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Summary   Diplotaxis tenuifolia (L.) DC. is a per-
ennial weed that can be a particularly problematic 
weed of crops in certain areas of South Australia. In 
2003, failure of sulfonylurea herbicides to control 
D. tenuifolia was reported from a number of sites 
across a substantial area near Streaky Bay in South 
Australia. Seed was collected and tested for resistance 
to chlorsulfuron and triasulfuron. Chlorsulfuron was 
applied post emergent at 15 g a.i. ha-1 when seedlings 
were at the two to four true leaf stage. A second ap-
plication was made 28 days later. Triasulfuron at 22.5 
g a.i. ha-1 was applied pre-emergent to soil into which 
D. tenuifolia seed had been sown. Of the 28 samples 
tested, 16 proved resistant to chlorsulfuron. The same 
populations were also resistant to triasulfuron. There 
was a degree of variation in the responses of the dif-
ferent populations to these herbicides suggesting that 
resistance had evolved more than once. Subsequent 
dose response experiments confirmed resistance to 
triasulfuron in one population. An unusual aspect of 
the evolution of resistance in D. tenuifolia is that it has 
occurred in a perennial species.

Keywords    Herbicide resistance,  chlorsulfuron, 
 triasulfuron,  Diplotaxis tenuifolia.

INTRODUCTION
Diplotaxis tenuifolia (L.) DC.,  Lincoln weed or   sand 
rocket, is a perennial member of the Brassicaceae 
family. This species is relatively rare in Australian ag-
ricultural systems, but has been a problem weed on the 
Eyre Peninsula and Yorke Peninsula in South Australia 
for some time (Orchard 1955). D. tenuifolia causes 
problems primarily as it uses water over summer. It also 
causes problems at harvest, as it discolours grain and 
increases moisture content (Parsons and Cuthbertson 
1992). D. tenuifolia also provides a harbour for snails 
and other pests of crops as well as causing problems 
during crop seeding.

The acetolactate synthase (ALS)-inhibiting herbi-
cides are generally very effective at controlling mem-
bers of the Brassicaceae family and have been widely 
employed to control weed species from this family. 
The intensive use of sulfonylurea herbicides has seen 
the evolution of resistance in populations of a number 
of Brassicaceae weed species in Australia including 

Sisymbrium orientale L., Brassica tournefortii Gouan, 
Raphanus raphanistrum L., Rapistrum rugosum 
(L.)All., Sisymbrium thellungi O.Schulz and Sinapis 
arvensis L. (Boutsalis and Powles 1995, Adkins et al. 
1997, Hashem et al. 2001). Resistance to sulfonylurea 
herbicides has been particularly acute in areas of South 
Australia with alkaline soils. In these areas, extended 
persistence of the sulfonylurea herbicides (Sarmah et 
al. 2000) has selected resistance more rapidly.

In 2003, failure of sulfonylurea herbicides to 
control populations of D. tenuifolia on the West Coast 
of South Australia was observed. In this region, sul-
fonylurea herbicides have been widely used against a 
variety of weed species, including D. tenuifolia. The 
purpose of this study was to determine the resistance 
status of D. tenuifolia populations from the West Coast 
of South Australia.

MATERIALS AND METHODS
Seed of suspected resistant populations of D. tenuifolia 
from around Streaky Bay, South Australia were col-
lected in late summer 2004. A total of 30 samples were 
collected; however, only 28 contained viable seed. A 
susceptible population was collected from a town park 
at Peterborough in the Mid-North of South Australia. 
There had been no known use of ALS-inhibiting her-
bicides in this park.

For the initial screening experiment, 0.1 g of seed 
was sown onto the surface of 17 cm pots containing 
potting soil based on a 1:1 mix of peat and sand. The 
pots were watered and placed in a heated and cooled 
glasshouse with a temperature range between 15°C 
and 25°C. No supplemental light was provided. The 
pots were watered as required. Germination was vari-
able between populations and ranged from a low of 
10 seedlings to a high of more than 100 seedlings. For 
each herbicide test, two pots of each population were 
sown, one treated and one as an untreated control. 

