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Summary   Trifluralin has become an important 
herbicide for the control of Lolium rigidum Gaudin 
(  annual ryegrass) and small-seeded broadleaf weeds 
in no-till cropping systems in southern Australia. 
Trifluralin resistance in annual ryegrass has been 
detected across southern Australia in seed collected 
from randomly selected fields and from seed samples 
sent to resistance testing laboratories. Trifluralin resist-
ance in South Australia is spread unevenly, with some 
areas, such as the Yorke Peninsula, having much higher 
levels of resistance than others. Trifluralin resistance is 
present in South Australia at much higher frequencies 
than it is in Victoria, NSW or Western Australia. The 
emerging problem of resistance to trifluralin creates 
a need for alternative herbicide solutions that farmers 
can readily adopt in no-till systems. Work is underway 
to identify alternative pre-emergent herbicide options 
for farmers to reduce the reliance on trifluralin for 
control of ryegrass. 
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INTRODUCTION
Trifluralin has been used in crop production in Aus-
tralia since the 1970s for the selective control of a 
variety of grass and dicot weeds in a wide spectrum 
of agricultural crops. One of the main target weeds of 
trifluralin is Lolium rigidum Gaudin (annual ryegrass) 
in southern Australia. The availability of modern selec-
tive herbicides, mainly the aryloxyphenoxypropionate 
(APP), cyclohexanedione (CHD) and sulfonylurea 
(SU) herbicides in the 1980s, resulted in a shift away 
from trifluralin use and increased reliance on these 
alternative herbicides for annual ryegrass control. 
By the late 1990s widespread herbicide resistance 
in ryegrass to the APP, CHD and SU herbicides was 
confirmed in cereal farming and resulted in a resur-
gence of trifluralin use to combat APP, CHD and SU 
resistant ryegrass. 

Resistance to trifluralin in annual ryegrass was 
first reported in the mid 1980s (Heap and Knight 1986, 
Howat 1987). Resistance to trifluralin has previously 
been reported in several biotypes of annual ryegrass 

collected from the southern Australian cropping zone 
(McAlister et al. 1995). In a random seed survey of 
approximately 200 fields from the mid-north region 
of South Australia, 90% of samples were identified 
using pot trials to consist of ryegrass with resistance 
(resistance measured as 20% survival to a lethal 
dose) to diclofop-methyl or chlorsulfuron (C. Preston, 
unpublished data). In addition, 60% of samples were 
resistant to both herbicides. As a result of this extensive 
resistance to the APP and SU herbicides, considerable 
pressure is now being placed on trifluralin for annual 
ryegrass control in this area.

The aims of this work were to monitor the devel-
opment of trifluralin resistance including identifying 
the magnitude of trifluralin resistance in Victoria and 
southern NSW as well as to identify new herbicides to 
control ryegrass at the pre-emergence stage. 

MATERIALS AND METHODS
Seed was randomly collected from fields in inten-
sively cropped areas of South Australia. Fields were 
sampled just prior to crop harvest once L. rigidum 
seed had matured. Within each district, fields were 
selected by travelling for a pre-determined distance (5 
km) on minor roads. At each stop, a single field was 
surveyed. This comprised walking in an inverted W 
pattern across approximately 0.5 ha to 1 ha. Surveying 
started 10 m in from the edge of the crop. Whenever 
L. rigidum plants were encountered, the mature spikes 
were removed. When a large patch of L. rigidum plants 
was encountered, only up to 20 spikes were removed 
from the patch. Sampling was discontinued once about 
100 spikes had been collected or after 30 minutes, 
whichever occurred first.

