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Abstract
Bryophyllum pinnatum (Lam.) Pers is an
invasive succulent weed that has often
been blamed for stock poisoning, espe-
cially in drier seasons when there is lim-
ited alternative feed. A trial examining
various control options was undertaken
in a wetland reserve in Boondall, a sub-
urb of Brisbane. Four herbicides, hand
pulling and a standard control were in-
cluded in this experiment. Since the
waxy cuticle of Bryophyllum spp. re-
quires a wetter-spreader adjuvant, the
anionic surfactant BS 1000 (alcohol
alkoxylate) was added to all spray solu-
tions. 2,4-D (present as dimethylamine
salt) at 250 g a.i. and 500 g a.i. 100 L-1 were
the most effective treatments, with kill
rates in excess of 90% in both cases.
While fluroxypyr as methylheptyl ester
at 150 g a.i. and 300 g a.i. 100 L-1 showed
comparable efficacy, 2,4-D was the most
appropriate herbicide because of its low
off target damage and low environmen-
tal impact. The higher rate (500 g a.i. 100
L-1) would be appropriate when plants
are in a hardened condition, e.g. immedi-
ately following winter. Hand pulling
would prove far too expensive unless
performed by conservation volunteers.
Damage to adjacent species indicated
that care must be exercised in the appli-
cation of some herbicides, specifically
fluroxypyr, picloram, and triclopyr, as
coastal heath vegetation often has well-
developed surface root systems that can
be damaged by herbicides. This phe-
nomenon, in conjunction with a high
water table and sparse vegetation, re-
sulted in severe damage to non-target
species such as Casuarina equistifolia L.

Introduction
Bryophyllum pinnatum (Lam.) Pers is an
erect, succulent plant growing to a metre
or more in height. It has leaves divided in
3–5 large, lance-shaped leaflets about 7 cm
long and 5 cm across, with scalloped mar-
gins. Flowers are greenish, tubular and
flecked with purple, about 2 cm long
(Kleinschmidt and Johnson 1977). B. pinn-
atum leaves are covered with a thick waxy
cuticle, requiring addition of a wetter-
spreader adjuvant (Witt 1998) to herbicide
formulations so that the waxy layer is
breached by herbicide molecules. It has

the ability to reproduce vegetatively by
the production of plantlets in the notches
along each leaf, enhancing its spread
(Stanley and Ross 1983). Most dispersal
occurs through dumping of plants or
leaves from gardens. A limited local dis-
persal occurs from the plantlets produced
from fallen leaves (Armstrong and Swar-
brick 1983).

Bryophyllum pinnatum has often been
blamed for stock poisoning, especially in
drier seasons when the availability of for-
age is limited (Reppas 1995, Anon. 1997).
It can survive long periods of drought be-
cause of an ability to absorb CO2 for pho-
tosynthesis throughout the night (Crass-
ulacean Acid Metabolism) (Stanley and
Ross 1983). This allows closure of stomata
during daylight, thereby conserving wa-
ter. Having originated in Madagascar, B.
pinnatum has been distributed as an orna-
mental throughout New South Wales and
Queensland. It has naturalized in south-
ern Queensland, mainly in disturbed ar-
eas (Stanley and Ross 1983).

No estimates of the potential distribu-
tion of B. pinnatum have been produced,
although the methodology has been estab-
lished (Panetta unpublished). However,
in contrast with comments from workers
surveyed in 1993 (Panetta unpublished),
we believe that B. pinnatum has the poten-
tial to be more widely invasive because it
is consistently dumped as garden refuse
and has the ability to reproduce vegetat-
ively and, possibly, through seeds (Hatz-
enberger 2000).

The aim of this experiment was to de-
termine which herbicide/s or alternative
manual treatment would be most effective
in the control of B. pinnatum. A second ob-
jective was to rationalize any recommen-
dation, considering both cost and environ-
mental impact.

Materials and methods
In the experimental area, B. pinnatum oc-
curred in a coastal heath verging on the
mangrove swamps surrounding Nundah
Creek (27° 22' 07" S, 153° 04' 05" E). The
dominant canopy species were Eucalyptus
tereticornis Sm., E. racemosa Cav., and
Casuarina equisetifolia L. (nomenclature fol-
lows Henderson 1997). Species to 4 m tall
included Melaleuca quinquenervia (Cav.)

