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Summary
An 18 month-old introduced pasture,
sown in March 1994, infested with 8–18
month-old serrated tussock (Nassella
trichotoma (Nees) Arech.) seedlings near
Berridale New South Wales was sprayed
on 6 September 1995 with low rates of
flupropanate (0, 0.19, 0.37, 0.56, 0.75, 0.94,
1.12 kg a.i. ha-1) and monitored for ser-
rated tussock and pasture species content
until November 2000. Where no flu-
propanate was applied, the serrated tus-
sock seedlings (53 500 ha-1 at spraying)
increased from 5% ground cover in 1995
to 48% in 2000. Where rates of 0.56 kg a.i.
ha-1 and above were applied, all seed-
lings were killed with only minor dam-
age to the sown species. Use of 0.56 kg
a.i. ha-1 to kill seedlings is a 62% saving
on the rate generally recommended to
kill mature tussocks. Re-infestation on
the successful spray treatments did not
occur until the second year after spray-
ing and thereafter at a mean of 750 ha-1

year-1 or 1% increase in ground cover of
serrated tussock per year. Four methods
of controlling re-infestation on the suc-
cessful spray treatments with flupropan-
ate were proposed (boom spray, fixed
wing aircraft, helicopter, spot spray) and
simulated at three-year and 10-year inter-
vals. Re-treatment after three years with
low rates of flupropanate was designed

to prevent re-infesting seedlings from
ever seeding and, re-treatment after 10
years with high rates of flupropanate, to
remove the weed before it substantially
reduced pasture production. A benefit-
cost analysis of the re-treatment alterna-
tives over a 20-year period showed that
boom spraying was the most economical
option followed by aerial spraying with
spot spraying the least economical and
least efficient due to the difficulty of
finding and treating all re-infesting tus-
socks. The 10-year interval treatments
were more profitable than the three-year
alternatives, except for spot spraying. It
is suggested that repetitive overall treat-
ment by boom or aerial application of
flupropanate over long periods at three-
year or 10-year intervals could economi-
cally control serrated tussock over large
areas. These techniques also have the
potential to control serrated tussock in
some native grass pastures and to control
other grass weeds susceptible to flu-
propanate.

Introduction
When an introduced pasture is sown to
replace serrated tussock (Nassella tri-
chotoma (Nees) Arech.), as many as 220 000
ha-1 seedlings of the weed can establish
with the pasture (Campbell 1963). One

method of controlling these seedlings is to
spell the pasture in the first year after sow-
ing and again in the next spring and sum-
mer (Campbell 1963, 1985). Despite rec-
ommendations to do this (Campbell 1985),
most young pastures are grazed in their
first year which results in the survival of
tussock seedlings. Attempts have been
made to selectively remove these seed-
lings with herbicides from young intro-
duced pastures as an alternative to spell-
ing for long periods. Leonard (1962) ap-
plied low rates of 2,2-DPA and Basinex® to
a one year-old introduced pasture infested
with serrated tussock seedlings and
Campbell (1960) applied low rates of 2,2-
DPA and TCA to an annual pasture in-
fested with serrated tussock seedlings. All
herbicides removed some seedlings but
2,2-DPA and TCA damaged the pasture
(Allen 1972) and Basinex was withdrawn
from sale in 1965. Later, Campbell (1997)
found rates of flupropanate as low as 0.56
kg a.i. ha-1 completely removed serrated
tussock seedlings without damaging a
young introduced pasture. These results
were recorded 1.2 years after spraying.
This paper followed the re-infestation of
serrated tussock and changes in pasture
composition for a further 3.8 years. Meth-
ods of controlling the re-infestation are
suggested and economically evaluated.

