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Summary   In the south-east region of South Australia 
woody weeds, and bracken fern ( Pteridium esculen-
tum) in particular, are major competitors for light, 
nutrition and water during the establishment phase 
of plantation forestry. Since 1994, ForestrySA has 
investigated reducing the time lag between plantation 
clear felling (final harvesting) and re-establishment. 
Research and operational trials were conducted to 
establish if bracken could be successfully controlled 
under the existing plantation canopy prior to clear 
felling, using boomless spray technology.

In 2002 ForestrySA established an operational 
trial to test the effectiveness of a mister applicator 
for woody weed control under radiata pine canopy. 
Results from this trial confirmed previous results that 
metsulfuron-methyl used on its own or in combina-
tion with glyphosate can be used successfully to 
control bracken, black wattle (Acacia mearnsii) and 
blackwood (Acacia melanoxylon) when treated under 
canopy. The mister applicator was not as effective as 
previously tested boomless spray technology in provid-
ing control of radiata pine regeneration. 

Keywords    Bracken,  Cassotti mister,  metsul-
furon-methyl,  glyphosate,  forestry.

INTRODUCTION
Woody weeds, particularly bracken fern (Pteridium es-
culentum (G.Forst.) Cockayne), are major competitors 
with plantation species for light, nutrition and water 
during the establishment phase of plantation forestry 
in South Australia. Previous studies by ForestrySA 
have shown that the impact of bracken on survival and 
growth of radiata pine (Pinus radiate D.Don) is so large 
that it is generally more economical to control bracken 
and delay planting by one year after clear felling, than 
it is to plant early into areas with inadequate bracken 
control (Boardman 1988). 

A major impediment to rapidly replanting planta-
tion forests following clear felling is the time required 
to precondition and treat bracken. Successful control of 
bracken depends upon it being receptive to herbicide 
uptake in spring or autumn following new frond emer-
gence and then being left undisturbed for a minimum 
of six weeks following herbicide application. Chemical 

control of bracken can be compromised if bracken is 
disturbed by ploughing, slashing or burning in the six 
weeks following herbicide application.

Investigations into reducing the time lag between 
clear felling and re-establishment have been under-
taken by ForestrySA. An initial research trial in 1994 
(Richardson and Shaw 1999) tested the effectiveness 
of combinations of metsulfuron-methyl and glypho-
sate applied with a Cassotti boomless sprayer for the 
control of bracken. A Cassotti boomless sprayer has 
hydraulically driven twin nozzles with reciprocating 
action. The Cassotti spraying head is located remotely 
from the pump. Treatments were applied under canopy 
in Fuel Modified Protection Areas. Fuel Modified Pro-
tection Areas are high pruned radiata pine plantations, 
mostly adjacent to major roads, designed to reduce 
the impact of wildfires by changing the distribution 
of potential fire fuels. Live bracken cover was kept 
at or below 7% for almost five years after treatment 
in this trial. 

Further research trials were established in 1999 to 
investigate the combinations of metsulfuron-methyl 
and glyphosate previously identified as effective, in 
combination with other factors such as timing of ap-
plication and length of non-disturbance before clear 
felling (Shaw 1999). Initial results from this trial work 
indicated that three herbicide combinations (Trounce® 
at 1.73 kg ha-1, Brush-Off ® at 30 g ha-1 + Roundup® 
360 at 3 L ha-1, Brush-Off at 60 g ha-1) could provide 
adequate woody weed control. 

An operational trial for the control of bracken in 
Fuel Modified Protection Areas subsequently tested 
the Cassotti boomless sprayer applying Trounce at 
1.73 kg ha-1 under canopy in radiata pine (Richard-
son 2005). As in previous trials, the combination of 
metsulfuron-methyl and glyphosate proved to be very 
effective. Application of the herbicides with the Cas-
sotti boomless sprayer was as effective as in previous 
research trials.

ForestrySA established a further operational trial 
in 2002 (Richardson and Schebella 2005) to test the 
use of a mister applicator for woody weed control prior 
to final harvesting of radiata pine. 

Woody weed control using metsulfuron-methyl and glyphosate 
applied by boomless spray technology prior to clear fell of 

radiata pine (Pinus radiata)
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MATERIALS AND METHODS
The trial was established at Burrungle (37°46'39"S 
140°33'36"E) on the Mt Gambier Forest Reserve. 
Four mature radiata pine compartments (planted in 
1947 and 1950) with a total area of 104.9 ha were 
treated prior to clear felling with metsulfuron-methyl 
and glyphosate for the control of bracken, radiata pine 
regeneration (wildlings) and three acacia species: 
black wattle (Acacia mearnsii De Wild.), blackwood 
(Acacia melanoxylon R.Br.) and coastal wattle (Acacia 
longifolia var. sophorae (Labill.) Benth.). The trial area 
was divided into three with one of three treatments ap-
plied (Table 1). A nil control was not included in this 
operational trial because previous trials had already 
established the benefit of pre clear fell bracken control 
versus post clear fell control and no control.