Testing for resistance to trifluralin was conducted 
by placing seeds on the surface of soil in pots and 
applying trifluralin directly to the seed and soil. The 
seed and soil were then covered with soil to a depth 
of 5 mm. Trifluralin was applied with a laboratory 
moving boom sprayer equipped with T-jet fan noz-
zles at a speed of 1 ms-1. Output from the sprayer was 
calibrated at 106 L ha-1 at a pressure of 250 kPa. The 
experiment was conducted outdoors during the normal 
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growing season (July–August, 2005). Using this test-
ing procedure, volatilisation losses were minimised by 
the immediate and even incorporation of trifluralin. 
Under these conditions, trifluralin activity is greater 
than in the field and this needs to be taken into ac-
count when interpreting the results. Trifluralin was 
applied at three rates: 0, 200 and 400 g a.i. ha-1. The 
pots were watered immediately after covering with soil 
and emergence of seedlings measured 28 days after 
spraying. Seedlings were considered emerged if they 
had reached the two leaf stage at this time. In each 
test, three known trifluralin-susceptible and two known 
trifluralin-resistant populations were included. One of 
the resistant populations (SLR31) had moderate resist-
ance to trifluralin (McAlister et al. 1995); the other 
(L99) had higher resistance as confirmed in a previous 
test. Samples were classed as resistant if emergence 
following trifluralin application was at least 20% of 
the emergence in the absence of trifluralin. 

In addition, to the random samples collected from 
South Australia, a large number of samples sent in 
for resistance testing were available. Most of these 
samples had been submitted for testing for resistance 
to the APP, CHD or SU herbicides and not for triflu-
ralin. Therefore, while these samples do not represent 
a random sample of annual ryegrass populations across 
Australia, they are unlikely to be biased towards trif-
luralin resistance.

Plant Science Consulting used the same method-
ology as described above for testing with trifluralin. 
The methodology used by Charles Sturt University 
involved spraying the soil with trifluralin at 0, 408, 
816 or 1632 g a.i. ha-1 and then incorporating using 
a small garden fork. Twenty-eight days after spraying 
plants were visually scored for germination, root and 
shoot health relative to the untreated control. Results 
are means of three replicates. For these populations, a 
sliding scale was used to denote resistance as detailed 
in Tables 3 and 4. 

RESULTS
Trifluralin at either rate used completely controlled 
the three susceptible populations (Table 1). The low 
rate did not give adequate control of either resistant 
population. The higher rate of trifluralin provided 
reasonable control of the moderately trifluralin resist-
ant population, SLR31. The rates of trifluralin used 
here are much lower than those used in the field. 
However, the lack of stubble, perfect placement of 
the herbicide and adequate soil cover maximises the 
performance of trifluralin and provides improved ac-
tivity than would be obtained with these rates in the 
field. 

Table 1.   Emergence (% untreated) of annual ryegrass 
populations treated with two rates of trifluralin.

Population
Resistance status 

to trifluralin

Emergence 
(% survival)

200 g ha-1 400 g ha-1

VLRS1 S 0 0

aus93 S 0 0

l67 S 0 0

slr31 Moderate R 40 14

l99 High R 88 50

Table 2.   Resistance to trifluralin by region in South 
Australia. High resistance is defined as all samples 
with survival greater than 21% at 400 g a.i. ha-1 trif-
luralin. Moderate resistance is defined as all samples 
with survival greater than 21% survival at 200 g a.i. 
ha-1 but less than 21% survival at 400 g a.i. ha-1.

Region
Moderate resistance 

(% of samples)
High resistance 
(% of samples)

Lower North 44 8

Mid North 19 6

Yorke Peninsula 84 22

Table 3.   Resistance levels in ryegrass samples from 
South Australia, Victoria and Western Australia to 200 
g a.i. ha-1 trifluralin. (source: Plant Science Consulting 
2004–2005) RRR represents samples with 100–70% 
survival, RR with 69–41% survival, R with 40–21% 
survival and S represents 20–0% survival).

State Samples with response (%) Samples 
testedRRR RR R S

SA 15 12 27 46 94

VIC 3 34 25 38 40

WA 0 1 7 92 120

Table 4.   Resistance levels in ryegrass samples from 
South Australia, Victoria, New South Wales and 
Western Australia (source: Charles Sturt University 
2003–2005). R (resistant) represents samples with 
25% survival or greater, DR (developing resistance) 
represents samples showing between 24–15% survival 
and S represents 14–0% survival).

