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Summary
Native perennial grasses have the po-
tential to reduce or even reverse envi-
ronmental degradation in south-eastern 
Australia. The key to their success as 
sown cultivars is that high quality seed 
becomes available in the marketplace at 
a reasonable price. An important barrier 
to producing seed of these native species 
has been the difficulty of establishing 
commercial seed crops because of com-
petition from annual weeds. This paper 
reports the results of a glasshouse experi-
ment that evaluated herbicide tolerance 
of seedlings of Austrodanthonia fulva, 
Microlaena stipoides and Elymus scaber 
accessions selected for desirable growth 
and persistence attributes. Nine herbi-
cides registered in New South Wales for 
the selective control of annual weeds; 
atrazine, bromoxynil, chlorsulfuron, cy-
anazine, diclofop-methyl, metolachlor, 
metsulfuron-methyl, prometryn and 
simazine were applied to native grass 
seedlings at the three-leaf stage at two 
rates. 

Elymus scaber displayed tolerance 
to metsulfuron-methyl (4.8 g a.i. ha-1), 
chlorsulfuron (15–30 g a.i. ha-1), metol-
achlor (432 g a.i. ha-1), diclofop-methyl 
(563–1125 g a.i. ha-1) and bromoxynil 
(400–800 g a.i. ha-1). Partial tolerance was 
shown to metsulfuron-methyl (9.6 g a.i. 
ha-1) and metolachlor (864 g a.i. ha-1). Sen-
sitivity was shown to atrazine (500–1000 
g a.i. ha-1), cyanazine (750–1500 g a.i. 
ha-1), prometryn (625–1250 g a.i. ha-1) and 
simazine (750–1500 g a.i. ha-1). 

Microlaena stipoides was tolerant to 
chlorsulfuron (15 g a.i. ha-1) and partially 
tolerant to bromoxynil (400–800 g a.i. 
ha-1), metsulfuron-methyl (4.8–9.6 g a.i. 
ha-1), chlorsulfuron (30 g a.i. ha-1), me-
tolachlor (432 g a.i. ha-1) and to a lesser 
degree, diclofop-methyl (563–1125 g a.i. 
ha-1) and metolachlor (864 g a.i. ha-1). Sen-
sitivity was shown to atrazine (500–1000 
g a.i. ha-1), cyanazine (750–1500 g a.i. 
ha-1), prometryn (625–1250 g a.i. ha-1) and 
simazine (750–1500 g a.i. ha-1). 

Austrodanthonia fulva was tolerant of 
metolachlor (432 g a.i. ha-1) and showed 
partial tolerance to bromoxynil (400–800 

g a.i. ha-1) and metolachlor (864 g a.i. ha-1) 
but was sensitive to all the other herbi-
cides tested. 

Key words: native grass, herbicide 
tolerance, establishment, Microlaena 
stipoides, Austrodanthonia fulva, Ely-
mus scaber.

Introduction
In southern Australia, indigenous per-
ennial grasses are a largely untapped 
resource of potentially useful agricul-
tural cultivars. This is because they have 
evolved under the influence of the highly 
variable, sub-humid climate and infertile 
soils. Native grasses seem better adapted 
than temperate cultivars, most of which 
do not persist well when grown on inhos-
pitable sites (Whalley 1970, Lodge 1996, 
Johnston et al. 1999).

A range of productive and persistent 
native grass cultivars, including the C3 
species Austrodanthonia fulva (Vickery) 
H.P.Linder (syn. Danthonia linkii Kunth 
var. fulva Vickery) (LIG-179), Microlaena 
stipoides (Labill.) R.Br. (LIG-183) and 
Elymus scaber (R.Br.) A.Löve (LIG-473) 
has been identified as a part of a native 
grass evaluation program (Mitchell et al. 
2001). Widespread use of these cultivars 
depends on developing the technology 
to enable seed to be produced at a com-
mercial scale and at a reasonable price. 
Although these cultivars have produced 
high seed yields under intensively man-
aged nursery conditions, the challenge is 
to develop the means of producing similar 
yields in larger paddock-scale seed pro-
duction areas. The most important barrier 
to producing large quantities of seed of 
these native grasses has been the difficulty 
of establishing commercial seed crops in 
competition with annual weeds (Loch and 
Harvey 1993). Seed crops are often sown 
at low seeding rates because seed supplies 
are limited and higher seed multiplication 
rates are obtained when they are estab-
lished at moderate plant densities. 

