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Summary 
Skeleton weed is under an eradication 
program in Western Australia. There was 
concern that should the weed establish 
over large areas of the sandier soils in 
the cereal growing areas of Western Aus-
tralia; the treatments to eradicate/control 
the weed would affect the cropping rota-
tions. This is because the persistence of 
the herbicides clopyralid and picloram 
used for skeleton weed control would 
suppress lupins and other legumes 
which are a major part of cropping rota-
tions in Western Australia. A cropping 
rotation experiment was established 
during 2002 in South Australia in an area 
heavily infested with skeleton weed. For 
six years crops were grown in a continu-
ous rotation which included lupins in 
2004 and 2006. Regular use of the her-
bicides clopyralid and picloram in the 
cereal phase and clopyralid as a pre-sow-
ing application in the legume phase sig-
nifi cantly reduced skeleton weed density 
without any deleterious impact on nar-
row leaf lupins (Lupinus angustifolius).

Introduction
Skeleton weed (Chondrilla juncea L.) has 
been a signifi cant weed of cereal crops 
in the southern states of Australia since 
the early twentieth century and, more re-
cently, in Western Australia (Panetta and 
Dodd 1995). Since its discovery in Western 
Australia in 1963 (Meadly 1963) skeleton 
weed has been targeted for eradication. 
Many studies have been conducted in 
Australia (Wells 1969, 1970, 1971a, 1971b, 
1971c, Heap 1993, Walsh 1991) to deter-
mine the effect of herbicides during crop-
ping or using competing pasture species 
to reduce the vigour and impact of the 
weed before planting a crop.

In Western Australian cropping sys-
tems there is a heavy reliance on a legume 

crop, mainly lupins, in the rotation to sup-
ply additional nitrogen. Should skeleton 
weed become established over large areas 
of the sandier soils in the cereal growing 
areas this rotation may be under threat. 
One of the major problems facing land-
holders treating skeleton weed in Western 
Australia is that the residual nature of the 
most effective herbicides (picloram and 
clopyralid) damages legumes in the crop-
ping rotation. In eastern Australia, most 
of the herbicides that reduce the impact 
of skeleton weed also seriously suppress 
most legume species the following year 
due to herbicide persistence in the soil or 
on stubbles. However, Kidd and Peirce 
(1999) showed in South Australia that lu-
pins could be included in rotations when 
picloram was applied at the rate of 150 
g a.i. ha−1 24 months before lupins were 
sown. Recent studies in Western Australia 
by Peirce and Rayner (2003) indicated that 
legumes can still remain part of a crop ro-
tation when clopyralid, one of the prod-
ucts studied by Heap (1993), was used to 
control skeleton weed. It has also been 
shown that certain species of lupins have 
a higher tolerance to clopyralid than oth-
ers (Peirce and Rayner 2007). 

The present research was conducted 
in South Australia to investigate the ef-
fects on the density of skeleton weed of a 
continuous cropping rotation that incor-
porated residual herbicides. In addition 
we wanted to determine the effect of these 
chemicals on the legume crop, in this case 
lupins, Lupinus angustifolius cv. Mandelup, 
in the rotation. It was necessary to conduct 
the research outside Western Australia be-
cause skeleton weed is under an eradica-
tion program in Western Australia and, 
at the time of this research there was not 
suffi cient area of skeleton weed in a single 
infestation for the experiments.

Method
The experiment was located in South Aus-
tralia and ran from 2002 until 2007 on a 
property (35°23'12"S, 140°09'31"E) some 3 
km west of Geranium town site, 200 km 
east of Adelaide. The site had been used 
mainly for grazing and was cropped ap-
proximately every fi ve years. During the 
cropping phase a single knockdown ap-
plication of glyphosate was used in the 
establishment of the crop and 2,4-D amine 
applied as a post-emergent treatment for 
controlling a range of broadleaved weeds. 
Skeleton weed was the dominant broad-
leaved weed, with storksbill (Erodium 
spp.), capeweed (Arctotheca calendula (L.) 
Levyns) and fl atweed (Hypochaeris radi-
cata L.) the other main broadleaved weeds 
present. Silver grass (Vulpia spp.) was the 
dominant grass. The site was in pasture in 
2001. Both the narrow and broadleaf forms 
of skeleton weed (Forms A and C respec-
tively) were present, but th  e proportion of 
each was not determined.

The experiment was a criss-cross de-
sign having seven pre-sowing treatments 
with 14 post-emergent treatments applied 
at right angles over all of the seven pre-
sowing treatments. The pre- and post-
sowing treatments were replicated four 
times. Pre-sowing plots measured 10 m × 
56 m, and post-emergent plots 82 m × 4 m 
(over seven (10 m) pre-sowing plots) plus 
six 2 m wide buffers. The 2 m buffer be-
tween each pre-sowing treatment reduced 
any effects from spray drift. Each block 
measured 56 m × 82 m and there were 10 
m wide buffers between blocks. The total 
area of the experiment, including buffers, 
was 2.08 ha. 

