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Abstract:
Surveys of naturally infected Canada thistle patches showed random systemic infection of Puccinia
obtegens up to 52.5%. Localized infection was abundant on mature plants during June. Natural
infection was not high enough for economical control.

Germinability in urediospore and teliospore collections varied. Urediospore germination decreases with
age. Teliospore germination was stimulated with host root extract.

Effect of temperature and moisture on spore germination was determined. Uredio-spores germinated
from 6 to 30 C, with maximum germination between 18 and 24 C. Telio-spores germinated from 9 to
24 C with 18 to 21 C the optimal temperature range. Germination of urediospores occurs after 2 hours
of dew, although pustules form only after 4 hours of dew at 21 C. Maximum pustule formation
occurred after a 10 hour dew period. Maximum teliospore germination results after 96 or more hours of
moisture.

An inoculation technique of incorporating spores in foam was developed and used. The foam provides
a prolonged, moist environment which aids spore germination. The foam was toxic and decreased
urediospore and teliospore germination at foam concentrations of 2% or higher.

Inoculation of plant tissue showed highest systemic infection occurring from inoculation of aerial plant
parts with a teliospore-root extract solution. Urediospores suspended in water provided the next highest
rate of systemic infection 56 days after inoculation. Rhizome inoculation with ground plant tissue
containing teliospores and a teliospore-root extract dip produced 9.2 and 6.2% systemic infection,
respectively.

Inoculum availability in soil is limited due to restricted spore movement. At a depth of 10 cm few
spores were recovered from a surface inoculum. This decreases the likelihood of the occurrence of
rhizome infection.

Ten ecotypes of Canada thistle were inoculated with uredospores of P. obtegens and sporulation was
observed on all ecotypes. Infection types varied among and within ecotypes, indicating that
host-resistance is one factor limiting rust infection. No correlation was found between Canada thistle
susceptibility to the rust and host plant ecotype classification, stomatal density, amount of leaf
pubescence, or sporegerminability on leaf surfaces. 



STATEMENT OF PERMISSION TO COPY

In presenting this thesis in partial fulfillment of the requirements for an advanced 

degree at Montana State University, I agree that the Library shall make it freely available 

for inspection. I further agree that permission for extensive copying of this thesis for 

scholarly purposes may be granted by my major professor, or, in his absence, by the Director 

o f Libraries. It is understood that any copying or publication of this thesis for financial 

gain shall not be allowed without my written permission.

Signature__

Date a  \ .



STUDIES WITH PUCCINIA OBTEGENS FOR BIOLOGICAL 
CONTROL OF CANADA THISTLE (CIRSIUM AR VENSE)

by .

SHERRY KAY TURNER

A thesis submitted in partial fulfillment 
of the requirements for the degree

o ,

MASTER OF SCIENCE 

, in

Plant Pathology

Approved:

Chairperson, Graduate Commjftee

Graduate Dean

MONTANA STATE UNIVERSITY 
Bozeman, Montana

December, 1981



ACKNOWLEDGMENTS

I wish to acknowledge Dr. E. L. Sharp, my major professor, for his professional 

advice and consideration throughout this research project.

I also wish to acknowledge Dr. P. K. Fay and Dr. D C. Sands for their noteworthy 

help and guidance during this study. In addition I would like to thank Dr. W. L  Morrill for 

serving on my graduate committee.

This research project was supported by funds from a USDA competitive grant.,



TABLE OF CONTENTS

VITA.................................................................................................  ii

ACKNOWLEDGMENTS............................................................................................  iii

TABLE OF CONTENTS.................................................................................................... : .  iv

LIST OF TABLES.........................................................................     vi

LIST OF FIGURES............. .. .............................................................................4.................viii

ABSTRACT.......................... .......... ................... ................. ................................................. , ix

INTRODUCTION........... ..................................................................      I

LITERATURE REVIEW.............................. ..; ..................................................................... 2

The H ost.....................................
The Pathogen .............................
Potential As A Biocontrol Agent

MATERIALS AND METHODS..............................   8

Natural Field Infection................................................................................................ 8
Spore Collection and Preservation........................................................................... .. 9
The Infection Process................................................................. ................ ,..............  12
Penetration and Establishment ....................................................................................  13
Plant Tissue Inoculation ................................................................. ...........................  14
Ecotype Susceptibility................................................................................................ 15
Inoculum Availability In S o il ..................................................................................... 16

RESULTS................................................................................................................................  17

Survey of Natural Infection and Airborne Inoculum................................................17
Germinability of Teliospore and Urediospore Collections............... ................... .... 18
Effect of Temperature and Moisture on Spore Germination,

Penetration and Establishment.............................................................   23
Foam Studies....................................................................           23
Plant Tissue Inoculation....................................... .........................................: ...........  28
Ecotype Susceptibility................................................................... 30
Inoculum Availability In S o il .......................................................................................32

C
N

 
C

O
 

V
O



V

DISCUSSION........... .........................................................................................................   34

LITERATURE CITED.............................................................................................................37

APPENDIX.......................................................................  41



LIST OF TABLES

Table Page

1 Location, size and cultural treatment of three Canada thistle 
patches surveyed for natural Puccinia obtegens infection in
Montana from 1979 to 1981................................................................................ .. 8

2 Collection date and location of Puccinia obtegens urediospore
collection...................................................................................................    10

3 Location and collection date of Puccinia obtegens teliospore
collection............................   11

4 Percent survival of systemically infected Canada thistle shoots with
Puccinia obtegens......................................................    17

5 Amounts of airborne Puccinia obtegens inoculum near systemically
infected Canada thistle patches.............................................................................   19

6 Germinability of Puccinia obtegens teliospores collected on
various dates in different locations in Montana...................................................   21

7 Effect of collection date on Puccinia obtegens teliospore germination ..................22

8 Longevity of Puccinia obtegens urediospore collection........................................... 22

9 Systemic infection resulting following inoculation of aerial plant
tissue with Puccinia obtegens .........................................      28

10 Percent systemic infection resulting from rhizome inoculation
with Puccinia obtegens teliospores.............................................................................. 29

11 Ecotype susceptibility as influenced by spore germinability,
stomatal density and pubescence............................ i ...................................... .......... 31

12 Recovery of Puccinia obtegens spores from various soil types and
soil depths................................................................     32

vi



vii

Table Page

13 NUmber of stomata on the upper and lower leaf surfaces of ten
different thistle ecotypes.....................  42

14 Effect of inoculation with 40 mg teliospores, 20 ml water and 
72 hours dew on Canada thistle plants. Date of inoculation was
2-26-81 ......................................................  43

15 Effect of inoculation with 40 mg urediospores, 20 ml water and
12 hours dew on Canada thistle p lan ts ................... 44

16 Effect of inoculation with 40 mg teliospores, 20 ml Canada
thistle root extract and 72 hours dew on Canada thistle plants.................... ,..........45

17 Effect of inoculation with one gram ground Canada thistle plant
tissue containing teliospores near freshly planted thistle rhizomes . . . . . . . . . . . .  46



LIST OF FIGURES

Figure Page

1 Effect of temperature on Puccinia obtegens urediospores and
teliospores........................................................................................................................24

2 Effect of dew period on infection by Puccinia obtegens urediospores...................... 25

3 Effect of Thermofqam concentration on germination of Puccinia
obtegens urediospores and teliospores.......................................................................... 26

4 Retention of moisture following various Thermofoam treatm ents........................... 27

viii



ix

ABSTRACT

Surveys of naturally infected Canada thistle patches showed random systemic infec
tion of Puccinia obtegens up to 52.5%. Localized infection was abundant on mature plants 
during June. Natural infection was not high enough for economical control.

