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BEETLES, MITES AND CHICORY:

Integrated management of redlegged earth mite in pasture

David G. James

NEW Agriculture, Yance Agricultural Institure, Yanco, NSW

i Semmary: Recent advances in our knowledge of redlegged earth mite (RLEM) biology and cool- |

ogy have enabled development of hasic guidelines for integrated pest management (IPM) of this
| mite, Considerably more research is required before a definitive integrated management sirategy
\can be presented and adopted by growers. The current reluctance of pastoral and crop industries to
[ fund resecarch on integration of chemical, biological and cultral controls is a serious impediment
im development of TPM for RLEM. Awareness of the seasonal threat posed by RLEM and well-
[timed early season action, are critical 1o successiul management. Insecticides remain the most im-
portant weapon in RLEM management but their use muost be selective, sirategic and based on
explonting weaknesses and vulnerabilities in RLEM ecology. This will maximise efficacy whilst
mimmising use, Greater efforts should be made to minimise chemical disruption to the pasture eco-
system, thus fostering species richness of the microfasna and enhancing biological control of
RLEM. Insecucides and rates which are effective against RLEM yet spare-natural enemies of
RLEM should be preferred. Cultural management options (e:g. grazing) have great potential in in-
tegrated management of RLEM. Similarly, RLEM-resistant sub-clover varieties, when develop-ed,
will play a sigmficant role in reducing the impact of RLEM on pasture production. However, all
| control options must be incorporated in an overall integrated scheme 1o derive maximum and sus-

|tained benefit. An integrated approach 1o RLEM management must begin now,

Rcdl&gged garth mite (RLEM) (Halotydeus de-
strwctor) (Tucker) wgether with the closely re-
lated blue oal mite (BOM) (Penthaleus major)
Duges, are generally accepted to be the most serious
invertehrate pests of pastures in southern Australia
causing estimated production losses in the sheep
and meat industries of up to 3300 million annually
(Sloane er al. 1988; Ridsdill-Smith 1991a). Young
el al, (1993) estimated a gain of $49/ha from con-
trolling redlegged earth mite in pasture in Western

Australia. In addition, earth mites are major pests of

a number of winter crops including canola, lupins
and field peas. Their economic impact on winter
crop production in southern Australia has not been
guantified but is undoubtedly substantial in most
scasons.

RILEM has long been considered to be more
abundant and widespread in scuthern Awustralia than
BOM and therefore the most economically impor-
tant species, however, recent studies indicate the
importance of BOM may have been underestimated.
Mixed populations of ELEM and BOM are frequent
in southern New South Wales and in some loca-
tions/seasons BOM can predominate {James and
O'Malley 1993 and unpublished ocbservations). A

trained eye is needed to distinguish RLEM and
BOM in the ficld and correct identification is essen-
tial for good management, Virually all of the re-
search on earth mites during the last decade has
been conducted on RLEM and it is only for this spe-
cies that we now have a framework for integrat-ed
management, Clearly, the economic importance of
BOM requires clarification and it is likely a lot of
basic research on the biclogy and ecology of this
species will be required. One thing we do know is
that RLEM and BOM differ significantly in their bi-
ology and ecology (e.g. James.and O'Malley 1993)
and integrated management goidelines for RLEM
arc nol necessarily appropriate for BOM,

Pasture is at its most susceptible to RLEM dam-
age at establishment. In most areas of southern Aus-
tralia and in most seasons there is significant
patential for RLEM to seriously reduce or prevent
establishment of newly sown or regenerating past-
ures. The sheer numbers of RLEM emerging from
oversummered eggs during most autumns often re-
sults in rapid and substantial damage to young
shoots and developing seedlings. A well-timed
chemical treatment in autumn is almost mandatory
if economic losses are to be prevented. Once a pas-
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ture has successfully established, many growers
tend to turn a “blind eye’ 1o RLEM. However, a
number of recent studies have shown that RLEM
can still cause dramatic losses in  production.
RLEM selectively attacks legumes, significantly re-
ducing this component (Nicholas and Hardy 1976;
Hopkins and Taverner 19%1; Slater et al. 1996).
However, RLEM and particularly BOM will feed
on grasses if legumes are not available,

Integrated management of RLEM in pasture and
grassland  ecosystems incorporating  population
monitoring/prediction, biological centrol, chemical
control, resistant sub-clovers and cultural stralegies,
should progressively become the preferred way of
dealing with this pest. However, our knowledge. ex-
perience and the development of most of these op-
tions is currently incomplete and it will be some
time before a ‘state of the arl’ integrated manage-
ment package for RLEM can be presented for
grower adoption. The current reluctance of pastoral
and crop industries to fund research on inlegration
of biological, chemical and cultural controls is 4 se-
rious impediment 1o development of IPM  for
RLEM. In the meaniime, there is considerable value
to be obtained in adoption of certain fundamental
IPM-based strategies for RLEM control which have
been developed in recent years.

