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Introduction
Use New Pest Response Guidelines: Scots Pine Blister Rust (Cronartium
flaccidum and Peridermium pini) when designing a program to detect,
monitor, control, contain, or eradicate, an outbreak of Scots pine blister rust in
the United States and collaborating territories.
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Introduction

The United States Department of Agriculture, Animal and Plant Health
Inspection Service, Plant Protection and Quarantine (USDA—-APHIS-PPQ)
developed the guidelines through discussion, meeting, or agreement with staff
members at the USDA-Agricultural Research Service and advisors at
universities.

Any new detection may require the establishment of an Incident Command
System to facilitate emergency management. This document is meant to
provide the necessary information to launch a response to a detection of
Cronartium flaccidum and Peridermium pini.

If Cronartium flaccidum and Peridermium pini are detected, PPQ personnel
will produce a site-specific action plan based on the guidelines. As the program
develops and new information becomes available, the guidelines will be
updated.

Users
The guidelines is intended as a reference for the following users who have
been assigned responsibilities for a plant health emergency for any of the
selected Scots pine blister rust:
€ PPQ personnel
€ Emergency response coordinators
€ State agriculture department personnel
€ Others concerned with developing local survey or control programs
Contacts
When an emergency pest response program for Cronartium flaccidum and
Peridermium pini has been implemented, the success of the program depends
on the cooperation, assistance, and understanding of other involved groups.
The appropriate liaisons and information officers should distribute news of the
program’s progress and developments to interested groups, including the
following:
€ Academic entities with agricultural interests
€ Agricultural interests in other countries
€ Commercial interests
€ Grower groups such as specific commodity or industry groups
€ Land-grant universities and Cooperative Extension Services
1-2 Scots Pine Blister Rust 10/2012-1
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National, State and local news media

Other Federal, State, county, and municipal agricultural officials
Public health agencies

The public

State and local law enforcement officials

Tribal governments

Initiating an Emergency Pest Response Program

An emergency pest response program consists of detection and delimitation,
and may be followed by programs in regulation, containment, eradication and
control. The New Pest Advisory Group (NPAG) will evaluate the pest. After
assessing the risk to U.S. plant health, and consulting with experts and
regulatory personnel, NPAG will recommend a course of action to PPQ
management.

Follow this sequence when initiating an emergency pest response program:

1.
2.
3.

A new or reintroduced pest is discovered and reported
The pest is examined and pre-identified by regional or area identifier

The pest’s identity is confirmed by a national taxonomic authority
recognized by USDA—-APHIS-PPQ-National Identification System

. Published New Pest Response Guidelines are consulted or a new NPAG

is assembled in order to evaluate the pest

. Depending on the urgency, official notifications are made to the National

Plant Board, cooperators, and trading partners

6. A delimiting survey is conducted at the site of detection

. An Incident Assessment Team may be sent to evaluate the site

8. A recommendation is made, based on the assessment of surveys, other

data, and recommendation of the Incident Assessment Team or the
NPAG, as follows:

Take no action
Regulate the pest
Contain the pest
Suppress the pest

moow?»

Eradicate the pest

. State Departments of Agriculture are consulted

10/2012-1
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10. Ifappropriate, a control strategy is selected
11. A PPQ Deputy Administrator authorizes a response

12. A command post is selected and the Incident Command System is
implemented

13. State departments of agriculture cooperate with parallel actions using a
Unified Command structure

14. Traceback and trace-forward investigations are conducted

15. Field identification procedures are standardized

16. Data reporting is standardized

17. Regulatory actions are taken

18. Environmental Assessments are completed as necessary

19. Treatment is applied for required pest generational time

20. Environmental monitoring is conducted, if appropriate

21. Pest monitoring surveys are conducted to evaluate program success

22, Programs are designed for eradication, containment, or long-term use

Preventing an Infestation

Federal and State regulatory officials must conduct inspections and apply
prescribed measures to ensure that pests do not spread within or between
properties. Federal and State regulatory officials conducting inspections should
follow the sanitation guidelines in the section Survey Procedures on page 4-1
before entering and upon leaving each property to prevent contamination.

Scope
The guidelines is divided into the following chapters:

Introduction on page 1-1

Pest Information on page 2-1
|dentification on page 3-1

Survey Procedures on page 4-1
Regulatory Procedures on page 5-1

Control Procedures on page 6-1

NSO O R ®NR

Environmental Compliance on page 7-1

1-4 Scots Pine Blister Rust 10/2012-1
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8. Pathways on page 8-1

The guidelines also includes appendixes, a references section, a glossary, and
an index.

The Introduction contains basic information about the guidelines. This chapter
includes the guideline’s purpose, scope, users, and application; a list of related
documents that provide the authority for the guidelines content; directions
about how to use the guidelines; and the conventions (unfamiliar or unique
symbols and highlighting) that appear throughout the guidelines.

Authorities

The regulatory authority for taking the actions listed in the guidelines is
contained in the following authorities:

Plant Protection Act of 2000 (Statute 7 USC 7701-7758)

Executive Order 13175, Consultation and Coordination with Indian and
Tribal Governments

Fish and Wildlife Coordination Act

National Historic Preservation Act of 1966
Endangered Species Act

Endangered and Threatened Plants (50 CFR 17.12)

National Environmental Policy Act

L 2R K 2K 2 JEEER 2R 4

Program Safety

Safety of the public and program personnel is a priority in pre-program
planning and training and throughout program operations. Safety officers and
supervisors must enforce on-the-job safety procedures.

Support for Program Decisionmaking

USDA-APHIS-PPQ-Center for Plant Health, Science and Technology
(CPHST) provides technical support to emergency pest response program
directors about risk assessments, survey methods, control strategies, regulatory
treatments, and other aspects of pest response programs. PPQ managers meet
with State departments of agriculture in developing guidelines and policies for
pest response programs.

10/2012-1
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How to Use the Guidelines

The guidelines is a portable electronic document that is updated periodically.
Download the current version from its source, and then use Adobe Reader® to
view it on your computer screen. You can print the guidelines for convenience.
However, links and navigational tools are only functional when the document
is viewed in Adobe Reader®. Remember that printed copies of the guidelines
are obsolete once a new version has been issued.

Conventions

Conventions are established by custom and are widely recognized and
accepted. Conventions used in the guidelines are listed in this section.

Advisories

Advisories are used throughout the guidelines to bring important information
to your attention. Please carefully review each advisory. The definitions have
been updated so that they coincide with the America National Standards
Institute (ANSI) and are in the format shown below.

EXAMPLE Example provides an example of the topic.

Important Important indicates information that is helpful.

A CAUTION
CAUTION indicates that people could possibly be endangered and slightly hurt.

DANGEROUS indicates that people could easily be hurt or killed.

NOTICE indicates a possibly dangerous situation where goods might be damaged.

Scots Pine Blister Rust 10/2012-1
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WARNING indicates that people could possibly be hurt or killed.

Boldfacing

Boldfaced type is used to highlight negative or important words. These words
are: never, not, do not, other than, prohibited.

Lists

Bulleted lists indicate that there is no order to the information being listed.
Numbered lists indicate that information will be used in a particular order.

Disclaimers
All disclaimers are located on the unnumbered page that follows the cover.

Table of Contents

Every chapter has a table of contents that lists the heading titles at the
beginning to help facilitate finding information.

Control Data

Information placed at the top and bottom of each page helps users keep track of
where they are in the guidelines. At the top of the page is the chapter and first-
level heading. At the bottom of the page is the month, year, title, and page
number. PPQ-EDP-Emergency Programs is the unit responsible for the
content of the guidelines.