Perennial grasses are particularly sensi-
tive to competition from vigorous annu-
als such as Lolium rigidum L. (ryegrass),  
Hordeum leporinum L. (barley grass),  

Vulpia spp. L. (e.g. silver grass), Avena fatua 
L. (wild oats), Juncus bufonius L. (toad rush), 
Arctotheca calendula (L.) Levyns (cape- 
weed) and Echium plantagineum L. (Pa-
terson’s curse). Seeds of these species can 
persist in the soil for three years or longer 
and numbers present are often several 
orders of magnitude greater that those of 
the sown species. For example, L. rigidum 
can produce 45 000 seeds m-2 annually 
in irrigated wheat crops (Rerkasem et al. 
1980) and 26 000 seeds m-2 in ungrazed 
pasture (Davidson 1990). The seedling 
growth rate of annual weed species is 
generally higher than perennial species 
and in mixed sowings annuals rapidly 
dominate (Grime 1979 ). Annual species 
can dramatically reduce perennial grass 
seed yields, contaminate seed at harvest 
or cause complete crop failure (Loch and 
Harvey 1996). Cleaning annual weed 
seeds from native grass seed is not always 
effective and adds to the cost of the final 
product (Loch et al. 1996).

While an integrated approach to weed 
management is essential, selective herbi-
cides are likely to be important at critical 
periods of crop development such as estab-
lishment and when other measures prove 
inadequate by themselves. They are also 
potentially useful for aiding establishment 
in pastures and roadside contexts where it 
may not be feasible, economic or practical 
to establish conventional seedbeds.

Suppression of broadleaf weeds in 
grass pastures and crops is relatively 
straightforward. Selective broadleaf her-
bicides, such as bromoxynil, dicamba, 
MCPA and 2,4-D, are registered in NSW 
to control broadleaf weeds in newly-sown 
grass pastures and dicamba and 2,4-D are 
widely used to control broadleaf weeds 
in both seedling and established tropical 
grass seed crops (Loch and Harvey 1996). 

The general tolerance of native grasses 
to broadleaf herbicides would seem to be 
confirmed in studies of two Austrodan-
thonia cultivars (Lodge et al. 1994), three 
Microlaena stipoides cultivars (Whalley and 
Jones 1996) and an Elymus scaber accession 
(Maze and Goodridge 1991). However, 
Maze and Goodridge 1991 also reported 
that Austrodanthonia caespitosa (Gaudich) 
H.P.Linder was adversely effected by 
three of four broadleaf herbicides tested 
suggesting that tolerance amongst grasses 
to broadleaf herbicides should not be as-
sumed. Additional tolerance testing is 
therefore required for other species or 
new cultivars of the species already tested 
(Maze and Goodridge 1991).

Control of annual grass weeds is 
potentially more difficult because few 
herbicides have been shown to provide 
effective selective control during estab-
lishment of C3 perennial seed crops. Atra-
zine is registered in NSW to control Poa an-
nua L. and J. bufonius in establishing seed 
production stands of Lolium perenne L. 
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Although not registered for the purpose, 
it is also regularly used to control P. annua, 
J. bufonius and late-emerging L. rigidum in 
Dactylis glomerata L. and Festuca elatior L. 
seed crops at the seedling stage, despite 
a moderate to high levels of crop damage 
(G. Stewart personal communication.). 
Other than chlorsulfuron, which controls 
L. rigidum when applied before its 2–3 leaf 
stage, only a limited number of selective 
grass herbicides have been evaluated for 
selective control of annual grasses during 
the establishment of C3 native grasses and 
no useful tolerances have been reported. 

