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Summary
Several screening programs are operat-
ing in Australia to identify redlegged
earth mite (RLEM) resistance in pasture
legumes. The largest program is based at
the Western Australian Department of
Agriculture and has concentrated prima-
rily on subterranean clover and annual
medics. Approximately 4% of the subter-
ranean clover and medic varieties tested
have been identified as resistant to
RLEM. The most resistant varieties of
subterranean clover are currently being
more widely tested as well as being in-
corporated into plant breeding programs.
The mechanisms of resistance have not
yet been identified, but observations and
preliminary experiments indicate that
antibiosis may be present in the most re-
sistant varieties.

Introduction
Redlegged earth mite (RLEM) (Halotydeus
destructor) (Tucker) is an introduced pest
native to South Africa (Tucker 1925). It is
now widely distributed throughout the
agricultural areas of southern Australia
(Wallace and Mahon 1971) and is capable
of causing severe damage to a number of
crop and pasture species. In naturally re-
generating pastures, based on annual leg-
umes, RLEM can be a major cause of seed-
ling mortality and reduced growth
(Gillespie and Nicholas 1989, Norris 1948,
Wallace and Mahon 1963). RLEM are also
capable of causing substantial losses in
pasture growth and seed set when present
in large numbers in spring (D.J. Gillespie,
unpublished data). Sloane et al. (1988),
have estimated that the annual losses in
pastures caused by RLEM, lucerne flea and
bluegreen aphid, and costs of insecticide
use, to be approximately $238 million.

Mite control and damage reduction can
be achieved by using either chemicals, cul-
tural methods, biological predators and
parasites, or by using less susceptible vari-
eties.

This paper summarizes the develop-
ment of resistance screening programs in
annual legumes, the techniques currently
employed, and the achievements that
have been made. It also discusses the fu-
ture direction of resistance screening and
breeding programs in annual legumes.

Screening programs
There are three programs currently oper-
ating in Australia attempting to identify
RLEM resistance in annual legumes.

In Western Australia screening pro-
grams are operating for subterranean clo-
ver (Trifolium subterraneum) and annual
medics (Medicago spp.), as well as smaller
programs for other annual Trifolium spp.
and serradella (Ornithopus compressus)
(Gillespie, in press). These programs use
multiple choice row screening techniques
in controlled environment conditions. A
measured number of mites are confined
to boxes each containing sixteen test varie-
ties.

In the Western Australian program, lev-
els of resistance are assessed using a visual
damage rating scale (Gillespie 1991). This
technique allows large numbers of varie-
ties to be assessed without the need for
time consuming cutting and weighing or
the need for mite free control rows. Con-
sistency between experiments is achieved
by using a standard set of control varieties
and correcting the ratings for the experi-
ment according to the performance of
these controls.

Varieties scoring 3.0 or less on the 1 – 10
damage scale are considered to be resist-
ant. (For more details on the rating scale
see Table 1.)

Since 1985, when screening first com-
menced, 1,820 varieties of subterranean
clover have been tested, 928 varieties of
annual medic, 130 varieties of other Trifo-
lium spp., and 13 varieties of serradella.

In South Australia a field screening pro-
gram in annual medics has been operating
for several years (Lake 1991). The tech-
nique comprises multiple choice free ac-
cess, field infestation with no control over
mite numbers. To date approximately
1,200 varieties have been tested. Some of
the same varieties have also been tested in
the Western Australian program.

A third program in Victoria has exam-
ined RLEM resistance in white clover (Tri-
folium repens). The technique used has
been no choice feeding, with mites con-
fined to individual plants for short peri-
ods. The program aims to identify
ecotypes with seedling resistance amongst
the cultivar “Irrigation”.

In Western Australia a new dimension
has recently been added to the screening
work with the involvement of Dr J.
Ridsdill-Smith of CSIRO. His work has in-
volved examining the effect of resistant
plants, identified in the DAWA program,
on the performance of RLEM. Mite sur-
vival, growth rate, and egg production
have been measured on varieties showing
a range of resistance to the mites.

Results
Results arising from the South Australian
and Victorian screening programs are pre-
sented in other papers at this workshop
(Lake and Berg respectively) and will not
be presented again here.

Of the 1,690 varieties of subterranean
clover tested prior to 1991 in Western Aus-
tralia, 4.0% (68 varieties) scored 3.0 or less
indicating resistance. Nearly 40% of these
varieties have been tested more than once.
Similar levels of resistance have been
found in annual medics with 5.0% (47) of
varieties scoring 3.0 or less. However in
annual medics the proportion of resistant
varieties varies between species with high
levels in M. rugosa, M. intertexta and M.
murex, but no resistance yet recorded in
M. tornata, M. truncatula, M. littoralis, and
several other species where only low
numbers have been tested.

