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Summary
Noogoora burr (Xanthium occidentale) 
is a large and growing problem in the 
Northern Territory and the north-west of 
Western Australia. A rust fungus (Puc-
cinia xanthii) helps control the weed in 
parts of eastern Australia. This fungus is 
present in far northern Australia, but has 
little effect on the plant. It has been sug-
gested that temperature and humidity 
requirements of the rust are not met in 
far northern Australia so a field trial was 
set up to test this theory. 

We found that environmental condi-
tions do limit the spread and effects 
of the rust in the Northern Territory. 
Humidity at night, when temperatures 
are lowest was an important factor in 
limiting rust epidemics. The rust spread 
quickly in humid conditions, but rust 
infection was only ever minor, and not 
enough to kill established plants. Strains 
of the rust that can tolerate higher tem-
peratures, and possibly shorter periods 
with high humidity, may be required for 
successful control of X. occidentale in far 
northern Australia.

Keywords: Epidemics, microclimate.

Introduction
Noogoora burr (Xanthium occidentale Ber-
tol., Asteraceae) is native to North America 
and was first introduced into Australia in 
the late 19th century (Parsons and Cuth-
bertson 1992). Since then, it has spread and 
become a problem in Queensland, parts of 
New South Wales, South Australia, West-
ern Australia and the Northern Territory 
(van Klinken and Julien 2003). The rust 
fungus Puccinia xanthii Schw. (Uredinales) 
is of North American origin and was first 
noted near Brisbane in 1975 (Julien et al. 
1979). The rust and the gall-forming moth 
Epiblema strenuana Walker (Noctuidae) are 
established as biological control agents on 
X. occidentale in the Northern Territory 
(Flanagan 1993). 

The rust, in association with other 
fungi, controls X. occidentale across large 
areas of coastal eastern Australia (Morin 
et al. 1994). The weed was considered 
Queensland’s worst in between 1930 and 
1970, but by 1992 was regarded as of little 

significance over most of the state (Chip-
pendale 1995). The rust has strongest effect 
on young plants, causing reduced growth 
and vigour resulting in reduced seed pro-
duction (Morin et al. 1992), growth rates 
and shorter lifecycles (Julien et al. 1979, 
Morin et al. 1996). 

The rust is now widely established in 
the higher rainfall areas of the Northern 
Territory, but it appears to have little ef-
fect on X. occidentale here (van Klinken and 
Julien 2003). Morin et al. (1996) suggested 
this is because the rust has specific tem-
perature and humidity requirements that 
may not be met in the field, rather than 
due to any variation in resistance of the 
host plant. Laboratory studies found that 
teliospores of P. xanthii germinate at 4–
38°C but basidiospores (the infective prop-
agules) require 2–3 hours of high humid-
ity at moderate temperatures (20–25°C) to 
germinate and successfully penetrate its 
host (Morin et al. 1992, Morin et al. 1996). 
In the Top End of the Northern Territory, 
however, high humidity usually occurs at 
temperatures higher than this. Through 
January to March the Northern Territory 
experiences average monthly conditions 
of rainfall greater or equal to 300 mm, and 
maximum and minimum temperatures of 
>30°C and >24°C respectively (Bureau of 
Meteorology 2003). Xanthium spp. infest 
areas of southern Western Australia, west-
ern New South Wales, Victoria and South 
Australia that are considered too dry for 
heavy rust infestations (Morin et al. 1996), 
and so these burrs remain a large problem 
in much of these areas (Hocking and Lid-
dle 1995). No field experiments have yet 
verified the theory that climate does limit 
the rust’s effectiveness in northern Aus-
tralia, or investigated simple means of 
manipulating the environment to increase 
the rust’s effect.

More generally, hypotheses relating to 
the failure of biological control agents to 
significantly affect the target pest tend to 
be based on observations of field releases 
rather than sound experiments (Clarke 
2001). The X. occidentale – P. xanthii system 
is well suited to studying the importance 
of climate in agent spread because the 
environmental requirements for the rust 

to infect X. occidentale have already been 
thoroughly determined in the laboratory.

The aim of this experiment was to 
artificially manipulate temperatures and 
humidity to determine if the rust fails to 
control X. occidentale in the Top End be-
cause climatic conditions do not favour 
the rust’s spread. We also discuss the need 
for better adapted isolates of P. xanthii for 
the Top End and Kimberley regions.

Methods
Site description 
The project was conducted at Berrimah 
Agricultural Research Centre, Darwin 
(12°26.6’S, 130°55.8’E), commencing 10 
January 2003 (wet season). The main 
experimental site (Site 1) was in a sown 
pasture. Grass was mown <15 cm high 
throughout the experiment. Treatments 
1–4 were allocated at random at Site 1. 
Each plot was at least 2 m from the near-
est plot. The second site was about 300 m 
away, under very dense vegetation that 
averaged 9 m high. 

