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Name
Botanical name
The generic name Ziziphus is derived from
‘zizouf’ (Pareek 1983) or ‘ziziphon’ (Par-
sons and Cuthbertson 1992), the Arabic
and Greek names respectively of the tree
Z. lotus or the fruit thereof. An alternative,
though not original, spelling of the generic
name is Zizyphus. The specific name
‘mauritiana’ derives from the island of
Mauritius where the species was perhaps
first formally collected.

Common name
In Australia, Ziziphus mauritiana Lam. is
commonly referred to as chinee apple
(Anderson 1993), presumably after its ap-
parent association with early Chinese set-
tlers. Internationally, it is probably better
known as Indian jujube or by its
Baluchistani (Indian) name ber (Pareek
1983). Under a taxonomic arrangement
that equates Z. mauritiana to Z. jujuba Lam.
non Mill., the common names Chinese ju-
jube, Chinese ber or Chinese date could
also be applied (Walker et al. 1990, Parsons
and Cuthbertson 1992). The wide geo-
graphic area over which the plant either
occurs naturally, is under cultivation or
has naturalized, means that many lan-
guages other than English have their own
common names for Z. mauritiana (Pareek
1983).

Taxonomy
The genus Ziziphus Mill. belongs to the
family Rhamnaceae which contains about
50 genera and some 900 species (Watson
and Dallwitz 1995). Ziziphus consists of
about 170 species (Liu and Cheng 1995),
most of which are native to tropical and
subtropical regions of Africa, Eurasia,
Australia and the Americas. Liu and
Cheng (1995) identified two sections.
Members of Section Ziziphus are distin-
guished by their glabrous leaves and
shoots, their deciduous fruiting branch-
lets, and are found mainly in temperate
regions. Members of Section Perdurans
have pilose leaves and shoots, persistent
fruiting branchlets and occur mostly in the

tropics and subtropics. This Section was
further sub-divided into two series
Cymosiflorae and Thyrsiflorae on the basis
of the type of inflorescence and the char-
acteristics of the endocarp. Ziziphus
mauritiana was included in the series
Cymosiflorae. The classification of Liu and
Cheng (1995) is apparently similar to that
of Schirarend (1991), who divided the ge-
nus into three distinct groups of species on
anatomical and biogeographical grounds.

Three members of the genus Ziziphus
are currently found in Australia. Ziziphus
quadrilocularis F.Muell. and Z. oenopolia
Mill. (sometimes spelled Z. oenoplia, e.g.
Brock 1993) are native to Australia. The
former is endemic, occurring only in the
Northern Territory and the Kimberley Re-
gion of Western Australia (Wheeler et al.
1992) while the latter is found in Queens-
land and the Top End of the Northern Ter-
ritory (Forster 1991, Brock 1993) as well as
in India, Sri Lanka and tropical Asia
(Pareek 1983). Ziziphus mauritiana Lam.

is not native to Australia. The Index
Kewensis assigns Z. mauritiana and Z.
jujuba to the same species but Chatterjee
and Randhawa (1952) hold that the two
are distinct. There is also disagreement
regarding the taxonomic affinities of
the many domesticated varieties of the
Z. mauritiana–Z. jujuba complex (Pareek
1983).

Description
The following description of Z. mauritiana
in Australia was compiled from Pareek
(1983), Anderson (1993), Parsons and
Cuthbertson (1992) and personal observa-
tions.

General description
Ziziphus mauritiana grows as a shrub or
small tree 6–8 m tall, with a canopy up to
10 m in diameter. Large plants tend to
have only a few or a single main stem and
are densely branched, with the outer ends
of the branches often reaching down to the
ground (Figure 1). Smaller plants are gen-
erally shrubbier (Figure 2). Branches are
zig-zagged with a leaf and thorn at each
angle. The thorns are generally curved
and usually between 0.5 and 2 cm long.
The bark on older and larger trunks and
branches is generally rough, dark, and
somewhat furrowed while the bark on
young stems is often greenish, quite
smooth but covered with fine, short hairs.
The leaves are alternate, oval to round,
glossy green above, and pale beneath with
a covering of fine white to rusty hairs.
Flowers are arranged in cymes borne in
the axils of the leaves (Vashishtha and
Pareek 1979). Individual flowers are small
(5–8 mm in diameter) and whitish to pale
yellow. Each consists of five triangular
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Figure 1. Large established Ziziphus mauritiana have spreading canopies
and usually one to three main stems.
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sepals and five membranous petals, en-
closing five stamens and a two- or three-
celled ovary with a short style that termi-
nates in two or three stigmas. The ovary
develops into a sub-globular drupaceous
fruit with a single stone that contains usu-
ally one, sometimes two or three seeds.
When mature, the fruit is 2–5 cm in diam-
eter and yellow or reddish (Figure 3). The

flesh of the fruit is pale coloured and pal-
atable. Individual seeds of Z. mauritiana
are oval-shaped, approximately 8 mm
long and weigh 46.9 ± 2.0 mg (mean ± s.e,
n = 50) (Grice 1996, Figure 3).

Distinguishing Australian Ziziphus taxa
The three species of Ziziphus that are
found in Australia can be readily distin-

guished from one another.
Ziziphus oenopolia has leaves
that are green on both upper
and lower surfaces and its fruit
is a 2-celled drupe of about 10
mm diameter that is black
when ripe. It is a straggly shrub
that grows to a maximum
height of 3 m (Brock 1993).
Ziziphus mauritiana and Z. quad-
rilocularis have leaves that are
white or rusty on the lower sur-
face. The former produces a
2-celled drupe that is yellow to
reddish when ripe and 20–50
mm diameter. The fruit of Z.
quadrilocularis is 4-celled, red,
purple or black when ripe and
10–18 mm in diameter. It grows
as a shrub or tree up to 12 m
high in coastal vegetation and
monsoon vine thicket (Bentham
1863, Wheeler et al. 1992). All
three species have stipular
spines though those of Z. quad-
rilocularis tend to be less persist-
ent than those of the other two.