Sowing in the first three years was 
done with an experimental DBS Ausplow 
seeder that sowed 2 m wide strips in each 
run. Sowing was done in the direction of 
the post-emergent treatments and two 
seeding runs were made down each 4 m 
× 82 m post-treatment plot. In 2005, 2006 
and 2007 the sowing was done using the 
landholder’s Chamberlain Mark II 24 run 
combine on 7 inch (17.8 cm) row spacings, 
and fi tted with 5 cm Marlow M2LP lu-
cerne points. Only one run was required 
for sowing each post-emergence plot. The 
pre-sowing (Table 1) and post-emergence 
(Table 2) treatments were altered each 
year to suit the crops sown. Herbicides 
used and their active ingredients concen-
trations are presented in Table 3.

Five 1 m × 1 m fi xed quadrats were lo-
cated down the centre of each post-emer-
gent treatment plot, with the centre of the 
fi rst quadrat located 0.5 m in from the start 
of each plot The distance between the cen-
tres of quadrats was 2 m. An initial count 
of the numbers of skeleton weed rosettes 
within each quadrat over all the plots was 
conducted in June 2002 before treatments 
were applied. Further counts were con-
ducted each year following harvest.

Response of skeleton weed (Chondrilla juncea L.) to 
continuous cropping

J.R. PeirceA, B.J. RaynerB, M.F. D’AntuonoC, C. RuchsD, C. KiddE and A.W. 
ReevesF

A Department of Agriculture and Food WA (retired), 207b Preston Point Road, 
Bicton, Perth, Western Australia 6157, Australia. 
B Invasive Species Program, Department of Agriculture and Food WA, Vasse 
Research Centre, 4703 Jalbarragup Road, Acton Park, Western Australia 6280, 
Australia.
C Biometrics Unit, Department of Agriculture and Food WA, 3 Baron-Hay 
Court, South Perth, Western Australia 6151, Australia.
D Peracto SA, PO Box 183, Moculta, South Australia 5353, Australia.
E Insight Agriculture, PO Box 668, Clare, South Australia 5453, Australia.
F Invasive Species Program, Department of Agriculture and Food WA, PO Box 
1231, Bunbury, Western Australia 6231, Australia.



Plant Protection Quarterly Vol.25(1)  2010   27

Table 1. Main treatments applied pre-sowing 2002–2006 and post-sowing 2007 for control of skeleton weed.
2002 

Wheat cv. Frame
2003

Barley cv. Sloop
2004

Lupins cv. Mandelup
2005

Barley cv. Sloop
2006 

Lupins cv. Mandelup
2007A

Barley cv. Sloop

1 glyphosate 0.5 L glyphosate 
0.75 L

glyphosate 
0.75 L

clopyralid 250 mL 
+ MCPA 1 L
 – 25 April

clopyralid 300 mL 
T(1)

2 glyphosate 
1.0 L

glyphosate 
1.5 L

glyphosate 
1.5 L

clopyralid 500 mL 
+ MCPA 1 L
 – 25 April

clopyralid 300 mL 
+ MCPA LV 1 L T(1)

3 glyphosate 1.0 L 
+ triasulfuron 35 g

glyphosate 1.5 L 
+ carfentrazone 40 

mL

glyphosate 1.5 L 
+ clopyralid 150 mL

clopyralid 1000 mL 
+ MCPA 1 L
 – 25 April

clopyralid 300 mL
 + 2,4-D amine 1 L 

T(1)

4 glyphosate 1.0 L + 
chlorsulfuron 20 g

glyphosate 1.5 L
 + oxyfl uorfen 75 mL

glyphosate 1.5 L
 + clopyralid 300 mL

clopyralid 250 mL 
+ MCPA 1 L

 – 13 May

clopyralid 300 mL 
T(2)

5 chlorsulfuron 20 g glyphosate 1.5 L 
+ clopyralid 150 mL

glyphosate 1.5 L 
+ clopyralid 450 mL

clopyralid 500 mL 
+ MCPA 1 L

 – 13 May

clopyralid 300 mL
 + MCPA LV 1 L T(2)

6 triasulfuron 35 g glyphosate 1.5 L
 + 2,4-D ester 400 mL

clopyralid 300 mL
 + 2,4-D ester 400 mL

clopyralid 1000 mL 
+ MCPA 1 L

 – 13 May

clopyralid 300 mL
 + 2,4-D amine 1 L 

T(2)

7 Control
(Spray.Seed 2 L

 + trifl uralin 1.5 L)

Control
(Spray.Seed 2 L

 + trifl uralin 1.5 L)

Control
(Spray.Seed 2 L

 + trifl uralin 1.5 L)

Control
(Spray.Seed 2 L

 + trifl uralin 1.5 L)

Control
(Spray.Seed 2 L

 + trifl uralin 1.5 L)

Control
(Spray.Seed 2 L

 + trifl uralin 1.5 L)

2002–2006 applied as pre-sowing treatment.
A 2007 Applied as post-emergent treatment.
T(1) = early spray (3 leaf to early tillering Z13–22).
T(2) = late spray (late tillering to fl ag leaf emergence Z49–59).

