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STREAM BAITING PROTOCOL

2008 National Phytophthora ramorum Early Detection Survey of Forests

February 26, 2008
BACKGROUND AND OBJECTIVES
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The purpose of this survey is early detection of Phytophthora ramorum (Pr) in forest vegetation before infection centers become fully established and more difficult to eradicate.  The risk-based survey strategy is formulated from new understanding of the biology and ecology of Pr, especially as it relates to its detection in fresh water; combined with the existing risk map, which integrates putative host abundance, favorable climate, and potential pathways of introduction (Figure 1).  

Figure 1. SOD Risk/Hazard Map (Oak and others, 2006).
Other risk projections (Mentenmeyer and others, 2004) have been formulated for CA where vegetation and climate data exist to produce higher resolution products.

The survey is voluntary and administered by the USDA Forest Service, Forest Health Protection-Forest Health Monitoring Program. State forestry agencies and supporting laboratories accomplish the survey with funding, training and logistical assistance from USDA Forest Service.

First discovered in Germany and central coastal CA in the early 1990’s, Pr is a quarantine pathogen of unknown origin- alien to its presently known endemic range in forest landscapes of central coastal CA, southwest OR, and the UK.  Woody ornamental nurseries in CA, OR, WA and several EU nations continue to struggle with containment of the pathogen.  The first detected accidental introductions in the US occurred in 2003-2004 after potentially infected woody ornamentals were shipped to all states from a southern CA nursery.  Repeated introductions originating from nurseries in CA, OR, and WA have occurred annually since then. Established infestations of eastern US nurseries have not been detected, but some trace back investigations have reached ambiguous conclusions as to the origin of infected plants.  From 2004 into 2007, 24 states confirmed Pr in woody ornamental nursery stock.  Some potentially infected plants were undoubtedly sold before quarantine actions were taken and have been planted in ornamental landscapes.  However, disease has not been detected in forest landscapes outside the endemic areas on the Pacific coast.  These facts, plus continued introductions of infected ornamentals, demonstrate the risk of the establishment of Pr in vulnerable oak forest ecosystems outside regulated areas.  

Taxonomically, Pr is an Oomycete- a so-called water mold with a swimming zoospore stage- and thus, is well adapted to aquatic environments.  Recent work has demonstrated that Pr can be baited from streams draining infested forests and nursery environments using plant materials.  Whole leaves or leaf pieces of camellia, tanoak, and rhododendron have been used successfully as baits for Pr in different situations.  Methods used in this survey have been tested in 93 watersheds in 11 states, including known Pr positive streams, using unwounded rhododendron leaves as bait.

RISK-BASED STREAM SAMPLING
Watershed Selection

The confirmation of Pr in forest settings or woody ornamental nurseries is a risk factor overriding all others.  Watershed sampling priorities are grouped according to the following attributes:

· Extreme

· Projected high-risk proximal to endemic and/or regulated areas (CA, OR)
· Projected high-risk elsewhere in states with endemic Pr (CA and OR)

· High

· Projected high-risk areas outside endemic Pr states containing confirmed trace forward nurseries

· Other projected risk classes outside endemic Pr states containing confirmed trace forward nurseries

· Other risk classes outside endemic Pr states with ambiguous diagnostic results from past terrestrial surveys

· Intermediate

· High-risk areas outside endemic Pr states with trace forward nurseries

· Other risk classes outside endemic Pr states with trace forward nurseries

· Low

· High-risk areas outside endemic Pr states without trace forward nurseries

· Other risk classes outside endemic Pr states without trace forward nurseries

Close cooperation with the State Plant Regulatory Official (SPRO) in your state will be essential to determine the name and location of trace forward nurseries (both confirmed and unconfirmed) and other nurseries not receiving potentially infected materials but willing to be included in the forest survey.  Use your previous experiences in terrestrial surveys to identify the highest risk nurseries.  Contact information for SPRO’s can be obtained at the National Plant Board home page:

http://nationalplantboard.org/member/index.html
Basic Survey Requirements
· Number of Watersheds:  Commensurate with funding; up to 10.  Recommended size of watershed is 5-10,000 acres (2-4,000 hectares)

· Baiting Assay Method:  4 symptom-free rhododendron leaves in a mesh bag tethered in the stream current.