Experimental design
Each replicate plot consisted of 10 X. oc-
cidentale plants on the circumference of an 
85 cm diameter circle, with a rust-infected 
inoculum plant in the middle. All plants, 
apart from inoculum plants, were grown 
from seed collected from the Daly River 
Crossing (13°45.7’S, 130°51.2’E) in October 
2002. Seeds were sown 21 November and 
plants were cut off at 20 cm high before 
the experiment commenced. All plants 
were placed in the ground within their 14 
cm diameter plastic pots, to minimize the 
risk of spreading seeds.

Treatments are described in Table 1. 
Shade was provided by either construct-
ing 2 m × 2 m shade covers (1.2 m high) 
from loosely woven plastic weed matting, 
or by the existing dense vegetation cover 
at Site 2. Water at Site 1 was provided by 
a 5-minute spray every hour from misters 
that produce a fine mist of 1 m radius 
atop 25 cm high spikes at the centre of 
each plot, and by a 1 hour spray every 
second day at Site 2. We set up Treatment 
5 (vegetation canopy) to compare effects 
of natural vegetation cover to the artificial 
shade. Treatment 6 allowed us to compare 
rust epidemics between the two sites. 

Rust inoculum plants
Rust infected X. occidentale plants were 
collected from the banks of the Daly River 
(131°14.9’E, 14°17.2’S) and maintained in 
20 cm plastic pots in a shadehouse until 
placed in the field. 

Monitoring
Plants were monitored three times a week 
for six weeks, starting 14 February 2003. 
The number of leaves infected by rust 
on each plant was counted. The total in-
fected leaf area per plant was ranked from 
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Table 2. Environmental conditions recorded under four treatments between 24 February and 17 March. Periods 
suitable for infection were two hours with temperature constantly <25° and relative humidity constantly >95% 
(from Morin et al. 1992).

Treatment Mean daily maximum 
temperature

Mean daily 
minimum 

temperature

Mean daily 
minimum relative 

humidity

Mean daily 
maximum relative 

humidity

Number of periods 
suitable for 

infection 

1. No Shade, No Water 41.2 23.5 40.0 100.0 38

2. Plastic Shade, No Water 35.7 23.9 53.0 97.5 20

3. No Shade, Water 38.3 23.4 51.5 97.0 52

4. Plastic Shade, Water 34.4 23.5 57.4 99.9 53

0–6, with 0 = no lesions obvious, 1 = 1–5%  
infected, 2 = 6–10% infected, 3 = 11–20% 
infected, 4 = 21–30% infected, 5 = 31–50% 
infected and 6 = 51% or more infected. The 
most common stage of rust development 
on each plant was also noted.

Environmental measurements
Temperature and humidity probes 
were used to measure conditions in one 
randomly selected plot from each treatment 
at Site 1. These probes (Ecolog TH1, Elpro 
Buchs, Switzerland) were placed near 
average foliage height and recorded every 
2 minutes from 24 February till 17 March. 
Facilities to directly measure leaf wetness 
were not available. The number of periods 
suitable for rust infection were calculated 
from the number of 2 hour periods where 
probes registered temperature constantly 
<25°C and humidity constantly >95%.

Data analysis
The time when half the plants in each plot 
were infected was estimated by fitting 
a log-logistic equation using non-linear 
least squares (Venables and Ripley 1999). 
These times were log + 1 transformed, 
then compared between treatments using 
ANOVA, similarly to Grace and Müller-
Schärer (2003). Orthogonal contrasts were 
assigned to compare treatments where 
appropriate. One plot under the dense 
vegetation canopy was excluded, as there 
were no infected leaves, making it impos-
sible to estimate time until half the plants 
were infected. 

The number of infected leaves per plant 
was first averaged for each recording day 
over all plants in each plot. These means 
were log +1 transformed, then analysed 
in a repeated measures linear model, with 
plots set as random effects. 

Results
Environmental measurements
Plastic shade decreased daily maximum 
temperatures and had little effect on mini-
mum (night time) temperatures. Watering 
maintained higher humidity throughout 
the experimental period (Table 2). Al-
though the shaded, unwatered plot had 
higher minimum humidity during the day 
compared to the unshaded and unwatered 

plot, shade resulted in lower humidity at 
night (Table 2), especially when there was 
no rain. Plots with shade but no water 
therefore had fewer 2 hour periods with 
sufficient humidity for basidiospores to 
germinate (Table 2). The soil in plots with 
plastic shade and no water was noticeably 
drier than all other treatments. 

Rate of spread
The estimated time for half the plants in 
each plot to be infected varied between 
treatments (F5,17 = 4.2, P = 0.01) (Table 3 and 
Figure 1). Plastic shade actually slowed the 
spread of the rust (F1,16 = 10.0, P = 0.006), 
despite decreasing daytime temperatures. 
Watering significantly increased the rate 
of spread of the rust (F1,16 = 5.35, P = 
0.03). The rust spread most quickly in the 
treatment with additional water and no 
artificial shade. There was no significant 
interaction between watering and shade 
(F1,16 = 0.4, P = 0.5).

Under the vegetation canopy (Treat-
ment 5), plants lost most of their leaves 
within 2 weeks, resulting in few leaves 
being infected. Nearby plants growing 
without shade or water apparently experi-
enced similar conditions to those of Site 1. 
There was no significant difference in the 
rate of rust spread between Treatments 1 
and 6 (F1,18 = 0.95, P = 0.3). 

