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Key messages
•

Two populations of willow-leaved lettuce collected from an irrigated horticultural property in the Gascoyne
Region of Western Australia (WA) have tested resistant to glyphosate.

•

This first report of willow-leaved lettuce resistance to glyphosate in the world is of immediate concern to
irrigated agriculture but is also relevant to the whole grains industry. It shows that no sector of agriculture is
immune from glyphosate resistance if glyphosate is the main weed control strategy.

•

Growers must adopt integrated weed management (IWM), including alternative non-selective herbicides, to
minimise the risk of glyphosate resistance development in weeds.

Aims
Willow-leaved lettuce (Lactuca saligna), also known as wild lettuce, is a close relative of prickly lettuce (Lactuca
serriola), a common weed of roadsides, wastelands and occasionally in crop fields in WA during spring and early
summer. Prickly lettuce is a major weed of winter crops and summer fallows in northern Victoria and southern NSW.
Compared to prickly lettuce, willow-leaved lettuce is not commonly found in the grain growing areas of WA (Hussey et.
al. 2007). However, it has been recorded in the Avon wheatbelt, Jarrah Forest, Mallee, Pilbara, Swan Coastal Plain
and many WA local government council areas including Armadale, Brookton, East Pilbara, Gnowangerup, Harvey,
Karratha, Kondinin, Mandurah, Melville, Merredin, Perth, South Perth, Stirling, and Victoria Park of WA (FloraBase
2017).
Prickly lettuce has developed resistance to Acetolactate synthase (ALS) herbicides in the USA (Mallory-Smith 1990)
and to ALS and glyphosate in in the eastern states of Australia (Preston 2017). Globally, no resistance in any
populations of willow-leaved lettuce has previously been reported.
A grower reported failure of glyphosate to control willow-leaved lettuce in an irrigated vegetable field in the Gascoyne,
Western Australia (WA) in the spring of 2016. A study was undertaken in 2016/2017 to test glyphosate resistance in
three populations of willow-leaved lettuce from the property of the affected grower and close-by neighbouring
properties.

Methods
Mature seed of three populations of willow-leaved lettuce were collected in December of 2016 from irrigated
horticultural properties in the Gascoyne, WA. Populations WL1 (24°50'30.2099", 113°44'01.8718") and WL2
(24°50'30.5230", 113°44'00.7394) were collected from paddocks where glyphosate was sprayed to control this weed
in vegetable crops in 2016. Population WL3 was collected from a nearby unsprayed wasteland.
The seed was stored in a non-air-conditioned glasshouse at Northam from January to February. Plastic pots (1.8 L)
were filled with 50% sand and 50% commercial potting mix in March 2017, and 30-50 seeds were sown at a depth of
1-2 mm. Seedlings emerged about 8-10 days after sowing. Emergence was 60-70%, but natural mortality of seedlings
thinned the populations to 4-6 plants per pot.
At the 3-4 leaf stage, seedlings were sprayed with four rates of glyphosate (Roundup
PowerMAX®, glyphosate 540g/L) to enable detection of resistant (R) to susceptible (S)
populations. Since seedlings of this warm season weed species were not growing well in the
air-conditioned glasshouse in June 2017, the pots were transferred to a growth chamber
(30OC with 55% humidity) one week after spraying.
Figure 1 Mature plants
of willow-leaved lettuce
growing in an
unsprayed area in the
Gascoyne irrigated
region of Western
Australia (Photo by
John Stretch

Plant survival was assessed four weeks after spraying. A plant was assessed as surviving if it
was not affected by herbicide or affected by herbicide but actively regrowing with visible green
shoots and new leaves. A plant was assessed as dead if it was visibly senesced with no
regrowth, or if part of shoot base was green but the central growing point was completely dead.
Design and analysis: The experiment was conducted in a completely randomised design
replicated three times. Plant survival was subjected to ANOVA
(GENSTAT 18th Edition). The LD50 ratio of the Resistant (R) to

susceptible (S) populations was estimated by probit analysis (GENSTAT 18th Edition).

Results

Plant survival (%)

The results suggest that the willow-leaved lettuce populations WL1 and WL2 tolerated higher rates of glyphosate than
WL3 where the population was rarely treated with glyphosate. Probit analysis showed that the LD50 ratio was 1.9 for
WL1 and 1.8 for WL2 compared to WL3 (Figure 1). These results further confirmed that WL1 and WL2 are about two
times more resistant than the susceptible population WL3.These two populations (WL1 and WL2) have evolved
resistance to glyphosate presumably due to continuous use of glyphosate as knockdown herbicide without using any
alternative non-selective herbicide molecule from a different mode of action or a non-chemical knockdown option.
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Figure 2 Percent plant survival of three populations of willow-leaved lettuce (WL1, WL2 and WL3)
collected from the WA Gascoyne, following application of glyphosate at the 3-4 leaf stage. Error bars
represent the standard error of the mean of three replications.

Figure 3 Willow-leaved lettuce (Lactuca saligna) plants of population WL2 treated with increasing
rates of glyphosate left to right.

Conclusions
This is the first report of glyphosate resistance in willow-leaved lettuce internationally, and the seventh glyphosate
resistant broadleaf weed species to be confirmed in Australia. The discovery is of immediate concern to the irrigated
agricultural industry. This species is bisexual (Mejías 1994) (both male and female parts are present on the same
flower), so resistance is more likely to spread through seed dispersal rather than by cross pollination. The industry will
have to consider the extent of seed dispersal and persistence of the seedbank in developing management plans for
the resistant populations. The findings of this paper are also relevant to other agricultural sectors and the grains
industry as this species has the potential to move into cropping paddocks due to wind dispersed seed.
The level of resistance in these populations and the number of resistant populations in irrigated horticulture regions
will increase further if growers continue to use glyphosate every year, before or after every crop. To manage this weed
and delay further development of resistance to glyphosate in willow-leaved lettuce and other weed species, the
growers must apply the principles of integrated weed management (IWM). An IWM program may include using
improving spray application techniques, using a double knock with a second herbicide from a different mode of action
or cultivation, using robust tank-mixes with two herbicides effective against the target species, and using other nonchemical weed control options. For more information visit: http://www.glyphosateresistance.org.au/

CAUTION: RESEARCH ON UNREGISTERED AGRICULTURAL CHEMICAL USE. Any research with
unregistered agricultural chemicals or of unregistered products reported in this document does not constitute a
recommendation for that particular use by the authors or the authors’ organisations. All agricultural chemical
applications must accord with the currently registered label for that particular agricultural chemical, crop, pest
and region
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