Plant Exploration to Collect Juglans cinerea Germplasm Within the United States for Species Conservation

PROJECT SUMMARY

The Juglans Crop Germplasm Committee has determined there is a critical need for additional collections of butternut (Juglans cinerea) from throughout its range in the eastern United States. Only a few limited collections of butternut exist and these collections include germplasm from only a portion of the historic range of the species. Butternut is a short-lived tree and is declining in numbers for a variety of reasons ranging from changing land use to aging forest stands, seed predation and lack of suitable conditions for reproduction. However, the major reason for the dramatic decrease in butternut populations throughout its range in North America is the lethal canker disease caused by the fungus Sirococcus clavigignenti-juglandacearum that is believed to be an exotic pathogen. The disease has been documented in North America since the early 1960’s. Since then, the fungus has killed over 90% of the trees in some states and is threatening its survival as a viable species. The identification, propagation and characterization of butternut germplasm that is resistant to canker is a critical first step in the conservation of this species.

Additional collections are needed to obtain a broader sample of the remaining butternut germplasm from throughout its natural range. Efforts will also be made to collect scions from named cultivars selected for nut quality and held in private collections. Exploration performed in 2002 and 2003 added scions and/or seeds from 79 new butternut genotypes, a 6-fold increase in the inventory. Forty-eight of the new accessions were from a single stand in Wisconsin that contains trees that are among the best candidates for a canker-resistance breeding program. A small number of clones from this stand require re-collection because they were not bearing nuts and all attempts at grafting failed. Exploration will continue to focus on but will not be limited to dormant scion wood or seeds from trees that meet the established guidelines for disease resistance. Cryptic hybridization between butternut and other species requires that the DNA from each accession be evaluated to determine its identity.

Locations of all collections will be documented and complete passport data will be recorded. Germplasm will be shipped or carried to the laboratories of the USDA Forest Service, North Central Research Station at St. Paul, MN and West Lafayette, IN and to the National Clonal Germplasm Repository at Corvallis, OR.  All accessions will be assigned DJUG numbers and records kept with the Juglans database in Davis, CA.   
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CERTIFICATION

(The leader of each exploration must sign on the signature line of section 1 below.  Non-ARS participants must also sign on the signature line of section 2.)

 1.
For foreign plant explorations, I certify that I have read and will abide by the Guidelines for Conduct of Foreign Plant Explorations.  I agree to abide by all rules and regulations of host countries concerning collection of plant genetic resources and understand that proper permission is required in advance of collection.  

I will promptly comply with reporting requirements explained in the Guidelines for Plant Exploration Proposals.  I will provide a summary report, a narrative report, information on genetic erosion in the region visited and a catalog of collections. The catalog will include collector's name and number, plant name, collection locality, including latitude, longitude and elevation, and appropriate descriptive information (of plant and environment), etc.  

I understand that all germplasm obtained from ARS-funded plant explorations will be added to the National Plant Germplasm System (NPGS) where it will be curated on behalf of the U.S. Government.

__________________________________________  ______________________

                       Signature                                         Date

 2.
As a non-ARS employee, I agree to the above and certify that I have consulted the appropriate official of my institution who has agreed to waive overhead.

__________________________________________  _______________________               
              Signature                                         Date
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 1.
Submitted by:

Michael E. Ostry



Keith Woeste

Research Plant Pathologist


Research Geneticist

USDA Forest Service



USDA Forest Service

North Central Research Station

North Central Research Station

1561 Lindig Avenue, St. Paul, MN 55108
Forestry Building,195 Marsteller St.

Voice 651-649-5113, Fax 651-649-5055
Purdue University

mostry@fs.fed.us



West Lafayette, IN 47907

Voice 765-496-6808, Fax 765-496-6808







kwoeste@fnr.purdue.edu

 2.
Objectives:

a.  Taxa to be collected: Juglans cinerea
b.  Specific or general characteristics sought: Canker resistance, described cultivars with good nut qualities, exemplars of germplasm from throughout native range.

c.  Use to be made of germplasm collected: Research/Gene conservation

 3.
Dates of travel:

Several dates throughout FY 2004 to identify and mark candidate trees. Collection of scionwood used for grafting will be done in the dormant season. Seeds will be collected when available in September and October.

