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Summary

The history, distribution, population biol-
ogy and control methods of Emex australis
Steinheil (Polygonaceae) in southern Africa
are reviewed. The biology of E. australis in
southern Africa is similar to that in Austra-
lia, except for the presence of an associated
insect fauna and disease flora and interac-
tion with mammals, which cause soil distur-
bance in southern Africa. Densities of seed-
lings, seeds in the soil, and new seed produc-
tion at a study site in western Cape Province
were found to be comparable to sites where
the plant is a weed in Australia.

Control of Emex species in Australia by
biological means remains a viable option
despite the lack of success of two weevil spe-
cies already released. Among potential bio-
logical control agents are four fungi,
including Phomopsis sp. from South Africa,
which is being assessed for host specificity.
Six weevil species associated with Emex spi-
nosa (L.) Campdera in the Mediterranean
region, remain to be examined for their po-
tential to control of Emex species in Austra-
lia.

Introduction

Two species of Emex, the doublegee or
three-cornered jack, E. australis Steinheil,
and the lesser jack, E. spinosa (L.)
Campdera, are introduced weeds in Austra-
lia (Gilbey 1974). Emex australis is native to
southern Africa and E. spinosa comes from
the Mediterranean region and Middle East
(Gilbey and Weiss 1980). The southern Afri-
can species, E. australis, is of greater impor-
tance to agriculture (Gilbey and Weiss 1980).
Its biology has been a subject of considerable
study in Australia (Cheam 1987, Gilbey and
Weiss 1980, Panetta 1990, Weiss 1981,
Williams, et al. 1984) and the potential for
biological control has been assessed (Scott
and Shivas 1990). The biology of the plant in
its region of origin, southern Africa, has only
been examined recently (Panetta 1990, Scott
unpublished, Scott and Shivas 1990, Scott
and Way 1990, Shivas unpublished). Here 1
give an overview of the biology of E. australis
in southern Africa, compare this with the
situation in Australia, and summarize the
options available for the biological control of
this weed in Australia.

*Present Address: CSIRO Division of
Entomology, Private Bag P.O., Wembley
6014, Western Australia.

Biology of Emex australis in Southern
Africa

Emex australis is the only species of its genus
in southern Africa (Gibbs Russell er al
1987). A recent examination of isozyme vari-
ation found a general uniformity in South
African populations and it was not possibie to
identify the source of introductions into Aus-
tralia (Panetta 1990).

The oldest specimens of E. australis are
achenes found in an archaeological deposit
dated 760 AD in the eastern Cape Province
of South Africa (Deacon 1967, Wells 1965).
The first recorded collection of the plant oc-
curred in 1685 and in 1772 the plant was
noted by Thunberg (quoted in Smith 1966)
as being common, and a problem for the feet
of slaves and others who walked bare footed.
In 1933, E. australis was described as a seri-
ous weed of cereal crops in the western Cape
Province (Vorster 1933).

Based on historical evidence, Smith (1966)
states that originally “The species seems to
have been confined in its distribution to the
south-west and south-east [of Cape Prov-
ince] but, with the extension of the Settle-
ment further inland, the species was further
distributed”. Evidence from archaeology,
and the associated insect fauna, supports this
supposition. The only monophagous insect
on E. australis, the weevil, Perapion an-
tiquum (Gyllenhal), has a distribution largely
restricted to the western and south-eastern
Cape Province and not elsewhere in the pres-
ent range of E. australis (Scott unpublished
observations). Today, E. australis is found
throughout southern Africa, and has been
introduced into Zimbabwe (Wild 1955),
Kenya (Graham 1958) and elsewhere in the
world (Scott and Shivas 1990).

Habitat

Emex australis is a winter annual in areas of
Mediterranean type climate in the western
Cape Province, although populations can be
found during summer in irrigated lands. In
areas of year-round rainfall and subtropical
environments (the southern and eastern
Cape Province and Natal) the plant is pres-
ent at all times of the year, bul remains an
annual.

During 1985 to 1987, 52 populations of E.
australis in the Cape Province were exam-
ined by Scott and Way (1990). Sites were
found in the road verge (44%), fields used
for crops (chiefly wheat) (34%) and pasture,
horticultural crops and river beds in dryer
regions (e.g. the Karoo). Most sites (73%)
were on sandy soils, but other sites were on a
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range of soils including loams and clay.