S.T. Blake and M. nodosa (Gaertn.) Sm,
interspersed among many exotic species,
including Schinus terebinthifolius Raddi,
Asparagus spp., Lantana camara L and
Passiflora sp. Three sites were chosen and
each site was treated as a block in the
analysis on the basis of proximity to
Nundah Creek, a brackish watercourse
that ran through the experimental area.
Sites were also distinctly different in terms
of topography and vegetation. Sites 1 and
2 were typified by high soil water content
following rain, whereas site 3 was a sparse
woodland, which was superficially dry
but with root systems inundated by daily
tidal movements. Plots ranged from ap-
proximately 80 m2 to 225 m2, depending
on quantity of B. pinnatum plants (a mini-
mum of 30 plants per plot were specified
within a datum area). Treatments were
randomly assigned to plots within three
blocks, one per site.

The commercial products tested were
fluroxypyr (Starane®); 2,4-D (Amicide
500®); metsulfuron (Brushoff®) and
triclopyr/ picloram (Grazon DS®) at vary-
ing rates (Table 1). The treatments applied
and concentrations used were determined
through consultation with spraying con-
tractors and researchers who had previ-
ously worked with Bryophyllum species.

Conditions during application were
mainly fine, with a temperature range of
between 18 and 26°C. The winds were
predominantly south-easterly at 10–15 m
sec-1.

Hand-pump Swiss-mex portable knap-
sacks of 15 L capacity with Rega® 1 mm
adjustable nozzle were used to treat the
plots. Plots were sprayed at 1000 L ha-1 in
water. Control plots were also considered
in the assessment (Table 1).

A non-destructive sampling technique
was adopted using a rating scale at seven
assessment times (Figure 1).

Analysis
The between subject effects of treatment
and site were analyzed to determine dif-
ferences in levels between groups. Within-
subject effects over time, incorporating as-
sessment ratings, were analyzed with
Systat 9 (Wilkinson 1999), using repeat
measure multivariate analysis of variance
(Wilkinson and Coward 1994). A graphi-
cal presentation was used to differentiate
between the treatment and site effects
(Figure 1), where assessments were con-
ducted on seven occasions over a 10-week
period. Assessments employed a rating
scale from 1 (plants dead) to 10 (plants
unaffected). Points were averaged for
each assessment time and the smoothing
applied utilized a distance-weighted, least
squares method. Analysis was carried out
with two between-subject variables (in the
form of treatment and site), and seven
within-subject variables (in the form of
the seven assessment times). Post-hoc
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Table 1. Treatments imposed upon Bryophyllum pinnatum.

Treatment Manufacturer Trade name Active constituent Product dilutionA

(g a.i. 100 L-1)

1. Nufarm Amicide® 500 g L-1 2,4-D (present as dimethylamine salt) 250
2. Nufarm Amicide® 500 g L-1 2,4-D (present as dimethylamine salt) 500
3. Dow Starane® 300 g L-1 fluroxypyr as methylheptyl ester 180
4. Dow Starane® 300 g L-1 fluroxypyr as methylheptyl ester 360
5. Dupont Brushoff® 600 g kg-1 metsulfuron methyl 3
6. Dupont Brushoff® 600 g kg-1 metsulfuron methyl 6
7. Dow Grazon® 300 g L-1 triclopyr (present as the butoxyethyl ester) 105

100 g L-1 picloram (present as the hexyloxypropylamine salt) 30
8. – – hand-pulling –
9. – – control –
A In all cases the carrier was water. BS 1000® surfactant was added at 100 mL 100 L-1 for all mixtures except for Brushoff® mixtures,
where 200 mL 100 L-1 was added. Application volume 1000 L ha-1.

Figure 1. Treatment response of
Bryophyllum pinnatum to three
herbicides × two rates, a residual
herbicide at a single rate, manual
removal and a control (Table 1).

Assessment ratings are (10) =
Healthy plant, (9) = Leaves
yellowing, (8) = Leaves necrotic,
(7) = Moisture loss in leaves and
stem, (6) = Plant beginning to curl,
(5) = Total plant curl, (4) =
Detachment of leaves, (3) = Stem
death <10 cm, (2) = Total stem
death, (1) = Plant death.

Assessment dates (1) 10/09/99,
(2) 17/09/99, (3) 24/09/99, (4) 01/10/99,
(5) 15/10/99, (6) 13/11/99, (7) 27/11/99.

Hand-pulling (treatment 8) was
assessed in terms of the numbers
regenerating divided by total
original count in plot.
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between subject comparisons were mod-
erated using Bonferroni adjustment
(Wilkinson and Coward 1994).