I will briefly review the salient features of cur-
rent knowledge of the biologyfecology, biological
control, host plant resistance, chemical control and
cultural control of RLEM, before providing guide-
lings, based on this information, for adopting inte-
grated management strategies,

Review of current knowledge

Biology and Ecology of RLEM

Research conducted primarily by K.R. MNorris
and M.MH. Wallace (CSIRO) (1940-1970), D.G.
James and K. O'Malley (NSWAG) (1988-1996)
and J. Ridsdill-Smith (CSIRO) (1990-1996), has re-
sulted 1n a reasonably good understanding of many
aspects of the biology and ecology of RLEM {e.z.
Norris 1950; Wallace 1970a, 1970b; James and
O'Malley  1991a, 1991b, 1993; Ridsdill-Smith
1991b; Annells and Ridsdill-Smith 1994). However,
much more information is required, particularly in
the area of natural population regulation, before we
can fully exploit this knowledge in RLEM manage-
ment.

RLEM is pative 10 South Alrica, where the gar-
liest studies on binlogy were conducted (e.g, Tucker
1923). Most of the early South African and Austra-
lian studies focused on simple life history observa-

tons (Jack [908; Newman 1925; Swan 1934), be-
haviour (Solomon 1937) and population studies
{Norris 1938). Later studies covered egg incubation
(Davidzon and Swan 1943}, ege dia-pause (Noris
1950; Wallace 1970a, 1970b) and geographical dis-
tribution (Wallace and Mahon 1971). No significant
studies on biclogy and ecology of RLEM were pub-
lished from 1971-1991.

James and O'Malley (1991a) showed that sum-
mer rainfall in southern New South Wales can have
# deleterious effect on survival of oversummering
cges. This was supported by independent experi-
ments in Western Australia {Annells and Ridsdill-
Smith 1991}. James and O’ Malley (1991h) provided
degree day requirements for development of bath
post-diapause and winter ezegs of RLEM. Data col-
lected in southern Mew South Wales during 1983-
B0 indicated that hot, dry summers, cool-mild, dry
autumns and winters and wet. mild springs, pro-
moted population development and survival of
RLEM (Jumes 1991a). Information on phenology of
egg production and diapause in RLEM and BOM
over two sedsons in southern New South Wales was
provided in James and O Malley (1993}, Currently,
a number of workers in Victoria, South Australia
and Western Australia are studying aspects of
RLEM biology and ecology including reproductive
biclogy, mating behaviour (Annells 1994), nutrition
(Annclls and Ridsdill-Smith 1994} and population
dynamics and structure (Ridsdill-Smith er al. 1994,
Weeks er al, 1994,

Biological control

The possibility of using biolegical control to
manage RLEM was first raised in the mid 1960's
when a species of predatory mite (Anvsris salicinus)
was introduced Into Australia from France. This
predator was observed feeding on springrails and
mites in French pastures and was thought to have
potential for controlling RLEM (Michael er afl.
1991a), Today, of course, such a whimsical basis
for introducing an exotic organism into Australia
would not be countenanced! The fact that A,
salicinus (now redescribed as A, wallaced) is a gen-
eral predator, feeding on other arthropods as well as
RLEM, would undoubtedly prevent importation of
this species woday. After release of A, salicineg at
four sites in Western Australia in 1965, litde follow
up work was done until 1988 when P. Michael and
co-workers recommenced the study. Michael e al.
{19914, 1991b) and Michael (1995} presented evi-
dence indicating that A. wallacei can reduce ELEM
populations, However, it appears unlikely that this
predator, by nself, can provide economic control of
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RLEM. Anocther problem is its apparent poor nati-
ral dispersal (45 m per year : Michael er al. 1991a).