The plant was only found in areas where
the soil had been disturbed. Usually this was
due to human activity, but in the western
Cape Province the disturbance was due to
excavation mounds produced by the Cape
dune mole rat, Bathyergus suillus (Schreber)
(Rodentia: Bathyergidae), which were abun-
dant in sandy areas. In the Addo Elephant
Park in the eastern Cape Province the plant
was found in areas where the soil has been
disturbed by large mammals (elephants, buf-
faloes). It is likely that the original habitat of
E. australis was in soil disturbed by mammals
other than humans prior to the spread of
agriculture to the Cape Province.

Growth and development

Plants of E. australis in the Cape Province
are of a similar size to those in Australia
(Gilbey and Weiss 1980, Scott, unpublished
observations). The largest E. australis plants
were found in the western Cape Province
where the average length of the longest stem
(maximum plant radius) was 21.1 cm and the
average total stem length was 162.9 cm. The
largest plant found had 45.7 m of stem.
Plants from the western Cape Province had
on average 2.6 stems arising from the collar
region above the taproot. In contrast, plants
in the eastern Cape had significantly shorter
stems (mean = 14.7 cm), but more stems in
the collar region (mean = 4.5). Even so, the
total length of stems (average 154.4 cm) was
not as long as for plants from the Western
Cape Province. Plants from Natal were simi-
lar in size to those in the Eastern Cape Prov-
ince and compact in appearance in compari-
son with those from the southern and west-
ern Cape Province. Seed production is posi-
tively correlated with stem length in E. aus-
tralis (Scott unpublished) so the size of a
plant has a bearing on its reproductive suc-
cess. Reasons for the size differences are not
known, but possible explanations include the
greater number of insect species which feed
on the plants in the eastern Cape Province
(Scott and Way 1990), different soils (sands
in the western Cape Province versus clays
and loams elsewhere) and different climates
(winter rainfall versus year-round rainfall).

Population dynamics

The seed bank and plant demography of E.
australis was examined at a study site near
Langebaan (33°05°S;18°07’E) in the western
Cape Province. The methods used were
those of Weiss (1981). This site (average
rainfall 265 mm per annum) has a climate
which closely resembles that of areas of se-
vere Emex infestation in the northern wheat
belt in Western Australia. The site was on a
wide road verge, next to fields with a wheat,
sheep rotation, in which Emex plants were
controlled by herbicide. The soil was sand
which was tunnelled by Cape dune mole rats
and Cape gerbils, Tatera afra (Gray)
(Rodentia: Cricetidae). A preliminary analy-
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Table 1. State of seeds of E. australis at the beginning of the season at Langebaan,

South Africa, in 1987.

Depth  Germinated Dormant Dead Empty Eatenby Total Range mZin
(ecm)  in field gerbils No. Australia

(%) (%) (%) (%) (%) . m? (Weiss 1981)
0 0 16 16 32 36 6608 160-6584
0-5 5 11 10 46 28 5392 1100-4625
5-10 0 9 11 41 40 1383 1080-2562
10-15 0 3 3 78 16 800 5

* Not measured.

Table 2. Summary of density and survivorship data for E. australis at Langebaan,
South Africa, compared with the average of the largest cohort for the 9 samples
of Australian data from Table 1 of Weiss (1981).

Date Density of  Survivorship Survivorship Time from  Time from

of first seedlings from from emergence emergence  emergence

emergence emergence to seed to to 50%

to flowering production flowering  survivorship

(no. m?) (%) (%) (weeks) (weeks)

South Africa 1986

18 June 238.7 51.9 46.7 8 11

23 July 8.7 20.0 5.0 5

South Africa 1987

20 May 159.0 33.1 50.6 12 15

24 June 6.6 47.8 47.8 9 12

29 July 1.0 0.0 0.0 0 5

Australia

Largest cohort  245.6 56.4 39.6 11 1

First cohort 155.0 573 479 12 18

Table 3. Plant densities, stems per plant, seed production, below and above
ground seeds at Langebaan, South Africa, compared with results in 1977 from

Australia (Weiss 1981).

Source Plants Stems Seeds m’ Seeds m? Total
m? per below above seeds m?
plant ground ground

Langebaan 1986 2474 1.4 £ 0.6 254.6 £ 97.8 797.6 = 401.8 1052
Langebaan 1987 166.6 1.4 = 0.6 399.7 + 105.2 1710.7 £ 367.7 2110
Ungarie A 1977 275.2 142 % i 73

Ungarie B 1977 678.4 1.4 " * 1368
Two Wells 1977 191.8 0.8 » " 1118

* Not measured

sis of the results from this study is presented
here.

