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Summary
Field experiments were carried out in
south-eastern Queensland between 1995
and 1998 in order to assess the efficacy of
various products and methods of appli-
cation in controlling broad-leaved pep-
per tree (Schinus terebinthifolius Raddi),
a serious invader of semi-natural and
natural habitats. A screening experiment
demonstrated that Starane 200®, Grazon
DS®, Tordon 75-D®, Banvel 200®,
Glyphosate 360®, Hyvar X® and Arsenal®

were promising as foliar applications.
Tordon TCH®, Glyphosate 360, Brush-
off® and Arsenal demonstrated good ac-
tivity as cut stump treatments, and
Tordon 75-D was effective when stem
injected. Further detailed investigations
were made with some of these products.
Starane 200 at 1:300 and Grazon DS at
1:300 both gave ≥≥≥≥≥95% control when ap-
plied as foliar sprays in winter. However,
the activity of both products was mark-
edly reduced when applied during sum-
mer. While Glyphosate 360 at 1:1, Arse-
nal at 1:20 and Tordon TCH at 1:20 all
seemed to give total or near-total kills at
12 months after application as cut stump
treatments (in winter or summer), by 26
months suckering had occurred in all
treatments. Cut stump treatments with
these herbicides thus appear to give sup-
pression only. Injection of 10 mL of
Tordon-75 D (1:30) with a Sidewinder
stem injector resulted in 86% mortality at
nine months after treatment. This last
method of application shows consider-
able promise, given the small amounts of
chemical required and the minimal risk
of off-target damage in environmentally
sensitive areas.

Introduction
Broad-leaved pepper tree Schinus tere-
binthifolius Raddi (Anacardiaceae) is a
large shrub or small tree that has been in-
troduced widely as an ornamental. Native
to Brazil, Argentina and Paraguay, it has
become naturalized in over 20 countries,
occurring extensively through subtropical
(15–30° latitude) areas worldwide (Ewel et
al. 1982). In Australia this weed is very
much in the early stages of spread, and is
currently invading riparian habitats and
coastal wetlands in south-eastern Queens-
land (Barry and Grimshaw, cited in
Humphries et al. 1991) and northeastern
New South Wales.

Broad-leaved pepper tree is a serious
invader of semi-natural or natural habi-
tats, forming dense thickets that cast deep
shade and generally lack an herbaceous
understorey (Cronk and Fuller 1995). It is
capable of reaching a height of 12 m with a
canopy spread of 12 m and a trunk diam-
eter of 1 m. Such large specimens are
rarely found in south-eastern Queensland,
however, where maximum height is usu-
ally about 5 m. The plant has little apical
dominance, which results in a multi-
stemmed tree with a sprawling canopy
reaching down to the ground and inter-
twined with neighbouring individuals.

Coastal swamp oak (Casuarina glauca
Sieber ex Sprengel) areas, riparian zones
and wetlands are particularly vulnerable
to invasion. The marine mangrove fringe
can be invaded; in Bermuda, 42% of man-
grove zones are affected by the plant (Tho-
mas 1993). Its effects on fish production
have not been researched but are of con-
cern. The tree is of little value to graziers
since no herbage persists beneath its thick-
ets. Furthermore, riparian pastures are
very productive, often providing the last
grazing during a drought. Creek lines are
often the first areas to be occupied by
broad-leaved pepper tree, and access to
creeks becomes difficult after it has estab-
lished.

Apart from its impact upon nature con-
servation values and grazing enterprises,
broad-leaved pepper tree can cause a
number of health problems in domestic
stock and humans, the latter including se-
vere contact dermatitis and respiratory
difficulties (Morton 1978).

Based upon field observations made in
south-eastern Queensland over the last
few years, broad-leaved pepper tree has a
well defined growth pattern, roughly par-
alleling its behaviour in the northern
hemisphere (Ewel et al. 1982). Its leaf pro-
duction cycle begins in November (late
Spring). A period of intense leaf growth
occurs from then through to late February,
when floral bud initiation occurs. The tree
is dioecious, with male and female plants
found in equal proportions (Ewel et al.
1982, Burch 1992). Green fruit has filled by
April and crops of red drupes first appear
in May. Fruits are held on the tree for a
long time, as late as October, providing an
extensive period for seed dispersal. A mi-
nor period of flowering also occurs in

December (Ewel et al. 1982, Panetta and
McKee 1997).