Surprisingly, A, salicinus (=wallacél} was intro-
duced into Australiz withouwt careful examination of
the biclogical contral potential of endemic predators
against RLEM. Even maore surprisingly, there has
been ne conceried effort in recent decades to study
the endemic natural enemies of RLEM. despite an
abundance of anecdotal evidence suggesting that
RLEM populations in natural or unsprayed grass-
lands/pasture are frequently small. James (1995) re-
corded 19 species of predator and one pathogen as
natural enemies of RLEM and BOM in southern
New South Wales. Two further species were added
to this list in 1995, Evidence was also presented to
support the idea that this complex of natural ene-
mies plays an important role-in regulation of earth
mite populations in unsprayed pasture. The most
important predators appear to be from the mile
families Anystidae, Bdellidae, Erythracidae, Parasi-
tidae and Cunaxidae. Although the possibility exists
that there is a predator in South Africa or passibly
South America (which may be the ancestral “home’
of RLEM) (Onn and Halliday 19935), which is ‘spe-
cific’ to RLEM, it is more likely that our best op-
portunity for biclogical control of RLEM rests with
acomples of generalist natural enemies which may
already exist in Australian grasslands. The complex
already recognised in southern New South Wales
may not be the most effective: only comparative
studies on RLEM-natural enemy population dynam-
ics in different regions of southern Australia will re-
veal this.

Host plant resistance

Extensive research aimed at developing resis-
tant pasture plants has been underway for almost a
decade in Western Ausiralia, South Australia and
Vigtorip with activities heightened since about 1990)
(Berg 1994, Gillespic 1991, 1994; Lake 1991,
Michols, 1991; Ridsdill-Smith er al. 1995). A small
number of RLEM-resistant (express-ed in the seed-
ling stage) genotypes (~12) of subterranean clover
and medic, have been identified but difficulties are
being experienced in the field testing of these varie-
ties (Gillespier 1994). One apparent drawback of
some of these varieties is thal they lose resistance (o
RLEM as the plants mature, Successful RLEM-re-
sistanl varieties may ultimately be less desirable
agronomically than other varieties and the potential
for RLEM to eventually overcome plant resisiance
can not be ignored. The work of Ridsdill-Smith and
co-workers in looking at the biology of resistance
(Ridsdill-Smith 1995) and plant resistance mecha-
nisms is valuable in this respect (e.g. Jiang et al,
1994, 1996, In an alternative approach (o isolating
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RLEM resistance in subclover, some of the gencs
and proteins involved in the plant’s defence re-
sponse Lo pest altack have been characterised, open-
ing the way for their possible manipulation in
transgenic clover (Weinman er al. 1995).

Chemical control

Insecticides remain our most patent weapoen in
the war against RLEM. However, it is their misuse
and overuse which has greatly contributed to the
problems experienced today in controlling RLEM.
Most of the insecticides registered for control of
RLEM are highly toxic to motile stages of the pest
(James 1987), However, none are effective against
the egg stage. It is probably this fact which has lad
to the majority of incidents where an insecticide has
“failed” against RLEM. Considerable improvements
in efficacy and savings in insecticide costs can be
achieved simply by targeting sprays at populations
which have d minimal or nil egg load.

Insecticides have been the only management op-
tion for RLEM for the past 50 years or so and are
likely o remain an important, stralegic component
of RLEM management for the forseeable future,
Fifty years ago DDT as a spray, dust or topdressing
mixed with superphosphate was highly effective
against RLEM and was used in most states until the
late 1960's or early 1970°s (Dent 1960; Erlich 1962;
Wright 1961), The efficacy of DDT as an RLEM
treatment was largely due to its prolonged persist-
ence on soil and vegetation. This provided excellent
residual control and a single application annually
often was sufficient for excellent resulis. Control of
RLEM using DDT was simple, cheap and effective.
The realisation that DDT and its chlorinated hydro-
carbon cousins were a significant threat (o the envi-
ronment soon fed 1w a search for alternative
insecticides for RLEM. Carbamate and organophos-
phorus  sprays  like  azinphos-ethyl,  carbaryl,
malathion and phosmet were subsequently recom-
mended for RLEM contrel {e.g. Wright [965; But-
ton 1966) but none possessed the residual efhcacy
of DDT. It was this fact that led many growers dur-
ing 1965-1985 10 continue using DDT for RLEM.
In fact, even as late as 1985 some growers were still
using DDT illegally to control RLEM.

