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Summary
Herbicides were applied to serrated tus-
sock (Nassella trichotoma (Nees) Arech.)
just before and after the beginning of
seedhead emergence in Victoria and
New South Wales in 1994 and 1995 to ex-
amine their effects on seedhead produc-
tion and control. The critical factor in re-
ducing seedhead production was to ap-
ply herbicides before the beginning of
seedhead emergence. Glyphosate ap-
plied at 0.225–0.45 kg a.i. ha-1 in Septem-
ber, October or November, 0–8 weeks
before the start of seedhead emergence,
reduced seedhead production by 91–
99%. The optimum time of application
appeared to be 2–4 weeks before the
seedheads began to emerge. Because it is
difficult to assess when the seedheads
will begin to emerge and because the
timing of this event varies from year to
year, applying glyphosate when the
thicker-than-normal flowering tillers are
present in September, October or No-
vember is the best practical indicator of
when to spray and should result in >90%
reduction in seedhead production. When
applied after seedhead emergence began
glyphosate reduced seedhead produc-
tion (e.g. 77% reduction from 0.45 kg a.i.
ha-1) much less than when applied be-
fore. It also reduced the percentage of
mature seeds in seedheads but had little
effect on germination of these seeds and
no effect on growth of seedlings from the
seeds. Flupropanate had no effect on
seedhead production, seed set, germina-
tion or seedling growth when applied
soon before or after the beginning of
seedhead emergence. When mixtures of
flupropanate and glyphosate were ap-
plied, the seedhead reduction effect of
glyphosate was reduced and the effects
of flupropanate in killing mature tus-
socks and restricting seedling regenera-
tion were reduced. Therefore, for opti-
mum results in large scale applications,

glyphosate should be applied alone for
seedhead reduction and flupropanate
applied alone for killing serrated tussock
and restricting seedling regeneration un-
til research solves the problem of apply-
ing the two herbicides together. How-
ever, mixtures could be used for spot
spraying. Use of glyphosate to prevent
seedhead production of serrated tussock
would best be applied as an interim
treatment to provide time for more per-
manent control measures to be imple-
mented.

Introduction
One of the main problems in controlling
serrated tussock (Nassella trichotoma
(Nees) Arech.) is stopping seedheads be-
ing distributed from infested to uninfested
properties. Generally half the seeds in a
seedhead fall near the mother plant and
the remainder are carried in the seedhead
for up to 50 km by wind (Healy 1945). In
the central tablelands of New South Wales
(NSW) and southern Victoria the seed-
heads produced in late spring and early
summer are distributed during summer.
As the weed flowers only once per year,
herbicide application offers a means of
stopping seedhead production and seed
dispersal.

The herbicide recommended for killing
serrated tussock, flupropanate (Frenock®)
(Campbell et al. 1979, Campbell 1985),
takes three months before effects are evi-
dent and therefore it has to be applied be-
fore August to stop flowering in Novem-
ber/December. However, application in
autumn or winter is less effective in kill-
ing the weed than application in spring
(Campbell et al. 1979). In addition, subter-
ranean clover (Trifolium subterraneum L.) is
severely damaged by application in au-
tumn or winter but is unharmed by appli-
cation in spring (Campbell 1987).

Applying 6.3 kg a.i. ha-1 2,2-DPA in
early October will prevent serrated tus-
sock from producing seedheads in No-
vember/December (Campbell and Muri-
son 1985, Campbell 1987). But as 2,2-DPA
is rarely used now, other herbicides need
to be tested for their ability to stop ser-
rated tussock from seeding. Paraquat, at
0.4 to 1.5 kg a.i. ha-1, is applied between
August and October to stop serrated tus-
sock producing seedheads in the southern
tablelands of NSW (P.C. Simpson personal
communication 1993) and glyphosate is
used in Victoria to stop bent grass
(Agrostis castellana Boiss. & Reut.) produc-
ing reproductive tillers (Hill et al. 1996).
Therefore tests were undertaken in NSW
and Victoria to examine the effectiveness
of paraquat and glyphosate in stopping
serrated tussock from producing seed-
heads. The effects of mixtures of these her-
bicides with flupropanate were also inves-
tigated with the objectives of stopping
seedhead production as well as killing the
weed.

