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Summary
In order to control Watsonia meriana cv
bulbillifera by slashing, it is necessary to
prevent flowering and bulbil produc-
tion, as well as reduce the strength of the
corm. The effects of slashing at a
number of heights, and at a range of
times throughout the plant’s life-history
were investigated both for mature
plants and those derived from bulbils.
Plants derived from bulbils require
slashing prior to their thirteenth week of
growth if cormlet production towards
the next season’s growth is to be signifi-
cantly affected. Mature plants should be
slashed below the most basal node
(about 15 cm or less) at the first appear-
ance of the inflorescence if both bulbil
and corm production are to be mini-
mized.

Introduction
The introduction of exotic and ornamen-
tal plants to South Australia over the past
157 years has resulted in several garden
escapees finding the climate and ecologi-
cal conditions of the state ideal in which
to establish (Kloot 1987a,b,c). Among the
numerous introduced South African taxa,
Watsonia meriana (L.) Mill. cv bulbillifera
has invaded the foothills and pasture
lands of the state’s southern areas with re-
markable speed and strength.

Species description and distribution
Watsonia meriana cv bulbillifera is a

cormous perennial native to Southern Af-
rica and is also known as W. bulbillifera J.
Mathews and L. Bolus. Its common
names are bulbil watsonia, bugle lily, wild
watsonia (Cooke 1986) and Merian’s bu-
gle lily (Parsons and Cuthbertson 1992).
Goldblatt (1989) considers the taxon to be
a cultivar of W. meriana, believing it to
have developed independently the ability
to grow reproductive propagules (bulbils)
a number of times. Watsonia meriana sens.
str. often produces bulbils within the axils
of the lower leaves and branch axils, al-
though not to the extent of W. meriana cv
bulbillifera, which develops bulbils at all
nodes along the flower spike (Figure 1).

The natural distribution of W. meriana is
the Cape winter rainfall area of Southern
Africa in seasonally moist areas with
sandy or thin rocky soils. The distribution
of cv bulbillifera is not described
(Goldblatt 1989) and, as no collections ex-
ist prior to the 19th century, Goldblatt

suggested that it is merely a local sport
which has been introduced into cultiva-
tion. Currently Watsonia meriana cv
bulbillifera is considered a weed in Aus-
tralia, Mauritius, Réunion (Goldblatt
1989) and New Zealand (Parsons and
Cuthbertson 1992). The earliest record in
South Australia dates from 1842 at
Camden Park, Adelaide (Parsons and
Cuthbertson 1992). The species’ extent
within Australia has been described by
the Animal and Plant Control Commis-
sion (1991), Cooke (1986), Parsons and
Cuthbertson (1992) and to a lesser extent
Dashorst and Jessop (1990). It tends to in-
fest pastures and natural reserves, and
proliferates within unused land. It is a de-
clared weed in South Australia, Victoria
(Carr et al. 1992) and New South Wales.
Within South Australia, it occurs most ex-
tensively from Victor Harbour to the
Barossa Valley and within the South East.
Dashorst and Jessop (1990) describe ap-
proximately the areas of infestation, al-
though more accurate survey data are
needed. Within the Adelaide hills, the
weed is evident along roadsides, heavily
invading natural vegetation, and forms
stands which are generally impenetrable
by other herbs and shrubs, either native or
introduced. Agriculturally viable land is
made redundant by Watsonia infestation.

Life history
Watsonia meriana cv bulbillifera is a
cormous perennial, sprouting in mid Au-
tumn after sufficient rain. Flowering oc-
curs from October to mid-December, with
aestivation (die-back) by late January. The
corm remains dormant over the dry sea-
son within an outer tunic of coarse matted
fibres. The root system is relatively simple
and does not penetrate the soil much be-
yond 12 cm from the corm. The shoot
arises from the corm apex and extends
through the tunic before emergence. As
the shoot elongates, its base swells at the
point of junction with the parent corm
and develops into the next season’s corm.
The parent corm shrinks as the stem
grows, forming a hard, dead plate-like
structure attached to the base of the new
corm. Plants generally consist of the cur-
rent year’s corm with a series of plates
stacked beneath. In the field, some corms
have been observed with thirty-five
plates, indicating the minimum age of
some Watsonia stands.
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Figure 1. Morphology of Watsonia meriana cv bulbillifera showing the
position and relative size of bulbil clusters along the inflorescene.