Birds are the primary dispersal vectors
for broad-leaved pepper tree (Ewel 1986,
Panetta and McKee 1997). In fact, the plant
has a near obligate dependency upon
frugivores for its recruitment, since seeds
generally die before the exocarp decom-
poses if fruits are not eaten (Panetta and
McKee 1997).

Chemicals provide the only practical
method of controlling broad-leaved pep-
per tree at present. The primary aim of this
project was to provide registration data
for chemical products. Australian legisla-
tion for managing these products focuses
on different ‘use situations’ as listed on
product labels. Accordingly, each efficacy
trial was tailored to suit a particular situa-
tion.

Methods
Screening trial
A screening trial was conducted during
the period from May 1995 to November
1996. Eighteen chemical products and
three methods of application were
screened (Table 1) at the various sites that
would be used for more detailed experi-
mentation (see below). Chemicals were
applied at their highest registered rates in
each use situation so that any damage
caused would be obvious. As the number
of treatments was large, in order to keep
the trial within practical working limits,
only two trees were treated per plot. Trees
were assessed for phytotoxic damage us-
ing a linear efficacy rating scale of 1 (alive)
– 5 (dead) (Australian Weeds Committee
1992).

Some of the products that performed
particularly well (final average phytotox-
icity score ≥4.5), were selected for more
detailed trials (Table 1). The sole exception
to this procedure was the use of Gly-
phosate 360® (average score 3.0) in the sub-
sequent stem injection trial; further inves-
tigations were pursued with this product
since glyphosate is a particularly popular
herbicide with bush regenerators.

Foliar spraying
This work evaluated the herbicides that
provided good control of broad-leaved
pepper tree in the screening trial but did
not damage pasture. For example, Gly-
phosate 360 and Arsenal® were not in-
cluded in this trial because these chemi-
cals have considerable potential to dam-
age non-target pasture species.

A beef cattle property was chosen as a
test site. It was located in the Birnam dis-
trict, east of Beaudesert (27° 57' 48"S; 153°
02' 93"E). On this property land manage-
ment had confined riparian vegetation to
the edge of a gully that flowed only after
rain. The stream fitted Rosgen’s (1996)
classification of natural rivers as a G4
single thread channel lying at the base of
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rolling hills in a narrow but gently sloping
valley. Broad-leaved pepper tree had re-
cently invaded the gully. The infestation
was expanding and individual trees were
easily recognized. This contributed to the
accuracy of the test by minimizing the ef-
fects of spray drift and reducing interfer-
ence from untreated plants.

Tordon 75-D®, Grazon DS®, Starane
200® and Banvel 200® were applied as
foliar sprays (spraying to the point of run-
off) using a Hardi 60:20 diaphragm pump
delivering 6 L per minute at 5 bar pressure
through a 60S brush gun fitted with a
number 20 ceramic disc nozzle. The first
three herbicides were applied in dilutions
of 1:200 and 1:300. For summer applica-
tions Decol® wetter (at 1 mL L-1) was
added. Banvel 200 was applied at 1:100
and 1:200 (plus BS100® wetter (at 1:1000)
for summer applications). The spraying
sequence for each tree involved wetting
the inside centre of the canopy first then
wetting the top and skirt of the tree from
different sides. The trial was designed as a
randomized block with three replicates.
Each block consisted of a control plot plus
each of the treatments. Data were gath-
ered at 1, 2, 3, 4, 5, 6, 9, 12 and 18 months
after treatment. Ten trees in each plot were
individually numbered with aluminium
tags.

To explore the effects of season of ap-
plication on herbicide efficacy the foliar
applications were carried out in Novem-
ber-December 1996 for summer and re-
peated in July 1997 for winter. Leaf pro-
duction was determined by marking con-
trol plot foliage with acrylic paint, differ-
ent colours representing different months.
Foliage was marked on 21 March 1997, 18
November 1997 and again on 23 March
1998. The paint lasts for over 12 months
and provided a record of when an indi-
vidual leaf appeared. Twenty branch tips
were randomly selected from plants
within each of five control plots.

Trees were assessed for phytotoxic
damage using a linear efficacy rating scale
of 1 (alive) – 5 (dead), as for the screening
experiments. Data for percentage mortal-
ity at 12 months were subjected to analy-
sis of variance following arcsin transfor-
mation.

