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Summary   A population of serrated tussock at Dig-
gers Rest just north-west of Melbourne has been identi-
fied as being resistant to the herbicide flupropanate. 
This has prompted a national mail survey of 5000 land 
managers impacted by serrated tussock across Aus-
tralia. Survey results have shown that serrated tussock 
has spread widely throughout Victoria, NSW, ACT and 
Tasmania with 15 out of 400 respondents reporting re-
sistance and requiring further investigation. The survey 
has also shown that serrated tussock is costing each 
land manager between $15,000 and $20,000 annually 
in control and lost production costs. This emphasises 
the importance of promoting integrated management 
of serrated tussock.

Keywords    Survey,  serrated tussock,  Nassella 
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INTRODUCTION
Serrated tussock (Nassella trichotoma (Trin. & Rupr) 
Barkworth) is a declared Weed of National Signifi-
cance (Thorp and Lynch 2000) that has been estimated 
to conservatively cost Victoria $5 million per year 
(Nicholson et al. 1997) and New South Wales $40.3 
million per year (Jones and Vere 1998). It has been 
described as causing a greater reduction in pasture 
carrying capacity than any other weed in Australia, 
with heavily infested paddocks in NSW carrying only 
0.5 dry sheep equivalent (d.s.e.) per hectare compared 
to 7 to 15 d.s.e. on improved pasture without the weed 
(Parsons and Cuthbertson 1992). In 1977 it occupied 
680,000 ha (Campbell 1977) and now occupies more 
than 870,000 ha in New South Wales with an estimated 
2,000,000 ha at risk of infestation (Ian McGowan, 
NSW Department of Primary Industries, pers. comm.). 
Serrated tussock has expanded its distribution in 
Victoria from 4 ha in 1954 (Parsons 1973) to 30,000 
ha by 1979 (Lane et al. 1980) to 130,000 ha by 1998 
(McLaren et al. 1998). Serrated tussock is also found 
in Tasmania where it is currently spread in scattered 
populations over an area of approximately 1000 ha 
(Christian Gonninon, Tasmanian Department of Pri-
mary Industries Water and Environment pers. comm.). 
The potential distribution of serrated tussock based on 

its current infestations in Australia has been estimated 
at 32 million ha with substantial areas of New South 
Wales, Victoria and Tasmania at risk of invasion 
(McLaren et al. 1998). Serrated tussock is increasingly 
recognised as a serious environmental weed and the 
associated native vegetation being invaded by serrated 
tussock is described by McLaren et al. 1998.

Despite years of research, there are still limited 
control options for managing serrated tussock in 
Australia (Michalk et al. 1999). The only registered 
herbicides for control of serrated tussock in pastures 
are flupropanate, glyphosate, and 2,2-DPA. Flupro-
panate is widely regarded as the most selective and 
effective herbicide for controlling serrated tussock 
(Campbell and Vere 1995). Species such as phalaris, 
cocksfoot and kangaroo grass have some tolerance to 
flupropanate (Campbell 1979, Campbell et al. 1979, 
Campbell and Ridings 1988) while its residual action 
in the soil can prevent serrated tussock regrowing 
for three to five years (Campbell and Vere 1995). 
Flupropanate resistance has been identified in a popu-
lation of serrated tussock in Victoria (Noble 2002). 
Serrated tussock plants suspected of being resistant 
to flupropanate were grown in a pot trial and treated 
with a range of flupropanate rates. The resistant ser-
rated tussock survived application rates as high as 8 L 
ha-1, which is four times the recommended rate used 
for controlling this species (Noble 2002). Similarly, 
Petri dish dose response trials undertaken on serrated 
tussock seeds have shown that the flupropanate dose 
required to reduce the germination of seeds from 
resistant plants by 50% was approximately 10 times 
higher than for susceptible seeds (Graeme Pritchard, 
unpublished data) This prompted a national survey to 
try and determine whether serrated tussock resistance 
to flupropanate is widespread and to raise resistance 
awareness and promote integrated management of 
serrated tussock.