Distinguishing Ziziphus from
other taxa
Ziziphus mauritiana is readily
distinguished from species
with which it occurs in Aus-
tralia, including other thorny,
invasive shrubs of northern
Australia such as Prosopis spp.
(mesquite), Acacia nilotica (L.)
Willd. ex Delile (prickly acacia),
A. farnesiana (L.) Willd. (mi-
mosa bush) and Parkinsonia
aculeata L. (parkinsonia). Al-
though each of these species
also has thorns, their leaves are
divided. They also have inflo-
rescences characteristic of their
respective families, with either
globular heads (Acacia spp.),
cylindrical spikes (Prosopis
spp.) or large, bright yellow in-
dividual flowers (P. aculeata)
and pod-type fruits. The wide-
spread, native Petalostigma
pubescens Domin. (quinine
tree), whose range overlaps
that of Z. mauritiana, bears a su-
perficial resemblance to it, hav-
ing glossy, round leaves, small
cream-coloured flowers and
globular, orange fruits, but it
lacks thorns.

History
Ziziphus spp., variously referred to Z.
mauritiana or Z. jujuba, have long been val-
ued because they produce nutritious fruits
under arid and semi-arid conditions. The
species has been under cultivation in
China and India for perhaps 4000 years
and it has been domesticated to the point
where several hundred varieties have
been developed (Pareek 1983). In its ca-
pacity as a horticultural plant it has been
spread widely around the world, most
notably in tropical, sub-tropical and semi-
arid Asia and northern Africa. The history
of this early spread has not been docu-
mented.

Ziziphus mauritiana has been present in
the Australian region since the mid-1800s.
A specimen tree was being grown in a
North Adelaide garden in 1842 (Parsons
and Cuthbertson 1992) but it was not re-
ported from northern Australia until 1863,
when it was recorded on islands in the
Torres Strait. The first herbarium speci-
mens from Australia were collected in the
Townsville region in 1916 (Parsons and
Cuthbertson 1992). It was probably intro-
duced to northern Australia because of its
horticultural values under semi-arid and
wet-dry tropical conditions. Many of the
locations where the plant currently occurs
were early mining settlements in northern
Queensland. The common name chinee
apple probably derives from its associa-
tion with Chinese gold diggers. There is
little or no information available on the
geographical origin of the Z. mauritiana
that became naturalized in Australia, or
on the history of infestations in different
areas. An early attempt was made to grow
the species commercially near Kununurra
(Noel Wilson, Agriculture WA, Kunun-
urra, personal communication) and, more
recently, Z. jujuba was advocated as hav-
ing potential for cultivation in semi-arid
regions of Australia (Walker et al. 1990).

Distribution
Native
The long history of human exploitation
and cultivation of Z. mauritiana means that
there is some doubt as to the details of the
native range of this species. Hooker (1875)
records that Z. jujuba occurs wild and is
‘extensively cultivated… …throughout
India to Ceylon [Sri Lanka]’. Pareek (1983)
reported that the native range of Z. jujuba
was in ‘Burma and British India’. Ander-
son (1993) states that Z. mauritiana is na-
tive to southern Asia and eastern Africa.
Parsons and Cuthbertson (1993) describe
the species as being a native of ‘eastern
Africa, the Indian Ocean islands and
southern Asia’ and state that it ‘occurs
naturally… throughout the Indian sub-
continent and Sri Lanka… through Burma
[Myanmar] into China’.

Figure 3. The seeds (bottom) of Ziziphus
mauritiana are protected by a woody endocarp
(centre) inside a fleshy fruit (top) that
promotes dispersal by animals.

Figure 2. Smaller established Ziziphus
mauritiana are usually erect, multi-stemmed
shrubs.
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Introduced – worldwide
Ziziphus mauritiana has been dispersed
very widely as a result of its use for horti-
culture. Pareek (1983) reported that it is or
was cultivated in Afganistan, Iran, Syria,
Burma [Myanmar], Australia, the USA,
Italy, France, Spain, Portugal and north
Africa. Many or all of the populations of
Z. mauritiana in east Africa (Zimbabwe,
Mosambique) (Exell et al. 1966) and tropi-
cal west Africa (Senegal, Sudan, Guinea,
Cote d’Ivoire, Niger, Nigeria) (Hutchin-
son and Dalziel 1958, Evrard 1960) are
possibly introduced. The species was in-
troduced to the Philippines (Merrill 1912)
and parts of the Caribbean region (Neth-
erlands Antilles) (Boldingh 1913).

Introduced – Australia
There are numerous infestations of Z.
mauritiana across northern Australia (Fig-
ure 4). It is most common and widespread
in north Queensland, where infestations
are scattered across about 150 000 ha (Dale
1981). Many of these are of low density. In
1977 the species was reported as present
in seven of the 15 pastoral districts of
Queensland (Burke, Cook, Leichhardt,
Mitchell, North Kennedy, Port Curtis,
Wide Bay) (Kleinschmidt and Johnson
1977), but mostly as widely scattered
populations. This was portrayed in a 1988
distribution map, highlighting the fact
that most infestations are in the vicinity of
towns that developed with mining in the
early 1900s (James 1995). These towns in-
clude Chilligoe, Mungana, Croydon,
Forsayth, Ewan, Woolgar, Mt. Surprise,
Ravenswood, Cloncurry, Longreach,
Bowen and Rockhampton. The species is
especially prevalent in the Townsville-
Charters Towers district. A similar pattern
of occurrence is found in the Northern
Territory, with infestations around Alice
Springs and Darwin, in the upper part of
the Daly River catchment near Katherine,
in the Roper River catchment and at nu-
merous other locations in the Top End.
Some of these infestations consist of only a
few scattered plants (Parsons and
Cuthbertson 1992; Andrew O’Farrell,
NTDPIF, Alice Springs, personal commu-
nication). The species also occurs in the
vicinity of various townships in the north
of Western Australia, including Broome,
Derby, Kununurra and various Aborigi-
nal communities in the Kimberley region
(Noel Wilson, Agriculture WA, Kunun-
urra, personal communication).