Germinability in urediospore and teliospore collections varied. Urediospore germi
nation decreases with age. Teliospore germination was stimulated with host root extract.

Effect of temperature and moisture on spore germination was determined. Uredio- 
spores germinated from 6 to 30 C, with maximum germination between 18 and 24 C. Telio- 
spores germinated from 9 to 24 C with 18 to 21 C the optimal temperature range. Germi
nation of urediospores occurs after 2 hours of dew, although pustules form only after 4 
hours of dew at 21 C. Maximum pustule formation occurred after a 10 hour dew period. 
Maximum teliospore germination results after 96 or more hours of moisture.

An inoculation technique of incorporating spores in foam was developed and used. 
The foam provides a prolonged, moist environment which aids spore germination. The foam 
was toxic and decreased urediospore and teliospore germination at foam concentrations of 
2% or higher.

Inoculation of plant tissue showed highest systemic infection occurring from inocu
lation of aerial plant parts with a teliospore-root extract solution. Urediospores suspended 
in water provided the next highest rate of systemic infection 56 days after inoculation. 
Rhizome inoculation with ground plant tissue containing teliospores and a teliospore-root 
extract dip produced 9.2 and 6.2% systemic infection, respectively.

Inoculum availability in soil is limited due to restricted spore movement. At a depth of 
10 cm few spores were recovered from a surface inoculum. This decreases the likelihood of 
the occurrence o f rhizome infection.

Ten ecotypes of Canada thistle were inoculated with uredospores of P. obtegens and 
sporulation was observed on all ecotypes. Infection types varied among and within eco
types, indicating that host-resistance is one factor limiting rust infection. No correlation 
was found between Canada thistle susceptibility to the rust and host plant ecotype classifi
cation, stomatal density, amount of leaf pubescence, or sporegerminability on leaf surfaces.



INTRODUCTION

With the world population expanding, demands for agricultural, products increase. 

One way to combat crop losses is to eliminate or decrease weed competition. Weed control 

consists of biological, cultural, and chemical control. Biological control has.become a more 

popular alternative method because of increased energy costs of cultural practices and the 

possible detrimental effects of herbicides on the environment.

Whereas entomologists have dominated the biological weed control field (33,39), 

the use of plant pathogens as biocontrol agents is scarcely a new idea and past and present 

successes indicate their use may be feasible (5,17,34,42). The objective of this study was to 

determine if Puccinia obtegens, a rust on Canada thistle, could be used as an effective
I \  •

biological control agent and to develop new techniques to augment its efficacy.



LITERATURE REVIEW

The Host

Cirsium arvense (L.) Scop, formerly Carduus arvensis is a perennial, noxious weed. 

Common names include creeping, Californian and Canada thistle. It is the second most 

troublesome weed in Montana according to a 1979 survey (14). Crop yields are reduced 

due to weed competition of light, moisture and nutrients (18). Weeds caused an estimated, 

loss of $5 billion for the period 1950 to 1960 in crop and non-crop lands in the United 

States (I). In Montana alone more than 1.5 million acres are infested with Canada thistle (13).

The distribution of Canada thistle includes the northern United States, Canada, 

Australia, New Zealand, North Africa, Asia and most of Europe. The thistle is indigenous 

to Europe arid was introduced into New England prior to 1795 (12).

Canada thistle plarits are genetically diverse and hybridize quite frequently (12). 

Ecotypes have been described and placed in four categories based on morphological differ-
i  • ' ' . . ■ ■

ences (12,24). Progeny,from seed produced from one variety may resemble other varieties

( 12).

The weed is a problerii on both rangeland and cultivated land. It thrives in both fer

tile and overgrazed areas (26). Reproduction occurs from seed and rhizome pieces, which 

rapidly regenerate new plants (24). Wind, water, and man disseminate the thistle.

Because of an extensively branched root system Canada thistle is difficult,to control 

(12). Cultural, cropping and cKemical control in cultivated land can be an effective but 

slow process. Cultivation, mowing, application of the herbicide 2,4-D, and the use of 

smother crops ate all recommerided and should be continued over at least three seasons (19).
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The Pathogen

Puccinia obtegens (Link) Tul. is a fungus in the class Basidiomycetes and the order, 

Uredinales. Synonyms frequently used include P. suaveolens Rostr. and P. punctiformis 

Strauss with Caeoma obtegens Link, Trichobasis suaveolens Lew.; Bullaria suaveolens (Peis.) 

Arth., Uredo punctiformis Strauss, U. suaveolens Pers., and P. compositarum Mart, being 

used in early literature (3,9,16,20,27,28). It is autoecious on Cirsium arvense (L.) Scop, 

and is commonly called Canada thistle rust.

The geographical distribution includes Europe, Asia, New Zealand and North Ameri

ca. It was introduced into North America and described in New Jersey in 1893 (42).

Lifecycle

P. obtegens isabrachy type of rust with four spore stages. Earlier literature described

aecia as uredinoid and systemic with uredia localized (3). Buller later termed primary ure-
- •

dia as being formed by haploid (uninucleate) mycelium and secondary uredia on diploid 

(binucleate) mycelium (6). The above terminology will be adopted in this thesis.

Two infection patterns occur, systemic and local. Systemic shoots are produced in 

the spring from adventitious root buds containing mycelia (6). Infected; shoots are perme

ated with pustules. The majority of these shoots bear pycnia, followed by uredia then telia: 

Less frequently only uredia then telia are produced (25) and rarely only pycnia (6).

Pycnia are of two mating types, thus the fungus is heterothallic (23). Mixing of the 

two mating types, which may result from insect activity, gives rise to primary uredia (6). 

The pycnia produce a strong floral odor which may be an insect attractant.
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Primary urediospores may be wind blown and under favorable conditions infect a 

new host plant. Localized mycelium gives rise to secondary uredia then telia. Secondary 

urediospores may reinfect repeatedly.

The fungus overwinters as teliospores and mycelium which hibernates in the host 

robt-stock (6,27). Teliospores germinate producing a basidium with four basidiospores 

(6). Basidiospores germinate producing localized mycelium then pycnia. Local pyciiial 

infection rarely occurs due to erratic teliospore germination (6,23).

Systemic infection

Systemic mycelium may result from secondary urediospore orbasidiospore infection. 

Mycelia may grow into the perennial host root-system and persist producing infected 

shoots each year for several years (6). Respiration in rusted plants has been reported higher 

than that of healthy plants and those in the pycnial stage respire more than the uredial 

stage (6). Also, osmotic pressure is weaker in infected shoots than in healthy, shoots 

with pressure being weakest in the uredial stage (6).

