
215

A Canadian strain of Pseudomonas syringae 
causes white-colour disease of Cirsium 

arvense (Canada thistle)

Wenming Zhang,1 Michelle Sulz,1 Tania Mykitiek,1 Xiujie Li,1 
L. Jay Yanke,2 Hyesuk Kong,3 Jeffrey S. Buyer3 and John Lydon3

Summary

Patches of white-coloured Cirsium arvense (Canada thistle) plants were recently found on roadsides,
pastures and market gardens in Devon, Mulhurst, Stony Plain and Edmonton, Alberta, Canada. The
diseased plants showed apical chlorosis, sometimes with dark and necrotic leaf spots. These symptoms
were also associated with stunted growth, fewer shoots, inhibition of flowering and/or sterility. A total
of 101 bacterial strains were isolated from the leaves, stems and flowers of white-coloured C. arvense
plants. A bacterial species (one strain designated CT99B016C) was consistently isolated from diseased
plants and was found to produce similar symptoms on C. arvense under both greenhouse and field
conditions. The organism was reisolated from inoculated, diseased plants, thereby fulfilling Koch’s
postulates. The optimal bacterial cell concentration to achieve maximum disease was within the range
of 108–109 colony forming units (cfu)/mL, while the optimal surfactant concentration was 0.15–0.3%
Silwet L-77®. The CT99B016C strain also caused severe disease of Sonchus oleraceus and S. asper
(annual and spiny sowthistle) and Taraxacum officinale (dandelion). The disease severity on these
weed species was even greater than that on C. arvense. Results of phenotypic tests and fatty-acid anal-
ysis clearly placed the CT99B016C strain within the Pseudomonas syringae group. Fatty-acid analysis
also indicated that isolate CT99B016C is more closely related to P. syringae pv. tabaci and P. syringae
pv. syringae than P. syringae pv. tagetis. Results from polymerase chain reactions (PCRs) with primer
sets TAGTOX-9 and TAGTOX-10 also indicated that CT99B016C is different from P. syringae pv.
tagetis. The exact pathovar identification of CT99B016C remains to be determined.
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white-colour disease.

Introduction
Cirsium arvense (L.) Scop. (Canada thistle) is a serious
perennial weed in almost all cereal, oilseed and pulse
crops grown in Western Canada. It is also a problem-
atic, competitive weed in many forage crops, pastures
and conservation sites. Cirsium arvense is a weed
contributing to a proportion of the $600 million in

annual weed-related yield losses in Western Canada
(Swanton et al. 1993). In wheat on the Canadian prai-
ries, Peschken et al. (1980) estimated that C. arvense
caused average annual losses of $3.6 million despite
herbicide use. Cirsium arvense is not utilized by live-
stock because of its spiny leaves and in pastures it tends
to dominate fertile, moist sites. Schreiber (1967)
demonstrated that two plants per 0.09 m2 caused losses
in alfalfa of 16.5 t/ha over 4 years. Unfortunately, the C.
arvense population of the prairie provinces has been
increasing over the last 10 years (Thomas et al. 1998).
From 1986–1989 to 1995–1997, its frequency
increased from 23% to 50% in wheat and from 42% to
54% in canola, while its relative abundance over these
years rose by five rankings in wheat (from ranking No.
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9 to No. 4) and four rankings in canola (from ranking
No. 10 to No. 6). It is difficult to control C. arvense.
Various strategies are used and/or under study for C.
arvense control, however this weed still remains prob-
lematic. 

Recently, severe bacterially infected C. arvense
plants were discovered and collected from pastures and
market gardens in Devon, Mulhurst, Stony Plain and
Edmonton, Alberta, Canada. Typical symptoms of the
infected plants were very similar to previously reported
C. arvense disease caused by Pseudomonas syringae
pv. targetis (PST) (Johnson et al. 1996), including
apical chlorosis, sometimes with dark and necrotic leaf
spots. The infected plants show reduced vigour, stunted
growth, fewer shoots and inhibition of flowering. In
some cases, severe infections cause plant death. One
hundred and one bacterial strains were isolated from
those samples. In order to evaluate the possibility of
utilizing these bacteria for control of C. arvense and to
compare the Canadian bacterial strain to previously
reported PST, the objectives of this study were: (1) to
determine of the pathogenicity of the isolated bacteria
using Koch’s postulates and selection of the most effi-
cacious isolate; (2) to evaluate the infectivity of the
selected pathogenic bacterial isolate to C. arvense as
well as Taraxacum officinale (dandelion), Sonchus
oleraceus and S. asper (annual sowthistle); and (3) to
characterize and identify the selected bacterial isolate.