Materials and methods

Experiment 1
Four rates of glyphosate (45% a.i.) (Table
1) were applied to serrated tussock near
Bulla, Victoria (152 m altitude) on 16 Au-
gust, 15 September and 16 October 1995
with a hand-held knapsack sprayer in
100 L ha-1 water and 0.2 L ha-1 non-ionic
surfactant. The serrated tussock had been
burnt in spring 1994 and at spraying
had leaves 25 cm high with few dead
leaves present. At the August spraying,
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Table 1. Effect of glyphosate on seedhead production of serrated tussock
after spraying on 16 August, 15 September and 16 October 1995, 8, 4 and 0
weeks respectively before seedheads began to emerge at Bulla, Victoria.

Rate of glyphosate RatingA of seedhead production on 30 November 1995
after spraying

(kg a.i. ha-1) (L ha-1 product) 8 weeks before 4 weeks before 0 weeks before

0 0 100 aB 100 a 100 a
0.022 0.050 100 a 40 b 100 a
0.067 0.150 97 a 19 c 99 a
0.135 0.300 35 b 6 d 40 b
0.225 0.500 6 d 1 e 9 d

ARating was from 0 for nil to 100 for the controls.
B Means followed by a common letter do not differ significantly at P=0.05.
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flowering tillers (tillers that are thicker
than normal) were not present but were
present at the September and October
sprayings. By the October spraying the
seedheads were just beginning to emerge
(the first sign is the tips of the awns of
seeds at the top of the seedhead emerging
at the top of the tiller containing them).
Measurement of the effects of the herbi-
cides was made on 30 November 1995 by
rating the treatments in comparison to the
controls, i.e. 0 for no seedheads to 100 for
the controls. The experiment had plots (3
× 10 m) arranged in three randomized
blocks.

Experiment 2
Mixtures of flupropanate (75% a.i.) +
glyphosate (45% a.i.) and flupropanate +
paraquat (20% a.i.) (Table 2) were applied
to serrated tussock at Gallymont NSW
(740 m altitude) with a hand-held pneu-
matic sprayer on 24 October, 10 Novem-
ber and 1 December 1994 in 500 L ha-1 wa-
ter and 1 L ha-1 non-ionic surfactant. At the
October and November sprayings flower-
ing tillers were present but seedheads had
not begun to emerge. At the December
spraying seedheads had emerged 35 cm
and had purple glumes which gave the
tussocks a typical fuzzy-purple appear-
ance. It was estimated that seedheads be-
gan to emerge on 24 November 1994.
Measurement of the effects of the herbi-
cides was made on 20 December 1994 by
visually assessing ground cover of seed-
heads per plot. The experiment had plots
(4 × 5 m) arranged in four randomized
blocks, blocked for time of application.

Experiment 3
Flupropanate, glyphosate and mixtures of
both (Table 3) were applied to serrated
tussock near Trunkey NSW (600 m alti-
tude) with a hand-held pneumatic sprayer
on 1 November 1995 in 500 L ha-1 water
with 1 L ha-1 non-ionic surfactant. At
spraying 79% of seedheads had not
emerged from the flowering tillers, 17%
had just begun to emerge and 4% had
emerged 10 cm. It was estimated that
seedheads began to emerge on 20 October
1995. There was no difference (P=0.05) in
stage of seedhead production between
treatments at spraying. Flowering (emer-
gence of stigma and anthers) occurred be-
tween 10 and 20 November 1995. The ex-
periment had plots (4 × 5 m) arranged in
three randomized blocks.

The effect of herbicides on seedhead
production was measured on 12 Decem-
ber 1995 by visually estimating ground
cover of seedheads per plot (Table 3).
Seedheads were collected on this date and
the proportion of mature seeds deter-
mined by cutting open eight random sam-
ples of 100 seeds from eight representative
treatments (Table 4). When cut, fully
formed seeds had a caryopsis but empty

Table 2. Effect of mixing glyphosate or paraquat with flupropanate on
seedhead production of serrated tussock after spraying on 24 October, 10
November and 1 December 1994, 4 and 2 weeks before and one week after
the beginning of seedhead emergence, respectively, at Gallymont NSW.

Herbicide Rate Ground cover (%) of seedheads on
20 December 1994 after spraying

(kg a.i. ha-1) (L ha-1 4 weeks 2 weeks 1 week
product) before before after

Control 0 + 0 0 + 0 100 aA 100 a 100 a
Flupropanate 1.5 + 0 2 + 0 100 a 100 a 100 a
Flupropanate + 1.5 + 0.45 2 + 1 9 ef 2 f 42 c
glyphosate
Flupropanate + 1.5 + 1.80 2 + 4 0 f 0 f 22 de
glyphosate
Flupropanate + 1.5 + 0.20 2 + 1 26 cde 40 cd 70 b
paraquat
Flupropanate + 1.5 + 0.80 2 + 4 9 ef 9 ef 30 cd
paraquat

A Means followed by a common letter do not differ significantly at P=0.05.