Cut stump treatment
Another beef cattle property was chosen
as a test site for the cut stump treatments.
It was located in the Norwell district (27°
45' 28"S; 153° 20' 1"E), approximately 65
km south-east of Brisbane. Much of the
pasture consisted of marine couch (Sporo-
bolus virginicus (L.) Kunth, with a sparse
cover of swamp oak (Casuarina glauca).

Two operators were used to apply the
treatments. One cut the trees down using
a Stihl 023 chainsaw, leaving a flat stump
not more than 15 cm above ground and

the other sprayed on the chemical solu-
tions with a Volpi hand held knapsack.
There were minimal time delays (less than
one minute) between cutting and applica-
tion of the herbicides. Herbicides applied
were Glyphosate 360 at 1:1, Arsenal at 1:20
and Tordon TCH® at 1:20.

The trial was designed as a randomized
block with three replicates. Each block
consisted of two control plots plus each of
the treatments. Trees in one of the controls
were cut off at the base without being
treated with herbicide; trees in the other
control were untouched. This trial was
established in May 1996 (winter applica-
tion) and March 1998 (summer applica-
tion). Data were gathered at 3, 6, 8, 10 and
12 months after treatment. Additional ob-
servations were made at 26 months. Ten
trees in each plot were individually num-
bered with aluminium tags. These num-
bered trees were assessed for phytotoxic

damage using a linear efficacy rating scale
as before.

Stem injection
Stem injection treatments were tested at a
Reserve at Rodney Road, Gympie (26° 10'
32"S; 152° 38' 22"E). The infestation here
was confined to a riparian zone of a flat
floodplain.

The numbers of stems and their respec-
tive diameters were recorded for treated
plants. Axe cuts measuring 2.5–4 cm wide
by 1.5–2 cm deep were made into each
treated stem, with one injection per 10 cm
of stem circumference. While the axe was
still in place a dose of herbicide was
placed onto the axe blade. This dose ran
down into the wound as the axe was with-
drawn. It was difficult to inject more than
1–2 mL per cut with an axe. Glyphosate
360 and Tordon 75-D were injected at two
strengths (Table 2).

Table 1. Herbicides and application methods used in screening work
against broad-leaved pepper.

Product Herbicide Product strength Foliar Cut Stem
(a.i. g L-1 or kg-1) stump injection

Lontrel® Clopyralid 300 X X X
Starane 200® Fluroxypyr 300 XXA X X
Garlon® Triclopyr 600 X X X
Grazon DS® Triclopyr + picloram 300 + 100 XX X X
Tordon TCH® Triclopyr + picloram 100 + 50 – XX X
Tordon 75-D® Picloram + 2,4-D as 75 + 300 XX X XX

triisopropanolamine
salt

AF Rubbervine 2,4-D as n-butyl ester 800 X X X
Spray®

Amicide 500® 2,4-D as 500 X X X
dimethylamine salt

Tornado DF® 2,4-D as sodium salt 850 X X X
Banvel 200® Dicamba 200 XX X X
Amitrole T® Amitrole + ammonium 250 + 220 X X X

thiocyanate
Glyphosate 360® Glyphosate 360 XX XX X
Brushoff® Metsulfuron methyl 600 X XX X
Graslan® Tebuthiuron 200 – X –
Velpar® Hexazinone 250 – X –
Hyvar X® Bromacil 800 XX X –
Arsenal® Imazapyr 250 XX XX X
A Double symbols indicate applications where the average phytotoxicity rating was ≥4.5.
Underlined symbols indicate applications where products were subsequently tested by
more detailed experimentation.

Table 2. Stem injection treatments applied to broad-leaved pepper.

Treatment Product Method Dilution Volume
No. injected (mL)

1 Glyphosate 360® Axe Neat 1
2 Glyphosate 360 Axe 1:10 1
3 Glyphosate 360 Sidewinder 1:10 10
4 Glyphosate 360 Sidewinder 1:100 10
5 Tordon 75-D® Axe 1:3 1
6 Tordon 75-D Axe 1:30 1
7 Tordon 75-D Sidewinder 1:30 10
8 Tordon 75-D Sidewinder 1:300 10
9 Control – – –
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Table 4. Least squares means
(backtransformed) for percent
mortality of broad-leaved pepper 12
months following foliar application
of herbicides.