State Samples with response (%) Samples 
testedR DR S

SA 21 14 65 103

VIC 9 6 85 181

NSW 0 3 97 312

WA 0 0 100 214
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A total of 150 samples collected from the field had 
adequate germination to be assessed in the test. After 
treatment with 200 g a.i. ha-1 trifluralin, emergence 
ranged from 0 to 107% of untreated samples. Of these 
samples, 73 or 49% were classed as resistant. After 
treatment with 400 g a.i. ha-1 trifluralin, emergence 
ranged between 0 and 100% of untreated samples. Of 
the samples, 20 or 14% were classed as highly resistant 
(data not shown). When the populations were sorted 
by region, the Yorke Peninsula had the highest levels 
of resistance (Table 2).

In addition to the random survey above, we ob-
tained samples of ryegrass seed sent to Plant Science 
Consulting and Charles Sturt University from the 2003 
to 2005 cropping seasons for testing. Both testing 
facilities showed the highest levels of resistance were 
detected in South Australia. Lower levels of resistance 
were detected in Victoria. Negligible resistance was 
detected in Western Australia and New South Wales. 

DISCUSSION
Resistance to trifluralin was evident in the annual rye-
grass samples tested. South Australia had the highest 
levels of resistance to trifluralin compared to the other 
states. Within South Australia, there was considerable 
variation in the frequency of resistance. Much higher 
levels of resistance were detected from the Yorke 
Peninsula than from other intensively cropped areas. 
This indicates higher past reliance on trifluralin in this 
area than in the other areas sampled. 

The level of trifluralin resistance detected in the 
annual ryegrass testing screens for South Australia was 
not dissimilar to that detected in the random survey. 
Between 46 and 65% of annual ryegrass samples from 
South Australia had no detectable resistance to triflu-
ralin and between 15 and 21% of samples had high 
resistance to trifluralin. The difference in the amount 
of trifluralin resistance present between states is most 
likely related to trifluralin use patterns over the past 
three decades. Areas where trifluralin was rarely used 
between the mid 1980s and mid 1990s, such as in 
Western Australia, correlate well with lower frequen-
cies of trifluralin resistance than in areas where it was 
continually used (Llewellyn and Powles 2001). A sur-
vey of ryegrass collected from 500 randomly selected 
paddocks across the Western Australian cereal zone 
only detected 0.2% resistance (Llewellyn and Powles 
2001). This supports the low level of trifluralin resist-
ance detected in suspected resistant seed samples sent 
in to testing laboratories for resistance testing (Tables 
3 and 4). Increased reliance on trifluralin is likely to 
elevate resistance levels. 

Sulfonylurea herbicides have been shown to limit 
rotational options in high pH soils due to herbicide per-

sistence (Black et al. 1999). In alkaline soils trifluralin 
has been used intensively to control ryegrass such as 
in the Yorke Peninsula where the highest levels of tri-
fluralin were detected (Boutsalis 2006). In contrast, in 
areas where sulfonylureas have been used extensively 
in preference to trifluralin to target ryegrass, less 
resistance to trifluralin has been detected (Llewellyn 
and Powles 2001). Broster and Pratley (2006) also 
found an inverse relationship between Group B and D 
resistances in samples received for resistance testing 
between 1991 and 2004.

Most of the resistant populations in the survey only 
exhibited moderate levels of resistance to trifluralin. 
This indicates that under conditions where trifluralin 
works well (limited stubble, good incorporation and 
even germination of annual ryegrass), reasonable 
control may be achieved. However, under conditions 
where trifluralin works less effectively (high stubble 
loads, limited incorporation and staggered germi-
nation of annual ryegrass), failure of trifluralin to 
control annual ryegrass may occur. There have been 
reports of variable control of annual ryegrass with 
trifluralin (O’Connell and Allard 2004), which may 
be explained by a combination of conditions where 
trifluralin performance is lower and evolving resist-
ance to trifluralin.

A preliminary investigation of pot and field trials 
in 2005 has highlighted potentially new herbicides 
that could be available in the future for pre-emer-
gence control of ryegrass (Boutsalis 2006). Four new 
herbicides with modes of action not currently used 
in Australian cereal farming controlled ryegrass at 
the pre-emergence stage. These herbicides included 
cinmethylin, and three coded compounds originating 
from Kumiai Chemical Industry Company, Nufarm 
and Syngenta (Boutsalis 2006). Investigation of these 
compounds is continuing. 
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