Change Bar

A vertical black change bar in the left margin is used to indicate a change in the
guidelines. Change bars from the previous update are deleted when the chapter
or appendix is revised.

10/2012-1 Scots Pine Blister Rust 1-7
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Decision Tables

Decision tables are used throughout the guidelines. The first and middle
columns in each table represent conditions, and the last column represents the
action to take after all conditions listed for that row are considered. Begin with
the column headings and move left-to-right, and if the condition does not
apply, then continue one row at a time until you find the condition that does

apply.

Table 1-1 How to Use Decision Tables

If you: And if the condition Then:
applies:
Read this column cell and Continue in this cell TAKE the action listed in this
row first cell
Find the previous condition Continue in this cell TAKE the action listed in this
did not apply, then read this cell
column cell
Footnotes

Footnotes comment on or cite a reference to text and are referenced by number.
The footnotes used in the guidelines include general text footnotes, figure
footnotes, and table footnotes. General text footnotes are located at the bottom
of the page.

When space allows, figure and table footnotes are located directly below the
associated figure or table. However, for multi-page tables or tables that cover
the length of a page, footnote numbers and footnote text cannot be listed on the
same page. If a table or figure continues beyond one page, the associated
footnotes will appear on the page following the end of the figure or table.

Heading Levels

Within each chapter and section there can be four heading levels; each heading
is green and is located within the middle and right side of the page. The first-
level heading is indicated by a horizontal line across the page, and the heading
follows directly below. The second-, third-, and fourth-level headings each
have a font size smaller than the preceding heading level. The fourth-level
heading runs in with the text that follows.

Hypertext Links

Figures, headings, and tables are cross-referenced in the body of the guidelines
and are highlighted in boldface type. These appear in blue hypertext in the
online guidelines.

Italics
The following items are italicized throughout the guidelines:

Scots Pine Blister Rust 10/2012-1
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€ Cross-references to headings and titles
€ Names of publications

€ Scientific names

Numbering Scheme

A two-level numbering scheme is used in the guidelines for pages, tables, and
figures. The first number represents the chapter. The second number
represented the page, table, or figure. This numbering scheme allows for
identifying and updating. Dashes are used in page numbering to differentiate
page numbers from decimal points.

Transmittal Number

The transmittal number contains the month, year, and a consecutively-issued
number (beginning with -01 for the first edition and increasing consecutively
for each update to the edition). The transmittal number is only changed when
the specific chapter sections, appendixes, or glossary, tables, or index is
updated. If no changes are made, then the transmittal number remains the
unchanged. The transmittal number only changes for the entire guidelines
when a new edition is issued or changes are made to the entire guidelines.

Acknowledgements
Writers, editors, reviewers, creators of cover images, and other contributors to
the guidelines, are acknowledged in the acknowledgements section. Names,
affiliations, and Web site addresses of the creators of photographic images,
illustrations, and diagrams, are acknowledged in the caption accompanying the
figure.

How to Cite the Guidelines
Cite the guidelines as follows: U.S. Department of Agriculture, Animal Plant
Health Inspection Service, Plant Protection and Quarantine. 2011. New Pest
Response Guidelines: Scots Pine Blister Rust (Cronartium flaccidum and
Peridermium pini). Washington, D.C. http://www.aphis.usda.gov/

import_export/plants/manuals/online_manuals.shtml
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How to Find More Information

Contact USDA-APHIS-PPQ-EDP-Emergency Management for more
information about the guidelines. Refer to Resources on page A-1 for contact
information.
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Introduction

Use Chapter 2 Pest Information to learn more about the classification, history,
host range, and biology of the host alternating rust fungus Cronartium
flaccidumand the related pine-to-pine form Peridermium pini, etiologic agents
of Scots pine blister rust disease on two-needle pines (Pinusspp.). This disease
is reported to occur in Europe and Asia and it is absent from the United States
and collaborating territories.

10/2012-1
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Classification

The rust fungi are Basidiomycetes of the order Uredinales that are destructive
plant pathogens and generally characterized by complex life-cycles. Molecular
and morphological evidence indicate that Cronartium flaccidum and
Peridermium pini are taxonomically very closely related despite differences in
their life cycles. Table 2-1 on page 2-2 presents the current classification only
for the heteroecious (host alternating) form C. flaccidum. The autoecious form
P. pini, whose life cycle is limited to coniferous hosts, will be considered
throughout the guidelines, as a host-specialized adaptation originally derived
from C. flaccidum.

Table 2-1 Classification of Cronartium flaccidum (Teleomorph)1

Kingdom Fungi1

Phylum Basidiomycota

Class Urediniomycetes

Order Urediniales

Family Cronartiaceae

Genus Cronartium

Species Cronartium flaccidum (Alb. & Schwein.) G. Winter

1 CABI, 2011b.

Note: The diverse interactions of this heteroecious fungus with its hosts have
resulted in a complicated nomenclature. Several species of Cronartium were
initially identified for the rust on the various dicots that are primary hosts. An
anamorph, Peridermium cornui, was described as the aecial form of one of
these species (C. asclepiadeum) that is now synonymized with C. flaccidum
(Wilson and Henderson, 1966).

Autoecious Form

Peridermium pini (Willd. : Pers.) Lév. [syn. Endocronartium pini (Willd.) Y.
Hirats]

Scots Pine Blister Rust 10/2012-1
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Synonym:
Shaeria flaccida Alb. & Schwein.
Peridermium pini sensu auct. p.p.
Shaeria flaccida Alb. & Schwein.
Erineum asclepiadeum Willd.
Cronartium asclepiadeum (Willd.) Fr.
Cronartium paeoniae Castagne, Cat. P1. Mars.

Peridermium pini f. corticola Mussat

Disease Common Names:
Scots pine blister rust

Resin top disease
Scotch pine blister rust
Cronartium rust
Blister rust

Pine-stem rust

Resin canker

Two-needle pine blister rust

Historical Information

The two rust forms were previously considered distinct species based on
differences in the morphology and cytology of aeciospores, aeciospore germ
tubes and life cycle (Hiratsuka, 1968). Subsequent studies by Moricca et al.
(1996) and Hantula et al. (1998) showed that Cronartium flaccidum was very
closely related to Peridermium pini by examining internal transcribed spacer
(ITS) sequences of ribosomal DNA and random amplified microsatellite
(RAMS) markers. Similarly, Vogler and Bruns (1998) determined that there
was a close phylogenetic relationship between C. flaccidum and P. pini.

The analysis of a broader collection of aeciospores of Peridermium pini and
Cronartium flaccidum by Kasanen (1997) and Kaitera et al. (1999b) revealed
that the two rust species could not be distinguished based upon germ tube
morphology as previously suggested by Hiratsuka (1969). Based on molecular
and morphological data, authors now consider the two fungi to be
synonymous. Peridermium pini was shown to be clonal and it was believed to
have its origin as a haploid life cycle mutant of C. flaccidum, which has a
sexual life cycle (Kasanen, 2001; Kasanen et al., 2000).

10/2012-1
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Damage

The disease currently affects several hard or two-needle pine species
distributed throughout Europe and Asia but is not known to occur in North
America. In the United States, Cronartium flaccidum alternate hosts are
commonly present together with extensive native and non-native pine species,
including Scots pine, which would be significantly impacted should this
disease be introduced.