· Replication: 2 bait bags per site, deployed close to, but in locations distinct from each other.  The second bag is to provide sufficient leaf material for both local and regional lab diagnostics and as a backup in case a bag is lost due to high stream flow, vandalism, etc.

· Exposure Period:  1 to 2 weeks, depending on symptom development (water temperature, inoculum load).  Record water temperature (see “Stream Baiting Field Reporting Form”) at each baiting period at deployment or retrieval.  
· Frequency:  6 baiting periods during the optimal time for Pr detection.  NOTE: Pr is more reliably detected in cooler parts of the growing season in west coast endemic areas.  We want to sample seasonal variation in the best times for Pr recovery (spring and fall) while avoiding the warmer parts of the growing season.  As rules of thumb, begin baiting when water temperature reaches 8-10C and suspend baiting when water temperature exceeds 22C.  Back-to-back baiting is acceptable to acquire the requisite 6 bait periods (especially when travel logistics dictate) but spread these between spring and fall periods.

· Diagnostics:  Diagnostic redundancy will continue to be a feature of the early detection survey.  Local labs are asked to culture leaf bait pieces on media semi-selective for Phytophthora spp. (PARPH-V8 preferred) and report for each bait leaf set Pr yes/no and Phytophthora spp. yes/no.  Eastern and western regional laboratories are asked to use nested or real-time PCR methods (reference APHIS procedures) on the replicate sample of leaves to diagnose Pr yes/no.

Site Selection
· ALWAYS CONSIDER SAFETY IN SITING BAIT STATIONS.  SAFE ACCESS IS ESSENTIAL, ESPECIALLY DURING HIGH STREAM FLOWS.  DELAY BAIT DEPLOYMENT/RECOVERY IF CONDITIONS DICTATE.

· The Pr detection limits of stream baiting are unknown but probably related to inoculum density in stream water at the baiting site.  This is a function of inoculum input at the infection site and dilution downstream to the baiting site (distance downstream and water volume).   Experiences in CA and OR have shown that infection sites undetected by aerial survey were detected by stream baiting up to 6 km downstream.  Evaluate watershed maps before siting a bait station.
· Consider potential inoculum sources to be both point sources (e.g., confirmed trace forward nurseries) and area sources (e.g., larger landscapes where potentially infected plants might have been planted).
· Consider microclimate in deploying bait bags.  Avoid sunny, exposed locations as water temperature can exceed desired limits earlier than shady, sheltered microsites.

· Logistics (continuous access, probability of detection and disturbance by passersby) are important in site selection.

· Methods have been designed to detect Pr, when it is present, in at least one out of five replicated baiting periods.  Therefore, attempt to select sites that will be available throughout the duration of the survey period.
NOTE:  Though woody ornamental nurseries may serve as loci of introduction and a primary risk factor in selection of baiting sites for this survey, this is NOT a nursery survey.  Baiting sites should be located off nursery premises to ensure a positive Pr detection is not merely a re-confirmation of an already-confirmed nursery site.
Bait Selection

· Use leaves from a population of native or naturalized rhododendrons, if possible.  The population should be sufficiently large to supply needed leaves for the survey duration.  Cooperating states with no native or naturalized rhododendron must contact their regional FHM coordinator to arrange a bait leaf source.

· Variation in Pr susceptibility among rhododendron species/cultivars in laboratory inoculation has been published, but field and lab studies have shown that leaves of common native and naturalized species perform acceptably as Pr bait.

· Leaf size can vary considerably among species and cultivars.  If bait leaves are quite small (8 cm x 3 cm at the widest point or smaller), use 2 leaves in each pocket of the bait bag. Using larger leafed species/cultivars is highly preferred.
· If the source of leaves is nursery-grown or naturalized landscape plants, ensure that they have been free of fungicides and other pesticides for a minimum of 6 weeks before using as bait.