Table 2. Sub-plot treatments applied as post-emergent applications for skeleton weed control.
2002 2003 2004 2005

1 T(1) Nil Nil Nil Nil

2 T(1) clopyralid 300 mL ha−1 clopyralid 300 mL ha−1 difl ufenican 50 mL ha−1 clopyralid 300 mL ha−1

3 T(1) clopyralid 300 mL + MCPA 
1 L ha−1

clopyralid 300 mL + MCPA 
1 L ha−1

difl ufenican 100 mL ha−1 clopyralid 300 mL + MCPA 
1 L ha−1

4 T(1) clopyralid 300 mL + 2,4-D 
1 L ha−1

clopyralid 300 mL + 2,4-D 
1 L ha−1

difl ufenican 150 mL ha−1 clopyralid 300 mL + 2,4-D 
1 L ha−1

5 T(1) MCPA 1 L ha−1 MCPA 1 L ha−1 difl ufenican 200 mL ha−1 MCPA 1 L ha−1

6 T(1) 2,4-D 1 L ha−1 2,4-D 1 L ha−1 difl ufenican 250 mL ha−1 2,4-D 1 L ha−1

7 T(1) clopyralid 250 mL + 
metsulfuron 5 g + MCPA 

1 L ha−1

clopyralid 250 mL + 
metsulfuron 5 g + MCPA 

1 L ha−1

clopyralid 50 mL ha−1 clopyralid 250 mL + 
metsulfuron 5 g + MCPA 

1 L ha−1

8 T(2) clopyralid 300 mL ha−1 clopyralid 300 mL ha−1 difl ufenican 50 mL ha−1 clopyralid 300 mL ha−1

9 T(2) clopyralid 300 mL + MCPA 
1 L ha−1

clopyralid 300 mL + MCPA 
1 L ha−1

difl ufenican 100 mL ha−1 clopyralid 300 mL + MCPA 
1 L ha−1

10 T(2) clopyralid 300 mL + 2,4-D 
1 L ha−1

clopyralid 300 mL + 2,4-D 
1 L ha−1

difl ufenican 150 mL ha−1 clopyralid 300 mL + 2,4-D 
1 L ha−1

11 T(2) MCPA 1 L ha−1 MCPA 1 L ha−1 difl ufenican 200 mL ha−1 MCPA 1 L ha−1

12 T(2) 2,4-D 1 L ha−1 2,4-D 1 L ha−1 difl ufenican 250 mL ha−1 2,4-D 1 L ha−1

13 T(2) clopyralid 250 mL + 
metsulfuron 5 g + MCPA 

1 L ha−1

clopyralid 250 mL + 
metsulfuron 5 g + MCPA 

1 L ha−1

clopyralid 50 mL ha−1 clopyralid 250 mL + 
metsulfuron 5 g + MCPA 

1 L ha−1

14 T(2) Tordon 242 1 L ha−1 Tordon 242 1 L ha−1 difl ufenican 50 mL ha−1 + 
clopyralid 50 mL ha−1

Tordon 242 1 L ha−1

T(1) = early spray (3 leaf to early tillering Z13–22).
T(2) = late spray (late tillering to fl ag leaf emergence Z49–59).
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Pre-sowing plots were sprayed using a 
10 m boom mounted on an ATV-4 wheel 
motor bike, and post-emergent treatments 
were applied using the same unit with a 
2.5 m swath down the centre of each 4 m 
plot. 

Rainfall was recorded in a gauge 100 m 
from the experimental site and the month-
ly totals presented (Table 4).

Treatment details
The timing of the treatments in each year 
is summarized in Table 5.

2002.   The control (pre-treatment 7 – Spray.
Seed® 250 at 2 L ha−1) and remaining pre-
treatments were applied on 19 June. Then 
trifl uralin was applied over the whole site 
at 1.5 L ha−1 and was incorporated by sow-
ing. Herbicide applications were carried 
out using Spraying Systems® XR 110-015 
nozzles operating at 300 kPa, delivering 
95 L ha−1 at 10 km h−1 for the pre-sowing, 
and 350 kPa delivering 77 L ha−1 at 10 km 
h−1 for the two post-sowing treatments (21 
August and 30 September respectively). 
Due to the poor seasonal conditions no 
harvest took place.

2003.   The control (pre-treatment 7) (same 
as for 2002) and other pre-sowing treat-
ments were applied on 16 June, with trif-
luralin treatment and incorporation (same 
as for 2002) occurring on 29 June. Nozzles 
used were Spraying Systems XR 110-02 
operated at 250 kPa delivering 86 L ha−1 
for the pre-sowing treatments. For time 
1, the fi rst of the post-sowing spray treat-
ments (27 August), the operating pressure 
was 200 kPa, delivering 77 L ha−1 at 10 km 
h−1 and for time 2 the herbicides were ap-
plied at 97 L ha−1 at 8 km h−1 (3 October). 

Harvesting was done using a Kingaroy 
small plot harvester that took a 1.2 m × 10 
m cut from the centre of each plot.

2004.   Pre-sowing treatments were applied 
on 25 May using Hardi-8 nozzles operat-
ing at 200 kPa delivering 80 L ha−1 at 10 
km h−1. Spray.Seed 250 at 1.5 L ha−1 was 
applied over the control plots. Trifl uralin 
was applied at 1.5 L ha−1 over entire site 
immediately prior to seeding on 10 June. 
The entire site was treated with simazine 
at 1 L ha−1 and 0.5 L ha−1 Endosulfan® pri-
or to crop emergence. Poor regulation of 
seeding depth caused uneven crop estab-
lishment and frosts and inadequate rain-
fall towards the end of the growing season 
prevented any harvest.