Factor Mean

Season
Summer 45.0 a

Winter 78.8 b

Chemical
Starane 200® 92.0 a

Grazon DS® 79.9 a

Tordon 75-D® 35.9 b

Banvel 200® 34.1 b

Means within the same factor with the
same superscripts do not differ signifi-
cantly at P <0.05 (Tukey HSD).

The Sidewinder system (marketed by
Sidewinder Injection Technology Pty.
Ltd., Noosaville, Queensland) used a
battery-powered drill to bore a 6 mm hole
into the stem’s sapwood. A special injec-
tor nozzle was then fitted to the drill and
screwed into the hole. Compressed air
was used to drive a hydraulic pump
which delivered 10 mL of herbicide solu-
tion (Table 2) under pressure into the vas-
cular tissue of the plant.

The stem injection treatments were
done in December 1996. The experiment
was set out using a randomized block de-
sign with three replicates. Each block con-
sisted of a control plot plus each of the
treatments. Data were gathered at 2, 3, 5,
and 9 months after treatment. (At 9
months, stems were obviously dead or
resprouting.) Ten trees in each plot were
numbered with aluminium tags. All stems
from each of these trees were treated, ex-
cept for the controls. Trees were assessed
for herbicide damage using a phytotoxic-
ity rating scale of 1–5, as before. Data for
percentage mortality at nine months after
treatment were subjected to analysis of
variance, following arcsin transformation.

Results
Screening
After 18 months the best foliar spray treat-
ments were Banvel 200, Arsenal, Tordon
75-D, Glyphosate 360, Starane 200, Grazon
DS and Hyvar X®. Ineffective chemicals
were Amicide 500®, Amitrole T®, Brush-
off®, AF Rubbervine Spray®, Garlon® and
Lontrel® (Table 1).

Best cut stump results were obtained
from glyphosate, Arsenal, Tordon TCH,
Tordon 75-D and Brushoff. Poor results
were obtained from Amicide 500, Tornado
DF®, Banvel 200, Amitrole T, Lontrel, AF
Rubbervine spray, Starane 200, Garlon,
Grazon DS, Hyvar X, Velpar® and
Graslan®.

Tordon 75-D was the best stem injec-
tion chemical. Responses to Tordon TCH
and Brushoff were variable, whereas

Table 3. Average broad-leaved pepper tree phytotoxicity ratings and final
mortality following foliar application of different herbicides during (a)
summer and (b) winter. Ratings did not change between 12 and 18 months.

Product  Dilution  Months after treatmentA  Mortality

1 2 3 4 5 6 9 12 (%)

(a)
Tordon 75-D® 1:200 2.9 3.0 3.0 3.6 3.7 3.4 3.7 2.7 10
Tordon 75-D 1:300 3.0 3.0 2.8 4.0 3.7 3.1 3.6 3.2 35
Grazon DS® 1:200 2.9 2.9 2.9 3.8 3.8 3.9 4.1 3.8 50
Grazon DS 1:300 3.0 3.0 3.2 3.8 3.5 3.8 4.1 3.5 50
Starane 200® 1:200 2.9 2.9 2.9 3.5 3.4 3.5 3.9 4.0 73
Starane 200 1:300 3.0 2.9 2.9 3.4 3.2 3.5 3.7 3.9 70
Banvel 200® 1:100 3.0 2.9 2.9 3.8 3.5 3.8 3.9 3.9 63
Banvel 200 1:200 2.7 2.8 2.9 3.5 3.1 3.3 3.3 2.5 13
Control – 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0
(b)
Tordon 75-D 1:200 2.0 2.6 2.5 3.2 3.7 3.4 3.4 4.1 67
Tordon 75-D 1:300 2.0 2.4 2.3 2.8 3.2 3.2 3.2 3.5 45
Grazon DS 1:200 2.3 2.7 3.1 3.7 4.9 4.1 4.1 4.9 97
Grazon DS 1:300 2.2 2.7 3.1 3.7 4.7 4.3 4.5 4.9 95
Starane 200 1:200 2.3 3.0 3.0 3.7 3.9 4.0 4.2 4.9 97
Starane 200 1:300 2.0 3.0 3.0 3.4 3.9 3.8 4.2 4.8 97
Banvel 200 1:100 2.0 2.5 2.5 2.9 3.2 3.1 3.6 4.0 60
Banvel 200 1:200 1.9 2.0 2.2 2.3 2.6 2.4 2.5 2.6 20
Control – 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0
A Phytotoxicity rating scale: 1=alive, 5=dead. Figures are averages of three replicates of
10 tagged trees.

