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Abstract
From a collection of 287 pathogenic fungi that were isolated from Canada thistle

growing in the Canadian prairies, a total of 71 fungal isolates were evaluated for biologi-
cal activity on Canada thistle roots using an agar mat bioassay. In addition, the bacterial
agent, Pseudomonas syringae pv. tagetis (PST) was evaluated as a biocontrol agent on the
weed. The fungal genera examined were: 8 Phoma, 12 Phomopsis, 14 Colletotrichum, and
37 Fusarium. Eighteen isolates were selected for biological control because they caused
significant reductions in shoot emergence and root weight, chlorosis, and/or death of
Canada thistle. Efficacy of 2 fungal isolates was confirmed in greenhouse studies using
infested barley grains as a granular inoculant. An application rate between 250 to 500
g/m2 was required to kill Canada thistle in 4 to 6 weeks. Application of PST in the
organosilicone surfactant Silwet L-77 caused chlorosis and stunting, but fresh or dry
weights were not significantly affected after 5 weeks, when compared to PST alone,
Silwet alone and water alone. However, flowering was inhibited when treated with PST
and Silwet L-77. When sub-lethal rates of glyphosate were applied at 0.1 X recommend-
ed rated, there were significant reductions in fresh and dry weights and greater apical
chlorosis, when compared to the low rate of glyphosate alone, PST and Silwet and PST
alone. Further evaluations with the fungal pathogens and PST include rate and time of
application, various formulations, applications with low rates of herbicides, and multiple
pathogen synergies.  

Keywords: Phoma, Phomopsis, Colletotrichum, Fusarium, Pseudomonas syringae
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Introduction
Canada thistle (Cirsium arvense [L.] Scop.) is an aggressive perennial weed in field

crops in western Canada. Its extensive root system produces adventitious root buds that
give rise to new shoots in the spring and summer (Donald 1994). Canada thistle causes
yield losses of 15 to 60%, depending on the weed density.  In cereal crops, densities of  6
to 20 Canada thistle plants per square metre result in 18 to 30% loss in grain yield and can
cost prairie producers annual yield losses of $320 M. It is a difficult weed to control
because the root system lies well below the depth reached by tillage and herbicide appli-
cations are difficult to time since new shoots are continually emerging. Biological control
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agents that attack either the root system or can be translocated throughout the plant may
provide an alternate means of weed control. It may also be possible to enhance biological
control of the weed through synergy with existing chemical herbicides (Christy et al.
1993).

This study reports on the evaluation of 73 pathogenic fungi and the bacterial agent,
Pseudomonas syringae pv. tagetis (PST) for biological control of Canada thistle.

Materials and Methods
Fungal pathogens

A collection of 287 fungi isolated from Canada thistle plants were confirmed to be
pathogenic via detached leaf bioassays and Koch’s postulates. Selected fungal isolates
were further evaluated for virulence using a “Root Mat” bioassay as described below.  

Fungal isolates grown on PDA + lactic acid for 10 to 14 days were macerated and dis-
tilled water was added to a final inoculum suspension volume of 50 ml. Canada thistle
roots were cut into 10 cm lengths, weighed and placed in 10 cm square pots filled with
soil. The fungal suspension was poured over the surface of the roots, covered with 1 cm
of soil, watered to saturation and placed in the greenhouse (20 C day and 15 C night;  16
h daylight) in a RCBD with 6 replicates. For selected isolates, a dose response study using
50 g, 10 g, 5 g, 2.5 g, and 0 g (control) of fungal suspension was applied as described
above. Plants were rated for shoot emergence, chlorosis and death at 2, 4, and 6 weeks. At
6 weeks, roots were harvested and weighed.

Pseudomonas syringae pv. tagetis (PST)
Efficacy of PST:  Erlenmeyer flasks containing nutrient broth were inoculated with a

loopful of PST cultures and grown for 24 hours at 22 to 28 C on a rotary shaker at 300
rpm. Fourteen-day old Canada thistle plants (4-6 inches tall) were inoculated with PST at
a concentration of 5 X 108 cfu/ml with 4 different treatments (PST alone, PST + Silwet
[0.3% v/v], Silwet alone, water alone). All plants were sprayed until run-off.

Interaction of PST with glyphosate: Sub-lethal rates of glyphosate (0.1 X and 0.01 X
the recomended rate) applied 24 hours in advance of PST) were evaluated. The treatments
were: PST alone; PST + 0.1 X glyphosate (0.125 L/ha); PST + 0.01 X glyphosate (0.0125
L/ha); 0.1 X glyphosate; 0.01 X rate of glyphosate; water control. A water volume of 100
L/ha applied at 40 psi, with an XR Teejet 808ZVS nozzle was used. Silwet L77 (0.3%,
v/v) was used as the surfactant in all treatments.
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Fig. 1. The percentage of highly
virulent isolates of Phoma,
Phomopsis, Colletotrichum, and
Fusarium in root mat bioassays on
Canada thistle.
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All experiments were set up in a RCBD, 5 plants (replicates) per treatment and the
experiments repeated.  

Results and Discussion
Fungal pathogens

There were 2 Phoma, 1 Phomopsis, 6 Colletotrichum, and 7 Fusarium isolates that
were found to be highly virulent when applied to Canada thistle roots in soil (Fig. 1). More
than 77% percent of the fungi tested were weakly virulent.

Five isolates reduced shoot emergence by 45 to 70% compared to the uninoculated
control, 7 isolates reduced root growth by 25 to 52% (Table 1). These isolates were pri-
marily in the genus of Fusarium.
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Table 1.
Virulent fungal isolates demonstrating reduced shoot emergence and root growth

on Canada thistle expressed relative to the control.

