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Summary
There is little information available on
the pathogens of redlegged earth mite
(Halotydeus destructor), blue oat mite
(Penthaleus major) and lucerne flea
(Sminthurus viridis) or other Australian
mite and collembolan pests, however,
pathogens are widely recognized as ma-
jor factors in the natural control of some
overseas mite pests. One fungal product
is registered specifically for mite control
in the USA but commercial production
ceased in 1985 for economic and efficacy
reasons. Predator mites are usually not
susceptible to pathogens of pest mites
and the predator mites can redistribute
the pathogens leading to greater efficacy.
Consequently, the potential to incorpo-
rate pathogens into an integrated
biocontrol program is high. The use of
chemical insecticides has been linked
with the reduction of natural pathogen
levels leading to mite population
resurgences. Pathogens can be formu-
lated in several ways to give short-term
or perhaps longer-term control of mites
and Collembola, but commercialization
may be limited, in the short-term, by pro-
duction costs.

Introduction
Bacterial, viral, fungal and rickettsial
pathogens of pests are being increasingly
utilized for crop protection. There are 13
microbial insecticides (pathogens) cur-
rently registered for pest control in vari-
ous countries around the world. Pests for
which microbial insecticides are available
include glasshouse aphids and whitefly in
the UK (Quillan 1988), cotton pests in Aus-
tralia (Teakle 1990), sugar cane pests in
Brazil (Moscardi 1988), subterranean bee-
tle pests in the USA and New Zealand
(Klein 1988, Jackson 1989), and forest de-
foliating insects in several countries (Lewis
1981). Home gardeners in Australia can
use Bacillus thuringiensis for the control of
a wide range of caterpillars.

The Collembola usually feed on decay-
ing vegetable matter and few are re-
garded as pests (Wallace and Mackerras
1970). There is no information available on
the pathogens of lucerne flea (Sminthurus
viridis). Mites are one of the most impor-
tant groups of pests in agriculture but very
few pathogens are known which may be
utilized in their control (Reed 1981). Petch
(1940) has described the fungus Empusa
acaricida from diseased redlegged earth
mite (Halotydeus destructor) in Western

Australia but this fungus has not been re-
corded since its initial description (Milner
1985).

To date, the most important role of
pathogens in mite control has been in cit-
rus groves in the USA (Burgess 1981).
Consequently, this paper will discuss the
natural and artificially induced control of
citrus mites and briefly discuss the control
of other mite and collembolan pests. Con-
clusions are then drawn from these exam-
ples to indicate the potential for pasture
mite and collembolan control using patho-
gens.

Citrus mite control using viruses
Lipa (1971) and Reed (1981) describe the
natural control of large populations of cit-
rus red mite (Panonychus citri) by a non-
occluded virus in the USA. This virus can
reduce large populations of mites to levels
well below the economic threshold (Lipa
1971) but it is not effective against small
populations or during periods of wet, cool
weather (Reed 1981). The survival of labo-
ratory formulated viral material in field
experiments is poor (2 – 4 hours) com-
pared to natural infective material (8 – 28
days). Reed (1981) concluded that the only
method which could be used to improve
the efficacy of the virus is to increase the
spread of infected mites. This is achieved
by taking them from epizootic areas and
transferring them to areas with lower lev-
els of infestation. However, this is not
practical because of labour costs. Conse-
quently, agricultural extension officers
currently advise Californian citrus grow-
ers to delay application of chemical
miticides to try and allow the natural
build-up of virus which may lead to epiz-
ootic control (Reed 1981).

Citrus mite control using fungus
In 1981, Mycar® (a product based on the
fungus Hirsutella thompsonii) was regis-
tered in the USA to control the citrus rust
mite, Phyllocoptruta oleivora. Commercial
production was terminated in 1985 after
production of several hundred kilograms
of technical material (McCoy 1986). Sev-
eral factors were responsible for this, in-
cluding, variable mite control in the field,
the limited commercial use of the fungus
in agriculture and the lack of a quick and
reproducible bioassay method for the
mites (McCoy 1986). However, the re-
quirement for cold storage and transport-
ing of the product is cited by McCoy (1986)

as the main reason for termination of com-
mercial production.