The current broad spread of Z. maurit-
iana across northern Australia suggests
that the species is capable of greatly ex-
panding its range. Bioclimatic analysis us-
ing CLIMEX (Peter Mackey, Queensland
Department of Natural Resources, Bris-
bane, personal communication) indicates
the species could expand its range to in-
clude a large proportion of the wet-dry
tropics and semi-arid areas of northern

Figure 4. Ziziphus mauritiana is presently distributed in widely scattered
infestations across northern Australia. After Parsons and Cuthbertson
(1992), Thorp and Lynch (2000), Wilson, O’Farrell and Horrocks (personal
communication).

Figure 5. Potential distribution of Ziziphus mauritiana in Australia as
determined using the program CLIMEX (Mackey, QDNR, personal
communication). The Ecoclimatic Index (EI) indicates climatic suitability.
EI > 50 indicates a climate that is very favourable for long-term survival.

Australia. The model predicts a zone of
high potential abundance covering much
of eastern Queensland. Areas of lower
habitat suitability are predicted to cover
the northern half of the Northern Terri-
tory and the Kimberley coast of Western
Australia (Figure 5). An independent pre-
diction of the potential distribution of Z.
mauritiana, developed using the climate-
modelling program CLIMATE (Thorp and
Lynch 2000), yielded a broadly similar
pattern. However, it suggested that there
was a lower probability of the species be-
coming a problem in the Top End of the
Northern Territory and the northern Cape

York Peninsula, but a higher probability
of infestations developing in north-west-
ern South Australia (Thorp and Lynch
2000). Both predictions of potential distri-
bution should be interpreted with some
caution.

Habitat
Ziziphus mauritiana is widely spread
across the sub-humid and semi-arid tropi-
cal and sub-tropical regions of Australia.
Average annual rainfall of this broad zone
ranges from 470–1200 mm (James 1995).
The species grows on a very wide variety
of soil types including cracking clays,
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solodic soils and deep alluvials (James
1995). Especially in the drier parts of its
range, Z. mauritiana grows best in wetter
parts of the landscape, including riparian
zones. Ziziphus mauritiana frequently oc-
curs where the soil and/or vegetation has
been severely disturbed, for example, by
mining, heavy grazing, tree clearing and
road construction. However, the mecha-
nisms underlying these associations have
not been elucidated so it is not possible to
readily discern the roles of habitat factors,
exogenous disturbance and the history of
introduction, naturalization and invasion
(Grice et al. 2001).

Growth and development
Much of the literature on Z. mauritiana re-
lates to its cultivation as a horticultural
species rather than to its behaviour as a
wild plant. This literature frequently re-
fers to specific cultivars. Pareek (1983) lists
at least 65 cultivars that are grown in In-
dia. By contrast, there has been relatively
little research on the species as a weed.

Morphology
Toky and Bisht (1993) reported that the
above- and below-ground biomasses of
6-year-old Z. mauritiana were approxi-
mately 8.5 and 2.5 kg respectively, yield-
ing a root:shoot ratio of approximately 0.3.
However, these were plantation trees that
had been irrigated in their first year and
the technique of manually excavating
roots from the soil probably overlooked
many of the finer roots and so probably
under-estimated the root:shoot ratio.

In a pot experiment in which neither
water nor soil nutrients were limiting,
90 day-old seedlings of Z. mauritiana had
shoots over 30 cm high, tap roots over 70
cm long and total plant dry weights of 4–5
g (Sellers 1996). By the time these plants
were 30 days old, they were able to sprout
following decapitation above the cotyl-
edonary node (Sellers 1996). Seedlings
growing under field conditions typically
exhibit much slower growth rates.

Throughout the life of the plant, the
species is characterized by a marked ca-
pacity to sprout following damage to the
shoot, even if that damage involves com-
plete removal of the shoot (Grice et al.
1999). The zone from which sprouting oc-
curs extends to about 20 cm below the soil
surface.

Perennation
Ziziphus mauritiana is a long-lived species.
Individual plants can live for at least
several decades although there are no ac-
tual measurements of age. Where infesta-
tions have not been controlled mechani-
cally or chemically, stands contain very
few large standing dead individuals, even
where many large mature individuals are
present. This suggests that many current
infestations probably have not existed for

longer than the potential life span of the
plant. Growth data from Lansdown Re-
search Station (near Townsville, Queens-
land) suggest that it would take approxi-
mately 20 years for a plant to reach a
height of 350–400 cm, though considerable
variation around this value can be ex-
pected as plants will no doubt grow faster
or slower depending on seasonal condi-
tions and their position in the landscape
(Grice unpublished, Figure 6).

Physiology
The capacity of Z. mauritiana to sprout fol-
lowing complete removal of the shoot sug-
gests that the species maintains substan-
tial stores of non-structural carbohydrates
in the root system, but these have not been
quantified. It is also recognized as being
salt-tolerant to the point where it has been
identified as having potential for the rec-
lamation of saline soils (Pareek 1983). Re-
search in Zimbabwe indicated that, al-
though the species exhibits a capacity for
osmotic adjustment to low levels of soil
moisture, it often avoids drought stress by
accessing water deep in the soil profile
(Arndt et al. 2000).

Various medicinal benefits have been
attributed to preparations derived from
the leaves, roots, bark or fruits of Ziziphus
spp. but there has been no systematic
analysis of their biochemical basis (Pareek
1983). A pentacyclic triterpenoid, zizy-
beranalic acid, has been isolated from the
bark and roots of Z. jujuba (Kundu et al.
1989). Five peptide alkaloids, including
frangulanine and adouétine, and the
benzylisoquinoline alkaloid, coclaurine,
have been isolated from the bark of the

roots (Otsuka et al. 1974). The seeds of Z.
jujuba contain the saponins, jujuboside A
and jujuboside B (Kawai et al. 1974).