Symptoms include a pale-green color, intemode elongation, smaller leaf size and a 

more entire leaf shape (6). In infected shoots bearing Aowersj binucleate mycelium has 

been found throughout the entire inAorescence including the ovules which are inhibited in at

taining full development (6). Reduced Aowering and seed production has also been noted 

(6,40).
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Localized infection

Localized mycelium is produced from primary or secondary urediospore and basidi-

ospore infection (6). Pustule formation usually occurs on the upper surface of leaves. This
■ '

infection may become latent as infected leaves become senescent.

Requirements for infection from urediospores has been reported. Bailiss and Wilson 

found urediospores germinated from 12 to 30 C with the optimum around 23 C. At opti

mum temperature 8 to 10 hours of dew was needed (4). Waters reported the optimum tem

perature range to be 18 to 22 C and pustules formed 6 to 10 days after inoculation (41). 

Watson evaluated germination of urediospores at 5 to  30 C and found 15 C to be optimum 

(40). Pustule formation occurred after 12 days at optimum temperature.

, Teliospofes associated with uredia have been formed as soon as two weeks after 

infection (41). Low temperature and the absence of light increase the rate of teliospore 

formation (41). An abundance of teliospores may be produced especially under unfavor

able host conditions (6). . . .  j

Nuclear Condition

The rust’s haplqphase (n) includes the production of basidiospores and pycniospores. 

Surprisingly, systemic mycelium from pycniospores was found to be hombkaryotic and 

binucleate (n+n) instead of monokaryotic and uninucleate (23).

Primary and secondary urediospores and teliospores make up the dikaryophase (n+n). 

The diplophase (2n) occurs after karyogamy takes place in germinating teliospores. Uredial 

mycelia is heterokaryotic and usually binucleate but can be multinucleate (23).
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A somatic segregation of mating type or de-diploidization as Buller describes (6), 

must occur at the base of the shoot or in the roots for the homokaryotic stage to result 

from heterokaryotic mycelia (23). Segregation has not been observed directly because of 

the multinucleate condition of mycelia in shoots infected with pycnia and uredia (23).

One other fungus, Cyathus stercoreus, was reported to contain a binucleate, homo

karyotic mycelial condition (23). The question o f how de-diploidization results in P. obte- 

gens still remains to be understood.

Potential As A Biocdntrol Agent

The classical approach to biological weed control utilizes a host specific, self-per

petuating exotic agent (36,38). The more recent bioherbicide approach involves applying 

massive quantities of inoculum of either indigenous or exotic pathogens (36).

Endemic pathogens were not considered effective biocontrol agents until the bioher

bicide tactic was used (35). Effectiveness can be limited by climate, poor dissemination; 

biotic interference, low overwintering levels, low virulence or inoculum viability and gene

tic resistance (35).

Several authors, (7,40,42) report P. obtegens as causing extensive loss of host vigor 

and development. These attributes indicate a good candidate for biological weed control.

Publications in 1894 and 1915 advocate spreading the rust by collecting rusted thistle 

material in the fall, soaking the dried plant tissue in the spring to liberate spores and spray: 

ing the solution on young thistles (2,7). Buller found spread of the rust after placing dried 

rusted plants in a noninfected thistle patch (6). The use of this fungus was not recommended
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in 1931 for biological control because of random field infection and inadequate eradica

tion of the weed (10).

Favorable biological, control characteristics of the rust include host specificity, self- 

perpetuation and compound interest spread (37), high virulence and easy dissemination. 

Rusts may produce high infection levels with comparatively fewer spores than other micro

organisms (35). Diseased plants are subject to more stress during drought periods and tend 

to wither more easily than healthy plants because of higher respiration and weaker osmotic 

pressure in infected stems (6). Another favorable characteristic is decreased seed formation 

in diseased plants (6,40).

Under natural conditions, percent systemically infected shoots is reported as high as 

57.5% (40). A disadvantage of using an obligate parasite for biological control is that the 

number of plants damaged may not be high enough for sufficient economical control (35).

7 . .



MATERIALS AND METHODS

Natural Field Infection

Several Canada thistle patches were noted to contain plants infected systemically 

with Puccinia obtegens in 1979 in Montana. In subsequent years, 1980 and 1981, the same 

patches produced rusted plants. See Table I for locations observed and the cultural prac

tices used. At the Huntley site, location number three, a survey of local infection was taken 

on June 6,1980. Systemically infected shoots were randomly distributed throughout most 

of the thistle patch. The area size surveyed was 5 by 10 meters including a 4.3 meter strip 

which had been tilled in May. The regrpwth of the tilled strip was in the 8 to 10 leaf stage 

when surveyed.

Table I . Location, size and cultural treatment of three Canada thistle patches surveyed for 
natural Puccinia obtegens infection in Montana from 1979 to 1981.

Location
Number Location

Approximate 
Size (m2)

Cultural
Practice

I Linfield Hall, MSU, Bozeman 800 Mowed lawn
2 MSU Ag. Exp. Sta., Bozeman 1,000 Mowed grass
3 MSU Ag. Exp. Sta., Huntley 2,000 Cropped field
4 Sourdough Road, Bozeman 700 Mowed grass and alfalfa
5 Toohey Road, SpringhiIl 3,300 Cropped field

Three sites, locations one, two and four, were chosen for a survey during the 1981 

growing season. A three square meter area at each location was observed on June 4th and 

18th, and July 7th. The number of living healthy and systemically infected shoots and the 

number of dead noninfected and systemically infected shoots were counted. To mark the 

stems surveyed, after each stem was observed a wire ring was placed around the stem base.



The thistles at locations two and four remained uncut during the survey while location one 

was mowed after the first observation.

Puccinia obtegens spores were monitored at three locations (one, four and five) 

which contained systemically infected plants. The spore traps used consisted of a 9 cm 

glass rod attached to a 2% cm cork. The glass rods were wrapped with either cellophane tape 

with adhesive on both sides or cellophane tape with adhesive on one side then coated with 

a thin layer of melted vasoline. The rods were transported in plastic 50 ml centrifuge tubes.

The spore trap corks were taped to stakes at different heights from the soil surface. 

Distances to the nearest systemically infected plants were recorded. Each trap was exposed 

to the environment for a 24 hour period. For spore observation the cellophane tape was 

unwrapped from the glass rod and placed on a microscope slide. Spores were viewed by a 

light microscope at 100X magnification, then recorded.

Spore Collection and Preservation

Urediospores were collected from systemically infected plants in the field and green

house. To liberate urediospores each diseased stem was shaken over a glass plate. Spores 

were then scraped with a single edge razor blade into vials and labeled. See Table 2 for 

locations and dates collected.

Fresh urediospores were refrigerated at 4 C until used or vacuum-dried for 20 min

utes then refrigerated. Vacuum-dried Puccinia urediospores were reported to have high 

germination values and high infectivity (31). All vacuum-dried spores were rehydrated at 

100% humidity for six or more hours before testing.

9



Dried systemically infected shoots containing urediospores and teliospores were col

lected from the field. The plant material was placed in paper bags and stored at room tem

perature for one to two months then refrigerated at 4 C.

