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Summary

Paraquat-resistant barley grass, identified
as Hordeum glaucum Steud. was first
observed and reported in 1982 on a lucerne
(Medicago sativa L.) field at Willaura,
Yictoria. A survey aimed at determining the
occurrence and distribution of this biotype
was undertaken by collections from fields
in Victoria and South Australia. Chromo-
some counts were made to confirm the
species collected in each case. Tests for
resistance were carried out by observing the
effect of low concentrations (10 mM) of
paraquat on seedling germination and
resistance was confirmed after spraying
plants with paraquat at the recommended
rate of 200 g a.i. ha''. The survey reveals
that resistance to paraquat was evident only
in the Willaura-Ararat region on four
independently owned and operated farms
that are well separated from each other.
Resistant populations were also encoun-
tered on other fields within these areas but
these were determined as having been
introduced through movement of stock,
machinery and hay. No resistant biotypes
were found in other regions of Victoria or
in fields surveyed in South Australia. The
reasons underlying the appearance of the
resistant biotypes are discussed.

Introduction

A recent review states that populations of
55 weed species world-wide have developed
resistance to various herbicides to which
they were previously susceptible (L.eBaron
1985). Over three-quarters of the reported
cases involve specific resistance to the tri-
azine herbicides. Resistance to paraquat has
occurred in biotypes of the weed species
Poa annua L. and Conyza sp. (Gressel ef
al. 1982) and Erigeron spp. (Saka et al.
1982; Watanabe er al. 1982; Kato and
Okuda 1983).

A paraquat-resistant biotype of an im-
portant grass weed, barley grass (Horde-

um glaucum Steud.), became evident in
1982 in a field at Willaura, Victoria
(Warner and Mackie 1982). Studies have
confirmed that this biotype is resistant to
paraquat; the LD, for the resistant bio-
type is 3.2 kg a.i ha~!'; that for the normal
susceptible biotype is 0.025 kg a.i. ha!
(Powles 1986). The resistant biotype was
infesting a lucerne (Medicago sativa 1..)
field. The standard practice employed for
weed control in such fields is the applica-
tion of paraquat and/or diquat to control
winter-growing weeds. Previously the use
each year of these herbicides on this field
had been successful in controlling barley
grass for more than 15 years.

The appearance of a paraquat-resistant
barley grass biotype within the cereal-
cropping zone of southern Australia is of
both practical and scientific concern.
Accordingly, this study was undertaken to
identify areas in south-eastern Australia
where such populations might occur.

Materials and methods

Species identification

Three species of barley grass commonly

occur in mainland Australia, namely
Hordeum glaucum, H. leporinum and
H. marinum. A fourth species,

H. murinum is found only in Tasmania
(Cocks et al. 1976) H. murinum has a
sessile central spikelet which readily
distinguishes it from H. glaucum and H.
leporinum. H. marinum is readily
distinguished from either H. leporinim
and H. glaucum by having the lemmas of
the lateral spikelet (including the awns)
much shorter than the glumes (including
the awns). H. glaucum retains dark-
coloured anthers within its florets at matur-
ity, whereas these are exerted in H.
leporinum. This characteristic was used to
identify H. glaucum in the field during the
survey. Collected samples were stored in
the laboratory for 3 months before growing
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plants from them. For each population root
tips from at least one randomly selected in-
dividual were taken and chromosome
counts made using the procedure described
by Morrison (1959). H. glaucum is a
diploid (2n = 14) whercas H. leporinum is
a tetraploid (2n=28).