Figure 2. Morphology of a first
season bulbil shoot with next
seasons cormlet.

The most definitive characteristic of W.
meriana cv bulbillifera is the formation of
numerous vegetative propagules at the
inflorescence nodes. These are referred to
as ‘bulbils’ by Goldblatt (1989) and Cooke
(1986) and ‘cormils’ by Parsons and
Cuthbertson (1992). Bulbils resemble
miniature corms with short curved beaks,
and enable the plant to reproduce asexu-
ally. The bulbils form prior to anthesis in
the axils of each node from the base of the

plant up to mid-way through the inflores-
cence. The bracts encasing the bulbils be-
gin to split and open just prior to flower-
ing. As the plant matures, the bulbils con-
tinue to grow and dry during dieback.
These propagules are then dispersed and
develop into small plants. Bulbils de-
velop in much the same way as the adult
corms, with a small cormlet produced at
the shoot base, above a shrunken bulbil
(Figure 2). According to Parsons and

Cuthbertson (1992), plants developing
from bulbils do not flower until the sec-
ond or third year. Much of the available
information on the control of W. meriana
cv bulbillifera for South Australia comes
from personal communications from land
holders and the Animal and Plant Con-
trol Commission. Previous efforts to con-
trol Watsonia can be summarized under
the following categories:
i. Chemical control

Parsons and Cuthbertson (1992) de-
scribe the use of 2,2-DPA, Amitrol T,
Paraquat and TCA to control Watsonia,
indicating that the most effective time
of application is between the formation
of the shoot and inflorescence. How-
ever, the tendency of Watsonia to infest
native scrub creates problems associ-
ated with applying herbicides within
native vegetation reserves.

ii. Ecological control
Grazing on Watsonia has been docu-
mented by Parsons and Cuthbertson
(1992) and although claimed to be poi-
sonous to stock, this is not a problem
within Australia. Nevertheless, stock
grazing on already established stands
have little effect, as discussed by Par-
sons and Cuthbertson (1992).

iii.Cultural control of weeds
Removal of unwanted plants can occur
by mechanical means such as burning,
slashing, hoeing and bulldozing (Menz
and Auld 1977). The most commonly
used methods for Watsonia in South
Australia involve corm lifting, hoeing
and slashing. The strategy behind con-
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emerged were divided into groups of 10.
One group was cut at 25 mm above
ground level and the remainder were
culled successively, one group per week,
until the onset of aestivation, with one
group left unslashed as a control. When
the plants had died back, they were
unpotted, cleaned and divided into
shoots, cormlets and shrunken bulbils
(Figure 2), oven dried at 90°C to constant
weight and their mass recorded. The fol-
lowing relative cormlet increment ratio
was calculated for each plant:

Cormlet mass – Bulbil mass

Bulbil mass

This represents a measure of the rela-
tive increase of underground storage tis-
sue mass as a proportion of the initial un-
derground mass. The data were subjected
to one-way ANOVA and post hoc Tukey
test using Systat (Wilkinson 1990).

Slashing Watsonia grown from corms
At each of the three sites, plants were ran-
domly selected and slashed to a height of
15 cm. Relative corm increment was esti-
mated from the ratio of the current corm
mass to the previous season’s corm plate
mass by the formula:

Current corm mass – Pre-season plate mass

Pre-season plate mass

The four life history stages at which
slashing occurred were 60 cm high, first
sign of inflorescence, first flower opening
and senescence. At each of the sites, five
1 m × 1 m quadrats were randomly placed
within dense stands of Watsonia during
August 1992 when the plants were ap-
proximately 40–50 cm high. Within each
quadrat, ten plants were randomly cho-
sen and individually labelled. The plants
were allowed to grow naturally and then
slashed to a height of 15 cm, one quadrat
for each of the different life history stages.
A fifth control quadrat was also tagged,
but not slashed. If bulbils developed on
tagged plants, nylon stockings were
placed over the plant and tied at the base
to prevent dispersal. Plants at the 60 cm
stage were culled when the mean height
of the entire quadrat was at 60 cm high.
For the remaining three stages in the
plant’s life history, cutting proceeded
when those tagged plants which ap-
peared to be capable of achieving that
particular stage had actually reached it.
Once dormant, the tagged plants were
lifted from the ground and divided into
shoots, bulbils (if present) current corm
(minus tunic) and previous season’s corm
plate. The corms and corm plates for the
previous season were cleaned, dried to
stable weight at 95°C and weighed.