2005.   The entire site was treated with 
Spray.Seed 250 at 2.0 L ha−1 plus trifl uralin 
at 1.5 L ha−1 immediately before seeding. 
An additional 1.2 L ha−1 of Spray.Seed 250 
was applied 10 days after seeding to con-
trol further germinations of grass weeds. 
Nozzles used were Spraying Systems XR 
110-02 operated at 250 kPa delivering 82 
L ha−1 at 10 km h−1 for time 1 (7 August) 
and 175 kPa delivering 82 L ha−1 at 8 km 
h−1 for time 2 (12 October). The experiment 
was harvested using a Kingaroy small plot 
harvester that took a 1.2 m × 10 m cut from 
the centre of each plot.

2006.   Clopyralid was applied at 250, 500 
and 1000 mL ha−1 with 1 L ha−1 of MCPA 
to three of the pre-sowing treatments on 

Table 3. Active ingredients and concentrations of the herbicides used.
Trade name/chemical active ingredient Concentration
Glyphosate 450 g L−1

Spray.Seed® 250 135 g L−1 paraquat +115 g L−1 diquat
Chlorsulfuron 750 g kg−1

Metsulfuron methyl 600 g kg−1

Triasulfuron 750 g kg−1

Clopyralid 300 g L−1

MCPA amine/LV ester 500 g L−1

2,4-D amine 500 g L−1

LV 2,4-D ester 600 g L−1

Tordon™ 242 420 g L−1 MCPA + 26 g L−1 picloram
Hammer® 240 g L−1 carfentrazone
Goal® 240 g L−1 oxyfl uorfen
Brodal® 500 g L−1 difl ufenican
Simazine 500 g L−1 simazine
Trifl uralin 480 g L−1 trifl uralin
Endosulfan 350 EC 350 g L−1 endosulfan

Table 4. Rainfall data at Geranium 2002–2007.
Year Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
2002 6.5 0 17.5 9.2 23 14 20.5 16.8 16.7 9.7 22.5 6.6 163
2003 4 67 0.9 14.6 51.1 50 28 65.4 27.1 33.5 10.4 26.1 378
2004 2.8 4 25.2 3.3 15.3 64.1 36.6 38.4 35.3 2.6 24 42 294
2005 37.5 7 3.4 8.2 1 45.6 15.7 55.9 35.5 63.8 31.6 25.5 331
2006 27 29 16.5 35 27 19.8 25.5 11 17.3 0.8 17.5 29.5 256
2007 60.4 2.4 22 45 29.5 13.6 54.6 12.4 25.6 8.4 36.3 27.6 338

Table 5. Details of crops sown, seeding dates and times of applications of pre-sowing and post-emergent 
herbicides.

2002 2003 2004 2005 2006 2007
Crop Wheat cv. Frame Barley cv. Sloop Lupin cv. 

Mandelup
Barley cv. Sloop Lupin cv. 

Mandelup
Barley cv. Sloop

Pre-sowing 19 June 16 June 25 May 18 June Time 1 25 April 
Time 2 13 May

Sowing 29 June 21 June 10 June 18 June 27 May 7 June
Post-emergence
Time 1 21 Aug (Z16) 27 Aug (Z21) 4 Aug 7 Aug (Z13–22) 20 Aug (Z13–22)
Time 2 30 Sept (Z 49) 3rd Oct (Z49) 10 Sept 12 Oct (Z59) 6 Sept (Z49)
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25 April (time 1) and repeated on another 
three pre-sowing treatments on 13 May 
(time 2). The whole site was treated with 
a mixture of trifl uralin at 1.5 L ha−1 and 
Spray.Seed 250 at 2 L ha−1 and then sown 
to lupins (Lupinus angustifolius cv. Man-
delup).

Hand harvested samples were taken 
from 20 randomly selected lupin plants 
in each plot from blocks two, three and 
four for the early timing of the pre-sowing 
treatments where 250 and 1000 mL ha−1 
clopyralid had been applied.

2007.   The whole site was treated with 
a mixture of trifl uralin at 1.5 L ha−1 and 
Spray.Seed 250 at 2 L ha−1 and then sown 
to Sloop barley. The post-emergence treat-
ments of clopyralid + MCPA (LVE) or 2,4-
D amine were applied at two times, early 
(20 August) and late tillering (6 Septem-
ber) over the previously used main treat-
ments (see Table 1). 

Statistical analysis
Analysis of variance of the plant counts 
for each year was performed using Gen-
Stat for Windows edition 11, following 
a square root transformation of skeleton 
weed counts. An analysis of variance was 
also conducted on plot yield data from 
barley crops in 2003 and 2005.

Results and discussion
Skeleton weed density 
The plant counts taken before applying 
the treatments in 2002 indicated that the 
population of skeleton weed in each des-
ignated treatment that season (Tables 6 
and 9, data for 2002a) was about 55 plants 
m−2, and an analysis of variance on √X 

transformed counts indicated that the site 
had a fairly uniform distribution of skel-
eton weed. The density of skeleton weed 
measured from the untreated controls did, 
however, show wide fl uctuations over the 
six years of the experiment (Table 6, pre-
treatment 7). Seasonal conditions may 
have infl uenced these changes. Rainfall 
around time of sowing affecting the veg-
etative recovery of severed skeleton weed 
root fragments, and levels of the rust fun-
gus (Puccinia chondrillina) infections on the 
narrow leaf form, are just some of the fac-
tors that may have infl uenced the weed 
density. 

