
Plant Protection Quarterly Vol.10(2)  1995   43

counted, and feeding damage to cotyle-
dons or leaves of individual plants was
scored on a scale of 0–10 (Gillespie
1991).

iii.In behaviour studies mites were given a
choice between one cotyledon of each
of two varieties on damp sand:loam soil
mix in a petri dish 3.5 cm in diameter,
with ten replicates. Twenty young adult
mites were added to each dish and the
number of mites on each cotyledon re-
corded every 20 minutes for three
hours.

iv.Feeding on damaged and undamaged
cotyledons was examined with a scan-
ning electron microscope to determine
where and how mites feed. Feeding be-
haviour was also analysed through de-
tailed observations in pasture and the
laboratory.

v.Bioassays were developed to test effects
of plant extracts on mite feeding in or-
der to identify mechanisms of resist-
ance. One resistant variety, DGI007,
and one susceptible, Dalkeith, were
used as models of a resistant and a sus-
ceptible variety.

Mites can be collected in the field to use in
laboratory experiments for only five
months of the year from May–September,
because they diapause for the remainder
of the year. A rearing system was devel-
oped using a refrigerated growth cabinet
2.3 m long × 1.2 m wide × 2.1 m high, to
provide mites for small scale experiments
during the summer.

Small plots (5 × 3 m) were set up each
year from 1990–94 in the field to test the
agronomic performance of resistant vari-
eties in the presence and absence of H. de-
structor (Gillespie 1995). Sites were in the
wheat belt and high rainfall regions of
south-western Australia. Mites were col-
lected from these plots by sampling for
four to six weeks at the break of season
and again in spring, to obtain information
about the size of H. destructor popula-
tions. In 1992, larger plots (20 × 20 m)
were planted to two resistant varieties,
DGI007 and EP145SubD, and two com-
mercial varieties, Dalkeith and Junee.
Mites were sampled during 1993 and 1994
to obtain information about the effects of
resistant varieties on mite populations.

Results

Seedling resistance
H. destructor fed less, and produced less
progeny on single resistant than single
susceptible varieties. The resistant varie-
ties did not affect mite survival, and re-
sistance was therefore not due to toxic
factors in the plants. There was a positive
but variable relationship between feeding
damage and number of progeny pro-
duced. Mites fed less on resistant varieties
when given a choice than they did
when they had no choice. There were no

Summary
Redlegged earth mite responses and
damage to seedlings of resistant and
susceptible subclover varieties were
measured in the laboratory and in small
plots in the field. Mites produced less
progeny on resistant varieties, but their
survival was not affected. The basis of
resistance was antixenosis, which ad-
versely affects mite feeding. Resistance
factors were present in or on epidermal
or subepidermal cells of cotyledons.
Mites alter their normal pattern of for-
aging after probing the surface of resist-
ant cotyledons. Bioassays have been de-
veloped to test extractable chemicals for
their role in resistance. No mechanisms
have been found involving extractable
chemicals, but a mechanism has been
identified which is correlated with leaf
hardness. A rearing system has been de-
veloped which provides mites for ex-
periments during the summer. Although
the reproduction of mites feeding on the
older trifoliate leaves was reduced in the
laboratory on some varieties tested as
seedlings, no corresponding reduction
of mite populations during winter was
observed in field plots.

Introduction
Redlegged earth mite (Halotydeus destruc-
tor Tucker) (Acarina: Penthaleidae) is a
major pest of pasture legumes in south-
ern Australia causing losses in produc-
tion from pastures of $A145–201 million
annually, with additional unquantified
losses to grain and cereal crops grown in
rotation with pastures (Ridsdill-Smith
1991a). The development of plants with
seedling resistance to H. destructor is per-
ceived as a priority for pasture legume
breeding. A glasshouse screening pro-
gram has identified a number of subterra-
nean clover (subclover), Trifolium
subterraneum (L.), varieties with seedling
resistance to H. destructor, where resist-
ance is defined as a feeding damage score
of 3 or less on a scale of 10 (Gillespie
1991). Since 1991 further varieties with
seedling resistance have been identified
(Gillespie 1995). We are aiming to:
i. select subclover varieties with resist-

ance to H. destructor for release by as-
sessing the performance of mites on
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resistant varieties, and
ii.assist in the breeding of resistant varie-

ties by identifying the mechanisms in-
volved.

