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Abstract   Glyphosate resistance has been established
in annual ryegrass from an intensively cropped site at
Echuca, Victoria. The biotype was also resistant to
diclofop methyl. Its level of resistance is compared with
other biotypes which have shown tolerance to com-
mercial rates of glyphosate. The implications of these
findings are discussed.

INTRODUCTION

Herbicide resistance occurs in annual ryegrass (Lolium
rigidum) to most modes of action. There is widespread
resistance to Group A (lipid biosynthesis inhibitors)
and Group B (branched chain amino acid biosynthesis
inhibitors) chemicals but it is only in recent times that
resistance to glyphosate (Group M, inhibitors of aro-
matic amino acid biosynthesis) has been reported
(Pratley et al. 1996; Powles et al. 1998). Whereas re-
sistance to Group A and Group B herbicides is more
likely, the risk to glyphosate resistance has generally
been considered very low. Given its extreme genetic
variability, it is not surprising that annual ryegrass
would be the species most likely to demonstrate re-
sistance if it were to occur.

This paper records aspects of the research undertaken
in respect of the first resistant biotype identified at
Echuca and an evaluation of some other biotypes.

MATERIALS AND METHODS

Echuca biotype   The biotype in question was situ-
ated in an irrigated field with permanent beds. The field
had been continuously cropped since the early 1980s
using direct drilling, with regular use of glyphosate
and selectives. Rotation comprised a mixture of win-
ter and summer agricultural and horticultural crops.
Row spacings were usually wider than those used con-
ventionally and narrow sowing points ensured mini-
mal soil disturbance at sowing.

Glyphosate   The Echuca biotype was subjected to
numerous rate response experiments. The example re-
ported here involved the application of glyphosate (360
g a.i. L-1) at 98, 186, 392, 784 and 1568 g a.i. ha-1 to

seedlings at the three to five leaf stage grown in alu-
minium containers. Seed was sown and populations
per container were thinned to 10 plants per container
prior to spraying in an automated spray cabinet. A
known susceptible was used as control. The design was
a randomised block design with three replications. The
number of survivors were recorded 21 days after treat-
ment.

Other herbicides   The Echuca biotype was also tested
to a range of other ryegrass herbicide procedures simi-
lar to the above with rates being 0, 0.5x, 1x and 2x the
recommended label rate. A known susceptible biotype
and a known resistant biotype were included as con-
trols for each herbicide. For diclofop methyl the rates
were 0, 187, 375 and 750 g a.i. ha-1.

Other biotypes   From the range of biotypes submit-
ted to the Farrer Centre Herbicide Resistance Service
at Charles Sturt University, a small number exhibited
some resistance at the recommended rate. Two were
further compared with the Echuca sample for their re-
sponsiveness at high rates of glyphosate. Pregerminated
seedlings were transplanted into seedling flats, one per
cell, there being 16 seedlings per replicate. Rates of
glyphosate applied were 0, 576, 2304, 4608, 9216 and
18432 g a.i. ha-1.

For comparison, the original Echuca biotype was in-
cluded as was a sample from seed collected from sur-
vivors of the Echuca biotype sprayed at 864 g a.i. ha-1

(Echuca selection) and a known susceptible. Spraying
occurred at the three leaf stage. The experiment was a
randomised block design with three replications.

RESULTS

Figure 1 shows the effect of glyphosate treatments with
the Echuca sample showing resistance. More than 90%
of plants survived the 186 g a.i. ha-1 rate whilst at the
highest rate there were nearly 20% survivors. It is clear
that commercial rates of glyphosate on their own would
not provide satisfactory control of this population.
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Figure 2. The effect of diclofop-methyl on survival of
the Echuca biotype of annual ryegrass 21 days after
treatment, relative to known susceptible and known
resistant biotypes

Figure 1.  Effect of glyphosate (360 g a.i. L-1) plus
Howet (125 ml/100L of water) on annual ryegrass
treated at the 3 leaf stage, 21 days post spraying
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Figure 3. The effect of high rates of glyphosate on the
survival of seedlings of annual ryegrass biotypes, 14
days after treatment
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Figure 2 shows the resistance status of the Echuca bio-
type to diclofop methyl. Its response is significantly
different from the susceptible control and is similar to
that of the known resistant. There was no resistance to
any other ryegrass herbicide used and hence details
are not provided here.

A comparison of the Echuca sample with others shown
to have some tolerance to glyphosate at field rates is
given in Figure 3. The data show that in both cases,
rates of 4608 g a.i. ha-1 (8 L ha-1 of commercial prod-
uct) provide eradication whereas the Echuca biotype
had almost 10% survivors at 18432 g a.i. ha-1 (32 L ha-
1 of commercial product). The Echuca selection sam-
ple demonstrated a higher level of resistance than the
original population at rates up to 9216 g a.i. ha-1.

DISCUSSION

Several issues emerge from these data. Firstly, that
glyphosate resistance does occur and is heritable given
the response by the Echuca selection.

Secondly, it is most likely to occur where there is total
dependence on glyphosate to give complete control.
In the case of the Echuca biotype, the absence of com-
plete soil disturbance at sowing and the failure of the
post-planting selective herbicide diclofop-methyl al-
lowed the resistant survivors to complete their life cy-
cles. Another biotype (Junee) similarly evolved in a
firebreak  where glyphosate was the only treatment.

Thirdly, in all cases, the incidence of resistance has
been confined to a very small area. This suggests that
the resistance has developed from a very small number
of plants, perhaps a single plant. Although glyphosate
resistance now exists, the extent of occurrences is mi-
nor and rare in broadacre situations.

Nevertheless, it can occur and farmers need to ensure
that they use selective herbicides which are effective
and that monitoring for resistance of all chemicals,
including glyphosate, is undertaken. Finally, reliance
on a single measure for control of weeds is not sus-
tainable.
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