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Pennsylvania Chapter – The American Chestnut Foundation

Science Committee Meeting
March 16, 2005   9:15 a.m. - 3:00 p.m.
 Forest Resources Lab, Rm. 303,  P.S.U. University Park, PA

In attendance: Timothy R. Phelps, President; Bob Summersgill, Past President;

Dave Armstrong, Operations Coordinator; Tim Eck, Treasurer; Bob Leffel, Chapter Science Advisor; Ann Leffel, Science Committee Chair; Alex Day, DCNR Representative, Sara Fitzsimmons, Staff Breeding Program Coordinator; invited Scientists: Kim Steiner, Henry Gerhold, and Jim Bailey; and Guests: Tom Pugel, Grower; and Paul Pitluk and Ram Ramachandran, West Windsor Township, NJ.  Other Scientists invited, but not able to attend:  John Carlson, Dick Lighty, and Tom Hall.

The purpose of the meeting was (1) to review the chestnut breeding program to date including:  numbers of trees planted and surviving, condition of orchards, problems within orchards, inoculations, seed production, and to plan plantings, inoculations, pollinations, etc. for this spring and in as much as possible the next several years; (2) to discuss management practices and ways to improve them, (3) to plan for activities of potential interns, (4) to discuss the practicality, feasibility, and plans to investigate and pursue the PA-TACF Backcross Breeding program utilizing Cytoplasmic Male Sterility, Multiple Sources of Resistance, and regional adaptability seed conservation zones, (5) to consider the resources needed and those that we have available for the breeding program, and

(6) to consider the continuing progress of establishing a science committee.  

(1)  Review of chestnut breeding program as presented by Sara Fitzsimmons:

A very complete report indicates that the chapter has planted way over 20,000 trees in the last 10 years, probably close to 30,000.  Not every seed planted

has been tracked, but all who sent in reports are included in the data base of over 20,000 trees.  Our main holdings involve American, the TACF BC3 backcross (4th generation trees) and the TACF BC3F2 intercross (5th generation trees). 

Summary of American plantings:
Planting of American trees continues to be one of the primary goals of our program to preserve the existing gene pool, for educational purposes, to test potential growing sites, to provide mother trees and pollen for breeding, and to demonstrate the problem of chestnut blight that we are working so hard to overcome.  Close to 7000 American seed have been planted in orchard sites.

Summary of ‘Clapper’ & ‘Graves’ sources of resistance:

5073 Clapper BC3 seeds were planted in 15 orchards, two of which failed for a loss of over 500 trees.  The survival rate on several paternal lines has dropped below desirable levels for selection.  The Science Committee recommends establishing 4 new Clapper lines in the northern tier of states where we have little regional representation of American trees.  A collaboration with Blooming Grove Hunt Club and Milford Experiment Station provides the potential for locating American trees producing seed, planting, and maintaining an orchard in that area.  35- BC3/BC4 seed representing 3 new lines were produced this year for planting in the TACF Stewart/Smith Farm. 

3819 Graves BC3 & BC4 seed, 17 lines, were planted in 10 orchards with adequate survival rates.  Four new Graves lines with 594 seed will be planted this spring.  The locations are:  by Sengle at Julian in Centre Co., by Lee Saufley in Schuylkill Co., and by Dylan on a Nature Conservancy location in Clinton 
County 

Summary of BC3F2 (5th generation) plantation:  
The first BC3 intercross between two Clapper lines produced seeds which were planted in the PSU Arboretum In 2003 and 2004.  745 were planted and 641 survive.  The required number of seed per single cross is 150 seed in each of 9 replicated plots, i.e. 1350 seed per single cross utilizing controlled pollinations, or 1350 per each BC3 tree in the cross when utilizing open pollination.  The selected trees, now more productive, resulted in 1859 seed produced in 2004.  Unfortunately, two of the seemingly most resistant trees have not flowered yet.  Places will be saved in the plantation for seeds from those trees.   200 seed from the most prolific nut producer will be used in a greenhouse inoculation test by Tim Phelps using the protocol by Bill Powell of SUNY. To be published in the spring Journal.  The Science Committee recommends acceptance of the planting and pollination plans for the Clapper and Graves orchards and the BC3F2 plantation for 2004.

Inoculation:  Inoculations of 645 BC3 trees have been done at 6 Clapper orchards and 22 at 1 Graves orchard.  Selections have been made at three of the 96 & 97 orchards and the others will be selected this spring.  Possibly newly selected lines will produce flowers and begin producing BC3F2 seed.  Inoculation may continue at these locations this spring: Riegelsville, Thorpwood, Kuhns, Ober, and Codorus.  Those decisions are based on criteria for readiness.  The first BC3F2 trees planted at the Arboretum will be ready for inoculation this year.  
The Science Committee recommends acceptance of the plans to inoculate BC3 and BC3F2 trees this or next spring as they meet criteria for doing so at Riegelsville, Thorpwood, Kuhns, Ober, and Codorus orchards.
(2). Management Practices

Many suggestions were made as to how to improve management of the orchards.  The weaknesses are attributable to poor site selection, lack of maintenance, deer browse, and occasionally seed storage and lack of proper fertilization. Reports on orchards are tardy.  Recommendations discussed:  Always test sites by growing American seed there first.  Encourage all growers to participate at the grower’s meeting where workshops are presented almost and where they can bring their problems.  Revise and begin distributing grower’s manuals once again.  Encourage use of PA list via email for discussion of grower’s problems.  The on line data entry system has taken much longer than anticipated due to financing and other complications.  We’re exploring better means of controlled pollination.  Dr. Henry Gerhold may be willing to plan some methods for testing.  

