting and weed invasion and
subsequent spread. They also look awful,

One very effective procedure in roadside weed control is therefore to avoid soil disturbance
where possible, both in construction and maintenance work. Where plants must be removed, be
selective and do not carry out blanket denudation. If soil disturbance is unavoidable then
reinstate the vegetation immediately.

In Tasmania we have devoted considerable effort to these principles in enlightening road design
engineers und in training maintenance and construction workers. We are preducing a land
calendar 10 {amongst other things) alert operators to the times of year when weed seeds are most
protific, so they can defer soil disturbing activities. In the field and in training sessions we are
helping with identification of native plant communities so these can be kept pristine, and we are
encouraging the vse of already-disturbed and weedy areas for spoil dumps, vehicle parks etc.

One outstending example of soil-conscious road making was tried in one Tasmanian forest
location ncat St Helens. Here, APPM and Forestry Commission jointly planned and constructed
a road along a granite ridge-top to minimise soil disturbance. The road location dictated a
complete reversal of usual logging operations but was in every way most successful, allowing
logging on a very mobile soil which would otherwise have been unbarvestable. Minimom soil
and vegetation disturbance also meant minimum epporttunity for weed invasion,

SELECTIVE WEED CONTROL

Despite all the work on awareness and avoidance, Tasmanian roadsides do have many weeds
which need to be treated. The problems range from the rampant pasture grasses Phalaris and
Paspalum blocking drains to Jarge trees growing under power lines and massive infestations of
gorse in close proximity to valuable native plant communities and even to rare and threatened
species. Euach specific weed problem needs to be oeated in its own appropriate way.

Greening Australia is working with HEC tree clearing gangs to teach them effective pruning
technigues in place of their old hacking method which actually promoted unwanted regrowth.

To out-compete weeds and reduce the biomass and need for mowing, we are assisting with work
on native grasses. Though the field is largely new and untried in our State, we have
commissioned the preparation of a native grasses handbook and have also assisted both State and
Local Government authorities to establish wial plots for kangaroo grass this winter.
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Where vigorous weeds und rare indigenous plants grow together very particular care is needed.
With specialist advice from the Department of Primary Industries and Fisheries, Greening
Australia (Tas) has involved local autharity workers in hand removal and cut stump poisoning of
gorse plants growing over rare plants of Spyridium microphyilum and Acacia axillaris on the St
Pauls River,

These are just a few examples of the diverse methods being tried as replacements for the old,
ineffective, blanket weed control methods which were previously se common on our roadsides.

JOINT ROADSIDE STEWARDSHIP

To raise the public interest and awareness of their potential involvement in roadsides, Greening
Australia {Tas) hus selected lengths of healthy indigenous roadsides for special attention. On
one such roadside a group of "Friends of the Roadside” has been formed. In July they held a
joint working bec with the responsible authorities. Volunteers used knapsack sprays and kitchen
knives to attack individual preblem weeds in a Bradley-style campaign against invading plants.
On the same day the professionals mowed the weed-infested drains with a heavy duty tracter-
mounted slasher. in a new program replacing the old indiscriminate spraying regime.

Except for the odd mistakes, the outing was very successful and we believe it shows a pattem
for the future where both public opinion and volunteer working bees can help the professional
road managers 10 improve their roadside practices and be more selective in weed control. Such
days are not only uscful work, but they also serve to allow the public and the road workers to
better understund each other’s points of view. [n addition the rather scorned road workers come
to feel mare highly valued and then become more motivated and creative in their maintenance
work.

CONCLUSION

In conclusion, we are able 1o report that the Tasmanian program of roadside weed control is
proving interesting and beginning 1o show success. As new ideas are taken up by different
groups we are seeing their initiative blossoming and even more selective and innovative weed
control methods being developed.  There is no doubt that in the expensive business of weed
control money will be saved, ecological vatues will be upheld and the community’s sense of
responsibility and participation will be enhanced, all while pursuing more efficient and effective
weed control on roadsides.
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ABORIGINAL AND NON-ABORIGINAL RECOGNITION AND AWARENESS OF
NOXIOUS PLANTS AND CONTROL MEASURES

I.R.B. Wilson
Far North Western Slopes County Council, Warialda NSW 2402, Australia

Swmmary. The purpose of the survey was te compare Aboriginal and non-Aboriginal
respondents’ recogniton of and attitudes towards noxious weeds and their control methods.
Three geographical areas, which consisted of diverse country, were selected for the survey. The
survey drew upon 210 respondents, 70 from each of these areas in north-western New South
Wales. Results of the survey indicated that Aboriginal and non-Aberiginal respondents do
recognise noxious weeds and that overall 50 per cent of these weeds are not regarded as a
problern. These patterns appear to be in conflict with proposed government noxious weed
control management plans and strategies in which chemicals seem to continue to play a major
role in the newly advocated integrated controf system.

INTRODUCTION

A comparison of Aboriginal and non-Aboriginal recognition of noxious weeds and preferred
methods of control was chosen as a survey topic for it was an interest in my field of
employment as a Chief Weeds Officer.

Aboriginal and non-Aberiginal landholders are subject to the same policies of noxious plant
control. For this reason, the survey intended to compare experience and land ownership as well
as related attitudes towards noxious weeds and concrol measures among Aboriginal and non-
Aboriginal respondents.

METHODS

On the basis of my knowledpe as 1 weed officer, the survey was designed around various
habitats of noxious plants. The three geographical areas chosen for the survey were Tenterfield,
Inverell and Moree Plains Shires. Each shire is geographically different and contains different
noxious weed species.

Respondents with rural experience were located through the use of weed officer network and
contacts made from a pilot study carried out in 1991, The pilot sudy was used to test two
instruments, a visual aid and a structured interview devised by myself. The wvisual aid was
improved from 26 black and white line drawings of noxious weeds to 26 colour photographs
from Agfuct pictorial indexes. The aim of the visual aid was to draw upon respendents’ past
experience, recognition and opinion of noxious weeds in relation to very concrete examples,
The questionnaire consisted of three sections. These included respondents” background, noxicus
weed recognition and attitudes towards noxious weeds. The interview groups included equal
numbers of Aboriginal and non-Aberiginal people in each region.

RESULTS
On sverage, participants in the survey indicated that they had been living/working on the land

“all their lives". The correlation between age and experience accounted for higher proportions of
non-Aboriginal respondents with experience on the land.
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The range of noxious weeds recognised shows that respondents identify the following species
most frequently, Prickly pear (Opuntia stricta), Blackberry (Rubus fruticosus), Water hyacinth
(Eichhornia crassipes), Pampas grass (Cortaderia selloana) (Fig. 1). Noxious weeds which are
not recognised vary with area, although some plant species {e.g., Green cestum (Cestrivn
parqui), St John's wort (Hypericum perforatum) and Nodding thistle (Cardu nutano)) are not
commonly registered at all.
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Figure 1. Recognition of noxious weeds Aboriginal versus non-Aboriginal respondents

In order to investigate why some noxious weeds were recognised more than others, weeds were
classified into three categoriecs. These categories included aguatic, garden escapes and common
weeds.

For the purpose of the survey “common wesds" is a category devised for noxious plants which
are common in all three areas, Focussing on these categories enables the survey to explain and
compare noxious plant recognition. The only difference in weed recognition across these
categories occurred for "aquatic weeds" where the level of recognition among Aboriginal
respondents is significantly higher than among non-Aboriginal. Respondents were also asked to
indicate whether they would classify any of the noxious plants as either fodder or food. Jehnson
grass (Sorghum halepense) was the only noxious weed recognised in the survey for its fodder
qualities. Twenty per cent of the total number of respondents regarded Johnson grass as a useful
fodder for stock, particularly in the western and central areas where its drought tolerant qualities
act as an aid for stock survival. In the eastern area Aboriginal respondents less frequently
recognised Johnson grass because a higher rainfall pattern reduced their dependence on the plant
grass as fodder. Responses from all three areas however show that Johnson grass is thought to
have positive and benreficial gualities,

One quarter of the total number of respondents recognised the food value of a fifth of the
noxious plants in the survey. Aboriginal respondents more frequently recegnised potential food
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plants than non-Aboriginal respondents.  Blackberry and Water hyacinth proved to be
particularly popular food plants among Aboriginat respondents.

Problems caused by noxious plants. Non-Aboriginal respondents prioritised problems caused by
noxious weeds as:

. Stock 46%
2. Crops 31%
3. Man 14%
4, Environment 9%

Aboriginal respondents prioritised the problems as:

1. Stock 40%
2. Crops 24%
3. Environment 10%
4,  Mar 26%

Thus Aboriginal and non-Aboriginal respondents appeared to hold similar views. Aboriginal
respondents however, particularly females, displayed a greater concern for damage to the
environment than non-Aboriginal respondents. Interviews indicated that the latter appeared to be
more concerned about how their income would be affected by noxious weeds than about how
they might harm the environment.

Noxious plants not seen as a problem. Noxious weeds regarded as non-problematic by
Aboriginal respondents included Water hyacinth, Galvanised burr (Sclerolaena birchii), Sweet
briar (Rose rubigirosa), Salvinia (Salvinig molestq), Patersons curse (Echium spp.), Silver leaf
nightshade (Solanum elaeagnifolium) and Alligator weed (Alternanthera philoxeroides). Noxious
plants regarded as non-problematic by both Aboriginal and non-Aboriginal respondents include
Prickly pear, Johnson grass, Blackbemry, Pampas grass and Rhus wee (Toxicodendron
succedanenm). In total, 12 out of 26 noxious weeds in the survey, almost 50 per cent, were
considered non-problematic,.  Thus an elderly Aboriginal woman explained why she does oot
regard the noxious plant Galvanised burr as problematic.

Too much taken from the land caused this plani to fight back.
Too eoften the weed is blamed rather than man’s interference with the land.
METHODS OF WEED CONTROL

Methods of weed control used by Aboriginal and non-Aboriginal respondents were similar in
pattern though differed in emphasis (Fig. 2). Chemicals have been used by 54 per cent of non-
Aboriginal and 21 per cent of Aboriginal respondents. A definite preference was indicated by
84 per cent of all respondents for less use of chemicals (Fig. 3). More support was shown for
alternative noxious weed control methods such as grazing and burning.

Respondents’ preference for less or no chemical use is in contrast to governments’ future control

plans and strategies. Total Catchment Management, advocated in the National Weed Suategy
(1) and the NSW Weeds Act, for example, combine an Integrated Pest Management program in
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which chemical application remains the dominant metbod of conrol,  Altemative methods such
as burning and grazing may nat be as effective or efficient as chemical control.  This would
mean that Aboriginal and non-Aboriginal respondents could be liable under the Noxious Weed
Act of 1993 (2). The Act states that failure to effectively control noxious weeds may resuit in a
maximum penalty of $10,000. Local authorities may also enter the land and chemically control
the noxious weeds, and charge the tandholder accordingly.  Fuailure to pay the fine or w0
reimburse authorities for control measures may result in the sale of land to recover these costs,

ABORIGINAL RESPONSE NON-ABORIGINAL RESPONSE

5

W Chermcal
O Buming

B Grazing

W Cultivation

B Chipping

Figure 2. Methoeds of weed control used by Aboriginal and non-Aboriginal
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Figure 3. Methods of weed control preferred to be used more in the future by Aboriginal and
non-Aboriginal
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Given that Aboriginal people have used chemicals much less frequently than non-Aboriginal
respondents in the survey, piven that Aboriginal and non-Aboriginal respondents prefer other
methods of contrel, and given that the National Weeds Strategy is proposing special legislation
to address specificaily Abaoriginal people’s approach to weed control, the new legislation at state
and federal levels may in fact become a ool to constrain Aboriginal land cwnership.
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WEED CONTROL AND THE CO-OPERATIVE RESEARCH CENTRE FOR TROPICAL
PEST MANAGEMENT

R.E. Cruttwell McFadyen
Alan Fletcher Research Station, Sherwood Q 4075, Australia

Summary. The Co-cperative Research Centre for Tropical Pest Management (CTPM) in
Brisbane is formed from the Entomology Divisions or Departments of the University of
Queensland, CSIRO, Queensland Department of Primary Industries and Queensland Department
of Lands. CTPM staff are involved in research into all aspects of improved management of
tropical pests, with a significant section involved in biological control of weeds. Australia is a
world leader in this field, and over 50% of Australian weed biocontrol occurs in 2 of the CTPM
participating institutions. The CTPM offers new educational opportunities for weed scientists in
the region, with 4 new intensive 2-weeck course on Biocontrol of Tropical Weeds, and course-
work Diploma and Masters as well as research degrees at the University of Queensland, all
taught or supervised by experienced weed biocontrol scientists.

INTRODUCTION

The Co-operative Research Centre for Tropical Pest Management (CTPM) was formed in
Brishane in 1991, one of the first of 50 Co-operative Research Centres funded by the Australian
CGovernment for a S-year period, in a move to increase the links between sciemtific research,
industry and education. The CTPM was formed from 4 participating institutions, CSIRO
Division of Entemology at Long Pocket, Queensland Depariment of Primary Industries
Entomelogy Branch (as it was then), Queensland Department of Lands Alan Fletcher Research
Station, and the University of Queensland Department of Entomotogy. CTPM headquarters are
at the University of Queensland and Dr Geoff Norton, well-known for his work at Imperal
Coellege on the economics of pest management, is Director.

RESEARCH PROGRAMS

The main thrust of research at the CTPM will be towards improved management of tropical
insect pests, but there is also a significant section involved in biclogical control of weeds.
Austratia 15 3 world leader in this lield, and over 50% of Australian weed biocontrol occurs in
Brisbane, at CSIRO Longpocket laboratories and at the Alan Fletcher Research Station, both
participating institutions in the CTPM. The existing programs of these institutions will continue,
but the CTPM will bring an increased thrust towards basic understanding of the mechanisms
governing biclogical control of weeds.

One core CTPM program zims to improve the accuracy of predicting the effects of potential
biotogical control agents on weeds. The behaviour of the insects involved and the responses of
the weeds to their attacks are important factors in determining the level ef injury, and therefore
of control, inflicted by a given insect population. The core activity of this research will be the
development of a generic computer model of plant growth, able to simulate responses of plants,
ranging from grasses 1o trees, to insect attack. Basic data on the growth of the plants and their
responses to insect dumage are being collected for several plants including the important weeds
parthenium Parthenium hysterophorus and water hyacinth Eichhornia crassipes. This data will
provide the basis for developing and testing the model. The generic plant medel will eventually
be interfaced with the generic insect population model being developed by the Centre, and the
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package then incorporated into decision-support and compuler-aided learning software for
improved weed ranagement. Dr Peter Room of CSIRC and Dr Jim Hanan, a CTPM Post-
doctoral Feliow, are responsible for this program,

Another program investigates the basis of host specificity and host selection by weed biocontrol
agents, and the differences in host selection behaviour in cages and in the field.

A PhD student Ms Seemni Khan is investigating host selection in the moth Epiblema strenuana,
released as a biocontrol agent for parthenium weed. In its native home in north America as well
as in Australia, the moth never attacks sunflower, which is closely related to parthenium. Yet
both Chinese and Indian biocontrol scientists report significant attack on sunflower and other
related plants in cage tests. Seed of sunflower cultivars from India and China have been
obtained and field and cage tests are in progress. These will be followed by experiments to
determine the chemical basis for host selection in this moth. This work ties in with and will be
strengthened by other research within the Centre on the chemical basis of host selection in plant-
feeding insects.

A third program is studying eutrophication of water and its effect on biological control of water
hyacinth. This is a new Centre initiative, and is the first step towards improving our
understanding of biocontro! of serious waterweeds such as salvinia Safvinia molesia, water
hyacinth Eickhornia crassipes and water lettuce Pistig siratiotes in eutrophic waters. This
program alse links with the plant growth model, which will be used to help analyse data from
cutrophication experiments. Mr Shaun Witherton (CTPM) will be conducting the experiments
with CSIRO scientists Mr Tony Wright and Dr Tim Heard,

EDUCATION

Together with these new research programs, there is an increased ernphasis on education. The
first intensive 2-week course on Biocontrol of Tropical Weeds was held in May this year, with
10 participants from Uganda, Vietnam, Thailand, Fiji, the Sclomon Islands, Indonesia, the
Philippines, and Australia. Pressure 1o reduce use of chemical herbicides and move towards
"sustainable” land use is leading to increased interest in biological weed contro} in many
countries, but there are few experienced biocontrol scientists in the region except in Australia.
This course provides expert and “hands-on” training for weed scientists and agricultural
entomologists, equipping them to run or supervise a weed biocontrol program in their own
country. It is also extremely valuable for senior agricultural scientists who may have to make
the decisions regarding importation and release of insects as biocontrol agents against weeds, as
it equips them with the background knowledge and expericnce necessary to evaluate weed
biocontrol applications. The course will be run again in March 1994, and in future years
according 1o demand.

The education program of the Centre incorporates aspects of all the Centre’s research programs.
The Centre is enhancing and adding to education in Trepical Pest Management within the
University of Queensland through undergraduate lectures, postgraduate research and supervision,
and development of innovative teaching methods (eg Computer Assisted Learning, CAL) for use
by a runge of clients from students through to industry consultants. Through the Centre, there is
an increased contribution of non-University research staff to undergraduate courses, which means
Agriculture students, for example, learn about weed control programs at the CSIRO and the Alan
Figtcher Research Station, and can undertake final-year projects at these laboratories under the
supervision of CSIRO and AFRS scientists.  Vacation scholarships are offered for projects in
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any of the CTPM’s centres, with students able to work on diverse projects inciuding aspects of
weed control.  Post-graduate students can enrol for Diploma, Masters and PhD degrees at the
University of Queensland, based at these participating organisations, and under the supervision
of experienced weed scientists. Diplomas and Masters degrees in Tropical Pest Management can
include courses in weed control and management, as well as a wide range of other options such
as the use of plant growth meodels, expert systems, or economics of pest and weed management.