Materials and methods

Inoculum production
Cryovials, each containing 2 mL of an individual

bacterial strain in 15% glycerol, which had been stored
at –80°C, were thawed to room temperature in a 36°C
water bath. A 50 µL suspension of each strain was
added individually to 2 mL of nutrient glucose broth
(NGB; 8 g nutrient broth (Difco), 2.5 g glucose in 1000
mL distilled water) in test tubes (150 mm × 18 mm
diameter). Tubes were then set on an orbital shaker at
200 rpm for 24 h at room temperature, or until a high
cell density was apparent. A 1 mL aliquot from each
tube was used as seed culture to aseptically inoculate 75
mL of sterile NGB in a 250 mL Erlenmeyer flask.
Flasks were incubated on an orbit shaker at 200 rpm for
24 h at room temperature or until a high cell density was
apparent. Unless otherwise specified, a 30 mL aliquot
of each culture was then centrifuged for 10 minutes at
5400 rpm (3749 g) and 23°C. Supernatant was
discarded and the cell pellet was resuspended in 15 mL
0.01 M phosphate buffer (pH 7). The bacterial concen-
tration of the inoculum varied from 108 to 1010 colony
forming units (cfu) per mL unless otherwise specified.

Plant preparation
Seeds of C. arvense were planted in 25 × 25 cm trays

containing pasteurized soil mix and incubated in a

greenhouse at 24/20°C day/night temperature with a
12-h photoperiod and 20–50% relative humidity (RH)
and were watered daily. Seedlings at the cotyledon
stage of growth were transplanted to 10-cm diameter
peat pots of soil mix, one plant per pot, and returned to
the greenhouse chamber.

Inoculation procedure
Seedlings at the 2–3 leaf stage were sprayed with 5

mL of inoculum per pot using an airbrush at 100 kPa.
After spraying, pots were placed in a randomized
complete block design in the greenhouse with condi-
tions mentioned as above, unless otherwise specified.

Pathogenicity of bacterial isolates
Koch’s postulates were applied to all 101 bacterial

isolates. Inoculum applied to C. arvense plants was
prepared as described above and amended with Silwet
L-77® (0.2% v/v) prior to application. Control treat-
ments were inoculated with Silwet L-77® (0.2% v/v)
and 0.01 M phosphate buffer (pH 7). Three replicate
pots of each treatment were included. Plants were
assessed for any symptoms of disease daily for 2 weeks
after spraying using a modified disease severity scale of
Johnson et al. (1996), where 0 = healthy, 1 = detectable
chlorosis, 2 = moderate chlorosis, 3 = severe chlorosis,
4 = severe chlorosis and necrosis, and 5 = dead plant. 

Effect of Silwet L-77® and bacterial cell 
concentrations on disease severity of 
Canada thistle caused by isolate 
CT99B016C

The experiment was a 5 × 6 factorial experiment
arranged in a randomized complete block design with
three replicate pots per treatment. Silwet L-77®

concentrations of 0.1%, 0.15%, 0.2%, 0.25% and 0.3%
v/v and bacterial cell concentrations of approximately
0, 108, 5 × 108, 109, 5 × 109 and 1010 cfu/mL were
included. Bacterial cell concentrations were adjusted to
the highest concentration of about 1010 cfu/mL by
concentrating cultures from flasks 10 times through
centrifugation and resuspension in 0.01 M phosphate
buffer. Serial dilutions of this concentrate were then
performed to achieve lower concentrations. The actual
number of viable cells in the bacterial suspensions was
determined using the dilution plate count method with
spread plating of cells on nutrient glucose agar. Disease
severity was recorded 1, 2 and 3 weeks after inoculation
using the 0–5 disease severity assessment scale previ-
ously described. The data were analysed by SAS anal-
ysis of variance (ANOVA).

