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Summary 
An outline is given of the biology of Trwullls 
ferres/ris L. (Zygophyllaceae) in southern 
Africa. The plant is native to the region and 
notable as a cause of poisoning in sheep. Po
tential biological control agents found in 
southern Africa are seed and stem feeding 
weevils, Microlurinlls s pp., a seed sucking 
bug, Deroplax sp., a noctuiid defoliator, Pro
dolis stoiida, and a downy mildew, Perono
sporn Irib,,{ina. The organisms from south
ern Africa are compared with those found 
on T. lerreslris in India and the Mediterra
nean region. Potential agents found in the 
latter regions include seed and stem feeding 
weevils, Microlarinus spp., leaf feeding 
moths, Epltysleris sllbcliminllle{1a and Tegos
lorna cornpara{is and a leaf mite, Eriopltyes 
Iribuli. Most of the potential biological con
trol agents include other Tribuills species as 
hosL<\. Biological control of T. ferres/ris will 
require a clnrilicution of the tllxonomy lind 
origins of weedy forms of Tribllills in Aus
tralia. The lise of a limited selection of 
highly specific agents s uch as Eriophyid 
mites and fungi may be necessm-y. Alterna
tively, atblck on native Tribultls species by 
control agents may have to be accepted. 

Introduction 
Tribuills Imeslris L. (Zygophyllaceae) has a 
cosmopolitan distribution. In Australia, the 
plant is found in a number of forms, includ
ing some considered to be native, and a 
weedy form , caltrop, which is thought to be 
introduced (Bourke 1987b, Squires 1969b). 
The origin of the weedy form in Australia is 
unknown, but may have included sout hern 
Africa. The plant is regarded as native to 
southern Africa (Wells el al. 1986) and has 
associated with it fauna and diseases (Kluge 
1975) which could be used as biological con
trol agents against T. /elTes/ris in Australia. 

Here I summarize the biology of T ter
resrris in sou thern Africa and make compari
sons with that in Austra lia. The fauna and 
fungi associated with T. lelTesln's in southern 
Africa are examined for potential usc as bio
logical control agents in Australia, and arc 
compared with IX'tential biological control 
agents which are known from other regions. 

'Present Address: CSIRO Division of Ento
mology, Private Bag, P.O. Wembley 6014, 
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Tribulus terrestris in southern Africa 
Five species of Tribullls, T. crislalUs Presl, T 
excmcinns Wawra, T. plerop/tonls Presl, T 
telTestris and T zeyheri Sand., are known 
from southern Africa (Botswana, Lesotho, 
Namibia, South Africa, and Swaziland) 
(Gibbs Russell el al. 1987, SChweickerdt 
1939). All are indigenous 10 Ihis region. 

A description and account of variation in 
T lelTestris in South Africa was given by 
Schweickerdt (1939) who was uncertain 
" whe ther T. lelTeslris ... is only one extremely 
variable species or whether at present several 
closely allicd species are included under this 
name". Four ploidy levels (diplOid to octo
plaid, 2n = 12,24, 36 and 48) are known for 
T. lerreslr;s (Squires 1979, Hilu 1981), but 
chromosome cou nts for this species frorn 
southern Africa are unknown. 

Tbe first record of T. lelTestris in southern 
Africa appeared in 1794 and early botanists 
suggested that it was an introduced species 
from southern Europe (references in 
Schweickerdt 1939). The plant isnowconsid
ered indigenous to southern Africa (Kluge 
1975, Wells el al. 1987). 

Distribution and biology 
Tribulus telTeslris is found in ruderal and 
semiruderal areas throughout Africa includ
ing sout hern Africa (Kluge 1975, SChweick
erdt 1939). It is one of the dominant plants of 
cattle pasture in semi-arid areas of southern 
Africa especially around boreholes (folsma 
el al. 1987). This is thought to be due to over
grazing which resulted in the disappearance 
of perennial palatable grasses (Tolsma el al. 

1987). 
In southern Africa, as elsewhere, T. ter

restris is a surnmer growing annual. Ernst and 
Tolsma (1988) found that fresh, three and six 
year o ld seeds showed signs of dormancy and 
that germination was irregular. The highest 
level of germination of isolated seed was 
66.9% with a mean of 37.3%. Few seeds 
(3.5%) within a coccus germinated at the 
same lime. In the field, germination of nOl 
more than I % of the seed pool occurred fol
lowing rain of more than 10 mm. Maximum 
germinal ion was 35% of the seed pool fol
lowing heary rainfall (Ernst and Tolsma 
1988). 