PREDICTIVE AND EXPERT SYSTEMS AND COMPUTER ASSISTED LEARNING

CLIMEX, the PC/DOS-based computer package for predicting the effects of climate on plant
and animal distributions, has been refined to be more user-friendly. It can be used to predict the
potential Australian distribution of new weeds, or the effect climatic change might have on
existing weeds. CLIMEX for Windows will be available in 1994, and a Training Course for
users of CLIMEX will be run at the University of Queenslund in October this year. Shqrt
training courses for CLIMEX users can be arranged as reguired. An educational version of
CLIMEX which addresses peographical and ecological issues, is also being developed. Dr Bob
Sutherst, Gunter Maywald and Bryce Skarratt are the scientists working on CLIMEX
development.

Other CAL imtiatives are DIAGNOSIS, a computer program intended to teach crop consultants
and underpraduates the process of diagnosis and management of crop-production problems, for
example unexplained plant deaths in a crop which could be due to several possible causes.
Also for university teaching, a prototype key which uses graphics extensively has been
developed for identification of insects to order level. A prototype Expert System on pest-risk
analysis has been developed for AQIS; this determines the risk of establishment, reproduction,
and spread of o pest organism, combines the factars to give the overall risk associated with the
organisim, and refers to management options for this risk.  This is now being further developed
inte a functional system. Robert Merlicek and Bruce Blackshaw are the scientists responsible
for these projects, and they could readily adapt these CAL and Expert Systerns for use with
weeds if the demand is there.

WORKSHOPS

An important part of the CTPM approach to pest management is the involvement of the user
community from the outset ie at the problem-definition stage. This is achieved partly through
close links with industry bodies, through the CTPM Consultative Group of industry
representatives, and through the CTPM newsletter Tropical Pest News and other informal direct
links. Problem-Definition Workshops are another major way of bringing industry, the users of
research, into the process. These Workshops bring scientists, economists, funding body
representatives, crop consultunts and funners/griziers, together into a 2 or 3-day workshop to
consider a particular research problem. The CTPM has held several such Workshops already
and more are scheduled. The CTPM offers suppert in facilitating the Workshop and producing
the report. which allows the scientists to concentrate on reviewing the problem, brainstorming all
possible options, and finishing with solid and well-thought-out recormmendations,
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CONCLUSION

Through its participating organisations, the CTPM is already extensively involved in weed
biocontrol in Australia as well as the Asian-Pacific region. It is our hope that the CTPM will
result in greater co-crdination and depth to our research as well as a better use of resources,
The CTPM offers unique oppertunities for university-level education in weed control in the
tropics, and we hope these will be increasingly taken up by scientists from the Asian-Pacific
region. In particular, the considerable expertise within the CTPM in developing computer
maodels and ¢xpert systems for pest management is an enormoeusly valuable resource, and we
look forward to developing these systems for use by weed scientists.
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WEED RESEARCH IN INDIA, AND FUTURE THOUGHTS

Sisir K. Mukhopadhyay
Institute of Agriculture, Visva-Bharati University, West Bengal, India

THE DEVELOPMENT OF WEED SCIENCE IN INDIA

Early attempts at chemical weed control in India included the control of water hyacinth by
application of steam and formalin (4) and the use of sodium arsenite in 1937 for controlling
Carthamus oxyacantha in Punjab. In 1952 the Weed Control Section started in the Division of
Agronomy at the Indian Agricultural Research Institute, and in the same year the Indian Council
of Agricultural Research (ACAR) launched the first Coordinated Weed Control Scheme in eleven
states to monitor the weed flora of the country and research the feasibility and effectiveness of
2.4-D, MCPA and MCPB. The overall impact of this scheme on Indian agriculture, however,
remained marginal. At that time work was also being carried out by using 2.4-D to control
weeds in sugarcane in Maharashtra (2, 3) and in wheat at Agra (7), whilst in Assam research
started to contrel weeds in tea by herbicides.

With the creation of the State Agriculteral Universities from the early 1960s weed science
rescarch became more general, also occurring at the ICAR Institutes, Agricultural Colleges and
Central Universities.

The Indian Society of Weed Science was estabiished in 1968, and the first number of the Indian
Journal of Weed Science was published in 1969. The Society now has close links with other
international weed science societies.

Real importance was given to weed science research in India from 1978-79 onwards through the
USDA-PL-480-ICAR All India Coordinated Research Project. This took place in 22 locations
covering all agre-climate regions of the country, in three phases. The first phase started in
1978-79 at six centres in Punjab, Karnataka, West Bengal, Madhya Pradesh, Uttar Pradesh and
Himachal Pradesh, and included both fundamental and applied aspects of weed management in
different field and plantation crops. The second phase started in 1982-83 when the project was
extended to centres in Assam, Gujarat, Faizabad, Bangalore, Jhansi and Tamil Nadu. In the
third phase from 1985-86, nine more centres were included in Bihar, Haryana, West Bengal,
Uttar Pradesh, Kerala, Orissa, Andhra Pradesh and Meghalaya. After four years of funding from
USDA-PL-480-ICAR, the cenwres are continuing weed science research work directly under the
iCAR.

The latest effort to strengthen weed research in India has been the establishment of the National
Research Centre for Weed Science (NRCWS) by the ICAR in 1989 at Jabalpur, as a nodal
Institute in Weed Science to provide leadership in basic and applied multi-disciplinary research.
The Institute is conducting rescarch into weed management in cropping systems, the biology and
agro-ecology of weeds, vegetation management in non-crop areas and aquatic environments,
residue chemistry and weed physiology, and social science and the transfer of technology.
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RESULTS OF INDIAN WEED SCIENCE RESEARCH

In the beginning, screening and selection of herbicides for particular crops seem te have been
the major concern. Substantial work was done to identify weed management practices for
wheat, rice, sugarcane, oilseeds, pulses, maize, sorghum, cotton and plantation crops between
1963 and 1978 (Table 1),

Table 1. Herbicides recommended for different Endian crops

Crops Herbicides
Cereals, Dilseeds, Pulses
Rice 2.4-D, propanil, butachlor, thiobencarb, oxadiazon,
pendimethalin
Wheat 2,4-D, isoproturon, methabenzthinzuron, metoxuron
Maize simazine, atrazine
Sorghum simdzine, atrazing
Rapeseed and Mustard  fluchloratin, isoproturon, pendimethalin
Sesame alachler, fluchloratin, pendirnethalin, metolachlor
Groundnut fluchloralin, pendimethalin, metolachlor
Pulses fluchloralin, alachlor, pendimethalin

Fibre. sugar crops and plantation crops

Cotion diuren, alachlor

Jute fluchloralin

Sugarcane 2.4-D, atrazine, simazine

Tea glyphosate, paraquat

Coffee paraquas + diuron, 2,2-DPA + 2,4-D

CURRENT WEED SCIENCE RESEARCH IN INDIA

Weed survey and weed biology. A weed survey of different regions of the entire country will
result in the preparation of weed maps. Studies have staned on the biclogy of problematic
weeds of different regions and their control

Integrated weed management in specific crops and cropping systems. The integrated approach
of weed management has revealed the scope of using herbicides at reduced rates by combining
themn with intercultural operations, agronomic manipulation, and with growing inter-crops.

Allelopathy studies. Allelopathy studies have shown the interactions listed in Table 2.

Translocation of herbicides. The translocation pattern of foliar applied radio-labelled 2,4-D is
being swdied in Oxalis {atifolia, Parthenium hystercphorus and Solanum elaeagnifolium.

Herbicide residue estimation and management. Herbicide residue esttmation work is going on at
Coimbatore, New Delhi and Kalyam, and herbicide residue management studies have started in
several Agricultura! Universities.
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Table 2. Weeds affecting crops allelopathically in India
Weeds Affected plants

Phalaris minor (dry straw), Chenopodium  Wheat
albwm, Silene conoides

Root extracts of Trignthema Sorghum, finger millet, maize, pearl
porinlacastrum millet, red gram, sesame and cotion

Whole plant extracts of Porrulace eleracega  Okra, jowar, cluster bean, green gram and
ragi

Extracts of Cassia sericea Partheniwm hysterophorus

Standardisation of bioassay technigue. Solution in soil cultures in laboratory conditions and soil
assay in pots in bioassay experiments have been going on with several herbicides, and GR-50
(herbicide concentration to inhibit plant growth by 50%) have been calculated.

Aguatic_weed controi. Examples of recent successes with the classical approach of biological
weed control in India are the use of the weevils Neochetina bruchi and N. eichhornige to control
water hyacinth, the use of Cyriobagous salvinge to control salvinia, and the use of grass carp
{Ctenopharyngadon idella} to control submerged aquatic weeds.

Designing and developing weed control tools and implements. At HIT Kharagpur a low cost
herbicide applicator with weed attachment (ITTWAM-82) has been developed. The different
weed tools that can be attached 1o this machine include flat blades, flat blades with serrated
edges, fine line blades and double blades of improved Aspee make and Philippines design. A
power aperated aquatic weeder for ponds, canals and larger aquatic bodies has been designed,
developed and fabricated for cutting, clearing, and disposing of free ficating and submerged
aquatic weeds.

FUTURE THOUGHTS ON WEED RESEARCH IN INDIA

Emerging problems in weed management. The repeated use of some herbicides year after year
in the same area leads to a shift in weed flora and the appearance of resistant weeds which were
hitherto of relatively minor importance (Table 3).

New weed species have come up in different parts of India, and are posing great problems
{Table 4).

tHerbicides which persist much loager than the desired periods pose several potential
envirenmental problems. Agriculturally they may cause injury 1o succeeding c¢rop production
¢(particularly in multiple cropping systems), and possibly cause adverse effects on soil microflora
and fauna.  Residue problems are not only agricultural in scope. Within the last decade the
public has become increasingly aware of the potential danger from pesticide residues in the
environment. The accumulation of residues in grain, vegetables, fruits and other plant parts, soil
and water sources present potential health problems.
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Table 3. Shifts in weed flora in India

Crop Original weed flora New weed flora
Wheat Chenopodium spp., Spergula  Phalaris minor, Avena fatua, Lolium
{first phase} arvensis, Anagaifis arvensis  temulentum
Wheat Phalaris mingr, Avenq fatua  Larkyrus aphaca, Convolvulus
{second phase) arvensis, Medicago sp., Cirsium

arvense

Rice Echinochioa sp. Cyperus iria, Fimbistylis miliacea,
(transplanted) Sphenoclea zevlanica
Sugarcune Broadleaved weeds Grassy weeds

Table 4. New weed species becoming apparent in India

Region/Crop New weeds
Waste lands all over India Farthenium hysterophorus
Up hills and N.E. hills region Oxalis corniculata
Rabi crop fields of North Bengal Polygonum spp.
Tarmil Nadu ¢{Periyar and Coimbatore district) Solanum elaeagnifolium
Rouadsides, waste land, terai hills Lantana camara

Ageratum conyzoides
Eupatoritim sp.
Partkenium hysterophorus

Tea gardens Imperata sp.
Mikania sp.

Tobacco, brinjal Orobanche sp.

Sugarcane Striga sp.

Fencing shrubs, roadside trees, niger crops in Orissa Cuscuta sp.

Water bodies Eichhornia crassipes

Approaches to_integrated weed management with stress on non-chemical methods of weed
control. Investigations carried out in India over the last two decades have helped identify
herbicides for a wide range of crops under different agro-ccosystems to supplement traditionat
practices of hand weeding and e¢conomise on production costs. Considering the diversity of
weed problems, no single methed of control can reach the desired level of efficiency under all
situations, though the effectiveness of herbicides is more pronounced under assured irrigation.
This culls for a holistic approach to produce Integrated Weed Management (T'WM} packages for
cropping systems as a whole. Major components of WM systerns have been identified as non-
chemical methods with low cost irput, including stale seed beds, minimal cultivation, nitrogen
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management, higher crop stand by slightly increasing seed rate and close spacing, intercropping,
use of compeltitive crop cultivars, and supplemental use of herbicides at as low rates as possible

(5).

To avoid the possible hazards of chemtical weed control, emphasis is being given 10 biological
mctheds to combat weed problems.

Basic research, Basic research on weed biology and microbiology and the selectivity,
absorption, translocation and degradation of herbicides have been going on in ene or two
centres.  These studies need to be intensified.

Utilisation of weeds for useful purposes. Large scale programs for the utilisation of water
hyacinth for compost, animal feed, production of paper, hormone and leaf protein, fish food,
biogas and water pollution control should be initiated. Many common weeds are used for
vegetables and medicinal purposes, whilst other uses of certain weeds include animal fodder,
fibres, oil, dyes and tannins.

Problem weeds and their control. Knowledge of problematic and perennial weeds including
Lantana camara, Eupatorium sp.. Imperata cylindrica, Cyperus rotundus, Saccharum
spontaneum, fschaemum pilosum, Striga sp. and Parthenium hysterophorus which cause serious
damage to crops and farm lands is not sufficient to enable the development of adequate control
metheds, and the biology and ecology of these weeds shouid be studied in greater detail.
Research should be further concentrated on the control of these weeds.

Development and application of biotechnology in weed management. Four areas within the field
of integrated weed management offer attractive oppertunities for the application of
biotechnology. These are the development and use of bicherbicides, the discovery and use of
naturally occurring herbicides, genetic manipulation of crop tolerance to herbicides, and use of
genetically engineered micro-organisms for the biodegradation of herbicides in soil and water
and as herbicide safeners for increasing the selectivity of herbicides. Research in these fields
sheuld be initiated {6).

Weed science education. Weed science is cumrently a compeneni of agromomy in many
universities, but the education program is quite weak. The number of students specialising in
weed management at post graduate level is very limited. Similarly the number of full time
scientists in weed science research is extremely limited,

At present a core course on weed control of 2-3 ¢redits is offered out of 20-25 credits allocated
to agronomny at undergraduate classes in some universities. At postgraduate level the situation is
sliphtly batter, as one or two separate courses with 3-5 credits are offered. Looking into the
importance of weed science and its relevance to crop production it is necessary that students
should specialise in weed science as a distinet sub-discipline of agronomy, as is done with crop
husbandry and soil z2nd water management (8). Modemn weed science is a multi-disciplinary
subject encompassing agronomy, botany, soil science, plant physiology, biochemistry, organic
chemistry, residue chemistry, toxicology and ecology, and needs to be developed into a separate
discipline.
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PEST PLANT RESEARCH USING A WHOLE SYSTEMS APPROACH FOR SUSTAINABLE
LAND USE IN QUEENSLAND

R.A. Hynes and 1.C. Scanlan
Land Protection Branch, Queensland Department of Lands

Summary, Key ecological and economic relationships between ¢cumrent methods of pest plant
research and a2 whole systems approach are exarnined, and the need identified for assessing,
planning and applying research outcomes to maximise their effectiveness for achieving
sustainable Jand management in Queensland. Ecosystem understandings are described, linked
and qualified in terms of strengths and limitations of contemporary research in weed centrol,
This evaluation identifies why pest plant research needs to be placed appropriately in whole
property, catchment or regional systems frameworks to ensure its relevance in sustainable land
management. Only when pest plant research is based on a2 whole systems approach can the
resources involved be optimised and research achieve relevant strategic directions and outcomes.

INTRODUCTION

Weed control technology has progressed significantly in the last 30 years. We now have the
technology o kill target plants, but not necessarily that o solve the management problems
caused by such weeds, Weed science is at the crossroads and is entering a critical period in ifs
development. Decisions made in the next few years will determine if this discipline remains
orientated towards weed control technology or develops into a broadly based, scientific
discipline (1).

Pest plants in modified and natural ecosystems are often sympioms of maladaptive land use
across many scales of impact. It follows that pest plant research conducted in isclation of those
whaole property or whole catchment management reqoirements essential for land sustainability,
may be shown to be irrelevant. Research priorities need to be placed in a wider framework that
allows the impact of economic, environmental and seocial factors influencing whole property
management to be considered in terms of sustainable land use.

It we want to bring about significant improvements in the way we deal with weed control to
comply with sustainable land use needs, regulatory requirements, public perceptions and
economic limitations, we have to leave monodimensional approaches and develop and implement
muitidimensional alternatives. Such alternatives should be based on biological and ecological
principles within holistic, relational frameworks (2). This paper examines the role of a whole
systems approach to pest plant research and its use in ensuring research oulcomes are relevant
for sustainable land use.

A systems approach emphasises key relationships that help understand and build & ‘big picture’

of processes involved in a pest plant problem. In systems analysis, such complex problems are
viewed as sub-systems of interlocking cause and effect pathways (2).
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WHAT IS A WHOLE SYSTEMS APPROACH?

A system can be any scale - 2 leaf could be a system if the investigation is looking at the effects
of environment on fungal populations on the leaf surface; at the other extreme, the earth may be
a4 system if we are considering global climatic change.

In hierarchy theary refevant to systemns research, three levels of importance are usually
recognised: the level of observation, the level below which influences or explains what happens
at the level of observation, and the level above - which is influenced by the changes that occur
at the level of abservation.

Systems scientists look for general principles that can apply across both natural and social
sciences. They support the position that reductionist metheds cannot produce a comprehensive
understanding of organised, complex systems (3). Systems thinking usually requires the
researcher to identify the broad outlines of complex sitations, to telerate high levels of
ambiguity, to resist giving undue credibility to entrenched positions, and to be prepared to be
intelfectually bold.

Understanding the relationships between the elements and their interactions is the key to solving
problems for a defined system. Associated methods involve relationat frameworks, co-operative
research, component investigations, integration and application to management

ACCOMMODATING LEVELS OF SCALE IN PEST PLANT RESEARCH

Scale in systems investigations needs to be identified in space, time, and as information flow
through organisation levels and in termns of emergent relationships.

Key speakers at the 1st International Weed Control Congress {1992) recognised the need for
integrated systems management for effective weed control, ecosystem level smdies as a
framework for weed research, and multi-disciplinary research that places weed life sysiems
investigation in an ecosystem context {4}, A number of challenges are involved in pursuing
research that secks to satisfy these requirements, and these relate to limitations in ecological
science.