All treatments were applied in March 2002 by a 
spraying contractor using a mister applicator towed 
behind a logging skidder. All treatments were applied 
with Pulse® Penetrant at 0.5% of spray volume. Treat-
ments 1 (Trounce at 1.73 kg ha-1) and 3 (Brush-Off 
at 60 g ha-1) are standard bracken control prescrip-
tions used by ForestrySA operationally. Treatment 2 
(Roundup 360 at 4 L ha-1 + Brush-Off at 30 g ha-1) is 
a simulation of the Trounce formulation containing 
a similar amount of active ingredients but at a lower 
cost. 

The treatment plots were treated according to 
standard operations practices for all other operations 
during the assessment period.

Measurement/assessment   Four 20 m × 20 m as-
sessment plots were located within each of the three 
treatment areas. This provided 12 assessment plots 
(4 replicates × 3 treatments). All plots were located 
at least 30 m from compartment edges and treatment 
boundaries.

All plots were visually assessed for percentage of 
live bracken ground cover prior to treatment applica-
tion and then at treatment plus 4, 9, 13, 27, 34 and 49 
months. Live ground cover of radiata pine regeneration 

and the three acacia species was assessed visually in 
conjunction with the bracken assessments until clear 
fell of the plantations.

RESULTS
Weed control   Figure 1 shows that all three treatments 
rapidly reduced the percentage of live bracken ground 
cover from an average of 24.2% at treatment to 2.1% 
and less at four months following treatment, maintain-
ing it at this level for 49 months following application. 
There was no significant difference in the level of 
bracken or other woody weeds control achieved by 
the three herbicide prescriptions tested.

All treatments reduced the total percentage of 
live radiata pine regeneration present but none were 
effective in eliminating this weed (Figure 2). Black 
wattle and blackwood were controlled, with all plants 
sprayed either being severely defoliated or dying. 
Coastal wattle was not visibly affected by any of the 
chemical treatments applied; however, mechanical 
damage inflicted by the tractor during the treatment 
application did initially reduce coverage of this spe-
cies (Figure 3). Chopper rolling operations following 
clear felling removed the surviving acacia species and 
radiata pine regeneration from within the treatment 
plots, thus ending assessments of these species at nine 
months. Chemical control of these species could not be 
expected to increase after the date of final assessment 
given the short half life of the herbicides used.

Mister effectiveness   No visual evidence of herbicide 
drift beyond the confines of the treated plantation area 
was observed, nor was any evidence of crown scorch 
of standing crop trees apparent. Shading by standing 
crop trees and tall regeneration reduced the effective-
ness of the mister applicator in controlling radiata pine 
regeneration. Penetration of spray, through the standing 
canopy of old bracken fronds down to newly emerged 
fronds growing as an understorey, was poor and was a 
major contributor to bracken survival. 

Table 1.   Herbicides tested for bracken control.

Treatment Active ingredient Application rate

Active 
g ha-1

Product 
g ha-1

Product 
L ha-1

1 Trounce Glyphosate
Metsulfuron-methyl

1440
17

1730 –

2 Roundup 360
Brush-Off

Glyphosate
Metsulfuron-methyl

1440
18 30

4.0

3 Brush-Off Metsulfuron-methyl 36 60 –
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DISCUSSION
The level and longevity of bracken control achieved in 
this trial confirms the results in previous trials (Rich-
ardson and Shaw 1999, Richardson 2005, Shaw 1999). 
The control of radiata pine regeneration was vastly 
inferior to that achieved when using a Cassotti boom-
less sprayer to deliver the same herbicide prescriptions 

in previous trials. Droplet size, pump delivery pressure 
and the lack of a reciprocating nozzle delivery system 
on the mister may have contributed to the lack of cover-
age and canopy penetration observed. 

Although bracken was not eliminated by any 
of the treatments applied, an acceptable level of 
control was achieved for up to 49 months following 
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Figure 1.   Percentage live bracken ground cover for 49 months after treatment.

Figure 2.   Percentage live radiata pine regeneration ground cover for nine months after treatment.
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application with the mister. This allows re-estab-
lishment of radiata pine without the need to delay 
operations in order to precondition or retreat the 
bracken present. The simulated Trounce formulation 
of Roundup 360 at 4 L ha-1 + Brush-Off at 30 g ha-1 
performed as well as Trounce at a cost reduction of 
$47 per hectare.

Effective woody weed control was achieved 
using metsulfuron-methyl and glyphosate applied 
with boomless spray technology under radiata pine 
canopy. 
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Figure 3.   Average percentage live acacia species ground cover for nine months after treatment.
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