Several subterranean clover varieties
with the highest levels of resistance are
shown in Table 1. Some of these have been
more extensively tested during 1991 in
growth and survival trials in both the
glasshouse and field. Results are not yet
available.

Table 1. Varieties of subterranean
clover with high levels of resistance
to redlegged earth mite

Variety Damage Number
score* of tests

DGI 007 1.83 3
EP 145 Sub. D 2.05 2
Moyhu 2.05 2
EP 158 Br. Sub. I 2.30 2
Narrandera B 2.40 2
S 3615B 2.40 2
Rutherglen B 2.47 3

Commercial cultivars
- Ave. (18) 5.21
- Range 4.15-6.30

* Damage score 1-10 (1 = no visible dam-
age; 5 = 50% of leaf area silvered or dis-
torted; 10 = all plants dead or dying).

Dr J. Ridsdill-Smith of CSIRO has as-
sessed the performance of mites on sev-
eral of these varieties as part of his work to
determine the basis of resistance to RLEM.
He has found that the most successful
measures of the effect of plants on mite
performance are the number of progeny
produced and the weight gain of the
mites. Although the results are still pre-
liminary at this stage, it appears that mite
performance is significantly reduced on
some resistant varieties when mites have
no choice of feed. Amongst the resistant
varieties tested by Ridsdill-Smith, the vari-
ety DGI 007 has shown the most antibiosis
or reduced mite performance.
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Since the early 1980s when the first at-
tempts to identify pasture legumes with
increased tolerance or resistance to RLEM
were initiated, considerable progress has
been made, particularly in the case of sub-
terranean clover and several medic spe-
cies. A number of varieties have been iden-
tified with significantly higher levels of re-
sistance than existing commercial
cultivars.

Field and glasshouse work currently in
progress will quantify the advantages of
these varieties in terms of increased sur-
vival and growth. Ultimately this will be
reflected in increased legume productivity
in grazed pastures.

The varieties identified as resistant have
their origins in a number of diverse loca-
tions (e.g., N.E. Victoria, S.W. Italy, Sar-
dinia) and it is possible that a number of
genes for resistance may exist. One of the
priorities in the National Subterranean
Clover Improvement Program (NSCIP) is
therefore to initiate crosses between vari-
eties from diverse locations thus increas-
ing the likelihood of producing crossbreds
with multiple gene resistance. Although
single gene resistance may offer consider-
able gains in the short term, it is unlikely
that this resistance could be maintained in
the long term. The enormous numbers of
RLEM that are often present in annual pas-
tures (10,000 – 100,000 m-1) suggests that
biotypes able to overcome single gene re-
sistance are likely to develop within a rela-
tively short time.

The NSCIP has commenced crossing re-
sistant varieties with agronomically supe-
rior cultivars (e.g., Dalkeith) as there is no
reason to expect that varieties with good
resistance to RLEM are necessarily supe-
rior in other characteristics. Incorporation
of resistant genes into existing cultivars
through backcrossing and progeny
screening should produce elite varieties
within a relatively short time.

The National Annual Medic Improve-
ment Program (NAMIP) has not yet initi-
ated a similar crossing program but there
is no reason why this could not be started
within the species where resistant varie-
ties have been identified.

Although success has been achieved in

identifying resistant legume varieties, the
mechanisms conferring resistance have
not yet been elucidated, primarily because
little work has been done in this area. Re-
sistance in plants can be due to antibiosis,
tolerance, or antixenosis. With antibiosis
the plants contain substances which ad-
versely affect the survival or growth of the
mites feeding on them. Tolerant plants are
unaffected by mites feeding on them even
though mite density may be similar to the
density on susceptible plants. Antixenosis
mechanisms result in the mites preferring
not to feed on the resistant plants. This can
often be a physical mechanism such as a
hairy or sticky leaf surface, or thick cell
walls in the leaf cuticle.

The preliminary work of Ridsdill-Smith
indicates that, at least in the variety DGI
007, antibiosis is a likely mechanism as he
has recorded both reduced growth rates
and survival of RLEM when they are
forced to feed on this variety (T.J. Ridsdill-
Smith, unpublished data).

Observations by the author in multiple
choice screening experiments indicate that
mites do not feed on some varieties (e.g.,
Rutherglen B, DGI 007) when alternative
susceptible varieties are available.

There is clearly a need for detailed inves-
tigative work to determine the basis of re-
sistance in these varieties. Not only would
this considerably enhance the efficiency of
the screening and selection programs
within pasture legumes, but may also al-
low identification of resistance in other
susceptible species (e.g., Brassica, Pisum).
Screening for the presence (or absence) of
certain chemicals or physical factors that
convey resistance would overcome the
seasonal nature of current screening pro-
grams and would more precisely identify
levels of resistance (including multi-factor
resistance).
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