There is no ‘unified field theory’ of ecology. Understanding of information flow betwesn
different levels of scale and through different time phases ts limited. Populations need to be
treated as second order, guasi sub-systems of ecosystems. The identification and judicious use
of emergent properties, however, can assist in linking findings at different levels of scale (5).
For these reasons it is useful to estabiish a framework that allows linkage between those major
levels of scale that are relevant to specific research projects. Hynes (5) employed a muli-level
framework for ecological analyses that extended across major levels of scale.

Recognition of other key factors that may influence the outcome of a research project at other
major Jevels of scale can assist in minimising the risk of overall project failure or irrelevance
even though the researcher may have achieved successful outcomes at the level of the
investigation.

For research management purposes three major levels of scale are recognised: Level 1 - the life
syslem of the subject species including population biclogy and ecology, autecological and
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enviranmental censiderations; Level 2 - the ecosystemv's within which the subjeet species
persists: and Level 3 - the land system within which the respective ecosystems form part of the
landseape. Fig. | shows how this can provide an operational framework for handling levels of

scile in pest plant management research.
Managing Levels of Scale in Pest Plant Research
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An operational framework for accommodating levels of orgunisational and physical
seale in pest plant research. Systemis modelling using computer protocols can be
conducted at any level and used for linking inforrnation outcomes between levels,

Figure 1.

How can we optimise an understanding of ecclogicul and economic principles to allow us to
achieve research that minimises plant pest impact within a whole systems framework?
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ECOSYSTEMS, PEST CONTROL RESEARCH AND LAND SUSTAINABILITY

Where a natural resource is under-utilised by native species or production alternatives, the door
is opened 10 exotic weed invasions. This is particularly so where large-scale, unpredictable
diswrbance following long periods of ccosystem swuess, eg. drought, can set conditions that
release resources that can be exploited by pest plamts (Fig. 2).

Renewable resources are those parts of these natural ecosystems that are tuming over at rawes
approximately comparable with rates of use, removal or harvest. Parts harvested should remain
well below the maximum porential production of the ecosystem. Cverall, the inputs - nutrients
entering the ecosystem in rain, from decomposing organic matter or soils - should be about
equal to the nutrients in the parts removed. Where Iands are used for agriculture, management
constrainis become complex if we seek to mimic natural processes {8). A Sysiems approach 1o
pest plant research here can assise in accommodating this complexity. The cost to other values,
€.g. nature conservation, water quality, also needs to be considered.

Economically, the most efficient investment in contref is intervention at the pre-invasion stage
and, to a lesser degree, curly in the invasion of a site. Expenditure for control during the
exponential phase of invasion is wsually a poor investrnent. On the other hand, once niche
satueation by a pest has been approached in an area, the introduction of effective biocontrol
agents can assist in lowering the vigour of the pest plant under investigation (7).

Maximum Potential Biomass

Available Resources

—

Time

Underutilised resources available 7771 = Resources utilised by established
for weed exploitation pasture in woodland or forest
ecosystem environments.

Figure 2. Unlisation of available resources in forest or woodland ecosystems.

Sustainable resource use and efficient economic investment

An understanding of the natere of relarionships between natural resources and an open market
economy (8) highlights the incompleteness of contemporary economic systemns regarding
achieving total resource accounting., A wider view of resources, not only recognises use value,
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but acknowledges that many renewable resources maintain ecosystem integrity, provide
ecological services by accommodating wastes, and significantly contribute to environmental
amenity, aesthetic and cultural values.

Pest plants are symptoms of maladaptive land management and inadequate resource accounting,
and only by substuntially strengthening land sustainability management and resource accounting
practices can their impact be reduced. Proper resource pricing needs to be part of this process
(9). [t is critical that this proper recognition of the wider economic dimensions ocudined above is
considered in contemporary pest plant research. They can alse accommodate and highlight the
high returns that can be gained from investment in biocontrol research.

CASE STUDIES WHERE A WHOLE SYSTEMS APPRCOACH 1S NEEDED

Examples highliphting, the need for wider research frameworks

Case 1. A leaf eating, biological control insect is processed through all stages of research to
Austrulian Quarantine Inspection Service (AQIS) approval and mass rearing for release. It was
one of many phytophugous insects living on the target species in the country of origin. When
released, the insect is effective in reducing foliage. However, the pest plant is shown to respond
vigorously to grazing and uliimately persists as an even more aggressive weed. In this case a
deeper understanding of the autecology, biolegy and vulnerable life stages of the weed could
have led to re-ordered priorities with a focus, for instance, on fruit galling insects for biocontrol.

Cuse 2. A recent, carefully executed herbicide tnal in New Zeatand focused on the cenmrol of
exotic conifers and native woody species at and below the tree-line, This investigation was
located in an zrea where treeless landscapes were apparently more attractive to the tourist
industry. There is little doubt that at a significant cost these herbicides would be temporarily
ellfective. The control program here, however, is basically flying in the face of nature. Tree-
lines, apart from shorelines, are perhups the most persistent naturally maintained ecotones on
earth. Woody plants will continue 1o recolonise this area. ‘The control pregram in piace is a
high price 0 pay for a socially driven expectation that is ecologically unsound.

Cuse 3. The Queensland Department of Lands has implemented a strategic eradication program
for Honey Locust (Gleditsia triacanthes), a thorny, leguminous tree that has invaded parts of
South-East Queensland. Various treatments using Starane (fluroxypyr) have been identified as
the most effective chemical control package for different age classes and field situations. Most
of the Honey Locust hus been killed. Open niches have been created along rivering systems that
are now exposed Lo reinvasion. Here, it is essential that, in parallel to the control of this pest
plant, land managers are advised (using the outcomes of appropriate applied research) of
techniques for rehabilitating and restoring the previously invaded areas using appropriate
mixwures and densities of native species.  Such techniques will need to ensure (as far as
practicable) the long-term persistence of approprizte plant communities as part of a land
sustainability management strategy.

Each of the foregoing cuses could have been more effectively handled had they been placed in 2

systems framework and key guestions asked regarding other factors working at scales above and
below the problem identified.
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Examples_highlighting the need to_identify key relationships between land use problems and
comprehensive solutions

Case 4. Currant bush (Carissa lanceolata) is u native species which has been spreading over the
last 15 years in tropical savannas of northern Australia. This has been caused by a change in
animal management: Brahman breeds have been used, starting in the 1960s. This has led to
higher survival of breeders, which has been enhanced by supplementary feeding. Use of
supplements meant that standing dry grass was a valuable resource for maintaining livestock,
The beef slump of the 1970s meant that higher stocking rates were generally employed, and the
seasons of the mid-1980s allowed higher stocking rates to be maintained. The result was that
higher levels of grazing pressure were common and this greatly reduced the fire frequency (10).
Currant bush is not particularly fire-sensitive but occasional! fires are sufficient to keep it in
check.

The solution is 1o reduce stocking pressure to allow an increase in fire frequency. Chemical
control is too expensive. Biocontrol is not appropriate as currant bush is a native. Mechanical
treatments were not really practicable (they were expensive and soil limitations were evident).

Case 5. Prickly acacia (Acacia nifotica) is an exotic spectes which has increased markedly in
northern Mitchell grasslands since the 1970s. It was declared noxious in 1957. It was planted
for shade and fodder in favoured locations around dams and along bore drains. This gave a
reliable secd set. During this period cattle largely replaced sheep zs the major domestic grazing
animal. Consequently, less seed was directly damaged after ingestion and cattle dispersed the
seed more widely. Cattle do not graze young plants as heavily as sheep. This change coincided
with a series of average 10 above average rainfall years. Now about 0.5 million ha of land is
densely infested with prickly acacia and approximately 6 million ha bas some prickly acacia
present (11).

The solution is o remove seed producing trees, restrict cattle access to seed producing areas
during seed production period, and hold cattle when moving to clean areas. Notably, grazing
management {particularly stocking rate} has little role to play when conditions are right as
seedling establishment will occur irrespective of pasture condition.

Case 6. Dense infestations of native woody weeds (Eremophifa, Dodonaea, Acacia aneura) are
located throughout the Mulga region. This has been caused through properties being too small,
with unrealistic expectations of what production can be achieved. High stocking pressure and no
fire has meant that some fire sensitive shrubs are now problems (Dodonaea, Acacia aneura).
This has resulted in more shrubs and less grass with an increase in dense mulga. This had led
10 greater pushing of mulga with increased invasion of woody weeds.

The obvicus solution of reducing the number of properties (and landholders) by nearly half may
not be soclally acceptable. Ecolopically there needs to be a very substantial reduction in
stocking pressure {nutive, feral and domestic) in conjunction with the establishment of larger
property sizes with greater flexibility which carry lower stocking rates. The possibility of using
fire a5 a control is only very opportunistic in this variable climate. There is an urgent need here
to save what is lefi rather than try to reclaim what was lost {(11),

Case 7. Rubber vine (Crypiostegiu grandifiora) has been rated Australia’s worst wooedy weed
when selected on a basis for ity potential to destroy large areas or acutely threaten an ecasystem
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over its continental range (12, 13, 14). Rubber vine currently occupies sites throughout 700,000
hectares of Queensland and its estimated cost to the community is $8M per annum in lost
production. Of the 150 National Parks susceptible in Queensland, 50% camry rubber vine
infestation (15). Rubber vine invasions usually start in flooded areas, move into heavily grazed
areas, then into mensoenal thickets, softwood scrubs and brigalow where vegetation community
edges are bumt and grazed. The extent of invasion is o some degree a reflection of damage to
the vegetation by grazing, fires and flooding, It also reflects the dynamics of rubber vine
spread, which is fastest along water courses.

In many cases whole areas of natural vegetation, i.e. gallery foresis and open savanna woodland
have been totally smothered by this weed. The biological adaptability of rubber vine in the
Queensland environment gives it the potential to dominate many ecesystems, destroying most
native plant species.  Rubber vine is salt tolerant, tends to exhibit vigorcus root and shoot
growth, produces prop roots in swales and can exploit a wide spectrum of structural niches from
shrub forms prowimg 1-3m high, o climber towers 20m up in 2 forest canopy.

As a complement to existing control knowledge, urgent research and associated activities as pant
of a whole systems approach for reducing the impact of rubber vine (12, 16) need to:
investigate the relationship between grazing, fire and rubber vine establishment, compile and
map the disiribution and spread of rubber vine, produce an inventory of ving thickets and
riparian  zones under threat from rubber vine invasion, develop a heighiened awareness
throughout the rural community of the conservation significance of vine thickets and riparian
zones, avert the spread of rubber vine to the Northern Territory, and maintain and expand the
biological control effort, particularly with the rust Margvalia cryprostegiae.

These case studies have focussed on specific pest weeds and a systems approach linked to
sustainability. Economic indicators can also be applied to a wide range of land use practices to
assist in making low-risk environmental and economic decisions that can contribute to the
suslainable land use in areas invaded by pest plant species.

CONCLUDING REMARKS

The importation of exotic plant species into Australia remains largely uncontrolled. New pest
plants increase linearly as a result of this process {9, 17). Existing pest plants confinue to canse
substantial envirommental degradation. The processes that change habitats outside conservation
reserves continue largely unabated.

Most ecosystems are moving into deeper levels of degradation and are usually medified, non-
equilibrivm or highly fluctuating systems. Fluctuating ecosysterns of this type tend to persist in
early stages of succession and/or represent ecosystems with degraded resource bases. These
conditions provide open niches for weed invasion.

Incomplele understanding of key ecological relationships in these systems diminish the efficacy
of chemical, biclogical, mechanical or integraied approaches (o weed contrcl {4} Any
reductionist reseurch needs to be placed in context and we need 1o mazke sure we are addressing
the teul constraints. Systems thinking provides an operating framework that helps ensure that
the work being done is appropriate. [t also provides a ‘wide window’ view of problems with
longer-term  social, economic and environmental benefits and insights into key ecological
refutionships between spatial and termporal characteristics of weeds in ecosystems.
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Weed scientists should be able 1o produce a system diagram before commencing any work on 2
pest plant. Once this is done, we can plan our research or control. This may be difficult to
achieve for biecontrol research, however, this is an issue that demands urgent attention, This
appreach enhances accountability of weed control research by contributing to comprehensive,
more environmentally intelligent weed management. Dedicated collaboration and open, ongoing
communication between stakeholders will also be critical if successful outcomes are to be
achieved using systems methods.

Arguably, this approach merits vigorous adoption in practice, or at least in providing a
framework within which to assess the relevance of more traditional approaches to pest plant
research.
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ECOLOGICAL AND ECONOMIC CONSIDERATIONS FOR THE MANAGEMENT OF
SHRUB ENCROACHMENT IN AUSTRALIAN RANGELANDS

N.D. MacLeod', J.R. Brown® and J.C. Noble’
' CSIRO Division of Tropical Crops and Pastares, St Lucia Q 4067, Australia
? CSIRO Division of Tropical Crops and Pastures, Aitkenvate Q 4814, Australia
¥ CSIR() Division of Wildlife and Ecology, Lyneham ACT 2602, Australia

Summary. Shrub encroachment problems in rangelands are discussed. An approach to economic
control is suggested that is based on seizing windows of opportunity based on ecological
understanding of the shrub species. A change in management philosophy is advocated from
production orientation towards a balance with resource conservation goals centred on recognition
of state and transition paths associated with the underlying pasture resource systems.

INTRODUCTION

The encroachment of native and cxotic shrub species into rangeland pastares is imposing
significant economic and environmental costs (3).  For example, it is estimated that the
aggregate income loss for the semi-arid rangelands of NSW and Queensland alone is in the
range of $40-$80 million (8). The effective address of these problems is being hampered by two
groblems. Firstly, many conventional control options {e.g. mechanical clearing, chemicals, range
reseeding) appear 10 be either impractical or uneconomic for bread-area application (6).
Secondly, there is u view held by many land managers that alternatives, such as prescribed fire,
which do offer scope for economic control (3), also require unacceptable trade-offs between
short term production losses and long term benefits (4). This view is reinforced by the strongly
held belief in the rght of individusl landholders to make exclusive decisions concerning
rangeland use {7), despite the existence of significant spillovers (e.g. weed spread) that may be
imposed on other parties (2).

We argue thal in attacking these two problems, opportunitics may exist for finding economic
control strategies, by exploiting windows of opportunity based on a realistic understanding of the
potential states and transition paths associated with the underlying pasture resource base. A
change of prevailing management objectives from an exclusive production orientation to
accommodate a greater emphasis on resource conservation goals is also advocated.

ECONOMIC CONSIDERATIONS

The few economic analyses of shrub control have related 10 heavy infestations and shown
relatively poor results (5), due largely te high treatment costs relative to productivity gains and
the low capital valve of rangetand pastures (6). However, many rangeland pastures may cafrry
low levels of infestation with limited immedizte economic impact but carry large potential for
future damage (2). Management thresholds or switching points may be defined for decision-
making purposes where the longer-term economic value of the herbaceous component as fuel w0
cirry presetibed [ire for shrub control may be much higher than its shom-term (opportunity}
value as forage. Similarly, the benefits from future loss-minimisation on 2 large scale may
justify the high cost of weaunent on areas from which encroachment may spread (2). In some
cases where treatment efficiency is demsity dependant and cost 15 inversely related to density,
weatment may never be an economic proposition (2,6). It is imperative that land managers
appreciate their position when facing thresholds, have a clear recognition of the real economic
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implications, and act accordingly. Otherwise, they may find that they have passed the threshold
befare the negative economic effects are actually apparent.

ECOLOGICAL CONSIDERATIONS

Newly emerging non-equilibrium ecclogical models such as the ‘state and transition’ model (12)
provide valuable insights into rangeland pasture management decisions, including those relating
to shrub control. These models, by categorising pasteres into different status groups (states) and
describing the processes of change (transition paths) between those states, place different options
and management thresholds into a clear perspective. A significant departure from traditional
models based on concepts of succession and competition, state and transition model logic calls
for management based on expleiting windows of opportunity and recognition that transition
paths may be asymmetric or unidirectional (12). For example, severe shrub encroachment
caused by overgrazing may not be corrected by cusing stocking rates. Restoration may require
other interventions such as complete spelling and prescribed fire or mechanical/Chemical
treatment (9). There may also be scope for integrating control methods that in isolation are
unecenomic but in combination can yield positive results. For example, sub-lethal chemical
applications to mimic shrub moriality in response to fire under low fuel loads may make shrub
contrel requiring episodic burning feasible (10). In many cases, however, once a transition has
been made to an undesirabie (shrubby) state it may become increasingly difficult to reclaim it in
both an ecelogical and economic sense (5.9).

.

. o
H . . Managemeanl .
. I. SieSlate i Realoralion ///M
Nil . Taj=Tranaition trom Stale ; ta Threshaid /./
| | Decreaser e
II 31 gerennial increager
perennial
! ____,’.?f.l.:ft_ : + annual i 32
. -
— : “r T grasses
G| e |
4 I — . 1
] I . . .
Exolig H
@ T imcreasars - Grasslang
g 54 + ahrub * many
@ i seadlings J shrud
D i — o —— - seadlings
= i P AN
2 Tas| |Te4 Annual !
i - grasaes ]
[a] , NP B Syt . wenda '
i Exotle ~ ‘ ‘ ;
H Increasers ' |
- 36 + shrulb —-] |
; A .aeedl!p}i_ Tar . Shrub !
. apecies 57 '
i - l dominant J i
High. "M . _
Low - - High
Degradation Risk
Figure 1. Site und transition medel for northern woodlands.  Boxes represent stable configumtions of

vegelation, Arows are wansition pathways. Solid lines represent transitions of medium or high
probability of occurrence. Dashed lines represent low probability wransitions. See Ash et af. 1993 for
a detailed description of wansition pathways.