Phenology
Ziziphus mauritiana exhibits a distinct an-
nual phenological cycle that is linked to
the wet-dry climate cycle of its northern
Australian range. In the Townsville re-
gion, the plant begins to produce new foli-
age in the latter months of the dry season
(September–October) though the timing of
leaf initiation is somewhat variable, with
early rains promoting growth. Flowering
begins in January or February, fruit begins
to develop in large numbers in March, and
ripening occurs between May and June.
Seed dispersal takes place between July
and September. Leaf fall begins in the
early part of the dry season so that, from
May until September, most plants have
few leaves and those that are retained are
generally senescent (Figure 7). This gen-
eral pattern may vary slightly, both geo-
graphically across northern Australia and
from year to year (Grice 1998). In northern
India, leaf fall takes place toward the end
of the dry season (between April and
June), new leaves are initiated with the
advent of the monsoon (July), and fruits
mature in February-April. The timing of
leaf production, leaf senescence and fruit
maturity vary across the Indian sub-conti-
nent, with earlier fruit set where winters
are shorter and milder (Pareek 1983). The
specific triggers for these phenological
events have not been examined in Aus-
tralia but Pareek (1983) argues that the
timing of growth, flowering and fruit ma-
turity are largely temperature dependent.
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Figure 6. Relationships between the age and height of Ziziphus mauritiana
are based on measurements of height increments over a four-year period of
plants growing at Lansdown Research Station. Linear relationships for each
of three height classes were linked by interpolation. Height classes were:
■■■■■ height <1 m; ¡ 1 m < height <2 m; ▲▲▲▲▲ height >2 m (Grice unpublished).
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Reproduction
Floral biology
The time required to reach reproductive
maturity will vary depending on the envi-
ronment in which the plant is growing.
The relationship between plant size and
reproductive maturity is such that plants
less than one metre high are unlikely to
flower or set seed (Grice 1996). Growth
data from Lansdown Research Station
suggest that it would typically take plants
9 years to reach this size, though this esti-
mate is based on the assumption that
growth rates recorded for plants up 100
cm high are valid from the time seedlings
emerge from the soil (Figure 6, Grice un-
published).

Insects are the main pollinators of flow-
ers of Z. mauritiana. The stamens are at-
tached to a nectar-producing disk and
the pollen itself is sticky. Flowering Z.
mauritiana attract a high level of insect ac-
tivity (Diptera, Coleoptera, Lepidoptera
and Hymenoptera) (Pareek 1983). Large
shrubs can produce many thousands of
flowers in a single season. Individual
flowers are short-lived and many appear
not to be pollinated (Vashishtha and
Pareek 1979).

Seed production
The number of seeds produced per plant
increases with increasing plant size.
Plants between 1 and 2 m high were re-
ported to produce on average less than
five fruits per season whereas plants over
2 m high averaged over 80 fruits per sea-
son (Grice 1996). Individual large plants
may produce 5000 or more fruits in a sin-
gle season (Grice 1998). At one site, where
plants over 300 cm high made up less than
4% of the total population, it was esti-

mated that this height class produced 60–
90% of fruits (Grice 1998). Most fruits con-
tain a single seed.

Seed dispersal
On a global scale, humans have been a
major dispersal agent of Z. mauritiana,
transporting seeds to many parts of the
world for commercial or casual horticul-
ture. Likewise, within Australia, humans
have played an important role in spread-
ing this species, either directly or indi-
rectly. At a national scale, direct human
dispersal has probably played a key role
in the establishment of most infestations
that exist today, with naturalization oc-
curring locally from plants sown for
casual horticulture.

On the other hand, local dispersal has
been facilitated by the fact that the fleshy
fruits of Z. mauritiana are consumed by a
variety of animals and the seed is pro-
tected by the woody endocarp. Because
the fruits and the woody endocarp that it
contains are relatively large, some smaller
animals are probably not important dis-
persal agents. This is true of birds that con-
sume the flesh but either do not remove
the fruit from the parent tree or simply
drop it beneath the canopy. Species that
have been observed to feed in this way in-
clude pale-headed rosellas (Platycercus
adscitus Latham) and red-winged parrots
(Aprosmictus erythropterus Gmelin) (Grice,
personal observation). Pied currawongs
(Strepera graculina Shaw) and channel-
billed cuckoos (Scythrops novaehollandiae
Latham) are relatively large birds that oc-
cur within the current range of Z.
mauritiana and may play a role in its dis-
persal. Intact endocarps containing viable
seeds have been removed from the drop-

pings of Australian bustards (Ardeotis
australis J.E.Gray) (Grice, personal obser-
vation). This species is capable of moving
long distances across areas that provide
potential habitat for Z. mauritiana (March-
ant and Higgins 1993). Emus (Dromaeus
novae-hollandiae Latham) can also be con-
sidered as potential dispersers of Z.
mauritiana, being capable of swallowing
the fruit whole and passing the endocarps
intact (Noble 1975).

In Australia, domestic, feral and native
mammals play a major role in dispersing
seeds of Z. mauritiana. In the Townsville
(north east Queensland) region, intact
endocarps containing viable seeds have
been collected from the dung of domestic
cattle, feral pigs and the native agile wal-
laby (Macropus agilis J.E.Gray). Cattle dis-
perse very large numbers of seeds. Indi-
vidual dung pats collected during the
fruiting season from Lansdown Research
Station, contained up to 240 intact endo-
carps with an average of 17 endocarps per
dung pat. This means that cattle could po-
tentially disperse very large numbers of
viable seeds across any paddock that con-
tains a seed source. New infestations
could develop when herds of cattle carry-
ing large numbers of seeds are moved to
paddocks that were formerly free of Z.
mauritiana. Furthermore, large numbers of
cattle are often transported long distances
and animals carrying seed could thereby
initiate new infestations many hundreds
of kilometres from a seed source (Grice
1998). Cattle are likely to be the most im-
portant dispersal agent wherever they are
present.

Feral pigs harvest fruits either from the
ground or from low hanging branches.
Significant numbers of intact endocarps
can be found in their droppings (Grice
1998). Feral pigs can disperse seeds across
cattle-proof fences. While feral pigs tend
to remain within home ranges, these may
extend over more than 30 km2 (Caley 1997,
Saunders and McLeod 1999) and some
animals do occasionally move several tens
of kilometres (Saunders and Bryant
(1988).