The seed bank at this site was similar to
sites in Australia which were studied by
Weiss (1981) (Table 1). Large numbers of
achenes were found of which 5% were those
that germinated in the year of the study. The
presence of a large dormant seed pool (1691
seeds m?) ensured the continued recruit-
ment of seedlings each year (Scott unpub-
lished observations). Weiss (1981) found a
range of 279 to 2590 dormant seeds per
square meter at sites in eastern Australia. A
sizable proportion of seeds are eaten by ger-
bils at Langebaan. Rodents are also known
to destroy about a quarter of E. ausiralis

seeds in Australia (Weiss 1981).

Likewise, the abundance of seedlings and
their survival was similar between Langebaan
and sites in Australia studied by Weiss (1981)
(Table 2). A comparison for the end of the
plant’s season is given in Table 3. Again the
study site in South Africa was similar to those
in Australia. The number of seeds produced
was four to ten times the number of plants.
Approximately a quarter of seeds are those
at the base of the stem, and it is possible that
these seeds contribute disproportionately to
the next generation, as above ground sceds
are more likely to be eaten by gerbils or dis-
persed. An abundance of plants was ob-
served at the study site in 1988 and 1989, but

measurements were not taken. In 1990 the
density of seedlings was at the levels observed
in 1986 and 1987, which suggests that there is
a stable population of E. australis at this site
(Scott and Shivas unpublished).

Importance and control

In South Africa E. australis is an important
weed of cereal crops (Loubser and Le Roux
1980, Vorster 1933) and vineyards (Fourie
and Van Huyssteen 1987) in the western
Cape Province. The spiny achenes cause in-
jury to the feet of animals (Henderson and
Anderson 1966), and it is recorded as a seed
contaminant (type of seed not stated) by
Wells et al. (1986). Given the abundance of
E. australis in agricultural crops of the west-
ern Cape Province it is perhaps surprising
that this plant has not attracted more atten-
tion as a weed in South Africa.

In the past frequent cultivation was the
only method of control in South Africa (Vor-
ster 1933). Today a number of post-emer-
gence herbicides are listed for weeds in cereal
crops (Vermeulen and Grobler 1986), but
recommendations have not been published
specifically for E. australis. Loubser and Le
Roux (1980) suggested the use of pre-emer-
gence herbicides for the control of weeds in
cereals, including E. australis, but this is not
included in current recommendations (Ver-
meulen and Grobler 1986). Recently, herbi-
cides suggested for E. australis control have
been Express A (DPX-L5300 + metsulfuron
methyl 20%) (Van Zyl and Eksteen 1989)
and triasulfuron mixed with bromoxynil (Van
Biljon et al. 1988). Fourie and Van
Huyssteen (1987) mention the pre-emer-
gence herbicide, oxadiazon, for E. australis
control along with a number of other herbi-
cides for general weed control in vineyards.

Comparison with Australia

In most respects, the biology and population
dynamics of E. australis in South Africa,
where the plant is native, appears (o be simi-
lar to that in Australia where the plant has
been introduced. There is, however, a major
difference. In Australia the density of £. aus-
tralis appears to decline after the first year of
clover pasture, probably due to lack of culti-
vation and competition (Gilbey and Weiss
1980). Our observations at Langebaan (Scott
and Shivas unpublished) found no such de-
cline in density of E. australis from 1986 to
1990 at a site free from cultivation and
chemical treatments. Domestic herbivores
were also absent at Langebaan, but it seems
unlikely that lack of grazing would favour the
weedy species over palatable legume and
grass species occurring at this site.

The persistence of high population levels
of E. australis in the western Cape Province
of South Africa is probably tied to the pres-
ence of the Cape dune mole rat. The mole
rats produce surface mounds as a result of
burrowing. These mounds weather away
during summer to become the seed bed for



annual plants, such as E. australis, the follow-
ing year. Large fossorial rodents and analo-
gous species are absent from Australia where
high plant densities are dependent on human
activity. In addition, the mole rats are not
known to feed on E. australis plants and
seeds (Davies and Jarvis 1986), but feed on
plants among which are potential competi-
tors such as Oxalis species.

Potential biological control agents
Biological control of Emex and potential
agents which remain to be studied are re-
viewed in Scott and Way (1990) and Scott
and Shivas (1990). The potential agents are
listed in Table 4. Surveys for agents on E.
australis in southern Africa have been com-
pleted (Scott and Way 1990). Further survey
work is needed in the Mediterranean distri-
bution of E. spinosa, and in the introduced
range of both species, for example in Califor-
nia (Scott and Shivas 1990) to establish the
full extent of available agents. To date, two
weevil species have been released in Austra-
lia.