119



Weed invasion and management

An example of the state and transition model applied to northern woodtands (2} is shown in
Fig. 1. This shows how transitzons can be divided into those amenable to management from
those requiring restoration by crossing a ‘management-restoration’ threshold shown by the
narrow line MM. The threshold concept raises a key issue of whether a pasture has been
‘encroached’ upon by shrubs in an ecoromic or an ecological sense. The difference is seen is
asking two separate guestions; viz. {i) when and how much dees forage production decline as
weed densities increase; and (ii) when is it no longer economic to restore forage production?
Fram a management perspective the distance between these two threshold points represents a
trade-off zone between short and long term benefits and will affect management decisions
conceming present and future pasture use and shrub control. This highlights two basic options;
viz. {3} to keep open areas open, versus (i) invoking conirol measures for restoration; for which
the economic decision making processes and evaluations are different. Below the threshold most
of the reverse transitions (i.e. 10 more desirable states) require restoration (¢.g. mechanical
clearing, chemicals, fire, reseeding) which may be relatively expensive, possibly uneconomic
(see above) and ecologically risky {(i.e. low chance of success). Above the threshold most
trunsition paths can be effected through simple management strategies (e.g. stocking rate
manipulation, fire).

The threshold gap alse establishes the need for R&D to define the relationships between weed
density and forage production, both short and long term.  While these relationships are well
documented for agricultural production, they are poorly understood within a rangeland context,
with most emphasis having been placed on the biclogy of the key shrub species (6). As long as
principal benefits of shrub control remain tied to animal productivity considerations, and
economic factors weigh heavily in the decision processes of individual landholders, these
relationships will be of extreme importance. The need for R&D to examine the economics of

excluding shrub populations from rangeland pastures, rather than attermpting to remove them,
becomes a real issue,

CHANGING MANAGEMENT ORIENTATION

Management objectives dominated by a focus on assumptions of economic rationalism (e.g.
profit or wealth maximisation) imply production suprernacy in decision-making. This orientation
is appropriate for states above the management-restoration threshold which are primarily
production states.  The primary goal orienation and legiimate use for planning is
productionfexploitation. However, effective management of pasture units in states lying below
the management-restoration threshold (MM) will require 3 conservation/restoration supremacy or
at best a higher weighting on resource conservation objectives than is evident in many cases at
present, These are primarily conservation states where orientation and legitimate use is
conservationfreclamation/restoration.  Herbage should be managed in a conservative manner and
managers should be fully cognisant of that fact. This is consistent with an emerging view that a
stronger land care ethic should be ingrained into rangeland management values (11).

Rangeland management units (e.g. paddocks or whole property} typically comprise a mix of
pasture resources in ditferent states. For example, in the northern woodlands context, a manager
may have access ta country that is representative of many of che states in Fig. 1. In these
circumstances management focus should be shifted from production to resource conservation
goul orientation spatially with different parts of the management unit identified by their current
productive state, shrub risk potential andfor restoration opportunity and managed accordingly.
Appreciative and pro-active management can shift pasture resources between states andfor tetain
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pustures in desirable states, particularly those that are free of shrub problems. To achieve this it
is essential that managers recognise that windows of opportunity and monitoring needs are
different for the different states. Moreover, it is not essential to rigidly adhere to a given
objective. Units that are targeted for shrub control may, under runs of good seasons, produce
herbage in excess of that needed for effective contol. A rational decision could be taken to
opportunistically graze the excess, Open pastures with minimal shrub populations may be bumt
under similar circumstances to preserve their status. We are simply advocating that managers
recognise the states and transitions associated with their pasture resources and appreciate the
implications for resource allocation decisions. Under this scenaric the prevailing mindset
changes from exploitaticn to conservative management of the system,

CONCLUSION

Shrub encroachment problems in extensive rangelands impose significant losses on individual
landholders and the wider community. Once these problems have arisen, control options are
gernerally restricted by ecological opportunity and economic considerations, Moreover, a strong
preduction orientation in land use decision making may reinforce the encroachment problems
and promote a lack of concerted actien te overcome them.

We are suggesting that management of rangeland pastures requires an intelligpent balance
between production and resource conservation objectives. Land managers should have a clear
understanding of both the economic and ecological implications of their actions in beth the short
and lenger terms.  With such g balance there is more likely 10 be a desirable shift in
management orientation to one that is consistent with sustainable production over time.
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ARE WE JUSTIFIED IN CONSIDERING FIREWEED
(SENECIO MADAGASCARIENSISy AN EXOTIC?

I. Murohasy
Alan Fletcher Research Station, Queensland Dept of Lands,
Sherwood Q 4075, Australia

"In the early times of a colony, there Is comparatively little difficulty in distinguishing the
colonists from the notive species! but as the surface of the land becomes artificially disturbed,
the habits of all its plants are influenced, - the endemic plants are driven from their native
places, and take refuge in hedgerows, ditches and planted copses, and from there assaciating
with the introduced plants, are apt to be classed in the same category with them."

J.D. Hooker 1860

Surmmary. Prior to 1981, fireweed was recognized as part of the native Australian Senecio
lautus complex. Since then it has been recognized as Senecio madagascariensis, an exotic of
Malagasy or southern African origin. It appears the change of status, from native to exotic, was
based essentially on a single identification by a foreign Compositae expert. T believe there is
little or no empirical support for the hypotheses that fireweed is of Australian or Malagasy
origins and that the alternative possibilities require adequate testing. Bract number and achene
hziriness are the morphologicat characters used to support the hypothesis that fireweed is the
exotic 5. madagascariensis. However, there appears te be as much variability in both ¢haraciers
within the Australian S. loutus complex as there 18 within the 5. madagascariensis complex.
Differences in chromosome numbers have also been uvsed to justfy an overseas origin for
Australian fireweed. However, the chromosome numbers in the complex in Madagascar and
southern Africa have never been determined.

INTRODUCTION

Fireweed is u major weed of coastal pastures in New South Wales (4, 34). Fireweed is very
similar o members of both the native Australian Senecio faurus complex and members of the
southern African Senecio madagascariensis complex. Herbarium specimens of fireweed in New
South Wales date back 1o 1918 (34) and for most of this century fireweed has been considered a
weedy form of 5. fetvus (1, 36). Howoever, because of apparent differences in bract number and
habit, P.W. Michae! in 1980 sent specimens of firgweed to O.M. Hilliard, a South African
Compositue taxonomist. Hilliard identified the specimens as Semecio madagascariensis.  Since
1981 Australian fireweed has been recognized as §. madagascariensis (27).

The 1981 name change instituted a reassessment of some of the basic assumptions pertaining to
fireweed. In particular the weed was seen as an exotic instead of a native, There was no longer
any interest in understanding it’s possible affinity with the native S. {gutus complex (c.f.1).
Biological control using insects and pathogens from Madagascar and southern Africa became a
possibitity (23, 24) and 2 biocontrol program commenced in 1989, In addition, interest has been
penerated in predicting fireweed’s potential spread based on BIOCLIM and CLIMEX predictions
from the overseas distribution of 8. madagascariensis {9, 34}

Thus the assumption that Hifliard correctly placed fireweed in the appropriate taxonomic entity

has become a central premise of recent studies and biocontrol efforts. Weed biocontrol has a
history of problems associated with the mistaken identity of weed species (13, 26, 31, 33). Al
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scientific efforts are based on theory with a particular methodology and particular assumptions
(7). Given the importance of the change of status for fireweed from native to exotic in 1981, it
is perhaps worth scrutinizing the assumptions en which Hilliard based her identification. In the
following section 1 do this through a discussion of differences in morphelogical and genetical
concepts of species.

Platt (30) and Cousens (B) have criticised the methodology modern biologists’ generally employ
to amive at their conclusions, suggesting that we are principally interested in confirming our
suspicions rather than testing alternative hypotheses. Platt (30) advocates the adoption of
multiple working hypotheses. 1n employing this methodology I suggest at least four hypotheses
about the identity of fireweed are worthy of testing.

DISCUSSION

Understanding and defining_species.

"It is quite evident .. that even those who prafess to hold a morphological species concept base
their taxanomic decisions ultimately on the biological criterion of interbreeding. Degree of
morphological difference is completely useless as a yardstick for species status unless it is
applied in conjunction with such biological criteria”

Mayr 1963:33

Botanists and zoologists generally agree that species are kept distinct from one another because
they are sexual and do not interbreed; that is, there is no gene flow between them (6, 25, 29).
Indeed, the fundamental basis of any sexual species is genetic and a species can be best defined
as "a field for gene recombination” (5). The unique genetic “make-up” of each species is
commonly reflected in morphological differences and thus for the most part taxonomists using
merphological characters can adequately distinguish between species and classify them according
to morphological characters. However, because of phenomena such as sexual dimorphism,
sibling {or cryptic) species in insects (28) and plants (22) and the prevalence of ecotypes in
plants (reviewed in 10) morphological difference is not inevitably a useful indicater of “species
status”. Also using an essentially morphelogical concept of species can lead to ambiguity in the
definition of a species’ "limits”. For example Senecio taxa that are treated as species would be
treated as subspecies in other genera of the Compositae (13).

Hilliard’s book Compositae in Natal (South Africa) (16) includes five species in the Senecie
madagascariensis complex, §. madagascariensis, 5. inaequidens, S. burchellii, S. skirrhodon and
S. harveignus. The five species are defined arbitranly principally on morphological characters
(16, 17). 1 found Hilliard's classification very difficult to vse in the field in South Africa. In
particular, [ found that differences in plam age within a single species could account for the
differences described by Hilliard between S madagascariensis and 8. ingequidens.  Also, 1
found §. inaequidens was very common as a weed in winter pastures in the Ixopo - Richmond
area at altitudes below the 1400 metres limit Hilliard used to delineate the two species ranges
(16). L. Vincent (South African Compositac taxonomist, University of Witzwatersrand)
confirmed my identifications. I also found it difficult in some situations to distinguish
5. madagascariensis from §. skirrhodon, in particular, and I quote Hilliard (16} "specimens of
5. madugascariensis from near the sea grade into S, skirrkodor which is possibly no more than a
maritime form of S. madagascariensis”.
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in plants, morphoiogically or physiologically different forms, called ecotypes, can be found in
association with different microhabitats (reviewed in 10}, The sitwation T observed with Senecio
madogascariensis in Madagascar appeared similar to the situation with hawkweed, Hieracium
umbelflatom, studied in detail by Turesson (35), In Madagascar I wransplanted prostrate fleshy
dune plants, §. madagascariensis variety crassifolius (19), growing on the sand dunes at
Luanirzno (near Fort Dauphin) into pots in my sheltered garden in Toliara and after a peried of
several months these plants became erect and their leaves membranovs. Turesson’s experiments
showed that the four morphologically distinet ecotypes of hawkweed which exist in association
with sand dunes. sandy fields, seaside cliff faces and forests respectively are morphologically
identical when culdvated together in & garden situstion. In these instances morphological
differences appear to reflect phenotypic not genotypic differences and it is reasonable fo
conclude that the ecotypes represent ane potentially interbreeding species.

1 have no field experience with fireweed and the Senecio fautius complex in Australia. The
detaited genetic and culwral studies of Ali (1, 2, 3) resulted in the description of four subspecies
of Senecio lautus. However, my colleagues and comments in Al (3) suggest that many more
subspecies may exist. Jessop and Toelken {21) sugpest Ali's four subspecies are not clearly
defined "and require re-examination by conventional taxonomic methods”. This statement
suggests these authors would prefer we regress to the use of Morphelogical Species Concepts!

Ali (3) based his interpretation of the §. fomrus complex on the Biological Species Concept,
referred to in the remainder of this discussion as the Isolation Concept of species, after Paterson
{29). Imterpretation of results based on the theorctical framework provided by the Isolation
Concept of Species has proven difficult because Isolating Mechanisms are difficult to define (6,
15, 29). The Recognition Concept of species provides an alternative theoretical framework. The
Recognition Concept emphasises the need to understand the fertilization mechanism which
individuals of the same gene pool (i.e. conspecifics) possess as an adaptation (o ensure
fertilization (29). Ali (2) established that individual plants within the $. lansus species complex
are out-breeding and hypothesized that cross pollination occurred probably through meoths of the
families Arctiidae and Hypsidae: he cited observations by L. Schmidel {2). However, Ali (2)
qualifies this by stating that the various subspecies occur in extremely diverse habitats inferring
that pollinators in these different habitat types would be different, More information from
appropriately designed observations would be needed to ascertain whether gene flow occurs
among the "subspecies” in their different and diverse habitat types. In particular the likelihood
of shared or different insect pollinators should be resolved, before conclusions regarding species
status could be reached from the perspective of the Recognition Concept of Species.

Testing_multiple hypotheses. Science is supposedly about objectively verifying hypotheses. Yet
how interested are we as weed scientists in testing hypotheses at all?  Since 1981 we have
accepled the authority of a single identification by a taxenomist unfamiliar with the Australian
flora, who using a Morphological Concept of species changed busic assumptions pertaining to an
important weed species in a difficult group, evidently very closely related to a native species
complex. This authority has been respected and the single identfication never verified in one
unpublished dissertution (34) and has simitar status in some other areas of current research.

The following hypotheses have been formulated principally to indicate that there are severl
alternative possibilines. These hypotheses have been formulated using the currently recognized
morphotogically defined "species” and | see this as a major limitation - but it is a start.
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\. Fireweed is §. madagascariensis, This hypothesis has been supported on grounds of
mortpholagical similarity. However, there are differences in the number of ray corella resinous
lines, height and life cycle between fireweed in Australia and S. modagascariensis in South
Africa {compare Hilliard 1977 with Sindel 1989 and NSW Agfacts). S. madagascariensis in
Madagascar usnally has only 7 or 8 ray florets and in this regard is different to both Australian
fireweed and §. madagascariensis in Scuth Africa but is similar to the South African plant
referred to as Senecio burchellii {personal cbservations).

Differences in chromosome number between fireweed and the . Jaurus complex have also been
used to support the above hypothesis (34). However, the chromosome number of members of
the complex in southern Africa and Madagascar have not been determined (Hilliard & Vincent,
persenal comsmunications).

If fireweed is S. madagascariensis it is reasonable to expect to be able to find species-specific
biclogical control agents in Scuth Africa and Madagascar.

2. Fireweed is S. ingequidens. This species is as morphologically similar to fireweed as is
S. madagascariensis and is more similar to fireweed in life cycle (compare Hilliard 1977 with
NSW Agfucts).

8. inaequidens normally occurs above 1400 metres in South Africa (16). 8. inaeguidens is
naturalized in southern Europe and Great Britain {16). It does not occur in Madagascar. A
predicted distribution of fireweed using BIOCLIM or CLIMEX and the overseas distribution of
§. inaequidens would te very different from a prediction based on the overseas distribution of
5. madagascariensis.

I fireweed is §. ingeguidens then it is reasonable to expect we could find species-specific
bigtogical control agents in South Africa and perhaps southern Europe, but not in Madagascar.

3. Fireweed is part of the Senecio lautus complex, Although Ali (2) did not refer to fireweed by
name he recognized a weedy form of S. lowtus which he suggested was a result of "mingling of
genoecodemes”, suggesting fireweed is of hybrid origin. Carson {6) gives examples of other
species with vigorous and fully fertile natural hybrids which appear to maintain their genetic
integrity through natural selection relating to newly-formed habitats.

If fireweed is of hybrid origins then the chances of finding specific bioconirol agents in scuthem
Africa and Madagascar are much reduced.

4. The 5. madagascariensis and S. lqurus complexes include one or more species which are
conspecific. The morphological variability within the S. laurus complex described by Jessop and
Toetken (21} parallels the variability within the §. madagascariensis complex described by
Hilliard (16, 17) and Humbert {19). It is interesting that bract number in both complexes varies
from 12 1o 21,

There are numerous examples in the literature (32, 11) of plant species with populations which
have becn separated geographically for tens of millions of years but which have not diverged
morphologically and which are stll interfertile.  The concept of continuous change and
adaptation in spatially separated populatiens is an inherent, but flawed, assumption of the
Isolation Concept of Species, on which much of modemn evolution and ecology is based (12, 29,
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37). A resull is that biologists expect differences among conspecific populations collected from
widely different geographic regions.

There are remarkable morpholegical and habitat similarities between the dune "species” in
Madagascar, Senecio madagascariensis variety crassifolius, South Africa, Senecio skirrhodon,
und Australia, Senecio lautus subspecies maritimus.  And my observations in Madagascar
suggest S. madagascariensis variety crassifolius is an ecotype of S madagascariensis variety
madagascariensis, in accordance with Humbert (19).

In_conclusion. Weed scientists interested in understanding a plant’s population dynamics may
dismiss the importance of "identity”. However, it has been recognized to some extent (20, 14),
and is fundamental to the Recognition Concept of species (29, 37), that an understanding of the
specific adaptations of a species can be best understood through an understanding of the
environment in which it speciated. For example, if fireweed is a species of sand dune origin,
then an understanding of the adaptations possessed by dune species in general, and fireweed in
particular, would enable us to understand better the population dynamics of fireweed. In any
case, any ecological study based on a morphologically defined species must be of very limited
value if this taxonomic entity does not correspond with the genetical species.

Cwrrent research efforts may be soundly based, but we cannot be certain because an underlying
assumplion may not be valid. Given the importance of fireweed and the importance of identity
for successful biological controt, multiple hypotheses should be tested using appropriately
designed experiments to understand species in the S. lawrus and S. madagascariensis complexes,
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INSECTICIDE EXCLUSION WITH CARBOFURAN DEMONSTRATES THE
EFFECTIVENESS OF HETEROPSYLIA SPINULOSA AS A BIOLOGICAL CONTROL
AGENT FOR MiMOSA INVISA IN NORTH QUEENSLAND

M.P. Ablin
Queensland Department of Lands, Tropical Weeds Research Centre,
Charters Towers (@ 4820, Australia

Sced production, growing tip elongation and growth rate were compared betwsen an insect-
infested and insect free clump of giant sensitive plant, Mimosa iavisa, at Mena Creek in north
Queensland.  Carbofuran applied at 45 kg ai/ha effectively excluded establishment of
Heteropsylla spinulosa. H. spinulosa reduced seed production by $0% (average number of seeds
per pod no insects 60: insects 12), growing tip elongation by 77% (average stem length between
the first and second fully expanded lcaves no insects 1.65 cm: insects 0.38 cm), and the growih
rate of tips by 50% (stemn elongetion from tagged tips measured after 2 12 week period no
insects 1.5 m: insects 0.7 m).