Materials and methods
On 6 September 1995, seven rates of
flupropanate (Table 1) were applied to an
18 month-old introduced pasture near
Berridale New South Wales (NSW) in-
fested with 67 300 ha-1 serrated tussock
seedlings from 2 to 10 cm high with, re-
spectively, 20–80 leaves. The largest ger-
minated with the sown species in March
1994 and the smallest in response to 148
mm of rain in January 1995, therefore their
respective age was 0.7 and 1.5 years.
Flupropanate was applied with a hand-
held pneumatic sprayer in 500 L ha-1 wa-
ter and no surfactant. The pasture species
sown were: subterranean clover Trifolium
subterraneum cv. Goulburn, white clover T.
repens cv. Haifa, phalaris Phalaris aquatica
cvs Australian and Sirosa, fescue Festuca
arundinacea cv. Triumph and cocksfoot
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Table 1. Effect of low rates of flupropanate on serrated tussock in the five years after spraying on 6 September 1995.

Ground cover of original tussocks (%) Number of original tussocks (‘000 ha-1)

Rate of flupropanate Sept. Nov. Aug. Nov. Oct. Sept. Nov. Aug. Nov. Oct.
(kg a.i. ha-1) (L ha-1) 1995 1996 1998 1999 2000 1995 1996 1998 1999 2000

0 0 5 aA 18 a 36 a 53 a 48 a 53.5 a 51.0 a 49.0 a 40.0 a 40.0 a
0.19 0.25 7 a 12 b 19 b 34 b 28 b 70.0 a 36.0 a 35.5 a 31.5 a 31.5 a
0.37 0.50 6 a 2 c 4 c 6 c 6 c 60.8 a 6.5 b 6.0 b 6.0 b 6.0 b
0.56 0.75 7 a 0 c 0 c 0 c 0 c 83.5 a 0 b 0 b 0 b 0 b
0.75 1.00 7 a 0 c 0 c 0 c 0 c 56.5 a 0 b 0 b 0 b 0 b
0.94 1.25 6 a 0 c 0 c 0 c 0 c 63.5 a 0 b 0 b 0 b 0 b
1.12 1.50 7 a 0 c 0 c 0 c 0 c 83.5 a 0 b 0 b 0 b 0 b

A Values in columns not followed by a common letter differ significantly P<0.05.
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Dactylis glomerata cv. Currie. The soil was
derived from slate with a pH of 5.0
(CaCl2), an available phosphorous level of
4.2 mg g-1 (Olsen) and an aluminium level
of 0.1 meq 100 g-1. At sowing, 70 kg ha-1 of
mono ammonium phosphate fertilizer
was applied and then, every second year,
100 kg ha-1 of superphosphate. In the first
application of superphosphate molybde-
num was included.

Plots (5 × 4 m) were randomized in
three blocks and were part of a 50 ha pad-
dock that was grazed intermittently and
heavily with sheep and cattle during the
five years after spraying. As rainfall dur-
ing these years was low: 1996, 460 mm;
1997, 403 mm; 1998, 580 mm; 1999, 428
mm; 2000, 492 mm, the pasture was under
moisture stress for long periods. Serrated
tussock infestation was measured by
counting the number of original tussocks
and new seedlings per plot and changes
in pasture composition were recorded by
visual estimation of ground cover of the
different species.

Possible methods of controlling re-
infestation of serrated tussock on the suc-
cessful herbicide treatments, i.e. those that
gave 100% kills, (0.56–1.12 kg a.i. ha-1)
were compared with no re-treatment, i.e.
the nil herbicide treatment. The four con-
trol methods considered were boom
spraying, fixed wing aircraft, helicopter
and spot-spraying of flupropanate ap-
plied at three-year and 10-year intervals,
the former to prevent any seed production
from the re-infesting plants (which would
be important where the treated area was
not showered with seedheads from out-
side) and the latter to prevent serrated tus-
sock from substantially reducing pasture
production (which would be appropriate
where the treated area was subject to an-
nual receipt of seedheads from outside).
The cost of each treatment is given in Ta-
ble 2. The rate of flupropanate necessary
to kill seedlings at three-year intervals and
mature tussocks at 10-year intervals was,
respectively, 0.56 and 1.12 kg a.i. ha-1. The
cost of spot spraying at three-year and 10-
year intervals was calculated for, respec-
tively, 2250 and 7500 tussocks ha-1, i.e. a
rate of increase of 750 ha-1 year -1, @ $35
hour-1 (Table 2) using the Denne (1988)
formula for cost of control by grubbing for
his marginal analysis model.

