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Purpose

The United States Department of Agriculture Animal, Plant Health
Inspection Service (USDA-APHIS) takes regulatory action to prevent
the spread of Globodera rostochiensis (golden nematode), which causes
a dangerous disease of potatoes and certain other plants. In the
United States, golden nematode currently infests certain counties or
areas within counties in the State of New York only, and is neither
widely prevalent nor distributed throughout the United States.

The Golden Nematode Program Manual will help prepare you for the
following tasks:

& Performing detection and delimiting surveys for golden nematode
in areas where the golden nematode is known or not known to
occur

4 Conducting treatments and certifying regulated articles for
movement from regulated areas

¢ Determining the movement entry status of regulated and
non-regulated articles

€ Taking regulatory action when golden nematode is detected

Scope

What the Manual Covers

The manual is divided into tabbed chapters Introduction and
Procedures. The manual also contains appendixes, a glossary, and an
index.

08/2008-01 Golden Nematode Program Manual 111
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Introduction

Scope

The Introduction provides basic information about the manual such
as purpose, scope, and users. The introduction includes contact
information for problems related to the manual, and also includes the
a list of related documents, directions on how to use the manual, and
a description of conventions (unfamiliar or unique symbols and
highlighting) that appear throughout the manual.
The Procedures chapter contains the following information:

4 History of the golden nematode

& Life cycle of the pest, host plants and infestations

€ Detection and delimiting surveys

& Sample transport

¢ Sample washing

¢ Sample reading

& Preparing the suspect cysts for identification

€ Cleaning and sanitizing supplies and equipment

€ Regulatory treatment and certification

4 Directions for the certification of articles moving from golden

nematode regulated areas

& Control methods used in the State of New York
The appendixes contain the following information:

¢ Examples and instructions for completing and issuing forms

& Safety procedures

4 How to maintain the manual
The Glossary defines specialized words, abbreviations and acronyms,
and other terms that are used which may be difficult or unfamiliar.
The Index contains topics and page numbers for quick reference.
What the Manual Does Not Cover
The manual does not cover detailed information about the golden
nematode or detailed pest identification procedures used by the golden
nematode identification specialist.

1-1-2 Golden Nematode Program Manual 08/2008-01

PPQ



Introduction
Users

Users

This manual is written for use by USDA-APHIS-PPQ Plant Health
Safety Specialists (PPQ-PHSS), PPQ Technicians, and PPQ Biological
Aides; the Golden Nematode Program director; the Golden Nematode
Program manager; and other Federal and State regulatory officers.

Related Documents

The authority for specific regulatory action is based on the Golden
Nematode Quarantine 7CFR8301.85 and the Plant Protection Act. The
State of New York Plant Regulatory Agency has enacted an interior
parallel quarantine known as Part 127 of the Agriculture and Markets
Law.

Application

This manual contains the policy, guidelines, and instructions that
officers must follow as a basis for the treatment or other procedures to
be used in authorizing the movement of regulated articles. This
manual serves as a basis for explaining such procedures to persons
interested in moving articles affected by quarantine regulations.

How to Use This Manual

Review the contents of this manual to get a feel for the scope of
material covered. Glance through the section that you will be using,
and familiarize yourself with the organization of the information. Use
the table of contents which follows each tab to find the information
you need.

EXAMPLE To find information on the first signs of plant infestation, see Plant Damage
on page 2-1-6.

If the table of contents is not specific enough, then turn to the index to
find the topic and its page number.

08/2008-01
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How to Report Problems

How to Report Problems
Use Table 1-1-1 to report suggestions, problems, situations, and
disagreements which directly affect the contents of the Golden

Nematode Program Manual.

TABLE 1-1-1 How to Report Problems with the Manual

If you:

And the problem is:

Then:

Are not able to access the

CONTACT John Patterson in the

on-line manual P | Manuals Unit by e-mail
john.l.patterson> @aphis.usda.gov
or phone 240-529-0351

Have identified a problem Urgent CALL Deborah Briggs in the

with the content of the Manuals Unit at 240/529-0357 or

manual contact by e-mail
deborah.j.briggs@aphis.usda.gov

Not urgent CONTACT Deborah Briggs in the

Manuals Unit by e-mail
deborah.j.briggs@aphis.usda.gov or
phone 240/529-0357

Have a suggestion for CONTACT the PPQ Manuals Unit,

improving the content of P | Deborah Briggs by e-mail

the manual deborah.j.briggs@aphis.usda.gov or
phone 240/529-0357; or
COMPLETE and MAIL the Comment
Sheet (located at the back of the
manual)

Have a situation that CONTACT the Golden Nematode

requires an immediate Program Director, Daniel Kepich, at

response regarding a P | daniel.j.kepich@aphis.usda.gov or

procedure or regulatory call 607-566-2212

action

Disagree with a policy,

rocedure, or regulator
p g y -

action identified in the
manual

1-1-4
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Conventions

Conventions

The conventions used in this manual are established by custom and
are widely recognized and accepted.