Results
The effects of herbicide treatment and site
were highly significant (Table 2). This
blocking effect for site difference is rela-
tively rare in herbicide screening work,
particularly when the site produces a sig-
nificantly more efficacious response than
would normally occur. Specifically, over
the 10 week assessment period treatments
1 and 2 (2,4-D at 250 and 500 g a.i. 100 L-1),
treatment 4 (fluroxypyr at 300 g a.i. 100
L-1), in all sites and treatment 3 (flur-
oxypyr at 180 g a.i. 100 L-1) in site 1 were
significantly different and more effica-
cious than treatment 3 (fluroxypyr at 180
g a.i. 100 L-1) in site 2, treatments 5 and 6
(metsulfuron 600 g at 3 and 6 g a.i. 100 L-1)
in sites 1 and 2, and treatment 7 ( triclopyr
+ picloram at 105 and 35 g a.i. 100 L-1 re-
spectively) in sites 1 and 2. All treatments
were significantly different from the con-
trol (MS 7290.000, df 1, 783, F=10729.813,
P< 0.01). The site effect showed that areas
1 and 2 were significantly different from
area 3 (MS 128.034, df 1,173, F=188.447,
P<0.01). This difference was possibly a re-
sult of the high water table, shallowness
of the root zone, and the relatively sparse
ground vegetation in site 3, all of which
promoted herbicide activity.

 Treatment 7 (triclopyr + picloram) in
sites 2 and 3 was distinctly more effica-
cious at assessments 2 (df 1,779 MS 8239,
F=1204.54, P<0.01), 3 (df 1,779, MS 1869.6,
F=553.23, P<0.01), and 7 (df 1,779, MS
166.37, F=121.15, P<0.01), compared to
treatment 1 (2,4-D 250 g a.i. 100 L-1), the
most effective treatment overall, in all
sites. However, treatment 7 in site 1 was
marginally less efficacious at assessments
5 (df 1,779, MS 7.77, F=4.23, P=0.04), 6 (df
1,779, MS 86.93, F=96.94, P<0.01), and 7
(df 1,779, MS 12.65, F=9.61, P<0.01), com-
pared to treatment 1 (2,4-D 250 g a.i. 100
L-1) at all sites. This may be explained by
the relatively dry condition of site 1.

Fluroxypyr, in treatment 3, sites 2 and
3, was less efficacious compared to treat-
ment 1 (2,4-D 250 g a.i. 100 L-1) in all sites
at assessments 2 (df 1,783 MS 99.8, F=18.63
P<0.01), 6 (df 1,783 MS 22.12, F=18.48
P<0.01), and 7 (df 1,783 MS 25.53, F=122.8
P<0.01). Metsulfuron methyl, in treat-
ments 5 and 6, showed only minor devia-
tion from the 2,4-D trajectory up to assess-
ment 5 (df 1,783, MS 24.61, F=29.85,
P=0.19). However, differentiation became
more evident in later assessments, as the
slowly appearing characteristics of met-
sulfuron methyl damage did not continue
to develop past foliage yellowing in sites
1 and 2, but progressively developed at
site 3. It was noted that metsulfuron inhib-
ited growth and caused cessation of flow-
ering in treated B. pinnatum for up to two

Discussion
This experiment incorporated some herbi-
cides that have been marketed since 1945,
as well as some new products that have
been utilized only in the last two decades.
The herbicide 2,4-D, that has been utilized
for over 50 years, gave the best control of
B. pinnatum at 500 g a.i. 100 L-1 and was the
most appropriate treatment, given costs
(Table 4), the low off-target damage and
environmental impact (Bovey and Young
1980) and kill rates in excess of 90%. These
results support previous work by
Armstrong and Swarbrick (1983), which
showed that the various Bryophyllum spe-
cies are particularly susceptible to the her-
bicide 2,4-D. Results on B. tubiflorum
(Harvey) (syn. B. delagoense ((Eckl. &
J.Zeyh.) Schinz)) at Nudley State forest in-
dicated that 2,4-D based products such as
Tornado® (c. $19.00 ha-1) or Baton® (c.
$21.00 ha-1) at 2 kg of product + 1 L of non-
ionic surfactant at 1000 L water ha-1 com-
prised the most cost effective control strat-
egy (Armstrong and Prior 1999). The
higher rate (500 g a.i. 100 L-1) would be
appropriate when plants are in a hard-
ened condition, e.g. immediately follow-
ing winter.