Fruits from Gaberone, Botswana, broke 
into three to seven cocci, each with between 
one and four potential seeds which mostly 
gave rise to one or two fertile seeds (Ernst 
and Tolsma 1988). Kluge ( 1975) observed 
Ihat an average of 3.8 out of five possible 
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cocci developed and that fruits averaged 13.4 
seeds. 

Importance and control methods 
Tribulus lerrestris is included on the southern 
African list of problem planls (Wells el al. 
1986) and as a weed of gardens and cutti
vated lands (Henderson and Anderson 1966) 
including vineyardS (Fourie and Van 
Huyssleen 1987). The spiny fruits cause 
damage to the feet of stock (Henderson and 
Anderson 1966). In the context of its impor
tance in farming and disturbed lands, Kluge 
( 1975) mentioned "it is difficult to estimale 
(he financial loss attributable to this weed". 

The primary importance in southern Af
rica of T. telTestn's is as a cause of the hepato
genous photosensilivity disease "geeldikkop" 
(Kellerman and Coetzer 1984). This disease 
causes extensive stock losses (mainly sheep) 
in southern Africa, but despite considerable 
research (see reviews by Kellerman and 
Coctzer 1984 and Watt and Breyer-Brand
wijk 1%2), the causal toxin and the condi
tions for its production remain unknown. 

Tn'bulus lerresrris is a subject of herbicide 
registration (WellS el al. 1986). In vineyards 
the pre-emergence herbicides, trinuralin, 
simazinc and fiuorochloridone are recom
mended for T letTesrris control, along with 
other summer annuals (Fourie and 
Huyssleen 1987). 

Control methods aside from herbicides are 
hand pulling or cutting the lap root (Hender
son and Anderson 1966). In vineyards, me
chanical weed control is not recommended 
since it promotes further gerrnination of T. 
(erreslris (Fourie and Buyssteen 1987). 

In southern Africa, T lelTestris has associ
ated fauna and diseases which appear to ex
ert lillie influence on the plant 'S population, 
possibly due to their own biotic controls (e.g. 
parasites) as suggested by Kluge (1974). 
Kluge ( 1975) discussed the possibilily of 
manipulating the parasites of the naturally 
occurring biological control organisms by us
ing insecticides. This has not been attempted. 

Comparison with Australia 
The biology of T. terrestris in Australia was 
reviewed by Parsons (1973) and Squires 
(1969a, 1979). As in southern Africa, there is 
a similar lack of understanding of the taxon
omy and origins of the forms of T. terrestris in 
Australia (Squires 1969b, Bourke 1987b). 
Tribulus lelTesrris is the only member of the 
southern African Zygophyllaceac known in 
Australia. However, in Australia there are 
IX'ssibly 15 native Tribulus species in contrast 
10 five in sout hern Africa. 

A major difference between southern Af
rica and Australia is the much less severe his
torical incidence of the disease "geeldikkop". 
This disease and other toxic responses to T. 
ferreslris ingestion are possibly on the in
crease in Australia as witnessed by recent 
reports (Bourke 1983, 1984, 1987a, 1987b, 
Glastonbury and Baal 1985 , Glaslonbury el 
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al. 1984, Jacob and Peet 1987). 
A similarity between Australia and south

ern Africa is the weed's importance in vine
yards. In Australia, T fel7'esrris is a problem 
an drying greens associated with vineyards 
(Parsons 1973) , but this problcm does not 
seem to arise in South Africa possibly due lO 
the usc of manual weed control. 

Thus it seems that T. teITeslris is a weed of 
simi lar imparlance in Australia as in south
ern Africa. However, the fauna and diseases 
associated with T lerreslr;s in southern Af
rica arc absent from Australia and may be 
suitable for use as biological cont rol agents. 

