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Research reports

Summary
A small trial investigated an alternative 
to registered herbicides for effectiveness 
of above ground vegetative mortality. An 
acetic acid surfactant solution gave close 
to 100 percent mortality of above ground 
vegetative matter two months after ap-
plication for both Chilean needle grass 
and serrated tussock. Soil pH in the up-
per 5 cm layer returned to background 
levels within seven days after acetic 
acid application. This solution was then 
used in a kangaroo grass establishment 
trial. Above ground plant mortality was 
similar to the initial trial, however, es-
tablishment of kangaroo grass seedlings 
was significantly (P <0.01) less in acetic 
acid treatments compared with standard 
‘spray and hay’ treatments. More rigor-
ous testing is required before this solu-
tion could be considered an effective and 
reliable herbicide. 

Introduction
Past research on kangaroo grass germina-
tion techniques has seen the incorporation 
of the C4 selective, and persistent in the 
soil, herbicide atrazine (Mason and Hock-
ing 2002, Phillips 2000, Mason 1998). A 
search of literature for alternative herbi-
cides that were able to breakdown in the 
soil profile in a short period of time has re-
sulted in minimal outcomes. However one 
solution kept reappearing. This was an 
acetic acid (as approximately four percent 
acetic acid vinegar) and surfactant mix-
ture (USDA 2002). No trials appeared to 
have been conducted using the acetic acid 
mixture on Nassella species in Australia. 
The use of atrazine (as Nufarm Nutra-
zine®) and acetic acid in the trials reported 
here was for the purpose of environmental 
weed control research and based on very 
small trial plots.

Method
The alternative herbicide experiment was 
initiated in Autumn 2002 on randomized 
replicated plots at the Cairnlea Grasslands 

associated with the St. Albans campus of 
Victoria University in the West of Mel-
bourne, Australia. Eight replicated 2 m2 
plots were used for treatment areas. These 
plots incorporated a half-meter buffer zone 
with a 1 m2 assessment zone. As this was a 
pilot trial only one concentration of alter-
native herbicide solution was investigat-
ed. Acetic acid and surfactant contained a 
range between four and six percent acetic 
acid by titration. One-litre vinegar solu-
tions had 10 mL of regular strength Morn-
ing Fresh® dishwashing detergent added 
to the spray unit. The solution was then 
shaken for a few seconds and then applied 
to the 2 m2 treatment plots at 500 mL m-2. 
Soil pH was measured daily following ap-
plication until it reached background lev-
els by a portable soil pH meter. Vegetation 
death was assessed two months after ap-
plication. Vegetation was re-assessed after 
six months to investigate effects on kanga-
roo grass and exotic plant establishment. 
Kangaroo grass revegetation techniques 
followed Phillips (2000), Mason and Hock-
ing (2002) and Mason (2004).

Data was analysed by first testing for 
normality and then performing a one-way 

ANOVA on the data using an alpha of 0.05 
(Zar 1984).

Results
Soil pH was monitored prior to acetic acid 
addition and at daily intervals thereafter 
until soil pH returned to original appli-
cation levels (Table 1). Soil pH initially 
dropped from an average of 7.6 to an av-
erage of 7.3 when the herbicide was ap-
plied. Soil pH when measured at 20 and 48 
hours after acetic acid application was sig-
nificantly less (P <0.001) when compared 
with soil pH in control treatments. Soil pH 
measured 72 hours after application of ace-
tic acid was also significantly less (P <0.01) 
compared to soil pH in control treatments. 
Soil pH measured 96 hours after applica-
tion of acetic acid was significantly less 
(P <0.05) when compared with soil pH in 
control treatments. Soil pH in acetic acid 
treatments was not statistically different to 
control soil pH when measured 168 hours 
(seven days) after application. 