Cronartium flaccidum is included in the List of Regulated Pest by the United
States (USDA—-APHIS, 2000). This rust can be damaging on native and
introduced pines or the alternate plant host. Because the infections on pines
develop slowly, the fungus might be easily overlooked, and its accidental
introduction could occur through importation of conifer seedlings or trees.

Blister rust caused by Cronartium flaccidum has been described as severe,
rapidly advancing, and dangerous (Hantula et al., 2002; Ragazzi and Dellavalle
Fedi, 1983). Blister rust has been a major factor in reducing forest productivity
for centuries (Hantula et al., 2002). In the 1960s and 1970s the heteroecious
form (C. flaccidum) spread epidemically in Mediterranean countries and
decimated forests of two-needle pines. The disease is severe on Scots pine
(Pinus sylvestris). The high numbers of coniferous hosts and the very
widespread distribution of one of the main alternate hosts (Vincetoxicum
hirundinaria), led to great losses in Italy during the 1960s, where entire
plantations were destroyed due to the presence of new plantings and favorable
conditions (Hantula et al., 2002; Ragazzi et al., 1989; Smith et al., 1988).

According to Martinsson and Nilsson (1987), Cronartium flaccidum rust
reduced radial stem increment by 40 to 70 percent in severe attacks and by 20
to 40 percent in minor attacks on Pinus sylvestrisin Sweden. Kaitera et al.
(1994) estimated that disease caused by Peridermium pini in Finland reduced
the market value of saw timber trees by 18 percent and pulpwood trees by 3
percent as a result of stem lesions, and by 15 percent and 14 percent,
respectively, due to the death of tree tops.

In Britain, the disease rate on Scots pine caused by the autoecious form
(Peridermium pini) increased from the 1960s to the 1980s (Greig, 1987)
causing considerable volume losses on trees with stem lesions and crown
symptoms (Gibbs et al., 1987). In Greece, in a six year period Cronartium

flaccidum had infected or killed over 5000 m? in a forest of approximately
1000 ha (Diamandis and Kam, 1986).

2-4
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Economic Impact

Scots pine (Pinus sylvestris), is an introduced species in North America,
brought here from Europe probably in colonial days. Scots pine has been
widely planted in the United States, especially in the Northeast, Lake States,
Central States, and Pacific Northwest. It is now considered naturalized in parts
of New England and the Lake States. The species has also been planted across
southern Canada. Although it is used for both pulpwood and sawlogs, its
principal value in the United States appears to be as a Christmas tree, as an
ornamental, and for erosion control.

To evaluate the potential economic impact to the United States caused by the
introduction and establishment of Cronartium flaccidum, the value of its major
(common) host Scots pine was taken into consideration and its use for
producing Christmas tree. The U.S. Christmas tree sales data are summarized
in Table 2-2 on page 2-6.

According to USDA's 2009 Census of Horticultural Specialties (USDA—
NASS, 2010), nearly 2,700 operations sold 12.9 million Christmas trees valued
at $249.8 million in 2009 (Table 2-3 on page 2-6). Of those, Scots pine sales
accounted for $9.8 million.

A more comprehensive evaluation of Cronartium flaccidum economic impact
would have to consider that Scots pine is only one among more than 15 other
pine host species. Susceptible Pinus spp. known to be present in the United
States are: Pinus halepensis, P. mugo, P. nigra, P. pinaster, P. pinea, P.
ponderosa and P. wallichiana. In the U.S. there are at least five Pinus spp.
which are listed as federally threatened or endangered and a potential host,
(USFWS, 2011). Moreover, there is some indication that P. resinosa (red pine),
considered endangered in Connecticut, [llinois, New Jersey and closely related
to known hosts, may act as a weak host for this rust (Raddi and Fagnani, 1978).

An estimate of the potential disease eradication/management costs can be
made based on a similar disease of pine trees, white pine blister rust, caused by
Cronartiumribicola that was introduced into western North America in the
late 1800s. The attempts to control this devastating disease of pine are
estimated to have cost over one billion in current U.S. dollars not including the
effects on forest productivity and the ecological impacts (Geils et al., 2009)._
The introduction of white pine blister rust originated from nursery stocks,
which can be important long-distance vectors for these pathogens (Parke and
Griinwald, 2012). Cronartium flaccidum has alternate hosts in the ornamental
plant industry including Impatiens spp. and Paeonia spp. Refer to Hosts on
page 2-12. These nursery industries represented over $266 million and $8
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million, respectively, in aggregate wholesale market value in 2009 (NASS,
2010). It would be important to consider the impacts of disease control and
spread within these nursery industries, should Scots pine blister rust be
introduced to the United States.

Table 2-2 Value of U.S. Christmas Tree Production Potentially Affected by
Cronartium flaccidum?

Cut Christmas trees, total 249,821
Scots pine (Pinus sylvestris) 9,786

1 USDA—NASS, 2010.

Ecological Range

Cronartium flaccidum is known from Europe and parts of northern and eastern
Asia in the Northern Hemisphere (Smith et al., 1988). The autoecious form
Peridermium pini only occurs in Europe, according to Hiratsuka (1969), but
Tai (1979) and Chen (2002) report it from China. Given the difficulty of
distinguishing the two forms on Pinus without molecular examination or
inoculation of dicot hosts (Hantula et al., 2002), some of the Asian reports
might be erroneous.

Asia: China, Japan, and Korea.

Europe: Armenia, Austria, Azerbaijan, Belgium, Bosnia and Herzegovina,
Bulgaria, Croatia, Czech Republic, Denmark, Estonia, Finland, France,
Georgia, Germany, Greece, Hungary, Italy, Kosovo, Lithuania, Macedonia,
Montenegro, Netherlands, Norway, Poland, Portugal, Romania, Russia,
Scotland, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Ukraine,
and United Kingdom (CABI, 2010; Diamandis and Kam, 1986; Geils et al.,
2009; Gibbs et al., 1988).

A report from India is considered invalid (CABI, 2010). According to Farr and
Rossman (2011) there is a record of a synonym of this pathogen (Cronartium
asclepiadeum) from Vermont in 1898. The validity of this record is not known;
however, all other sources indicate that C. flaccidum s exotic to the United
States.

Table 2-3 Cronartium flaccidum Reported World Distribution and References

Asia
Armenia Present, no further details CMI, 1989
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Table 2-3 Cronartium flaccidum Reported World Distribution and References

Geographic Region

Azerbaijan
China
-Anhui

-Guizhou

-Heilongjiang

-Henan
-Hubei

-Jiangsu
-Jilin
-Liaoning
-Nei Menggu
-Shaanxi

-Shanxi
-Sichuan

-Tibet
-Yunnan
-Zhejiang
Georgia (Republic of)
India

Japan
-Hokkaido
-Honshu
-Kyushu
Kazakhstan
Korea, DPR

Korea, Republic of

Taiwan
Europe
Austria
Belgium
Bulgaria

Czechoslovakia (former)
Denmark
Estonia

Present, no further details
Restricted distribution

Present, no further details
Present, no further details

Present, no further details

Present, no further details
Present, no further details

Present, no further details
Present, no further details
Present, no further details
Present, no further details
Present, no further details

Present, no further details
Present, no further details

Present, no further details
Present, no further details
Present, no further details
Present, no further details
Absent, invalid record
Present, no further details
Present, no further details
Widespread

Present, no further details
Present, no further details
Present, no further details
Present, no further details