A linear programming model was used
to evaluate the economics of the nil herbi-
cide treatment and the control of re-infes-
tation on the successful spray treatments.
This model is a refined version of the
model Jones and Vere (1998) used to esti-
mate the costs of serrated tussock in NSW,
and calculates the changes in returns from
livestock production with varying levels
of serrated tussock infestation in intro-
duced pastures. The model calculated the
gross margin ha-1 for each year of the ex-
periment based on a fine wool Merino

wether enterprise which is the main live-
stock production activity in the Berridale
district. The year 2000 results were held to
be constant until 2015 so that the econom-
ics of the control treatments could be
evaluated over 20 years.

Benefit-cost analysis was then used to
evaluate each control treatment in terms
of net present value (NPV) and benefit-
cost ratio (BCR) criteria using a 7.5% dis-
count rate over the 20-year period. Any
treatment with a NPV >0 and a BCR >1 is
economic and the treatment with the larg-
est values of these criteria is the preferred
control option.

Results
Original tussocks present at spraying
Flupropanate applied in 1995 killed all
tussock seedlings present at rates of 0.56
kg a.i. ha-1 and above (Table 1). Although
the 0.37 kg a.i. ha-1 rate was equally effec-
tive (P<0.05), statistically, in killing seed-
lings, 6500 ha-1 remained after spraying

which would lead producers to select 0.56
kg a.i. ha-1 as the most economical and ef-
fective rate for practical use. This rate is
62% lower than the 1.5 kg a.i. ha-1 gener-
ally recommended for killing mature tus-
socks (Campbell 1985).

The minimum rate of flupropanate nec-
essary to kill 100% of seedlings in this ex-
periment was between 0.37 and 0.56 kg
a.i., ha-1 (Table 1). Higher rates (0.6–0.75
kg a.i. ha-1) were necessary to give 100%
kill of seedlings 1.2 years older, from ap-
plications made on 28 November 1996 on
an adjacent experiment (unpublished
data). In other environments higher rates
may be needed to kill seedlings of the
same ages.

The seedlings that survived at rates
lower than 0.56 kg a.i. ha-1 increased in
ground cover (from 5% to 48% on the nil
herbicide treatment, Figure 1) by growing
from small plants 10 × 1 cm to large plants
40 × 15 cm in the five years after spraying
(Table 1). These tussocks decreased in

Figure 1. Comparison between the successful spray treatments (0.56–1.12 kg
a.i. ha-1 flupropanate) applied 18 months after sowing the pasture
(foreground) and the nil herbicide treatment (between two officers), four
years after spraying.

Table 2. Costs of methods used to control re-infesting serrated tussock on
the successful spray treatments.

Method Interval Flupropanate Spraying Total
(Years) (kg a.i. ha-1) ($ ha-1) ($ ha-1) ($ ha-1)

Boom spray 3 0.56 29.25 15 44.25
10 1.12 58.50 15 73.50

Fixed wing 3 0.56 29.25 31 60.25
10 1.12 58.50 31 89.50

Helicopter 3 0.56 29.25 50 79.25
10 1.12 58.50 50 108.50

Spot spray 3 0.75 15.00A 102 117.00
10 1.50 35.00B 260 295.00

A 2250 tussocks ha-1.
B 7500 tussocks ha-1.
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density over the five years due to inter-
plant competition (Table 1) and they flow-
ered from 1996 onward. The apparent de-
crease in ground cover on the nil herbicide
treatment in 2000, compared to that in
1999, was due to cattle grazing the tus-
socks in 2000.