Pre-sowing treatments
A single treatment of triasulfuron either 
alone (pre-treatment 6) or in combination 
with glyphosate (pre-treatment 3) in 2002 
provided the best pre-sowing treatment 
for skeleton weed (Table 6). Reductions 
were in the order of 50 percent. Where 
wheat is included in a long term cropping 
rotation, triasulfuron would assist in re-
ducing the impact of skeleton weed for 
that season. However, the frequent use 
of triasulfuron may result in developing 
group B herbicide resistance in other weed 
species growing at the site. In addition, in 
areas with alkaline soils the residual car-
ryover of triasulfuron is of concern when 
legume or other sensitive crops are grown 
the year following a wheat crop.

None of the pre-sowing treatments ap-
plied in 2002 provided any lasting reduc-
tion of skeleton weed into 2003. At the 
end of the 2003 season the untreated skel-
eton weed density had doubled from 44 
to 87 plants m−2 and densities of skeleton 
weed increased in all other pre-sowing 

treatments by some 80 to 90% above the 
density recorded at the end of 2002 (Ta-
ble 6). While it appeared the 2002 treat-
ments of triasulfuron (pre-treatment 3 and 
6) were still effective, because there were 
signifi cantly (P ≤0.5) fewer skeleton weed 
plants in these treatments, densities in 
both these treatments still increased by 80 
to 90% of the density recorded in 2002. The 
signifi cant differences (P ≤0.5) were due 
to the lower numbers of plants on these 
treatments at the start of the 2003 season. 
The large increase in density over the 2003 
season may have resulted from the partic-
ularly wet growing season which received 
twice the rainfall of 2002, with substantial 
falls in February, August, October and De-
cember (Table 4). Herbicide performance, 
particularly that of glyphosate, may also 
have been reduced by the short interval 
(fi ve days) between spraying and sowing, 
compared to most other years when the 
interval was 10 to 15 days (Table 5).

In 2004 there was an apparent reduc-
tion of skeleton weed densities from the 
pre-sowing treatments. However, even 
on the untreated plots, skeleton weed 
density declined by some 50% and this 
could only be explained by seasonal con-
ditions, because the fi rst half of the year 
was very dry (Table 4), with less than 50 
mm of rain received to June and there was 
another dry spell in October, with only 3 
mm recorded for that month. The statisti-
cal analysis indicated that there was no 
signifi cance difference (P >0.5) between 
the untreated plots and any of the pre-
sowing treatments. However, there was 
a slight and signifi cant reduction of skel-
eton weed where clopyralid was applied 
at 150 mL or 450 mL ha−1 (pre-treatments 3 

Table 6. The effect of pre-sowing treatments on mean density (√X transformation) of skeleton weed receiving no 
post-emergence in-crop treatments. Untransformed means are shown in parentheses.

Pre-sowing treatment number
1 2 3 4 5 6 7 (NIL) LSD (0.05)

2002a 6.8 (48) 7.2 (52) 6.9 (48) 7.2 (52) 7.1 (50) 7.2 (53) 7.4 (55) 1.0
2002 
Wheat

glyphosate 
0.5 L 

glyphosate 
1 L 

glyphosate 1 L + 
triasulfuron 35 g

glyphosate 1 L + 
chlorsulfuron 20 g

chlorsulfuron 
20 g

triasulfuron 
35 g

8 (35) 6.3 (39) 5.0 (25) 6.0 (36) 6.5 (43) 5.0 (26) 6.7 (44) 0.7
2003
Barley

glyphosate 
0.75 L

glyphosate 
1.5 L

glyphosate 1.5 L 
+ carfentrazone 

40 mL

glyphosate 1.5 L + 
oxyfl uorfen 

75 mL

glyphosate 1.5 
L + clopyralid 

150 mL

glyphosate 1.5 
L + 2,4-D ester 

400 mL
7.5 (58) 8.2 (67) 6.3 (42) 8.0 (64) 7.7 (60) 6.9 (51) 9.3 (87) 1.2

2004
Lupin

glyphosate 
0.75 L

glyphosate 
1.5 L

glyphosate 1.5 L 
+ clopyralid 

150 mL

glyphosate 1.5 L + 
clopyralid 

300 mL

glyphosate 1.5 
L + clopyralid 

450 mL

clopyralid 300 
mL + 2,4-D 

ester 400 mL
6.0 (37) 7.1 (50) 5.2 (28) 6.5 (44) 5.5 (29) 6.2 (39) 6.3 (40) 1.1

2005 
Barley 6.7 (46) 7.1 (50) 6.0 (38) 6.8 (47) 5.7 (33) 5.5 (32) 7.3 (53) 1.0

2006
Lupin

Time (1) 
clopyralid 250 

mL + MCPA 1 L

Time (1) 
clopyralid 500 

mL + MCPA 1 L

Time (1) 
clopyralid 1 L + 

MCPA 1 L

Time (2) 
clopyralid 250 mL 

+ MCPA 1 L

Time (2) 
clopyralid 500 

mL + MCPA 1 L

Time (2) 
clopyralid 1 L+ 

MCPA 1 L
5.5 (32) 4.0 (16) 2.7 (8) 5.2 (28) 4.4 (19) 3.1 (10) 7.9 (63) 0.9

a = Mean starting density of skeleton weed for each pre-sowing treatment.
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and 5), compared to the use of glyphosate 
alone (pre-treatments 1 and 2) (Table 6).