Experiments reported in this paper 
examine the herbicide tolerance of seed-
lings of three C3 native grass accessions, 
A. fulva (LIG-179), M. stipoides (LIG-183) 
and E. scaber (LIG-473), which have been 
identified in previous studies as having 
useful agronomic characteristics (John-
ston et al. 1998). Nine herbicides with 
potential to selectively control annual 
grass or broadleaf weeds were evaluated. 
Chlorsulfuron, metsulfuron-methyl and 
bromoxynil were tested because previous 
studies indicated useful levels of tolerance 
in other native grass species or accessions. 
Although previous studies indicated lack 
of tolerance to diclofop-methyl, simazine 
and atrazine, this needed to be confirmed 
for the three new accessions. Metolachlor, 
cyanazine and prometryn are products 
with potential to control annual weeds 
but their effect on C3 native grasses has 
not been reported.

Materials and methods
The experiment was conducted in a green-
house at Cowra, New South Wales. Her-
bicide damage was assessed using a com-
bination of phytotoxicity ratings, plant 
growth responses as measured by change 
in plant height, dry matter production at 
the end of the trial and survival.

About 1000 ten day old seedlings of 
each of A. fulva (LIG-179), M. stipoides 
(LIG-183) and E. scaber (LIG-473) were 
transplanted into fifty seven 11 cm di-
ameter pots containing a locally-collected 
sandy loam top soil with pH of 6.5 (CaCl2) 
on 12 May 1997. Pots were watered every 
second day to field capacity and fertilized 
with a commercial complete fertilizer 
mixture (Thrive® NPK ratio 27:5.5:9) at 
a rate of 0.15 g in 80 mL water per pot 
every two weeks. Volunteer weeds were 
removed and the numbers of seedlings 
were adjusted to between 10 and 16 plants 
per pot on the 16 June 1997. Plant height to 
the tip of the longest leaf of each plant was 
measured at this time. 

The 57 pots of each species were ran-
domly allocated to three replications of 19 
treatments, comprising two rates of nine 
herbicides plus a control (nil) treatment. 

Thirty six days after planting, when 
most had reached the three-leaf stage, 
plants were sprayed with the various  

treatments using a 1 m wide hand-held 
boom with four nozzles spaced 33 cm 
apart. The sprayer was calibrated to deliv-
er 220 litres of water per hectare at a speed 
of 1 m sec-1. Herbicides were applied at 
two rates. The lowest was about the reg-
istered rate of application for controlling 
annual weeds in cereal crops or, rates in 
common usage where the product is not 
registered for this purpose. The higher 
rate was double the lower rate (Table 
1). After spraying, pots were placed in a 
greenhouse and arranged in a split-plot 
design within a rectangular grid. Replicate 
blocks comprising all three species formed 
the whole plots, and herbicide treatments 
formed the sub-plots.

Phytotoxicity on individual plants was 
assessed 28 days after spraying. Damage 
to leaves was determined on a 0 (no toxic-
ity) to 5 (total leaf necrosis) scale, with a 
score of two indicating a commercially 
acceptable level of damage (McMillan 
and Cook 1994). Intermediate scores 
were allowed to improve interpretation 
and an average score was calculated for 
each pot. Plant height was measured 30 
days after spraying. Fifty two days after 
spraying, surviving plants were counted 
and the above ground plant material 
harvested, dried at 80°C for 48 hours and 
weighed. Accessions were judged tolerant 
to the applied herbicide when the average 
phytotoxicity ratings were less than two; 
dry weight was not significantly differ-
ent compared to the control, and when 
80% of plants in each treatment survived 
to the end of the experiment without  
damage. Partial tolerance was judged as 

an average phytotoxicity rating of less 
than three and/or a dry weight signifi-
cantly less than the control (P <0.05) and/
or plants that were stunted or distorted 
at the end of the experiment. Accessions 
were considered sensitive if phytotoxicity 
ratings exceeded three and/or their dry 
weight was significantly less than control 
(P <0.05) and/or most plants were dead 
or dying 52 days later at the end of the 
experiment.

