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Abstract
Neurada procumbens L. (Neuradaceae) is 
a species from arid regions of north Afri-
ca, the Middle East and north west India 
and is here reported for the first time 
as a naturalized weed in arid Australia. 
This distinctive species is apparently 
confined to a small area on the north 
western edge of the Simpson Desert. 
There is presently a very real chance 
of eradicating the species because the 
population is relatively small and readily 
accessible. However, eradication may be 
only a fleeting option as the species has 
a spiny fruit that is readily dispersed 
by animals, humans and vehicles, and 
it appears to be capable of reproducing 
in highly arid sandy situations, of which 
there are vast tracts of suitable habitat in 
arid Australia. 

Introduction
The Simpson-Strzelecki Dunefields biore-
gion is a vast, sandy area spanning arid 
parts of the Northern Territory, South 
Australia and Queensland. Few intro-
duced species have been able to establish 
in this region because of the absence of 
permanent water, paucity of conduits 
(such as roads) to facilitate their arrival 
and spread, and predominance of infertile 
sandy soils. Only 26 introduced species 
have been recorded in the Northern Ter-
ritory portion of the bioregion (Albrecht 
et al. 1997) and the majority of these are 
restricted to the higher rainfall edges of 
the bioregion. New introduced species to 
this extremely arid bioregion are of major 
concern because their establishment and 
persistence is indicative of the weedy po-
tential of these species in the broader arid 
region of Australia.

In June 2000 a prostrate grey herb was 
found growing along track verges be-
tween Andado and Allambi homesteads 
in southern Northern Territory. The plant 
had not previously been collected in the 

Northern Territory, or for that matter in 
Australia. The plant was identified as Neu-
rada procumbens L., a native to the sandy 
desert regions of North Africa, the Middle 
East and North West India.

Description
Prostrate annual herb to c. 1 m diameter 
with a very dense woolly grey indumen-
tum. Leaves alternate, often fasciculate, 
ovate, toothed or pinnatifid, 6–23 mm 
long, 4–17 mm wide; petioles 3–15 mm 
long; stipules linear-subulate, sometimes 
absent from some leaves. Flowers small, 
regular, solitary in the leaf axils; pedicels 
elongating to 15 mm long in fruit. Calyx 5-
lobed, the tube constricted about the ovary 
and bearing appendages that harden to 
spines after flowering, lobes 1.5–3 mm 
long. Petals five, 2–3 mm long, usually 
obovate, white, inserted at constriction 
of calyx. Stamens 10, alternating short 
and long, the longer ones with filaments 
c. 1 mm long, the shorter c. 0.6 mm long, 
inserted at constriction of calyx; anthers  
4-celled, 0.5 mm long. Carpels 10,  
1-ovulate, united in a ring below the 
calyx constriction and the stamens; 
styles one per carpel, free, to 1 mm long, 
eventually hardening, persisting on fruit; 
stigmas capitate, 0.4 mm long. Fruit dry, 
indehiscent, enveloped by the hard, 
spiny calyx, more or less circular with a 
flat underside, 4–7 mm high, 10–20 mm 
diameter; seeds c. 3 mm long, germinat-
ing within fruit which can be found as a 
spiny collar at the base of plants. Common 
names – pata camello, chapari (India); an-
fel, sa’adan (Africa) (Figures 1 and 2). 

Neurada procumbens is a distinctive spe-
cies that looks superficially like a member 
of the Malvaceae. In central Australia 
it could be confused with Tribulus (Zy-
gophyllaceae) because of its prostrate 
habit and spiny fruit. However, Tribulus 
is readily distinguished from Neurada by 

its paripinnate leaves, calyx that is nei-
ther persistent nor spiny, and the 5-celled 
ovary and fruit.

Family placement
Cronquist (1981) places Neurada in the 
Neuradaceae, a family native to deserts 
in Africa, the Middle East and India. Only 
two other small genera, Grielum (six spp.) 
and Neuradopsis (three spp.), are included 
in the Neuradaceae. The family has not 
previously been recorded for Australia.

Authors in the past have treated 
Neuradaceae as closely allied to the 
Rosaceae, differing from it by its distinctive 
gynoecium and its unusual bipolar pollen 
with 3–4 pores at each end. Some authors 
(e.g. Meikle 1966) also accepted a broader 
circumscription of Rosaceae that included 
the Neuradaceae. More recent sugges-
tions are that the Neuradaceae are aber-
rant members of Tiliaceae in the Malvales 
(Huber 1993) and increasingly the affini-
ties of the family are being sought within  
the Malvales (Angiosperm Phylogeny 
Group 1998, Thorne 2000), although even 
here they can be discordant (Jansen et al. 
2000).