Advisories
Advisories are used throughout the manual to bring important
information to your attention. Please carefully review each advisory.

The definitions coincide with American National Standards Institute
(ANSI), and are in the format shown below.

. DANGEROUS indicates that people could easily be hurt or killed.
DANGEROUS
\ 4

WARNING indicates that people could possibly be hurt or killed.
- p y

caoon)  CAUTION indicates that people could possibly be endangered or slightly hurt.

NOTICE indicates a possibly dangerous situation where goods might be

damaged.
I IMPORTANT indicates helpful information.
Important
Boldface

Boldfaced type is used to highlight negative or important words
throughout this manual. These words are: always, cannot do not,
does not, except, mandatory, must, never, no, not, prohibited,
only, other than.

Bullets
Bulleted lists indicate that there is no order to the information listed.

Chapters

The manual has chapters divided into chapter sections. Every chapter
and chapter section has a table of contents at the beginning that lists
the heading titles within.

08/2008-01
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Conventions

Control Data

Information placed at the top and bottom of each page helps users
keep track of where they are in the manual and updates to the
manual. At the top of each page is the chapter and first-level heading.
At the bottom of each page is the month, year, manual transmittal
number, title, page number, and unit responsible for content.

Decision Tables

Decision tables are used throughout the manual. 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,
then continue one row at a time.

TABLE 1-1-2 How to Use Decision Tables

If you: And: Then:

Read this row first; and if this | If this condition applies TAKE the action listed here
condition applies then
continue in this row

If the condition in the cell If this condition applies TAKE the action listed here
above did not apply, then
read this row next

Examples
Examples are used to clarify a point by applying a real-world situation.

EXAMPLE Examples are graphically placed boxes within the text as a means of visually
separating from other information on the page. Examples always appear in a
box like this.

Footnotes

Footnotes comment on or cite a reference to text and are referenced by
number. Two types of footnotes are used in this manual: general text
footnotes and table or figure footnotes.

General text footnotes are located at the bottom of the page and are
consecutively numbered throughout the manual.

Table and Figure footnotes are located at the bottom of the associated
single-page table or figure when space allows. 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. To locate footnote
text, be sure to check the last page and the page following the end of
the associated table or figure.

1-1-6
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Heading Levels

Within each chapter there are three heading levels. The first heading is
indicated by a horizontal line followed by the title which continues
across both the left and right columns. The second heading is
subordinate to the first heading, is in the right-hand column with the
text beginning below. The third heading is subordinate to the second
heading, and located in the left-hand margin.

Highlighting and Hypertext Links

When tables, figures, or other headings are cross-referenced in the
body of the manual, they are emphasized in boldface and highlighted.
Headings and titles are also italicized. These appear in blue hypertext
in the on-line manual.

EXAMPLE See Figure 2-1-1 on page 2-1-3.

Indentions
Entry requirements which are summarized from CFRs, permits, or
policies are indented on the page.

Italicized Brackets

When completing or reviewing certain certificates and forms,
information that is to be entered, listed, or filled in is italicized and
enclosed in brackets.

Numbered Lists

Numbered lists are used to indicate the specific order in which the
information listed is to be followed.

Numbering Scheme

A two-level numbering scheme is used in this manual for pages,
tables, and figures. The first number represents the chapter. The
second number represents the page, table, or figure. This numbering
scheme allows for easier updating and adding and removing pages
without having to reprint an entire chapter. Dashes are used in page
numbering to differentiate page numbers from decimal points.

08/2008-01 Golden Nematode Program Manual 1-1-7
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Introduction

The Introduction section of the Procedures chapter provides
information about the Golden Nematode Program: a map of areas in
New York State that are currently regulated for golden nematode; and
general information about the history of the pest, the life cycle, pest
hosts, and plant and crop damage.

Golden Nematode Program

The goal of the USDA-APHIS-PPQ Golden Nematode Program is to
maintain a risk-based management system to prevent the spread of
golden nematode (Globodera rostochiensis) and new infestations in
potatoes, and to facilitate international and interstate agricultural
shipments.