Although the commercial success of
Mycar® has been poor, H. thompsonii can
naturally suppress mite populations. This
fungus is “even more striking” (Lipa 1971)
in its suppression of the mite population
than the virus disease discussed earlier.
Mites move from the old foliage to the
new foliage and fruit in spring and as mites
reach peak densities in summer, regular
epizootics occur. Diseased mites result in a
high fungal residue that usually prevents
further mite build-up during the autumn
and winter. McCoy (1981) summarizes by
stating that H. thompsonii is a key factor in
natural control but the control is disrupted
by the use of pesticides, including
miticides, which can suppress the fungus
leading to mite resurgences. This has led
to the development of integrated pest
management strategies which utilize se-
lective pesticides and predictive modelling
to enhance natural fungal control and
eliminate unnecessary pesticide treat-
ments.

Other pathogens of mites
Balazy   and   Wisniewski   (1986)   have
described  two  new  species  of  mite-
pathogenic Hirsutella from temperate re-
gions in Poland. Isolates of Verticillium
lecanii (the active constituent of the fungal
products Mycotal® and Vertalec®) are in-
fective to some species of mites (Quillan
1988) and some isolates may be suitable
for study in Australia. Neozygites spp. have
been isolated from mites (Smitley et al.
1986) including N. acaridis from predatory
mites introduced into Australia (Milner
1985).

N. acaracida has been cited by several
authors (James 1991, Ridsdill-Smith 1991)
as infecting redlegged earth mite and blue
oat mite in the field. When the fungus is
present, control ranges from 8 to 50%. The
fungus has a widespread distribution in
Australia, having been found in Western
Australia, New South Wales and Tasmania
(J.E. Ireson, personal communication). The
fungus description has yet to be published.
Hyphomycete fungi, including Beauveria
bassiana (Lipa 1971) and Metarhizium
anisopliae (Schabel 1982, Goettel et al 1990,
Reinecke et al 1990) have also been found
infecting mite species. These last two spe-
cies are the most commonly studied fungi
around the world and are already regis-
tered for use in some countries (though
not against mites). Ireson and Rath (1991)
have been able to infect redlegged earth
mite with several isolates of Beauveria
bassiana and M. anisopliae including the
DAT F-001 isolate of M. anisopliae which is
being commercialized for redheaded
cockchafer (Coleoptera: Scarabaeidae:
Adoryphorus couloni) control (Rath 1991).
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There is a scarcity of literature addressing
the microbial control of this group. Purrini
(1983) has recorded the occurrence of
entomogenous viral, bacterial, fungal and
protozoan diseases of 12 collembolan spe-
cies in Europe. The host range of
Verticillium lecanii includes the collembola
(Quillan 1988) but Reinecke et al. (1990)
found that the developmental Bayer prod-
uct, BIO 1020® (based on an isolate of the
fungus Metarhizium anisopliae), could not
infect Collembola. Neither of the two lat-
ter authors mention the species of
Collembola tested. Ireson and Rath (1991)
found that lucerne flea was susceptible to
M. anisopliae DAT F-001 at doses of 10, 34
and 120 kg bait (10%  a.i.) per hectare with
up to 100% mortality being recorded after
17 days at 12º and after 12 days at 15ºC.

Discussion
The non-occluded virus and the fungus
disease of the citrus mites are major fac-
tors in the natural reduction of
populations of these pests. This has led to
the development of integrated control
programs which enhance the effectiveness
of the natural control and reduce the use
of chemical insecticides (McCoy 1981).
Natural control of agricultural pests by
pathogens also occurs in Australia. Out-
breaks of the fungus Cordyceps aphodii can
account for 95% mortality in blackheaded
cockchafer (Aphodius tasmaniae)
populations (Coles 1979) and under-
ground grass grub (Oncopera spp.)
populations can be decimated by the fun-
gus Microhilum oncoperae (Martyn 1960, Yip
and Rath 1989).