Vegetation assessment two months 
after herbicide application
Chilean needle grass density was signifi-
cantly greater (P <0.05) by 11 plants m-2 
in control plots when compared to acetic 
acid herbicide treatments and 13 plants 
m-2 when compared to atrazine treat-
ments two months after herbicide appli-
cation (Table 2). Serrated tussock density 
was significantly greater (P <0.05) by six 
plants m-2 in control plots when compared 
to acetic acid herbicide treatments but not 
significantly greater (P >0.05) at 1.5 plants 
m-2 when compared to atrazine treatments 
two months after herbicide application 
(Table 2). 

Assessment ten months after 
herbicide application
Assessments were undertaken in April 
2003 after the standard spray and hay 
method had been applied to the herbicide 
treated plots. Both acetic acid treatments 
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Table 1. Average soil pH associated with acetic acid herbicide treatments 
and control water application treatments, standard error (n=6) and P value 
indicated. 

Soil pH in acetic 
acid treatments

Soil pH in control 
treatments

Significance 
(P value)

Before application 7.6 ± 0.1 7.6 ± 0.1 1.000

20 hours after application 7.3 ± 0.1 7.8 ± 0.1 0.001***

48 hours after application 7.3 ± 0.1 7.8 ± 0.1 0.001***

72 hours after application 7.5 ± 0.1 7.9 ± 0.0 0.002**

96 hours after application 7.8 ± 0.1 8.0 ± 0.0 0.020*

168 hours after application 8.0 ± 0.0 8.0 ± 0.0 1.000

* indicates a significant difference at P <0.05.
** indicates a significant difference at P <0.01.
*** indicates a significant difference at P <0.001 between soil pH in acetic acid and control 
treatments.
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(P <0.05) and atrazine treatments (P <0.01) 
had a significantly greater kangaroo grass 
seedling density when compared with 
control plots (Table 3). However, atrazine 
treated plots had a significantly greater 
(P <0.01) density of kangaroo grass seed-
lings by an average of 29.75 seedlings m-2 
compared with acetic acid treatments. No 
other results of the 10 month assessment 
were statistically significant (P >0.05) 
when the acetic acid and atrazine treat-
ments were compared for kangaroo grass 
seedling density. 

Chilean needle grass seedling density 
was significantly greater (P <0.01) by 6.63 
seedlings m-2 in acetic acid treatments and 
8.00 seedlings m-2 in atrazine treatments 
when compared to the control plots. Chil-
ean needle grass mature plant density was 
significantly less (P <0.01) by 10.75 plants 
m-2 in acetic acid treatments and 11.75 
plants m-2 in atrazine treatments when 
compared to the control plots.

Serrated tussock seedling and mature 
plant density was not statistically different 
(P >0.05) when acetic acid treatments were 
compared with the control ten months af-
ter application. Serrated tussock mature 
plant density was significantly reduced (P 
<0.01) by 4.75 plants m-2 in atrazine treat-
ments when compared with the control 
ten months after herbicide application.

Discussion
An acetic acid and surfactant based mix-
ture was trialled for its capacity to rap-
idly kill Chilean needle grass and serrated 
tussock invading a Western Basalt Plains 
Grassland in the West of Melbourne. The 
effectiveness of the alternative herbicide 
was compared with that of atrazine as 
Nufarm Nutrazine®. Soil pH returned to 
that of the control plots seven days after 
acetic acid and surfactant application. 
Both acetic acid and atrazine significantly 
(P <0.05) reduced the density of Chilean 
needle grass by more than 10 plants m-2 in 
comparison to untreated plots. The effect 
of atrazine is considered to have been lim-
ited due to low soil water availability and 
the hydrophobic nature of atrazine (Hance 
and Holly 1990). The acetic acid herbicide 
was significantly (P <0.05) more effective 
at killing serrated tussock above ground 
vegetation than atrazine two months af-
ter herbicide application. Acetic acid plus 
surfactant treatment is considered to give 
an effective rapid kill of above ground 
vegetative matter to both Chilean needle 
grass and serrated tussock under trial con-
ditions. This result is promising but needs 
further development if below ground 
vegetative matter death is to be achieved. 
More investigation is also required under 
a broad range of field conditions before 
the acetic acid and surfactant treatment 
could be considered a viable alternative 
herbicide.