Dried tissue was blended with distilled water for 60 seconds at high speed in a 

Waring blender to liberate the teliospores from plant tissue. The solution was strained 

through four layers of cheesecloth then centrifuged for five minutes at 3000 RPM. A spore 

pellet resulted. The leachate was decanted. Teliospores in the precipital pellet were then 

brushed on 2% water agar plates for germination tests or used for host plant inoculation.

Table 2. Collection date and location of Puccinia obtegens urediospore collection.

Collection 
Date (1980)

Location in Montana

Site County

6-4 Huntley Yellowstone
6-17 , Missoula Missoula
6-25 Springhill Gallatin
6-25 Toohey Road Gallatin
6-29 Huntley Yellowstone
7-1 Toohey Road Gallatin
7-15 Toohey Road Gallatin
7-17 Sourdough Road Gallatin
7-23 . MSU Ag. Exp. Sta. Gallatin
7-23 Bozeman Gallatin
7-24 Toohey Road Gallatin
7-30 MSU Ag. Exp. Sta. Gallatin
8-5 MSU Ag. Exp. Sta. Gallatin
8-15 MSU Ag. Exp. Sta. Gallatin
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Table 3: Locationand collection date of Puccinia obtegens teliospore collection.

Date
Collected (1980)

Location in Montana

Site County

5-15 Red Lodge Carbon
6-5 Huntley YeUowstone
7-15 MSU Ag. Exp. Sta. GaUatin
7-29 Ft. EUis GaUatin
7-31 Bozeman Gallatin
7-31 Fairfield Teton
8-1 Woods Bay Flathead
8-3 MSU Ag. Exp. Sta. GaUatin
8-15 Hilger Fergus
8-15 Bar S Bar Cascade
8-15 Freeze-out Lake Teton
8-15 Winifred Fergus
8-15 Geyser Judith Basin
8-15 Simms Cascade
8-15 Hodgkiss Cascade
8-15 Belgrade Gallatin
8-21 MSU Ag. Exp. Sta. Gallatin
8-25 Boyd Carbon
9-18 MSU Ag. Exp. Sta. Gallatin
9-26 Bozeman Gallatin
9-30 MSU Ag. Exp. Sta. Gallatin
10-7 MSU Ag. Exp. Sta. Gallatin
10-21 MSU Ag. Exp. Sta. Gallatin
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The Infection Process

Germination

Urediospore and teliospore germinability was studied at varying temperatures. A 

range from 6 to 30 C with three degree increments was used. Spores were deposited with a 

Camel's hair brush onto 2% water agar contained in 100 by 15 mm plastic petri plates. Ure- 

diospores received no additional treatment. Teliospores however, were treated with host 

plant root extract in an attempt to stimulate germination. Teliospores of Pucc/m'a. species 

have been found to require a resting period before germination occurs (8). An air pressure 

atomizer was used to spray the extract.

Preparations o f the root extract contained 100 ml distilled water and from 10 to 20 

grams o f macerated Canada thistle roots from greenhouse grown plants. The mixture 

was blended at high speed for 60 seconds in a Waring blender. Four layers of cheesecloth 

was used to strain the solution. Root extract was stored at 4 C until used.

All plates were incubated in temperature controlled chambers. Incubation periods 

were 24 and 96 hours for urediospores and teliospores, respectively.

Foam Germination

The use of foam to create a favorable environment for rust spore germination was 

tested. The foam used, Thermofoam (Waukesha Foundry Co., Inc., Waukesha, WI), is pro

tein based and stable. It was previously used for insulating high cash crops from frost damage.

Six foam concentrations of 0,1,2,3,4, and 5% were used. The foam, in a liquid con

centrate formulation was mixed with tap water when germinating urediospores and Canada 

thistle root extract for teliospore germination.



Spores were deposited on 2% water agar plates then flooded with one ml of foam 

solution to assay any toxic effects from the foam. The plates were incubated at 21 C for 

24 and 96 hours for urediospores and teliospores, respectively. Three replications of each 

treatment were used and approximately 250 spores per plate in each replication were ob

served for germination. Teliospore germination from one or both cells was recorded as one 

germinated teliospore.

Thermofoam duration or the length of time a high moisture atmosphere would be 

provided to aid spore germination, of different foam concentrations was determined. Con

centrations used were 1,2,3,4 and 5% foam mixed with tap water to make a 50 ml solution. 

Mixtures were blended for 30 seconds at high speed. Whipped foam was then spread ap

proximately 1% cm thick on waxed paper. Foam was considered to be effective in pro

longing dew period until no moisture could be felt in the interior of the mass.

Penetration and Establishment

In tests on penetration and establishment, Canada thistle plants were inoculated 

with P. obtegens urediospores. Plants were grown from rhizome pieces planted in steamed 

soil in 15 cm diameter plastic pots. The 6 to 10 leaf stage was used for inoculation. A 

solution of 40 mg urediospores, 0.01% Tween 20 (polyoxyethylenesorbitan monolaurate, 

Sigma Chemical Co., St. Louis) and 50 ml distilled water was sprayed evenly over the 

plants until small water droplets appeared on the leaf surfaces with the use of a compressed 

air atomizer. Plants were placed in a dew chamber at 18 C for 0 to 12 hours. Each treat

ment contained three replications. Dew periods were 0,2,4,6,8,10 and 12 hours. Plants 

were returned to the greenhouse after receiving dew treatment.

13



Collodion strips (11) were made of the inoculated leaf surfaces 24 hours after inocu

lation as an aid in determining percent urediospore germination. A rating for infection level 

was made 20 days after inoculation. A scale of zero (no pustule formation) to three 

(numerous pustules) was used (32).

Plant Tissue Inoculation

All plant inoculation trials were conducted in a greenhouse with 10 to 12 hours of 

natural light. The temperature ranged from 16 to 24 C. Dew periods were achieved by 

placing the plant tissue in a dew chamber at 18 C in complete darkness.

Canada thistle plants were established from rhizome pieces planted in 15 cm diameter 

pots. The ends of rhizome pieces were cut then waxed on both ends to prevent entry of other 

microorganisms. A mixture of 3:1 (v: v) steamed soil and sand was used as a planting medium.

Aerial plant parts were inoculated by spraying inoculum solution plus 0.01% Tween 

20 with a compressed air atomizer. The following treatments were used:

1. 40 mg urediospores, 20 ml distilled water, 12 hour dew period

2. 40 mg teliospores, 20 ml distilled water, 72 hour dew period

3. 40 mg teliospores, 20 ml Canada thistle root extract, 72 hour dew period

Ten or more pots for each treatment were inoculated. Each pot contained from one to five 

stems of one Canada thistle genotype.

Rhizome pieces were inoculated with teliospores. One method used consisted of dip

ping rhizome pieces into a 20 ml root extract solution containing approximately 40 mg telio

spores. Rhizomes received 96 hours dew. A 3:1 (v:v) steamed soil and sand planting mix

14
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Rusted plant material containing teliospores was also used to inoculate root pieces. 

