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Summary   In 1996 a population of annual ryegrass 
from Echuca in Victoria was found to be resistant to 
glyphosate. A further 20 populations have been identi-
fi ed as resistant to glyphosate as part of an ongoing 
research project.

The commercial herbicide resistance testing serv-
ice operated by Charles Sturt University has identifi ed 
two samples, 0.03% of samples tested, to be resistant 
to glyphosate.

Cross-resistance to herbicides with other modes 
of action will infl uence control options available to 
manage glyphosate resistant populations.

Resistant populations were screened to herbicides 
from eight other herbicide groups commonly used for 
annual ryegrass control in broadacre or horticultural 
situations. One third of the samples tested were re-
sistant to diclofop-methyl (Group A – ‘fops’), which 
compares favourably with the generally accepted level 
of diclofop-methyl resistance. One sample was resist-
ant to chlorsulfuron (Group B).

Glyphosate resistance is rare, and resistant popu-
lations can be effectively controlled using a range of 
other herbicides. Care must be taken in broadacre 
situations with the use of Group A (fops) herbicides, 
as they may not always be effective.
Keywords    Glyphosate,  resistance,  annual ryegrass.

INTRODUCTION
Annual ryegrass (Lolium rigidum Gaud.) is a common 
grass weed across southern Australia within broadacre 
cropping, horticultural situations and other disturbed 
environments. Due to the out-crossing nature of annual 
ryegrass, there can be a high level of genetic diversity 
within a paddock. This diversity can allow a popula-
tion to adapt to selection pressures, such as herbicides, 
through some individuals already possessing the nec-
essary genetic traits that allow them to be resistant. 
Populations of annual ryegrass have been identifi ed 
across Australia that are resistant to several groups of 
herbicides with different modes of action (Powles and 
Matthews 1992, Preston et al. 1996).

Heavy reliance upon glyphosate for pre-season 
weed control in minimum tillage systems led to the 
fi rst reported cases of glyphosate resistance in annual 
ryegrass (Pratley et al. 1996, Powles et al. 1998), a 
species previously controlled by glyphosate. 

In a typical fi eld situation, either broadacre or 
horticulture, weed seedlings that survive an applica-
tion of glyphosate at the start of the winter growing 
season will also need to survive the application of one 
or more herbicides with other modes of action to reach 
maturity and produce seeds. 

Resistance to herbicides with other modes of 
action will increase the chances of glyphosate resist-
ant weeds producing seed. There may also be a need 
for a plant to already have resistance to one or more 
other herbicides before glyphosate resistance can be 
expressed within a population.

The aim of this investigation was to characterise 
glyphosate resistant annual ryegrass populations and 
evaluate the effi cacy of various herbicides with other 
modes of action on these biotypes.

MATERIALS AND METHODS
Nine known glyphosate biotypes (GLR005, GLR014, 
GLR019, GLR022, GLR025, GLR026, GLR027, 
30289 and 30602) were used. A susceptible biotype 
(S92) and a biotype known to be resistant to the selec-
tive herbicides were also included where possible as 
controls. Biotypes were screened to representative her-
bicides from seven different herbicide mode of action 
groups (diclofop-methyl, clethodim, chlorsulfuron, 
simazine, trifuralin, norflurazon, paraquat/diquat, 
glufosinate-ammonium) (Table 1).

For pre-emergent herbicides, trays containing a 
sandy loam soil were sprayed prior to sowing and 
herbicides were lightly incorporated manually into 
the soil. Seed was then sown at 0.2 g per biotype into 
furrows in each tray and lightly covered. 

For post-emergent herbicides, seeds were germi-
nated on moist fi lter paper in Petri dishes and 16 seed-
lings were transplanted at the one leaf stage. Seedlings 
were grown in a standard peat and sandy loam soil 
mix in individual cell seedling trays made of either 
polystyrene or plastic. Trays were sprayed when the 
plants were at the two to fi ve leaf growth stage.

Herbicides were applied at 0.5, 1 and 2 times the 
recommended label rate using an automated cabinet 
pot sprayer fi tted with a TeeJet 8002EVH even fl at fan 
nozzle. Typically, herbicides were applied at pressures 
between 240 and 300 kPa, delivering between 70 and 
95 L ha-1 total spray volume. 
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Seedlings were assessed 21 days after application 
for survival for post-emergent herbicides, while pre-
emergent herbicide treatments were scored against the 
untreated controls and then harvested to determine 
dry matter yield.

Biotypes were randomised within trays, and treat-
ments were arranged in a randomised block split-plot 
design within the glasshouse. All treatments were 
replicated twice for each herbicide.

Statistical analysis   Due to the use of the individual 
cell trays containing all biotypes that were subjected 
to the same herbicide rate, the design used was a ran-
domised block split-plot design where the main plots 
were rates and the sub plots were biotypes.

The binomial response data were analysed using 
a generalised linear model (GLM) with a probit link 
function. The standard GLM allows sequential testing 
of the overall regression of rate, the effect of biotype 
and the interaction between biotype and rate. This 
model was then used to calculate the LD50 values and 
associated confi dence intervals using routines within 
GenStat 6.1 based upon Feiller’s theorem.