Present, no further details

Present, no further details
Present, no further details
Widespread

Widespread
Present, no further details
Present, no further details

CMI, 1989
Chen, 2002
Cheng et al., 1998

Chen, 2002; Jing and Wang,
1989

Cheng et al., 1995; CMI,
1989

Chen, 2002

Chen, 2002; Jing and Wang,
1989

CMI, 1989
CMI, 1989
CMI, 1989
Chen, 2002

Cao et al., 2000; Jing et al.,
1995; Jing and Wang, 1989;
Zhuang and X., 2005

Cheng et al., 1998

CMI, 1989; Jing and Wang,
1989

Chen, 2002
CMI, 1989

CMI, 1989

CMI, 1989

CMI, 1989
Hiratsuka, 1932
Kobayashi, 2007
Kobayashi, 2007
Churakov, 1989

Cho and Shin, 2004; CMI,
1989; Yi et al., 1985

Hiratsuka and Chen, 1991

CMI, 1989; Widder, 1941
CMI, 1989

CMI, 1989; Dencheyv, 1995;
Widder, 1941

CMI, 1989; Klebahn, 1938
CMI, 1989
CMI, 1989
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Table 2-3 Cronartium flaccidum Reported World Distribution and References

Finland Present, no further details CMI, 1989; Hantula et al.,
1998; Kaitera and Hantula,
1998

Former USSR Present, no further details Leont'eva and Stenina,
1990; Rozhkov, 1975; Storo-
zhenko, 1987

France Present, no further details CMI, 1989

Germany Present, no further details CMI, 1989; Klebahn, 1938

Greece Present, no further details CMI, 1989; Diamandis and
Kam, 1986

Hungary Widespread CMI, 1989; Szabo, 1998

Ireland Absent, invalid record -

Italy Present, no further details CMI, 1989; Moricca and
Ragazzi, 1996; Moriondo,
1975; Raddi et al., 1979;
Ragazzi and Moriondo,
1980

Latvia Present, no further details Kuprevich and Transchel,
1957

Lithuania Present, no further details Kuprevich and Transchel,
1957

Montenegro Present, no further details Karadzic” and Vujanovic’,
2009

Netherlands Present, no further details CMI, 1989; Hiratsuka, 1968

Norway Widespread CMI, 1989; Hiratsuka, 1968;
Roll-Hansen, 1973

Poland Present, no further details CMI, 1989; Mulenko et al.,
2004; Siwecki and Cho-
jnacki, 1989

Portugal Present, few occurrences -

-Azores Present, no further details -

-Portugal (mainland)
Romania

Russian Federation

-Central Russia

-Eastern Siberia

-Northern Russia
-Russian Far East

-Siberia

-Southern Russia

Present, no further details
Present, no further details

Restricted distribution

Present, no further details

Present, no further details

Present, no further details
Present, no further details

Present, no further details
Present, no further details

CMI, 1989; Gongalves, 1936
CMI, 1989; Klebahn, 1938

Kuprevich and Transchel,
1957

Kuprevich and Transchel,
1957

Kuprevich and Transchel,
1957

CMI, 1989

Azbukina, 1995; CMI, 1989;
Kakishima et al., 1995

Kuprevich and Transchel,
1957
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Table 2-3 Cronartium flaccidum Reported World Distribution and References

Geographic Region

-Western Siberia
Serbia

Slovenia

Spain

Sweden

Switzerland

Ukraine
United Kingdom

-England and Wales
-Scotland

Yugoslavia (former)

Yugoslavia (Serbia and
Montenegro)

-Siberia

-Southern Russia

-Western Siberia
Serbia

Slovenia

Spain

Sweden

Switzerland

Ukraine

United Kingdom
-England and Wales

-Scotland

Yugoslavia (former)

Yugoslavia (Serbia and
Montenegro)

Present, no further details
Present, no further details
Present, no further details
Present, no further details
Widespread

Present, no further details

Present, no further details

Restricted distribution

Restricted distribution

Present, no further details

Present, no further details

Present, no further details

Present, no further details
Present, no further details

Present, no further details
Present, no further details
Present, no further details
Present, no further details
Widespread

Present, no further details
Present, no further details
Restricted distribution
Restricted distribution

Present, no further details

Present, no further details
Present, no further details

Kuzmina and Kuz'Min, 2008
Jurc, 2007
CMI, 1989

CMI, 1989; Hiratsuka, 1968;
Klingstrom, 1973; Martins-
son and Nilsson, 1987

CMI, 1989; Widder, 1941

CMI, 1989; Dudka et al.,
2004

CMI, 1989; Wilson and Hen-
derson, 1966

Greig, 1987; Greig and
Sharpe, 1991; Pei and
Gibbs, 1991

CMI, 1989
Widder, 1941

Kuprevich and Transchel,
1957

Kuzmina and Kuz'Min, 2008
Jurc, 2007
CMI, 1989

CMI, 1989; Hiratsuka, 1968;
Klingstrom, 1973; Martins-
son and Nilsson, 1987

CMI, 1989; Widder, 1941

CMI, 1989; Dudka et al.,
2004

CMI, 1989; Wilson and Hen-
derson, 1966

Greig, 1987; Greig and
Sharpe, 1991; Pei and
Gibbs, 1991

CMI, 1989
Widder, 1941
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Potential Distribution

The pathogen is not currently known to exist in the United States, but poses a
serious threat to the vast coniferous forest habitat in this country (Figure 2-1 on
page 2-11). Cronartium flaccidum is known to have many pine hosts. Pinus
sylvestrisis considered a preferred host, but the pathogen has been detected on
more than 15 pine species. Likewise Melampyrum sylvaticum (small cow-
wheat) and Vinetoxicum hirundinaria (Louise's swallow wort) are considered
the primary alternate (telial) hosts, though several alternate hosts have been
reported including: Asclepias spp., Impatiens spp., Loasa spp., Melampyrum
spp., Nemesia spp., Paeonia spp., Pedicularis spp., Ruellia spp., Schizanthus
spp., Tropaeolum spp., Verbena spp., and Vincetoxicum spp. Natural spread of
rust aeciospores, urediniospores and sporidia is likely limited to a few miles
(Alexopoulos et al., 1996; Hunt, 1997). Aeciospores and urediniospores may
be disseminated greater distances than the basidiospores, which may be limited
to less than 500 meters (Hunt, 1997). A potential association between rust
spore dispersal and insect vectors has been proposed, but results were
inconclusive (Pappinen and Weissenberg, 1994). The most probable means of
introduction of either form of the rust would come from seedlings or young
trees transported while the infections were still latent (USDA—-APHIS, 2008).

With the exception of Ponderosa pine, most United States species were
considered to have a high degree of resistance to Cronartium flaccidum by
Raddi and Fagnani (1978). If this rust has or gains the capacity to infect North
American pines, the economic and ecological impact would be incalculable
(Geils et al., 2009).

For comparison, it has been estimated that control of white pine blister rust
(caused by C. ribicola) has cost over 1 billion in current U.S. dollars since its
introduction into North America in the 1900s (Geils et al. 2009). Cronartium
flaccidum has caused much greater losses in forest productivity and ecological
impacts across Europe.

In the United States, Scots pine has been planted for erosion control, as an
ornamental, and also harvested for pulp and timber; however, its primary
economic value is currently for Christmas trees (although other conifers are
more recently favored). It has been widely planted in the colder regions of
North America and is naturalized in the U.S. Northeast, Midwest, and Pacific
Northwest (Geils et al., 2009). In 2002, Oregon, North Carolina, Michigan,
Pennsylvania, Wisconsin, Washington, New York, and Virginia were the top
Christmas tree producing States. The majority of Scots pine is grown primarily
in the Great Lakes States (Figure 2-2 on page 2-11). Michigan was the top
producer of Christmas trees in 1998 (Geils et al., 2009). These areas would be
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at high risk based solely on host availability, which include Pinus nigra and P.
mugo (Figure 2-2 on page 2-11).