Isolates % Shoot % Root
emergence growth

Control 100 100
95-245 70 * 35 *
95-306 B1A 65 * 35 *
95-348 B2B 45 * 25 *
95-370 B1 100 ns 52 *
95-42 B1A 95 ns 45 *
96-4 A1 65 * 55 *
97-16 A4A 60 * 25 *

*Significantly different from control, LSD test, P=0.05

Table 2.
Virulent fungal isolates demonstrating chlorosis and death of

Canada thistle shoots in root.

Isolates % Chlorosis % Dead shoots

Control 0 0
95-54 A1 100 * 50 *
97-12 C2 30 * 20 *
97-12 B 90 * 100 *
97-15 B2 100 * 100 *
94-359 A 100 * 100 *
94-359 B 90 * 100 *
94 359 C 90 * 100 *
89-25 A2 100 * 100 *
95-145 A(0) 100 * 100 *
85-24B 90 * 90 *
94-26 90 * 90 *

*Significantly different from control, LSD test, P=0.05



Other symptoms observed in Canada thistle were chlorosis and death of shoots. Nine
isolates that caused both symptoms in 90 to 100% of the plants were identified (Table 2).
Two weakly virulent isolates produced similar symptoms but in fewer plants. The highly
virulent isolates had the ability to weaken Canada thistle by affecting the process of pho-
tosynthesis and the accumulation of storage products in the roots.

Dose response tests showed that damage to Canada thistle was greater at higher inocu-
lum levels 

(Fig. 2). However, the dose could be reduced 10 fold (from 50 g to 5 g) and still main-
tain biological control activity.

Pseudomonas syringae pv. tagetis (PST)
Efficacy of PST: Only plants sprayed with PST and Silwet showed disease symptoms

which were greater after 5 weeks (Fig. 3). Silwet as a surfactant is required for applica-
tion with PST for disease development to occur.

Plants sprayed with PST and Silwet showed reduced fresh weight compared to PST
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Fig. 2.

Response of Canada thistle plants
(0-6 rating scale)  to 50 g, 10g, 5g,
and 2.5 g of inoculum suspension of
85-24B applied to the soil.
Disease rating:
1 = healthy, dark green foliage;
2 = slightly yellow-green foliage;
3 = leaves primarily yellow, some
yellow-green;
4 = leaves primarily white, few
yellow-green;
5 = plants completely white;
6 = plants dead.

Fig. 3.

Efficacy of PST. Disease
severity on Canada thistle
plants 3 and 5 weeks after
application of PST. Silwet
applied at 0.3% (v/v).
Disease severity:
0 = healthy;
1 = stunting with no chlorosis;
2 = detectable chlorosis; 
3 = moderate chlorosis;
4 = severe chlorosis with some
necrosis;
5 = severe chlorosis and
necrosis.



and water, while some phytotoxicity was observed on Canada thistle with application of
Silwet alone (Fig. 4). No significant differences in dry weight amongst treatments were
observed. However, flowering was inhibited when PST and Silwet were applied (data not
shown).

Interaction of PST with glyphosate: Disease levels were greater with the application
of PST and 0.1 X rate of glyphosate, compared to PST or PST and 0.01 X rate of
glyphosate (Fig. 5). No symptoms were observed when 0.1 X or 0.01 X glyphosate or
water alone were applied.  

Fresh and dry weight of Canada thistle was significantly reduced with application of
PST and 0.1 X rate of glyphosate, when compared to the other treatments (Fig. 6). Dry
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Fig. 4. Efficacy of PST.  Fresh and dry weights of Canada thistle plants 5 weeks after application of PST.
Silwet applied at 0.3% (v/v). Bars with same letters indicate values are not significantly different from one
another (LSD, P = 0.05).

Fig. 5. Interaction of PST with Glyphosate.  Disease severity on Canada thistle plants 3 and 6 weeks after
application of PST with glyphosate. All applications of PST included Silwet L77 (0.3%, v/v) as a surfactant.
Disease severity: 0 = healthy; 1 = stunting with no chlorosis; 2 = detectable chlorosis; 3 = moderate
chlorosis; 4 = severe chlorosis with some necrosis; 5 = severe chlorosis and necrosis.



weights of Canada thistle were lower with PST or PST and 0.01 X rate of glyphosate,
compared to 0.1 X and 0.01 X rate of glyphosate and water alone (with no PST).

Conclusion
Canada thistle appears to carry a large number of weakly virulent pathogens in its tis-

sues. Introduction of more virulent pathogens into the Canada thistle root system could
lead to improved weed control by making the weed less vigorous and reducing its com-
petitive ability. The challenge will be in finding a  delivery method to apply the pathogens
at optimal levels so they may contact Canada thistle roots in the soil.

Application of the surfactant, Silwet L77, with PST is required for disease symptoms
to develop (Johnson et al. 1996). The surfactant facilitates entry of the PST into the stom-
ata of the plants. Disease symptoms and fresh and dry weight reductions were most pro-
nounced when a sub-lethal rate of glyphosate (0.1 X) was applied 24 hour in advance of
PST.  This suggests that enhanced efficacy of the bacterial agent may be occurring through
synergy between PST and low rates of glyphosate (Christy et al. 1993).

Further evaluations with these fungal and bacterial agents for biological control of
Canada thistle include delivery and application of inoculum to roots and/or shoots to facil-
itate entry, infection and efficacy (i.e. inoculum level, placement, deposition, water vol-
ume) and the evaluation of suitable formulations (e.g. granules, surfactants).
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Fig. 6.

Interaction of PST with
Glyphosate. Fresh and
dry weights of Canada
thistle plants 6 weeks
after application. All
applications of PST
included Silwet L77
(0.3%, v/v) as a
surfactant. Bars with
same letters indicate
values are not signifi-
cantly different from
one another (LSD, P =
0.05).