As the Flora of Australia project 
has adopted Cronquist’s system of 
classification (Kanis 1981), the treatment 
of N. procumbens for that publication 
will, presumably, be under the family 
Neuradaceae.

Extra-Australian distribution 
Neurada procumbens has a Saharo- 
Arabian phytogeographic distribution 
and is native to North Africa, the Middle 
East and North West India. According to 
Meikle (1966) it occurs in Algeria, Mali, 
Tunisia, Libya, Egypt, NE Sudan, Ethiopia 
(Eritrea), Palestine, Israel, Jordan, possibly 
Syria, Cyprus, Saudi Arabia, Iraq, Kuwait, 
Bahrain, Pakistan (Baluchistan), Afghani-
stan and NW India (Sind, Punjab). It is 
also included in a list of Southern African 
plants (Gibbs Russell et al. 1987) as if na-
tive. N. procumbens has been recorded as 
an invasive species in the Canary Islands 
in Maspalpomas Reserve on Grand 
Canaria (Anon. 2000).

Australian distribution
Neurada procumbens is presently known 
only from the north western edge of 
the Simpson-Strzelecki Dunefields bi-
oregion in the Northern Territory, along 
the Old Andado Road between Allambi 
and Andado homesteads (Figure 3). The 
species is naturalized in this area and 
occurs as a single linear metapopulation 
approximately 13 km long following the 
road alignment. The metapopulation is 
comprised of several discontinuous sub-
populations. Extensive searches for the 
species elsewhere in the bioregion have 
not been undertaken.
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Specimens 
Northern Territory. 22 km due S of Todd 
River Downs, 24°26’10”S 135°11’56”E, 15 
June 2000, D.E.Albrecht 9676 (NT, DNA); 
102 km S of Santa Teresa on the Andado 
Road and 5 km SE of the Arookara Range 
Gate, 24°22’25”S 135°08’01”E, 6 Sept 
2000, P.Horsfall 951 (NT, DNA, MEL, AD, 
CANB); Road to Andado from Allambi, 
24°22’26”S 135°08’02”E, 26 Sept 2000, 
R.A.Kerrigan 300 and D.E Albrecht (NT, 
DNA).

Figure 1. Neurada procumbens (all drawn from P.Horsfall 951) A, habit of 
plant, from above (×2/3); B, plant from below with spiny encircling fruit 
still present (×2/3); C, upper surface and lower leaf surfaces (×2); D, flower 
with enclosing calyx, lateral view and D1, flower from above (×2); E, calyx 
lobe, inner surface (×7); E1, calyx lobe, outer surface (×7); F, petals (×7); 
G, stamens, front and back views (×12); H, style and stigma (×12); I, half 
view of flower showing carpels with included ovules, stamens, styles and 
petal bases (×7); J, mature fruit, from above (×1.5); J1, mature fruit from 
side (×1.5); J2, mature fruit from below (×1.5); J3, cross section of mature 
hardened fruit showing seeds (×1.5); K, seed (×3).
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Possible explanations for occurrence
It is tempting to hypothesize that N. 
procumbens arrived in arid Northern Ter-
ritory via camels, given the fact that it is 
native to the same region from which cam-
els were imported into Australia, and the 
long history of camels in central Australia. 
Camels are known to disperse the fruit of 
N. procumbens and the introduction of the 
species to the Canary Islands is apparently 
due to the movement of camels and camel-
leers (Anon. 2000). 

Coincidentally, the first camels intro-
duced to Australia were also from the 
Canary Islands (McKnight 1969). The 
introduction of N. procumbens to Australia 
via camels seems unlikely however con-
sidering the following points. The last im-
portation of camels from overseas was in 
1907 (P. Siedel personal communication), 
therefore if fruit arrived via camels from 
overseas the population would have to be 
over 94 years old. The infestation is unlike-
ly to be this old considering the relatively 
small area that it occupies and the fact that 
biological surveys in the vicinity approxi-
mately 15 years ago failed to record or 
collect the species (P. Latz personal com-
munication). If the conditions were dry at 
the time of the survey it may have been 
overlooked. However, if conditions were 
suitable for growth, the plants would have 
been obvious because of their distinctive 
appearance and the occurrence along the 
main vehicular track through the area. 
Although introduction via camels seems 
unlikely, we need a better understanding 
of the long term viability of the fruits and 
the behaviour of plants before this can be 
totally ruled out. It is possible that a small 
population could persist as soil-stored 
fruit during prolonged dry periods with-
out being noticed. 