James (1991h) provided a list of 11 inscecticides
registered for use against RLEM, all of which are
organcphosphates except for the organochloring
compound, endosulfan, Today there are also at least
three synthetic pyrethroids registered (or close 1o
registration} for use against RLEM (alphacyper-
methrin, lambdacyhalothrin and bifenthrin). Despite
the importance of chemical control in KLEM man-
agement, swprisingly  litle independent research
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has been done in this area during the past decade.
Apart from the work of James (1987), Michagl
(1991} and James and O'Malley (1992, 1994), most
other research on chemical control of RLEM has
been conducted by chemical companies (e.g. Tucker
et al. 1993} There 15 no doubt that most registerad
insecticides are effective il used cormrectly and the
expectations derived from the DDT era are not
placed upon them.

The area which suffered most from the with-
drawal of DDT was protection of establishing seed-
lings. Prior 1o 1991, none of the alternative sprays
recommended for establishing crops and pastures
persisted longer than a week or two on bare earth,
This often resulted in mite inundation of seedlings
and seedling death. Systemic sprays (which "leck’
insecticide” within plant sap) were of limited use
due to the need for mites to attack seedlings 10 gain
their lethal dose. This was acceptable when mite
numbers were low or moderate but unacceptable
when thousands of mites attacked single seedlings,
A breakthrough in control of RLEM in establishing
crops and pastures occurred in 1991 when endosul-
fan, a contact insecticide, applied to bare earth was
found to protect seedlings for up o 5 weeks, despite
rainfall {James and O'Malley 1992). Endosulfan has
been used widely as & bare earth treatment for
RLEM since 1992 and has substantially reduced the
incidence of early season crop/pasture losses from
RLEM. A synthetic pyrethroid, bifenthrin (Tal-
star®), with the same elficacy as endosullan on bare
earth is now available, but only for use in canola atl
this stage.

For the last decade or so, the systemic organo-
phosphates, omethoate and dimethoate, have been
the most commonly used f[oliar treatments for
RLEM in pastures and if used correctly provide
gooid control for 1-3 months, depending on applica-
don timing. At least two synthetic pyrethroids
(lambdacyhalothrin, alphacypermethrin) are close 1o
being registered for RLEM control in pasture and
are as effective, il not more effective, than the sys-
temic organophosphates. The pyre-throids also have
the advantage ol being less loxic o people and ani-
mals and in the case of alpha-cypermethrin at least,
have the potential 1o be used in an integrated man-
agement system for RLEM which incorporates bio-
logical control.

Impact of insecticides on natural enemies of
RLEM

All of the insecticides registered for control of
RLEM are broad-spectrum in their action killing
nan-targel organisms to 4 greater or lesser extent.
Similarly, insecticides used for other pasture pests
are also generally mon-selective in their activity.

However, RLEM is highly susceptible to insect-
wides (James 1987}, providing an oppertunity, per-
haps, to develop rates which kill RLEM but spare
natural enemies. For example, James et al. (1995)
showed alphacypermethrin at a rate of 2.5 g ai. /ha
would minimise mortality of a number of RLEM
predators, whilst providing acceptable control of
RLEM. These sort of studies are required lor all of
the insecticides used in pasture so that the impact on
non-target and beneficial organisms can also he
considered when decisions are made concerning
chemical choice and rates.

Cultural control

Various possibilitics for muanaging RLEM
populations using cultural strategies are available
but in general have been litle studied. Wallace
{1961} was the first to consider pasture burning dur-
ing summer as a way of reducing numbers of over-
summering  eges of RLEM.  Although  his
experiments indicated a significant reduction in egg
numbers in moderately or intensely burnt plots, it
was concluded that for practical purposes, burning
was unlikely o produce a widespread, uniform Kill.
Flooding o summer pastures may also increase
mortality of oversummering egos (James and
CFMalley 19914), but again is unlikely to be pract-
cal in many situations.

Managemem of animal grazing to suppress
populations of RLEM is.a cultural strategy with per-
haps the most potential for minimising the impact of
carth mites in pasture. Despite some evidence that
sheep do not like eating RLEM-contaminated pas-
ture (Pratley er al. 1991), results from Western Aus-
tralia have shown winter grazing can significantly
reduce RLEM populations in spring and the follow-
ing avtumnn (Grimm er al. 19935),

Guidelines for integrated management

Our current knowledge of RLEM, summarised
above, provides & good basis for developing more
intelligent and integrated approaches to manage-
ment, There are still many ‘grey’ areas which need
considerably more research, but overall we do have
the framework now for managing this pest in a
more effective and sustainable manner.

RLEM emerge from oversummered eggs (often
in vast numbers) every autumn, timed o perfection,
in order to inflict the maximum amount of damage
te yulnerable, newly-germinated seedlings. Of
course this is no coincidence; hatching is stimulated
by precisely the same environmental conditions
which govern germination of their food resource:
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winter-active plants.