Insect exclusion clearly demonstrated the impact of H.spinulosa on M.invise in north Queensland
pasturc infestations and supported other deta collected over four years. Field exclusion
experiments arc an under-rated post-release technique for quantitatively evaluating the effect of
introduced biological control agents, This technique readily segregates the impact of the insect
control agent(s) from other variables affecting weed growth such as climate and nutrition,

THE SIGNIFICANCE OF AMARANTHS AS WEEDS OF CROPS IN TASMANIA

A.C. Bishop
Department of Primary Industry and Fisheries, PO Box 303, Devonport TAS 7310, Australia

A survey of DPIF siaff, growers, vegetable processors and agricultural consultants provided
information on amarenth occurrence in Tasmania. These groups see Powell’s amaranth,
Amaranthus powellii, as the major amaranth weed problem, with redroot amaranth, A.
retroflexus, as a minor problem. The most scrious occurrence of Powell’s amaranth was in
green bean and summer brassica crops grown on Tasmania’s north-west coast. In Sonthem
Tasmania, Powell’s amaranth was reported as a minor problem. The north-cast and central
regions of Tasmania did not have any major problems with amaranth but recognised it as a
potential weed problem. The main form of amaranth seed transmission in the north-west of the
state was thought to be via harvesting equipment and other fanm machinery. A number of
strategies , including inter-farm hygiene are being considered by the DPIF to control Powell’s
amaranth in green bean and summer brassica crops.
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CIRSIUM ARVENSE SELECTIVITY CONTROLLED IN PASTURE BY A SCLEROTINIA
SCLEROTIORUM MYCOHERBICIDE

G.W. Bourdit, 1.C. Harvey and G.A. Humell
AgResearch, PO Bex 60, Lincoln, New Zealand

Field trials were conducted in Canterbury, New Zealand, to test an experimental mycoherbicide
against Cirsium arvense. A rudimentary mycelinm-on-cracked-wheat preparation of Scleratinia
sclerotiorum applied to the foliage of pasture populations of C. arvense in the spring, caused
catastrophic reductions in densities of both aerial shoots and root bods in the season of
application. The two dominant pasture species (Lolfum perenne and Trifolium repens) wete
unaffected by the pathogen, These results indicate that the potential of this pathogen as a
control agent for this weed in grass/clover pastures is very high, However the crucial need for a
encrgy source and hemce considerable mass in any mycelial formulation of this pathogen
presents a potential problem to the formulator. In the experiments in Canterbury, application
rates of 370 to 500 kg/ha were used which were much too high to be commervially acccptable.
Application rates were modelled using data on ir vitro leaf infection success rates of mycelium-
in-milled-wheat granules of varying size and varying mycelium concentration. This analysig
revealed that ficld application of 20 kg/ha of granules 0.5 mm in diameter containing 1.5 to 3.6
g dry mycelium/kg (0.15 - 0.36% ai), would give one viable granule/cm? of treated surface area.
The field success rates of such granules, and the density required to kill & shoot, are not yet
known. The clear challenge to the formulator is to produce am inoculated encrgy source
{granule) that has a very high probability of infecting the thisle in the field. Acceptably low
field application rates, and commercialisation of the pathogen, would then be possible.

POST-EMERGENCE GRASS CONTROL IN LUPINS

A.H. Chambers and G.R. Code
Depariment of Agriculture, Rutherglen Research Institute, RMB 1145,
Rutherglen VIC 3685, Australia

The relative effectiveness of post-emergent grass herbicides from both the
aryloxyphenoxypropionate and cyclohexanedione families for the control of volunteer cereals and
ryegrass was evaluated over three years near Rutherglen, North-East Victoria, Australia,

Results showed that haloxyfop (52 g/ha), quizalofop-p-ethyl (24 g/ha) and clethodim (60 g/ha)
gave better control of wheat than fluazifop-p (53 g/ha), proquizalofop (40 g/a}, and eycloxydim
(50 g/a). For oats proquizalofop (40 gha), fluazifopp (80 gha), cycloxydim {100 g/a),
quizalofop-p-cthyl (24 g/ha) and haloxyfop (52 g/ha) geve similar control to cach other and
better control than diclofop-methyl (363 g/ha). Barley was well controlled by clethodim (120
gha), fluazifop-p (80 g/ha), quizalofop-p-ethyl (24 gha) and haloxyfop (52 g/ha). The best
control of triticale was given by clethodim (120 g/a), cycloxydim (50 g/ha), quizalofop-p-ethyl
(24 g/ha) and haloxyfop (52 g/a). Sethoxydim (93 g/ha) and clethodim (60 g/a) gave superior
control of annual ryegrass (Lotium rigidum cv Wimmera) than haeloxyfop (31 gha),
proquizalofop (40 g/ha), diclofop-methyl (375 g/a), cycloxydim (100 gha), quizalofop-p-ethyl
(24 g/ha) or fluazifop-p (53 g/a), listed in descending order of effective control.
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THE ALLELOPATHIC IMPACT OF GOOSEFOOT ON CROPS AND PASTURES

AB. Cheam and S.I. Lee
Department of Agricalture, Western Australia, South Perth WA 6151, Australia

Goosefoot (Chenapodium pumilic), a widespread weed of southern Australia, was examined for
its allclopathic impact on crops and pastwres following reports of massive establishment
problems in gooscfoot residues in Westemn Australia.  Germination suppression from 0-100%
and growth inhibition from 70-90% wene recorded for the pasture speciez. However, the overll
impact on wheat and lupins was more drastic because of their greater sensitivity. Wheat was
less susceptible than lupins, probably becanse of its shorter fibrous root gystern. With lupins, the
rapid growth of its tap root is thought to enhance the uptake of the rain-soluble allelochemicals
being leached down the soil profile. This explanation was supported by a field experiment
which showed that shallow seeding of wheat into the poosefoot residues could overcome the
allelopathic impact.

HYDROCOTYLE RANUNCULOIDES IN THE CANNING RIVER, WESTERN AUSTRALIA

K.R. Dean' and R. Ruiz-Avila®
! Agriculture Protection Board, Perth, Western Australia
? Swan River Trust, Perth, Western Australia

The floating aquatic weed Hydrocotyle ranunculoides infested the lower reaches of the Canning
River in Perth, Western Avstralia between 1983 and 1993, probably as a result of careless
disposal of aguaria waste. Hydrocotyle has not previously boen recorded as a serious weed in
Australian waterways although a close relative, H. bonariensis, has caused problems in
Singapore, southern USA and South America.

In November 1991 a removal program was successful in removing the bulk of the weed but due
to the lack of follow-up treatment the mats regrew.

In the absence of a recognised control protocol a working group of state and local govemment
agencics and special interest groups was formed to develop an effective control program. An
integrated strategy was adopted, in the first instance a short term program fo physically remove
the bulk of the weed, and a longer term program aimed at eradication. The river was cleared of
the weed during the first phase using a combination of physical and chemical methods in 1993
at a cost estimated at $150,000,
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DISTRIBUTION OF SILVERLEAF NIGHTSHADE (SOLANUM ELEAGNIFOLIUM) IN THE
SHEEP/WHEAT BELT OF NEW SOUTH WALES

1J. Dellow
NSW Agnculhm-. Agricultural Research and Veterinary Centre, Forest Road,
Orange NSW 2800, Ausiralia

Silverleaf nightshade (Solanum elasagnifoiim) is a major perennial weed of New South Wales,
Victoria and South Australia. It competes with summer crops and pastures and can reduce
winter crop production by soil nutrient and moisture depletion during ssedbed preparation. All
parts of the plant, particularly the fruits are toxic to grazing livestock. Silverleaf nightshade is
difficalt to eradicate due to its extensive root system. A survey conducted in 1977 showed there
was 20,000 ha of land infested with silverleaf nightshade in New South Wales.

In spring 1992 a survey of the sheepfwheat belt of New South Wales was conducted to ascertain
the distribution &nd density of infeststion of silverleaf nightshade. The survey was dene on a
local government area basis ugsing NSW Agriculture’s district agronomists. The results showed a
total of 139,000 hectares of land was infested with the weed (16,000 ha dense infestation). This
is nearly a seven fold increase in the arca infested since 1977,

HOST SPECIFICITY OF THE BRUCHID MIMOSESTES ULKE!, AS A BIOLOGICAL
CONTROL AGENT FOR PARKINSONIA ACULEATA IN AUSTRALIA

G.P. Donrelly

Alan Rletcher Research Station, Queensiand Department of Lands,
PO Box 36, Sherwood Q 4075 Australia

In host specificity tests, the North American seed bectle Mimosestes ulkei was found to be a host specific
biocontrol agent for the woody weed Parkinsonia aculeata.

M. ulkei was imported from Arizona, USA for host specificity testing i quarantine. Multiple choice
oviposition tests wera camried out on pods of a range of legumes and on seeds of a range of non-legomes.
Forty-ning plard species were tesied, with P, geulegta controls. Egg and larval development on test pods
wag studied.

Qviposition occurred on pods of 19 legume kst species. Many more eggs were laid on P. aculeats pods
than on the test specles’ pods. Flrst instar larvae penetrated the seed coats of 11 test species, but either
retrealed from the seed or made very short tunnels and died in site without further development Some
pods had barriers preventing larvae from reaching sseds, Sesds attacked by larvae had mechanisms that
discouraged feeding or actively killed larvae so thet none were able 1o develop to become adulis.  Adulis
developed only in P. acileata seeds.

Failure of M. ulkei t0 develop in any sest plamt seeds showed that it is specific o P, gculease and safe 1o

rclease in Australia. The Australian Quarantine and Inspection Service has approved M. uitei for fickd
release. i
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PROPOSAL TO ESTABLISH A NATIONAL BUFFER ZONE TO PREVENT
THE WESTWARD MOVEMENT OF RUBBER VINE (CRYPTOSTEGIA GRANDIFLORA)
IN AUSTRALIA

M.R. Fuller
Regional Weeds Officer, Alice Springs NT 0870, Australia

Rubber vine (Cryptostegia grandiffora) is now one of the most damaging weeds in Ausiralia, It
occupies over 600,000 ha of northem Queensland and is spreading rapidly westward,
Crypiostegia grandifiora is not known 10 occur in the Northern Territory or Western Australia,
However, it does have the potential to invade 58 million hectares of Northern Australia,
including Arnhem Land, Kakadu and the Kimberly’s.

This poster presentation will illustrate the importance of establishing this national buffer zone
and why the Northem Territory/Queensland border region is an ideal arca for its implementation.

DIFFERENTIAL GROWTH AND ANATOMICAL CHARACTERISTICS OF RICE AND
BARNYARDGRASS UNDER VARIOUS CROPPING PATTERNS

J.O. Guh, 8.U. Chon', T.D. Park® and S.L. Kwen®
! Coll. of Agric., Chonnam Nat’| University, Kwangju 500-757, Korea
? Chonnan PRDA, Chonnam §23-840, Korea
¥ BASF Korea Ltd, Seoul 100-094, Korea

This study was conducted in a greenhouse to see if there are some differences in growth and
anatomical characteristics between rice {Oryza setive) and bamyardgrass (Echinochioa
crus-galli) under different cropping pattemns, dry directed condition, water directed condition and
transplanting condition. At 3, 5, 7, 10, 15 and 20 days after seeding or transplanting (DAS/T),
plants were harvested and their growth and anatomical characteristics were examined.
Difference in growth characteristics including plant height, root length, shoot and oot fresh
weight, leaf stage and number of root between rice ani bamyardgrass was greater under dry
condition than those under water condition and those of barnyardgrass was greater than those of
rice under both dry and water directed condition, while rice was much greater than those of
barnyardgrass under transplanting condition. Mesocoty! was formed in only barnyardgrass and
its length increased with increased depth of seeding, In differential anatomical charactetistics at
5 DAS/T, epidermal cell arrangement of stem and root in transverse sections was regularly dense
under dry conditions, while were not regular and aerenchyma cells were well developed under
water condition, and there were great difference botween rice and bamyardgrass, Leaf blades
were thicker in rice than in bamyardprass, in bamyardgrass grown under dry than water
conditions, and in direct seeded than in transplanted rice.
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BEVALUATION OF A TRIAZINE IMMUNOASSAY KIT

P.A. Hargreaves' and R.M. Noble?
! Agricultural Chemistry, Department of Primary Industrics, Mciers Road,
Indooroopilly Q 4068, Astralia
* Apricultural Chemistry, Department of Primary Industries, Biloela Q 4715, Auvstralia

The usefulness and limitations of a commercially available immunoassay based kit for
determining triazine herbicide residues in soils and walcrs have been asscssed. Resolts obtained
using kits were compared to conventional chemical analysis results for the same samples. The
kits are potentially vseful as screening tools for herbicides in water samples. Results for soil
samples tested to date were less satisfactory, because of problems with quantitation and possible
backgroand cffects.

MANAGEMENT STRATEGIES TO REDUCE HERBICIDES IN RICE FIELD TAIL WATERS
OF THE SACREMENTO VALLEY

J.E. Hifi, §.C. Scardaci, J.F. Wiltiams and S.R. Roberts
University of California, Davis, California

California rice is imrigated with surface waters through a network of supply and drainage canals.
Excess water from 160,000 ha of rice is returned to the Sacremento River and its tributarics for
downsiream uses. Pollution from rice herbicides raised public concerns in the late 1970s and
carly 1980s when fish kills and off-tastes of potable water were atiributed to molinate and
thiobencarb respectively, The purposc of these swdies was to develop and implement
management stratcgies fo mitigate downstream pollution by rice ficld herbicides. Two novel rice
imigation systems, water recirculation (WR) and static water (8W), were compared to
conventional flow-through imigation systems with respect to herbicide degradation end off-field
movement. Two additional systems, gravity tailwater recapture (GTR) and water ponding (WF),
were also introduced to growers to ameliorate off-site herbicide pollution. In the decade from
1982 1o 1992, the evolution and adoption of these systems reduced the mass flow of molinate in
the Sacremento River from 18,465 kg to 56.6 kg. Similarly, thiobencarb mass flow was reduced
from 2,317 kg in 1985 w 0 kg in 1992,
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BAMBOOQ - POTENTIALLY USEFUL PLANTS AND POTENTIAL WEEDS

C. Holsinger
PO Box 707, Spring Hill Q 4004, Australia

In many other countries (South America, Africa and Asia) bamboo is not generally considered a
problem plant to the extent that it is bere in Australia. Bamboo has an existential place in the
lives of people. Bamboo is harvested for food, fibre, timber and as a raw maeterial for an and
craft. Where barmboo has 2 long cultural, spiritual, functional and amenity value it can hardly be
considered & weed. In this case its most active predators are people.

In Australia bamboo has ne functional prefile in our everyday lives or in the nom-aboriginat
cultural heritage of this country, Adding all bamboo plants to the growing list of declared
weeds will not address the ipnorance and misunderstanding in our attitudes towands bamboo.
Some strategic approaches o increasing awareness of these plants are:

(i) identification and mapping of bamboo species in Australia;

(i)} species identification charts for community, nursery and agricultural industies and
quarantine inspectors;

(iii)  field trials for potentially useful species including rhizome controls; and

Giv) standardised weed hazard rating for potentially rampant species, based on field trials and
regional climatic criteria.

VARIATION OF SEED DORMANCY IN WEED WILD RICE (ORYZA) SPECIES

H. Hyakutake and S. Yoshida
The Institute of Physical and Chemical Research (RIKEN), Wako, Saitama 351-01, Japan

Wild rices (Oryza spp.) arc a problem in the production of rice in the direct-seeding areas in
tropical countries. Seeds of wild rice shed readily at maturity and show a decp dormancy,
enabling survival for extended periods under unfavorrable conditions, The natire and variations
of dormancy in 10 strains of wild rice and 3 strains of weedy wild rice collected from varions
countrics were determingd.

Wild species of rice were grown in the greenhouse at day and night temperatures of 31°C and
26°C. All the sceds of wild rices were found to be dormant and as heat treatment was prolonged
or when unhulled, germination percentage was raised. Seeds of O. ryfipogon from India,
Myanmar, and Malaysia and . brevifigulata and O. brachyantha from West Africa showed
extremely decp dormancy, whereas weedy wild rices which were considered to have absorbed
genes from cultivated tice through natoral hybridizetion showed higher germination rate. Dry
condition was found to be influental in breaking dormancy of wild rice secds regardless of the
temperature rangs, wheteas moist condition was unfavourable. Seed dormancy among the same
species of wild rices varied greatly with the country of their origin,
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HERBICIDE USAGE RECORDING SYSTEM

C. Knight
Public Transport Corperation of Victoria, 589 Collins Sueet, Melboume VIC 3000, Australia

In a climate of increasing public concemn over pesticide use and litigation, accurate and easily
accessible application data is essential to the land manager.

The Herbicide Usage Recarding System (HURS) aim is to provide a fas¢, easy (o use and
comprehensive record of herbicide applications to predeminantly linear land reserves such as
railways, ronds, irrigation channels and power aml communication utilitics.

The HURS systemn provides this on two levels. It is primarily a computer data base that will
provide key information. In addition by the use of the unique reference number generated by
HURS, the sctual paper report produced by the spray operater may be quickly accessed for more
detailed information. 'This provides the manager with a powerful tool to review the saccess of
past applications and answer queries confidently.

The programme was originally prepared by the Public Transport Corporation to record all
applicetion of herbicide over the main-line rail nctwork. However, it is envisaged that the
system can be casily modified to suit other land management systemns.