Glyphosate 360, Amicide 500, Tornado
DF, Banvel 200, Amitrole T, Arsenal, AF
Rubbervine spray, Starane, Garlon,
Grazon DS and Graslan did not perform
well.

Full details of the screening trial are
available from the authors.

Foliar spray
The effect of season of application was
highly significant (F1,32 = 15.52; P <0.001),
as was that of the chemical employed (F3,32

= 13.50; P <0.001), in contrast to the effect
of chemical dilution (F1,32 = 3.24; P = 0.081).
Winter applications caused more mortal-
ity of broad-leaved pepper tree than did

Figure 1. Leaf production of broad leaved pepper tree. Foliage was marked
in March 1997 (white), November 1997 (yellow) and again in March 1998
(blue).

summer applications (Table 3); overall,
winter applications were approximately
75% more effective in killing plants (Table
4). Starane and Grazon DS were more
effective than Tordon 75-D and Banvel 200
when applied as foliar sprays (Table 3),
although the effects of the more active
chemicals were not significantly different
from each other (Table 4). Neither first nor
second order interactions between the
three factors (season, chemical and dilu-
tion) were significant (results not pre-
sented).

The relative ineffectiveness of summer
applications could be related to the sea-
sonal cycle of leaf production (Figure 1);
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when foliar applications were made in
November and December, much of the fo-
liage was new growth that was not easily
wettable.

Cut stump
There was no evidence of regrowth from
broad-leaved pepper tree stumps within
three months of application, regardless of
the chemical employed or the season of
treatment (Table 5). Trees that were cut
down only with no chemicals applied
quickly regrew, producing coppice
growth to a height of 0.3 m within 14
weeks. At 26 months after cutting these
plots were densely covered in regrowth
2.5 m tall.

While there was virtually no regrowth
from treated stumps, over time in all
treated plots a number of suckers ap-
peared. Suckers were distinguished from
seedlings by hand pulling; seedlings had
identifiable tap roots whereas suckers
snapped off easily, leaving a hockey stick
shaped end. In most cases, however, it
was not possible to attribute particular
suckers to individual treated plants. At 26
months after the winter treatments were
imposed, there were 6.3, 11.0, and 12.3
suckers per 100 m2 in plots where plants
had been treated with Arsenal, Tordon
TCH and Glyphosate 360, respectively
(compared with 13.6 per 100 m2 for the
‘cut only’ control plots). At 26 months af-
ter the summer treatments, the respective
densities were 7.7, 8.0 and 11.3 per 100 m2

(compared with 9.7 per 100 m2 for the ‘cut
only’ control plots). The effect of treatment
on the number of suckers appearing was
not significant over both treatment times
(F3,19 = 0.44; P = 0.729).

Stem injection
Mean stem number (± SD) per treated
plant was 2.3 ± 1.7 (range 1–8), with a
mean stem diameter (mm) of 84.2 ± 36.0
(range 20–300).

Mortality from the stem injection treat-
ments was generally low, with the excep-
tion of the injection of Tordon 75-D at 1:30
by the Sidewinder (Table 6). There was a
highly significant first order interaction
between chemical and application method
(F1,16 = 13.81; P <0.01), as well as a signifi-
cant second order interaction (F1,16 = 3.81;
P = 0.046). Overall, Tordon 75-D was al-
most three times as effective as was
glyphosate (Table 6).

Discussion
Broad-leaved pepper tree is difficult to
kill, being notorious for regrowth follow-
ing treatment (e.g. Doren et al. 1991). No-
where was this more apparent in the cur-
rent study than in the cut stump treat-
ments. Despite very high levels of sup-
pression of coppicing, regardless of the
herbicide employed or the season of ap-
plication, suckering occurred from most,

if not all, treated plants. The temporary
nature of control of broad-leaved pepper
provided by the cut stump method has
been noted elsewhere (Woodall 1982).
Where foliar applications were made,
regrowth from dormant buds on the
thicker stems was common for up to eight
months after treatment. These shoots usu-
ally withered and died. This response has
also been documented in Florida, follow-
ing foliar applications of dicamba + 2,4-D
and hexazinone to broad-leaved pepper
(Ewel et al. 1982). At 12 months after treat-
ment in the present study, however, some
of the plants treated with either Banvel
200 or Tordon 75-D were producing
healthy regrowth that was not likely to
die.