In order to identify resistance mecha-
nisms, a knowledge of H. destructor biol-
ogy and feeding behaviour is required.
Different types of bioassays and experi-
ments are needed to study each resistance
mechanism. Single factor resistance is
risky as it may be easily overcome by
H. destructor, and thus multifactor resist-
ance should be developed to reduce the
risk of H. destructor overcoming the resist-
ance. This can be achieved in the plant
breeding program by crossing varieties
carrying the different factors, but the re-
sistance mechanism carried by each plant
needs to be identified. A knowledge of
resistance mechanisms will also provide
opportunities to develop resistance to
mites in other pasture and crop species.
This paper describes studies of mite re-
sponses to resistant subclover varieties,
and of mechanisms involved in subclover
seedling resistance to H. destructor.

Methods
i. We compared mite responses using

three resistant and four susceptible
subclover varieties, selected from
screening studies. Two of the suscepti-
ble varieties were commercial sub-
clover cultivars, Dalkeith and Junee.
Plastic pots, 13 cm in diameter, were
filled with 1.3 kg of a damp sand:loam
mixture (4:1), that was blended with a
fertilizer mix. Seed was sieved to con-
stant size, scarified, and 15 seeds were
planted per pot, later thinned to 12
plants, with either a single species or
three species (with one standard, Junee)
in every pot, with 10 replicates of each
treatment. A known number of field-
collected H. destructor of a single devel-
opmental stage were added to each pot
within two days of germination and the
experiment continued for one or two
weeks in a glasshouse.

ii.Alternatively, three weeks after germi-
nation, mites were added to older
plants and experiments were continued
for four or five weeks. Mites were then
removed with a compressed air pooter,
identified to developmental-stage,
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differences in the numbers of eggs laid on
resistant or susceptible varieties in a
choice situation. The resistance was there-
fore due to factors that prevented the
mites from feeding (antixenosis), and not
due to factors that prevented the mites
from ovipositing. The reduction in num-
bers of progeny was probably caused by
lowered food intake by the parent mites.

When mites were given a choice be-
tween two cotyledons removed from
plants and laid side by side, they readily
selected the cotyledon of the susceptible
variety over that of the resistant variety
within an hour. Numbers of mites on a
cotyledon were correlated with their feed-
ing damage. This confirmed the role of
antixenosis in resistance.

Before feeding the mites clamped onto
the adaxial cotyledon surface with their
tarsal claws. The mites puncture the up-
per surface of the epidermal cells with the
piercing mouthparts and at least one hole
3 µm in diameter is made in each cell
(Ridsdill-Smith et al. in press). They suck
out the cell contents with a pharyngeal
pump, probably while also pressing
down on the epidermis. The side walls of
the epidermal cells collapse leaving the
upper surface of the cotyledon flat. The
mites fed in aggregations, leaving all cells
in the damaged area empty of sap but
containing air, which gave the silvery ap-
pearance of damaged patches.

An analysis of H. destructor feeding be-
haviour in a pasture has provided further
information on mite feeding. Mites spent
most of their time on or near the soil sur-
face, and at any one time only about 10%
of the population were feeding on the
leaves in the upper canopy of the pasture.
The mites run actively over all the plants,
occasionally probing the surface, before
one or two mites settle to feed, and an ag-
gregation of feeding mites then forms
around them. Aggregation is a key aspect
of H. destructor feeding behaviour. How-
ever, in laboratory studies the aggrega-
tions did not form so readily on resistant
varieties and mites fed less (Gaull 1995).
H. destructor appeared to select the host
for feeding after probing the surface.