Statistical analysis
Phytotoxicity was analysed as a continu-
ous variate since intermediate scores were 
given to individual plants within pots, 
indicating the extent and type of damage 
occurring to areas of a plant. Due to the 
species-specific differences in leaf height 
between the species, plant growth was 
expressed as per cent change in height 
relative to pre-treatment measurements. 
To guard against inflating the experiment-
wise Type 1 error rate, planned orthogonal 
contrasts (Genstat 1997) between all her-
bicides within each species, and between 
rates of a specific herbicide applied to 
each species, were used for the analysis of 
average phytotoxicity score per pot, dry 
weight (mg per plant) and per cent height 
gain or loss. Dunnet’s procedure (Steel 
and Torrie 1960) was used for comparing 
all means with the control. Dry weight 
data were transformed by taking natural 
logarithms in order to stabilize the vari-
ance. Least significant intervals (l.s.i., P 
= 0.05), where non overlapping intervals 
indicate significant differences, were used 
to compare plant dry weight graphically 

Table 1. Grouping of tolerance of three species to nine herbicides applied 
post emergent at two rates See text for description of tolerance levels.  
T = tolerant, PT = partially tolerant, S = sensitive.

Herbicide Active
ingredient

applied per ha

Elymus
scaber

Microlaena
stipoides

Austrodanthonia 
fulva

LIG-473 LIG-183 LIG-179

bromoxynil 200 g L-1 400 g
800 g

T
T

PT
PT

PT
PT

metolachlor 720 g L-1 432 g
864 g

T
PT

PT
PT

T
PT

chlorsulfuron 750 g kg-1 15 g
30 g

T
T

T
PT

S
S

diclofop-methyl 375 g L-1 563 g
1125 g

T
T

PT
PT

S
S

metsulfuron-methyl 600 g kg-1 4.8 g
9.6 g

T
PT

PT
PT

S
S

atrazine 900 g kg-1 500 g
1000 g

S
S

S
S

S
S

cyanazine 500 g L-1 750 g
1500 g

S
S

S
S

S
S

prometryn 500 g L-1 625 g
1250 g

S
S

S
S

S
S

simazine 900 g kg-1 750 g
1500 g

S
S

S
S

S
S
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on the original scale following analysis 
on the log scale (Eckard et al. 2001). The 
presence of spatial correlation between 
neighbouring pots in the glasshouse was 
examined using variograms of residuals 
(Genstat 1997).

Results
There was no evidence of underlying spa-
tial variation across the grid of pots in the 
glasshouse.

In general there were few rate of herbi-
cide application effects. Phytotoxicity dif-
fered significantly (P <0.05) between rates 
of diclofop-methyl treatments in E. scaber 
and M. stipoides and metsulfuron-methyl 
treatments in A. fulva, where higher rates 
caused greater damage. (Figure 1). Simi-
larly dry weight differed significantly (P 
<0.05) between rates of chlorsulfuron 
and diclofop-methyl in M. stipoides and 
chlorsulfuron and metolachlor in A. fulva 
(Figure 2).

Low phytotoxicity was reflected in 
high survival and high final dry weight. 
Conversely, high phytotoxicity scores 
were reflected in poor plant survival and 
low final dry weight (Figure 1 and Figure 
2). For E. scaber and M. stipoides there was 
no significant difference in plant height 
between any herbicide treatment and 
the control over the experimental period, 
changing on average from 124.0–121.3 mm 
and 62.2–66.9 mm for each accession re-
spectively. For A. fulva plant height in the 
control increased by 47% (54.2–80.0 mm) 
and this increase was significantly greater 
than any other treatment (P <0.05). There 
were no significant differences between 
these other treatments and average plant 
height increased by only 5% (56.5–59.7 
mm) during the experiment. 

Elymus scaber exhibited high levels of 
tolerance to five of the nine herbicides 
(Table 1). It displayed tolerance to metsul-
furon-methyl (4.8 g a.i. ha-1), chlorsulfuron 
(15–30 g a.i. ha-1), metolachlor (432 g a.i. 
ha-1), diclofop-methyl (563–1125 g a.i. ha-1) 
and bromoxynil (400–800 g a.i. ha-1). Par-
tial tolerance was shown to metsulfuron- 
methyl (9.6 g a.i. ha-1) and metolachlor 
(864 g a.i. ha-1). Sensitivity was shown to 
atrazine (500–1000 g a.i. ha-1), cyanazine 
(750–1500 g a.i. ha-1), prometryn (625–1250 
g a.i. ha-1) and simazine (750–1500 g a.i. 
ha-1). 