The Golden Nematode Program includes the following components:

& Certification of regulated articles for movement from regulated
areas

L 2

Decision-making on the movement of regulated and
non-regulated articles into regulated areas

Survey of regulated land
Survey of fields planted with susceptible crop varieties

Soil sample processing for golden nematode

* 6 o o

Control of golden nematode infestations and regulated land

08/2008-01
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& Treatment of equipment and supplies that enter, are used on, or
exit regulated land

Cooperation With Other Agencies

Sometimes the regulations of different Federal, State, and local
agencies govern the same pests. As a result, USDA-APHIS-PPQ
cooperates with the following Federal, State, and local agencies
regarding golden nematode research, survey, and control.

Federal The USDA-Agricultural Research Service (ARS) provides assistance
with the Golden Nematode Program.

State and Local The New York Department of Agriculture and Markets shares
regulatory responsibility for the Golden Nematode Program with
APHIS. APHIS supports the development of golden nematode-resistant
potato varieties at Cornell University through cooperative agreement.
The New York Certified Seed Potato Improvement Cooperative provides
research. The Extension Service of the Cooperative State Research
Service provides assistance.

2-1-2 Golden Nematode Program Manual 08/2008-01
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Map of Quarantine Areas
The map in Figure 2-1-1 shows the areas in New York State that are
regulated for golden nematode as of November 2005. The most recent
golden nematode quarantine map, is available at http:/7/
www.aphis.usda.gov/plant_health/plant_pest_info/nematode/
downloads/gnquarantinemap.pdf.

Golden Nematode Quarantines

Counties entirely colored are
completely regulated; counties
partially colored are partially
regulated.

State and Federal
regulations. Consult your State or Federal plant

protection inspector or your county agent for
assistance regarding exact areas under

Restrictions are imposed on the movement regulation and requirements for moving

of regulated articles from a regulated area regulated articles.
as follows: For detailed information see 7 CFR 301.85
1. Red inta or through white. for quarantine and regulations.

FIGURE 2-1-1 Map of Golden Nematode Quarantine Areas in the State of New York (Nov 2005)

08/2008-01 Golden Nematode Program Manual 2-1-3
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General Pest Information

Of the many plant pests of foreign origin that have become established
in the United States, Globodera rostochiensis (golden nematode) is
potentially more dangerous than any of the other insects and diseases
affecting the potato industry. Damaging populations of golden
nematode develop when susceptible crops are planted in monoculture
or rotation.

Potatoes and tomatoes are the principal crops of importance that are
attacked by the golden nematode. Once golden nematode is
established, the growing of potatoes and tomatoes must be done only
by planting nematode-resistant varieties or by rotating with other
crops for long periods. Continuous planting of non-resistant varieties
of potatoes is impractical in golden nematode infested soil, due to
decreases in crop yield caused by increases in the nematode
population.

Strains

There are presently two strains of golden nematode (GN) infesting land
in New York. The primary GN race that infests land in New York is
Ro1; however, a second race Ro2 has also been found in a few fields.

All survey and regulatory information in this manual applies to both
GN Ro1 and Ro2. Data collected indicates Ro2 develops on land
infested with Rol where the same Rol potato-resistant variety is
grown. Special crop rotation procedures are required on land where
Ro2 has been detected. Grower options are very limited because Ro2
resistant potato varieties are still being developed.

Distribution

In the United States, golden nematode Rol was discovered in 1941 on
Long Island, New York. Infestations have since been confirmed in the
New York counties of Cayuga, Genesee, Livingston, Nassau, Orleans,

Seneca, Steuben, Suffolk, and Wayne.

New Castle County, Delaware was infested, but has since been
eradicated of golden nematode. Delaware was removed from
quarantine in 1970.

Today the golden nematode is a major pest of potatoes in Europe. In
England alone, nearly 75 percent of potato production land has severe
crop restrictions due to golden nematode infestation. In addition to
Europe and the U.S., golden nematode has been also been found in
parts of South America and Asia.

2-1-4
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Golden
Nematode
Female Larvae

Adult Golden
Nematode
Males

Golden
Nematode Cysts

The first recorded Golden nematode infestation was in Germany in
1881. At the time, golden nematode was considered to be a strain of
Heteroda schachtii. By 1913, this nematode was discovered in
Scotland. Finally in 1923, the golden nematode was described as a
completely different species and not a strain of Heteroda schachtii.

Hosts

Although potatoes and tomatoes are the primary crops established to
be golden nematode hosts, the golden nematode also reproduces on
the roots of eggplants and on some wild solanaceous weeds.