Based on a climatic model, a recent risk map (Figure 2-3 on page 2-12)
indicates that northeastern United States and portions of Washington State
have the greatest risk for Cronartium flaccidum establishment.

Total pines on forestland
16,013 - 61.000
61,000 - 610,000

S 610,000 - 6,100,000
6,100,000 - 61,000,000
I 61,000,000 - 510,000,000
[ Missing Data

Figure 2-1 Number of Pines per County of Forestland Based on 2004 to 2006
Surveys (USDA Forest Service, Forest Inventory and
Assessment Image from Venette, 2008)

Figure 2-2 Distribution of Six Pine Species Known to be Potential Hosts of
Cronartium flaccidum Within the United States and Canada. A-
Pinus sylvestris; B- P. nigra; C- P. mugo; D- P. pinea; E- P.
halepensis; F- P. pinaster (http://plants.usda.gov/java/

profile?symbol=PISY)

10/2012-1
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Figure 2-3 Risk Map for Climate Condition Favorable to Cronartium flaccidum
Within the United States; Map Courtesy of USDA—-APHIS—PPQ—
CPHST (https://lwww.nappfast.org/)
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Hosts

Cronartium flaccidum is known to have several pine species hosts with
different levels of susceptibility. Pinus sylvestris (Scots pine) is considered a
common (although moderately resistant) host, but the pathogen has been
shown to cause disease on over 15 pine species. Species with an asterisk are
reported by multiple authors as being important hosts of C. flaccidum.

Major Pine Hosts

Pinus brutia* (brutian pine), Pinus densiflora* (Japanese red pine), Pinus
halepensis* (aleppo pine), Pinus koraienis* (fruit pine), Pinus laricio (black
pine), Pinus massoniana* (masson pine), Pinus montana (dwarf mountain
pine), Pinus mugo (mountain, mugo pine), Pinusnigra* (black, Austrian pine),
Pinus pallasiana, Pinus pinaster* (maritime pine), Pinus pinea* (stone pine),
Pinus ponderosa (ponderosa pine), Pinus pumila* (dwarf Siberian pine), Pinus
rotunda, Pinus sylvestris* (Scots pine), Pinus tabuliformis* (Chinese pine),
Pinus taiwanensis (Taiwan red pine), Pinus takahasii, Pinus uncinata*
(mountain pine), Pinus wallichiana* (blue pine), and Pinus yunnanensis*
(Yunnan pine) (CABI, 2010; Mordue and Gibson, 1978; Moricca et al., 1996;
Ragazzi and Dellavalle Fedi, 1982).

Alternate hosts of this rust belong to a diverse group of herbaceous species in
dicotyledonous families such as Asclepiadaceae, Paeoniaceae, and
Scrophulariaceae.

Scots Pine Blister Rust 10/2012-1
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Alternate Angiosperm Hosts

Asclepias spp. (milkweeds), Asclepias cornuti (milkweed), Asclepias
purpurascens (purple milkweed), Delphinium delavayi (Delavayi larkspur),
Euphrasia brevipila (drug eyebright), Euphrasia maximowiczkii (an-jeun-jop-
ssal-pul), Gentiana asclepiadea (willow gentian), Grammatocar pus spp.
(twining grammatocarpus), Impatiens spp. (impatiens, touch-me-knots), Loasa
spp. (loasa), Melampyrum spp. (cow-wheats), Melampyrum arvense (field
cow-wheat), Melampyrum cristatum (crested cow-wheat), Melampyrum
nemorusum (wood cow-wheat), Melampyrum pratense (common cow-wheat)
Melampyrum sylvaticum (small cow-wheat), Nemesia spp. (nemesia), Paeonia
spp. (peony), Paeonia albiflora (white peony), Paeonia anomala (anomalous
peony), Paeonia arborea (mu dan), Paeonia broteri (Brotero's peony),
Paeonia corallina (peony), Paeonia cultorum (peony), Peonia daurica
(peony), Peonia edulis (peony), Paeonia japonica (cao shao yao), Paeonia
lactiflora (Chinese peony), Paeonia mascula (peony), Paeonia moutan
(peony), Paeonia obovata (Chinese peony), Paeonia officinalis (common
peony), Paeonia peregrine (peregrine peony), Peonia suffruticosa (Japanese
tree peony), Paeonia taurica (peony), Paeonia tenuifolia (peony), Paeonia
triternata (peony), Pedicularis spp. (louseworts), Pedicularis lapponicum
(Lapland lousewort), Pedicularis palustris (marsh lousewort), Pedicularis
resupinata (fan gu ma xian hao), Pedicularis sceptrum-carolinum (lousewort),
Phtheirosper mum japonicum (song hao), Ruellia spp. (wild petunia),
Schizanthus spp. (butterfly flower, poor man’s orchid), Sphonostegia
chinensis (yin xing cao), Tropaeolum spp. (nasturtium), Veerbena spp.
(verbena), Vincetoxicum spp. (swallow wort), Vincetoxicum albovianum
(swallow wort), Vincetoxicum fuscatum (swallow wort), Vincetoxicum
hirundinaria (= Cynanchum laxum, C. vincetoxicum) (Louise’s swallow wort),
Vincetoxicum mongolicum (hua bei bai gian), Vincetoxicum nigrum (black
swallow wort), Vincetoxicum officinale (white swallow wort), Vincetoxicum
rossicum (European swallow wort), and Vincetoxicum scandens (Farr and
Rossman, 2011; Kaitera, 1999; Kaitera and Hantula, 1998; Kaitera and
Nuorteva, 2003a, 2003b; Kaitera et al., 2005; Kaitera et al., 1999a; Kasanen,
2001; Mordue and Gibson, 1978; Moricca and Ragazzi, 1998; Roll-Hansen,
1973).

Note: Considerable variation has been found in the susceptibility of alternate
hosts from different locations and the virulence of Cronartium flaccidum spore
sources (Kaitera, 1999; Kaitera et al., 1999a; Roll-Hansen, 1973).

Raddi and Fagnani (1978) grew several pines from the United States in
Europe, inoculated them with Cronartium flaccidum, and found several species
with no mycelium in needle tissue and no pycnia, aecia, or mycelium in the
stem: Pinus clausa (sand pine), P. contorta (lodgepole pine), P. echinata
(shortleaf pine), P. éliottii (slash pine), P. glabra (spruce pine), P. radiata
(Monterey pine), P. resinosa (red pine), P. serotina (pond pine), P. taeda

10/2012-1

Scots Pine Blister Rust 2-13



Pest Information

(loblolly pine), and P. virginiana (Virginia pine). They considered these pines

to have a high degree of resistance to C. flaccidum, although some did display
spotted seedlings. Kaitera and Nuorteva (2008) showed no disease symptoms

on artificially inoculated P. contorta (lodgepole pine), P. peuce (Balkan pine),
P. strobus (eastern white pine), P. resinosa (red pine), P. banksiana (jack pine),
and P. cembra (swiss, arolla pine).

The USDA-APHIS produced a host density map based on Pinus spp.
distribution data in the United States to help Cooperative Agricultural Pest
Survey (CAPS) program cooperators plan surveys and for decision support
(Figure 2-4 on page 2-18).
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Table 2-4 List of Reported Host Plants of Cronartium flaccidum

Scientific name

Asclepias spp.