MATERIALS AND METHODS
In November 2004, a tick-box questionnaire was sent 
out to land managers in Victoria, NSW, ACT and Tas-
mania. In Victoria and Tasmania, questionnaires were 
sent out directly to landholders that had been recorded 
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with serrated tussock on the land they managed while 
in New South Wales and the ACT questionnaires 
were provided to weeds officers for distribution to 
land mangers impacted by serrated tussock. A total 
of 5000 surveys were sent (2125 to Victoria, 2450 to 
NSW, 150 to ACT and 275 to Tasmania). A colour CRC 
for Australian Weed Management Fact sheet entitled 
‘Understanding the mechanisms behind herbicide 
resistance’ was also sent out with the surveys to help 
land managers understand what herbicide resistance 
is and how it can be prevented. 

Respondents were requested to provide infor-
mation on the extent of land they managed and the 
coverage of serrated tussock infestation on their land. 
The infestations were categorised either as ‘Dense, 
Medium, Scattered, or Rare’ in density and classified 
as pasture land, native vegetation or other (roadside, 
cropping, forestry etc.). Respondents were also asked 
to indicate the costs as ‘material costs’, ‘labour costs’, 
‘Time (days per year) cost’ and ‘other costs’ to control 
serrated tussock infestations in ‘pasture’, ‘native veg-
etation’ and ‘other’ land classes. Questions were asked 
about chemical control including what herbicides they 
used for serrated tussock, the number of times they 
used these herbicides and the year they first used 
these herbicides. They were also asked whether they 
had noticed serrated tussock on the land they managed 
that had not died after two or more applications of a 

serrated tussock herbicide and whether they thought 
this could have been due to resistance. 

RESULTS
Distribution and type of infestation   A response 
rate of approximately 8% (400) was obtained. The 
respondents reported on a total area of approximately 
0.42 million ha consisting of pasture, native vegetation 
and other (roadsides, cropping, etc.) across Australia. 
The respondents reported serrated tussock infesta-
tions totalling approximately 102,048 ha comprising 
48,747 ha on pasture, 43,019 ha in native vegetation 
and 10,281 ha on other areas (roadsides, cropping 
etc.). Of this total, some 82,094 ha was in NSW, 8113 
ha in Victoria, 11,520 ha in the ACT and 321 ha in 
Tasmania. 

Economic impact   Table 1 lists the annual costs of 
serrated tussock control expressed as materials, labour 
and other (other costs of serrated tussock not included 
in materials and labour) listed for land use and State 
affected. As expected, NSW, the state with the most 
significant serrated tussock infestations are spending 
the most money on serrated tussock control ($691,759 
per year and $7745 per respondent). However, land 
managers from the ACT are spending on average 
$9405 per respondent per year on serrated tussock 
control which is more than double that reported for 

Table 1.   The annual costs of serrated tussock control reported from survey.

State Land use types Annual total cost to control serrated tussock by State ($ y-1) Average per respondent 
($ y-1)Materials Labour Other Total