Physiology of seeds and germination
The woody endocarp imposes dormancy
on the seed that it encloses. Less than
5% of fresh seeds that remain enclosed
within the endocarp will germinate if the
fruit has not been consumed by an animal.
For seeds from which the endocarp had
been removed, germination percentages
increased to 56% (Grice 1996). However,
seeds from fruits that had been consumed
by cattle or pigs yielded germination
percentages around 70–90% even when
they remained within the endocarp (Grice
1996). Removal of the endocarp from
fruits that had been consumed by walla-
bies resulted in increases in germination
from 7 to 46% (Grice 1996), implying that
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ingestion by wallabies does not greatly in-
fluence germinability.

Soil stored seed has lower germin-
ability than fresh seed and buried seed has
lower germinability than surface stored
seed (Grice 1996). Germination percent-
ages of surface stored seed was 31% after
6 months, and 20% after 12 months. Bur-
ied seeds had germination of 7% after both
6 and 12 months (Grice 1996).

Seedling establishment
In spite of the species’ adaptations for ani-
mal-aided dispersal, a large proportion of
seeds remain close to the parent plant.
This is indicated by the distribution of
freshly fallen fruits relative to the loca-
tions of large fruit-producing plants. At
the time of fruit fall, there was an average
of 158 (s.d. = 134) fruits m-2 on the soil sur-
face beneath the canopies of large plants
(height between 230 and 450 cm) but only
7 (s.d. = 5) m-2 in a one metre wide zone
just outside the drip line. At greater dis-
tances from the drip line there were fewer
than 0.05 fruits m-2 (Grice 1996). Similar
patterns were documented for juvenile
(height <1 m) plants. They were found at
average densities of 0.45 m-2 beneath the
canopies of large trees, compared with
<0.03 m-2 at distances more than 2 m from
the drip line (Grice 1996).

The large size of the endocarp that en-
closes the seeds of Z. mauritiana suggests
that most seeds are likely to remain close
to the soil surface until they either germi-
nate or die and decompose. At Lansdown
Research Station, emergence has been ob-
served following typical wet season rains
in January and February. These timings
suggest that germination can occur when-
ever soil moisture levels are adequate but
the strongly summer-dominant rainfall of
northern Australia will dictate that most
germination takes place between Decem-
ber and March (Grice 1998). Four cohorts
that were monitored at Lansdown Re-
search Station emerged in February 1995,
January 1996, February 1997 and January
1998 (Grice unpublished data)

Seedlings suffer high mortality rates
over their first dry season following emer-
gence (Grice, 1998). All of the more than
500 seedlings monitored in the February
1995 and January 1996 cohorts mentioned
above died within 400 days of emergence
and less than 5% survived for more than
150 days. These seedlings experienced
poor wet seasons in 1995-1996 and 1996-
1997. By contrast, 1.2% of the January 1998
cohort survived for over 1000 days, and
2.5% of the February 1997 cohort survived
for at least 1400 days (Figure 8, Grice un-
published data).

Population dynamics
An understanding of the population dy-
namics of naturalized populations of Z.
mauritiana in Australia must be pieced

together from information that is available
on the history of its invasion, the growth
and mortality rates of established plants
and patterns of seedling survival. The to-
tal area currently occupied by Z. maurit-
iana in Australia is surprisingly small
(probably less than 200 000 ha; Dale 1981;
Noel Wilson, AGWEST, Kununurra, per-
sonal communication; Andrew O’Farrell,
NTDPIF, Alice Springs, personal commu-
nication) given the fact that the species has
been present in northern continental Aus-
tralia at least since the early twentieth cen-
tury. In comparison, rubber vine (Crypto-
stegia grandiflora (Roxb.) R.Br.), which has
been in Australia for approximately the
same period of time, was estimated to be
broadly distributed across 350 000 km-2

(Humphries et al. 1991) and to heavily in-
fest about 700 000 ha (Tomley 1995). Simi-
larly, prickly acacia (Acacia nilotica), which
was introduced to Australia in the 1890s
and actively promoted as a shade and fod-
der tree in the 1920s, covers more than
7 000 000 ha (Mackey 1997). These com-
parisons suggest that population growth
rates of Z. mauritiana are relatively low.

Extrapolation from measured growth
rates of individual Z. mauritiana indicate
that even in the climatically more favour-
able portions of the species’ current Aus-
tralian range, it takes 9–12 years for a
plant to grow to a size where it is capable
of producing even moderate numbers of
fruits in a season (Grice 1996). This ex-
trapolation is supported by the few meas-
urements that are available from seedlings
of known age. Five seedlings that
emerged in February 1997 averaged less
than 10 cm high in December 2000 when
they were approximately 4 years old.

Likewise, six seedlings that emerged in
January 1998 averaged less than 4 cm high
when they were measured in December
2000 at approximately 3 years old (Grice
unpublished data). These low growth
rates, combined with the species’ modest
dispersal ability, explain why even after
100 years in northern Australia, Z. maurit-
iana remains somewhat patchily distrib-
uted and apparently spreading out only
slowly from the numerous sites at which
it was introduced. Especially in the drier
parts of its introduced range, major re-
cruitment events are likely to be episodic
in response to wetter-than-average sea-
sons (Archer et al. 1994, Grice et al. 1999).

Importance
Beneficial
It is noteworthy that much of the literature
on Z. mauritiana relates to the species’
value for horticulture, whether for com-
mercial or casual purposes, most notably
on the Indian sub-continent. Pareek (1983)
reports that, in India, it has conventionally
been regarded as a ‘poor man’s fruit’. The
fruits are a rich source of vitamins C, A
and B and are used in a variety of ways.
The wood is exploited for furniture and
numerous medicinal properties have been
attributed to various parts of the plant.
In Australia, human exploitation of Z.
mauritiana is largely restricted to casual
harvesting of fruits from naturalized trees.
Trees attributed to Z. jujuba have been
grown in an experimental orchard at
Merbein, Victoria (Walker et al. 1990).