Table 3. Effect of mixtures of flupropanate and glyphosate on per cent
ground cover of seedheads of serrated tussock, after spraying on 1
November 1995, two weeks after seedheads began to emerge, near Trunkey
NSW. Measurements made on 12 December 1995 and adjusted by co-variate
analysis for ground cover at spraying.

Glyphosate Flupropanate (kg a.i. ha-1)

0 0.75 1.125 1.5

0 73 efA 67 ef 74 f 69 ef
0.225 50 cd 67 ef 50 cd 58 de
0.450 23 ab 44 cd 45 cd 45 cd
0.675 19 a 36 bc 17 a 39 bc

A Means followed by a common letter do not differ significantly at P=0.05.

(kg a.i. ha-1)

Table 4. Effect of herbicides applied two weeks after the beginning of
seedhead emergence on the percentage of mature seeds in seedheads of
serrated tussock in December 1995 and per cent germination of these seeds
in October 1996 for 64 days at 17°C to 24°C.

Herbicide and rate (kg a.i. ha-1) Mature seeds in seedheads Germination

Glyphosate Flupropanate (%) (%)

0 + 0 78 aA 69 ab
0.225 + 0 57 bc 44 b
0.450 + 0 45 cd 64 ab
0.675 + 0 39 d 81 a
0 + 1.5 75 a 70 ab
0.225 + 1.5 69 ab 80 a
0.450 + 1.5 49 cd 87 a
0.675 + 1.5 56 bc 62 ab

A Means in columns followed by a common letter do not differ significantly at P=0.05.

Table 5. Effect of mixtures of flupropanate and glyphosate on per cent kill
of serrated tussock on 12 March 1997, 16 months after spraying.

Glyphosate Flupropanate (kg a.i. ha-1)

0 0.75 1.125 1.5

0 0fA 96 ab 100 a 100 a
0.225 0f 81 d 94 ab 99 a
0.450 0f 65 e 90 bc 99 a
0.675 0f 62 e 84 cd 96 ab

A Means followed by a common letter do not differ significantly at P=0.05.

(kg a.i. ha-1)
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seed cases had none. Viability of these
seeds was determined by germinating
four random samples of 100 seeds at 17°C
to 24°C from the eight treatments for 64
days beginning on 8 October 1996 (Table
4). Three samples of 100 seeds from each
of the eight treatments were planted in soil
in glasshouse flats on 9 January 1997 and
growth of seedlings examined for 62
days.

The rate of effect of herbicides was
measured by visually estimating per cent
brown-out at 1, 5, 10 and 12 months after
spraying. Kill of serrated tussock was cal-
culated from the number of living tus-
socks per plot at spraying and on 12
March 1997 and regeneration from seed
was measured by visually estimating per
cent ground cover of seedlings on 12
March 1997.

Results and discussion

Seedhead reduction
The main objective of these experiments
was to stop or almost stop seedhead pro-
duction of serrated tussock. This was only
achieved by applying herbicides before
seedheads began to emerge. The best time
of application in Victoria in 1995, based
on the effectiveness of low rates of gly-
phosate (0.022 and 0.067 kg a.i. ha-1), was
four weeks before the seedheads began to
emerge (Table 1). However, at the highest
rate applied (0.225 kg a.i. ha-1), glyphosate
was effective from eight weeks before to
immediately before the seedheads began
to emerge (Table 1). In 1994 in NSW
glyphosate at 0.45 kg a.i. ha-1 mixed with
flupropanate was effective when applied
two and four weeks before the seedheads
began to emerge but was much less effec-
tive when applied one week after the
seedheads began to emerge (Table 2).

In 1995 in NSW glyphosate with or
without flupropanate was less effective
when applied two weeks after the seed-
heads began to emerge (Table 3) than
glyphosate + flupropanate applied before
the beginning of seedhead emergence in
1994 (Table 2).

The only comparison of glyphosate
alone and glyphosate + flupropanate
showed that, when applied two weeks af-
ter the beginning of seedhead emergence
in 1995, glyphosate alone reduced seed-
head production more (P=0.05) than the
same rate mixed with flupropanate in six
of the nine comparisons in experiment 3
(Table 3).