In site 3, where native trees within 30 m
of the bank were inundated by the high
tide, tree injury occurred as burning off of
all foliage, principally in Casuarina spp.

seasons post application. In contrast, the
fast knockdown of 2,4-D was apparent
throughout the earlier assessments (df
1,783, MS 56.12, F=185.90, P<0.01).

In the within-subjects analysis (Table 3)
it can be seen that the downward trend of
survivorship of B. pinnatum was highly
significant (F=713.889, P<0.01) and the in-
teractions with the variables ‘herbicide
treatment’ and ‘site’ were highly signifi-
cant. There was a linear trend (polynomial
order 1) across the assessment times
(F=1554.799, P<0.01). In this case the lin-
ear trend accounted for more than 83% of
the variability across the seven assess-
ments. Thus, there was a highly signifi-
cant linear decrease in survivorship across
the seven assessments (F= 1554.79,
P<0.01). The multivariate parallelism test
indicated a highly significant difference in
the influence of herbicide treatments (df
48, 3910, F=39.35, P<0.001) and site (df 12,
1588, F= 19.24, P<0.001) on survivorship
over time. The strength of association in-
dicated that 85.6% of the variance in the
assessments (as combined for this test)
was accounted for by the difference in
shape of the profiles for the nine treatment
groups. The three sites accounted for
23.8% of the variance.

The herbicide 2,4-D was the most eco-
nomical herbicide and hand-pulling was a
very expensive treatment (Table 4).

Table 2. Between subjects analysis indicating proportion of variance
attributable to experimental effects.

Source SS df MS FA P

Site 918.017 2 459.008 69.167 <0.001
Treatment 21580.587 8 2697.573 406.494 0.001
Error 5302.320 799 6.636
A Pearson’s F ratio provides a quantifiable comparison between sources of variance.

Table 3 Within subjects analysis indicating response trends of Bryophyllum
pinnatum to herbicide application.

Source SS df MS F P

Assessments 8660.555 6 1443.426 713.889 <0.001
Assessments*Site 977.413 12 81.451  40.284 <0.001
Assessments*Treatment 9057.607 48 188.700 93.327 <0.001
Error 9693.074 4794 2.022

Table 4. Estimated costs of control strategies for Bryophyllum pinnatum.

Treatment Trade name/ Rate Herbicide cost Herbicide cost Total cost
method (100 L-1 water) ($ 100 L-1 ($ ha-1) including

solution)A labourB ($ ha-1)

1. Amicide® 500 mL 2.70 10.25 148.25
2. Amicide® 1000 mL 5.40 20.50 158.50
3. Starane® 500 mL 21.00 79.70 217.70
4. Starane® 1000 mL 42.00 159.40 297.40
5. Brushoff® 5 g 3.00 11.40 149.40
6. Brushoff® 10 g 6.00 22.80 160.80
7. Grazon® 350 mL 15.50 $58.80 196.80
8. Hand pull – – – 2095.00
A Costs are priced from DNR Pest Facts (1998).
B Labour at $12.00 h-1.
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Such damage reflected sensitivity to the
applied rate of triclopyr + picloram, and
the higher rate of fluroxypyr. This may
have occurred because the heavy clay soil
was saturated much of the time, so that
much of the root system in this zone was
superficial, and thus subject to exposure to
concentrated levels of the applied herbi-
cides. Casuarina glauca (Sieber ex Spreng.)
growing above elevated water tables (ap-
proximately 1 m from the soil surface) de-
velops extensive shallow root systems
(Walsh et al. 1995) and suffers increased
mortality when subjected to stress events
(Hoy et al. 1994).

The initial poor kills of B. pinnatum
from the triclopyr + picloram formulation
(treatment 7) were surprising, but may be
explained by the dosage not containing
enough wetter-spreader adjuvant to pen-
etrate the waxy cuticle of B. pinnatum.
However, a secondary effect was ob-
served after six months, producing death
of all treated plants when further rain oc-
curred in January. This was presumably a
result of the uptake of the picloram com-
ponent in the formulation as the roots
grew into the surface soil. Metsulfuron, in
treatments 5 and 6, also gave an unexpect-
edly poor result, possibly because its ac-
tivity was not fully expressed over the 2.5
month duration of the assessment period.
The metsulfuron effects, namely leaf yel-
lowing, desiccation of the stem and inhibi-
tion of flowering, could provide adequate
control over time, as grasses and other
herbage smothered the affected plants.

Hand pulling would prove far too ex-
pensive unless performed by conservation
volunteers (Table 4). However, it may be
still a viable option, as part of a coordi-
nated control strategy in environmentally
sensitive areas.
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