If camels are ruled out, the most likely 
explanation is introduction via overseas 
visitors (e.g. tourists, film crews). Fruits 
could adhere to sleeping bags, socks, 
clothing etc. and it is possible that cloth-
ing or camping equipment used in Africa/
India may have dropped fruit when used 
here. The fact that the known population 
is more or less restricted to the side of a 
vehicular track may indicate transporta-
tion by overseas visitors/vehicles. 

Figure 2. Neurada procumbens.
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Habitat
Throughout its native range, N. procum-
bens occurs exclusively on sandy soils in 
desert regions. It grows in coastal and 
inland locations. For example in Israel it is 
common in sandy soils along the seashore 
but also occurs throughout the Negev 
Desert, as well as in the Dead Sea Valley 
(Zohary 1972, Y. Gutterman personal com-
munication). In the India desert region it 
is reported as a common plant on sand 
dunes (Bhandari 1990) and is known to 
inhabit wadis where moisture is more 
readily available and fruit may settle after 
dispersal. 

The population in the Northern Terri-
tory is also located in a very arid area. The 
closest rainfall recording sites are Allambi 
(c. 40 km to the north west) with a mean 
annual rainfall of 277 mm and Finke (c. 110 
km to the south east) with a mean annual 
rainfall of 189 mm (Northern Territory Bu-
reau of Meteorology personal communica-
tion). The mean annual rainfall at the site 
is likely to be somewhere between these 
two extremes.

The population extends over sev-
eral landform types including sand 
plain, dune and sandy dune swales. To 
date plants have not been found in clay-
rich dune swales. The sand plain and 
sandy dune swales support a very open 
woodland with scattered trees of Acacia 
estrophiolata and A. murrayana over a 
grassy understorey dominated by Aristida 
holathera, A. contorta, Enneapogon avenaceus 
and Triraphis mollis. Dunes are dominated 
by Zygochloa paradoxa, Aristida holathera, 
Portulaca intraterranea and Tribulus hystrix.

Most plants occur on the sandy win-
drow fringing the Old Andado track, 
with some plants growing on the track. 
Very few plants to date have been found 
on dunes, however we interpret this as a 
function of time rather than habitat prefer-
ence. Satellite imagery shows that much of 
the area occupied by the species is an old 
floodout of the Todd River and is probably 
more fertile than the Triodia basedowii-
dominated redder sands in the core of the 
Simpson Desert further to the east. 

Phenology, seedbanks and 
germination
Like many short-lived arid zone species, 
N. procumbens has the capacity to flower 
and fruit throughout the year given suf-
ficient soil moisture. 

In good seasons each mature plant can 
produce in excess of 250 fruits. The number 
of soil-stored fruit was estimated in a par-
ticularly dense patch of dead plants, with 
a resulting total of 2145 fruit per square 
metre. Most fruits were positioned on the 
soil surface, though a significant percent-
age was partially or fully buried. 

Seed germination only occurs follow-
ing significant rainfall events (probably 
in excess of 25 mm). Population size is  
dynamic and the number of plants present 
at the site at any point in time is to a large 
degree a function of rainfall history. Many 
thousands of plants may be present dur-
ing favourable conditions, but during 
prolonged dry periods the species would 
only exist at the site as soil stored fruit. 
Germination has been observed in the hot 
months of the year (December-February), 

though it would appear that the species 
also germinates during cooler periods as 
evidenced by mixed age plants present 
at the site in January 2002 (following the 
exceptional rainfall year of 2001). 

Each fruit contains up to 10 seeds that 
remain enclosed. It shares with the Aus-
tralian endemic species, Sida platycalyx 
(Malvaceae), the unusual character of seed 
germination occurring within the fruit. In 
both cases the fruit is retained as a spiny 
circular collar at the base of the stem. In 
N. procumbens, different seeds within the 
fruit have different periods of dormancy 
and germinate with different rainfall 
events (Y. Gutterman personal communi-
cation). Usually one seed from each fruit 
germinates in one year, but several fruits 
were found in January 2002 with two or 
three germinating seeds. Seed germina-
tion was observed in fruits that were fully 
buried in the soil matrix and lying on the 
soil surface. Some seedlings were found 
beneath the dense leafy mat of mature 
plants. Seedlings send down a deep nar-
row taproot, which later may produce 
lateral branches. Once the root system is 
well established plants appear to be able 
to withstand very hot dry conditions. 
Despite the exceptional rains in late 2001, 
few seedlings were observed in Janu-
ary 2002 relative to the overall seed load 
present. Seedlings appeared to be more 
prevalent in disturbed positions. Further 
study is required to fully understand the 
complexities of seed germination and seed 
longevity in this species.

Palatability
Throughout its native range the species is 
sought as fodder. From comments on her-
barium collections, Meikle (l.c.) records 
it as being ‘much sought by camels’ and 
‘eaten by man and beast’. 