No pre-sowing treatments were ap-
plied in 2005 and there was a gradual in-
crease in density of skeleton weed in all 
treatments. There was substantial summer 
rainfall in January (38 mm), followed by a 
dry period up to June and then adequate 
falls for the rest of the growing season, 
with some unseasonably high (57 mm) 
rainfall during November and December.

Applications of clopyralid before sow-
ing lupins in 2006 provided marked reduc-
tions of skeleton weed (Table 6) and there 
was a signifi cant rate response. The timing 
of the application prior to sowing the crop 
appeared to have little infl uence on the 
effectiveness of the treatment. The poorer 
control with the second time of spraying 
may have been caused by the short inter-
val (14 days) between treatment and sow-
ing. No lupins emerged following the later 
spraying; the failure may have been due 
more to the incorrect plant back time after 
the use of a phenoxy herbicide (MCPA) 
than to any phytotoxic influence from 

Table 7. Effect of three rates of clopyralid applied with 1L ha-1 MCPA at two times in 2006 before sowing lupins on 
the density of skeleton weed. Untransformed means shown in parenthesis().

Time 1 (25 April) Time 2 (13 May)
Mean plant count m−2 Mean plant count m−2

Rates of clopyralid Rates of clopyralid
Year 250 mL 500 mL 1000 mL 250 mL 500 mL 1000 mL Nil LSD (P=0.05)
2005 6.7 (46) 7.1 (50) 6.0 (38) 6.8 (47) 5.7 (33) 5.5 (32) 7.3 (53) 1.0 (8.0)
2006 5.5 (32) 4.0 (16) 2.7 (8) 4.7 (22) 4.4 (19) 3.1 (10) 7.9 (63) 1.0 (5.1)
% reduction 31 68 78 54 43 67 +18

Table 8. Effect of pre-sowing applications of clopyralid plus MCPA on lupin seed yields 2006 (grams per 20 plants).

Crop
stage

Post-emergent treatments 
2002, 2003 and 2005 applied to cereals

Rate ha−1

Pre-sowing treatments 2006
clopyralid + MCPA 1 L ha−1

Skeleton weed counts m−2 in parenthesis
Rate of clopyralid (pre-treatment number)

250 mL (1) 1000 mL (3) Nil (7)

Z 13
to
Z 22

Nil 45.9 (32) 76.2 (8) 0.0 (63)
clopyralid 300 mL 54.1 (12) 92.3 (4) 52.6 (17)
clopyralid 300 mL+ MCPA 1 L 76.0 (10) 117.3 (2) 90.3 (9)
clopyralid 300 mL + 2,4-D 1 L 66.8 (10) 105.1 (2) 55.5 (15)
MCPA 1 L 65.1 (21) 96.1 (4) 26.9 (29)
2,4-D 1 L 47.4 (21) 88.4 (3) 20.7 (23)
clopyralid 250 mL + metsulfuron 5 g + MCPA 1 L 70.3 (12) 86.5 (5) 59.5 (9)

Z 49
to
Z 59

clopyralid 300 mL 91.0 (4) 109.4 (1) 83.1 (7)
clopyralid 300 mL+ MCPA 1 L 119.0 (2) 110.7 (1) 82.3 (4)
clopyralid 300 mL + 2,4-D 1 L 69.1 (3) 90.6 (0) 75.5 (5)
MCPA 1 L 40.0 (12) 106.5 (3) 10.5 (35)
2,4-D 1L 66.7 (7) 91.6 (2) 31.7 (16)
clopyralid 250 mL + metsulfuron 5 g + MCPA 1 L 81.1 (3) 102.3 (1) 85.4 (4)
Tordon 242 1 L 41.6 (7) 103.8 (1) 79.9 (8)

66.7 (11) 98.3 (3) 53.8 (17)
To compare treatment means for plant counts LSD (5%) = 8.

clopyralid, because the rates of clopyralid 
used have been shown else where (Peirce 
and Rayner 2007) to be tolerated by lupins 
when applied pre-seeding. 

The effect of skeleton weed on lupin 
crops is not as clear as for cereals, because 
unfavourable seasonal conditions permit-
ted only plant counts and visual assess-
ments of crop vigour in 2004 and lim-
ited yield measurements based on hand 
harvested samples in 2006. The problem 
with seeding in 2004, and the dry seasons 
and severe frosts in 2006 resulted in no 
opportunity to conduct full plot harvests 
in those years. Hand harvested samples 
(20 plants plot−1) were assessed from the 
250 mL and 1000 mL ha−1 application of 
clopyralid (Time 1) in 2006. Skeleton weed 
density showed a rate response to pre-
sowing applications of clopyralid in the 
presence or absence of post-emergence ap-
plications during previous crops (Table 7). 
Lupin seed yields increased from a mean 
of 53.8 g per 20 plants (Table 8) on the un-
sprayed plots to 98.3 g from the 1000 mL 
ha−1 rate of clopyralid in the presence of 

post-sowing treatments, and from 0 g with 
no prior post-emergent treatments to 76.2 
g per 20 plants where 1000 mL ha−1 was 
applied. Skeleton weed densities in excess 
of 50 plants m−2 reduced lupin yields to 
zero, and from the fi tted values 30 plants 
m−2 reduced yields by 75%, 20 plants m−2 
by 60% and 10 plants m−2 by 38% (Figure 
1). Compared to barley (Figure 2), lupin 
yields appear to be more severely affected 
by skeleton weed. The limited yield re-
sults for lupins (Table 8), in 2006 lupins 
showed a 100% loss if there was no control 
of skeleton weed, whereas barley yields 
on the same plots were reduced by 45% in 
2003 and 30% in 2005.