Infestation of new tussocks after
spraying
New tussock seedlings were not observed
until August 1998, three years after spray-
ing. Therefore the first re-infesting seed-
lings probably established in mid to late
1997 as no new seedlings could be found
on 18 June 1997. The most likely time of
their establishment was late June 1997 in
response to 91 mm of rain in six days. Fur-
ther infestations of new seedlings oc-
curred in 1999 and 2000 (Table 3). There
was no difference (P<0.05) in rate of re-
infestation by seedlings between the seven
herbicide treatments but there appeared to
be differences in rate of re-infestation be-
tween years (Table 3). Seedlings origi-
nated from seed in the soil and from
seedheads blown onto the experiment
from unsuccessful 1995 treatments and
from a moderate infestation in the sur-
rounding unsprayed paddock (back-
ground, Figure 1). In the five years after
spraying the pasture and serrated tussock
seedlings were grazed heavily many

times which provided adequate bare
ground to allow re-infestation by serrated
tussock (Table 4). The seedlings did not
flower in the first three years after spray-
ing but 35 and 74% flowered in 1999 and
2000 when the eldest would have been
two and three-years old respectively.

Introduced pasture species
Flupropanate depressed (P<0.05) ground
cover of legumes at the higher rates in the
two months after spraying but had no del-
eterious effects thereafter on grasses or
legumes (Table 4). In the five years after
spraying, ground cover of sown legumes
decreased and that of sown grasses in-
creased (Table 4). The decrease in total leg-
ume content was due to the death of white
clover in 1997 (403 mm rainfall) which al-
lowed an increase in ground cover of sub-
terranean clover thereafter. Ground cover
of sown grasses on the sprayed treatments
increased over time, despite heavy graz-
ing, due to the input of nitrogen from the
legumes. On the nil treatment ground
cover of sown grasses and legumes de-
clined (Table 4) due to the increase in
ground cover of serrated tussock from 5
to 48% in the five years after spraying (Ta-
ble 1). In October 2000 the proportional
contribution of sown grasses meaned for
all treatments was, 60% cocksfoot, 35%
phalaris and 5% fescue.

Re-infestation of serrated tussock over
time
Re-infestation of serrated tussock on the
nil herbicide treatment from 1995 to 2000
(10% increase in ground cover year-1,
based on an initial infestation of 53 500
ha-1 seedlings in 1995) occurred much
faster than on the successful spray treat-
ments (Table 5). The benefit-cost analysis
demonstrates the economic superiority of
treatments used to control re-infestation
on the successful spray treatments over
the nil herbicide treatment (Table 6). The
main cause of re-infestation on the nil her-
bicide treatment was from seedlings that
had established before September 1995
and grew into large tussocks by 2000 (Fig-
ure 1). The density of these seedlings
(53 500 ha -1) was much higher than the re-
infestation of seedlings on the successful
spray treatments (Table 3) which resulted
in an increase in ground cover of serrated
tussock of 1% year-1 (Table 5). Re-treat-
ment after the successful spray treatments,
by boom, aerial or spot spraying, could be
applied at three-year or ten-year intervals
after the initial spraying. The benefit-cost
analysis results of the re-treatment alter-
natives show that boom spraying was the
most economical option at either spraying
interval and spot spraying the least eco-
nomical (Table 6).

Discussion
This experiment showed that the success-
ful spray treatments were much superior
to the nil herbicide treatment on both ag-
ronomic and economic grounds. Plough-
ing and sowing introduced species, with-
out spraying re-infesting seedlings or im-
posing long animal-free periods, resulted
in 48% ground cover of serrated tussock
five years after sowing which would ne-
cessitate re-treatment. If the area had to be
re-ploughed and re-sown it would cost
$250 ha-1 every five years which would be
unprofitable.

Re-infestation after the successful spray
treatments was slow (1% increase in
ground cover year-1) because, in the first
two years after spraying, no seedlings
could be found, possibly due to the re-
sidual effect of flupropanate (Campbell

Table 3. Effect of low rates of flupropanate on re-infestation by serrated
tussock seedlings in 1998, 1999 and 2000 after spraying on 6 September
1995.