‘All animals graze on it freely – in the 
sandy places of the Southern Desert it 
provides food for camels, sheep and goats 
– and when young and fresh, it is also pal-
atable to man. Dickson … records that the 
young fruits are eaten by the children of 
Kuwait.’ (Meikle l.c.).

‘Several wild plant species are edible. 
The N. procumbens, a tiny annual that be-
longs to the Rose family, is especially pop-
ular both with camels and their Bedouin 
masters. While the flower is small, its 
rather large seed cases are the source of a 
sweet juice prized by man and beast alike.’ 
(Anon., Saudi Embassy 1998).

Although camels and cattle are present 
in the vicinity of the Australian infestation 
no obvious signs of these animals grazing 
Neurada have been observed. 

Dispersal 
Neurada procumbens has spiny dispersal 
units (hereafter called fruits) that are 
readily dispersed by animals, humans and 

Figure 3. Distribution of Neurada procumbens (T) in Australia. The shaded 
area is the Simpson-Strzelecki Dunefields bioregion.
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vehicles. The fruits have been recorded as 
sticking to camel’s feet (Meikle l.c.). Pre-
sumably the fruits could also stick to cat-
tle feet. Camels, cattle and rabbits occur in 
the vicinity and their tracks have been ob-
served amongst plants. These animals are 
likely to disperse the fruit some distance 
from the existing population and camels 
particularly are likely to be the main vec-
tors for the spread of the species into areas 
distant from vehicle tracks. The fruits have 
also been found in the wool of sheep (Jaffri 
1977) and although sheep are absent from 
the area it indicates that the fruit can be 
dispersed on the coat of some animals. 
Fruits adhere to footwear, clothing and 
bedding. Fruit also adhere to car tyres (Y. 
Gutterman personal communication) and 
as plants and fruit occur on the track there 
is a strong possibility of vehicles dispers-
ing the fruits many kilometres from the 
site. Road grading may have contributed 
to the spread of the fruit along the Old An-
dado Road, although fruit have also been 
seen travelling down the road by rolling 
on their edge in strong winds.

Potential distribution in Australia
Several factors suggest that N. procumbens 
has the potential to spread widely through 
the sandy desert regions of central Aus-
tralia. These include its occurrence in arid 
environments outside Australia, its pref-
erence for sandy soils (including dunes) 
that are extensive in arid Australia, and its 
proven ability to survive in one of the most 
arid regions of Australia. 

Predictions may well be made 
concerning the potential spread of N. 
procumbens in Australia by employing 
some of the software packages available 
for this purpose (e.g. ‘BIOCLIM’, 
‘CLIMEX’ or ‘CLIMATE’). However 
this was beyond the scope of this paper, 
which is primarily to alert the community 
to its presence, before it is too late to do 
anything about it. 

Ecological impact
Being an annual species, N. procumbens 
only competes with native species when 
conditions are favourable for its germina-
tion and growth. Its competitive impact is 
likely to be density-dependent. Only in 
dense infestations is it likely to have some 
impact on the germination and growth of 
native species. In addition to the potential 
ecological impact, the spiny dispersal 
units are likely to be a nuisance because 
of their propensity to adhere to animals, 
humans and vehicles.

Management actions
N. procumbens was initially found in mid 
2000 and after its positive identification a 
number of actions were taken as dictated 
by the ‘Protocol for managing an outbreak 
of an exotic weed in the Northern Territory’ 

(Anon 2001). To minimize further spread 
a moratorium on grading this section of 
road was negotiated with the Northern 
Territory Department of Transport and 
Works, while initial investigations con-
tinued. The Principal Weed Scientist was 
informed of the occurrence of the species, 
and subsequently the Director of Resource 
Management was informed. As this is the 
first known occurrence in Australia, the 
National Weeds Committee has been 
informed. Further documentation of the 
species may be required to enable the 
Consultative Committee on Exotic Plant 
Incursions to determine if a nationally 
coordinated response is warranted.

Very little is known about the control 
of this species. However it is anticipated 
that control must continue for at least five 
germination events and longer if it ap-
pears some seeds have remained dormant. 
Further studies on the distribution of the 
species will greatly assist in determining 
whether the species can be managed with 
a view to eradication. 

Work is presently focused on prevent-
ing the spread of the species, testing 
knockdown herbicides and investigating 
methods to reduce the seedbank. Initial 
tests have shown good control results from 
both glyphosate and 2,4,D applications. 
Given the high probability of vehicles 
and/or animals dispersing the fruits from 
the known population it is imperative that 
on-ground work is continued as a matter 
of urgency or the potential for eradicating 
the species from Australia will be lost.
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