The first insect to be released was the
southern African weevil, Perapion antiquum,
which had previously provided control of
Emex species in Hawaii (Julien 1987). De-
spite extensive releases in Australia this wee-
vil became established at few localities and
without providing control of the weed (Julien
1987). Recent work on this weevil in its origi-
nal habitat in South Africa (Scott unpub-
lished) found that it over-summers above
ground in shrubs and small trees. Thus it
seems that lack of an over-summering behav-
iour is not the reason for the failure of this
weevil to survive Australian summers. Cli-
matic differences between southern Africa
and southern Australia, especially the maxi-
mum temperature during summer, appeared
important in that Emex-infested areas in
Australia, except for regions near the coast,
are unsuitable for the weevil (Scott unpub-
lished).

The second weevil released in Australia,
Lixus cribricollis, came from Morocco. It
failed to establish in eastern Australia and
establishment in Western Australia has yet to
be assessed (Julien 1987).

Potential agents for Emex control in Table
4 are ranked in order of perceived impor-
tance. Only one species is currently being
studied. The stem blight fungus, Phomopsis
sp., is being assessed for host specificity and
an application has been made to import this
fungus into quarantine in Australia for fur-
ther study (Shivas unpublished).

The insect species judged to have the
greatest potential are the weevils, Coniocle-
onus excoriatus and Erythrapion miniatum,
which attack the crown of the plant and
which have been found in parts of Israel
which are very dry and hot in summer (Scott
unpublished). This suggests that they could
be better adapted to climatic conditions of
Emex-infested areas of Australia than the
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Table 4. Potential agents including agents

already released in Australia for Emex

control. Based on Scott (1990 and unpublished), Scott and Shivas (1990), Shivas

(unpublished).

Agent species Source Other genera Future
Emex included in research
species host range priority”

Fungi

Phomopsis sp. E. australis ?R. pulcher 1.. 1

Cercospora tripolitana E. australis & Rumex 2

Sacc. & Trott. E. spinosa

Peronospora rumicis Corda E. spinosa Rumex, Fallopia 2

Uromyces rumicis (Schum.) Wint.  E. australis Rumex 2

Insects

Coniocleonus excoriatus Gyllenhal  E. spinosa Rumex 1

Erythrapion miniatum (Germar) E. spinosa Rumex 1

Perapion neofallax (Warner) E. spinosa None recorded 1

Perapion violaceum (Kirby) E. spinosa Rumex 2

Lixus cribricollis Boheman E. spinosa Rumex 3

Perapion antiquum (Gyllenhal) E. australis Host specific 3

* 1 indicates species with high priority for future

research; 2 indicates species with lower prior-

ity; 3 indicates released species requiring assessment in Australia.

weevils used in previous biological control
attempts. In addition, these weevils attack
the crown of the plant and may provide bet-
ter control than insects which feed in the
stem. Another weevil, Perapion neofallax, is
given a high priority in Table 4 since it is only
known from E. spinosa and may prove to be
specific to the genus Emex. It is evident from
Table 4 that most potential agents and the
released agent, Lixus cribricollis, include Ru-
mex species as hosts. Rumnex is closely related
to Emex so this host range is not unexpected.
Five Rumex species are approved targets for
biological control in Australia, but there are a
number of native Rumex species (Rechinger
1984) which will need to be considered in any
future host specificity testing of agents for
Emex control.

In conclusion, the biology of E. australis in
southern Africa is similar to that in Australia
except for the presence of an associated
fauna and disease flora and interaction with
mammals which cause soil disturbance. In-
cluded amongst these organisms and those
associated with E. spinosa, are a number of
potential biological control agents which
remain 1o be assessed for the biological con-
trol of Emex weeds in Australia.
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Questions and discussion

Q. Greg Code. What are the chances of
Emex becoming a biennial if there is a good
water supply?

A. Emex will still remain an annual - it will
however grow over a longer time.

Q. Greg Buchanan. How important is Emex
in the cultivated cropping areas of northern
South Africa?

A. Emex has spread outside its natural habi-
tat and has not been restricted to specific soil
types. It is not however seen as a weed of
cropping districts.

Q. Vicki Bates. How effective are cultural
methods, such as mulching, in control of
Tribulus?

A. Recommendations were contained in ex-
tension material.

Q. John Heap. Can seeds of Emex that were
buried germinate once they are brought to
the surface?

A. Yes, however there is no information on
the longevity of survival in South Africa.

Q. Greg Buchanan. What is the present dis-
tribution of Tribulus in South Africa?

A. Tribulus is now distributed throughout
the Cape province of South Africa however
they do not know how many species there
are.