Rate Number of seedlings

(kg a.i. (L ha-1) (ha-1) (Annual increase ha-1)

ha-1) 1998 1999 2000 1998 1999 2000

0 0 1850 aA 1850 a 3000 a 1850 0 1150
0.19 0.25 650 a 850 a 3850 a 650 200 3000
0.37 0.50 1150 a 1850 a 2500 a 1150 700 650
0.56 0.75 350 a 650 a 1500 a 350 300 850
0.75 1.00 350 a 500 a 1200 a 350 150 700
0.94 1.25 1150 a 1850 a 3800 a 1150 700 1950
1.12 1.50 1150 a 2000 a 2500 a 1150 850 500

Mean 950 414 1257
AValues in columns not followed by a common letter differ significantly P<0.05.

Table 4. Effect of rate of flupropanate on ground cover (%) of pasture from 0.2 to five years after spraying, i.e. in
November 1995, 1996, 1999 and 2000.

Rate Legumes Sown grasses Bare ground

(kg a.i. ha-1) 95 96 99 00 95 96 99 00 95 96 99 00

0 87 aA 5 a 13 a 17 c 5 a 23 b 11 d 10 c 0 b 8 d 15 ab 17 a
0.19 69 ab 11 a 17 a 23 bc 7 a 30 a 28 c 25 b 2 b 19 c 8 b 10 b
0.37 70 ab 7 a 23 a 43 a 6 a 32 a 48 a 42 a 1 b 25 c 8 b 3 c
0.56 37 cd 8 a 18 a 36 a 7 a 36 a 50 a 42 a 8 ab 27 bc 15 ab 9 bc
0.75 30 d 8 a 19 a 35 a 4 a 32 a 45 ab 40 a 8 ab 35 ab 17 a 7 bc
0.94 55 bc 8 a 25 a 40 a 4 a 32 a 50 a 42 a 3 b 38 a 8 b 6 bc
1.12 45 cd 10 a 23 a 33 ab 4 a 35 a 39 b 41 a 15 a 37 a 20 a 12 ab

A Values in columns not followed by a common letter differ significantly P<0.05.
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and Nicol 2001). In the following three
years, low numbers of seedlings emerged
(a mean of 750 ha-1 year-1) compared to the
number that emerged after ploughing and
sowing on the nil herbicide treatment
(53 500 ha-1). The low seedling numbers
re-infesting the successful spray treat-
ments could reflect a substantial reduction
in the seed bank due to the 1995 spraying
and the residual effects of flupropanate in
1996.

Treatments to control re-infestation on
the successful spray treatments applied by
boom or aerial spraying were more profit-
able than spot spraying at both the three-
year and 10-year intervals. Other disad-
vantages of spot spraying are the diffi-
culty of finding and spraying all large tus-
socks and the impossibility of spraying all
small tussocks. Therefore spot spraying at
three-year intervals will not be practical,
annual treatment being the more likely
option. The cost of aerial spraying can be
minimized if an aircraft is hired to spray
for a group of producers in the one region
rather than for individuals.

The superiority of the 10-year interval
over the three-year interval agrees with
findings of Denne (1988) in New Zealand
where an optimization model suggested
that greater net benefits would be ob-
tained with less frequent control opera-
tions than currently recommended.

Applying a low rate of flupropanate
(0.56 kg a.i. ha-1) at three-year intervals
will not damage the introduced pasture
provided spraying is undertaken in
spring or early summer to ensure subter-
ranean clover is not damaged (Campbell
1987). Repeating this treatment over long

periods will not foster resistance by ser-
rated tussock to flupropanate because the
re-infesting seedlings will originate from
the same seed bank extant before spraying
began. After a number of overall spray-
ings at three-year intervals, the seed bank
of serrated tussock may be so reduced that
spot spraying very low populations could
be appropriate. Campbell and Nicol (1999)
found the life of serrated tussock seed
stored in a laboratory to be about 14 years.
Therefore, after five sprayings, remaining
tussock seeds would be 15 years old and
almost all non-viable, assuming life in the
soil is the same as that in the laboratory.
As old seeds produce abnormal seedlings
with low seedling vigour (Dempsey and
Harrington 1951, Copeland and Mc-
Donald 1995, Campbell and Nicol 1999),
the chance of their survival in a competi-
tive pasture would be low.