Dried material from nine locations was ground individually in a Wiley mill (7.9 mesh per I 

cm). Three rhizome pieces were planted per 15 cm diameter pot then covered with one 

gram of dry material as inoculum and covered with 2.5 cm steamed soil. There were three 

replications per inoculum source.

15 ■

Ecotype Susceptibility

An ecotype collection was made. Ten ecotypes of Canada thistle differentiated by 

leaf shape according to the Moore and Frankton classification system (24), were collected 

in Montana from six different counties in 1979 and established by planting rhizome pieces 

in steamed silt loam soil in 15 cm diameter pots in the greenhouse.

Ecotype susceptibility was determined. Several grams of urediospores were collected 

throughout the summer of 1979 from infected plants near Bozeman, Montana and stored 

at 4 C. Canada thistle plants in the eight leaf stage, representing each of the 10 ecotypes, 

were inoculated with a fine mist, which contained a suspension of 40 mg of urediospores in 

10 ml of distilled water with 0.01% Tween 20. The inoculated plants were placed in a dew 

chamber with air temperature 18 C for 12 hours, then returned to the greenhouse in which 

the temperature fluctuated from 15 to 24 C and the daylength was approximately 12 

hours. Supplemental lighting was not used. Twelve days after inoculation, local disease 

incidence was rated on a scale o f 0 (chlorotic spots, small pustules) to 4 (no chlorotic 

spots, large pustules). There were six replications.

A collodion strip technique (37) was used to observe spore germination, stomatal 

density, and leaf pubescence. Plants were inoculated as described above, placed in a deW 

chamber for 12 hours and returned to the greenhouse. There were six replications.
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Three collodion strips were prepared per leaf 16 hours after inoculation. Fully ex

tended leaves were used for stomata counts. Comparison of leaf pubsescence (21) on the 

upper and lower surfaces of mature leaves'was rated for each ecotype on a scale of I (gla

brous) to 4 (tomentose).

Inoculum Availability In Soil

Teliospores or urediospores must reach the root system in a viable state in order for 

rhizome infection to occur. To determine the availability of spores for possible infection, 

a solution of urediospores and teliospores in water was leached through different depths of 

soil then assayed for the presence of urediospores and teliospores.

Three soil types were used, Bozeman silt loam, white sand (size 16) and a 1:1 (v:v) 

Bozeman silt loam and white sand mixture. The soil was placed in 10 cm diameter by 1,3,6 

or 10 cm deep PVC plastic pipe with nylon screen (6 mesh per cm) glued to the bottom. 

Four soil depths (1,3,6 and 10 cm) were evaluated for each soil type.

A solution of 500 ml distilled water and 0.8 g of dried Canada thistle plant material 

containing systemically produced teliospores was blended in a Waring blender for 60 

seconds at high speed. Each cylinder was filled with soil which was brought to field capa

city with water. Spore solution (125 ml) was leached through each column.

The leachate was drained into a 1000 ml plastic container. After 24 hours the leach

ate was centrifuged at 2000 RPM for 5 minutes and the spore pellets were resuspended in 5 

ml distilled water in a 10 ml test tube. Ten drops of the solution, each drop taken after the 

test tube was mixed with a Vortex mixer for 5 seconds, was observed under a light micro

scope at IOOX magnification. The number of urediospores and teliospores was recorded.



RESULTS

Survey of Natural Infection and Airborne Inoculum

Local infection was abundant during the latter half of the 1980 growing season. 

There was 100% local infection on the lower leaves of Canada thistle plants at location 

three on June 6, 1980. Plants were surveyed from the experimental area (8.3 m by 10 m). 

Systemically infected shoots appeared randomly throughout the entire area. Plants were in 

the bud to flowering stage with heights ranging from 0.3 to I m. Alternaria leaf spot was 

also ubiquitous on lower leaves.

Results of the 1981 survey (Table 4) showed the highest percent systemic infection 

(52.5%) occurred on June 4, 1981 at location four in a grass-alfalfa field. Percent infection 

decreased after this date. Location one, mowed lawn on the MSU campus, showed a de

crease of infection after mowing early in the growing season. Infection decreased slightly 

throughout the growing season at location two, the unmowed grass at the MSU Agricultural 

Experiment Station, Bozeman.

Table 4. Percent systemically infected Canada thistle shoots with Puccinia obtegens from
natural infection.

Date
Observed (1981) I*

Location Number 
2 42

6-4 24.6 49.4 52.5
6-18 <■ 48.0 : 50.7
7-7 12.2 43.3 43.2
8-11 * 43.3

Mean 18.4 46.0 48.8

‘Mowed 6-10.
? Mowed 7-15.
tiRegrowth too small for observation.
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Wind borne inoculum was abundant near systemically infected thistle patches. 

Urediospores were numerous with numbers occurring as high as 364 on one trap in a 24 

hour period (Table 5). The number of urediospores ranged from 9 to 83, 44 to 147, and 

150 to 364 on three separate dates at ope location. Teliospores, normally restricted to 

plant debris, were found on two traps.

Germinability of Teliospore and Urediospore Collections

Teliospore germinability varied among locations and dates collected. Teliospores 

from five out of 24 samples collected did not germinate even after treatment with host 

root extract (Table 6). There was some germination from all spore samples collected after 

August 3,1980. Germination o f teliospores collected , from one location varied from O to 

35.8% when collected on different dates (Table 7). Variability of germination between 

collection dates and locations collected from may reflect differences in spore maturity at 

time o f collection and differentia environmental stress from wind, temperature and mois

ture during development.

Urediospore germinability was decreased as the spores aged in storage. Highest ger

mination values occurred immediately after collection. Initial germination varied from O to 

85% (Table 8). Germinability also varied when spore lots were collected at one site on dif

ferent dates. Spores collected from the MSU Agricultural Experiment Station, Bozeman, 

on four different dates showed germination rates varied from O to 74%. This indicates that 

environmental conditions during spore formation or preceding collection influences spore 

germinability. Field collection of rust urediospores is normally postponed temporarily 

after inclement weather due to a decrease in germination immediately after weather (29).



Table 5. Amounts of airborne Pucdnia obtegens inoculum near systemically infected Canada thistle patches.

Loc
Date

Collected Trap Ht 
(cm)

# Ht/Dist (cm) to 
Diseased Shoots

#  Sporesa

# 1980 Infec. Te* Urc

I 6-19 15.3 4 15/38, 25/28,30/23, 
30/13

0 293

4 6-18 12.7 5 20/25, 25/20, 36/30, 
30/23, 5/8

0 83

4 6-18 17.8 5 15/51, 15/61,25/28, 
30/38, 41/51

0 47

4 6-18 33.0 5 20/36, 25/41,36/61, 
8/15,5/18

0 32

4 6-18 35.6 5 15/51, 15/61,25/28, 
30/38, 41/51

0 9

5 6-18 15.3 5 25/10, 30/43,51/20, 
66/23,61/41

I 147

5 6-18 15.3 6 46/25,41/30, 25/15, 
28/33, 36/33, 43/33

0 152

5 6-18 17.8 7 56/41,53/36, 56/33, 
51/43, 20/41, 74/41, 
30/18

0 44

5 6-18 17.8 7 25/15, 33/23,36/20, 
36/25, 30/30, 36/36, 
25/13

I 79

5 6-25 0 7 56/76,81/66, 58/66, 
66/48, 69/58, 71/53, 
33/25

0 150

5 6-25 33,0 4 48/91,48/99,61/61,
61/69

0 178

5 6-25 33.0 8 - 33/38, 38/30, 56/64, . 0 277
33/36, 30/36, 33/41, 
56/84, 56/64



Table 5 (continued)

Loc
#

Date
Collected

1980
Trap Ht 

(cm)
#

Infec.
Ht/Dist (cm) to 
Diseased Shoots

#  Sporesa

Te6 Urc

5 6-25 33.0 7 33/25,56/76,81/66, 0 364
58/66, 66/48, 69/58,
71/53

Mean 21.5 5.8 0.2 142.7

c Number spores trapped per 13.5 cm2.
^Teliospores
cUrediospores
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Table 6. Germinability of Puccinia obtegens teliospores collected on various dates in differ
ent locations in Montana.