Detrimental
It is perhaps only in Australia that the spe-
cies has achieved overt status as a weed.
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Figure 8. Survival (%) of seedlings of Ziziphus mauritiana that emerged at
Lansdown Research Station ●●●●● in February 1995, ■■■■■ January 1996, ▲▲▲▲▲ February
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Ziziphus mauritiana has been associated
with many of the deleterious effects that
have been linked to other exotic shrub spe-
cies that invade extensive grazing lands or
ecologically similar areas that are used for
other purposes. The species can form rela-
tively dense thickets that are implicated in
reducing livestock carrying capacity
through loss of grass cover. However, this
effect has not been quantified for Z.
mauritiana. The same is true for other ef-
fects that are generally associated with the
invasion of pastoral lands by woody spe-
cies, such as impeding mustering and in-
hibiting stock access to water. The species’
thorny nature is another of its disadvan-
tages.

Likewise, the environmental impacts of
Z. mauritiana have not been assessed. The
fact that native birds and mammals ex-
ploit the fruits of this exotic shrub and so
contribute to its dispersal indicates that
the species has been incorporated into the
food webs of the ecosystems that it has in-
vaded. Another example of this concerns
the use of the seeds of Z. mauritiana by the
red-tailed black cockatoo (Calyptorhynchus
banksii Latham). Unlike other species that
exploit the flesh of the fruit, this bird spe-
cifically targets the seeds contained within
the woody endocarp, harvesting them
from the plant, from the soil surface and
from cattle dung (Grice 1996). In one sur-
vey, an average of 34% and up to 65% of
fruits on individual trees were harvested
by black cockatoos. The species thus acts
as a significant seed predator (Grice 1998).
In many places where Z. mauritiana has
spread, it forms a shrub layer within for-
merly open eucalypt woodlands. Else-
where, it colonizes areas from which the
natural tree stratum has been cleared. The
species thus contributes to dramatic
changes in the structure of native vegeta-
tion in northern Australia.

Actual and potential costs to Australia.
The invasion of Australia by Z. mauritiana
is still in its early stages and, in many
places where it already occurs, infesta-
tions are of low density, sometimes con-
sisting of very scattered individuals. Total
loss of pastoral production, therefore, is
small compared with that attributed to
other invasive shrubs in northern Aus-
tralia, such as prickly acacia and rubber
vine. There has, however, been no quanti-
tative assessment of the losses due to Z.
mauritiana. The main costs associated with
the presence of Z. mauritiana are those at-
tributable to control activities. Should the
potential distribution of Z. mauritiana in
Australia be realized, the costs of control
would increase accordingly.

Legislation
Ziziphus mauritiana is a declared plant
throughout Queensland where it is classi-
fied P3, meaning that numbers and/or

distribution must be reduced throughout
the state or parts thereof. Throughout
most of the Northern Territory, the species
is classified Class A and Class C, meaning
that the species cannot be introduced and
must be eradicated. The species is not a
declared weed in Darwin City, Palm-
erston, Litchfield Shire and the Alice
Springs region. It is a declared plant in
Western Australia, being classified P1 and
P5 for the Kimberley Region, meaning, re-
spectively, that it cannot be introduced
and must be controlled on public lands. In
the remainder of the state it is classified P1
and so cannot be introduced. Z. mauritiana
is not a declared plant in other states (Par-
sons and Cuthbertson 1992).

Weed management
Controlling existing infestations of Z.
mauritiana must depend almost entirely on
mechanical and chemical techniques.
Within each of these broad categories
there are several options available. Single
treatments are unlikely to eradicate an in-
festation. The species’ seed dispersal abil-
ity, seed longevity and sprouting capacity
mean that, even when the best available
technique is applied, follow-up action will
always be required. Follow-up action
should locate and treat any plants that
were overlooked in a first pass, that recov-
ered from the initial (or subsequent) treat-
ment, or that emerged from soil stored
seed or from seeds transported to the area
after it was treated. Preventing spread at
property, catchment and regional scales is
also vital.

Herbicides
Several registered chemicals are available
for the control of Z. mauritiana in Aus-
tralia. They can be effectively applied us-
ing a range of application techniques.
Triclopyr/picloram or triclopyr can be ap-
plied as a basal bark spray to intact indi-
vidual plants in a 1:60 herbicide:diesel
mixture when the plants are actively
growing. It is important that the mixture
penetrates all the crevices on each stem up
to a height of 40 cm for stems of 15 cm di-
ameter or less, but up to 100 cm for larger
stems. Alternatively, the same herbicide
mixtures can be applied to cut stumps at
any time of year. Stumps should be cut as
close to the ground as possible and herbi-
cides applied within 15 seconds (James
1995). The method should give kill rates of
over 90% when used correctly. Obviously,
both basal bark and cut stump applica-
tions of herbicides require that plants be
treated individually, and the use of either
technique can be made more difficult by
the spiny lower branches and the multi-
stemmed character of many plants.

Triclopyr/picloram can also be applied
in a high volume spray mixture of 0.35 L
herbicide:100 L of water to treat actively
growing regrowth. This treatment may be

most appropriate as a follow-up to me-
chanical clearing of dense infestations.
Soil application of picloram-triethanol-
amine at 35–45 g m-2 can also be used to
treat dense infestations, with the advan-
tage that it is not necessary to treat plants
individually. This treatment should be ap-
plied prior to rain. The limitation of this
technique is that it cannot be used in the
vicinity of desirable trees or shrubs. A
general recommendation is that such re-
sidual herbicides are not used within a
distance of twice the height of desirable
trees (James 1995).

A trial conducted in north-eastern
Queensland examined the efficacy of
karbutilate, tebuthiuron and hexazinone.
To achieve 90% kill, 4 kg ha-1 and 16 kg
ha-1 of karbutilate were required on sandy
loam and clay soils respectively. Similar
patterns were recorded with tebuthiuron,
with 2.5 kg ha-1 and 3 kg ha-1 required on
sandy loam and clay soils respectively.
Hexazinone was not effective. Several of
these treatments caused severe damage to
pastures (Bolton 1990).

Mechanical options
Mechanical treatment methods must take
into account the capacity of Z. mauritiana
to sprout from the stem base. When the
above-ground portion of a plant is killed
by either fire or mechanical treatment,
sprouting occurs from undamaged
meristems in the below-ground portion.
Generally, these meristems are located
within 20 cm of the soil surface. For a me-
chanical treatment to be effective, either
these meristems must be removed me-
chanically or the mechanical treatment
must be followed by herbicide application
to the sprouting shoots. Z. mauritiana can-
not be killed by breaking shoots off at
ground level.