Foliar application
The season of application had a large ef-
fect on the efficacy of foliar applications,
with winter applications being much
more effective than those undertaken in
summer. Our findings are similar to

results of trials undertaken with foliar ap-
plications of glyphosate in North America
(Vandiver 1993, cited in Laroche and
Baker 1994). Summer spraying in the
present study took place in December,
during a vigorous leaf flush period. Since
broad-leaved pepper tree has little apical
dominance, entire trees were shrouded in
new leaves. New leaf is soft, bright green
and very hard to wet, requiring the addi-
tion of extra wetter to every treatment and
representing an additional cost (approxi-
mately $5.00 per 100 L) to the control op-
eration. Furthermore, trees shed their
older leaves over the summer period (Fig-
ure 1). There were very few leaves pro-
duced after flowering (late February).
Records from the screening trial that was
done in May (during fruiting), as well as
from the replicated trial undertaken dur-
ing July, showed that wetting occurred
readily at these times.

Both Grazon DS and Starane 200 gave
good kills. The residual nature of picloram
(an active ingredient in Grazon DS),

Table 6. Average broad-leaved pepper tree phytotoxicity ratings and final
mortality after stem injection of different herbicides.

Volume
Product Method Dilution injected Months after treatmentA Mortality

(mL) 2 3 5 9 (%)

Glyphosate 360® Axe Neat 1.0 2.0 2.0 2.4 2.8 33
Glyphosate 360 Axe 1:10 1.0 1.2 1.0 1.5 1.0 0
Glyphosate 360 Sidewinder 1:10 10.0 2.4 2.0 3.3 3.0 20
Glyphosate 360 Sidewinder 1:100 10.0 1.6 1.5 2.2 1.4 0
Tordon 75-D® Axe 1:3 1.0 2.7 2.4 2.8 2.9 23
Tordon 75-D Axe 1:30 1.0 1.2 1.4 1.6 1.3 10
Tordon 75-D Sidewinder 1:30 10.0 3.4 3.9 4.2 4.4 86
Tordon 75-D Sidewinder 1:300 10.0 2.3 1.9 2.5 2.4 10
Control – – – 1.0 1.0 1.0 1.0 0
A Phytotoxicity rating scale 1=alive, 5=dead. Figures are averages of 3 replicates of 10
tagged trees.

Table 5. Average broad-leaved pepper tree phytotoxicity ratings and
apparent mortality after cut stump applications of different herbicides in
(a) summer and (b) winter.

Apparent
Product Dilution Months after treatmentA mortalityB

3 6 8 10 12 (%)

(a)
Glyphosate 360® 1:1 5.0 5.0 5.0 5.0 5.0 100
Arsenal® 1:20 5.0 5.0 5.0 5.0 5.0 100
Tordon TCH® 1:20 5.0 5.0 5.0 4.9 4.9 98
Cut only – 1.2 1.2 1.0 1.0 1.0 0
Control – 1.0 1.0 1.0 1.0 1.0 0
b)
Glyphosate 360 1:1 5.0 5.0 4.9 4.9 4.9 96
Arsenal 1:20 5.0 5.0 4.9 5.0 5.0 100
Tordon TCH 1:20 5.0 5.0 4.9 4.9 4.9 100
Cut only – 1.2 1.2 1.0 1.2 1.0 0
Control – 1.0 1.0 1.0 1.0 1.0 0
A Phytotoxicity rating scale: 1=alive, 5=dead. Figures are averages of three replicates of
10 tagged trees.
B Suckering was detected at 26 months after treatment and occurred in all treatments.
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however, may cause concern along ripar-
ian zones. Furthermore, Starane 200 had
less impact on nontarget plants, especially
swamp oaks (Casuarina glauca). For rea-
sons of selectivity and avoidance of re-
sidual chemicals, Starane 200 would be
the preferred product for foliar applica-
tions to broad-leaved pepper tree, and has
now been registered for winter applica-
tion at 1:200 in Queensland pastures.
However, it should be noted that in the
screening trial a number of other products
showed promise as foliar applications (Ta-
ble 1), including Arsenal (see Laroche and
Baker 1994).