PHOTODEGRADATION OF BENSULFURONMETHYL HERBICIDE
UNDER SIMULATED ENYIRONMENTAL CONDITIONS

Y. Kobara and T, Suzuki )
Nations] Institute of Agro-Environmental Sciences, Tsukube, Japan

Photodegradation appears to be an important step in the transformation of herbicides applied to
wetland paddy as most herbicides zre applied at the time of transplanting. Bensensulfuron-
methyl herbicide (methyl o[ [3-4.6-dimethoxypyrimidin-2-yl] ureido]sulfonyl-O-toluate; BSM), 2
common herbicide in paddy fields of Japan, has unique physicochemical properties, for example,
its solubility in water is strongly dependent on pH (2.9 ppm at pH 5.0 to 1,200 ppm at pH 8.0 at
25°C). ‘Th pH of water in paddy fields varics considerably (6.4 to 8.9) within a single day.

We studied photodegradation process of BSM under simulated environmental conditions.  After
irradiating aqueous solutions of BSM with varying pH and photosensitizers in a
spectro-irradiator, photodegradation products of the herbicide were amalyzed by liquid
chromatography and mass spectrometry. Photodegradation was confirmed by changes of UY
_absorption spectra under acidic conditions and in the presence of photosensitizers.
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SELECTIVE MODE OF ACTION OF PYRAZOSULFURON-ETHYL
AMONG RICE CULTIVARS AND CYPERUS SEROTINUS

K. Kobayashi and H. Sugiyama
National Agriculture Research Center, Tsulyba, Japan

Pyrazosulfuron-ethyl is a sulfonylurea herbicide for the control of most broadleaf and
Cyperaceons weeds in paddy rice. The growth of root and shoot was suppressed more strongly
in Cyperus serotinus than in rice grown in a water culture containing pyrazosulfuron-ethyl. In
vitro, the activity of acctolactate sythase (ALS) from each organ of both plants was highly and
similarly sensitive to pyrazosulfuron-ethyl. The activity of ALS extracted from plants previously
teated with the herbicide was more reduced with elapsed time in roots and shoots of
C. serotinus after treatment. In rice the redwced activity of ALS in treated roots and shoots was
remarkably recovered as a function of time after treatment, Among tested rice cultivars, indica
type cultivars were generslly more tolerant to pyrazosulfuron-cthyl than japonica type cultvars,
Inhibition of ALS activity in each organ was similar in degree between indica and Japonica type
cultivars in vitro. The results suggest that the primary site of action of pymzosulfuron-ethyl is
ALS, and that its sclectivity depends on the difference in degree of inhibition on ALS activity in
vivo, which could be caused by the different ahility in inactivation of pyrazosulfuron-ethyl.

THE MECHANISM OF ACTION OF DIMEPIPERATE ON SEVERAL
OTHER HERBICIDES IN RICE SEEDLINGS

D.J. Lee, K, Usui, H. Matsumeoto and K. Ishizuka
Institate of Applied Biochemistry, University of Tsukuba, Tsukuba, Japan

The interactions between the thiocarbamate herbicide, dimepiperate ($-(et, oi-dimethylbenzyl)
piperidine-1-carbothicate} and 7 compounds of herbicides, and the effects of dimepiperate on
absorption, translocation, and metabolism of [“CJlabelled bensulfuron methyl, oxyfloorfen,
clomeprop and pyributicarb simultaneously applied to the early stage of rice seedlings were
cxamined. Their interactions were evaluated based on Colby’s andfor the Isobole method. The
data indicated that there were antagonistic effects between dimepiperate and all the herbicides
tested except for prefilachlor. Thus, the safening effect of dimepiperate on the rice seedlings
was confirmed. Dimepiperate did not affect translocation of and metabolism of all [“C]Jlabelled
herbicides, whereas it decreased their absorption in rice plants. The decrease in the herbicide
absorption seemed to contribute to the safening effect of dimepiperate.

The gafening effect of dimepiperate was clearly demonstrated to a wide range of the chemicals
with different modes of action.
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MECHANISM OF SELECTIVITY OF DIPHENYL ETHER HERBICIDE OXYFLUORFEN

LJ. Lee, H, Matsumoto and K, Usui
Institute of Applied Biochemistry, University of Tsukuba, Ibaraki, Japan

The selectivity mechanism of oxyflvorfen [2-chloro-1-(3-cthoxy-4-nitrophenoxy)-4-
trifluoromethylbenzene] emong several plant specics was stedied. Rice and com were tolerant
and absorbed less oxyfluorfen than tomato, cucumber and buckwheat  Degradation of
“C-oxyfluorfen in the susceptible plants was very limited. Large amounts of protoporphyrin IX
(Proto IX) accumulated in the herbicide-treated plants, however, the profile of the accumulation
was different among the species. Protoporphyrinogen IX oxidase (Protox) was very susceptible
to oxyfluorfen. 150 concentration of Protox activity from different plant species ranged from
1.4 nM to 30 nM. The activity of endogenous andoxidative enzymes was also different among
the tested plants and rice had a higher activity than the others.

TOLERANCES OF OAT AND TRITICALE CULTIVARS TO HERBICIDE

D, Lemetle and R.B. Hinkley
NSW Agriculture, Agricultural Research Institute, Wagga Wagga NSW 2650, Avsicalia

The lolerances of cultivars of oat (Cooba, Coolabah, Dalyup, Echidna, Bandicoot and Mortlock) and
tziticale (Muir, Madonina, Cumrency and ‘Tahara) W post-emergence herbicides under weed-free conditions
were examined in the field in 1991 and 1992 at Wagga Wagga. Herbicides were applied at standard
recommended (1XR) and twice recommended (2XR) rates and grain yield was used as a measure of
lolerance.

At both rates of application, divron, chlorsulfuron and dicamba plus MCPA were safe on all oar cultivars.
Grain yields were reduced 10% in Mortlock and Dalyup in 1991 by 1XR of bromoxynil, difluenican plus
MCFPA and diflufenican plus bromoxynil. Dalyup was also sensitive o tertutryne plus metsulfuron,

In 1991, triticale ¢vs Muir and Tahara had grain yields reduced 12% from the 1XR of diclofop-methyl,
and by 19% (Tahara) and 38% (Muir) from LXR of metsulfuron-methyl. Currency and Madonna were
both sensitive to terbutryne plus triasulfuron at 1XR in 1992. All wsiticale cultivars were tolerant of
tralkoxydim, chlorsulfuron, dicamba plus MCPA, bromoxynil, diftufenican plus bromoxynil, diflufenican
plus MCPA, and terbutsyne plus MCPA.

Significant differences in the tolerances of oat and witicale cultivars to recommended rates of herbicides
was demonstrated and further studies are in progress oz a wider vange of cultivars and herbicides,
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DIFFERENTIAL COMPETITIVE ABILITY OF WINTER CROPS TO
ANNUAL RYEGRASS, LOLIUM RIGIDUM

D. Lemerle and B. Plater
NSW Agriculture, Agricultural Research Institute, Waggo Wagga NSW 2650, Australia

A field comparison was made of the compegitive ability of a range of winter crops (wheat, barley, oat
Tupin, field pea, triticale and cancld) agalnst annual ryegrass, Loffwn rigidum. The crops were sowm at
standard densitles. Annpal ryegrass was sown immediztely after the crops by broadcasting sced and
raking It into the surface of the soil to achieve a density of 300 plants/m® in all crops. Two cultivars of
each crop were included to estimate the range in competitive abillty within each crop. Crop and ryegrass
biomass were recorded at anthesis and maturity,

1

Oat, triticale and cancla were the most competitive crops, while field pea and lupin were the weakest
competitors. Wheat and barley were intermediate depending on cultivar. For example, the dry weight of
ryegrass measured Bt anthesis was 53-74 g/m® with oat, 70-71 g/m® with triticale, 88-104 gm’ with
canols, 60-170 g/in® with badey, 81-201 g/m® with wheat, 237-284 g/m* with field pea and 304-377 g’
with lypin, in each case depending on cultivar.

Large differences in competiive ability of crops and cultivars of wheat and barley show potential for
greater suppression of weeds with more competitive crops. Further experiments are examining the
reasons for the superior competitive ability of cenain cropa and cultivars.

PORPHYRIN INTERMEDIATES INVOLVED IN HERBICIDAL ACTION GF
8-AMINOLEVULINIC ACID IN LEMNA PAUCICOSTATA HEGELM

H. Matsumoto and K. Ishizuka
Institute of Applied Biochemistry, University of Tsukuba, Ibaraki, Japan

Although &-aminolevulinic acid (ALA) is a common precursor for the synthesis of chlorophylis
and hemes, cxogenously applicd ALA causes photobleaching on the susceptible plants. It is
generally accepted that the sccumulated porphyrin intermediates act as photosensitizer for the
production of singlet oxygen to destroy plant pigments and membrane lipids. However, the
porphyrin species responsibic for the action is still wnclear. In this study, the relationship
between porphyrins accumulation and appearance of phytotoxic symptom in an aqeatic higher
plant Lemna paucicostata, which is quite sensitive to ALA, is investigated.

When the plant was treated with ALA in darkness for 12 h and then exposed to light, elecwolyte
leakage occwrred immediately. A chlorophyll content reduction of approximately 40% was
caused by 1 mM ALA. Profiles of four porphyrin intermediates were determined during dark
incubation and following light exposure,

118



ACTAR PROJECT FOR THE BIOLOGICAL CONTROL OF SIAM WEED IN INDONESIA
AND THE PHILIPFINES

R. Crutwell McFadyen
Alan Fletcher Research Station, Sherwood Q 4075, Australia

Siam weed, Chromolaena odorata, is & major weed of pastures and plentation crops in West
Africa and south-cast Asia. Many potential biocontrol agents exist but only 2 have been trialled,
without success to date. Siam weed continues to spread south, and is now in Pepua New Guinca
as well as Timor and Irian Jaya, and is threatening Australia. ACTAR is funding a 3-year project
in which suitable insects will be sent from South Americe for detailed host-testing in quarantine
in Indonesia and the Philippines, followed by field release if the insects prove safe. The project
started in January 1993 and a stem-galling fly Procecidochares connexa is already being tested
in guarantine in Indonesia and will be sent to the Philippines shortly. Other insects will be
triaifed next year.

PUBLIC ISSUES IN THE RELEASE OF HERBICIDE RESISTANT CROPS

G. McLean and G. Bvans
Bureau of Resonrce Sciences, Canberra ACT 2600, Australia

This paper outlines issues of public concern emerging in response w the breeding of herbicide
resistant plants, including the release of transgenic plants, the potential for the transfer of the
hetbicide resistance gene to weeds, the increased selection pressure for the development of
hetbicide resistance in weeds, the potential for increased use of herbicides, and the potential
impact of herbicides on the environment, specifically the accumwlation in socil and the
contamination of ground and surface water.

These are important issues in the context of Government initiatives in the development of
sustainable systems of agricultufé and pose an enormous challenge for stakeholders, including
the agrochemical and seed industties, farmers, environmental and consumer interests. The
Bureau of Resource Sciences is preparing a discussion paper on the subject in the expectation
that Governments may be forced 1o intervene in order to balance the demands of competing
interests.
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SYNERGISM BETWEEN TWO FUNGI KILLS NOOGOORA BURR

L. Morin', B.L. Auld' and I.F, Brown®
' NSW Agricutture, Agricultural Research and Veterinary Centre, Orange NSW 2800, Australia
} Department of Botany, Univessity of New England, Armidale NSW 2350, Australia

Biodogical control of the Noogoora burr (Xesthim oceidentate) complex with fungi represents a possible
allemative or complementary strategy lo traditional control measures. The microcyclic rust, Puccinia
xanshii can severcly affect the growth of the Xanthium weeds in some regions of Australia bt rarely kills
thern. The relatively strict depezxiency on optimum climatic conditions for cpidemics of P, xanthii on the
Noogoora burr complex limits its capacity as a classical biocontrol agent,

Several facultative parasitic fungi infect and cause Tocalized disease lesions via lcaf and stem Tust Jesions
on: Noogoora burr. Among the fongi tested, Colletoirichum orblculare was the only fongus able to grow
beyond the stem nist lesions into the surounding tissue, gindle e stem and consequently kill the plant
lisste above. C. orbiculare did not cavse diseass on healthy plants nor on plants previcusly infected by
Alternaria zinniae, a potential bioherbicide for the Xanthium weeds. The uniqoe synergy between
P. xenthl! and C. orbiculare suggests that P. xanthii alters the physiology of the infected and
neighbouring bost cefls and renders them highty susceptible to €. orbiculare.

The use of C. orbiculare on mst Infected populations of Noogoora burr may have the potensial ® control
this weed in the field more effectively. Further investigations of the P. xanihii - €. orblculare imeraction
al the cellular and blochemical levcls are mecessary to elucidate the interaction mechanism. This
knowledge could be useful in the development of an effective bioherbicide for the control of the
Noogoora burr complex,

INTEGRATED SHRUB MANAGEMENT IN SEMI-ARID WOODLANDS: A PRELIMINARY
EVALUATION OF SUB-LETHAL CHEMICAL DEFOLIANTS APPLIED TO YOUNG
COPPICE REGROWTH

J.C. Noble!, A.C. Grice? and W.J. Miller
! CSIRO Division of Wildlife & Ecology, PO Box 84, Lyncham ACT 2602, Australia
? CSIRQ Division of Tropical Crope & Pastures, Privats Mal Bag PO, Aitkenvale ) 4814, Ausiralia
? CSIRO Bilometrics Unit, INRE, GPQ Box 1666, Canberra ACT 2601, Australip

A series of screening shudies were underaken during 1990-92 (0 evaluate the effectiveness of several
potentially useful chemical defoliants when applicd over a range of concentrations to seadlings of Cassig
nemophila and different aged coppice regrowth of Eremophila mircheltii and E. sturtii, Initial tesulls, in
ierms of leaf death, were extremely promising and provided striking evidence that some chemicals,
especlally glyphosate (Roundup) were capable of wimicking fire by killing young shrub foliage (no alder
than one season’s regrowth), even at the most dilute concentration (1: 80). Timing of secondary chemical
treatment is likely to be critical. Research based on repetitive treatments imposed by fire using arfificial
fuel suggests that 80% of shrubs recelving & second defoliaon uging chemicals applied in the aummn
may fail Lo recover, Only c. 20-30% morslity may occur from secandary spring defollation,

This paper reports on the results of initial screening experiments and describes collaborative reseavch

cumently underway in wesiem MNew South Wales and western Quesnsland examining the application
technology required for treating exiensive arcas of shrub-infested rangelands,
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CROP TOLERANCE TO RESIDUAL HERBICIDES IN CENTRAL QUEENSLAND

V.A. Osten', S.R. Walker® and L. Broom'
' Queensland Department of Primary Industries, Emerald Q 4720, Australia
* Queensland Wheat Research Institute, Toowoomba Q@ 4350, Australia

Under Central Queensland environmental conditions, it is assumed that the herbicides atrazine
and chlorsulfuron are not as residual and break down much faster than they do in cooler
environs, Cument regisicred plant-back intervals for these herbicides apply in Centrul
Queensland even though the intervals are very conservative, and due to this, the potential use of
atrazine and chlorsulfuron is yet to be fully realised in this region,

Sorghum, sunflower, wheat and chickpea have been evalnated for their tolerance to these
hetbicides in the Central Quesnsland environment. Safe plant-back intervals as low as 75 days
for chlorsulfuron with the summer crops have been recorded over three seasons. Safe intervals
of 180 days for both atrazine and chlorsulfuron in the winter crops have also been reconded over
three years. All herbicide applications were made mid to late spring.

CARDAMINE FLEXUOSA: THE REAL NURSERY WEED

T. Ozanne and S.W. Adkins
Department of Agriculture, The University of Queensland, St Lucia Q 4072, Australia

The intention of this study was to challengs the view that a local nursery weed is the winter
annoal Cardamine hirsuta. It also looked at the germination behaviour of glasshouse-produced
seed to test for viability and dormancy.

Seeds were collected in nurseries from Adelaide, Newcastle, Southport, Brisbane, Stanthorpe,
Townsville and Darwin. They were stored dry at room temperamre and germinated monthly. The
seeds from glasshouse-raised plants (20, 24, 29 and 33°C) were also tested for dormancy and
viability. Flowers were examined for numbers of stamens.

From all sites surveyed the weed proved to be the polypleid Cardamine flexuosa. Seed viability
was less than 9 months. Dormancy occurred when plants were grown at 20°C but plants from
warmer environments showed immediate germination.

Conirol strategies need to be reassessed especially in the knowledge that the weed is polyploid
and iz constantly germinating. It3 short viability should prove to be an asset.
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PREDICTING SULFONYLUREA DEGRADATION IN SOILS DEPENDS ON A VALID
MEASURE OF PH IN THE SQIL SOLUTION

P.C. Pheloung' and W.M, Blacklow®
' Weed Science Section, Department of Agriculture, South Perth WA 6151, Austrelia
* Crop and Pesture Science, University of Western Australis, Nedlands WA 6009, Australia

Hydrolysis of the sulfonylureas, chlorsulfuron and triasulfyron, in aqueons solution is dependent
on emperatre and pH. We wanted to know if soil pH and temperature could be used to predict
the degradation rate of sulfonylurcas in soils. Our results, compating sterilised and unsterilised
soils, indicate that chemical hydrolysis is the main pathway for degradation in acidic to neutral
Western Anstralian sandy soils. In soils at field capacity, up to 90% of the herbicide is adsorbed
but the adsorbed fraction seems t0 be equally susceptible to degradation, We came to this
conclusion since the rate of degradation was the seme at 2, 5 and 10% water content We
developed a relationship to predict sulfonylurea half-life using temperature and pH as inputs,
based on first order kinetics of hydrolysis in buffered water. This relationship successfully
predicted the half-life in an acidic soil using the incubation temperature and balk pH of the soil,
but greatly overcstimated the half-life of neutral soils. In these seils, the bulk soil PH, measured
in 2 10 mM CaCl, suspension, may underesimate the true proton activity adjacent to solid
surfaces in the soil solution by a unit or more. When adjusted, the model more closely predicts
the half life in these soils.