Survey

Surveys were carried out during November
and December 1984 and 1985 in lucerne-
growing districts in Victoria and South
Australia. Samples were collected prior to
the first lucerne cuts so that mature spikes
could be gathered before they shed or were
harvested with the lucerne. The epicentre
of the survey was the lucerne field in the
Willaura region first found to have
paraquat-resistant barley grass. Within a
100 km radius of this field a total of 99
fields were surveyed. Of these, 20% were
lucerne fields with a history of paraquat
and/or diquat usage. Along the Pyrenees
Highway between Ararat and Avoca
another 32 fields (22 of them lucerne) were
surveyed. Eight lucerne fields were surveyed
within the Bendigo area and 10 lucerne
fields within the Boort area. Two lucerne
fields at Casterton, near the South Aust-
ralian border with Victoria, were also sur-
veyed. In South Australia, 23 lucerne fields
were surveyed within the Keith and Border-
town regions and 10 in the Langhorne
Creek area (Table 1). These regions repre-
sent the main lucerne-growing regions
within these States (Figure 1).

On each field, matured spikes of H. glau-
cum were randomly collected from as many
individual plants as possible. Fields in
which only H. leporinum or H. marinum
were present were recorded and the seeds
of these species were then discarded.

Determination of resistance

Effect of paraquat on germinating
seedlings

A seedling bioassay test was used to provide
an initial evaluation of the response of the
samples to paraquat. At low concentration
(1.5 uM) primary shoot elongation is
greatly inhibited in susceptible biotypes of
H. glaucum, while growth of the resistant
biotype is unaffected (Powles 1986). Fifiy
seeds from each sample were incubated in
the dark at 20°C in 9 cm Petri dishes given
5 mlof 10 uM paraquat solution. H. glau-
cum seeds collected from the same region
and previously tested and found to be sus-
ceptible to paraquat, and seeds known to
be paraquat resistant, were used as con-
trols. All samples were also incubated in
distilled water under the same conditions.
Germinated seedlings were examined alter
10 days. Samples were then classed as resis-
tant or susceptible on the basis of the inhi-
bition of shoot growth.

Effect of foliar application of
paraquat

Paraquat at 200 g a.i ha ' with 0.2%
surfactant was spraved on to intact plants
at the 2-3 tiller stage using the spraver and
procedure described by Powles (1986).
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Table 1 Occurrence of various species/biotypes of barley grass in fields surveyed. All
fields contained Hordeum leporinum

Region No. of fields No. of fields with
surveyed Resistant Susceptible H. leporinum
H. glaucum  H. glaucum only
Victoria
Willaura 99 6 11 82
Ararat 32 3 23 6
Bendigo 8 0 2 6
Boort 10 0 1 9
Casterton 2 0 0 2
South Australia
Langhorne Creek 10 0 8 2
Bordertown-Keith 23 0 7 16
Total 184 9 52 123
]
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Figure 1 Map of southern Australia showing the survey region (hatched area) and the area in which paraquat-

resistant H, glaucum was found (solid area).

Control plants were as described in the
seedling bioassay test. Twenty plants of
each sample were sprayed and resistance or
susceptibility was determined on the basis
of plant survival 10 days after treatment.

Results

The survey reveals that, with the exception
of fields infested by the resistant H. glau-
cum biotype, H. leporinum is the dominant
barley grass species present in the fields
surveyed (Table 1). Normal paraquat-
sensitive H. glaucum was present in a large
number of fields but was not as prevalent
as H. leporinum. Less than 5% of the
lucerne fields surveyed had H. marinum.
It is emphasized that H. glaucum (except
for the resistant biotype), H. leporinum
and H. marinum are normally susceptible
Lo paraquatl.

The survey documents a paraquat-
resistant biotype of H. glaucum present in
populations of barley grass on nine of the
184 fields surveyed (Table 1). This
represents 4.9% of the total number of
fields surveyed. All of the resistant samples
were found in lucerne fields surveyed in the
Willaura-Ararat region of Victoria (Figure
1). There was complete correlation between

resistance evident in the seedling bioassay
test and resistance of potted plants to treat-
ment with 200 g a.i ha~! paraquat.

Victoria

Willaura region Lucerne fields on three
separate farms were found to be infested
with paraquat-resistant biotypes of H.
glaucum. On one farm, ‘Edgarley’, four
lucerne fields (including the field in which
the resistant H. glaucum was first disco-
vered) were severely infested with the resis-
tant biotype.

