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Summary A field trial was conducted during spring
2003 to evaluate the efficacy of glyphosate and flu-
propanate at different rates and at different application
times, for control of Chilean needle grass (CNG), Nas-
sella neesiana infestations. Glyphosate was applied
at 1.53, 2.04 and 2.55 kg a.i. ha'! and flupropanate at
0.745, 1.49 and 2.23 kg a.i. ha'! were applied during
September, October and November to a dense CNG
infestation. Flupropanate applied at 2.23 kg a.i. ha™!
at any time during spring gave complete kill of CNG
tussocks and stopped regrowth of CNG for at least
two years. Glyphosate appeared to provide excellent
initial kill of CNG tussocks. However, CNG tussocks
re-infested the glyphosate treated sites, leading to a
poor result after twelve months.
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INTRODUCTION

Nassella neesiana (Trin. & Rupr.) Barkworth (Chilean
needle grass (CNQG)) is a tufted perennial grass that
is a serious pasture and environmental weed in south-
eastern Australia and has been declared a Weed of
National Significance (Thorp and Lynch 2000). The
competitive ability and efficient reproductive mecha-
nisms of CNG have enabled it to dominate large areas
of highly productive pastures on the Northern Table-
lands of New South Wales and on the Volcanic Plain
of Victoria (Gardener 1998). It has also been described
as being potentially the worst environmental weed of
native grasslands in south-eastern Australia and its
potential distribution in Australia has been estimated
at 41 million hectares (McLaren et al. 1998).

At present the only herbicide registered for CNG
control in Australia is flupropanate with recommended
rates from 1.12 to 2.24 kg a.i. ha' (McLaren et al.
2005). Bourdot and Hurrell (1987) observed that
glyphosate at 0.72, 1.08, 1.44 and 2.16 kg a.i. ha!
killed all CNG plants during May and August appli-
cations but that December and February applications
(during drought conditions) were ineffective. They
also observed that applications of 2,2-DPA at 2.0 and
5.0 kg ha'! gave unsatisfactory control. Cook (1999)
also expressed concerns over long-term control with
glyphosate.
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In situations where CNG is becoming the domi-
nant pasture grass chemical control needs to be im-
plemented on a broad acre basis. The aim of this study
was to investigate broad acre application of herbicide
treatments for control of CNG in southern Victoria.

MATERIALS AND METHODS
Trial location A field experiment was conducted
during spring 2003 at the Roxby Estate, Inverleigh
(15 km West of Geelong). The trial site was a Phalaris
based pasture, which had been heavily infested with
CNG. The soil type was grey basaltic clay. No fertiliser
was added and no grazing occurred during the trial.

Design The design was a three replicate, six herbicide
treatment (flupropanate (Taskforce) at 0.745, 1.49 and
2.23 kg a.i. ha!; glyphosate (Roundup MAXT™) at
1.53, 2.04 and 2.55 kg a.i. ha) by three application
time factorial plus an untreated control, arranged as
randomised complete blocks. The three application
times were 9 September 2003 (CNG still vegetative),
7 October 2003 (early reproductive stage when CNG
stems are just beginning to bolt) and 5 November 2003
(full panicle emergence). Plots were 5 m x 3 m.

Application Herbicides were applied with a hand
held Azo-Dutch gas powered sprayer delivering 176
L ha'! spray volume via flat fan spray tips in a single
pass.

Assessment All plots were concurrently assessed
at about 6, 12 and 24 months after the November ap-
plication. For each plot, assessments were made by
counting the number of live CNG tussocks within each
of two 1 m X 1 m quadrats placed centrally down the
plot. The quadrats were at least 1 m from each other
and at least 0.5 m from the edge of the plot. The final
assessment, 24 months after application, also included
a visual estimate of percent ground cover occupied by
live CNG tussocks.

Analysis Prior to analysis, CNG density measure-
ments (in plants m?) were square root transformed
after adding 5, and for CNG ground cover (%) at
December 2005 the measurements were square



root transformed after adding 10. Each transformed
measurement was analysed as a randomised block
with treatment effects divided into (i) herbicide effect
(flupropanate vs glyphosate vs none), (ii) herbicide
rate within flupropanate, (iii) herbicide rate within
glyphosate, (iv) date of application main effect and
(v) the interaction of application date with each of (i),
(i1) and (iii). Plots involving flupropanate at 2.23 kg
a.i. ha' were excluded from the analyses of variance
for November 2004 and November 2005 because all
the observed measurements had a value of 0. For the
same reason, plots involving flupropanate at 1.49 kg
a.i. ha' were excluded from the analyses of variance for
November 2005. As there was no evidence of any inter-
action between application date and herbicide type or
rate (P >0.05), results for application rate are presented
separately to those for herbicide type and rate.

RESULTS
At no time were significant differences observed
between the three rates of glyphosate (P >0.1). The
lowest rate (1.53 kg a.i. ha'!) was similarly effective to
the highest rate (2.55 kg a.i. ha!) of glyphosate. Thus
the tabulated results for glyphosate application were
averaged over the three rates (Table 1). In contrast,
higher rates of flupropanate were much more effective
than lower rates of flupropanate.