Pathogenicity of isolate CT99B016C to 
Sonchus spp. and T. officinale 

Sonchus spp. and T. officinale are problematic
weeds taxonomically related to C. arvense. The infec-
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tivity of isolate CT99B016C was therefore tested on
these hosts. Seeds of two different populations of
Sonchus (S. oleraceus and S. asper) and of T. officinale
were planted, incubated and transplanted to 10-cm
diameter peat pots of soil mix as described for C.
arvense. Cirsium arvense plants were at the 2–3 leaf
stage, while the Sonchus spp. and T. officinale were at
the 3–5 leaf stage at the time of inoculation. Bacterial
inoculum was produced as described, amended with
Silwet L-77® (0.2% v/v) and applied to plants as
described. Control treatments were inoculated with
Silwet L-77® and buffer. After inoculation, plants were
placed in the greenhouse with conditions as previously
described. Disease severity was assessed 1 and 2 weeks
after inoculation using the 0–5 disease severity assess-
ment scale previously described. Three replicate pots of
each treatment were included.

Characterization and identification of 
isolate CT99B016C 

Bacterium isolate CT99B016C was characterized
and identified based on phenotypic and genotypic anal-
ysis. The phenotypic analysis included physiological
and biochemical characterization and fatty acid compo-
sition. The physiological and biochemical characteriza-
tion included gram staining, motility, carbon substrate
assimilation, oxidase and other physiological activities
using previously described methods (Hu et al. 1991).
Carbon substrate assimilation tests were performed
using auxanographic API 50CH strips (bioMerieux) as
recommended by the manufacturer. The fatty-acid
composition (MIDI-FAME) was analyzed using the
method described by MIDI (2002a,b). Polymerase
chain reaction (PCR) analysis of bacterial strains was
conducted using the primer sets TAGTOX-9 and
TAGTOX-10 as described by Kong et al. (2004).

Results

Pathogenicity of bacterial isolates 

Of the 101 isolates tested, only isolate CT99B016C
was pathogenic to C. arvense. All other bacterial
isolates produced no symptoms. Plants inoculated with
the pathogenic isolate developed moderate to severe
apical chlorosis (severity rating of 2–3) within 1 week
of inoculation. Only tissue that developed after treat-
ment was yellow or white, sometimes with necrotic
lesions. Tissue formed before treatment did not develop
chlorosis, but sometimes showed slight necrosis.

Effect of Silwet L-77® and bacterial cell 
concentrations on disease severity of 
C. arvense caused by isolate CT99B016C 

Silwet L-77® concentration, bacterial cell concen-
tration and interaction between these two factors signif-

icantly affected disease severity of C. arvense caused
by isolate CT99B016C (p > 0.0003) (Fig. 1). When a
Silwet L-77® concentration of 0.1% was used, no
disease was observed at any of the bacterial cell
concentrations tested. The greatest disease severity was
observed at 0.3% Silwet L-77® and a bacterial cell
concentration of 108 and 5 × 108 cfu/mL. A high level
of disease was also observed at 0.15% Silwet L-77®

and a bacterial cell concentration of 108 cfu/mL and
0.2% Silwet L-77® and a bacterial cell concentration of
109 cfu/mL. When the bacterial cell concentration was
too high (generally above 109 cfu/mL), less disease
severity was observed at all Silwet L-77® concentra-
tions tested. More than 0.2% Silwet L-77® also caused
some phytotoxicity to control plants.

Pathogenicity of isolate CT99b016C to 
Sonchus spp. and T. officinale 

Sonchus plants of the Bruce population sprayed with
the bacterium showed symptoms similar to those seen
on C. arvense with moderate chlorosis (severity rating
of 2) of new growth 1 week after inoculation. Sonchus
plants of the Olds population and T. officinale were
more diseased, with moderate to severe chlorosis with
necrotic lesions and necrotic lower leaves (severity
rating of 3–4) within 1 week of inoculation.