Applications of glyphosate over three 
consecutive years (2002–4) resulted in 
little change in density of skeleton weed 
and, as such, provided no long term 
management of this weed (Table 6 pre-
treatment 1 and 2).

If clopyralid with a phenoxy herbicide is 
applied at a suitable interval before plant-
ing, skeleton weed numbers, as shown in 
Table (7), could be reduced substantially 
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during the lupin crop. This treatment may 
fi t into a cropping program to reduce the 
impact of the weed, provided there is an 
economic benefi t.

Post-sowing treatments
While pre-emergent treatments of glypho-
sate, triasulfuron and clopyralid gave 
some short term reduction of skeleton 
weed densities, most of the signifi cant re-
ductions in the density of skeleton weed 
resulted from the application of post-
emergent herbicides. The most effective 
were clopyralid plus MCPA and metsul-
furon or clopyralid mixtures with 2,4-D 
or MCPA or a proprietary herbicide con-
taining picloram + MCPA (Tordon™ 242), 
(Table 9). The second or later timings of 
application, when the cereals were at the 
late tillering growth stage were more ef-
fective in reducing the density of skeleton 
weed in all but two treatments, although 
in most instances the differences were not 
signifi cant. 

With the inclusion of two lupin crops in 
the rotation (2004 and 2006) it was appar-
ent that even with only three applications 
of post-emergent treatments during the 
cereal phases in 2002, 2003 and 2005 the 
density of skeleton weed could be reduced 
signifi cantly (Table 9) and lupins still in-
cluded in the rotation without any major 
reductions in crop yields or unmanage-
able increases in the density of skeleton 
weed. Despite there being no control of 
skeleton weed in the lupin crop in 2004 
(Table 10), where difl ufenican or low rates 
of clopyralid were applied, the lupins sur-
vived in spite of the season and there were 
no large increases in skeleton weed densi-
ties where previous years’ treatments had 
substantially reduced plant densities.

Clopyralid applied early post-emer-
gence to the cereal crop appears to require 
the addition of a phenoxy herbicide to 
reduce skeleton weed densities (Table 8, 
nil treatment column, and Table 9), but 

Figure 2. Effect of skeleton weed density on yield of barley.

Table 9. Effect of post-emergence herbicide treatments in 2002 2003 and 2005 (with no pre-sowing treatments) for 
controlling skeleton weed. Transformation use √X. Untransformed means shown in parenthesis().

Time of 
treatment Rate ha−1

2002a 2002 2003 2005
S/weed 

m−2
S/weed 

m−2
Barley yield 

t ha−1
S/weed 

m−2
Barley yield 

t ha−1
S/weed 

m−2

Early 
tillering

Nil 7.4 (55) 6.6 (44) 0.7 9.3 (87) 0.9 7.3 (53)
clopyralid 300 mL 7.0 (49) 3.6 (13) 1.2 2.7 (8) 1.5 3.4 (12)
clopyralid 300 mL + MCPA 1 L 7.0 (49) 3.5 (12) 1.2 1.5 (3) 1.4 2.0 (4)
clopyralid 300 mL + 2,4-D amine 1 L 7.4 (55) 2.9 (8) 1.4 2.1 (5) 1.1 2.8 (9)
MCPA 1 L 6.5 (43) 4.8 (23) 1.0 4.4 (20) 1.2 4.5 (21)
2,4-D amine 1 L 7.4 (55) 3.7 (14) 1.0 3.2 (11) 1.3 4.8 (23)
clopyralid 300 mL + MCPA 1 L + metsulfuron 5 g 6.9 (48) 3.3 (12) 1.2 1.3 (2) 1.3 2.5 (7)

Late 
tillering

clopyralid 300 mL 6.9 (48) 1.6 (3) 0.9 1.3 (2) 1.2 0.8 (1)
clopyralid 300 mL + MCPA 1 L 7.3 (53) 0.7 (1) 1.1 1.1 (1) 1.3 0.3 (0)
clopyralid 300 mL + 2,4-D amine 1 L 6.9 (48) 0.7 (1) 1.2 0.4 (0) 1.4 1.2 (2)
MCPA 1 L 6.7 (46) 5.6 (32) 0.8 5.9 (36) 1.1 4.7 (22)
2,4-D amine 1 L 6.9 (48) 3.4 (12) 0.7 1.7 (3) 1.3 2.2 (5)
clopyralid 300 mL + MCPA 1 L + metsulfuron 5 g 6.7 (46) 0.9 (1) 1.0 0.8 (1) 1.3 0.5 (0)
Tordon 242 1 L 7.0 (50) 1.7 (3) 1.2 1.2 (1) 1.5 1 (1)
LSD(0.05) 1.0 (15) 0.7 (6) 0.6 1.2 (10) 0.5 1.0 (8)
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Figure 1. Effect of skeleton weed density on yield of lupins.

clopyralid could also be used as a stand 
alone treatment when applied later in the 
crop development. This supports previ-
ous work conducted in South Australia 
(Heap 1993). Reductions of less than 75% 
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Table 10. Effect of post-emergent applications of difl ufenican and 
clopyralid in 2004 for control of skeleton weed in lupins. 
√X Transformation. Untransformed means shown in parenthesis().