 4.
Host country(s) or state(s): Additional collections will be from SE Wisconsin in a selected 40 acre woodlot where butternut has been under study for several years and where a large number of resistant and susceptible phenotypes have been identified. Collection will be initiated from a location in the Hoosier National Forest and Indiana Dunes National Lakeshore (Indiana), and from trees identified by collaborators in MI, NJ, WI, and IL. Collections of selected nut cultivars will be made from a private propagator in IA. Additional collections will be sought in MO, VT, MA, and KY where collaborators have been identified. Competent collaborators are being actively recruited in other States.

 5.
Suggested participants: M. Ostry, K. Woeste

 6.
Host country (or state(s) or other) requirements to obtain collection permit

and permit for export of germplasm: All of the trees that will be collected will either be on private or state lands. Woeste and Ostry have approval from the private landowners and state agencies to conduct research and collect tree samples and scionwood.

7. Justification: The fungus Sirococcus clavigignenti-juglandacearum is killing butternut (J. cinerea) throughout its range in North America. Examination of canker ages indicates that the disease has been in the United States since the late 1950’s or early 1960’s. A survey of butternut in Wisconsin revealed that 91% of all the butternut examined were diseased. In Michigan, 80% of the butternut have been killed. In Canada the disease was first reported from Quebec in 1990, Ontario in 1992 and from New Brunswick in 1998. All evidence suggests that this fungus, first described in 1979 as a new species, is an exotic. Although it only kills butternut, the pathogen also rarely infects eastern black walnut (J. nigra) and heartnut (J. ailanthfolia), causing small branch cankers. In artificial inoculation tests, the fungus also is able to induce small cankers on English walnut (J. regia) and Pecan (Carya illinoenis). The fungus can be seedborne on butternut and eastern black walnut and the abundant sticky spores can be moved by birds, insects, and by rainsplash.

Butternut of all ages can be infected and killed by coalescing cankers that girdle affected trees. Being highly shade intolerant and a relatively short-lived tree, butternut is dying from causes other than the canker disease, and regeneration in most areas is sparse and susceptible to the disease.

Butternut is valued for its wood for furniture, paneling, specialty products, and carving. It is an important mast for wildlife and contributes to forest diversity. The nut is highly edible with an exceptionally good flavor, however, only a few butternut cultivars have been selected and described and most are not readily available. At this time there are no known butternut in commercial trade or in individual collections with proven resistance to butternut canker.

Butternut at one time was listed under Category 2 on the list of Endangered and Threatened Plants under the Endangered Species Act. Currently, there are harvest restrictions of healthy butternut on Federal Lands. Most States with large populations of butternut list it as a sensitive species and have management guidelines in place.

Butternut is in no immediate danger of extirpation, however, genetic diversity has been severely impacted, and many local butternut populations have been lost. Results of special surveys to determine the health of butternut in the United States and Canada have not been encouraging. 

However, healthy butternuts are found growing among severely diseased trees. Some of these healthy individuals have remained disease-free for over 10 years of observations. Others have walled-off cankers, indicating that they may have resistance. Ostry, with the North Central Research Station, has clonally propagated a small number of selected butternut exhibiting disease resistance and established them in archive plantings in MN, WI, VT, NY, and IL. Many more trees have been identified that have excellent qualities, including freedom from the disease under severe disease pressure, that warrant their collection for research and conservation.

There is a dire need to determine optimal conservation strategies for butternut. The species is naturally rare and its range is rapidly decreasing. There is poor regeneration after usual forest practices, and the viability of seed sources is uncertain. In its southernmost range, viable butternut populations are nearly lost, and hybridization with planted Japanese walnut is common.

Little research has been conducted on butternut genetics. The few selection efforts have concentrated on collecting superior phenotypes for nut qualities and more recently for disease resistance. However, no detailed study of the genetic structure or diversity of butternut has been done, and there has been no effort to determine the genetic basis of resistance to the canker disease. It is not known if the resistant phenotypes identified so far share a common mechanism of resistance.
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 8.
Germplasm currently available:

A small number of butternut selections (<12) are maintained at the Corvallis NCGR. Collections made last year (36 clones, 28 unique seed sources) were focused on an unusual stand in southern Wisconsin that is expected to be a valuable resource for studies of resistance to butternut canker. Ostry maintains a small research collection. A wild seedling collection is being evaluated at the University of Tennessee, but data are not available and it is not known if these trees are hybrids. Private nut growers have propagated about 20 butternut genotypes in scattered, undocumented orchards.  