Although damaging populations of RLEM occur
virtnally every year, the last two scasons (1994,
1995) in south-eastern Australia were charactenised
by generally small numbers of mites and localised
pasturefcrop damage. Indecd in many parts of the
Riverina at least, spraying for RLEM was rarely
warranted during winter-spring 1994 and autumn-
winter 1995, The cause of this was the very dry
winter/spring of 1994 which greatly restricted plant
growth and RLEM population development The oe-
currenee of good winter/spring rainfall in 1995 re-
cussitated RLEM populations in moast areas and by
late spring very large numbers were again common
in pastures and were even invading spring sown
vepetable crops on the Scuthern Tablelands of New
South Wales, The oversummered egg population in
1995/96 was the largest for a number of years and
given a good autumn break very large RLEM popu-
lations are likely in most regions this winter, In fact,
given a return to ‘normal’ seasonal conditions (fe
average rainfall during autumn-spring), we will
probably enter a two-three year peried of very high
RLEM abundance, as was last seen in NSW, SA
and Victoria during 1987-20. Populations during
this period were sometimes described as ‘plague-
like' and extremely hard to control using insecti-
cides. Episodes of extreme abun- dance followed by
smaller populations (linked probably to drought cy-
cles) have heen a feature of RLEM population dy-
namics in NSW, at least, for 40-530 years.

Be prepared! The first rule of integrated man-
agement of RLEM is to be prepared! Awareness of
the extent of the petential problem and its starting
date each season is probably the key 1o success. If
you get caught by surprise and miss the week in
which mites first appear in autumn, you could spend
the rest of the season trying 1o catch up! As indi-
cated above the evidence from last season suggests
large populations of RLEM will occur in 1996,
given good  seasonal conditions.  Unlortunately,
ELEM does not hatch at the same time each season
501t is important to monitor temperature and rain-
fall conditions to determine the approximate date of
first hatching., As a general rule of thumb, RLEM
hatchings are triggered when rainfall of at least 15
25 mm is followed by 3-4 days of cool, cloudy
weather with daytime temperatures below 20°C.
This can occur anytime from March-June. In March
hatchings occur about 10 days after these conditions
while in June it may be 3 weeks before the [irst
mites are seen. The speed at which a large popula-
tion of emerging first instar RLEM (which are al-
maost ‘invisible” 10 the naked eve) can destroy a
germinating crop or pasture, is astonishing! There
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have beean many instances in the Riverina of crops
and establishing pasture destroved by RLEM before
they even break through the soil surface! The most
effective spray for RLEM wou will apply all season
15 the one targeted at this newly emerged popula-
tion. This spray, if tmed well, has the potential of
virtually eliminating RLEM from the paddock.
This is because mites at this stage are immature and
nat producing eggs which are resistant 1o all spravs.
Onee eggs are produced you can only kill the non-
egg part of the population leaving the eggs to hatch
and rapidly repopulate the paddock. The optimal
spray period (e between hatching and first produc-
tion of egzs) may only be B-10 days in March but as
long as 2-3 weeks 1n late May and June.

Diid you treat last spring?

ldeally, the first shot in the annual bastle against
RLEM should be fired in the previous spring. A
well-timed spray or two in September, before mites
commence storing oversummering eggs in their
bodies, can substantially reduce the oversummering
population and therefore the threat o establishing
pasturefcrop in the following season, Timing of this
spray(s) is critical and again varies between years
and locations. A simple way of determining timing
ha#s not vet been developed but as a rule of thumb,
the optimal time is often sometime during late Au-
zust-mid September,

Seed treatment

If you do not apply a spring RLEM treatment to
the paddock you sow into in autumn, then you will
certainly need Lo treat your seed with a systemic in-
secticide like omethoate. This will protect the seed
in the seil from young earth mites as they hatch
within the scil and find their way to the surface
(nibbling all the way), A well-timed spring treat-
ment may remove the need for seed treatment. Do
not fall into the trap of believing seed treatments
will always protect emerging seedlings from large
numbers of RLEM. Although mites feeding on
these seedlings will die, inevitably there will be
more (o take their place and the combined feeding
effect sufficient 1o serivusly injure or kill the seed-
lings.