Potential biological control agents 
from southern Africa 
Kluge (1975) undertook a survey of the in
sect fauna associa ted with 7: feITeslris al four 
widely separated sites: Stellcnboseh (S. W. 
Cape Province), Jan Kempdo rp (N.W. Cape 
Province), Messina (N.E. Transvaal) and 
Pretoria (Transvaal) in South Africa. In 
Namibia, a more extensive survey, during 
one month, examined 17 sites of T len-estris. 
The survey in South Africa found 24 species 
and the survey in Namibia found II species 
feeding on the plan!. Two species had larvae 
which fed inside the plant, the remainder 
being either foliage feeders (all Lepidoptera) 
or sucking insects on slcms or fruils (H em
iptera). M ost damage was caused to the 
fruils, defoliation was occasionally caused by 
mainly polyphagous insects, but at the OLher 
extreme, there was no damage to the roots. 
Kluge ( 1975) found that 30% of seeds 
showed damage due 10 sucking insects. The 
following potential biological cOOiroi agents 
were considered in more detail by Kluge 

(1975). 

MierolMinus Iypri[ormis Woll. (Cureu
lionidae) 
This weevil is widely distributed in southern 
Africa and has larvae which tunnel in the 
stems and crown. It is also found in India and 
the M editerranean regions from where it was 
imported into mainland USA and Hawaii 
(Andres and Angalet 1963). It was rated a 
successful biological control agent (Julien 
1987) following studies that showed that it 
and the related seed feeding species, M. 
lareynii (Jacquelin du Val) , have significantly 
contributed to a decline in plant density 
(Huffaker el al. 1983). The adults are not 
host specific and will feed on a number o f 
plant families, although egg deve lopment 
oecurred o nly after feeding on plants o f the 
family Zygophyllaceae (Andres and Angalet 
1%3). In the field, M. lypriformis was found 
feeding on other Tribullls species (Kluge 
1975) and in the laboratory larvae developed 
to maturity on Kallstroemia grandiflora (Zy
gophyllaceae) (Andres and Angalet 1963). 

MicrolarinlJs pilosus Gyll. (Cureu
lionidae) 
The larvae of this weevil develop in the young 
fruits. The species is widely distributed in 
southern Africa and also feeds on T. ptero
P"Ol1lS and T. zey"eri, but otherwise the host 
specificity is unknown. Between 5.5 and 
14.7% of burrs of 1: ten-estris were damaged 
and within each burr about 20% o f seeds 
were destroyed. Kluge (1975) found consid
erable parasitism (estimated at 60%) and 
predation, particularly of eggs of the weevil. 
The close ly related species, M. lareynii, which 
also feeds on developing fruits o f T te" eslris, 
but is not known from southern Africa, has 
been im JXlrt ed from Italy into H awaii and 
continental USA where it contributes to suc
cessful control of Ihe weed (Julien 1987). 
This species lays its eggs in developing fruilS, 
whereas M. piloS/ls oviposits in flower buds 
(Kluge 1975). 

Pradolis stolida (F. ) (NoCluidae) 
The larvae of this moth are foliage feeders on 
TriblllliS spp. and are found throughout 
southern Nrica (Kluge 1975). This inscct is 
reported 10 be polyphagous elsewhere in its 
distribution (Africa, southern Europe and 
Asia) (Pinhey 1975) and a minor pest of flax 
(Limon /lst;laI;ss;mum L. (Linaceae). Kluge 
(1975) was unable to rear first instar larvae of 

P. slolida on nax, Sesban;a p"nicea L. 
(Leguminosae), Qllerclls sp. (Fagaceae) and 
Lllctuca sativa L. (Asteraceae). Fourth in
stars did no t feed on flax. Kluge ( 1975) no ted 
that P. sto/ida from southern Africa differed 
from the description of the moth in India and 
it is possible that the southern African insect 

represents a different species. 

Deroplax sp. (SeU/elleridae) 
The nymphs and adults o f the shield bug, 
Deroplax sp., were found associated with T 
le"esrris and T. zeyheri during the survey by 
Kluge (1975). He waS able 10 rear ad ulL in
secls from second instar nymphs which were 
fed dry burrs of T. le"eSfris, T. pterop"orus 
and T cristallls. 

Development of second instar nymphs 
failed on Dahlra ferox L., Helian/lllIs annuus 
L (Asteraceae), Gossypiwn hirsutwn L (Mal
vaceae), but two adults developed from 33 
second ins tar nymphs fed seeds of Curcubila 
pepo L (Curcubitaceae). This la tter result 
was possibly due to a broken seed coat allow
ing access 10 seed. Kluge ( 1975) suggestSihat 
food se lection could be based on the physica l 
a ttributes of the seed coal. Although Dero
p/ax sp. was commonly found associated with 
T. lerreslris in many cultivated fields, it has 
never been reported as a crop pest in south
ern Nrica (Kluge 1975). 