Ararat region The resistant H. glaucum
biotype was found on one lucerne field and
two non-lucerne fields in this region.

Bendigo and Boort regions The resistant
biotype was not found in any of the fields
surveyed in these two regions. Only lucerne
fields with a history of paraquat and/or
diquat use were surveyed in these areas.

South Australia

The resistant biotype was not found in any
of the fields surveyed in South Australia.

Only lucerne fields with a history of para-
quat and/or diquat use were surveyed in
South Australia.

Discussion

The paraquat-resistant biotype of the grass
weed H. glaucum was found to be present
in populations of barley grass on a small
number of lucerne fields in the Willaura-
Ararat region only. The three farms in the
Willaura region where resistant biotypes
were found are independently owned and
operated enterprises that are well separated
from one another. One of the farms,
‘Edgarley’, had four lucerne fields infest-
ed with the paraquat-resistant biotype. This
includes the field in which the resistant bi-
olype was first discovered. At the time, the
other three fields did not have the problem.
The appearance of resistant biotypes in
these other lucerne fields at the time of our
survey is likely to be due to an introduc-
tion from the originally infested field as
there has been considerable movement of
stock, hay and machinery between the
fields. We established that two fields (non-
lucerne) in the Ararat region have also
become infested with the resistant biotype
as a result of the transfer from ‘Edgarley’
of hay containing the seeds of the resistant
biotype. However, there was no reason to
suspect that movement of seed of the resis-
tant biotype from ‘Edgarley’ could explain
the infestations on the other three enter-
prises. Thus, the paraquat-resistant biotype
was evident at four independent locations.

Common factors associated with the
appearance of paraquat resistance.

The lucerne fields with the original infesta-
tion at ‘Edgarley’, the lucerne fields on the
other two farms in the Willaura region and
the lucerne field in the Ararat region, had
all been sown to lucerne for considerable
periods. All had received once-vearly
applications of paraquat and/or diquat as
the sole method of weed control. The com-
mon factors can be summarised as:
1. All fields contained the same perennial
crop for a period exceeding 10 years.
2. Paraquat and/or diquat was used
once-yearly.
3. No other herbicides, or other forms of
weed control, were used.
4. No cultivation had occurred for at least
10 years.

Obviously the long-term combination of
the above-mentioned factors has provided
positive selective pressure for the paraquat-
resistant biotype. Studies with herbicide-
resistant weed species in the Northern
Hemisphere have also been able to identify
common factors associated with the
appearance of herbicide resistance
(Holliday et al. 1976; Putwain 1982; Gres-
sel and Segel 1982; Bachthaler er al. 1984).

Despite the positive selection pressure
operating (consistent and prolonged use of
paraquat as the sole means of weed con-
trol on a perennial crop), we found that
only a small percentage of lucerne fields
surveyed were infested with the resistant



biotype. If the resistant biotype occurs
randomly in the barley-grass population we
should expect that the resistant biotype
would appear on many lucerne fields at
several locations, but our survey revealed
that the paraquat-resistant biotype
occurred only in the Willaura-Ararat area.
It is possible that the resistant biotype
appeared following a mutation after com-
mencement of paraquat use in this area.
However, we found resistant populations
at four distinct sites. We have no evidence
that the resistant biotype could have been
introduced from a single site. It is, there-
fore, not possible to define whether para-
quat resistance was originally present
within the barley-grass population or has
occurred as the result of a mutation fol-
lowing paraquat use.

Conclusion

Our survey shows that a paraquat-resistant
biotype of the weed H. glaucum is present-
ly confined to a small number of lucerne
fields in the Ararat area where paraquat has
been consistently used for a long time. We
have identified a number of common
factors associated with the occurrence of
this resistant biotype. Potential exists for
this biotype 1o be transferred and estab-
lished in other arcas by the movement of
stock, machinery and hay.
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