CONTROL OF HIMALAYAN HONEYSUCKLE (LE¥CESTERIA FORMOSA)

G.H. Pritchend
Keith Turnbull Research Institate, Department of Conservation and Natural Resources, Frankston
YIC 3199, Australia

Himalayan honeysuckle (Leycesteria formosa) is a deciduous, mult-stemmed shrub of Asian
origin, which is spreading into native forests in Victoria, A tial conducted in the Mt Buffalo
National Park evaluated four herbicides for the control of the plant. Low volume sprays, with a
hand-held applicator were made in January 1992 either to the foliage or fo the basal 30 cm of
the stems.

Fouricen months after application, a complete kill of Himalayan honeysuckle was given by basal
sprays of triclopyr at 1kg/100 L of diesel fuel, triclopyr ot 2kg/100L of a 1:4 mix of
"Ulvapron” spray oil and water, triclopyr plus picloram at 1 kg Plus 0.33 kg/100 L of a 1:4 mix
of 'Ulvapron’ and water, and glyphosale at 9 kg/100 L of water. Metsulfuron methyl at
0.18 kg/100 L. of water and 0.06 kg/100 L, of a 1:4 mix of "Ulvapron® and water were less
effective. Foliar sprays of triclopyr at 1.71 kg/100 L of water, triclopyr plus picloram at 1 kg
plus 0.33 kg/100 L of water and glyphosate at 4 kg/100 L. of water also gave complete kills,
However basel sprays, which require less spray volume, are preferable because they are quicker
to apply, more target specific and lower in cost,
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MINING AND WEEDS

D.S. van Rangelrooy
Department of Primary Industry and Fisheries, Darwin NT 0800, Ausiralia

Noxious weeds are genemally considered to be problems associated with agriculture and conservation.
Other areas whereby weeds may potentlally become a problem should be investigated and addressed
accondingly. Mining s cenalnly no exception,

In the Northem Tesritory of Australia there are many weeds such as hyptis (Hyptis suaveolens), spinyhead
sida (Sida qewta), flanmel weed (Sitda cordifolic), Paddy's lucemne (Sida rhombifolia), snakeweeds
{Stachytarpheta spp), mission grass (Pennlsetum polystachion), grader grass (Themeda quadrivalvis),
sickiepod (Senna obiusifolia), coffee senna (Senna occlderalis), wbberbush (Calotropis provera), and
mimosa (Mimosa pigra) that quickly become established at and around mine sites,

Diswrbanceatmmesitespmdisposesmemalommiunbymd& These weeds are spread between
mines and throughout mine sites by the movement of trucks and machinery from infested to clean areas,
Comamimledmdumdmmesmumwmmmoimdmmwmdmdsmmmm.

Mining companies are becoming aware of the need to control weeds, Environmental Impact Statements,
which are produced to support mining applications, now uspally address weeds as an issue in the mine's
management, and rescurces are being devoted to their control.

THE ECOLOGY OF MYRSIPHYLLUM ASPARAGOIDES, AN ENVIRONMENTAL WEED
IN SOUTH-EASTERN AUSTRALIA

K. Raymaond
Deparunent of Erology and Evolutionary Biology, Monash University, Clayton VIC 3168, Ausiralia

Bridal Creeper (Myrsiphyihon asparagoides), a geophyte native to South Afvica, is an invasive weed In
both disturbed and undisturbed vegetation of southem Australia. In conjunction with a scarch for
bivlogical control agents in South Africa, its population biology at Point Nepean National Park in Victoria
has been studied since 1992,

Shoots of bridal creeper begin emerging in late summer or autumn, depending upon rainfall, and nearly
all senesce the following summer, Early emergenis contribute most 1o the above-ground biomass of the
plant. Maximum stem density occurs in August, averaging 91 stems md, when canopy cover averaged
75%. Tuber masses usually entwine to fom derse mats just below the soil surface and comprise at least
94% of the plant’s biomass, Tuber production begins in May and continues through winter. Birds disperse
the fleshy fruits of bridal creeper: 46% of fiuits are faken over sumimer, Seed germination in the field is
affected by depth of burial; 54% of buried seed gemninate after 3 months while only 2% of surface seed
germinate,

Bridal creeper is a serious environmental weed. It is able 10 fregenente vegetatively from extensive teher
reserves dnd establish from seed (which may be dispersed 1o new sites} to reach high densitiss and cover.
Itz establishment may limit seedling regenesation of native specles, alter soil and litter biota, and affect
rates of litter decomposition and nulrient cycling. For effective biological control, defoliating agents,
tuber-depleting organisms, and pre-dispersal seed predators will be required.
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POTENTIAL MOVEMENT OF GLYPHOSATE AND METSULFURON METHYL RESIDUES
IN COASTAL SAND DUNES

‘D. Salotti and W.A, Mylne-Home
National Centre for Groundwater Management, University of Technology Sydney
PO Box 123, Broadway NSW 2007, Australia

The herbicides Roundup® (glyphosate) and Brush-Off® (metsulfuron methyl) have been applied to test
sites on coastal sand dunes in the Jervis Bay National Park since 1985 1 control bitou bush
(Chrysanthymoldes monilifera subspecies rotundara). The experiments have shown that acrial applications
of 121 of Reumdup® per hectare or 15-30 g of Brush-Off® per hectars are effective but tast sites at
Berwherre Beach were also trealed by high pressure hand spraying at concentrations of up 10 ten times
those applied from the air. There is concem that residues may leach towards the water table in permeable
dunes,

We describe work in progress on a pilor scale to characterise and model seasonal varations in soll
mngisture al the test sites, Neutron probe measurements between Movember 1992 and March 1993 show
that the peofile from 10-150 cm depth has become vniformly drier, reflecting the generally uniform
lihology of the dunes. Thin peat and clay layess at one site increase moistire retention. The sapid
infiliration of water from a single rainstormn on 12 March 1993 has been followed with the probe,

The next phase of the study will incerporate modelling of the ohserved moisture profiles with the SWIM
package. The soil profile will be sampled at the sites for the concentration of adsorbed herbicide and the
risk of leaching in coastal dune systems assessed with SWIM and simple, one-dimensional transport
models as an integral pan of bitou bush control,

DISTRIBUTION OF BRIDAL CREEPER (MYRSIPHYLLUM ASPARAGOIDES)
IN WESTERN AUSTRALIA

JK. Scott' and I.P. Piggot?
* CSIRO Division of Entomology, Private Bag PO, Wembley WA 6014, Australia
? Western Australian Herbatiom, Dept of Conservation and Land Management,
PO Box 104, Corno WA 6152, Australia

Bridal Creeper (Myrsiphyllum asparagoides) is an environmental weed of significance in
south-western Australia. The weed is spreading mapidly through imponant bushland of high
conservation valve on roadsides, farmland and public reserves. Surveys were started in 1990 to
establish the extent of infestation. The plant is widespread and was found by the first author at
over 90 localities, spread throughout the middle and lower south west. The Department of
Conservation and Land Management has recorded bridal creeper for most coastal National Parks
in south-western WA, from Yanchep, north of Perth to Israclite Bay east of Esperance.
Historical records and current infestations are oficn isolated indicating colomisation of
comparatively recent origin. Plant populations are often cented on towns indicating that humans
are a major source of initial spread. Birds are considered important in spreading bridal creeper to
isolated conservation areas. Control options being considered for bridal creeper include herbicide
treatmients and the introduction of biological control agents. The weed is being consdiered for
proclamation as a noxious weed in south western WA,
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OCCURRENCE OF THE RUST FUNGUS UROMYCES RUMICIS, A BIOLOGICAL
CONTROL AGENT OF FIDDLE DOCK (RUMEX PULCHER) IN WESTERN AUSTRALIA

LK. Scott' and R.G. Shivas®
! CSIRO Division of Entomology, Private Bag PO, Wembley WA 6014, Australia
% Plant Pathology Branch, WA Dept of Agriculture, Baron-Hay Court,
South Perth WA 6151, Australia

The tust fungus Uromyces rumicis was first reporicd in Westemn Australia in 1986 from Perth. In
its native habitat, Europe and Africa, the fungus is associated with Rumex and Emex species, The
fungus is considered a potential biological control agent for these weeds in Australia. A survey
of fungi on planis of Polygonaccae in 1990-1992 found Uromyces rumicis to be widespread in
the wetter parts of south-west WA, but only Rwnex pulcher (fiddle dock) was attacked. The
fungus was absent on other Rumex species even when growing mixed with infested plants.
Uredia and telia were only evident from the end of spring until plants senesced (November-
January). At this time the dock plants have maturing seeds. It is likely that fungal development
is oo late to have a major impact on plant populatons. The short period when spores are -
present explaing why the fungus has been overlooked in the past. The observations in WA
suggest that the climatic conditions suitable for other strains of the fungus would need to be
considered if they are w be vsed as biological control agents against Rumex and Emex specics,

A CANADIAN STRAIN QOF COLLETOTRICHUM GLOEOSPORIOIDES, A POSSIELE
MYCOHERBICIDE FOR 3T JOHN'S WORT, HYFERICUM PERFORATUM

R.C.H. Shepherd
Keith Turnbull Research Institute, PO Box 48, Frankston VIC 3199, Australia

Two isolates of the fungus, Colletotrichum gloeosporioides (St John's Wort, Nova Scotia), were
recently introduced from Canada into high security quarantine at the Keith Tumnbull Research
Institute.

The three straing of St John's Wort recognised in Australia, i.e. broad-leaved, narow-leaved and
intermediate-leaved forms were tested against the strains of C. gloeasporioides, as were plants
collected from several infestations in Victoria and New South Wales. These tests indicated that
Ausmralian St John's Wort plants were susceplible to these strains of C. gloeosporivides.
Preliminary host specificity tests were camied out on St Peter’s Wort, Hypericum tetrapterum,
and the  Australian native Hypericum gromineum. It may be possible to develop
C. gloeosporioides us a mycoherbicide as a later date, after further host-specificity testing.
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THE BUSHWEED DATABASE OF ENVIRONMENTAL WEEDS IN AUSTRALIA

LT. Swarbrick
Weed Science Consultancy, Toowoomba Q 4350, Ausiralia

The BUSHWEED database has been developed both to provide an averview of the
environmental weeds of Australia and as a possible model for a giobal database of such weeds.

The database covers the scientific and common names of sbout 700 weeds, as well a3 the
family, legislative status (if any), a brief outline of its biology, distribution by regions in each
state and territory, distribution by natoral and seminatural ecosystems invaded, and outlines of
the known managetial, biological, physical and chemical methods of control appropriate to each
weed in such systems, with references.

The database has been developed using the First Choice word processing packages, selected for
jts increased database capacity. B is being continuously updated and expanded as more
information becomes available, and is available in hard copy as illustrated.

THE GLOBAL WORKING GROUP ON WEEDS OF CONSERVATION AREAS

J.T. Swarbrick
Weed Science Consultancy, Toowoeomba Q 4350, Australia

The Working Group on Wesds of Conservation Areas is an informal group of people involved
with all aspects of the biology, ecology and control of the weeds that invade natural and
seminatural ecosystems reserved for their conservation value, such as National Parks, throughout
the world.

Formed during 1992, the group has fifty members in most continents. Its main objective is to
put members in touch with each other through the address list, to circulate papers and other
information that may have broad interest among members, and to encourage meetings as
adjuncts to national, regional or world weed conferences. It may also work towards the
development of a global database of the weeds of conservation areas.
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THE INTERNATIONAL WEED SCIENCE SOCIETY

L.W. Smith
Weed Consultant, Lapstone NSW 2773, Australia

The purpose of the IWSS is to encourape, promote and assist development of weed science and
weed contrel technology on a global basis, The objectives are: to encourage and assist
development of national and regional weed science socictics; to promote and assist meetings,
conferences and symposia on topics of international interest, to promote exchange and
participation among individual members and weed science organisations; to develop a directory
of weed science personnel and projects, and w publish a calendar of important events in weed
science; to encourage excellence, high standards and creativity in weed science and technology
regearch, to maintsin liaison with relevant national and international organisations for the
purpose of identifying, monitoring and solving new weed problems; and to promete, encourage
and assist education and training in weed science and technology. The First Intemational Weed
Contrel Congress was held in Melbourne, Australia in February 1992 under the auspices of
IWSS, Over 500 delegates from 46 countries artended. The Second IWCC will be held in
Copenbagen, Denmark in 1996, Two newsletters and a membership directory are published
annually. The current executive is President, Leon Smith (Australia); Vice President, John Temy
(UK); Secretary-Treasurer, Raj Prasad (Canada); and Executive Secretary, Susan Larson (USA).

BIOLOGY, ECOLOGY AND CONTROL OF CATS-CLAW CREEPER

K.M. Sparshott
Queensland Herbarivm, Indooroopilly Q 4068, Australia

Botanical, biological and ecological aspects of cat's claw creeper (Macfadyena unguis-cati) were
stdied in Redwood Park, Toowoomba, with chemical control tripls being established in the
same location. The propensity of the vine to establish itself in native bushiand and proliferats
using & range of ccological adaptions, is discussed along with the impracticality of physical
control alone,

Trials investigated the efficacy of the fowr herbicides clopyralid, triclopyr, glyphosate and
metsulfuron-methyl in the control of stolons, vines and seedlings over a thirteen month period.
The best results were achieved by spraying freshly-cut vines on trees and stolons with 2.8%
glyphosate or 1.2% triclopyr, and spraying seedlings with glyphosate or triclopyr at the same
rates or 0.9% clopyralid.
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FLUROXYFYR GIVES RAPID XNOCKDOWN OF MADIERA VINE (ANREDERA
CORDIFOLIA) AND KILL OF MOTHER-OF-MILLIONS (RALANCHOE SPP.)

L.T. Swarbrick
Weed Science Consultancy, Toowoomba Q 4350, Australia

Foliar application of 1.2% flaroxypr (4 mL Siarane per lire of water without additdonal wetter)
as a low pressure high volume spray gave rapid knockdown of the serious environmenial weed
Madieta vine {Anredera cordifolia} and quickly killed at least three species of the less seriouz
Mother-of-millions (Kalarchoe spp.), with safety to kangaroo grass (Themedn triandra).

Madicrz vine carpeting the ground was treated during and just after flowering to wet both leaves
and visible stems. Chlorosis and wilting oceurred within two weeks, followed by progressive
defoliation and collapse of stems. Long term control of a single application was unsncoessful,
since regrowth occurred from tubers in the ground.

Mother-of-millions (K. fubiflora) weated at all stages before flowering by directed spraying from
above and the side to wet stems and leaves wilted within one week, became chlorotic and began
defoliating within two weeks, and collapsed within four wecks. Hybrid mother-of-millions
(K. tubiflorum x dlagremontianum) and live leaf (K. pinnata) reacted more slowly, but both were
dead within six weeks.

ENVIRONMENTAL FACTORS INFLUENCE EFFICACY OF GLYPHOSATE APPLIED TO
BARNYARD GRASS (ECHINOCHLOA COLONA)

S. Tantipat, M. Boersma and 5.W. Adkins
Department of Agriculture, The University of Queensland, St Lucia Q 4072, Austratia

Glyphosate aclivity is affected by weather conditions before and after application and it is gencrally
agreed that cavironmental conditions that promote growth will increase efficacy. The objective of this
series of glasshouse experiments was to examine the efficacy of glyphosate against Avens fasuag, a winter
weed of south east Queznsland, grown under different soil moisture, light and tempemature regimes,

Pre-germinated seeds were grown under uniform conditions until they were 15 days old and then kept in
cither wet (<01 MPa, ficld capacity) or dry (-1.3 MPa, visible plant wilting) soil condidons for 3 weeks
before glyphosate (180 to 360 g ha™'y was applied. Light intensity did not influence the time it took the
planis to die but visual damage was faster under full suntight than 50% shading (ca. 500 pmol m* %),
Moisture stress reduced the level of glyphosate control, reduced physical damage and delayed mortality
being the most obvious changes. The effect of glyphosate was similar on a number of different blotypes
when no moisture stress was applied, howsver under moisture siress, the time it took plants to die varied
suggesting biotype differences. Temperature also influenced efficacy, and level of control was dependent
on an inerpaction of soil moisture level with ternperature. Better control was possible on plants growing
under well watered conditions al Jow temperatures (20°C) compared to plants growing under molsture
stress at high temperatures (30°C).

Soll moisture level and air temperature and 1o a lesser extent biotype and light imensity all have an

important influence on the glyphosate efficiency of wild oat, soil moisiure level being the most imporant
(actor.
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ENVIRONMENTAL FACTORS INFLUENCE EFFICACY OF GLYPHOSATE APPLIED TO
WILD OAT (AVENA FATUA)

S. Tantipat and S.W. Adking
Depantment of Agriculture, The University of Queensland, St Lucia Q 4072, Angtralia

COlyphosate activity ig affected by weather conditions before and afier application and it is generally
agreed that environmental conditions that promote growth will increase efficacy. ‘The objective of (his
series of glasshouse experiments was to examine the efficacy of glyphosate against Echinochloa coiona, a
summer weed of south east Queensland, grown under different soil moisture, light and temperapure
regimes.

Pre-germinated seeds were grown under wniform conditions until they were 10 days old and then kept in
elther wet (-0.1 MPa, field capacity) or dry (-1.3 MPa, visible plant wilting) soil conditions for 3 weeks
before glyphosate (180 to 360 g ha®) was applied. Light intensity did not infloence the time it took the
plants to die but visual damage was faster wnder full sunlight than 50% shading (ca. 500 pmol m? Y.
Moisture stress reduced the level of glyphosate control, reduced physical damage and delayed mortality
being the most obvipus changes. Temperature also influenced efficacy, and level of control was
dependent on an interaction of sofl moisture level with temperature, Betier control was possible on plants
growing under well watered conditions at low temperatures (20°C) compared t0 planis growing under
moigtune stress at high emperatres (35°C).

Soil moisture level and air temperature and 0 a lesser extent light intensity all have an important
influence on the glyphosate efficiency on bamyard grass with soil moistute level being the most
lmportany factor.