Bare earth treatments

The only reliable way to protect emerging seed-
lings from large populations of RLEM is to apply
an effective bare earth spray just prior to seedling
emergence. The only insecticides demonstrated to
provide reliable and prolonged bare earth control of
RLEM, are endosulfan and bifenthrin. Endesulfan
should only be used as a bare earth treatment for
RLEM, never as an established pasture treatment. It
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should not be applied by air, It is hoped that bifen-
thrin will eventually be registered for use in pas-
tures. The use of other less residual products as bare
earth treatments is fraught with danger, particularly
when mite numbers are high.

Winter treatments should be targeted

If the early season tactics outlined above wers
successful, the main threat to paddocks during win-
ter will come from RLEM migrating in from sur-
rounding areas. The ability of RLEM to traverse
hundreds of metres during a season should not be
underestimated. Mites can be dispersed by wind
currents and by hitching rides on flying insects as
well as by their own locomotion. However, ‘barrier’
treatments of insecticide applied to bare earth and
weeds around paddocks can significantly delay pad-
dock invasion. While RLEM populations often in-
crease rapidly during auwtumn, the rate of population
growth can decline markedly in winter. This is espe-
cially pronounced in wet winters when populations
often diminish significantly during July-August,
This ‘weakness’ i RLEM ecology can be exploited
by applying a foliar spray at the time populations
are undergoing this natural decling, or at least be-
fore numbers begin increasing again in late winter.
More research is required to pinpoint more accu-
rately spray timing and 1o ensure sprays do not in-
lerfere with the natural mortality processes. Sprays
should be targeted at populations dominated by mo-
tile stages to reduce the potential for rapid resur-
gence from  insecticide-tolerant  eggs.  Routine
sampling of populations and a predictive maodel for
post-cgg development would provide a good basis
for spray timing decision making.

Preserve natural enemies

A key component of most integrated manage-
ment programs for insects and mites is biological
control, RLEM is no exception and there is increas-
ing evidence to suggest that preservation and utilisa-
tion of endemic biclogical control agents should be
a major feature of control programs for this pest
(James 1995). More than 20 natural enemies of
RLEM have now been discovered in the Riverina
and this list is expanding annually. Most of these
nitural enemies are different species of predatory
mites, but predatory insects and even a fungal
pathogen have been recorded atlacking RLEM. It is
likely that no single species of predator or pathogen
exerts substantial control pressure on RLEM; rather
it is the combined impact of this assemblage of dif-
ferent natural enmemy species, which regulates
RLEM populations and therefore offers the greatest
prospects for biological control. Biological control
of RLEM is a resource available in every paddock
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but one we know very little about. However it is
clear that minimal chemical disturbance of the pas-
ture ecosystemn should result in a healthy and di-
verse microfauna that will go a long way 1o
providing effective natural regulation of RLEM.
Anecdotal evidence over a number of years has
shown certain farmers to have a continuing RLEM
problem (chemically disturbed ecosystem?), whilst
nearby farmers claim to have no problem at all
(minimal chemical inputs?). Research in this area,
including exploration within Australia for additional
RLEM predators, is desperately required so that we
can better incorporate natural mortality factors in
overall management plans for RLEM.

One area in which some modest advances have
been made is the compatibility of insecticides used
for RLEM with survival of natural enemies. Re-
search at Yanco has shown that there 15 potential lTor
using RLEM insecticides at rates which kill RLEM
but preserve natural encmies (e.g. alphacyper-
methrin at 2.5 2 ai. /ha; James e af. 1993). Far
more research is required on integration of insecti-
cides with biological control of RLEM. However, it
is ¢lear that minimal and strategic use of insecti-
cides at the correct minimum rates will minimise
their impact on RLEM natural enemies and maxi-
mise the rele of biological contral in population
regulation.

Conclusion

Despite the considerable research effort into ar-
eas like biotechnolegy and development of RLEM-
resistant plant vareties, control of RLEM in the
forseeable future will continue to be based on insec-
ticides. The development of integrated management
strategies focosing on “weaknesses” in RLEM ecol-
ogy and ‘endemic biological control”, offer the best
practical solution 1o more effective control with less
use of insecticide. Thus, it 15 disappointing that pas-
taral and crop industries to date, have nol recog-
nised the value of developing IPM for RLEM.
Even if research on resistant plant varieties and
biotechnology is successful, these ouwtcomes will
still need to be used in an IPM environment to gain
maximum long term value. However, there is still a
lot that farmers can do now Lo reduce insecticide use
and improve control, although more research is des-
perately needed to refine and optimise the suggesied
approaches and strategies. The farmer today is
clearly in a much better position to deal with RLEM
than he has ever been.
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