8. How does the exploration relate to earlier explorations or subsequent expeditions? Collections made last year were the first organized attempt to clonally propagate butternut that may have resistance to the pathogen causing butternut canker. The genotypes collected represent a significant increase in the available germplasm.  A small number of clones from the Southern Wisconsin site must be re-collected because of propagation failures. Our preliminary exploration of selected areas will now be followed by a wider-ranging collection effort to ensure that the full range of genetic diversity in butternut is sampled. Outreach efforts by Ostry and Woeste have led to the identification of additional candidate (healthy and potentially disease-resistant) trees in several other States. Living but cankered germplasm growing in unsampled ecosystems or locations will also be targeted through established contacts. 

 10.
CGC or other concurrence: Butternut acquisition and conservation is regarded as a high priority by members of the Juglans CGC. (See attached)

 11.
Benefits to host country: NA (Domestic exploration)

12. Status of mapping and map requirements: Maps showing the locations and ownerships of the butternut being selected will be available. GPS coordinates are available for all butternut on the site in southern Wisconsin that we intensively sampled for genetic and phenotypic variation that may represent resistance to the butternut canker disease. 

 13.
Vehicle and fuel requirements, availability, and cost: USDA FS vehicles or rental cars will be used for all travel.

 14.
Currency/exchange rates: NA (Domestic exploration)

 15.
Holidays: 



NA 
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 16.
Supplies and equipment: Most required supplies and equipment will be provided by the North Central Research Station or Purdue University Department of Forestry and Natural Resources. A budget is provided for purchase of disposable items such as soil, fertilizers and rootstocks. 

 17.
Field plan: All butternut that have been identified for collection are easily accessible. All trees that are to be collected will have full passport data recorded and tree locations will be recorded using GPS coordinates whenever possible. In addition, tree diameters, tree health, and bark phenotype will be recorded. (We have evidence that bark color and texture may be related to disease susceptibility/resistance of populations). When possible, leaf samples will be collected for genetic typing at the USDA Forest Service laboratories at Purdue University. Dormant scions will be collected from Jan-March and stored for grafting until rootstocks are available. Eastern black walnut rootstock will be used for grafting in the greenhouses at St. Paul and West Lafayette. Technicians at both locations have extensive experience propagating butternut in this manner. Collected seeds are stored to meet chilling requirements, pre-sprouted in the greenhouse and planted in field plots after the danger of frost has passed. Nuts are sown under units designed to deter predation from squirrels

 18.
APHIS requirements for import of germplasm: NA (Domestic exploration)

19. How collections will be shipped to U.S. or other destination: NA (Domestic exploration)

20.
Disposition of germplasm after collection: It is proposed that all scionwood collected will be brought to the Forest Service facilities in St. Paul, MN and West Lafayette, IN for greenhouse bench and/or field grafting onto black walnut rootstock. A subset of accessions will also be sent to the National Clonal Germplasm Repository in Corvallis, OR. After genetic mapping and disease resistance screening are completed, all selected accessions with desirable traits will be deposited into the NCGR. Seedlings will be grown at field facilities of the Hardwood Tree Improvement and Regeneration Center, evaluated, and representatives reposited in the NCGR. 

 21.
Contacts and cooperators:


Manfred Mielke, USDA Forest Service, Forest Health Monitoring Program, Northeastern Area State and Private Forestry, 1992 Folwell Ave., St. Paul, MN. Manfred has assisted in the past with locating potential candidate trees, with scionwood collection, and coordinating the collection of National butternut resource data. Jane Cummings-Carlson, Wisconsin Department of Natural Resources; Ed Hayes, Minnesota Department of Natural Resources, both individuals are plant pathologists who have previously cooperated with M. Ostry on butternut research and are familiar with areas where candidate trees are growing.
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22. References consulted:

GRIN


USDA Forest Service Forest Inventory and Analysis data base


Northern Nut Growers Association

Ontario Ministry of Natural Resources

Wisconsin Department of Natural Resources

Minnesota Department of Natural Resources

Eastern Black Walnut Council

 23.
Itinerary (in target area): Travel to butternut collection sites in Minnesota, Michigan, Iowa and Wisconsin are within one day travel by car from St. Paul. Lodging is available at local motels. It is estimated that each trip will require 1- 3 days for locating, marking and collecting data and samples.