Microlaena stipoides showed some 
level of tolerance to the same five herbi-
cides (Table 1). It exhibited tolerance to 
chlorsulfuron (15 g a.i. ha-1) and partial 
tolerance to bromoxynil (400–800 g a.i. ha-

1), metsulfuron-methyl (4.8–9.6 g a.i. ha-1), 
chlorsulfuron (30 g a.i. ha-1), metolachlor 
(432 g a.i. ha-1) and to a lesser extent, be-
cause seedlings in these treatments were 
sickly and stunted at the end of the trial, 
diclofop-methyl (563–1125 g a.i. ha-1) and 
metolachlor (864 g a.i. ha-1). Sensitivity 
was shown to atrazine (500–1000 g a.i. 

ha-1), cyanazine (750–1500 g a.i. ha-1), pro-
metryn (625–1250 g a.i. ha-1) and simazine 
(750–1500 g a.i. ha-1).

Austrodanthonia fulva was tolerant to 
only metolachlor at the lowest rate (432 g 
a.i. ha-1) (Table 1) with leaves still exhibit-
ing marked stunting and distortion 52 days 
after spraying (Figure 1). Partial tolerance 
was also displayed to metolachlor at the 
higher rate (864 g a.i. ha-1) and bromoxynil 
(400–800 g a.i. ha-1) but the accession was 
sensitive to all other herbicides. 

Discussion
This study found a range of potentially 
useful tolerances in the three native grass 

accessions studied. Elymus scaber (LIG-473) 
exhibited high levels of tolerance to five 
of the nine herbicides. Microlaena stipoides 
(LIG-183) showed partial tolerance to the 
same five herbicides. Austrodanthonia fulva 
(LIG-179) appeared tolerant only to the 
lowest rate of metolachlor.

We are aware of only three studies that 
report some level of herbicide tolerance in 
the three species studied in this experi-
ment and all used different accessions, 
herbicide rates and methods to determine 
tolerance. Direct comparison is therefore 
difficult, but some general conclusions 
can be made.
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Figure 1. Average phytotoxicity score for three native grasses 28 days after 
the application of a number of herbicides at the three leaf stage. The solid 
horizontal line shows average score for untreated control plants, together 
with a dotted upper 5% confidence interval. Asterisks (*) indicate significant 
differences (P <0.05) in score between rates of a specific herbicide. Vertical 
bar specifies LSD (5%) for comparison between herbicide scores. ’Alive’ or 
‘dead’ descriptors indicate the appearance of seedlings 52 DAS.
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Elymus scaber
In the only previous study (Maze and 
Goodridge 1991), E. scaber was tolerant to 
all four broadleaf herbicides tested (2,4-D 
amine, bromoxynil plus MCPA, chlorsul-
furon and metsulfuron-methyl), when 
sprayed at registered rates 35 days after 
sowing. E. scaber (LIG-473) was also toler-
ant to the same three herbicides that were 
included in this experiment confirming 
these tolerances for this cultivar. In addi-
tion, previously unreported tolerances to 
diclofop-methyl and metolachlor were 
also noted. For this accession therefore 
there are several herbicides that could 
be used at the seedling stage to control or 
suppress broadleaf weeds, annual grasses 

and J. bufonius without significant crop 
damage. 

Microlaena stipoides
Whalley and Jones (1996) reported three 
cultivars of M. stipoides to be tolerant 
to chlorsulfuron applied at sowing and 
nine broadleaf herbicides including 
bromoxynil, metsulfuron-methyl and 
chlorsulfuron applied 21 days after sow-
ing. Cultivars were sensitive to atrazine at 
both times of application. The accession 
used in this experiment was also sensi-
tive to simazine and was rated tolerant 
to chlorsulfuron at 15 g a.i. ha-1 but only 
partially tolerant to bromoxynil and met-
sulfuron-methyl and chlorsulfuron at 30 

Figure 2. Average plant dry weight (mg) for three native grasses 52 days 
after the application of a herbicide at the three leaf stage. The solid 
horizontal line shows average for untreated control plants, together with 
dotted 95% confidence interval lines. Vertical bars indicate least significant 
intervals (l.s.i. (P = 0.05)) for comparison between different herbicide 
treatments and rates of application.
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g a.i. ha-1. Additional partial tolerances 
were noted for diclofop-methyl and me-
tolachlor.