Applying a high rate of flupropanate
(1.12 kg a.i. ha-1) in spring/summer at 10-
year intervals will not damage the intro-
duced pasture (Campbell et al. 1979,
Campbell and Ridings 1988). Intervals of
less than 10 years would be necessary if
unfavourable conditions caused faster re-
infestation than occurred in this experi-
ment or if re-infestation occurred in an ex-
ponential fashion. Intervals longer than 10
years could be appropriate if the re-infes-
tation of serrated tussock was slowed by
pasture competition promoted by favour-
able rainfall, fertilizer application and/or
astute management. For example, spelling
treated paddocks in spring and summer
when excess pasture is available will re-
move many seedlings and prevent survi-
vors from seeding (Campbell 1963). In

addition, serrated tussock does not re-
spond to superphosphate whereas pas-
ture species do. Repeated application of a
high rate of flupropanate at 10-year inter-
vals over long periods is unlikely to cause
serrated tussock to develop resistance to
flupropanate (personal communication C.
Preston, University of Adelaide, 2001).
Precautions could be taken by re-plough-
ing or spelling at pertinent intervals. The
only alternative herbicide to flupropanate
that can kill serrated tussock is glyphosate
(Campbell 1999, Verbeek et al. 1999) but,
because it has deleterious effects on asso-
ciated useful species, it could only be used
when they are dormant (Campbell and
Nicol 2001).

Opposition to 10-year sprayings could
arise from weed control authorities be-
cause of the seed produced between
sprayings. This could be overcome by for-
mulating a property weed control plan
designed by the producer and the weed
control authority to spray when ever
the weed reached an agreed level of re-
infestation (personal communication, D.
Clinton, Chief Weeds Officer, Snowy
River Shire Council, 2001). As the 10-year
program will only be promoted where
widespread seedhead dispersal occurs,
the small amount from the treated pad-
dock will not substantially alter the over-
all infestation position. Seedhead produc-
tion during the 10-year interval could be
prevented by applying a low rate of
glyphosate in September or October
(Campbell et al. 1998) but this would dam-
age most associated useful species. Alter-
natively, a low rate of flupropanate could
be applied in July or August to stop
seedhead production without damaging
most useful species or a rotary wiper
could be used to apply flupropanate to re-
move the larger tussocks (Campbell and
Nicol 1998).

On non-arable land, serrated tussock
re-infestation after an aerial spray-sow-
spray program (high rate of flupropanate
to kill mature tussock-sow introduced
pasture-low rate to remove seedlings 15
months after sowing) could be removed
by applying a low rate of flupropanate at
three-year intervals or a high rate at 10-
year intervals.

Similarly, where flupropanate has been
used to kill mature serrated tussock in na-
tive grass pastures that tolerate high rates
(redleg Bothriochloa macra, kangaroo
Themeda triandra, poa Poa labillardieri), a
three-year or 10-year treatment could
maintain the pasture relatively free of the
weed by applying, respectively, a low or a
high rate. The profitability of such treat-
ments would depend on the productivity
of the pasture. By sowing subterranean
clover, applying superphosphate and
with astute management the native grass
pasture can be sustained and production
from it made profitable (Crofts 1989).

Table 5. Re-infestation of serrated tussock (original + seedlings) on the nil
herbicide and successful spray treatments (mean of 0.56 to 1.12 kg a.i. ha-1

flupropanate).

Treatment Number ha-1 Ground cover (%)

1995 1996 1998 1999 2000 1995 1996 1998 1999 2000

Nil herbicide 53,500 51,000 51,000A 42,000A 43,000A 5 18 36A 54A 49A

Spray 56,500 0 750 1,250 2,250 7 0 1 1 2
A Original tussocks in 1995 + new seedlings.

Table 6. Benefit-cost analysis of control treatments ($ ha-1) applied at 3-year
and 10-year intervals to the successful spray treatments, compared to the nil
herbicide treatment, evaluated by the net present value (NPV) and benefit-
cost ratio (BCR) over 20 years and discounted at 7.5%.