· Source plants should be mostly free of dieback and leaf symptoms.  Use 1 year-old leaves as free as possible from leaf symptoms (spots, blight, chlorosis), insect damage, and mechanical damage.  Do not use newly formed, succulent leaves.  Leaves formed in the present year may be used after full leaf expansion and a period of hardening in summer.  
· Bait leaves wrapped in paper towels and sealed dry in a plastic bag may be stored refrigerated for up to 2 weeks before use.
Bait Deployment
· Assign a state code that includes the state abbreviation; and a location name that includes the stream or location name for each baiting site.  Maintain the codes for the survey duration.  Separate bait bags at the same location require no special notation.
· Record the field-assigned state code, location name, deployment date, water temperature, and GPS coordinates in decimal degrees on the “Stream Baiting Field Reporting Form".  Verify the GPS coordinates at a mapping web site such as www.topozone.com (select the “View Maps” tab) and correct if necessary.

· Use carabiner to fasten bait bag to a loop in a woven nylon rope and tether to the stream bank (tree or rebar) Tie the other end of the rope to the opposite bank or anchor with a lead weight or rock so the bag floats in the current.  If possible, avoid deploying the bait bag in the swiftest part of the current since large debris may accumulate in high flow periods. Avoid sites where deployed bait bags are exposed to direct sunlight for extended periods of the day.

Bait Retrieval
· Rinse leaves in stream water after removal from mesh bags.  Excess silt and/or organic debris may result in higher recovery of contaminants (such as hymexazol-resistant Pythium spp.) and more abundant soil Phytophthora spp. rather than Pr.
· Lack of symptom development is rare, but could be due to low Phytophthora inoculum density.   Return leaves to the mesh bag and extend the exposure up to 3 weeks if all leaves lack symptoms.  Do not extend the bait exposure past 3 weeks.
· It present, Pr is not expected to infect all bait leaves to equal extent, and other Phytophthora spp. are sure to be present. Pool all leaves from both bait bags at each site and distribute symptom classes as evenly as possible for the local lab and the regional lab to ensure the variation present in symptoms is represented in leaves made available to both laboratories.
· If the number of available leaves is fewer than 4 due to loss of leaves or a bait bag, keep all leaves for the local laboratory.  Make a note on the “Stream Baiting Field Reporting Form".
· Wrap wet leaves destined for the local lab in a paper towel and seal in a 1 gallon plastic bag.  Wrap the wet leaves intended for the regional lab in a paper towel and seal in a separate 1 gallon plastic bag..  Double-bag the local and regional lab samples separately.  
· Fill out 2 replicates of the pre-printed label for the local lab samples.  Put one replicate label inside and fix the other to the outside of the outer bag.
· Fill out 2 replicates of the pre-printed label for the regional lab samples identical to the local sample labels EXCEPT include “REG” in the State Code to designate the samples for the regional lab.  Put one replicate label inside and fix the other label to the outside of the outer bag.

· Place labeled, double-bagged samples in a cooler on a sealed coolant bag until packaged for mailing or are delivered to the lab.  Do not permit the samples to freeze or dry out at any time.  Freezing will cause watersoaking of leaf tissues that is indistinguishable from Phytophthora spp. infection.  To prevent direct contact between the frozen coolant and the samples, place a buffer (several paper towels) between them.
· Record the date of retrieval on the “Stream Baiting Field Reporting Form".  Record stream temperature if it was not recorded at deployment.

· Clean debris from bait bags.  If not baiting continuously, surface sterilize in 95% ethanol or 10% Clorox for at least 4 hours before re-deploying.  Ethanol may be reused.  Rinse thoroughly after sterilization.  Label rope set-ups to maintain connection to specific locations.
Sample Transport, Storage, and Shipping

· All samples should be kept in a cooler on a sealed coolant bag and protected from direct sunlight or in a refrigerator until shipped.   Do not permit the samples to freeze or dry out at any time.  Freezing will cause watersoaking of leaf tissues that is indistinguishable from Phytophthora spp. infection.  Samples may be stored refrigerated for up to 3 days before shipping via overnight mail.
· Notify both the local lab and the regional lab before shipping samples so the arrival will be expected.  Mail samples to the appropriate diagnostic lab via overnight mail.  Contact information for molecular diagnostic labs can be obtained from your Regional FHM Coordinator.