Damaging populations of the nematode develop in infested fields when
susceptible crops are planted in a monoculture or rotation. The pest
will develop when fields of crops are planted with potatoes following
potatoes, tomatoes following tomatoes, and potatoes following
tomatoes, or tomatoes following tomatoes.

Life History

Golden nematode eggs and larvae live within cysts produced during
previous infestations, and over-winter in the soil. When soil
temperatures become favorable during spring and summer, the larvae
begin to emerge from the eggs in direct response to chemical exudates
of host plant roots. As the larvae leave the cysts, they enter the soil,
penetrate the host plant roots behind the root tip, and then migrate to
a position near the host’'s vascular system where feeding begins.
Larvae continue to emerge from cysts throughout the growing season,
and golden nematodes in various stages of development can be found
in and on host roots. Normally only one golden nematode generation
is produced per year in the New York temperature zone.

As the developing golden nematode female larvae enlarge and break
through the surface of the roots of the host plant, they remain
attached to the host plant roots by their necks. Females pass through
pearly-white and yellow color phases and retain eggs within their
bodies.

The female nematode continues to be attached to host-plant roots
while being fertilized by the adult male nematode. At death, females
become the brown cysts which are easily detached from host-plant
roots and remain in the soil after harvest of the host-plant crop.

Adult golden nematode males are worm-like. They separate from the
roots of the host-plant to search, find, and fertilize the female larvae.

A golden nematode cyst is the dead body of a female nematode. The
cyst is a spheroid, brown, thick-walled structure, and small enough
that several cysts will fit on a pinhead. The cyst gives considerable

08/2008-01
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protection for the eggs and larvae within. Each cyst can contain up to
500 eggs and larvae. The eggs inside these cysts can remain viable at
least 20 years.

Photos by Zafar Handoo

FIGURE 2-1-2 Mature golden nematode cysts (right cyst shows larvae movement)

Plant Damage

Golden nematodes bore into the roots of host plants and feed on the

plants’ juices. This feeding does not cause immediate damage to the
above-ground part of the infested plant, and consequently infestation
often goes undetected for years.

Photo by Zafar Handoo
FIGURE 2-1-3 Mature female cysts on potato plant roots
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Signs of
Infestation

The first sign of infestation is usually poor plant growth in one or more
areas of the potato, tomato, or eggplant field. Signs of infestation
include wilting, stunted growth, poor root development, and early
death of the plant. As golden nematode populations increase, poor
plant growth areas enlarge and newly-damaged areas appear on
plants in the field. Eventually, the entire field shows poor plant
growth.

FIGURE 2-1-4 Field of potato plants showing first visible signs of golden nematode
infestation
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Procedures: Preparation, Sanitization, and Clean-up

Introduction

Introduction

The Preparation, Sanitization, and Clean-up section of the Procedures
chapter provides information that will help personnel get ready to
conduct a survey; procedures to follow during a survey; and
instructions for proper cleaning and sanitizing of supplies, equipment,
and vehicles after the survey is finished.

Soil Survey

Soil survey for golden nematode is conducted to determine whether or
not the soil is infested. Survey for golden nematode is conducted in all
potato production areas in New York State.

Exposed Land
Exposed land is land that meets any of the following criteria:

€ Land that was infested and has been fumigated, resurveyed, and
released from quarantine regulation prior to 1972

L 4

Land operated by a farmer who has farmed infested land

€ Land farmed with equipment used in a field with a history of
infestation

2

Land bordering a field with a history of infestation

€ Land that receives direct drainage from a field with a history of
infestation

€ Land exposed as a result of a regulatory violation

Non-exposed Land

Non-exposed land and fields are those that have never had golden
nematode infestation. Non-exposed fields are sampled and tested for
golden nematode when the fields are planted with a susceptible variety
or varieties of potatoes, tomatoes, or eggplant in a county or area that
is regulated for golden nematode.

Where surveying all potato or tomato fields is not possible, the
selection of fields to survey should be based on crop history. Select
fields which have been planted to potatoes and/or tomatoes
consecutively for the longest period of time.

1 All land found infested from 1972 to the present is regulated by New York State Part 127, Golden
Nematode Quarantine. Under New York State Law, this land is officially called regulated land.
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Procedures: Preparation, Sanitization, and Clean-up
Survey Preparation

There is little likelihood of finding nematode in fields planted to a host
crop for less than three (3) consecutive years. If crop rotation is
practiced on a field, then a longer period of time (more than 3
consecutive years) is required for the nematode to b