Asclepias cornuti
Cynanchum spp.
Cynanchum fuscatum
Cynanchum laxum
Cynanchum nigrum
Cynanchum scandens
Cynanchum vincetoxicum
Delphinium delavayi
Euphrasia brevipila
Euphrasia maximowiczii
Gentiana spp.

Gentiana asclepiadea
Grammatocarpus volubilis
Impatiens spp.

Loasa spp.

Loasa triphylla var. vulca-

nica

Loasa vulcanica
Melampyrum spp.
Melampyrum arvense
Melampyrum cristatum
Melampyrum nemorosum

Melampyrum pratense
Melampyrum sylvaticum
Myrica asplenifolia
Nemesia spp.
Nemesia strumosa
Nemesia versicolor
Paeonia spp.
Paeonia albiflora
Paeonia anomala
Paeonia arborea
Paeonia broteri
Paeonia corallina
Paeonia cultorum
Paeonia daurica

Paeonia edulis

Milkweed
Milkweed

Swallow-wort, Black

Swallow-wort

Larkspur, Delavayi
Eyebright, Drug
An-jeun-jop-ssal-pul
Gentian

Gentian, Willow
Grammatocarpus, Twining
Touch-me-not

Loasa

Loasa

Cow-wheat, Field
Cow-wheat, Crested

Wood Cow-wheat

Cow-wheat
Cow-wheat, Small

Nemesia

Peony

Peony, White
Peony, Anomalous
Mu Dan

Paeonia broteri
Peony

Robert et al., 2005

Farr and Rossman, 2011
CABI, 2011a

Farr and Rossman, 2011
Farr and Rossman, 2011
Farr and Rossman, 2011
Farr and Rossman, 2011
Farr and Rossman, 2011
Farr and Rossman, 2011
Farr and Rossman, 2011
Farr and Rossman, 2011
CABI, 2011a

Farr and Rossman, 2011
Farr and Rossman, 2011
CABI, 2011a

CABI, 2011a

CABI, 2011a

Farr and Rossman, 2011
CABI, 2011a

Farr and Rossman, 2011
Farr and Rossman, 2011

Kaitera and Nuorteva,
2003a

Kaitera, 1999

Kaitera, 1999

Farr and Rossman, 2011
CABI, 2011a

Farr and Rossman, 2011
Farr and Rossman, 2011
CABI, 2011a

Farr and Rossman, 2011
Farr and Rossman, 2011
Farr and Rossman, 2011
Farr and Rossman, 2011
Farr and Rossman, 2011
Farr and Rossman, 2011
Dudka et al., 2004

Farr and Rossman, 2011

Common name References
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Table 2-4 List of Reported Host Plants of Cronartium flaccidum

Paeonia japonica
Paeonia lactiflora

Paeonia lactiflora var. tricho-
carpa

Paeonia lactiflora var. hor-
tensis

Paeonia mascula
Paeonia moutan
Paeonia obovata
Paeonia officinalis
Paeonia peregrine
Paeonia suffruticosa
Paeonia taurica
Paeonia tenuifolia
Paeonia triternata
Pedicularis spp.
Pedicularis lapponica
Pedicularis palustris
Pedicularis resupinata

Pedicularis sceptrum-caroli-
num

Phtheirospermum japoni-
cum

Pinus brutia

Pinus clausa

Pinus contorta

Pinus densiflora

Pinus echinata

Pinus elliottii

Pinus glabra

Pinus griffithii

Pinus halepensis

Pinus koraiensis
Pinus massoniana
Pinus montana

Pinus mugo

Pinus mugo var. rostrata
Pinus mugo var. rotundata
Pinus nigra

Pinus pallasiana

Cao shao yao

Peony

Jak-yag

Peony, Tree
Peony, Chinese
Paeony, Common

Peony, Japenese Tree

Lousewort

Lousewort, Marsh
Fan Gu Ma Xian Hao
Moor-king

Song Hao

Pine, Brutian

Pine, Alabama

Pine, Lodgepole
Pine, Japanese Umbrella
Pine, Shortleaf

Pine, American Pitch
Pine, Spruce

Pine, Himalayan
Pine, Aleppo

Pine, Fruit

Pine, Masson

Pine, Dwarf Mountain
Pine, Mountain

Pine, Black
Pine, Crymea

Common name References

Farr and Rossman, 2011
Farr and Rossman, 2011
Farr and Rossman, 2011

Farr and Rossman, 2011

Farr and Rossman, 2011
Farr and Rossman, 2011
Farr and Rossman, 2011
Farr and Rossman, 2011
Farr and Rossman, 2011
Farr and Rossman, 2011
Farr and Rossman, 2011
Farr and Rossman, 2011
Farr and Rossman, 2011
CABI, 2011a

Kaitera and Hiltunen, 2011
Kaitera and Hiltunen, 2011
Farr and Rossman, 2011

Farr and Rossman, 2011

CABI, 2011a

Raddi and Fagnani, 1978
Raddi and Fagnani, 1978
Raddi and Fagnani, 1978
Farr and Rossman, 2011
Raddi and Fagnani, 1978
Raddi and Fagnani, 1978
Raddi and Fagnani, 1978
Farr and Rossman, 2011
Raddi and Fagnani, 1978
Farr and Rossman, 2011
Farr and Rossman, 2011
Farr and Rossman, 2011
Raddi and Fagnani, 1978
Farr and Rossman, 2011
Farr and Rossman, 2011
Raddi and Fagnani, 1978
Farr and Rossman, 2011
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Table 2-4 List of Reported Host Plants of Cronartium flaccidum

Pinus pinaster
Pinus pinea
Pinus ponderosa
Pinus pumila
Pinus radiata
Pinus resinosa
Pinus rotundata
Pinus serotina

Pinus sylvestris

Pinus sylvestris var. mongol-
ica

Pinus tabuliformis

Pinus tabuliformis var. yun-
nanensis

Pinus taeda

Pinus taiwanensis
Pinus takahasii

Pinus uncinata

Pinus virginiana

Pinus wallichiana
Pinus yunnanensis
Ruellia spp.

Ruellia formosa
Schizanthus spp.
Siphonostegia chinensis
Tropaeolum spp.
Tropaeolum majus
Tropaeolum minus
Verbena spp.

Verbena teucrioides
Vincetoxicum spp.
Vincetoxicum albovianum

Vincetoxicum amplexi-
caule

Vincetoxicum fuscatum
Vincetoxicum hirundinaria
Vincetoxicum mongolicum
Vincetoxicum nigrum
Vincetoxicum officinale

Pine, Maritime

Pine, Italian Stone
Pine, Ponderosa
Pine, Dwarf Siberian
Pine, Monterey
Pine, Red

Pine, Pond
Pine, Scots

Pine, Chinese
Pine, Chinese Red

Pine, Loblolly
Pine, Taiwan

Pine, Mountain
Pine, Virginia
Pine, Bhutan

Pine, Yunnan

Wild Petunia

Yin Xing Cao

Nasturtium

Nasturtium, Bush

Verbena
Angel-Pod

He Zhang Xiao

Swallowwort, White
Hua Bei Bai Qian
Swallowwort, Black

Swallowwort, White

Common name References

Raddi and Fagnani, 1978
Raddi and Fagnani, 1978
Raddi and Fagnani, 1978
Raddi and Fagnani, 1978
Raddi and Fagnani, 1978
Raddi and Fagnani, 1978
Farr and Rossman, 2011
Raddi and Fagnani, 1978