Severity of infection
Treatment strongly affected the mean 
number of leaves infected per plant (F5,18 = 
17.7, P <0.0001) and the rate at which rust 

infection spread during the experimental 
period (F5,402 = 54.8, P <0.0001). The rust in-
fected leaves most heavily in plots without 
shade that received water (Figure 2). Rust 
rapidly infected leaves in unshaded plots 
(Treatments 1 and 3), however the severity 
of infection began to decline after 5 weeks 
(Figure 2), as plants shed infected leaves. 
Given shade and water the rust spread 
steadily, and severity of infection was still 
increasing at the end of the experiment. 
In shaded plots without extra watering 
(Treatment 2), infection rate was low.

Very few plants had more than 5% and 
no plants had more than 20% of leaf area 
infected at any stage of the experiment. 
There were no discernible patterns, or 
differences between treatments in this pa-
rameter, or in the stage of pustule devel-
opment over time. No stem lesions were 
noted on experimental plants, and only 
two plants had lesions on petioles.

Plant mortality
Plant mortality appeared to be unrelated 
to rust infection. The time for rust to infest 
50% of plants had a strong positive cor-
relation to plant mortality (F1,21 = 122, P 
<0.0001) i.e. plants died most quickly in 
plots where the rust spread most slowly. 

Mortality was highest for plants 
growing under dense vegetation canopy  
(Table 3), probably due to insufficient light. 
A considerable proportion (22%) of plants 
growing under the plastic shade, that 
received no water died during the experi-
ment, possibly as a result of water stress. 

Table 1. Experimental design used to investigate effects of temperature and 
humidity on rate of spread of P. xanthii.
Treatment Shade Water Site Number of replicate 

plots

1 None – – 1 5

2 Shade plastic – 1 5

3 Water – hourly 1 5

4 Shade + Water plastic hourly 1 5

5 Vegetation vegetated every two 
days

2 2

6 None – – 2 2
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Discussion
This experiment supports the hypothesis 
(Morin et al. 1996) that P. xanthii epidemics 
in the Northern Territory are limited by 
temperature and humidity. The rust spread 
faster, and infested plants more heavily 
when conditions were more humid. Low 
humidity at night, when temperatures are 
lowest, may limit rust spread. Our results 
suggest that dew as well as rainfall may 
be important in obtaining this humidity, 
so any future climate models of where the 
rust is most likely to be effective should 
focus on dew as well as rainfall.

Rust spread more slowly through plots 
with artificial shade, despite the shade 
lowering daytime temperatures. Daytime 
temperatures under the shade were still 
too high (>25°C) for most basidiospores to 
penetrate. In northern Australia tempera-
tures favourable for basidiospore penetra-
tion are more likely to occur at night. The 
plastic mesh appeared to reduce the 
amount of dew reaching the leaves. Plots 
with shade and no water appeared to be 
too dry for many plants to survive.

The rust did not appear to contribute 
to plant mortality in our experiment. Leaf 
drop and plant mortality at site 2 was like-
ly due to lack of light, rather than rust in-
fection or site-related factors. Although we 
could artificially speed up rust epidemics, 
no plants had more than 20% of leaf area 
infected, and no stem lesions were ob-
served. Given that X. occidentale appears 
to develop resistance to the rust (Morin et 
al. 1993), very heavy spore densities would 
be required to significantly affect plant 
survival. Field observations suggest that 
this rarely occurs in far northern Australia, 
and this experiment suggests why. 

In conclusion, it appears that high 
temperature and low humidity can limit 
the effects of P. xanthii on X. occidentale in 
the Top End, as suggested by Morin et al. 
(1996). A strain of the rust that is better able 
to cope with warm temperatures may help 
control X. occidentale in northern Australia. 
Such a strain may be found by searching X. 
occidentale in areas of its native range with 
climate similar to northern Australia (van 
Klinken and Julien 2003), then testing the 
host-range of this new strain. Another op-
tion involves searching for, or selectively 
breeding rust strains already in Australia 
that can tolerate higher temperatures, or 
require shorter dew-point periods. If suc-
cessful, this is likely to be much cheaper.
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Table 3. Time from beginning of experiment until 50% of plants showed 
signs of infection, calculated from fitted log-logistic equations. Mortality is 
the percentage of plants dead after six weeks.

Treatment Time until 50% of plants 
infected ± sem (days)

Plant mortality (%)

1. No Shade, No Water 11.3 ± 13.5 4

2. Plastic shade, No Water 49.6 ± 13.5 22

3. No Shade, Water 6.8 ± 13.5 0

4. Plastic shade, Water 13.9 ± 13.5 0

5. Vegetation canopy, Water, Site 2 40.8 ± 30.1 45

6. No Shade, No Water, Site 2 18.2 ± 21.3 0

Figure 1. Proportion of plants infected by fungus over time, under six 
treatments. Circles show raw data, lines show log-logistic equations fitted to 
data combined for all plots within each treatment. 

Figure 2. Mean number of rust-infected leaves on each plant over time, 
under six treatments. Circles show mean values for each plot at each time 
and lines show fitted cubic splines.
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