The development, in Australia, of
biocontrol programs using pathogens for
mites and lucerne flea is hindered by a lack
of information. Apart from N. acaracida,
the pathogens which naturally occur in
populations of such species are unknown.
This is probably a result of lack of search-
ing effort rather than the lack of patho-
gens present. Consequently, the natural
incidence of diseases in these populations
should be studied to assess their impact.

Pathogens isolated from redlegged
earth mite (RLEM), blue oat mite and lu-
cerne flea may be required for biocontrol
studies because the host range of
entomogenous diseases is generally very
limited. Viruses, in particular, are often re-
stricted to species which are closely related
to the host from which the disease was iso-
lated. Consequently, the virus disease of
citrus red mite may be ineffective against
RLEM and blue oat mite. However, Reed
(1981) concludes that there must be im-
portant viruses in other mite pests which
warrant investigation. Similarly, commer-
cial isolates of H. thompsonii and V. lecanii
may be of little use in Australia. However,
there is a range of isolates of H. thompsonii
which differ in their pathogenicity to a
range of mite species (Surli et al. 1989) and

these should be tested against RLEM and
blue oat mite. Research should be ex-
tended to include Australian isolates of M.
anisopliae and B. bassiana.

Pathogen control of these pests will be
most effective if it can be integrated into
the classical biocontrol programs cur-
rently being implemented in Australia.
These programs include the use of preda-
tor mites to control RLEM and lucerne flea
(Michael 1989, Ireson 1990). The host
specificity of selected isolates of pathogens
will determine the level of integration of
the two types of biocontrol program.
Reed (1981) reports that the virus disease
of citrus red mite did not cause mortality
in ten other species of mites including
three predator mite species. McCoy (1981)
stated (though he cited no reference) that
Typhlodromalus peregrinus was the only
predator mite found to be susceptible to
the fungus H. thompsonii. M. anisopliae, V.
lecanii and N. acaridis have also been found
to infect some non-target mite species
(Goettel et al. 1990).

Predator and other mite species are im-
portant vectors for the spread of viral
(Reed 1981) and fungal pathogens
(Schabel 1982, Zimmerman and Brode
1983) regardless of whether or not they
are susceptible to the disease. Balazy et al.
(1987) listed 24 species of entomogenous
fungi which were transported by soil-
dwelling mites in Poland. Consequently,
there is a high probability of finding
pathogens which will be infective for the
pest species and not for the predator spe-
cies. Predator mites are likely to enhance
the spread and efficacy of pathogens, and
consequently, the combined effect of the
two biocontrol programs is likely to be
more effective than each separately.

In the USA, the fungus H. thompsonii
(Mycar®), has been unsuccessful as a com-
mercial microbial insecticide (McCoy 1986)
and the virus disease of citrus mites has
limited potential as a commercial product
(Reed 1981). Commercialization of
entomogenous pathogens is the major
limiting factor to the development micro-
bial insecticides. The recent entry of Bayer
AG into the entomogenous fungal mar-
ket, with BIO 1020® (Andersch et al. 1990,
Reinecke et al. 1990), suggests that rapid
developments in the production of many
entomogenous fungi will occur, making
the commercialization of microbial prod-
ucts for mites economically sound.

Future research
Pathogens form the focus of integrated
mite control programs in the USA. These
programs are aimed to assist the develop-
ment of natural disease outbreaks. Similar
utilization of pathogens for RLEM, blue
oat mite and lucerne flea is limited by a
lack of knowledge of their natural disease
agents and this should be studied. Field
efficacy problems with Mycar® suggest

that these should be addressed during the
development of pathogens for these pests.
Compatibility with other control meas-
ures, including chemical pesticides and
predator species, should be examined to
help determine whether pathogens would
be suited to short-term and/or long-term
control.
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