· Include a completed “Chain of Custody” form in a sealed plastic bag showing the sample ID’s included in that mailing.  
Regional lab for eastern states:
Dr. Susan V. Diehl

Department of Forest Products

Mississippi State University

100 Blackjack Drive

Starkville, MS 39759
662-325-3101 (office)

662-325-8126 (FAX)  email: sdiehl@cfr.msstate.edu
Regional lab for west coast states:

OR, WA:

Melodie Putnam
Oregon State Univ
1089 Cordley Hall
2701 SW Campus Way

Corvallis, OR 97331-2903

(541) 737-3472 (office)

(541) 737-2412 (FAX)

email: putnamm@science.oregonstate.edu
CA:

D. Rizzo, UC-Davis and/or M. Garbelotto, UC-Berkeley
LABORATORY DIAGNOSTICS
Local lab

· Diagnosis is by culturing on medium semi-selective for Phytophthora spp. (PARPH-V8 preferred).  The recipe is included in lab training materials, along with isolation details, incubation instructions and morphological features of Pr in pure culture.
· Complete the “Laboratory Reporting Form” with Field-Assigned State Code; Stream/Location Name/Number; Deploy and Retrieve Dates; Lab-Assigned Sample Code; and Dates Received and Isolated.

· Remove leaves from plastic bags and rinse under running tap water.  Select symptoms for culturing to represent the range of symptoms presented on bait leaves.  Subtle symptoms or small watersoaked areas of leaf tissue may be more easily seen by viewing the underside of backlighted moist leaves.  Consult leaf bait symptom guide provided with lab training materials for the range of symptoms encountered.

· Use a #3 cork borer or cut symptomatic leaf pieces about 5 mm square and imbed the leaf piece completely into agar, plating 5 leaf pieces per 100 mm x 15 mm Petri dish.  Use at least 4 Petri dishes for a 4 leaf set.
· Cut 10 extra leaf disks and freeze for potential DNA extraction in the event of a local Pr negative isolation result conflicts with a Pr positive PCR result from the regional lab.  Wrap leftover leaf material in a moist paper towel, reseal in a plastic bag, and refrigerate in the event that additional culturing becomes necessary.

· Incubate Petri dishes in a dark 20OC incubator and check for colony development in 48-72 hours.  Images showing morphological features of Pr in pure culture are provided in lab training materials.  The key features are:

Relatively slow growing coralloid hyphae;

Large brown-orange chlamydospores visible from the bottom in proximity to the bait piece;

Copious sporangia in clumps on the upper agar surface;

· Incubate at least 14 days, checking regularly, before final reading of Pr presence/absence.  Suspect Pr cultures should be isolated in pure culture for APHIS confirmation.  Other Phytophthora spp. cultures need not be purified, but presence must be reported for the bait set.
· Complete Laboratory Reporting Form with Date of Final Isolation Reading and Isolation Results.  Record P. ramorum Yes/No and Phytophthora spp. Yes/No

· Report negative results to the cooperator responsible for field work in the state originating the samples by emailing the completed laboratory reporting form, with a copy to the regional laboratory.
· In the case of a suspected Pr positive isolation result:

See Reporting section below for the chain of notification in the case of Pr positive or ambiguous results.
Suspected Pr positive results must be confirmed directly by APHIS.  However, the importance of new forest environment finds outside the current known distribution of P. ramorum makes essential the repeat testing of the extra set of leaf pieces excised and frozen at the time of the initial isolation.  These redundant diagnostics give regulators the information they require for informed decision-making.  Perform real-time or nested diagnostics on the frozen samples and contact the regional lab.  In case the replicate leaf bait set from this location has not been tested yet at the regional lab due to sample volume, this signals an elevation to top priority.  In the case that the replicate bait leaf set has been assayed by the regional lab and returned negative Pr results, this notification triggers re-testing.
Regional Lab
· Regional lab performs molecular Pr diagnosis using APHIS-approved protocols.
Nested PCR Protocol

http://www.aphis.usda.gov/plant_health/plant_pest_info/pram/downloads/pdf_files/pcrprotocol4.pdf
Real-Time PCR Protocol

http://www.aphis.usda.gov/plant_health/plant_pest_info/pram/downloads/pdf_files/WI-B-T-1-6Rev4.pdf
· Retain leftover leaf material from molecular diagnosis in a freezer until confirmation of Pr negative isolation result is obtained from the local lab.