Effects on kangaroo grass re-
establishment during a drought
The acetic acid and atrazine treated plots 
were subjected to the ‘spray and hay’ plus 
five cm deep till kangaroo grass competi-
tive replacement method after the above 
ground vegetation was dead. Mason (2004) 
states the method of soil disturbance used 
in this kangaroo grass establishment trial. 
Kangaroo grass emerging seedling densi-
ties from acetic acid treatments were signif-
icantly lower (P <0.01) than in atrazine and 
establishment treatments. The density of 
kangaroo grass seedlings emerging in ace-
tic acid treatments is thought not to be at 
a density that would survive further weed 
invasion. McDougall (1989) suggested that 
a population of 40 per m2 surviving seed-
lings of kangaroo grass is required for the 
population to be sustainable. Results from 
Phillips (2000) in which serrated tussock 
is competitively replaced with kangaroo 
grass suggested that 60 seedlings m-2 are 
required for the stand to resist re-invasion. 
Chilean needle grass seedling density was 
significantly higher in both herbicide treat-
ments in comparison to the control. This is 
most likely due to higher levels of avail-
able above and below ground resources 
in treatments where a large percentage of 
the vegetation has been killed and tilled 
(Wijesuriya 1999). Chilean needle grass 
mature plant density was significantly 
lower in both herbicide treatment plots in 
comparison to untreated plots after kan-
garoo grass establishment. Both Chilean 
needle grass seedling and mature plants 
re-established at non-statistically different 

rates when the herbicides acetic acid and 
atrazine were compared.

Serrated tussock had begun to re-es-
tablish in the acetic acid treated plots 10 
months after application. The re-establish-
ment of serrated tussock is thought to have 
been in direct competition for resources 
with the emerging kangaroo grass seed-
lings. During a year with higher precipita-
tion additional problems resulting from 
re-establishment of both serrated tussock 
and Chilean needle grass into acetic acid 
treated areas would be likely occur. There 
may be potential for use of this alternative 
plant killing treatment in integrated weed 
management approaches, however further 
research is needed along with registration 
of the product as a herbicide.
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acetic acid treated plots and atrazine treated plots two months after 
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Plant density (number m-2) Chilean needle grass Serrated tussock

Control 19.88 ± 1.69 6.25 ± 0.29

Acetic acid 8.57 ± 3.30* 0.29 ± 2.02*

Atrazine 6.88 ± 1.60* 4.75 ± 1.56

* indicates a significant difference at (P <0.05) between control and treatment.

Table 3. Average plant density (number m-2) in un-treated control plots, 
acetic acid treated plots and atrazine (as Nutrazine®) treated plots 10 months 
after herbicide application, which incorporated re-establishment with 
kangaroo grass, standard error included (n=8).

Plant density 
(number m-2)

Kangaroo 
grass 

seedlings

Chilean 
needle grass 

seedlings

Chilean 
needle grass 

plants

Serrated 
tussock 

seedlings

Serrated 
tussock plants

Control 0.00 0.75 ± 0.31 12.88 ± 1.86 0.63 ± 0.38 5.00 ± 1.82
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* indicates a significant difference at (P <0.05).  
** indicates a significant difference at (P <0.01) between control and stated herbicide. 
A significant difference (P <0.01) was also noted between herbicides when kangaroo 
grass seedling density was compared.
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Footnote
This paper was originally presented at 
the Weed Society of Victoria Seminar 
‘Urban grasslands, their management and 
restoration’ held at Melton Shire Coun-
cil’s Community Hall, Melton, Victoria on 
Tuesday 5th October 2004.