Collection 
Date (1980) Location Germinability

5-15 Red Lodge _o
6-5 Huntley —
7-15 MSU Ag. Exp. Sta. +h
7-29 Ft. Ellis +
7-31 Bozeman —

7-31 Fairfield +
8-1 Woods Bay —

8-3 MSU Ag. Exp. Sta. —

8-15 Hilger +
8-15 Bar S Bar +
8-15 Lewistown +
8-15 Freeze-out Lake +
8-15 Winifred +
8-15 Geyser +
8-15 Simms +
8-15 Hodgkiss +
8-15 Belgrade . +
8-21 MSU Ag. Exp. Sta. +
8-25 Boyd +
9-18 MSU Ag. Exp. Sta. +
9-26 Bozeman
9-30 MSU Ag. Exp. Sta. +
10-7 MSU Ag. Exp. Sta.

110-21 MSU Ag. Exp. Sta. +

* Negative
* Postive
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Table 7. Effect of collection date on Puccinia obtegens teliospore germination.

Date Infected Plapta 
Material Collected Percent Germination*

7-29-80 1.0
8-15-80 0
8-21-80 6.3
9-18-80 35.8
9-30-80 29.9

10-21-80 25.4
LSD .05 3.5

a Systemically infected plant material was collected from the MSU Agricultural Ex
periment Station, Bozeman.

^ Each value is the mean of three replications.

Table 8. Longevity of Puccinia obtegens urediospore collection.

Percent Germinationa

i (1980) In Montana Initial 8-12-80 11-5-80 4-23-8

6 4 Huntley 2.0 1.0 0 0
6-17 Missoula 79.0 1.0 7.2 J b
6-25 Springhill 2.0 1.0 6.0 1.2
6-25 Toohey Road 76.0 26.0 6.8 1.6
7-1 Toohey Road 38.0 30.0 -O _6
7-15 Toohey Road _c 21.2 1.2 2.8
7-17 Sourdough Road -C 57.0 10.8 - b
7-23 MSU Ag. Exp. Sta. 74.0 29.4 3.6 5.6
7-23 Bozeman 67.0 — 1.2 3.2
7-24 Toohey Road 85.0 _6 _6 _*
7-30 MSU Ag. Exp. Sta. 0 0 0 0
8-5 MSU Ag. Exp. Sta. 26.4 26.4 3.6 2.8
8-15 MSU Ag. Exp. Sta. — — 1.2 1,2

a Spores were deposited on 2% water agar and incubated 24 hours at 21 C. Approxi
mately 250 spores per petri plate were observed.

"  Spore supply depleted.
^ Initial germination was tested on 8-12-80.
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Effect of Temperature and Moisture on Spore 
Germination, Penetration and Establishment

Temperature has a pronounced effect on spore germination. Urediospore germina

tion occurred from 6 to 30 C, with maximum germination between 18 and 24 C (Figure I). 

Teliospores germinated from 9 to 24 C with 18 to 21 C the optimal temperature range.

Free water is required for rust spore germination. Germination occurred on all plants 

receiving more than 2 hours of dew; however, pustule development occurred only after 4 

hours of dew at 21 C (Figure 2). These results are similar to those found with other Puccinia 

species (30): Maximum pustule formation resulted after a 10 hour dew period. No estab

lishment occurred on plants which received dew at 6 C.

' Foam Studies

Urediospore and teliospore germination was effected by different concentrations of 

Thermofoam. Germination decreased for all spores as foam percent increased. Acceptable 

germination rates for both urediospores and teliospores occurred when the foam concen

tration ranged from O to 2% Thermofoam (Figure 3).

The period of foam stability varied accordingly to Thermofoam concentration. 

Three percent Thermofoam was stable for 15.5 hours (Figure 4) while 1% foam was stable 

for only 8.5 hours. Other duration times were 10,14 and 12 hours for 2 ,4  and 5% foam, 

respectively.



Figure I . Effect of temperature on Puccinia obtegens urediospore and teliospore germina
tion.
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Figure 2. Effect of dew period on infection by P uccin ia  o b teg e n s  urediospores.
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Figure 3. Effect of Thermofoam concentrations on germinability of Puccinia obtegens ure- 
diospores and teliospores.
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Figure 4. Retention of moisture following various Thermofoam treatments.
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Germination rates for both urediospores and teliospores indicate 1% foam may aid 

the infection process. Foam concentrations of 2% and above were toxic to both spore 

types. A I % foam provided a high moisture environment for 8.5 hours at optimal germina

tion temperature, 21 C. Foam at any concentration may inhibit germination at other than 

optimum temperature.

Plant Tissue Inoculation

All inoculation treatments produced systemic infection. Aerial plant tissue inocula

tion produced up to 36.5% systemically infected stems I1A months after inoculation (Table 

9). Teliospore inoculum when applied with water produced 5% systemic infection whereas 

application with stimulatory root extract provided 36.5% systemic infection. Cutting all 

stems to the soil surface decreased systemic infection with two treatments while the 

teliospore-water inoculum treatment slightly increased systemic infection.

Table 9. Systemic infection resulting following inoculation of aerial plant tissue with Puc- 
cinia obtegens.

Percent Systemic Infection*

Treatment Date inoculated
Number Replications5 (1981) 4-21-81/ 5-15-81

I e 10 2-24 25.0 0
2d 28 2-26 5.0 6.1
3e 17 2-26 36.5 1.0

flOne pot equals one replication.
*Total number systemically infected stems in all pots x ^  

Total number stems in all pots
cUrediospores (40 mg), 20 ml distilled H2O and 12 hours dew. 
^Teliospores (40 mg)* * 20 ml distilled H2O and 72 hours dew. 
eTeliospores (40 mg), 20 ml root extract and 72 hours dew. 
/Stems were cut to soil surface after observation.



29

Rhizome inoculation with teliospores also produced systemic infection. When rhi

zome pieces were dipped in teliospore-root extract solution, 6.2% of the plants became sys- 

temically infected (Table 10). When Canada thistle rhizomes were inoculated with ground 

plant tissue containing teliospores, 10.4, 12.1 and 20.4% of the emerged shoots were sys- 

temically infected 111, 147 and 170 days after inoculation, respectively.