Cut stump
All the chemicals used in this trial pre-
vented coppicing. However, marine couch
was very sensitive to Arsenal, so this
product should not be recommended for
tidal areas. Both glyphosate and Tordon
TCH were effective, the latter being the
cheapest treatment and probably the best
choice for control of broad-leaved pepper
tree using the cut stump method. The de-
gree of suckering that was observed over
the longer term indicates that cut stump
treatments will only give suppression of
the weed, owing to its response to physi-
cal disturbance.

Stem injection
In general Tordon 75-D produced higher
mortality than glyphosate, and Side-
winder injections were more effective
than axe applications for similar herbicide
concentrations. Stem injection is regarded
as being the safest control method both
from environmental and public safety
points of view (Laroche and Baker 1994).
In Australia, the traditional method of ac-
cessing stem tissue is via an axe cut. Other
devices use hammers, bullets and spring-
loaded mechanisms that fire pellets or liq-
uids into the stem. All of these require a
reasonable level of operator competency
to deliver the correct dose of chemical to
the right place.

Stem injection with the Sidewinder sys-
tem is very environmentally sound. The
herbicide mixture is placed inside the
tree’s tissue, where it is safe from the ele-
ments. Such frugal use of chemicals less-
ens the impact on soil, air, water and non-
target plants. However, regardless of the
actual method employed, stem injections
are difficult to carry out. Using the
Sidewinder in woody weed thickets is of-
ten unpleasant and swinging an axe in a
mass of twisted stems is arduous. Further-
more, the axe method relies on gravity to
place the dose into the cut. When the cut is
not level or on a non-vertical stem (as is
often the case with this tree) some of the
chemical runs out on to the bark and is
wasted.

Operational logistics
A comparison of time taken, chemical us-
age and chemical costs is presented in Ta-
ble 7.

Broad-leaved pepper tree requires use
of the more expensive chemicals to
achieve a good kill. For example, the
amount of chemical utilized to treat 10
trees by foliar application of Starane 200
would cost more than $6.00. By compari-
son, to kill the same area of groundsel
bush (Baccharis halimifolia L.) by foliar
spraying with 2,4-D amine at 0.2% would
have cost less than $2.00.

Stem injection by either axe or Side-
winder minimized the amount of chemi-
cal used. By employing Tordon 75-D as
both a high volume foliar spray and an
injection, comparisons could be made of
efficacy and costings. At 9 months after
treatment, the high volume foliar treat-
ment rated 3.7 (Table 3), whereas the in-
jections rated 2.9 for the axe and 4.4 for the
Sidewinder (Table 6). The cost of spraying
10 trees with 80 L of 1:200 Tordon 75-D
was $13.60, whereas the cost of injecting
10 trees with 260 mL of 1:30 Tordon 75-D
was $0.26. This represents a substantial
saving on chemical costs, but more impor-
tantly, a large saving on chemical use in
general.

The poor results achieved from the axe
method were partly due to a lack of opera-
tor expertise, as it takes practice to make a
good injection with an axe. Surprisingly,
with the exception of the cut stump treat-
ment, there was not much difference in the
time taken to carry out these different ap-
plication methods. The time demands
were also comparable to basal bark treat-
ment of this species, where it took 25 min-
utes to treat 10 trees with Starane at 1:30
in diesel, at a cost of $8.25 for materials
and resulting in 95% mortality (T.M.D.
Anderson, unpublished data).

With the more directly targeted meth-
ods of herbicide application, the costs of
labour will often be far in excess of the
costs of chemical. Doren and Whiteaker
(1990) found that the principal costs of ba-
sal bark treatment of broad-leaved pepper
tree resulted from labour, not herbicide,

Table 7. Logistics of controlling 10 broad-leaved pepper trees of similar
size.