Fungi 
No systematiC surveys have been made of 

the fungi associated with T. len-estris in 
southern Nrica. Kluge ( 1975) noted that 
plants were destroyed by a fungus, identified 

as " a hitherto unknown fungus similar to 
Allernaria zinniae Hbl.". Jooste (1975) 
described Drechslera multi/ormis Jooste 
(Hyphomycetcs) based on an isolation from 
T. te"eslris hay which was collected during a 
study of toxigenic fungi in sheep pasture. 
Another saprophyte, Pithomyces charlanan 
(Berk & Curl.) M.B. Ellis (HyphomyceLes), 
associated with T. ten-estris in South Africa is 
a known cause ofhepatogenus photosensitiv
ity in livestock (Kellerman and Coetzer 1984) 
and is found as a disease-causing agent in 
Austra lia (Jacob and PeeL 1987). Goner 
(198 1) recorded the downy mildew, Perono
spora Irib"lina Pass. ( Peronosporales) on T. 
te"estris. This fungus has also been recorded 
from T. lefTeslris in ILaly (Saccardo 1888). 

Discussion 
Surveys for biological control agents 
Kluge (1975) showed thaL there are inseclS 
from southern Africa which could be consid
ered as biological control agents. The species 
found were the seed feeding weevil, M. pilo
SllS, the seed sucking bug, Deroplax sp., and 
the foliage feeding noctuiid , P. sio/ida . In 
addition a fungus, P. tribulina, is found in the 
region and may have potential for use as a 
biological control agent and further surveys 
may identify other fungi such as the Alter
naria-like species mentioned in Kluge 

(1975). 
Surveys and collect ions of o ther organisms 

have also been made on T. te"estris in the 
M editerranean region, India and Australia. 
In the M editerranean region, Andres and 
Angalet ( 1%3) found Lwo Microlarinlls spe
cies and further surveys in this area may find 
add iLional bio logical conLrol agents (Wapsh
ere 1989). 

A survey for biologica l control agents for 
T. terrestris was made in Bangalore and 
nearby areas in South India by Sankaran and 
Ramaseshiah (1981). They concluded after a 
one year survey that a leaf-feeding mite , 
Eriop"yes tribufi Keifer, a leaf-mining 
gelechiid, Ephysleris sllbdiminwella Stn., a 
leaf-feeding pyralid, Tegos/oma comparalis 
H b. and the weevi lS, Microlarinus angllstl~ll1s 
Hb. and M. rhinocylloides Hch. whose larvae 
fed in the seeds, warranted further evalu
ation as biological control agents. In an ear
lier study in India, Pathak (1968) refers 10 
the biologica l control of 1: te"estris by a 
pent3tomid, Poecilocoris sp. It is not clear in 
Pathak ( I %8) if Lhis insect was the cause of 
the damage to plants and iL is possible that 
the author was observing the effect o f erio

phyiids. 
Insects which appear to specia lize on T. 

ten-estris are also known from Australia. The 

gelechiid moth,Aristotelia hlrbiba Turn., has 
larvae which feed on the immature fruits of 
T. ten-estris, o ften destroying large numbers 
of seed (Squires 1%5). This inseci has even 
been suggested as a possible biological con
trol agent for T. te"estris in South Africa 
(Kluge 1974). 
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Potential biological control agents 
The above su rveys show that there arc four 
groups of potential biological control agent 
for T le"estris: the Microlnrinus weevils, 
leaf-feeding lepidop.era, seed sucking bugs 
and highly specialized organisms such as 
mites and fungi. 