Introduction
Approximately two hundred species of 
forbs that occur within the lowland grassy 
ecosystems of south-eastern Australia are 
listed as rare and endangered (Common-
wealth of Australia 2000, Ross 2000). Many 
of these species were formerly widespread 
and abundant but have suffered range de-
pletion and local extinction through al-
tered land management practices or land 
use changes. Even the most common spe-
cies of lowland grassland forbs are now 
comparatively rare with many locally 
extinct or near extinct in the greater Mel-
bourne area. 

Forbs, or wildflowers as many people 
call them, are undoubtedly the showy part 
of lowland grasslands. A more significant 
ecological consideration is that forbs play 
a very important role in maintaining the 
biodiversity and overall health of these 
systems. Most notably, they provide habi-
tat and food for a range of both common 
and threatened grassy ecosystem animals, 
including insects and other invertebrates 
(Kaufman et al. 1998, Yen 1999). 

There is general concern about the sur-
vival and recruitment of forbs in lowland 
grasslands (Cropper 1993, Morgan 2000). 
Sporadic or non-existent recruitment in 
the wild has been noted by several authors 
(Barlow 1998, Morgan 1998 and 2000, 
Henderson and Hocking 2000). Morgan 
(2001) demonstrated low levels of recruit-
ment of native forbs species over a period 
of four years in Victorian Grasslands with 
various management histories. In com-
parison, much of the work on tall-grass 
prairie in the United States of America 
has shown there is good recruitment of 
forbs provided conditions are appropriate 
(Knapp et al. 1998). 

Some factors to consider
The various reasons for the lack of recruit-
ment of forbs have been the subject of a 
number of unpublished investigations 
(Henderson and Hocking 2000). Reasons 
for lack of recruitment generally sited 
include a lack of a thorough understand-
ing of the particular life histories of the 
individual plants or lack of appropriate 
vegetation management regimes. Due 
to lack of success, many of these studies 
have not been reported in the scientific lit-
erature (Lunt 1997, Morgan 1998, Craigie 
and Hocking 1999). Recent advances in 
our understanding of ecological processes 

involved in competitive plant growth in 
grassy ecosystems point to a number of 
factors which require investigation (Gib-
son 1989, Gibson and Hulbert 1987, Mor-
gan 1995a, Henderson and Hocking 1998, 
Wijesuriya and Hocking 1998). These in-
clude soil fertility in relation to soil distur-
bance, timing of management intervention 
and stimulation of flower and seed pro-
duction through grazing and soil-stored 
seed banks. 

Individuals of many forb species are 
generally long-lived, reproduce vegeta-
tively and produce copious amounts of 
germinable seed (Morgan 1999a, Clarke 
et al. 2000) It is clear from recent studies 
by Morgan (1998 and 1999b) and Rob-
inson (2003) that seedlings planted into 
field conditions are capable of matura-
tion. Unfortunately, in the case of Morgan 
(1999) there was little seedling recruitment 
from these planted stock. More recent un-
published work by the author, presented 
here, may explain, at least partially, some 
reasons why recruitment is failing. While 
annual germination and recruitment may 
not be critical to many grassland plants 
periodic germination and recruitment is 
necessary to maintain population genetics 
and dynamics in the long-term. The con-
tinued existence and ongoing recruitment 
of lowland grassland forbs is essential for 
the long-term survival of these critically 
endangered grasslands in south-eastern 
Australia (McIntyre et al. 1995). The role 
of germinability, herbivory and some soil 
conditions are here investigated as key 
factors in effecting recruitment. 

Germination
While many grassland forbs are not re-
cruiting well in the field, many would 
appear to be relatively easy to germi-
nate and grow under nursery conditions 
Many years of work has been carried out 
in nurseries to raise native forb species 
from seed for use in a range of rehabilita-
tion and revegetation applications. Most 
plant growers have had similar glass-
house experiences to DeKock and Taube 
(1991), Willis and Groves (1991), Morgan 
(1999) Clarke et al. (2000) and Robinson 
(2003). All of which show that provided 
there is sufficient moisture and appropri-
ate temperature regimes, germination is 
both rapid and for many species unspe-
cialized. These growers commonly used  
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