MethodA Time Chemical used Chemical cost Mortality
(person (mL) ($) (%)

minutes)

Foliar spray 33 256 6.22 97
Cut stump 49 145 3.60 –B

Stem injection axe 29 6 0.19 23
Sidewinder 30 8.6 0.27 86
A Foliar spraying used Starane 200 at 1:300 through a power spray; cut stump used
Tordon TCH diluted at 1:20 and was carried out by two men using a chainsaw and
knapsack; stem injection using an axe applied Tordon 75-D at 1:3 at a rate of 1 mL per
cut; Sidewinder injections used Tordon 75-D diluted at 1:30 at a rate of 10 mL per stem.
B Method provides suppression only.

and did not vary significantly between
matricide (control of female plants only)
and complete control strategies, owing to
the need to make a separate visit to a site
to mark female trees while these were
fruiting.
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Abstract
Chamaesyce ophthalmica (Pers.) Burch
(Euphorbiaceae) is a plant of the Ameri-
can tropics and is here reported for the
first time as a naturalized weed. It is a
plant which can be confused with the
pantropical species C. hirta (L) Millsp.
Records at the Queensland Herbarium
(BRI) indicate that it is possibly re-
stricted to the Brisbane region but it is
likely that it has been overlooked or mis-
identified elsewhere. A brief description
is given for the species and its inflores-
cence illustrated.

Introduction
A number of weed species in the genus
Chamaesyce S.F.Gray (Euphorbiaceae)
have been recorded as occurring in Aus-
tralia and they include C. hirta (L.) Millsp.,
C. hyssopifolia (L.) Small, C. maculata (L.)
Small and C. prostrata (Ait.) Small.

Chamaesyce hirta, commonly known as
asthma plant, is a very widespread and
common pantropical species throughout
the world, including much of Australia,
and has its origins in central America. C.
ophthalmica was previously known as a
variety of C. hirta (as Euphorbia hirta var.
procumbens) by Wheeler (1939, 1941) but is
now regarded as a distinct species by
American workers e.g. Burch (1966, 1969),
Webster and Burch (1967) and the USDA
plants database (http://plants.usda.gov/
plants). It is readily recognized and dis-
tinct from C. hirta.

Chamaesyce ophthalmica (Pers.) Burch
Euphorbia ophthalmica Pers.
Euphorbia gemella Lag.
Euphorbia hirta var. procumbens (DC.)
N.E.Br.

Description
Annual or perennating; prostrate, forming
mats to 30 cm in diameter; stems pinkish
to 1.5 mm in diameter, internodes to 25
mm long, branched freely from base up-
wards, not rooting at the nodes, nodes
thickened, tomentose on all surfaces, pink;
hairs multicellular, pink or orange. Leaves
membranous; blades ovate to rhombi-
form, to 15 mm long and 12 mm wide,
base oblique, subcordate or rounded, mar-
gin prominently serrated, thickened, apex
obtuse, midrib prominent on lower sur-
face, both surfaces tomentose, green; peti-
ole c. 2 mm long; stipules joined at base,
ca. 1.3 mm long, deeply lacerate, strigose.
Cyathia in dense terminal glomerules
formed of condensed leafless dichasia,
strigose; glands very small, c. 0.2 mm in
diameter, pink; appendages obsolete. Cap-
sule strigose, ovoid to 1 mm long 1 mm
wide; seed tetragonal in cross section, c.
0.8 mm long, 0.4 mm wide, transversely
ridged, red-brown.

Specimens
Queensland. Moreton District: 15
Whittaker Street, North Ipswich, 27°37’S
152°47’E, April 1992, K.A. Williams 92002
(BRI); Mt. Ommaney, 27°3-’ S 152°5-’E,
February 1981, N. Byrnes 4070b (BRI); Bris-
bane Botanic Gardens, Mt. Coot-tha,
27°28’S 152°58’E, February 2000, W.K.
Harris 119, 123 (BRI).

Distribution and ecology
At present only recorded from the Bris-
bane and Ipswich areas (Moreton District)
where it occurs as a weed on cleared or
disturbed land.

Chamaesyce ophthalmica (Pers.) Burch
(Euphorbiaceae): a weed species newly recorded from
Australia

Wayne K. Harris, Queensland Herbarium, Mt. Coot-tha Botanic Gardens, Mt.
Coot-tha Road, Toowong, Queensland 4066, Australia.
Wayne.Harris@env.qld.gov.au

Table 1. Character differences between C. hirta and C. ophthalmica.

Character C. hirta C. ophthalmica

Stem branching branching at the base but branching freely
only infrequently near tip

Habit mostly robust ascending mostly low, prostrate

Inflorescence glomerules axillary on short glomerules terminal on main
leafless peduncles or terminal axes, often in pairs, or on leafy
(Figure 1) laterals (Figure 2)

Leaf size large to 45 mm long mostly small to 15 mm long

Leaf margin serrate prominently dentate