Dense infestations can be bulldozed
but, unless the shoot is cut off at least 25
cm below ground level, many individuals
will sprout. A cutter bar or blade-plough
can be used to cut plants off below ground
level. It is necessary to check for regrowth
after an initial mechanical treatment and
apply herbicides as a basal bark treatment
to any surviving plants (James 1995).

Fire
Ziziphus mauritiana sprouts rapidly and
vigorously after it has been burned. Very
few plants are killed by fire. Mortality is
largely restricted to plants that are less
than 50 cm high at the time of the fire and
even for that height class mortality after a
single fire is less than 20% (Grice 1997).
Mortality rates of larger plants after a sin-
gle fire are much lower (<5%) (Grice 1997).
Repeated burning has a greater impact on
Z. mauritiana than a single fire. Five an-
nual late-dry-season fires caused 44%
mortality of plants that were under 1 m
high, while three biennial late-dry-season
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fires caused 29% mortality. The same
treatments did not kill plants over 2 m
high (Figure 9, Grice unpublished data).
Fire does kill seeds of Z. mauritiana that are
on the soil surface during a fire, with mor-
tality rates of over 90% where the soil sur-
face litter is consumed (Grice and Brown
1996). Post-fire sprouting may be either
from the base of the plant or from buds on
the trunk or branches. The position of the
regrowth (i.e. whether from basal or
canopy sprouts) depends upon the inten-
sity of the fire and the size of the plant at
the time of the fire. In general, plants un-
der 150 cm high mostly sprout from basal
meristems whereas those over 150 cm
high produce either only canopy sprouts
or a combination of basal and canopy
sprouts (Grice 1997). Herbaceous fuel
loads of the fires referred to here were
around 5000 kg ha-1 (Grice 1997).

These results suggest that there are no
practical fire regimes that will control ex-
isting infestations of Z. mauritiana though
annual burning may curtail recruitment.
However, annual burning is unlikely to be
acceptable from either commercial or en-
vironmental perspectives. A major con-
straint to using fire is fuel availability, and
in pastoral areas, any destocking period
that is required to facilitate the accumula-
tion of fuel or allow pastures to recover
will impose an economic cost (Grice 1997).

Grazing management systems
Domestic cattle are an important dispersal
agent for Z. mauritiana (Grice 1996, 1998)
so their management is important for re-
tarding the invasion process. Cattle mobil-
ity and paddock sizes in northern

Australia are such that, if a paddock con-
tains both a seed source and cattle, Z.
mauritiana has access to the entire paddock
through cattle-aided dispersal. This
means that cattle-aided dispersal of seeds
of Z. mauritiana cannot be managed at
scales below the paddock level. On the
other hand, cattle-aided dispersal be-
tween paddocks can be managed by care-
fully timing the movement of cattle. Cattle
should not be moved from infested pad-
docks to weed-free paddocks when Z.
mauritiana are fruiting. Alternatively, cat-
tle that have had access to fruit of Z.
mauritiana could be confined to a small
weed-free area, either holding yards or a
small holding paddock, before being
moved to weed-free paddocks. The with-
holding period would need to be 10 days
or more (Lunter 1988) to ensure that any
viable seeds had been voided. Moreover,
any yards or holding paddocks that were
used in this way would have to be moni-
tored for at least two years and any emerg-
ing Z. mauritiana controlled.

Similar strategies should be applied to
the transport of cattle between properties.
This should entail either not transporting
cattle from areas where Z. mauritiana is
fruiting, or imposing a 10-day withhold-
ing period. Ideally, the withholding pe-
riod should be imposed before the cattle
leave an infested property so that both the
transport route and the destination prop-
erty are protected. Vendor declarations
concerning cattle access to fruits of
Z. mauritiana or other cattle-dispersed
weeds, such as prickly acacia and mes-
quite (Prosopis spp.) could be useful in this
regard.

Although the leaves of some Ziziphus
spp., including Z. mauritiana are nutritious
for livestock (Pareek 1983), it is unlikely
that they make a significant contribution
to cattle diets or that browsing has a sig-
nificant impact on the growth or survival
of established plants. On the other hand,
there is the possibility that over-grazing of
perennial grasses would facilitate the pro-
liferation of Z. mauritiana by freeing seed-
lings from competition. In pot experi-
ments, competition from the introduced
stoloniferous Indian couch grass (Bothrio-
chloa pertusa (L.) A.Camus) reduced both
growth and survival rates of seedlings of
Z. mauritiana (Sellers 1996).

Commercial exploitation
Although Z. mauritiana is an important
horticultural crop in many parts of south-
ern Asia, especially India, the species is
not currently utilized commercially in
Australia. Some moves were made in the
Townsville region to exploit the plant for
wood chips and to this end special dispen-
sation was provided by the Queensland
Department of Natural Resources to har-
vest a declared plant. However, it seems
that this effort has not been sustained. On
the other hand, the fruits of Z. mauritiana
are still casually exploited for their fruit
that are either eaten fresh or prepared as
jams etc. This exploitation conceivably
presents some risk of spread of Z.
mauritiana.

Natural enemies
Native insects. No published data are
available on the native Australian insects
that exploit Z. mauritiana.

Classical biological control. Biological
control of Z. mauritiana has not been at-
tempted. The literature relating to insects
and pathogens that exploit the species has
been oriented to circumventing damage to
plants cultivated for their fruits in Asia.
Between them, Pareek (1983), Jothi and
Tandon (1995), Patil and Patil (1996) and
Vyas (1996) list at least 30 insect species
that feed on Z. mauritiana (Table 1). These
come from several insect Orders and feed
on various parts of the host plant, includ-
ing leaves, stems and fruits (Table 1). It is
not clear from these lists how host-specific
the various species are. Some, such as the
fruit flies Dacus correctus Bezzi (=Bactrocera
correcta Bezzi) and D. dorsalis Hendel,
are probably generalist feeders although
Carpomyia vesuviana Costa is reported to be
monophagous (Sohi et al. 1990). A number
of insect species, and the mite Larvacarus
transitans Ewing (Sharma 1992), do suffi-
cient damage to cultivated plants to be
commercially significant in India (Lakra
and Singh 1983, Vyas 1996).