Ragazzi and Dellavalle Fedi,
1982

Farr and Rossman, 2011

Farr and Rossman, 2011

Farr and Rossman, 2011

Raddi and Fagnani, 1978
Farr and Rossman, 2011
CABI, 2011a

CABI, 2011a

Raddi and Fagnani, 1978
CABI, 2011a

Farr and Rossman, 2011
CABI, 2011a

Farr and Rossman, 2011
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Table 2-4 List of Reported Host Plants of Cronartium flaccidum

Scientific name Common name References

Vincetoxicum purpurascens Farr and Rossman, 2011
Vincetoxicum rossicum Swallowwort, European CABI, 2011a

Host Map
Cronartium flaccidum, Scot's Pine Rust
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Figure 2-4 Host Map for Establishment Potential of Cronartium flaccidum
Within the United States; Map Courtesy of USDA—-APHIS—PPQ—
CPHST (http://www.nappfast.org/)

Biology and Life cycle

Cronartiumflaccidumis a heteroecious rust fungus completing different stages
of its life cycle alternating between certain Pinusspp. and different angiosperm
hosts including members of the genera Paeonia, Asclepias, Del phinium,
Impatiens, Myrica, and Tropaeolum. In southern Europe, the main alternate
host of C. flaccidum is Vincetoxicum hirundinaria, whereas Melampyrum
sylvaticum is more common in northern Europe.

A rust fungus may produce as many as five distinct fruiting structures with five
different spore stages in its life cycle in a definite sequence (Table 2-5 on page
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2-19). Cronartium flaccidum is macrocyclic and is known to produce all five
spore stages. Like all rust fungi, C. flaccidum is an obligate parasite that
requires living host cells to complete its life cycle. Genetic studies have shown
that C. flaccidum is heteroecious and closely related to the autoecious rust
Peridermium pini (Hantula et al., 2002). Autoecious refers to rust fungi that
produce all stages of their life cycle on one species of host plant (in this case,
pine); while heteroecious refers to rust fungi that require two unrelated host
plants for completion of their life cycle (in this case, pine and another host).

Refer to Table 2-5 on page 2-19 for a summary of each spore stage of
Cronartium flaccidumand its role in the life cycle of the pathogen. Cronartium
flaccidum infects hosts (Pinus spp.) by basidiospores (Stage V) that are
formed on leaves of alternate hosts and aerially dispersed (Ragazzi and Fedi,
1992). The basidia directly penetrate into the needle stomata to cause the initial
infections on pine (Ragazzi and Fedi, 1992). Symptoms, however, only
become apparent later in the branches and main stem (Geils et al., 2009). On
pine shoots, spermagonia (Stage 0) and aecia (Stage 1) are developed,
spreading the rust aerially among alternate hosts by aeciospores (Ragazzi et al.,
1986b). A period of several years (2 to 4 years for the autoecious form but
longer for heteroecious form) may elapse between infection and the
appearance of the aecial state on infected tissue (Kaitera, 2000; Mordue and
Gibson, 1978; Ragazzi and Moriondo, 1980). After successful disease
establishment from aeciospores, uredinia (Stage III) are formed on alternate
hosts, followed by telia (Stage IV) formation from uredinia or directly through
the leaf epidermis (Kaitera and Nuorteva, 2003a; Ragazzi et al., 1987). After
germination, basidia are formed on telia followed by basidiospore formation.
The cycle then repeats by infection of the pine host through basidiospores. The
pathogen survives as mycelium within host tissues.

Table 2-5 Five Spore Stages of Cronartium flaccidum

T

0 Spermagonia* bearing sper-  Formed on pine; Sexual
matia (n) and receptive cycle of rust
hyphae (n)

| Aecia bearing aeciospores Formed on pine; Infect alter-
(n+n) native hosts

Il Uredinia (uredia) bearing Formed on alternate host;
urediniospores (uredo- Reinfects alternate hosts
spores) (n+n)

11| Telia bearing teliospores Formed on alternate hosts
(n+n — 2n)

1\ Basidia bearing basidio- Formed on alternate host;
spores (n) Cause of initial infections on

pine
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*Note: Spermagonia were formally known as pycnia and spermatia were
formally known as pycniospores, and some references use the older
nomenclature.

Several environmental factors influence the development of the disease and the
life cycle of Cronartium flaccidum. Ragazzi et al. (1989) evaluated
temperature, spore type, and host leaf age as variables in the production of
uredia and telia of C. flaccidum on the alternate host Vincetoxicum
hirundinaria. The authors found that 20°C (68°F) was optimal for the
production of uredia and telia on host leaves (5 to 10 days old). The production
of uredia was best, however, when urediniospores rather than aeciospores were
used as inoculum. Ragazzi (1983) reported that the optimum temperature for
formation of uredinia and telial columns was 20 to 22°C (68 to 72°F), and
temperatures less than 18°C (64°F) or greater than 22°C (72°F) were
detrimental to rust fructification.

The temperatures reported for germination of the different spore types are 5 to
30°C (41 to 86°F) for aeciospores, 5 to 30°C (41 to 86°F) for urediniospores,
and 10 to 25°C (50 to 77°F) for basidiospores (Mordue and Gibson, 1978;
Ragazzi et al., 1986a). The optimum temperature for germination of
aeciospores, urediniospores, and basidiospores was reported as 15°C (59°F),
20°C (68°F), and 20°C, respectively (Ragazzi et al., 1986a). High moisture
levels and precipitation increase the incidence of disease (CABI, 2010).

In addition, pathogenic variability in strains of Cronartium flaccidum have
been observed. Differences in pathogenicity was correlated to different hosts
and habitats with significant differences dependent on the Pinus spp.
inoculated and the elevation from which C. flaccidum strains were obtained
(Mittempergher and Raddi, 1977).

Insects may play a role in mating in Cronartium flaccidum based on the
similarity of its life cycle to that of C. ribicola (Mordue and Gibson, 1978).
Insects are attracted to the sweet liquid produced from the spermogonia of
Cronartiumribicola and appear to promote fertilization by carrying spermatia
between them.

Outbreaks of Scots pine blister rust are often associated with insect infestations
(Myleophilus piniperda, Bupalus piniaria, Pissodes notatus), which aggravate
the damage caused. Egg laying by P. notatus is localized on pines attacked by
Cronartium flaccidum (Mordue and Gibson, 1978). Aeciospores have been
shown to be transmitted by Pissodes piniphilus (Pappinen and Weissenberg,
1994). Pissodes pini, Dioryctria splendidella, Laspeyresia coniferana, Lagria
hirta, and Doryctria abietella are reported as possible vectors for the rust on
the basis of their occurrence and because they feed on C. flaccidum aecia
(CABI, 2010).
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Figure 2-5 Disease Cycle of the Two Scots Pine Blister Rust Forms, Cronartium
flaccidum (Heteroecious Form) and Peridermium pini
(Autoecious Form)

Environmental Impact

Introduction of this pathogen could have some negative impacts on the
environment. Plant hosts of the Scots pine blister rust may include several
Pedicularis spp. which are listed as species of concern or endangered,
(USFWS, 2011). Chemical control programs may be initiated in the event of an
introduction of the Cronartium flaccidum in the United States, which may
negatively impact non-target pests and the environment.