Commercial formulations of herbicides were ap-
plied with a moving boom laboratory spray cabinet 
fitted with flat fan nozzles. The output of the sprayer 
was equivalent to 109 L ha-1 at a pressure of 250 MPa 
and a speed of 1 m s-1. Chlorsulfuron was applied at 
15 g a.i. ha-1 at the two to four leaf stage. Non-ionic 
surfactant was added to the spray solution at 0.2%. The 
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plants were treated a second time 28 days later with the 
same rate of chlorsulfuron. Triasulfuron was applied 
at 22.5 g a.i. ha-1 to the soil surface immediately after 
the seed was sown.

Herbicide performance was assessed 21 days after 
the herbicides had been applied. Assessment was by 
visual ratings providing a score between 0 and 10 by 
comparison with the untreated control. A score of 
10 was complete mortality, whereas a score of zero 
meant growth was equivalent to the untreated control. 
A score of seven or below was considered to indicate 
the population had resistance.

Dose response experiments with triasulfuron were 
conducted by sowing 0.05 g seed onto the soil surface 
in 7 cm square pots. A single susceptible and a single 
resistant population were compared. Triasulfuron at 
rates ranging from 0 to 180 g a.i. ha-1, was applied im-
mediately after sowing the seed to the soil surface and 
the pots placed in a heated and cooled glasshouse with 
watering as required. There were four replicate pots for 
each herbicide rate. Survival was assessed at 21 days 
after treatment by counting the number of surviving 
plants. Survival was expressed as a percentage of the 
untreated control and dose response data was analysed 
by log logistic analysis (Seefeldt et al. 1995).

RESULTS
The susceptible population of D. tenuifolia was 
completely controlled by one application of 15 g a.i. 
ha-1 chlorsulfuron. Of the 28 D. tenuifolia popula-
tions tested for resistance to chlorsulfuron, a variable 
response was observed; however, 16 populations were 
clearly resistant to chlorsulfuron (Table 1.). All popula-
tions were treated a second time with 15 g a.i. ha-1 to 
confirm resistance. Most of the surviving populations 
were highly resistant to chlorsulfuron and showed little 
effect following two applications of chlorsulfuron. Two 
populations LW2 and LW17, were resistant, but the 
survivors were obviously stunted by the herbicide.

The susceptible population was also well con-
trolled by 22.5 g a.i. ha-1 triasulfuron, with no plants 
surviving treatment. Those populations of D. tenuifolia 
found to be susceptible to chlorsulfuron were also 
susceptible to triasulfuron. Likewise, the 16 popula-
tions found to be resistant to chlorsulfuron were also 
resistant to triasulfuron. In general, the D. tenuifolia 
populations were not as resistant to triasulfuron as 
they were to chlorsulfuron. Of particular note were the 
populations LW7 and LW23, which were unaffected 
by treatment with chlorsulfuron, but suffered some 
damaged with triasulfuron application.

The dose response experiment with triasulfuron 
demonstrated that the susceptible population was very 
susceptible to triasulfuron. The susceptible population 

was completely controlled by 2.8 g a.i. ha-1 triasul-
furon and has less than 1% survival at 1.4 g a.i. ha-1. 
The resistant population used in this dose response 
experiment, LW12, had only moderate resistance to 
triasulfuron in the initial test. However, more than half 
the population survived the normal field rate of 22.5 
g a.i. ha-1 triasulfuron and a small number of plants 
survived rates as high as 180 g a.i. ha-1. The LD50 for 
the susceptible population was much lower than 1.4 g 
a.i. ha-1, whereas that for the resistant population was 
30 g a.i. ha-1.

Table 1.   Response of D. tenuifolia populations to two 
applications of 15 g a.i. ha-1 chlorsulfuron applied 28 
days apart. S = susceptible, R = resistant.