Table 10. Percent systemic infection resulting from rhizome inoculation with Puccinia obte- 
gens teliospores.

Percent Systemic Infection61 Observed

Date Number of Observation (1981)
Treatment Inoculated Replications* I 2 3 I 2 3

I c 11-14-80 25 9.2 c 12.1 20.4 3/5 3/31 4/23
2d 3-1-81 . 41 6 .2 / 4.3 4/8 5/15

* Total #  infected stems in all pots ^ ^

Total # stems in all pots 
^One pot equals one replication;
c Rhizome planted with Ig ground plant tissue containing teliospores.
^ Rhizomes dipped in 40 mg teliospores and 20 ml root extract with 72 hours dew. 
cAll healthy stems cut to soil surface after each observation.
/AU stems cut to soil surface after observation.

Of the five inoculation treatments tested, aerial inoculation with a teliospore-root 

extract solution produced the highest percent systemic infection occurring in the shortest 

period of time. Urediospore inoculum applied aerially produced the next highest percent 

systemic infection. Rhizome inoculation produced less percent systemic infection than 

aerial plant tissue inoculation. This is contrary to the hypothesis that systemic infection 

would be produced quicker from rhizome infection since the mycelia would have a shorter 

growing distance for adventitious bud entry.



30

Ecotype Susceptibility

Susceptibility of the ten ecotypes ranged from I (resistant) to 3 (moderately sus

ceptible), indicating the existence of genetic variability in reaction to P. obtegens uredio- 

spores (Table 11). Susceptibility to the rust pathogen cannot be predicted by Canada thistle 

leaf shape because ecotypes in each classification ranged from resistant to susceptible.

Urediospore germination on leaf surfaces ranged from 5.1 to 26.4%; however, there 

was no correlation between percentage germination and disease susceptibility. Pubescence 

also was not correlated with susceptibility because ecotypes with glabrous and tomentose 

leaves exhibited both resistant and susceptible disease-infection types. The tomentose 

leaves of susceptible ecotypes 5 and 10 neither hindered nor aided disease establishment 

(Table 11).

Appresoria were observed above stomata within 24 hours after urediospore germina

tion. Penetration pegs entered leaf tissue through open or closed stomata and formed sub- 

stomatal vesicles. Stomatal density ranged from 11 to 50 and 92 to 198 stomata per mm2 

on the upper and lower leaf surfaces, respectively (Table 11). Urediospore germ tubes com- - 

monly reached a length of 750 /im; thus, stomata were readily accessible for penetration 

with each ecotype tested. In cereals, resistance from rust is also independent of stomatal 

density. Urediospore germination and penetration was observed on both resistant and sus

ceptible ecotypes. Therefore, resistance among ecotypes is expressed after plant tissue is 

invaded by P. obtegens. .



Table 11. Ecotype susceptibility as influenced by spore germinability, stomatal density and pubescence.

Ecotype
number

Ecotype
classification0

Disease 
rating &

Urediospore
germination

Stomata
Upper leaf Lower leaf 
- surface surface

Pubescence ratingc
Upper leaf Lower leaf 

surface surface

(%). ----------(no./mm2)—------
I Arvense . 3 12 13 129 2 3

- 2 Vestitum I 5 19 132 2 4
. 3 Arvense 2 13 17 131 2 4

4 Arvense 2 1.0 19 92 2 2
5 Vestitum 3 13 19 117 I 4
6 Horridium I 23 40 149 I I
7 Arvense I 13 15 157 2 4
8 Arvense I 26 50 198 2 2
9 Horridium 2 11 19 115 I 3

10 Vestitum 3 13 11 120 I 4
Mean 1.9 13.8 22.2 134 1.6 3.7
LSD 5% 0.6 13.6 4.2 13.9 0.0 0.0

a Moore and Frankton classification.
& Disease rating on a scale o f increasing severity from O to 4. 
cPubescence rating on a scale o f increasing amounts from I to 4.
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Infection type was not correlated with ecotype classification, urediospore germina

tion on leaf surfaces, stomatal density on upper and lower leaf surfaces, and leaf pubes

cence. These factors do not play a major role in resistance o ff . obtegens.

Inoculum Availability In Soil

Movement of P. obtegens inoculum in soil is limited. The greatest urediospore and 

teliospore numbers recovered were leached through only I cm of soil. A sharp decline in 

both spore types occurred in soil depths greater than I cm. In the Bozeman silt loam-white 

sand mixture, urediospore numbers ranged from 2 at 10 cm to 118.3 at I cm (Table 12). 

The average teliospore number ranged from 0.3 to 29.1.

Table 12. Recovery o f Puccinia obtegens spores from various soil types and soil depths.

Number Spores Recovered0

Spore Soil Bozeman Bozeman Silt Loam White* 6
Type Depth (cm) Silt loam White sand6 Sand

Urediospores I 37.0 118.3 835.7
3 1.0 1.7 107.3
6 0.0 1.0 2.0

10 7.0 2.0 0
Teliospores I 6.0 29.1 138.7

3 1.0 0.5 8.0
6 0 0.2 0.3

10 4.0 0.3 0

0Mean of 10 leachate samples.
6 Size 16.
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White sand provided the highest urediospore and teliospore recovery rate. The Boze

man silt loam-white sand mixture produced the next highest rate followed by the Bozeman 

silt loam. This was expected since a decreasing gradient of soil pore size occurs from white 

sand to Bozeman silt loam.

Teliospores are generally less environmentally sensitive and would survive longer in 

soil than urediospores. Therefore, teliospores are more important as soil inoculum than 

urediospores. In Montana horizontal roots of Canada thistle are found approximately 20 

cm or more below the soil surface. The horizontal roots contain adventitious buds which 

produce new shoots. In order for rhizome infection to occur, teliospores must come into 

contact with the root system. Results show horizontal root contact is limited due to restricted 

spore movement. Rhizome infection is most likely to occur as new shoots approach the 

soil surface.



DISCUSSION

Puccinia obtegens has both desirable and undesirable characteristics as a biological 

weed control agent. Desirable traits include host specificity, the ability to cause epiphyto- 

tics on occasion, easy dissemination and self-maintenance. As an endemic pathogen, this 

rust has several characteristics in common with other endemic pathogens which limit the 

effectiveness of a biocontrol agent. These limitations are that the rust may be too weak, 

unable to overwinter at effective levels and is restricted by climate.

Naturally infected Canada thistle patches are distributed throughout Montana. The 

highest percent infection, 52.5%, was found in early July. Although mortality of diseased 

plants approaches 100% by the end of July in Canada (40) this infection level is not high 

enough to be considered an effective control.
■ ' I

Airborne urediospore inoculum was found .to be abundant during mid-June. Up to 

100% of the mature leaves showed some uredia at this time. Systemic infection was shown 

to occur from local urediospore infection. For systemic infection to take place, mycelia 

must be present in bud tissue during shoot initiation. Menzies (23) found mycelial growth 

through stem tissue was very slow and could take up to 11 weeks for 2 cm of downward 

movement. This explains why many locally infected plants do not produce systemic infection.