RUBBER VINE RUST, MARAVALIA CRYFTOSTEGIAE, A POTENTIAL BIOCONTROL
AGENT FOR RUBBER VINE, CRYPTOSTEGIA GRANDIFLORA

AJ, Tomley
Alan Flewcher Research Station, Queensland Department of Lands,
PO Box 36, Sherwood Q 4075, Australia

The rust fungus Maravalia crypiostegiae, from Madapascar is seen as the single most damaging
parasite of rubber vine (Cryplostegia grandiflora), a serious weed of mngeland and native plant
communities in northern and central Queensiand.

Studies of the rust's taxonomy, biology and host specificity were carried omt in the United
Kingdom from 1985 to 1992 to determine its suitability as a biocontrol agent. The results of this
work clearly confirm that it is suitable,

These results together with a recommendation that the rust be imported and released in the field
in Australia were lodged with the Australian Quarantine and Inspection Service in mid-1992.
Subsequent to spproval being granted, the rust was released in the field in late summer 1993.
Various aspects of the project are illustrated.
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ACETOLACTATE SYNTHASE ACTIVITIES AND AMINO ACID LEVELS IN
BENSULFURON METHYL RESISTANT PLANT CELLS

K. Usui, K. Sengnil, 5. Svwanwong and K. Ishizuka
Instimie of Applied Biochemistry, University of Tsukuba, Tsukuba, Ibaraki. Japan

Sclection of cultured plant cells resistant 1o bensulfuron methyl (BSM} and BSM effects on acetolactate
symhage (ALS) activity and amino acid level were investigated to clarify their resistance mechanism.

ESM severely inhibited growth and ALS activity of suspension cultared rice and canot cells, Rice and
camut cells resistant (0 1-10 pM and 10 pM BSM, respectively, were stepwise selecied after culluring in
the media containing the herbicide. These resistances were kept stable for more than 2 year in BSM-free
media. During and even after selection, ALS from these resistant cells became far less semsitive to the
herbicide and was over 1000 and 60 times legs inhibited than in susceptible cells, respectively. Levels of
branched-chain aming acide in the resistant cells wene consideraby higher than in susceptible cells. BSM
greatly affected aming acld tevels, especislly decreasing branched-chain aming acids and soluble protein
levels, while BSM had litile effect in the resistant cells.

Theze resnlis might be due to the development of ALS being insensitive to BSM, or less sensitive to
feedback inhibition as well, which may be involved in the resistance mechanism,

EFFECT OF ABRIAL WATER VOLUME ON TRICLOPYR/PICLORAM APFLIED TO
RUBBER. VINE {CRYPTOSTEGIA GRANDIFLORA)

I.5. Viueli
Tropical Weeds Research Centre, Charters Towers Q 4820, Australia

Rubber vine mortality with triclopyr/picloram {Grazon DS) + 2 mL organosilicone (Pulse)/L
spray volume was cvaluated to determine the optimum carrier water volume for aeral
application using a jet ranger helicopter. Low volume zprays (100-150 L/ha) generally used for
woody weed control, achieve excellent brown out but can resalt in poor plant mortality.
Applying triclopyr/picioram at the registered aerial rate of 900 g triclopyr/300 g picloram/ha and
varying the spray volume applied of 50, 100, 200 and 400 L/ha killed 30, 54, 68 and 98% of the
treated plants respectively. Rubber vine control was similar (approximately 95% mortality) when
the herbicide was applied at 900/300 g/ha with a spray volume of 400 L/ha and 480071600 g/ha
with a spray volume of 200 L/a, Initial trials indicatc that acrial spray volume influences rabber
vine mortality. Purther research to find the optional aerial water volume to maximise herbicide
efficacy would minimise the cost for effective woody weed control.
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PASTURE MANIPULATION WITH SIMAZINE, PARAQUAT AND DIQUAT

A. Wallace
Department of Agriculture, Katanning WA 6317, Awstralia

Two experiments condugted during 1991 and 1992 in Jeramungup WA, demonstrated that combinadions
of simazine with either Sprayseed® (75 /L diquat plus 125 g/l paraquat) or Gramoxone®) (200 g/L
paraquat) are effective for the contol of grass (Lolium rigidum and Vulpie spp.) and broad-leaved
(Eradium spp) weeds in pastures with little damage occurring to companion subterranean clover
(Trifolium subterranewn).

A eange of rtes and combinations of the three herbicides were invesiigated. Simazine applied ar 250 g/ha
with 500 to 750 mL/ha of Oramoxone or Sprayseed was the opiimal treatment for least cost
{approximately $6.00/ha). When applied alone the range of species controlled by each herbicide was
rediced compared 1o that controllad by the mixed herbicide application, There did not appear 1o be an
influence of time of herbicide application (2 June compared to 24 June 1992) on control of Vulpia spp.
Delaying application time improved control of L. rigidum and Erodium spp.

These chemical combinations provide control of a range of weed species and result in limieed damage o
sublerrancan clover. Application of these herbicide mixes will greatly reduce pasture density and the
presence of evenly distributed sublermancan clover seedlings is essential. Time of herbiclde application
will depend on lvestock feed avallability, weed growth and the importance of a ceresl disease break for a
following cereal crop.

A STUDY OF THE MODE OF ACTION OF THE HERBICIDE BUTACHLOR

Y-S. Wang, Y-D. Cheng and Y-L. Chen
Department of Agricultural Chemistry, Nationa) Taiwan University,
Taipei, Taiwan, Republic of China

Butachlor (N-(buthoxymethyl)-2-chloro-N-(2,6-diethylphenylacetamide) is one of the most
popular herbicides used for the control of weeds in paddy ficlds in Taiwan, However, the
biochemical aspects of the action of butachlor have been rarely studicd.

The primary site of action of butachlor was studied in time course ¢0.5-3 hour} and
concentration (0-70 pM) experiments to determine the effect of butachlor on lipid, protein and
RNA synthesis in leaf cells from chlorella {C. pyrenaidosa) and of tobacco (Nicotiana tabacum
cv. Wisconsin 38) (representing sensitive types for butachlor), and embryo cells from rice (Oryza
sativa cv. Tainan 5) (resistant type). Appropriate amount of “C precursors were used for each
process during incubation for § hours.

The results indicated that the primary site of action of butachlor in planis might be on protein

synthesis, The results aiso demonstrated that the inhibition caused by butachlor was not
significantly different between sensitive and resistant type plant cells.
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PICLORAM/TRICLOPYR BASAL BARK SPRAY FOR CONTROL OF
WOODY WEED REGROWTH

G.S. Wells
DowElanco Australia Lid, 26 Rodborough Road, Frenchs Forest NSW 2086

Extensive wrigls In Australia have shown that a picloram/iriclopyr ¢ster formulation, applied in diezel 25 »
basalbarkspmyloastunheigmofso-sncmabwegrmmdlcvel.lmsnunmlledawideranseofwoody
weed regrowth. Species controlled include rubbervine Cryptostegia grandifiora, purkinsonia Parkinsonic
acwleata, Chinee apple Ziziphus mauritiana, lantana Lantane camard, Acacla spp. Eucalyptus spp.
Lophostemon  Spp.. Angophora  subveluting, Melaleuca spp. Eremophils  spp., camphor Ismurel
Cinngmomum camphora, a tre¢ pear Opuntia sp., mesquite Prosopis palfida syn. lmensis, wilga Gelfera
parviflora, goundsel bush Baccharis halimifolia, heartieaf poison bush Gassralobium grandifiorum, sweel
briar Rosa rubiginosa, hawthom Craseegus lacvigala, narrowleaf hopbush Dodonea attenucto®,
Australian blackthom Bursaria spinose, yellow teatree Lepiospermimn flavescens, guava Psidium
guajava®, tre¢ of heaven Ailanthus alissima, hard milkwood Alstonie ruellerana, desert cassia Cassie
nemophilz®, Ellangowan poison bush Myoporum deserii*, needlewood Haked sericea, tarpenline
Syncarpia glomudifera wd red ash Alphisonia excelsa.

planis. Piclommriclopyr basal bark application is an effective replacement for 2 g ee picloram + 8 g ac
2.4 5-T/L of diesel, which had a wide acceptance for 18 years before it became commerically unavailoble
in the mid 1980°s.

* Sprayed with 4 gae picloram + 8 gee triclopyr/L diesel in trials to date.

THE ALAN FLETCHER RESEARCH STATION - QUEENSLAND'S MAJOR WEED
CONTROL LABORATORY

G.G. White
Alan Pletcher Research Station, PO Box 36, Sherwood Q 4075, Australia

The Alan Fletcher Rescarch Station (AFRS) was established by Queensland Department of
Lands (DOL) on the site of the Commonwealth Prickly Pear Board laboratory in Brisbane, The
AFRS continves surveillance of pest cacti, but its role broadened. The AFRS is part of the
Research Section of DOL Land Protection Branch, with responsibility for sesearch directed
towards minimising the cconomic, envirommental and social impact of noxious piants and
animals. The thirty staff inchide: five entomologists, a plant pathologist and nine assistant
scientific officers involved in biological control; two agronomists, a chemist and three agsistant
scientific officers involved in mechanical and chemical control of weeds; and a zoologist
involved in control of animal pests. Facilities include a building housing offices and laboratories,
five glasshouses, and a large quarantine glasshouse,
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FLESHY FRUITED WEEDS AND NATIVE SPECIES IN THE DIET OF NATIVE AND
INTRODUCED BIRDS

P.A. Williams and B.J, Karl
Landcare Research New Zealand Lid, Nelson, New Zealand

The process and itmpact of weed invasion in a forest remnant was studicd near Nelson, New Zealand. The
forest canopy was dominated by totara (Podocarpus kallil) and beech {Nothofagus solandri) with a mixed
undersiorey including many froiting hrubs. Himalayan honeysuckle (Leycesteria formosa), barberry
(Berberis glavcocarpa), and hawthom (Crataegus monogyna), are the main weeds in the understorey and
on the forest margins. The diet of native and introduced birds was determined from droppings collected
from mist netted birds. The native bellbirds eat only the fruit of native plants, tuis eal mosily native fruits
and 2 gmall amount of Himalayan honeysuckle, while waxeyes cat a wide range of fivit including some
Himalayan honeysuckle and barberry. Introduced blackbinds eat some native species but their fruit diet s
dominated by Himalayan honeysuckle, barberry, and hawthom.

PBlackbirds, and to & lesser extent waxeyes, are probably the main dispersers of fleshy fruited woody
weeds in forest remnants. There may aiso be a feed-back mechanism involved with these birds bringing
iu wepds which in tum attract introduced birds and more weeds. The esiablishment of fleshy fruited
weeds at (he expense of native shrubs creates an inferior habitat for native birds, particularly bellbinds. In
the iderests of native bird habitat, control of these weeds is therefore warranted whese they are likely to
be replaced by native shrube.

BIOLOGICAL CONTROL OF WATER HYACINTH IN AUSTRALIA,
THAILAND AND MALAYSIA

A.D, Wright, D.A. Stegeman: CSTRC Bivision of Entomclogy. Brisbane, Australla
B. Napompeth, P. Sommartya, W. Suasa-ard, A. Winotai: NBCRC, Bangkok, Thailand
Working Group on Blological Control of Aquatic Weeds, Malaysia
M. Trevino: QId Lands Dept, Charters Towers, Australia
P. Popovic, R. Ensbey: NSW Agricuiture, Grafton, Australia

As parnt of a 1990-1953 coilaborative project, the biological conirol agent Neochetina bruchi Hustache
{Coleoptera: Curcullonidat) was introduced to Australia, Thailand and Malaysia to supplement the effects
of oiher agenis already present. Initial stocks were obiained from USDA Florida. Rearing and host
specificity testing of N. brucki began at CSIRO's Long Pocket Laboratories, with the first Ausiralian
seleases made in December 1990, Reating of was also undertaken by the NSW Agriculre Research and
Advisory Station, Grafton for releases in NSW, and by the Chiarters Towers Tropical Weeds Research
Centre, Lands Protection Branch for releases in northemn Queensland. CSIRO supplied starter colonies of
N. bruchi 0 both Thailand end Malaysia In Thailand, the National Biological Control Research Center
(NBCRC), Bangkok host-estsd N. bruchi and began releases in April 1991. At ASEAN-PLANTI
laboratories in Malaysia, the Working Group on Biological Control of Aquatic Weeds alsa bost-tested N.
bruchi and began releasing in peninsula Malaysia in May 1992, The agenk is now established in all threz
countries, however it is still to early for a measurable impact on the weed. The project is an excellent
example of collaboration at state, national and international Jevels and has resulted in cost-effective,
widespread release of a potentially valuable biological control agent. Other benefits included & high
degree of sclentific inleraction and training which benefited ait three countries. The project was supported
by the Australian Centre for Intemational Agricultural Research (ACIAR).
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THE DEVELOPMENT OF A TASMANIAN HERBICIDE ADVISORY PACKAGE

A.C. Bishop, P. Gillard, A. Harradine and K.R. Young
Department of Primary Industry and Fisheries, Devonpert TAS 7310, Australia

A data base using D-Base IV™ contains crop and non-crop herbicides and their weed
susceptibilities for Tasmania. A user friendly expert system was developed to integrate the data
base and provide the latest herbicide information quickly based on weed, Crop OF nON-CIOp
situation. The package will soon be placed on the DPIF computer network and will be
cormmercilly available to other govemment departments and agri-business in the state. The
package conld be modified for use outside Tasmania,

A COMPUTER EXPERT SYSTEM FOR OPTIMUM SELECTION OF
HERBICIDES FOR USE IN SUGARCANE

P.J. Malein
Bureau of Sugar Experiment Stations, Mackay Q 4740, Australia

A computer expert system has been developed to aid extension persornel and cane prowers in
the selection of appropriate herbicides for usc in sugarcane,

The result is a program based on LPA Prolog which is easy o use, and presents registered

recommendations for the control of common weeds ranked by efficacy and cost. There are six
regional variations of the program to cater for local herbicide usage and local weed species.
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A COMPUTER-BASED SYSTEM FOR PREDICTING THE POTENTIAL DISTRIBUTION
AND RELATIVE ABUNDANCE OF SPECIES IN RELATION TC CLIMATE

D.1. Skarratt, G.F, Maywald and R.W. Sutherst
The Cooperative Research Centre for Tropical Pest Management, Gehrmann Laboratories,
University of Queensland, $t Lucia Q 4072, Australia

CLIMEX is & dynamic simulation model which enables the estimation of an animal or plant’s
geographic distribution and relative abundance as determined by climate. CLIMEX is applied to
different species by selecting the values of a serics of parameters which describe the specics’
response to temperature and moisture. A population "Growth Index™ (GI) describes the potential
for growth of & population during the favourable season end four Stress Indices (Cold, Hot, Wet
and Dry) describe the probability of the population surviving through the unfavourable season.
Ths GI and Stress Indices are combinzd into am "Ecoclimatic Index" (EID), to give an overall
measure of favourableness of the location or year for permanent occupation by the target
species. The results are presented as tables, graphs or maps.

A species’ climatic requirements are inforred from its known geographical distribution, relative
abundance and seasonal phenology. Some life cycle data, such as developmental thrashold
temperatures, can be used to fine twme or interpret the CLIMEX parameter values, Once
parameter valucs have been estimated, CLIMEX can be used to make predictions for
independent locations. '

DEVELOPMENT OF A COMPUTER AIDED CHEMICAL WEED CONTROL EXPERT
SYSTEM

Y. You', L.X. Xise' and G. Kahnt®
! Beijing Agricultoral University, Beijing, China
* University of Hokenhein, Stuttgart, Germany

A computer aided expert system is described which helps weed scientists and farmers in making
ecologically and ctonomically comrect chemical weed control decisions.

The program enables the input and modification of data; enquiries by cormon and scientific
names of wesdfs and cropfs and by herbicide/s; the making of herbicidal control decisions with
and without identification by morphelogical characters; development of experimental design and
analysis; and the establishment of mathematical models by means of curve simulations.

Progrum testing has given satisfactory results.
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WwOOoDY WEED CONTROL BURNS

C R.M Barclay .. - '
NSW Agncuhurc Coht NSW 2335 Austra.lia

Fire has been mcogmsed as an effecuw and mnmic nma;emn; tool ngamst nmachment of
woody weeds in semi-arid areas. Rescarch and-trisl bums conducied by NSW Agriculture,
CSIRO and NSW Depariment of Conservation and Land Management (CaLM) have identified
the conditions suitable for a control bum, and » stratcgy for implementation.

A video for the instruction of personnel involved in conducting a control burn has been
produced by the Woody Weeds Taskforce. The taskforce includes Iandholders and staff of NSW
Agriculture and CaLM. The video demonstrates the procedurcs that should be followed to
ensure safety of people and property, and to acl’ncvc & successful bum in a designated area,

Contrel burns should take place in the context nfa urholc prnpmy phm. mtegratuxg the needs of
stack and pasture. The video discusses tl_'ge_emdmons suitable for buming in terms of fuel,
shrab species, climatic conditions and time of year. It statcs clear guidelines for the preparation
of firebreaks, backburns and lighting of the headfire, The lmportance of adequaﬂe persnnnnl
equipment and machinery for fire control is emphasiml. ' )

The video will be useful as a training ald for lll Depu-munm amd landholders planning to use
management bums.

THE ECOLOGICAL IMPACT AND CONTROL OF BLUB THUNBERGIA
{Ti HUNBERGIA GRMDIFLORA) :

P.E. van Hmn .
Tropical Weeds Research Cenwre, Charters Towers Q 4820, Australia

This video demonstrates the devastating ccological impact of Blue Thunbergia (Thunbergia
grandifiora) on vainforests in Workd Heritage. Araas of the wet tropics in Queensland.

Afler 26 herbicides were screened in the field, enly the herbicide imazapyr achicved successful
control. Imazapyr is now registered for the control of Blue Thunbergia at 1:133 (1.88 g/L).
Commercizl applications have proven highty wcoessful in the control and clean up of Blue
Thunbergia infestations,
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