23. Budget estimate: 

          Budget statement: see attached

25. Vitae: 

Michael E. Ostry
Research Plant Pathologist, USDA Forest Service, North Central Research Station

1561 Lindig Ave., St. Paul, MN 55108, 651-649-5113, FAX 651-649-5055

e-mail mostry@fs.fed.us

· Employed with North Central Research Station 33 years

· Adjunct Associate Professor, Department of Forest Resources, University of Minnesota

· Senior Editor, Plant Disease 1997-2000

· Chair, SAF Entomology and Pathology Working Group 

· Deputy Coordinator, IUFRO Foliage, Shoot and Stem Diseases Working Party

Education:
Ph.D. Forestry, U. MN 1992, MS Plant Pathology, U. MN 1978, BS Forestry, U. MN 1971

Scope of Research:
Research emphasis is the ecological interactions of native and exotic pathogens in forests and plantations.  Current research is directed at reducing the impact of tree diseases in biomass plantations and managed forest stands using cultural and genetic resistance strategies.  Under study are four canker diseases affecting aspen, hybrid poplars, white pine, and butternut.  Included in these investigations are host range, mechanisms of host resistance, and genetic and pathogenic variation in the pathogen populations.
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KEITH E. WOESTE

Research Molecular Geneticist

USDA Forest Service, North Central Research Station

Hardwood Tree Improvement and Regeneration Center

Adjunct Assistant Professor, Forest Genetics

Department of Forestry and Natural Resources

Purdue University

1159 Forestry Building

West Lafayette IN 47907-1159

Phone: 765-496-6808

Email: kwoeste@fs.fed.us or kwoeste@fnr.purdue.edu

FAX: 765-496-7255

EDUCATION

Ph.D., Genetics, University of California, Davis, 1994. 

M.S., Horticulture, University of California, Davis, 1990. 

Current Research Priorities

Genetics and genomics of hardwood trees, genetic improvement of fine hardwoods, diversity and genetic structure of wild populations of fine hardwood trees, effects of management and environmental change on the diversity and distribution of fine hardwoods.
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CROP CURATOR STATEMENT

I have been in contact with [fill in explorer's name] concerning the planned plant exploration to [fill in country or region].  I expect to have the capacity to curate the collections anticipated from this exploration. 

Comments:

_________________________________  ___________________  ____________________

           Curator's name                        Location                   Crop(s)

___________________________________ _________________

               Signature                           Date

Budget Estimate:

Temporary Technician Salary: (GS-4, 40 hours/pp @ $350 x 5 pp =  $1,750 x 2 locations = $3,500). Technician will be used for field collection, grafting and plant maintenance in the greenhouse and the field. Because the collections are susceptible to loss, especially at the early stages of propagation, they are backed up in two locations whenever possible. Some germplasm will be obtained by Ostry or Woeste only, and technical support will be needed at both St. Paul and West Lafayette. A significant cost share will be borne by both programs for propagation costs since an experienced propagator is required for grafting and propagation after-care. These tasks are managed by Ostry (in St. Paul) and by a GS-11 technician in West Lafayette.
Field and greenhouse supplies, rootstock, refrigerated storage: $1,500 Purdue University provides an important cost share by providing greenhouse space free of charge.

Lab supplies: $1,500 DNA analysis is required to verify that germplasm is butternut and not a cryptic hybrid. Cost of technician to prepare and evaluate samples is cost-shared.
Per diem: $2,000 Travel by Ostry and Woeste to field locations in WI, MN, IA, MI and other states. Travel between St. Paul and West Lafayette and to field plantings and greenhouses for management of collection and project coordination. 

Mail costs: $500 Permits the investigators to purchase pre-paid overnight shipping labels to send to cooperators for sending leaf and nut samples to verify the species of trees when local experts are not available. Permits the shipping of nuts from germplasm that will later be collected as scion wood.

Mileage and vehicle rent when air travel is needed: $3,000 Ostry and Woeste and their technical staff will travel extensively to make collections.

Total funding requested: $12,000
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