While selective control of broadleaf 
weeds using herbicides should be rela-
tively easy to achieve, there are only lim-
ited options for the control of annual grass 
weeds, with chlorsulfuron appearing to 
offer the best prospect for weed control 
with least crop damage.

Austrodanthonia fulva
There are very few reported tolerances 
to herbicides in Austrodanthonia. Maze 
and Goodridge (1991) reported their A. 
caespitosa accession to be unacceptably 
damaged by 2,4-D amine, chlorsulfuron 
and metsulfuron methyl and least dam-
aged by bromoxynil + MCPA (400 g + 
400 g a.i. ha-1) when sprayed 35 days 
after sowing. Lodge et al. (1994) reported 
that when herbicides were applied post- 
sowing but pre-emergent A. richardsonii 
and A. bipartita cultivars were tolerant 
of 2,4-D amine, partially tolerant of met-
sulfuron-methyl but sensitive to both 
simazine and chlorsulfuron. This was in 
contrast to later applications at the 2–4 till-
er and early stem elongation stage, when 
both cultivars demonstrated high levels 
of tolerance to three broadleaf herbicides 
(2,4-D, fluroxypyr and dicamba) but met-
sulfuron-methyl reduced plant numbers 
and dry matter yields. 

In the current experiment A. fulva (LIG-
179) was also rated as sensitive to chlorsul-
furon, metsulfuron-methyl and simazine. 
Previously unreported partial tolerances 
to bromoxynil and metolachlor were also 
identified.

Whilst broadleaf weed control in Aus-
trodanthonia crops such as LIG-179 can 
be achieved using broadleaf herbicides, 
greater care in their selection is needed 
than with the other two species. Even then 
some level of crop damage may have to be 
tolerated. Control of annual grasses in this 
species could remain a significant obstacle 
to establishing healthy weed-free stands 
unless useful tolerances are detected.

Conclusion
Elymus scaber (LIG-473) and to a lesser 
extent M. stipoides (LIG-183) possessed 
useful tolerance to a range of selective 
herbicides at rates registered for the con-
trol of most broadleaf and some annual 
grass weeds, e.g. annual ryegrass. With A. 
fulva (LIG-179), useful tolerance to selec-
tive herbicides is severely limited and the 
screening of a wider range of herbicides is 
warranted. 

Despite different techniques and ac-
cessions, there is a high level of agree-
ment with previous studies where they 
overlap. This experiment therefore adds 
confidence to the results of previous stud-
ies and extends the number of herbicides 
tested on all three species at the seedling 
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stage. We are not aware of previously  
published reports regarding the activity of 
diclofop-methyl, metolachlor, cyanazine 
or prometryn on Australian C3 native grass 
cultivars. Elymus scaber (LIG-473) and to a 
lesser extent M. stipoides (LIG-183) were 
observed to possess some level of toler-
ance to diclofop-methyl but A. fulva (LIG-
179) was sensitive. All three species were 
rated as possessing some level of tolerance 
to metolachlor. This herbicide is registered 
for pre-emergent control of summer-grow-
ing annual grass weeds in summer crops. 
Although not registered for the purpose, 
it is currently used at low rates to control 
J. bufonius and L. rigidum in seed crops of 
Phalaris tuberosa L., D. glomerata and to a 
lesser extent F. elatior (G. Stewart personal 
communication). All three native grass 
accessions were sensitive to both rates of 
cyanazine and prometryn.

Tolerance tests conducted in pots in 
both glasshouse and outside conditions, 
have proven reliable indicators of field 
tolerance. However, the use of herbicides 
(to which tolerances have been identified) 
to control weeds in seed crops is still an 
undeveloped science and many other 
factors need to be considered before their 
role in an integrated seed production man-
agement package for these species can be 
defined.
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