Control treatment 3-year intervals 10-year intervals

NPV NPV BCR NPV BCR

Successful sprays:
Boom spray 830 4.13 948 7.45
Fixed wing 734 3.03 886 5.34
Helicopter 620 2.30 878 5.05
Spot spray 453 1.71 431 1.71

Nil herbicide 141A

A BCR not applicable.
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In native grass pastures susceptible to
the high rates of flupropanate necessary to
kill mature serrated tussock (Danthonia
spp., Microlaena stipoides), the weed could
only be selectively removed if seedlings
were beginning to invade an established
pasture. The rate of flupropanate for selec-
tively removing seedlings at three-year
intervals would have to be below 0.75 kg
a.i. ha-1 otherwise D. pilosa, D. racemosa, D.
duttoniana, D. eriantha and M. stipoides
would be severely damaged (Keys and
Simpson 1993, Campbell and Van de Ven
1996). Unpublished research (M.H. Camp-
bell 2001) has shown that a central table-
lands ecotype of M. stipoides can tolerate
0.56 kg a.i. ha-1 of flupropanate and D.
eriantha can tolerate 0.37 kg a.i. ha-1, rates
sufficient to selectively remove serrated
tussock seedlings. The practicality of us-
ing this treatment would depend on it be-
ing profitable. There is a need to assess the
tolerance of different ecotypes of M.
stipoides and different species of Danthonia
to low rates of flupropanate so that ser-
rated tussock can be selectively removed
from tolerant types. If biological agents
are found (Briese and Evans 1998) that
will attack serrated tussock, but not kill it,
low rates of flupropanate could be used in
the selective removal of the weed from
Danthonia spp. and M. stipoides pastures.

Where serrated tussock infests annual
pasture, mature tussock could be initially
removed with a high rate of flupropanate
and re-infesting seedlings removed at
three-year or 10-year intervals without
damaging the pasture. Treatment of a
high quality annual pasture containing
subterranean clover could be profitable
but treatment of low quality annual pas-
ture dominated by nitrophilous and other
weeds is unprofitable (Vere et al. in press).
Because of the instability of annual pas-
tures, it is recommended they be replaced
with introduced perennial grass dominant
pastures where possible (Campbell 1985,
Campbell and Watson 1996). In areas with
favourable climate and fertile soil this is
economically feasible but in unfavourable
situations such improvement is uneco-
nomic (Vere et al. 1993).

These long-term control techniques
have application for selectively removing
serrated tussock from introduced, native
and annual pastures on arable and non-
arable land. Campbell (2001) has pub-
lished the control procedures to use in
each of these situations.

Where control of serrated tussock is not
possible using pastures, trees could be
planted to control the weed but with little
prospect of profit which means there
needs to be publicly funded acquisition-
closure of such lands (Vere and Campbell
1984, Vere et al. 1993). On low rainfall-low
soil fertility country, Jones et al. (2000) con-
cluded that the socially optimal control

option is to retire land from agriculture
and re-vegetate it with trees.

Application of low or high rates of
flupropanate at three-year or 10-year in-
tervals as proposed above for serrated tus-
sock could have application in the selec-
tive removal from introduced and native
pastures of other grass weeds susceptible
to flupropanate, e.g. Chilean needle grass
(Nassella neesiana Trin. & Rupr.), African
lovegrass (Eragrostis curvula Schrad.), gi-
ant Parramatta grass (Sporobolus indicus
var. A) and giant rat’s-tail grass (Spor-
obolus pyramidalis and S. natalensis). These
techniques could also have application for
the control of stipoid grasses that may be-
come widespread weeds in the future
(McLaren et al. 1998), e.g. cane needle
grass (N. hyalina), Texas needle grass (N.
leucotricha), lobed needle grass (N. charru-
ana), short-spined needle grass (N.
megopotamia), Uruguayan ricegrass (Pipto-
chaetium montevidense) and narrow-kernel
espartillo (Achnatherum brachychaetum).
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