Various fungal pathogens have also
been reported as attacking Z. mauritiana in
India. These include powdery mildew
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Figure 9. Survival (%) of Ziziphus mauritiana subjected to either annual or
biennial burning, or left unburned (Grice and Brown 1995, Grice 1997,
Grice unpublished). o annually burned large plants, ¡ biennially burned
small plants, ▲▲▲▲▲ annually burnt small plants. ■■■■■ represents unburnt small
and large plants as well as biennially burned large plants each of which
suffered no mortality. Small plants were <1 m high, large plants were >1 m
high.
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Table 1. Insects and mites reported to feed on Ziziphus mauritiana in India.

Species Family: Order Impact

Larvacarus transitans Ewing Phytoptipalpidae: Acarina stem-galling
Cassida sp. Chrysomelidae: Coleoptera leaf-feeding
Oocassida cruenta Fabr. Chrysomelidae: Coleoptera leaf-feeding
Crinorrhinus crassirostris Faust Curculionidae: Coleoptera leaf-feeding
Myllocerus Schönherr sp. Curculionidae: Coleoptera leaf-feeding
Xanthochelus superciliosus Curculionidae: Coleoptera leaf-feeding
Adoretus pallens Semenov & Medvedev Coleoptera: Scarabaeidae leaf-feeding
Adoretus versutus Harold Coleoptera: Scarabaeidae leaf-feeding
Hypothenemus areccae Hornung Scolytidae: Coleoptera stem-boring
Carpomyia vesuviana Costa Tephritidae: Diptera fruit-feeding
Dacus dorsalis Hendel Tephritidae: Diptera fruit feeding
Dacus correctus Bezzi

(=Bactrocera correcta Bezzi) Tephritidae: Diptera fruit feeding
Machaerota spp. Machaerotidae: Hemiptera sap-sucking
Planococcus citri Risso Pseudococcidae: Hemiptera sap-sucking
Planococcus lilacinus Ckll Pseudococcidae: Hemiptera sap-sucking
Nipaecoccus viridis Newstead Pseudococcidae: Hemiptera sap-sucking
Macropulvinaria cf maxima Green Coccidae: Hemiptera sap-sucking
Drepanococcus chiton Green Coccidae: Hemiptera sap-sucking
Saissetia sp. Coccidae: Hemiptera sap-sucking
Monosteria minutula Montandon Tingidae: Hemiptera sap-sucking
Perissopneumom ferox Newstead Margarodidae: Hemiptera sap-sucking
Maconellicoccus hirsutus Green Pseudococcidae: Hemiptera sap-sucking
Systasis sp. Eulophidae: Hymenoptera leaf-feeding
Tonica ziziphi Stainton Oecophoriade: Lepidoptera leaf webber
Achaea janata L. Limacodidae: Lepidoptera leaf-feeding
Indarbela quadrinotata Walker Metarbelidae: Lepidoptera bark-feeding
Tarucus theophrastus Fabricius Lycaenidae: Lepidoptera leaf-feeding
Lycaenids sp. Lycaenidae: Lepidoptera leaf-feeding
Euproctis fraterna Moore Lymantriide: Lepidoptera leaf/fruit feeding
Thiacidas postica Walker Noctuidae: Lepidoptera leaf-feeding
Meridarchis scyrodes Meyrick Carposonidae: Lepidoptera fruit-borer
Florithrips traegardhi Trybom Thriptidae: Thysanoptera leaf-feeding

(Oidium sp.), sooty mould (Cladosporium
zizyphi P. Karst and Roun., Cercospora spp.,
Isariopsis indica var. zizyphi P.C.Gupta and
Madaan, and the leaf rust Phakopsora
zizyphi-vulgaris (Henn.) Dietel (Morton
1987). The continued interest in Ziziphus
spp. for commercial fruit production in
Australia may counter any consideration
of the potential for biological control.

Strategic management
The control of Z. mauritiana must rely most
strongly on the use of chemical and me-
chanical techniques to treat existing infes-
tations and on property, catchment and
regional hygiene protocols and practices
to minimize the risk that new infestations
will develop. The character of land use
across the current and potential range of
Z. mauritiana in Australia dictates that, in
most areas, the resources available to con-
trol species like Z. mauritiana will always
be very limited relative to the size of the
problem. This demands an efficiency of
control effort. Particular infestations
should be treated using the most appro-
priate technique or integrated combina-
tion of techniques. On the other hand, the
case of Z. mauritiana is made somewhat
more tractable that it would otherwise be
by the apparently relatively slow rates of

spread and population increase.
Actions to counter Z. mauritiana should

be strategically organized, meaning that
appropriate measures should be applied
at times and places that gain the greatest
benefit for the costs involved (Grice 2000).
An important component of a strategy
must be practices and protocols for mini-
mizing the risk of cattle-aided transport of
seed. Movement of cattle should be timed
to avoid the main fruiting period of Z.
mauritiana or cattle should be withheld in
yards or holding paddocks until they are
seed-free. At the property level, infesta-
tions should be prioritized for treatment.
Paddocks that have only a few Z. maurit-
iana should be treated as highest priority.
If resources are not available to treat all the
plants in a paddock at the one time, effort
should be concentrated on the largest in-
dividuals to more effectively reduce the
total seed output of the infestation. Within
a paddock, outlying, isolated individuals
may not be any more important than cen-
tral individuals in contributing to popula-
tion increase (Grice 1998). Managers
should be alert for the forerunners of new
infestations in previously clean paddocks
and treat them as soon as they are located.

At the catchment scale, some popula-
tions, because of their size, structure, fe-

cundity or location, may be more likely
than others to expand or contribute to the
establishment of new infestations (Grice
1998). For example, large healthy indi-
viduals growing in a riparian zone will
probably be more significant than indi-
viduals growing in upland areas because
of their more prolific seed production, the
possibility of down-stream transport of
seeds, and the concentration of cattle in
lower parts of the landscape. Likewise,
upstream infestations should be given pri-
ority over downstream infestations.
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