Population Score Assessment

S 10 S

LW1 10 S

LW2 5 R

LW3 10 S

LW4 0 R

LW5 10 S

LW7 0 R

LW8 1 R

LW9 2 R

LW10 10 S

LW11 2 R

LW12 4 R

LW13 1 R

LW14 10 S

LW15 10 S

LW16 10 S

LW17 6 R

LW18 10 S

LW19 10 S

LW20 0 R

LW21 10 S

LW22 2 R

LW23 0 R

LW24 2 R

LW25 1 R

LW26 0 R

LW28 9 S

LW29 1 R

LW30 10 S
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DISCUSSION
Of the 28 populations of D. tenuifolia tested for resist-
ance to chlorsulfuron and triasulfuron, 16 proved to 
contain resistance individuals. There are some unusual 
aspects to the detection of resistance in D. tenuifolia. 
Firstly, D. tenuifolia is a perennial weeds species and 
it is generally considered that perennial weeds evolve 
resistance more slowly to herbicides than do annual 
weeds (Moss and Rubin 1993). Secondly, D. tenuifolia 
is a spring germinating species and ALS-inhibitors 
are normally used in the autumn in the area where 
resistance has evolved. Thirdly, resistance appears to 
have evolved simultaneously at a number of different 
locations. 

All of the populations susceptible to chlorsulfuron 
were also susceptible to triasulfuron, whereas those 
that were resistant to chlorsulfuron were also resistant 
to triasulfuron. This indicates probable cross-resistance 
across the sulfonylurea herbicides in these populations. 
While many of the populations tested were highly 
resistant to chlorsulfuron and triasulfuron, there was 
some variation in response to these herbicides sug-
gesting resistance may have evolved more than once 
in the area.

The dose response experiment with triasulfuron 
revealed that D. tenuifolia is very susceptible to this 
herbicide. The susceptible population was controlled 
by very low rates of triasulfuron. More than 99% of 
the susceptible population was controlled at 1.4 g a.i. 
ha-1 triasulfuron, less than 7% of the normal field rate. 
The resistant population, LW12, showed some mortal-
ity at the field rate of triasulfuron; however, a small 
percentage of the population survived high rates of this 
herbicide. The dose response indicates that the LW12 
population may contain a mix of both susceptible and 
resistant individuals.

The high sensitivity of seedlings of D. tenuifolia 
to ALS-inhibiting herbicides like triasulfuron provides 
an explanation for the evolution of resistance in this 
perennial weed species. The extremely high level 
of control of seedlings from use of ALS-inhibiting 
herbicides and the persistence of these herbicides in 
dry environment and alkaline soils, such as those of 
the West Coast of South Australia (Black et al. 1999), 
would mean that any recruitment from the soil seed 
bank would be predominantly resistant individuals. As 
the parental plants were killed or died, the population 
would then consist primarily of resistant individuals.

Table 2.   Response of D. tenuifolia populations to ap-
plication of 22.5 g a.i. ha-1 triasulfuron. S = susceptible, 
R = resistant.

Population Score Assessment

S 10 S

LW1 10 S

LW2 5 R

LW3 10 S

LW4 0 R

LW5 10 S

LW7 6 R

LW8 1 R

LW9 5 R

LW10 10 S

LW11 7 R

LW12 7 R

LW13 5 R

LW14 10 S

LW15 10 S

LW16 10 S

LW17 6 R

LW18 10 S

LW19 10 S

LW20 1 R

LW21 10 S

LW22 2 R

LW23 6 R

LW24 5 R

LW25 4 R

LW26 0 R

LW28 10 S

LW29 2 R

LW30 10 S

Figure 1.   Response of susceptible (�) and resist-
ant (�) populations of D. tenuifolia to triasulfuron. 
The normal field use rate of triasulfuron is 22.5 g 
a.i. ha-1.
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These experiments show that resistance to 
chlorsulfuron and triasulfuron has evolved in at least 
16 populations of D. tenuifolia on the West Coast of 
South Australia. There is some variation in response of 
the resistant populations to these herbicides, indicating 
resistance has evolved more than once in the region. 
Given that all populations resistant to chlorsulfuron 
were also resistant to triasulfuron, there is likely to be 
cross-resistance across the sulfonylurea herbicides 
and possibly also to other ALS-inhibiting herbicides 
(Tranel and Wright 2002). This means that other man-
agement options will be needed to control herbicide 
resistant D. tenuifolia.
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