This experiment was also repeated for
5 m × 1 m quadrats slashed first at fort-
nightly and then weekly intervals, regard-
less of the which stage the plants had
reached. At aestivation, 20 randomly cho-

Figure 3. Response of bulbil pro-
duction to culling at different
inflorescence heights. a: Average
bulbil mass (g); b: Average total
bulbil mass per plant (g). Error bars
represent 95% confidence limits.

trolling plants with underground stor-
age tissue through slashing is to cull the
plants at the stage in their life history
from which recovery is minimal. Pate
and Dixon (1982) summarized the im-
portance of storage tissue to the annual
regeneration of species with bulbs, tu-
bers or corms, as do others (Phillips and
Rix 1989).
The present project investigates the ef-

fect of slashing Watsonia at various stages
in its life history, and to determine
whether there is an optimal point at
which manual slashing might succeed in
controlling its spread. The regenerative
ability of Watsonia corms varies through-
out the growing season through re-
sources partitioned between its above and
below-ground biomass. Reducing the fol-
lowing season’s shoot strength is of fun-
damental importance because by hinder-
ing inflorescence production, the above-
ground reproduction and spread in
Watsonia might be reduced substantially.
The proposed ‘weak point’ in the life his-
tory was defined such that the current
season’s bulbil production is minimal and
the size of the resulting corm left dormant
over summer is reduced.

Materials and methods

Slashing at different heights
Three sites throughout the Adelaide hills
were selected on northern, eastern and
southern locations at Gumeracha
(34°47’S, 138°53’E), Balhannah (34°59’S,
138°43’E) and Mylor (35°02’S, 138°46’E)
respectively. Four groups each of five
flowering plants were chosen at random
within the field at the Mylor site, and
three groups were treated by cutting the
stem at two, six and eight nodes respec-
tively from the most basal flower, the
fourth group remaining as a control. Ny-
lon pantyhose were placed over the indi-
vidual flower spikes and tied at the base
of the inflorescence to prevent bulbil loss.
At the end of the season the bulbils were
harvested, weighed, and the total bulbil
mass and average bulbil size per plant for
each treatment were calculated. A single
factor ANOVA (Zar 1986) carried out on
SYSTAT (Wilkinson 1990) was used to de-
termine if there were significant differ-
ences between the treatments and the
control.

Slashing Watsonia grown from bulbils
One hundred and sixty bulbils were se-
lected at random from the Englebrook
National Trust Reserve (Aldgate) in Feb-
ruary 1992, cleaned and weighed. These
were planted in the glasshouse in indi-
vidual pots at a depth of approximately
4 cm and watered regularly. Shoot height
was recorded weekly from the third week
after planting until aestivation. After
11 weeks growth, those plants which had

sen corms within each quadrat were re-
moved, dried and weighed. In each ex-
periment, the relative corm increment
was calculated for each plant and the data
arcsine transformed and subjected to
ANOVA (Zar 1986) and post hoc Tukey
testing.

Results

Slashing at different heights
Figures 3a and 3b summarize the re-
sponse to slashing Watsonia at different
heights. The bar line represents 95% con-
fidence intervals for each treatment. The
results show that cutting Watsonia meriana
cv bulbillifera at different heights affects
bulbil production. It is evident from Fig-
ure 3a that if a mature plant is culled such
that only one node remains in the flower
spike, not only are bulbils produced, but
ones of greater mass.

Slashing Watsonia grown from bulbils
There were no significant differences be-
tween the mean final shoot dry weight
ofeach group after slashing and regrowth
(Figure 4a; Table 1). However, there was
a significant effect of slashing on the rela-
tive cormlet increment (Figure 4b; Table 1)
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Table 3. Two-Way Analysis of Variance of the response of corm produc-
tion to slashing for four life-history stages in randomly selected plants and
flowering plants, and for strip slashes.

Site Slashing Site × Slashing

F df p F df p F df p

Random plants in
four life stages 14.34 2128 <0.001 32.58 4128 <0.001 3.39 8128 0.001
Random plants in
strip slashes 33.69 2643 <0.001 24.68 4643 <0.001 4.57 22643 <0.001

Figure 4. Response of first season
shoots from bulbils to slashing at
different times (weeks after plant-
ing) under glasshouse conditions.
a: Mean above-ground shoot mass
(g); b: Relative cormlet increment
ratio. Error bars represent 95%
confidence limits.