A large number of chemical extracts
from resistant varieties have now been
tested and none showed anti-feeding ac-
tivity. However, two factors have been
identified which are correlated with re-
sistance. Cotyledon hardness, a physical
factor, has been shown to be correlated
with cotyledon resistance in a wide range
of subclovers, and volatile chemicals,
which at higher concentrations adversely
affect H. destructor feeding, are more con-
centrated in resistant varieties (Jiang et al.
1995). There is evidence that other factors
are probably also involved, and that not
all varieties show the same mechanisms.

Since 1988 nearly 5000 samples of mites
have been collected from field plots

containing resistant and susceptible
varieties. No consistent differences have
been observed in the size of mite
populations on varieties with seedling re-
sistance in small field plots. In the larger
plots over two years at two sites the aver-
age number of mites on the varieties
DGI007 and EP145SubD, which show
seedling resistance, was 123 per sample
(5700 m-2), and on the varieties Dalkeith
and Junee, which show seedling suscepti-
bility, was 127 per sample (5900 m-2).
There were therefore no consistent effects
of resistant varieties on mite populations
in larger field plots.

Laboratory rearing
Initial attempts to rear H. destructor on
subclover were not successful because
rates of reproduction were not sufficient
for the population to increase (Ridsdill-
Smith 1991b). Mite reproduction was sub-
stantially greater on vetch cv Blanchefleur
than on subclover cv Junee. This was
partly explained by levels of nutrients
such as soluble sugars and soluble nitro-
gen, but other chemicals were probably
involved (Annells and Ridsdill-Smith
1994). Mites have subsequently been
reared on vetch successfully through the
summer, completing six or seven genera-
tions of five weeks each, with an average
increase of six or seven fold a generation.
In 1993–94 for the first time, weekly ex-
periments on resistance mechanisms
continued in the laboratory through the
summer using mites from the culture.

Resistance in older plants
Mite reproduction on older plants (3–8
weeks old) was significantly reduced by
some subclover varieties. The varieties
that reduced numbers of progeny on
older plants were not always the same as
those which reduced numbers of progeny
as seedlings.

Discussion
Studies of H. destructor responses to re-
sistant varieties is aiding the process of
selecting the best resistant subclover vari-
eties for release in the next few years. As a
longer term strategy for the development
of resistant cultivars we are also identify-
ing resistance mechanisms. Antixenosis
has been identified as one important type
of mechanism involved in this resistance.
Mites are not repelled from resistant coty-
ledons but feeding is severely restricted.
Since H. destructor feeding is mainly in
epidermal and subepidermal cells, the
factors responsible for resistance will be
found there. One resistance mechanism
(leaf hardness) has been identified which
is correlated with feeding damage, but the
cause has not been determined. When
managing mites with resistant plants,
antixenosis, which affects feeding, is
more likely to be a stable resistance

mechanism than antibiosis, which kills
the pests (Kennedy et al. 1987). Screening
will only detect factors that affect mite
feeding. Other factors may be involved in
resistance that do not affect feeding. Sev-
eral factors are required so that plant
breeders can introduce more than one fac-
tor into new resistant cultivars.

Antixenosis resistance will protect
seedlings from mite attack at the break of
season. Although older plants can affect
mite reproduction in the laboratory, there
is no field evidence to date that mite num-
bers are lowered. The reasons for this
have not been determined. When two or
three resistant varieties have been se-
lected, seed will be bulked up and planted
in paddocks. We will need to investigate
mite feeding behaviour and mite abun-
dance on resistant varieties planted out in
pastures. The use of resistant plants is one
of a number of strategies with which to
manage mites in pastures.