Two Microlarinus species have been used 
successfu lly as biological control agents 
agains. T. Ie"estris (Julien 1987). Andres 
(1978) described in de.ail .he polyphagous 
habits of adult Microlarinus spp. after they 
were released as biological control agents in 
North America. Damage to citrus was nOlcd 
once, but ascribed (0 an unusual set of 
circumstances and the insect has been found 
on a number of crops, but not feeding 
(Andres 1978). The degree ofspecifici'y indi
cates Ihat some fceding on crops during epi
demic levels shonly after introduction 
(Andres 1978) would have '0 be accepled if 
Ihis insect was to be re leased in Australia 
(Wapshere 1989). The surveys in sou.hern 
Africa and India show Ihat there are another 
three species of Micro/arinus whieh cou ld be 
studied, but these may have similar host 
ranges to the species already used in North 
America. The Micro/arinlls species found in 
India included M. angusfll/US which was de
scribed from South Africa (Marshall 192 1), 
bu' was no' found in survey by Kluge (1975), 
and it is possible that a taxonomic study may 
show that some of these species arc identical. 

The two mothS, E. subdiminutella and T. 
compara/is which arc found in India on T. ler
restris, are known from southern Africa (Vari 
and Kroon 1986). However, Kluge (1975) 
only found the related species, T. sube/ilniis 
Zell. on T. le"esfris. These Lepidoptera and 
P. slOlida arc all species which defoliate the 
plant and include ot her 1hbuills species as 
hosts. In contrast to adult Micro/arinlls , the 
adult mot hs are unlikely to have problems 
with host specificity. 

The remaining insect, the seed sucking 
bug, Derop/ax sp., also includes other Trib!l
IllS species as hosts. Since this species can 
survive on dry burrs of T le"estris it is not 
dependent on the presence of live plants 
(Kluge 1975). This could prove '0 be an im
portant attribute for a biological control 
agent given the ephemeral nature of the host 
plan!. 

The insects mentioned so far feed on other 
Triblllils species besides T. terreslris which 
implies Ihalthe approximately 15 nalive Aus
tralian species will also be accepted as hosts. 
Mi.es are oflen highly hos. specific (Com roy 
1978) and i. is likely .hm .he eriophyid, E. 
tribllli, will not present a threat 10 native 
Tribulus species in Austra lia. It was first de
scribed from T. terrestris from Sudan (Keifer 
1974) and is reponed 10 be damaging 10 T. 
terrestris in India (Sankaran and Ramase
shiah 1981) and is unknown from o.her spe
cies. It has nol been reported from South 
Africa, although T. le17eslris docs nOl appear 
to have been examined for eriophyids. Like-

wise, .he obliga.ely pa'hogenie fu ngus, P. 
triblliina, may prove to be host specific, al
though species of this genus have ye t to be 
used as biological control agents. Biological 
cont rol agents such as mites and fungi can be 
highly hos. specific and will damage only 
some forms of a weed. For this reason it is 
desirable to have a good understanding of 
the weed 's taxonomy and origins. 

Sources for agents 
It is unknown whether the various forms of 
T len-eslris in Australia are the same as those 
from southern Africa and other origins for 
the Australian forms are possible, such as 
India or the Mediterranean region. The pres
ence of insects with a close associat ion with T. 
terrestris in southern Africa, in part icular the 
seed feeding species, M. pilosus, which is not 
found elsewhere, shows that the plant is 
probably native to this region. The well devel· 
oped fauna on T. len-estris in India is evi
dence contrary to the view that the plant and 
associa ted species spread to the region in re
cent times (Sankaran and Ramaseshiah 
198 1, Squires 1979), and 'hus India may also 
be a suitable source for biological control 
agents. Correct identification of the target 
plant and origin is critical for a biological con
trol project and this aspect would demand 
priority in any future research. 

Conclusions 
TribuhLs len-eslris in southern Africa has as
sociated with it organisms suitable for consid
eration as biological control agents. Other 
potential biological control agents are known 
from India and surveys are needed elsewhere 
in the distribution of T. le"eSlris to establish 
the full range of potential agents. Among the 
known organisms which should be consid
ered firsl for further assessment and host 
specificity testing arc the mite, E. lribuli, and 
the pathogen, P. tribulina. Next in priority 
should be the moths, E. subdiminlllella , T. 
compara/is and T. solida, followed by Dero· 
plax sp. and the Microlarinus spp. Most of 
the known potential biological control agents 
may prove to be specific to the level of the 
genus Tribulus and consequently may pres
ent a threat to the native Australian Tribulus 
species. An elucidation of the taxonomy of 
Australian Tribuh~s would determine which 
species may be at risk as well as providing a 
better understanding of the origins of T. ler
res/ris. 
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