Table 1. Analyses of Variance for shoot height and relative cormlet incre-
ment ratio in slashed plants grown from bulbils.

F df probability

Shoot height 0.739 6,64 0.62 ns
Cormlet increment ratio 3.237 6,60 0.008

Table 2. A summary of the relative timing of stages within the life history
of Watsonia at each site. The figures represent the number of weeks after
establishment of the quadrats.

60 cm First sign First flower Senescence
high of inflorescence  opening

Balhannah 2 7 12 15
Mylor 2 6 13 15
Gumeracha 2 6 14 15

at the first sign of inflorescence (Figure
5b). The ANOVA showed significant ef-
fects for timing and sites, as well as an in-
teraction component (Table 3) and post
hoc tests of the interaction established
that it was due to differences at the Mylor
site. Although the response to slashing at
first inflorescence was not significantly
different from the later two stages, the re-
sponse to slashing at those two stages at
Mylor was significantly different from the
other sites. There was a significant differ-
ence for slashing at first inflorescence at
all sites between the control/60 cm cohort
and the remainder. The response to slash-
ing at first inflorescence data was also sig-
nificantly different from slashing both at
first flower and senescence for the
Balhannah and Gumeracha sites.

Figure 6 shows the response of corm
production to large scale strip slashing.
To avoid confusion, error bars have been
omitted from the graph and replaced with
labels to indicate the significant differ-
ences between sites during each time of
slashing. There were significant site, treat-
ment and interaction effects (Table 3),
with the post hoc Tukey tests showing
that Balhannah was significantly different
from the other sites; and the time of slash-
ing at strips two and three to be the most
significantly different slashes from other
times. Although not explicitly meas-
ured in this experiment, first inflores-
cence coincided approximately with
the third time of slashing at Gumeracha
and Mylor.

Discussion
Any attempt to slash the plant must en-
sure that the height of culling is below
that of the lowest site of bulbil produc-
tion, that is, at about 15 cm or less above
ground. Minimal cormlet growth oc-
curred on those bulbils which were
slashed earlier in the season, and although
only the data for weeks 12 and 13 differ
significantly from the control, an overall
trend is apparent. Slashing beyond 13
weeks under glasshouse conditions did
not result in the cormlets being weakened
to any great extent. After this time it ap-
pears that the developing cormlet has al-
ready developed to an ‘adequate’ size and
slashing after this time has little effect on
the cormlet. There were no significant dif-
ferences in shoot regrowth between bulbil
slashing different times, with the only sig-
nificant differences being between the
control and treatments. Therefore, to con-
trol juvenile Watsonia effectively, slashing
should probably occur within the first 13
weeks after emergence.

The absence of flowers or bulbils after
slashing in field plants at the last three
stages is a fair representation of the popu-
lation’s response. This is supported by the
observation that no other inflorescences
were generated within any of the
quadrats for the final three stages, at all
sites. To minimize the reproductive effort
of Watsonia for the next season’s growth,
the following slashing régime should be
adopted. Slashing Watsonia is most effec-
tive when administered at the first sign of

with the post hoc test indicating the dif-
ferences to be between week 14, weeks 11,
12 and 13, and the control and week 12.

Slashing Watsonia grown from corms
The plants within each quadrat at all three
sites succeeded in reaching the four sepa-
rate stages of growth, although several
corms were badly damaged on removal
and were subsequently excluded from the
analysis. The timing of each stage varied
between sites, as summarized in Table 2.
Inflorescences and bulbils were only pro-
duced on control plants, and by some of
the 60 cm cohort at Gumeracha. No seed
pods were formed within quadrats at any
site. Shoot regrowth (Figure 5a) was sig-
nificantly different between the final
treatment three stages and the control and
60 cm high regrowth cohorts. Similarly,
in the strip slash experiment, the only evi-
dence for shoot regrowth occurred in the
first and second strips.
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Figure 5. Response by randomly chosen field plants to being slashed at
four life history stages. a: The average regrowth height of Watsonia shoots
(cm). b: Relative corm increment ratio. Asymetric error bars represent 95%
confidence intervals for arcsin transformed data.