Future directions
We will continue to identify the mecha-
nisms involved in plant resistance to
H. destructor. The basis of trifoliate leaf re-
sistance will be a focus of future work.
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Summary
Since the last workshop, screening of
the annual medic collection contained in
the Australian Medicago Genetic Re-
sources Centre has continued. Over 2000
lines have been screened in this period,
and in general the relative results for
species have broadly paralleled those
obtained prior to the 1991 season. How-
ever, there have been some very encour-
aging new resistance sources discovered
within Medicago murex in particular.
Some crosses between cotyledon resist-
ant and susceptible types produced dur-
ing this period were screened for resist-
ance segregation at the F2 stage. How-
ever, at this stage there was no clear de-
lineation evident between types, sug-
gesting that resistance, in these cases at
least, is either genetically complex and/
or insufficiently strong to give adequate
field protection. These crosses will be
grown on to the F5 or F6 stage to allow
further segregation and then re-
screened, while a range of other crosses
will be produced to test parental poten-
tial as resistance sources.

Introduction
Redlegged earth mite (Halotydeus destruc-
tor (Tucker)) is a significant pest to Aus-
tralian agriculture, and in particular to
annual legume pastures including annual
medics. This was widely reported on at a
workshop held in Perth in 1991 (Ridsell-
Smith 1991).

Annual medics are a very valuable part
of these legume pastures across wide ar-
eas of southern Australia. They are par-
ticularly vital in ley farming systems
where pastures based on annual medics
are rotated with cereal crops. In this sys-
tem, the medic produces direct economic
return through its high quality as a stock
feed, and also indirectly via its nitrogen
fixation, leading to higher yields of higher
quality cereal in subsequent years (Cocks
et al. 1980, Crawford et al. 1989).

Pest resistance is one of the major
breeding and selection criteria for annual
medics developed through the National
Annual Medic Improvement Program.
Success in breeding and selecting
cultivars with good resistance to several
aphid pests (Crawford et al. 1989) has
spawned interest in the possibility of
breeding new cultivars which also incor-
porate resistance to redlegged earth mite.

Possible resistance sources have been

reported upon (Gillespie 1991, Lake
1991), although these have not been
found in all annual medic species of com-
mercial interest. Nevertheless, prelimi-
nary screening results indicated that se-
lection for medic resistance to this pest
may be achievable.

Methods
A more detailed description of the screen-
ing process has been described (Lake
1991), however the main points with
some minor changes are summarized be-
low:

High populations of redlegged earth
mite are encouraged in the field by the
sowing of strips of culture crops such as
Languedoc vetch and Clare sub clover at
one to two-month intervals from March
to August. If necessary these can be sup-
plemented by redlegged earth mite col-
lected off-site. This enables screening to
take place between May and October be-
fore mite numbers begin to decline.

Plastic flats containing rows (20 seeds)
of up to 16 lines and three check varieties
or controls are germinated in a glasshouse
prior to being transferred to the field at
the early post-emergence stage (5-7 days
post sowing). The controls currently used
are Beenong (Trifolium cherleri), Jemalong
(M. truncatula) and Z-239 (M. littoralis),
representing moderate resistance/toler-
ance, slight resistance/tolerance and sus-
ceptibility, respectively.

A score for cotyledon damage is carried
out when there is clear differentiation be-
tween the control varieties, usually 4–7
days after transfer to the field. A second
score for cotyledon damage is carried out
a week later, followed by two scores for
leaf damage at approximately weekly in-
tervals.

Scores are based on a scale of 1–10 ac-
cording to degree of cotyledon and leaf
silvering, dwarfing and distortion with ‘1’
representing undamaged plant tissue and
‘10’ very severe damage likely to cause
plant death. Scores are corrected as far as
possible to take account of the controls
which are nominally rated at 2 (Beenong),
5 (Jemalong) and 9 (Z-239).

The selection of lines from the Austral-
ian Medicago Genetic Resource Centre is
partly based on the desire to screen a
broad spectrum of species and accessions
and partly on previous results indicating
potential geographical sources of resist-
ance. In addition, the better lines from
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