At six months after application, glyphosate re-
corded a higher kill of CNG tussocks m™ than all the
flupropanate rates (0.745, 1.49 and 2.23 kg a.i. ha')
tested (Table 1, Figure 1). One year after application
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(November 2004), flupropanate at higher rates (1.49
and 2.23 kg a.i. ha'!) killed all treated CNG tussocks,
while flupropanate at the lowest rate and glyphosate
exhibited a moderately good level of CNG control. Two
years after application (November 2005), flupropanate
at 2.23 kg a.i. ha'! killed all the treated CNG tussocks
and proved to be more effective than flupropanate at
0.745 and 1.49 kg a.i. ha!'. Substantial densities of
CNG were observed at the lowest flupropanate rate
and with glyphosate. At two years after application,
responses observed for the visual estimate of CNG
percent ground cover were similar to responses ob-
served for CNG plant density (Table 1).

The time of application had no effect on the
CNG kill and percent ground cover (P >0.05) except
for one year after application when the November
application recorded a higher kill of CNG tussocks
(Table 2). Ground cover of live CNG had a similar
response (Table 1).

The time of application had no effect on the CNG
kill and percent ground cover (P >0.05) except after
one year of application when the November application
recorded a higher kill of CNG tussocks (Table 2).

DISCUSSION
Glyphosate application resulted in an apparent swift
kill of most CNG tussocks, browning out the above
ground foliage within two to three weeks. This quick
kill of CNG foliage suggested that glyphosate was a
very effective herbicide for controlling CNG during
the initial six months. However, twelve months after

Table 1. Effect of herbicides on CNG density and percent ground cover at different stages of growth. Means
of square root transformed data as described in materials and methods is given with back-transformed means

in parentheses.

Date Control Glyphosate Flupropanate rate
(kg a.i. ha) SED P-Values
Between  Flupropanate Between  Flupropanate
0.745 1.49 2.23 herbicides pratis herbicides pratI;s
Density (live CNG m?)

May 04 4.7 2.3 44 3.6 2.7 0.18 0.22 2.5 10" 5.8 x 107
(16.9) (0.5) 147  (7.8) (2.3

Nov 04 5.6 2.5 2.8 —* —* 0.20 0.25 7.7 x 10" -
(26.9) (1.0) @G.n (0 (0)

Nov 05 4.9 3.6 35 2.4 —* 0.26 0.32 2.5 %107 0.00075
19.1) (83) (76) (06) (O

Ground cover (% live CNG m?)

Nov 05 8.3 53 4.9 33 —* 0.49 0.60 1.3x10* 0.012

(58.2) (18.2) (142) (12)  (0)

*Treatments with zero live CNG excluded from the analysis of variance.
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application many of the CNG tussocks had regrown,
sprouting new leaves from the tussock crowns. It is not
known whether these new CNG leaves came from the
original tussock, re-growing from the roots or from
CNG seedlings germinating from basal cleistogenes
and/or from panicle seeds deposited within the tus-
sock crown. Cook (1999) observed that glyphosate
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application in autumn at 1.5 L ha! gave good initial
CNG control. However this CNG control was not
sustained after one year. Bourdot and Hurrell (1987)
also achieved similar control with glyphosate, but
they did not discuss the long-term implications of
glyphosate.

In contrast, flupropanate exhibited lower impacts
on CNG during the initial six months after application,
but at higher rates there was a slow complete kill, with
little rejuvenation of CNG tussocks for at least two
years after application. New seedling emergence and
establishment was also prevented. This is attributed
to the residual nature of the herbicide, which remains
active in the topsoil for a considerable period of time
(Campbell and Murison 1987).
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Figure 1. Effect of herbicide rates on CNG density
at (a) six months after application, (b) 12 months after
application and (c) 24 months after application. Values
are presented as back-transformed means.

Table 2. Effect of time of application of herbicide (glyphosate and flupropanate) on CNG density and percent
ground cover. Means of square root transformed data as described in materials and methods is given with back-

transformed means in parentheses.

Date September October November
(vegetative) (bolting to flowering) (full panicle emergence)
Density (live CNG m?) SED P-value
May 04 3.1 33 32 0.14 0.701
4.9) (5.6) (5.3)
Nov 04 3.5 3.1 2.9 0.19 0.0081
(7.3) 4.7 (3.2)
Nov 05 3.8 3.6 35 0.33 0.264
(C)) a.n (7.0
Ground cover (% live CNG m?)
Nov 05 5.9 5.3 5.0 0.42 0.105
(25.0) (17.9) (15.3)
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The efficacy of glyphosate and flupropanate
were slightly higher during November compared to
September or October applications. November applica-
tion would coincide with maximum translocation of
reserved sugars for reproduction and may have resulted
in slightly better distribution of the herbicide to the
target sites within CNG.

Glyphosate at 1.53 kg a.i. ha! to 2.55 kg a.i. ha'
browns out the CNG tussocks for a few months but
results in CNG regrowth after one year. However,
flupropanate at 2.23 kg a.i. ha! at any time during
the spring by boom application provided complete
kill of CNG tussocks and prevented rejuvenation of
old tussocks and emergence of seedlings for at least
two years. Further work is required to determine the
mechanism of CNG recovery after initial CNG brown
out by glyphosate.
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