Figure 1. Effect of Silwet L-77® and bacterial cell concen-
trations on disease severity of Cirsium arvense
caused by isolate CT99B016C 1 week after inoc-
ulation. A modified disease severity scale of
Johnson et al. (1996) was used where: 0 =
healthy, 1 = detectable chlorosis, 2 = moderate
chlorosis, 3 = severe chlorosis, 4 = severe chlo-
rosis and necrosis, and 5 = dead plant. 



Proceedings of the XI International Symposium on Biological Control of Weeds

218

Characterization and identification of 
isolate CT99B016C

Isolate CT99B016C was found to be a gram nega-
tive rod, 0.5–0.75 × 1–2 µm, motile, and strictly
aerobic. No soluble pigments were produced, but fluo-
rescent pigment was weakly produced on Kings B
medium. This isolate is oxidase, indole, arginine and
lysine dihydrolase, urease, lecithinase and ß-galactosi-
dase negative. Gelatin liquification, citrate utilization
and ß-glucouronidase were positive. The isolate grew
well at 37oC. Tests based on the assimilation of 53
carbon sources indicated that isolate CT99B016C
utilized 20 carbons as sole carbon source (data not
shown). All of these characteristics matched very well
with that of Pseudomonas syringae, making it highly
probably that this isolate belongs to this species. Based
on these results and similar studies conducted by others
with PST (Trimboli et al. 1978, Styer et al. 1980,
Bowden & Percich 1983, Shane & Baumer 1984,
Young & Triggs 1994, Gardan et al. 1999), the only
characteristic of CT99B016C that was consistently
different from PST was the ability of CT99B016C to
utilize trehalose as a carbon source. Thus, the physio-
logical and biochemical properties of CT99B016C
were not significant enough to tell whether it was PST
or a closely related pathovar.

Based on the fatty-acid methyl-ester analysis, isolate
CT99B016C clustered with all 14 of the P. syringae
pathovars tested at an Euclidian distance of less than 8.
It is generally accepted that an Euclidian distance of 10
or less indicates that isolates are the same species,
providing strong evidence that CT99B016C is a P.
syringae species (MIDI 2002b). Twelve of the P.
syringae pathovars, including PST, fell within a cluster
with an Euclidian distance value of 6 (the accepted cut-
off value for subspecies), demonstrating that the fatty-
acid methyl esters in these pathovars are very similar.
Fatty-acid analysis indicated that CT99B016C is more
closely related to the pathovars tabaci and syringae
(Fig. 2) than to tagetis.

PCRs with the TAGTOX-9 primers and DNA from
isolate CT99B016C produced an amplicon of approxi-
mately 750 base pairs (bp) in size, significantly larger
than the amplicon produced in PCRs with DNA of PST
strains (507 bp) (Fig. 3A). Similarly, PCRs with the
TAGTOX-10 primers and DNA from isolate
CT99B016C produced an amplicon of about 400 bp,
which was significantly smaller than the 733 bp
amplicon produced by PST strains (Fig. 3B). 

Based on the four methods of analysis described here,
we conclude that isolate CT99B016C is a P. syringae
species that is different from PST. The exact pathovar
identification of CT99B016C remains to be determined. 

Figure 2. Relationship of Pseudomonas syringae and Pseudomonas savastanoi pathotypes with isolate CT99B016C
based on fatty-acid analysis. A Euclidian distance of 10 or less indicates that isolates are the same species, 6
or less indicates that isolates are the same subspecies or biotype, and 2.5 or less indicates that isolates are
the same strain.
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Discussion
This is the first report on white-colour disease of C.
arvense in Canada. Johnson et al. (1996) reported that
PST caused severe disease on C. arvense in the United
States. Our bacterial isolate CT99B016C caused
disease symptoms similar to PST. However, further
characterization and identification revealed that
CT99B016C was not PST. Therefore, further develop-
ment of CT99B016C for C. arvense control possesses
its own merits as, being indigenous to Canada, there
would be less regulatory hurdles and it would possibly
be better suited to the Canadian climate than strains
imported from more southern latitudes. Moreover, our
bacterial strain also infects other Asteraceae weed
species such as Sonchus spp. and T. officinale. There-
fore, there is potential to develop this bacterium as a
biocontrol agent against Asteraceae weed species in
Canada.
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