Paraquat had similar effects to gly-
phosate in being more effective in reduc-
ing seedhead production from applica-
tions made two or four weeks before the
seedheads began to emerge than from ap-
plications made one week after (Table 3).
At the rate of product required (4 L ha-1

paraquat vs. 0.5 to 1 L ha-1 product
glyphosate), glyphosate is cheaper and

safer than paraquat and thus it is pre-
ferred for commercial use.

Flupropanate applied from four weeks
before to two weeks after seedheads
began to emerge had no effect in reducing
seedhead production, the plants flower-
ing and producing seedheads in an identi-
cal manner to unsprayed plants.

Results from these experiments indi-
cated that the optimum time of application
of glyphosate in Victoria and NSW was 2–
4 weeks before the seedheads began to
emerge. As it is difficult to forecast when
the seedheads may begin to emerge, and
because the timing of this event varies be-
tween years (e.g. 24 November 1994 and
20 October 1995 in NSW), the best practi-
cal indicator of when to spray is when the
flowering tillers (thicker-than-normal till-
ers) are present in September, October or
November. This may mean missing the
optimum time of application but a 91–99%
reduction in seedhead production should
be achieved.

Timing and rate of glyphosate were re-
lated, higher rates giving more effective
results than lower rates when applied
closer to or further away from the begin-
ning of seedhead emergence. At the opti-
mum time of spraying glyphosate ap-
peared effective at lower rates (0.135–
0.225 kg a.i. ha-1) in Victoria than in NSW
(0.45 kg a.i. ha-1). This confirms results
from applying glyphosate to mature ser-
rated tussock plants, 2.25 kg a.i. ha-1 being
required to kill the weed in Victoria
(Miller 1995) compared to 5.0 kg a.i. ha-1 in
NSW (Campbell and Gilmour 1979).

The timing and rate of glyphosate nec-
essary to stop seedhead production of

serrated tussock were similar to that
needed to stop bent grass from producing
reproductive tillers (Hill et al. 1996). Al-
though no observations were taken on the
stimulation of vegetative growth of ser-
rated tussock by glyphosate, as occurred
with bent grass (Hill et al. 1996), animals
did not graze glyphosate-treated plots in
preference to other plots indicating that
even if stimulation had occurred it was not
palatable.

Glyphosate could be used to reduce
seedhead production of large areas of ser-
rated tussock in NSW and Victoria which
could relieve the present situation where
many landholders are forced to spray
with flupropanate to kill serrated tussock
to stop seed rain on neighbouring proper-
ties. This treatment costs between $70 and
$100 ha-1, depending on rate of flu-
propanate and method of application
(boom or aerial spraying), and results in
the death of Danthonia spp. and Microlaena
stipoides (Labill.) R.Br. (Keys and Simpson
1993, Campbell and Van de Ven 1996). Be-
cause pastures are generally not sown af-
ter spraying serrated tussock returns in
3–5 years. Although glyphosate would
only stop seedhead production for one
year it would cost from $26 to $36 ha-1 for
herbicide (0.225 kg a.i. ha-1) and applica-
tion and cause less damage to some native
perennial grasses than flupropanate. Low
rates of glyphosate could be used as an
interim measure until more permanent
methods of control could be imposed.
Glyphosate would spraytop annual natu-
ralized grasses and some broadleaved
weeds growing amongst the serrated tus-
sock but this usually increases animal

Figure 1. Effect of flupropanate (– –▲▲▲▲▲– –), flupropanate + glyphosate
(—■■■■■—), glyphosate (—�—) and nil herbicide (– –●●●●●– –) on per cent
brown-out of serrated tussock for 12 months after spraying. At 1, 5, 10 and
12 months, points followed by a common letter do not differ significantly at
P=0.05.
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Table 6. Effect of mixtures of flupropanate and glyphosate on per cent
ground cover of serrated tussock seedlings on 12 March 1997, 16 months
after spraying.

Glyphosate Flupropanate (kg a.i. ha-1)

0 0.75 1.125 1.5

0 2 eA 2 e 4 e 1 e
0.225 10 de 20 bcd 25 abc 23 abc
0.450 14 cde 27 abc 33 a 28 ab
0.675 6 e 33 a 25 abc 32 ab

A Means followed by a common letter do not differ significantly at P=0.05.

production. However, low rates can re-
duce ground cover of P. aquatica L.
(Campbell and Nicol 1991) and other im-
proved species. In heavy serrated tussock
infestations there is generally few useful
species to be affected.

For glyphosate to have maximum effect
in reducing seedhead production it will be
necessary to cover all plants otherwise
small tussocks protected from the spray
by large tussocks may still produce
seedheads.