RESULTS
Three of the glyphosate resistant biotypes exhibited 
resistance to diclofop-methyl (Table 1). These three 
biotypes were from broadacre situations where the 
annual ryegrass population had previously been 
exposed to aryloxyphenoxypropionate herbicides. 
One biotype (GLR027) had an LD50 value that was 
more than twice the recommended application rate of 
diclofop-methyl. This biotype had a history of ad hoc 
exposure to diclofop-methyl through surplus spray 
mixture being applied along fence lines where this 
biotype was obtained. 

The remaining glyphosate resistant biotypes had 
LD50 values similar to that of the known susceptible 
biotype. These biotypes had a history of little or no 
exposure to diclofop-methyl. 

All biotypes except the control resistant biotype 
were fully controlled by the recommended application 
rate of clethodim. As control was achieved with the 
lowest rate applied, there was insuffi cient survival to 
allow analysis to be performed. 

All application rates of chlorsulfuron decreased 
the level of germination of all resistant biotypes. 
Emerged seedlings in all chlorsulfuron treatments 
did not grow as actively as plants in the untreated 
controls. One biotype (30289) was classifi ed as re-
sistant to chlorsulfuron.

Emergence at all rates of application of simazine 
and trifl uralin was very low or nil, resulting in insuf-
fi cient data for accurate calculation of LD50 values.

Biotypes 30289 and 30602 were not screened to 
the remaining three herbicides. Similar numbers of 
seedlings emerged at all rates of norfl urazon compared 
with the untreated controls, however these seedlings 
were all grossly discoloured white or pink and died 
within the fi rst 14 days after emergence. 

All biotypes screened were fully controlled at the 
application rate of 200 g a.i. ha-1 of paraquat/diquat, 
and 1000 g a.i. ha-1 of glufosinate-ammonium, there-
fore no LD50 values could be calculated. 

These results suggest that the glyphosate resist-
ant biotypes screened are not resistant to herbicides 
with other modes of action except for the aryloxy-
phenoxypropionate herbicides, where there was a 
variable response.

DISCUSSION
In all situations from which plants were collected there 
is a range of other herbicides available for annual rye-
grass control throughout the season. 

Paraquat/diquat and glufosinate-ammonium are 
alternative non-selective herbicides available for use in 
broadacre and horticultural situations. Paraquat/diquat 
has been available for use in broadacre and horticul-
tural situations for more than thirty years. 

Glufosinate-ammonium, while classifi ed as a gly-
cine type herbicide, functions differently to glyphosate 
within a plant by inhibiting glutamine synthetase rather 
than affecting the shikimate pathway. As a different 
part of the amino acid production system is targeted, 
the presence of resistance to glyphosate does not 
automatically infer cross-resistance to glufosinate-
ammonium. 

Glufosinate-ammonium is widely used in horticul-
tural situations for weed control, but is not currently 

Table 1.   Number of populations of glyphosate resist-
ant annual ryegrass resistant to herbicides with other 
modes of action. (R = resistant, S = susceptible).

Group Herbicide S R

A (fops) diclofop-methyl 6 3

A (dims) clethodim 9 0

B chlorsulfuron 8 1

C simazine 9 0

D trifl uralin 9 0

F norfl urazon 7 0

L paraquat/diquat 7 0

M glyphosate 0 9

N glufosinate-ammonium 7 0
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used in broadacre situations. The release of InVigor® 
canola, which is genetically modifi ed to be tolerant 
to glufosinate-ammonium, will allow this herbicide 
to be used in broadacre cropping as an in-crop selec-
tive herbicide. 

Inclusion of these herbicides for pre-season weed 
control would be an effective strategy to prevent the 
build-up of glyphosate resistance within either broa-
dacre or horticultural situations. In the event that re-
sistance has already been detected within the annual 
ryegrass population, replacing glyphosate with either 
of the alternative herbicides would be essential to allow 
the glyphosate resistance to be managed properly.

In both broadacre and horticultural situations there 
is a range of soil residual pre-emergent herbicides 
available for annual ryegrass control from four herbi-
cide mode-of-action groups. Whilst some resistance to 
these herbicides has been recorded in annual ryegrass 
(Heap 2004), in the glyphosate resistant populations 
screened there was no evidence to suggest that they 
are less susceptible to pre-emergent herbicides than 
known susceptible populations. 

Annual ryegrass seedlings that germinate after 
these pre-emergent herbicides have been applied, or 
are resistant to these herbicides, can be controlled 
chemically with the use of post-emergent selective 
herbicides such as aryloxyphenoxypropionates or 
cyclohexanediones. Resistance in annual ryegrass to 
the aryloxyphenoxypropionate herbicides is common, 
therefore it was not considered unusual that some of 
the glyphosate resistant biotypes that were exposed to 
these herbicides were also found to be resistant. 

Not all the glyphosate resistant biotypes were 
resistant to diclofop-methyl, despite some of the 
other biotypes having a history of exposure to both 
herbicides. This indicates that resistance to other her-
bicides is not necessarily required before glyphosate 

resistance can occur. One biotype was obtained from a 
driveway where glyphosate was used as the sole weed 
control option for aesthetic weed control, and other 
biotypes were obtained from horticultural situations 
where chemical weed control was less rigorous than 
in a fi eld crop situation. In these cases, limited alter-
native chemicals had been used, therefore any plants 
that survived the application of glyphosate were more 
likely to reach maturity and produce seed.
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