NSW Pasture 165,714 177,110 23,970 366,794 2,134

Native 50,180 116,172 87,570 253,922 3,199

Other 15,347 41,286 14,410 71,043 2,412

VIC Total 231,241 334,568 125,950 691,759 7,745

Pasture 53,609 76,478 26,460 156,547 1,010

Native 16,142 50,898 17,600 84,640 918

Other 9,275 43,800 8,425 61,500 1,934

TAS Total 79,026 171,176 52,485 302,687 3,862

Pasture 2,050 5,390 3,350 10,790 715

Native 2,325 4,650 2,500 9,475 1,415

Other 0 0 0 0 – 

ACT Total 4,375 10,040 5,850 20,265 2,130

Pasture 21,550 30,760 40,300 92,610 5,438

Native 43,450 13,640 17,800 74,890 3,755

Other 110 500 100 710 212

Total 65,110 44,900 58,200 168,210 9,405

Total 379,752 560,684 242,485 1,182,921 20,940
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Victoria ($3862 per respondent per year) and Tasmania 
($2130 per respondent per year). Labour was recorded 
as the greatest cost component in all land use types 
except in native vegetation in the ACT where $43,450 
was spent on materials compared to $13,640 estimated 
for labour. The annual total production losses caused 
by serrated tussock are listed in Table 2. The total and 
average production losses were estimated at $662,820 
and $13,000 per year per respondent respectively. In 
total, serrated tussock was estimated to be costing the 
respondents approximately $1.8 million in manage-
ment costs and lost production or about $15-20,000 
per year per respondent. 

Herbicide resistance   Table 3 shows the number of 
respondents using flupropanate and glyphosate and 
average years used for control of serrated tussock com-
pared by State. Almost twice as many respondents were 
reported using flupropanate to glyphosate in NSW and 
vice versa for Victoria. Respondents from NSW and 
the ACT have used flupropanate on average more than 
ten years. Glyphosate has been used more frequently 
than flupropanate in Victoria and Tasmania (Table 3.). 
The number of respondents reporting herbicide resist-
ance is shown in Table 4. Serrated tussock resistance to 
flupropanate was reported by nine land managers and 
resistance to glyphosate by six land managers (Figure 
1.). All the Victorian flupropanate resistance reports 
were from properties in the Diggers Rest, Sydenham, 
and Bulla locality just north of Melbourne. 

DISCUSSION
This survey has confirmed the massive impacts this 
weed is having on Australian agriculture with average 
annual serrated tussock costs ranging from $15,000 
to $20,000 per year per respondent. This survey has 
also identified nine (2%) properties reporting serrated 
tussock suspected of being resistant to flupropanate. 
A process of contacting these land managers and 
obtaining serrated tussock samples for testing resist-
ance is underway. Similarly, six land managers have 
also expressed concern that glyphosate is not killing 
serrated tussock and that this could be due to resist-
ance. The Victorian Department of Primary Industries 
has been working in collaboration with the Melton 
Shire Council to ensure that all serrated tussock on 
and surrounding the property confirmed with resist-
ant serrated tussock is controlled. In addition, RMIT 
University in collaboration with the Victorian Depart-
ment of Primary Industries have commenced a PhD 
project investigating the heritability and mechanisms 
causing resistance to flupropanate by serrated tussock. 
It is critical that land managers do not rely solely on 
one herbicide type to control serrated tussock. Land 

Table 2.   Annual total production loss by State 
($ y-1).

State No. of 
replies

Total
$

Average per 
respondent $

NSW 31 478,600 15,439

VIC 15 91,740 6,116

TAS 1 1,000 1,000

ACT 4 91,480 22,870

Total 51 662,820 12,996

Table 3.   Herbicides used to control serrated tussock 
(number of respondents) and average years/times 
used.

State

Flupropanate Glyphosate Total
No. reportingNo. reporting – average years used

NSW 96 – 10.7 68 – 7.6 164

VIC 57 – 5.1 120 – 5.6 177

TAS 7 – 1.4 4 – 6.0 11

ACT 10 – 10.9 11 – 3.8 21

Total 170 – 8.0 203 – 6.3 373

Table 4.   Survey respondents reporting resistance.

State Flupropanate Glyphosate

NSW 2 1

VIC 6A 5

TAS 0 0

ACT 1 0

Total 9 6
A Includes one property confirmed with resistance.

Figure 1.   Distribution of survey respondents report-
ing resistance.

Resistance status
——Glyphosate resistance?
——Flupropanate resistance?
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managers need to consider mechanical control, crop-
ping, pasture rehabilitation, grazing management 
and a strategic use of herbicides to try and reduce 
the likelihood of resistance. This survey reinforces 
the need to practice integrated weed management to 
control serrated tussock. The implications of serrated 
tussock herbicide resistance is its increased dominance 
as a weed, increased costs for land managers, more 
herbicide usage and higher environmental pollution 
as a consequence.
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