· In the case of a discrepancy in Pr results between local and regional labs, the local lab will perform molecular diagnostics on the extra leaf pieces frozen at the time of isolation.  The regional lab will perform another molecular diagnostic on the frozen leftover materials.
· Report negative results to the shipper of samples via email with copies to the national Pr forest survey technical coordinator (Steve Oak), and the local laboratory servicing that cooperator.

· In the case of a suspected molecular Pr positive result:

See Reporting section below for the chain of notification in the case of Pr positive or ambiguous results.
Suspected Pr positive results must be confirmed directly by APHIS.  However, the importance of new forest environment finds outside the current known distribution of P. ramorum makes repeat testing essential.  These redundant diagnostics give regulators the information they require for informed decision-making. Contact the local lab responsible for isolation from the replicate leaf bait set for this location, and re-test the DNA from the initial diagnostic (if available) and leftover frozen leaf bait material using real-time or nested diagnostics.

Reporting:  
The cooperator receiving funding from the FHM program (usually state forestry agency forest health specialist) is ultimately  responsible for timely results reporting, regardless of whether the funding is passed on to others.  This person should maintain regular contact with field personnel and their local diagnostic and regional labs to ensure satisfactory field and diagnostic progress.  (Note: Eastern Regional lab = Susan Diehl Mississippi State University; Western Regional lab [OR, WA] = Melodie Putnam, Oregon State University.  All other labs are considered local, even though some service diagnostic needs for multiple states.)  Many labs with affiliations to regulatory agencies have procedures they must follow in the case of a suspected positive Pr diagnosis.  The following notification chains are not intended to replace those established procedures, but are intended to keep USFS, APHIS, and state departments of forestry and agriculture informed of potential Pr positive findings so they can be prepared for future action.
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Contacts:

National FHM Program Leader

Borys Tkacz (703) 605-5343 btkacz@fs.fed.us
National Forest Survey Technical Coordinator

Steve Oak (828) 257-4322 soak@fs.fed.us 

National APHIS P. ramorum Program Leader

Jonathan Jones (310) 734-5038 jonathan.m.jones@aphis.usda.gov
Regional FHM Coordinators

Northeastern Area East:

DE, MD, NJ, PA, WV, CT, MA, ME, NH, NY, RI, VT

Jim Steinman  (610) 557-4158 jsteinman@fs.fed.us
Northeastern Area North Central:

OH, IA, IL, IN, MI, MN, MO, WI

Manfred Mielke (651) 649-5267 mmielke@fs.fed.us
Southern Region:

VA, KY, TN, NC, SC, GA, FL, AL, MS, LA, TX, AR

Dale Starkey (318) 473-7293 dstarkey@fs.fed.us
West Coast Region

WA, OR, CA

Alison Nelson (503) 808-2976 asnelson@fs.fed.us
A confirmed Pr positive will be followed-up by an intensification of baiting in the subject watershed in order to isolate the inoculum source.  Intensive ground surveys of the stream network will also be undertaken.  When the inoculum source is located and official samples are collected under APHIS supervision, APHIS protocols for wildlands and/or residential/commercial settings will be implemented:
Wildland protocol
http://www.aphis.usda.gov/plant_health/plant_pest_info/pram/downloads/pdf_files/forestwildlandprotocol.pdf
Residential Protocol

http://www.aphis.usda.gov/plant_health/plant_pest_info/pram/downloads/pdf_files/crdprotocol.pdf
Data Compilation and Analysis

· Cooperators who are responsible for deployment and retrieval of bait leaves are ultimately responsible for reporting to their Regional FHM Coordinator after each baiting period, for updating diagnostic results as they become available for earlier baiting periods, and for final reporting at the conclusion of the survey.  All reports (interim and final) should be copied to the National Survey Technical Coordinator (Steve Oak)
· Summary progress reports during the course of the survey will be filed by Regional FHM Coordinators with the National FHM Program Leader (Borys Tkacz) as requested.
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