In New Zealand serrated tussock burnt
in spring to prevent seed set can flower
and produces viable (20–40%) seeds in the
following late autumn and winter (Healy
1945). This out-of-season flowering has
rarely been observed in Australia (Camp-
bell unpublished data) and did not occur
in this study after spraying in experiments
2 and 3.

Spraying after seedheads begin to emerge
Applying glyphosate one or two weeks
after seedheads began to emerge gave in-
ferior results to spraying 2–4 weeks before
emergence (Tables 1, 2, 3). When gly-
phosate was applied soon after emergence
began a proportion of seedheads failed to
emerge and a proportion of those that did
emerge had white glumes, empty seed
cases and did not elongate. Increasing
rates of glyphosate (with or without
flupropanate) increasingly reduced the
number of seeds set but did not reduce the
viability of these seeds (Table 4). When
applied after seedhead emergence gly-
phosate did not have the spray topping
effect (complete sterilization of seeds) on
serrated tussock that it does on some an-
nual grasses. Flupropanate alone had no
effect on the number or viability of seeds
set, when applied two weeks after the
seedheads began to emerge (Table 4). Nei-
ther glyphosate nor flupropanate, when
applied at this time, had any effects on
growth of seedlings from seed set under
those treatments; all seedlings were
healthy and grew normally (results not
presented).

Killing serrated tussock and reducing
seedling regeneration
In experiment 3 the brown-out of mature
serrated tussock one month after spraying
was highest with glyphosate but, from 5

to 12 months after spraying, flupropanate
gave higher (P=0.05) percentage brown-
outs than mixtures of flupropanate +
glyphosate or glyphosate alone (Figure 1).

At 16 months after spraying flu-
propanate gave higher (P=0.05) kills of
serrated tussock than mixtures of flu-
propanate + glyphosate (Table 5). It
appeared that, at each of the three rates of
flupropanate applied, increasing rate of
added glyphosate progressively reduced
percentage kills of serrated tussock.

Mixtures of glyphosate + flupropanate
reduced the residual effects of flu-
propanate in killing serrated tussock seed-
lings regenerating from seeds in the 16
months after spraying (Table 6). The low
ground cover of seedlings on the control
and on glyphosate alone treatments was
due to competition from dense living ma-
ture serrated tussock.

If it is desired to stop serrated tussock
producing seedheads as well as kill it, a
mixture of flupropanate and glyphosate
has to be applied. In experiment 3 this
mixture was not as effective as glyphosate
alone in stopping seedhead production
nor as effective as flupropanate alone in
killing serrated tussock and stopping
seedling regeneration. The reason for the
inferior result of the mixture in reducing
seedhead production could be a chemical
reaction between the two herbicides. In
experiment 3 the two herbicides were
mixed in clean water 18 hours before ap-
plication and were not agitated until one
hour before spraying. To minimize an-
tagonism it is necessary to thoroughly mix
flupropanate with half the required
amount of water, add glyphosate, then the
remaining water and maintain agitation
through application (Anon. 1982). This
may reduce any possible antagonism be-
tween the two herbicides. However in the
opinion of N. Anderson, chief chemist for
Monsanto Australia, it is unlikely that
there is a chemical reaction between the
two herbicides but to give them the best
chance of success, it would be wise to mix
them immediately before spraying.

The reason for the inferior results of the
mixture in killing serrated tussock and
preventing seedling regeneration could be
due to the slow absorption and transloca-
tion of flupropanate (Takematsu et al.
1971) (three months to have a noticeable

effect). During this period glyphosate had
severe phytotoxic effects which could re-
strict the ability of serrated tussock to take
up and translocate flupropanate. This re-
striction would reduce the amount avail-
able to kill tussocks and to be discharged
from roots (Anon. 1972) or to be leached
from decaying foliage (Fua 1979) to kill
serrated tussock seedlings during their es-
tablishment (Campbell and Murison
1987). Lower uptake of flupropanate
when mixed with glyphosate than when
applied alone may not be serious when
applying high rates (1.5 kg a.i. ha-1) of
flupropanate but would be serious when
large areas were aerially sprayed with the
minimum rate of flupropanate required to
kill the weed. Therefore, until this prob-
lem is solved, it would be wise to apply
flupropanate alone in large scale
sprayings to ensure maximum kill and re-
sidual effect and to apply glyphosate
alone to obtain maximum seedhead re-
duction. Mixtures could be used for spot
spraying because high rates of flu-
propanate are used and seedling regen-
eration does not generally occur.
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