Herbicide Rate ha−1 Timing

Mean counts m−2

2003 2004

1 Untreated 9.3 (87) 6.3 (40)
2 difl ufenican 50 mL 4 Aug 2.7 (8) 2.8 (8)
3 difl ufenican 100 mL 1.5 (3) 2.7 (8)
4 difl ufenican 150 mL 2.1 (5) 2.4 (6)
5 difl ufenican 200 mL 4.4 (20) 4.7 (22)
6 difl ufenican 250 mL 3.2 (11) 5.0 (25)
7 clopyralid 50 mL 1.3 (2) 3.0 (10)
8 difl ufenican 50 mL 10 Sept 1.3 (2) 2.2 (6)
9 difl ufenican 100 mL 1.1 (1) 2.2 (6)
10 difl ufenican 150 mL 0.4 (0) 1.7 (4)
11 difl ufenican 200 mL 5.9 (36) 5.2 (28)
12 difl ufenican 250 mL 1.7 (3) 3.1 (11)
13 clopyralid 50 mL 0.8 (1) 1.4 (3)
14 difl ufenican + clopyralid 50 mL + 50 mL 1.2 (1) 1.9 (4)
LSD P=0.05 1.2 1.1

Table 11. Effect of applications of clopyralid 300 mL ha-1 plus MCPA 1 L ha-1 
applied at two different times each year to cereals in 2002, 2003, 2005 and 
2007 in a continuous cropping rotation on the reduction of skeleton weed 
density. Mean √X of plant counts with untransformed values shown in 
parentheses().

Start 2002 2002 2003 2005 2007
Time 1 Z13–22 7.0 (50) 4.8 (23) 3.1 (11) 2.5 (7) 1.0 (1)
Time 2 Z49–59 7.5 (58) 1.6 (3) 1.8 (4) 0.3 (0) 0.3 (0)

Table 12. Effect of pre-sowing applications of glyphosate on performance of post-emergent applications of 
clopyralid 300 mL ha-1 plus MCPA 1 L ha-1 for control of skeleton weed in cereals.

Mean transformed values √X plant counts of skeleton weed
Pre-sowing treatments

Year Time of application of post-emergent Spray.Seed Glyphosate 500 mL Glyphosate 1000 mL LSD=0.05
2002 Time 1 Z13–22 3.5 (12) 5.3 (28) 5.6 (32) 0.7 (6)
2002 Time 2 Z49–59 0.7 (1) 1.4 (2) 2.1 (5)
2003 Time 1 Z13–22 1.5 (3) 3.6 (15) 4.0 (22) 1.2 (10)
2003 Time 2 Z49–59 1.1 (1) 1.9 (5) 1.7 (4)

resulted from the early application of 
clopyralid in the fi rst year of the rotation, 
while 94% reduction was achieved when 
it was applied when the crop was in the 
stem elongation phase. Tordon 242, which 
was only applied late in crop growth (Za-
dok 49), gave better than 92% reduction in 
weed density (Tables 8 and 9). Application 
of MCPA or 2,4-D alone gave reductions 
of around only 50 and 75% respectively 
and provided only a temporary decrease 
of skeleton weed density, which in turn 
reduced competition and allowed crops 
to return an economical yield. This treat-
ment would not be appropriate in Western 
Australia where eradication is still being 
pursued, rather than temporary suppres-
sion to allow crop yield benefi ts. A total of 
four post-emergent applications in cereal 
crops during 2002, 2003, 2005 and 2007 
of clopyralid with a phenoxy herbicide, 
resulted in almost complete elimination 
of skeleton weed (Table 11). However, 
the effectiveness of the post-emergence 
treatments can be reduced when used 
in combination with a pre-sowing treat-
ment (Table 12). This was clearly evident 
in 2002 and 2003, where clopyralid alone 
or in mixtures with MCPA or 2,4-D was 
less effective when applied at the early 
post-emergent time if the glyphosate pre-
sowing treatment had been applied (Ta-
ble 12). The non-translocated herbicide 
mixture diquat + paraquat caused only a 
short term knockdown of skeleton weed; 
the weed recovered quickly after the crop 
was sown, unlike the glyphosate treated 
plots, where the skeleton weed was slow 
to recover by the fi rst time of the post-
emergent applications.

Any negative interaction with the pre-
sowing treatment may be reduced by 
delaying post-emergent treatments. The 
short term reduction of skeleton weed 
growth following the use of pre-sowing 
herbicides may reduce the weed’s leaf 
area presented for foliar uptake of the 
early applied post-emergent herbicides, 
hence the poorer results following certain 
pre-sowing herbicide application.

Conclusions
Skeleton weed can be managed using 
registered herbicide treatments during 
the cereal phase in a continuous cropping 

cereal/legume rotation without any ad-
verse reduction in the growth of narrow 
leaf lupins. Skeleton weed can be control-
led immediately prior to sowing lupins, 
but in this case it requires the use of high-
er than label rates of clopyralid to a crop, 
a use for which there is no registration. 
However, if one or two cereal crops are 
grown and treated in the rotation before 
lupins are included then the level of skel-
eton weed control is adequate to allow the 
lupins to be grown. The continual use of 
clopyralid during the cereal phase will 
not achieve eradication, but will reduce 
large infestations to a size that would al-
low other more residual treatments (e.g. 

picloram) to achieve eradication of persist-
ing plants.
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