African geophytes show marked resource
partitioning between vegetative and re-
productive phases (Boeken 1989), with re-
productive success determined in at least
some species by the size of the previous
season’s storage organ (Boeken and
Gutterman 1991). It is possible that the
weak point seen in Watsonia at around the
time of inflorescence’s appearance repre-
sents that point where the previous sea-
sons corm has used most of its reserves to
produce the shoot and inflorescence, and

the next season’s corm has not yet begun
to develop sufficiently to divert substan-
tial resources from the inflorescence.

Although it cannot be determined from
this project, due to time constraints, that
the following season’s shoots will be
weaker, it could reasonably be supposed
that the production of smaller corms
should lead to less prolific plants, espe-
cially if the culling is to continue annu-
ally. Although long-term assessment will
be necessary to determine whether slash-
ing will be useful in eradicating Watsonia
from areas where it is already established,
the use of once-yearly slashing to prevent
inflorescence and bulbil formation will at
least prevent further spread by control-
ling above-ground reproduction.
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shoot and inflorescence formation. Many
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Prospects for biological control of Watsonia species
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Summary
Watsonia species are suitable targets for
biological control if it is accepted that the
threat to native vegetation far outweighs
their horticultural potential. There are
few publications on organisms associated
with Watsonia. Potential biological con-
trol agents from the region of origin,
South Africa, include seed-feeding bee-
tles (Bruchela spp.). However, a better
understanding of the taxonomy, distri-
bution and importance of Watsonia
species as weeds is needed to justify
starting a biological control program.

Introduction
At least six species of Watsonia have be-
come naturalized in Australia (Cooke
1986). All are native to South Africa and
were introduced to Australia as
ornamentals from as early as 1842 (Par-
sons and Cuthbertson 1992). Watsonia
species were acknowledged as weeds of
roadsides in Western Australia long be-
fore the current awareness of the threat
weeds pose to nature conservation (Carne
and Gardner 1928, Meadly 1968). Like-
wise, Watsonia species have been included
on the noxious weed list in Victoria from
as early as 1922 (Parsons 1973). Continued

concern with the invasion of Watsonia
species into native vegetation has lead to
cultural and chemical control strategies
being developed in Western Australia
(Day 1992). In South Australia, Watsonia
meriana (L.) Miller cv bulbillifera (= W.
bulbillifera Mathews and L. Bolus) is de-
clared a Class 5 weed (non-agricultural
weeds, the control of which is required in
part of the State only) (Parsons and
Cuthbertson 1992). Possibly the best long
term control method for weeds in nature
conservation areas is biological control.
Here I review the prospects for control of
Watsonia species by biological means. A
discussion of the advantages, disadvan-
tages and types of biological control can
be found in Wapshere et al. (1989). Classi-
cal or inoculative biological control is
usually the method attempted first. In the
context of Watsonia species, this would
mean the importation into Australia of
host-specific biotic control agents from
South Africa, the region of origin.

Potential biological control agents
for Watsonia species
The plant has never been surveyed for as-
sociated pathogens and fauna. An exten-
sive search of the literature found few ref-

erences to organisms attacking Watsonia
species (Table 1). Most records are of
polyphagous or pest organisms and need
not be considered further. Le Maitre
(1984) observed that up to 78.1% of ova-
ries had been bored or partly eaten by in-
sects in a study of seed predation of
Watsonia borbonica (Pourret) Goldblatt in
South Africa. Le Maitre (1984) suggests
that the synchronized flowering follow-
ing fire has evolved in W. borbonica to
minimize pre- and post- dispersal seed
predation. The insects involved were
probably Bruchela species (= Urodon)
(Crowson 1984) which have been re-
corded from a Watsonia species in Orange
Free State (Scott 1929). The distribution of
Bruchela species in South Africa includes
Table Mountain in the south west Cape
Province (Scott 1929), an area climatically
similar to south west Australia. The host
range of the Bruchela species associated
with Watsonia species is unknown.
Bruchela lilii (F.) and Bruchela gladioli
(Scott) are recorded from seeds of Gladi-
olus (Anderson 1947, Scott 1930). Bruchela
species are also known to feed on seeds of
plants from the families Resedaceae and
Cruciferae (Crowson 1984). A seed preda-
tor would be useful to slow the spread of
weeds that reproduce by seed, but they
would have no effect on the major weedy
form of watsonia in Australia, Watsonia
meriana cv bulbillifera, which only repro-
duces asexually by cormils and corms
(Goldblatt 1989, Parsons and Cuthbertson
1992).
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