Environmental conditions influence disease spread. Both temperature and dew peri

od must be favorable for establishment. The highest local infection levels occurred after a 

10 hour dew period at optimum temperature. At 6 C, which is typically a springtime low 

temperature in Montana, no pustules were produced. Since uredial mycelial growth is slow, 

early season inoculation should provide greater systemic infection. However, the climate
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limits parly rust establishment. Urediospore ,numbers are also limited during the thistle’s 

early growing season, since the pynical stage is usually the initial spore stage. Pycniospores 

then mate with receptive hyphae to produce mycelium capable of forming uredia.

Puccinia obtegens teliospore germination, like P. carthami teliospores (22), was 

stimulated by host plant extracts. A specific mechanism to overcome dormancy may have, 

evolved with the Canada thistle rust since stimulation of teliospore germination by a host 

plant would be an advantageous survival strategy. The use of host root extracts for telio

spore germination could be used to determine spore viability following collection.

One new inoculation technique which may be effective in overcoming environmental 

restrictions was to incorporate rust spores in a long duration foam. A toxic effect was 

found detrimental to germination of both spore types. Although the foam may not be 

effective when used with P. obtegens other microorganisms may prove to be better candi

dates for the foam inoculation technique.

Canada thistle, like most dioecious plants, possess great genetic variability. Canada 

thistle susceptibility to Puccinia obtegens varied among ecotypes. The likelihood of fre

quent epiphytotics is decreased when the host has multiline gene pools. This lessens patho

gen selection pressure, therefore the occurrence of more virulent disease types would be 

low, since horizontal resistance is commonly polygenic and involves many resistant genes 

(35). The gene-for-gene theory (15) is considered to be applicable with this disease com

plex since the pathogen co-evolved with its host. This accounts for a balanced host-patho

gen relationship.

There are different strains of Puccinia obtegens urediospores. This is indicated by 

different optimum. germination temperatures.Urediospores evaluated by Bailiss and Wilson
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germinated best at 23 C and Watson found germination of a Canadian strain was highest at 

15 C (40), while the Montana strain tested germinated best at 21 C. P. obtegens has been 

reported world-wide for a long time period, thus considerable genetic diversity probably 

exists. Since strains have not been characterized for virulence, it is possible that a more ag

gressive strain on North American Canada thistle ecotypes can be found.

Weed species propagated vegetatively would be expected to have little genetic divers

ity; therefore, host resistance may not be a major constraint to aggressive pathogen build

up as demonstrated with Opuntia sp. From field observations in Montana, it was concluded 

that Canada thistle patches commonly contain one, or occasionally two ecotypes. Therefore, 

an aggressive strain may be more effective as a biocontrol agent of Canada thistle than the 

strains tested.

I
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Table 13. Number of stomata on the upper and lower leaf surfaces of ten different Canada 
thistle ecotypes.

Ecotype
Number

Stomataa 1

Upper leaf surface Lower leaf surface

Replication Replication

I 2 3 Mean I ,2 ' 3 Mean

I 9 8 8. 8.3 85 86 76 82.3
2 13 12 11 12.0 75 87 92 84.7
3 12 10 11 11.0 86 80 86 84.0
4 12 . 10 14 12.0 58 56 62 58.7
5 11 14 12 12.3 72 78 75 75.0
6 26 22 29 25.7 98 96 92 95.3
7 10 9 9 9.3 108 94 99 100.3
8 30 32 33 31.7 124 127 130 127.0
9 13 11 12 12,0 78 69 74 73.7

10 7 8 7 7.3 82 77 72 77.0

s Number per 0.6 mm2.
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Days After Inoculation ;

Table 14. Effect of inoculation with 40 mg teliospores, 20 ml water and 72 hours dew on
Canada thistle plants. Date of inoculation was 2-26-81.

54 78

Replication
Number

Total
Stems

Systemically 
Diseased Stems

Total
Stems

Systemically 
Diseased Stems

I 3 0 0 0
2 , 5 I 11 2
3 3 I I 0
4 5 0 . 8 0
5 7 I 7 I
6 10 I 14 3
7 2 I 3 0
8 9 0 10 2 .
9 5 0 4 0

10 4 0 . 3 0
11 13 0 17 0
12 3 0 5 0
13 2 0 4 0
14 3 0 5 0
15 8 0 9 0
16 I , 0 4 0
17 3 I 3 0
18 2 0 8 2
19 4 0 8 0
20 I 0 3 0
21 4 0 3 0
22 2 0 4 0
23 3 0 4 0
24 5 0 4 0
25 I 0 3 - 0
26 4 0 7 0
27 5 0 5 0
28 3 0 6 0

Total 120 6 163 10
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Table 15. Effect of inoculation with 40 mg urediospores, 20 ml water and 12 hours dew
on Canada thistle plants.

Replication
Number

Days After Inoculation0 

56 80

Total
Stems

Systemically 
Diseased Stems

Total
Stems

Systemically 
Diseased Stems

I 3 2 5 0
2 5 0 7 0
3 I 0 3 0
4 4 2 5 0
5 3 I 8 0
6 3 . 0 7 0
7 4 0 6 0
8 6 I 6 0
9 3 2 8 0

id 4 I 9 0
Total 36 9 64 0

Diseased (%) 25 0

a Date of inoculation was February 24, 1981.
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Table 16. Effect of inoculation with 40 mg teliospores, .20 ml Canada thistle root extract
and 72 hours dew on Canada thistle plants.

Replication
Number

Days After Inoculation0 

54 ' r8

Total
Stems

Systemically 
Diseased Stems

Total
Stems

Systemically 
Diseased Stems

I 6 2 6 0
2 3 2 7 0
3 3 0 7 0
4 3 0 6 I
5 2 2 4 0
6 I 0 4 0
7 2 0 3 0
8 5 2 8 0
9 2 I 3 0

10 3 2 6 0
11 2 2 4 0
12 3 2 7 0
13 5 2 14 0
14 3 0 6 0
15 5 0 9 0
16 2 - I I 0
17 5 I 4 0

Total 52 19 99 I
Diseased (%) 36.5 1.0

a Date of inoculation was February 26,1981.
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Table 17. Effect of inoculation with one gram ground Canada thistle plant tissue contain
ing teliospores near freshly planted thistle rhizomes.

Inoculum Systemically Diseased Stems/Total Stemsfl

Source
Number I

Replications
2 3 Total

Percent
Infection

I 1/6 2/7 0/7 3/20 15.0
2 3/12 0/3 0/7 3/22 13.6
3 1/9 0/2 0/3 1/14 7.1
4 0/3 0/3 0/0 0/3 0
5 0/1 0/2 0/4 0/7 0
6 0/3 1/8 0/1 1/12 8.3
7 0/5 1/15 1/10 2/30 6.7
8 0/15 0/3 1/7 1/25 4.0
9 0/4 1/6 4/11 5/21 23.8

10 0/7 , 0/3 0/10 0/20 0
Total 16/174 9.2

0The rhizomes were planted on November 4, 1980, inoculated then covered with 2% 
cm soil. Infection was observed 4 months after peculation.
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