Table 2-6 List of Species of Concern and Endangered Potential Plant Hosts of
Cronartium flaccidum

Scientific Name Listing Status

Pedicularis dudleyi Dudley's lousewort Species of Concern
Pedicularis furbishiae Furbish lousewort Endangered

Pedicularis semibarbata No common name Species of Concern
charlestonensis

Gentiana pennelliana Wiregrass gentian Species of Concern
Gentiana plurisetosa Klamath gentian Species of Concern
Gentiana setigera Mendocino gentian Species of Concern
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Table 2-6 List of Species of Concern and Endangered Potential Plant Hosts of
Cronartium flaccidum

Scientific Name Listing Status

Cynanchum wigginsii No common name

Pinus contorta bolanderi Bolander's beach pine

Pinus radiata

Monterey pine

Pinus torreyana insularis Torrey Island pine

Pinus torreyana torreyana Torrey, Del Mar pine

Endangered and Threatened Plants (50 CFR 17.12).

USFWS, 2011.

Species of Concern
Species of Concern
Species of Concern
Species of Concern
Species of Concern
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Introduction

Use Chapter 3 Identification as a guide to recognizing Scots pine blister rust
(Cronartium flaccidum and Peridermium pini). Accurate identification of the
pathogen is pivotal to assessing its potential risk, developing a survey strategy,
and determining the level and manner of control. Characteristic symptoms of
the rusts on the host plants are not definitive and morphological and
microscopic characteristics are necessary to identify C. flaccidumand P. pini.

Authorities

Qualified State, County, or cooperating university, personnel may perform
preliminary identification and screening of suspect Cronartium flaccidum and
Peridermium pini. Before survey and control activities are initiated in the
United States, an authority recognized by USDA—-APHIS-PPQ-National
Identification Services must confirm the identity of such pathogens. Submit
specimens to the USDA-National Identification Services (NIS). For further
information refer to How to Submit Plant Samples on page C-1 and Taxonomic
Support for Surveys on page D-1.
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Reporting

Forward reports of positive identifications by national specialists to PPQ
National Identification Service (NIS) in Riverdale, Maryland, according to
Agency protocol. NIS will report the identification status of these tentative and
confirmed records to PPQ-Emergency and Domestic Programs (EDP). EDP
will report the results to all other appropriate parties. For further information
refer to Taxonomic Support for Surveys on page D-1.

Symptoms

This section describes the plant symptoms that are characteristic of Scots pine
blister rust.

Cronartium flaccidum causes blister rust in pines. The first symptoms of
disease are yellowish, necrotic spots on the pine needles. Chlorosis and
necrosis of the infection sites, yellowing and premature defoliation of leaves/
needles, branch death, bark discoloration, cankers (lesions) and deformed
growth are also commonly observed symptoms of the disease (CABI, 2010).
Resinosis (excessive resin exudation) can be seen in and on the lesions.

Cronartium flaccidum affects plants by growing within the vascular system
and impeding nutrient and water uptake. Mycelia grow on young shoots. As
the pathogen spreads within the host, it interferes with normal tree growth by
killing the cambium and damaging vascular tissue. This damage results in the
loss of conductive ability, premature leaf loss, and eventual death of the tree.
The pathogen can girdle the tree and the part of the tree located above the
girdle dies (Mordue and Gibson, 1978).

The disease may occur on pines of all ages. The development of disease is
usually rapid and lethal to seedlings and young trees (Martinsson and Nilsson,
1987). Infection, which takes place primarily via needles, leads to swelling of
young shoots and to production of blister-like structures in the cortex, which
split to reveal masses of orange aeciospores (Figure 3-1 on page 3-3). The time
from infection to visible aeciospores can take several years. In England, the
aeciospores are usually observed in early summer (Greig, 1987). Spermogonia
with spermatial fluid (sweetish droplets) also occur on the infected bark.
Uredinia and hair-like telia appear on the lower leaf surface of the alternate
hosts in mid to late summer (Figure 3-2 on page 3-3).
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Figure 3-1 Aecia on Twig of Pinus sylvestris 7.5x (http://nt.ars-grin.gov/
taxadescriptions/factsheets/
index.cfm?thisapp=Cronartiumflaccidum)

Figure 3-2 Uredinia on Underside of Leaf of Paeonia sp. 10x (http://nt.ars-
arin.gov/taxadescriptions/factsheets/
index.cfm?thisapp=Cronartiumflaccidum)
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B S
Figure 3-3 Telia on Underside of Leaf of Paeonia officinalis 10x (http://nt.ars-
arin.qgov/taxadescriptions/factsheets/

index.cfm?thisapp=Cronartiumflaccidum)

Figure 3-4 Telia on Underside of Leaf of Vincetoxicum hirundinaria 25x (http://
nt.ars-grin.gov/taxadescriptions/factsheets/
index.cfm?thisapp=Cronartiumflaccidum)

Morphological Descriptions

Spermagonia

Spreading beneath the periderm, flat, about 40 to 50 pm deep and 0.5 to 3 mm
diameter, at first yellowish, exuding spermatia in orange droplets 1 to 2 um,
later darkening, gradually disrupted by enlarging aecia.
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Aecia

Peridermioid, about 2 to 7 mm diam., dehiscence circumscissile or irregular.
Peridium several cells thick, the cells rhomboid ellipsoid, elongated up to 80
um long by 38 um wide, the walls 4 to 8 um thick, strongly verrucose (wart-
like); rigid hair like peridial filaments are frequently present. Aeciospores are
globose to ovoid-ellipsoid, 21 to 36 x 14 to 24 um (mean 26 x 19 um) with
hyaline walls 2 to 4 um thick; walls verrucose except for smooth area at base or
side, the warts approx. | pm diam. and 1 to 2 pm high.

Uredinia

Hypophyllous (growing on underside of leaves), in groups or scattered, bullate
(appearing puckered, blistered), 0.1 to 0.3 mm diam., peridiate (with protective
layer enclosing spores), dehiscing (splitting open) by a central pore.
Urediniospores broadly ellipsoid to obovoid, 18 to 30 x 11 to 20 pum (mean 24
x 15 um), wall hyaline, 1.5 to 2.5 um thick, echinulate (spiny) with the spines 2
to 4 um apart and about 1 um high, though some spores show almost smooth
areas; germ pores inconspicuous.

Telia

Develop in the uredinia or separately, producing basally peridiate teliospore
columns up to 2 mm long and 0.1 to 0.2 mm wide, pale orange to cinnamon
brown, sometimes closely grouped on clearly defined spots, sometimes more
scattered. Teliospores catenate (arranged in chains), firmly adherent, fairly
short ellipsoid at apex of telial columns, longer and more cylindrical below,
ends rounded or truncate, 20 to 64 x 10 to 16 pm (commonly about 55 x 12
um), wall hyaline, yellowish to golden, about 1 um thick, often thickened at
ends or corners (particularly at apex of spore) to 2 to 3 um, smooth. The
teliospores germinate without dormancy and the upper part of the telial
columns usually has a whitish powdery appearance due to the presence of
basidia and basidiospores.

Basidia

Mature basidium septate with four cells, 33 to 40 um long; each with a conical
protuberance called sterigma, about 4 um in length. Each sterigma has a
basidiospore at the apex. In total there are four basidiospores for each
basidium. Basidiospores rounded, smooth-surfaced, hyaline, 3 to 4 pm in
diameter (Ragazzi et al., 1987). Basidiospores produce germ tubes that are
often ramified. They vary in length (some more than 200 um after 4 days of
incubation) with a diameter of 2 to 3.5 um (Ragazzi et al., 1987).
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Figure 3-5 Aeciospores 400x% (http://nt.ars-arin.gov/taxadescriptions/factsheets/

index.cfm?thisapp=Cronartiumflaccidum)

Figure 3-6 Aeciospore 1000x (http://nt.ars-grin.gov/taxadescriptions/factsheets/
index.cfm?thisapp=Cronartiumflaccidum)
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