The Science Committee recommends specifically:
1.  The Grower’s Manual be revised and printed for distribution this summer with the help of a potential intern if possible.

2. Every orchard begin with the planting of seed of two or more American trees from within the region, 10 seed from each.  Hybrid breeding material can be addedlater if site and grower are satisfactory. 

3. Optional – Growers of American trees planted from 1998-2001 be contacted to participate in a study of time of blooming.  Details on addendum.

(3). Interns – Adam Karl, an intern last year will return.  His main duties will be inoculations and pollination, to visit orchards, and possibly provide maintenance on orchards where needed 

 We were awarded a Stanback intern from Duke U. but have not been able to secure housing for her and she has no transportation.   If arrangements cannot be made, we may seek a replacement by advertising the position again. 
(4). Discussion of the PA-TACF Backcross Breeding Program utilizing CMS/ MSR/SCZ, i.e. Cytoplasmic Male Sterility, Multiple Sources of Resistance, and Seed Conservation Zones.

The chapter has largely completed the TACF backcross breeding program to produce a minimum of 100 seed per third backcross line per each of two sources of blight resistance, 'Clapper' and 'Graves'.  We have begun the 6-8 year process of intercrossing the BC3 generation trees to produce thousands of BC3F2 seed for planting in the first seed orchard in PA.  We are committed to completing that program and look forward to the prospects of some 6th generation seed in                                   6 to 10 years

The current program provides only one generation of backcrossing in PA, i.e., the third backcross.  The chapter prefers to advance the next source or sources of resistance using all PA trees for greater regional adaptability.  Members of the chapter began to explore the phenomenon of cytoplasmic sterility (genetic emasculation) in chestnuts by planting 5 locations with (AxC) F1 seed along with American seed or in existing American plantings in 2001.  The chapter was particularly interested in the strategy of utilizing cytoplasmic male sterility (CMS) as a method of genetic emasculation.  It would eliminate the need for controlled pollination which is one of the most time consuming, costly, and risky activities for our volunteers.  The program uses multiple sources of resistance and a model of quantitative inheritance. This breeding program was adopted two years ago by the chapter as a parallel breeding program to the national program.  The national 10-Year Plan adopted this year calls for a third source of resistance to be started by some state chapters.  TACF acknowledges the PA-TACF Backcross plan, but does not endorse it.  The TACF Science Cabinet can be in a position to provide oversight, guidance, and critique of the project.  

Considerable time was spent at this meeting in discussion of the current and future status of this program.  The perceived advantages, disadvantages, and scientific concerns are summarized below:

Advantages:

1.  Eliminates controlled pollination in all but the first generation crosses, one of   

     the most time consuming, costly, and risky activities for our volunteers.  
2. It is regionalized according to PA Seed Conservation Zones.

3. Preserves American gene pool because American trees do not need to be 

    rogued.

4. No germplasm agreements required.

5. Flexible as to size of planting depending on grower’s capacity except for 

    BC3 intercross generation.

6. Can be converted to male fertile program as needed.

7.  Provides greater diversity of sources of resistance and of American trees.

8.  Open pollination results in greater nut production.

9.  Sources of resistance can be planted together, but will not intercross because

     they are male sterile up until the time male fertility and intercrossing are

     needed.
10. It is advantageous to have a backup or alternate plan.  Quantitative 

      inheritance and additive model is applicable to the backcross breeding 

      program and may be better if blight resistance is controlled by more than
      three genes.  There is evidence in some sources, that it is.

Disadvantages:

1. Need twice as many trees per B1, B2, and B3 lines.  The MF/MS must be 

    rogued at the appropriate time.)

2. Loss of the enjoyment of teamwork during pollination. 

3. F1 seed are more difficult to produce than BC3, but not as many seed of each 

    F1 are required.  Due to incompatibilities seeds do not germinate and young 

    seedlings die.  Starting seedlings rather than planting seed may be desirable.

Concerns to address:

1. Early blooming within and between years gives early bloomers the advantage 

    in crossing.  This is true in any breeding program and can be controlled. 

2. Loss of parent information – American.  This is true with any open pollination

    system.  
3. Genetics of Asian sources of resistance is unknown.  This is true of all    

    chestnut trees. They are each different.  Biotech is not advanced enough or 

    cheap enough at this time for clear determination of number of genes involved.

    Other means involve several generations of breeding. There is evidence of  

    variability of resistance among Chinese trees.

4. Orchards must be in isolation from all non-American chestnut trees.

Conclusion:  

If CMS is present in chestnut trees, why not use it?  There must be provision to evaluate the program at each phase.   Is it true that every AxC F1 is male sterile and every C or J x A is male fertile?  The 2001 test planting will reveal this within the next couple of years.  So far, yes.  The growers of same must report results.   If more than one gene controls cytoplasmic sterility will it still be practical to apply?  The segregation of male sterility to male fertility will be determined by the early plantings of BC1s.  The growers must observe and report the results.  Better management of orchards is required no matter what we plant.  Our goal is for every orchard to succeed.  More time needs to be spent on evaluating and testing sites and preparing growers.   There is no need to hurry this project.  It will be better to focus on better rather than more!  No reasons were offered by the reviewing scientists to not investigate the project.

The Science Committee recommends that we proceed with the investigation of the PA-TACF Backcross Breeding Program utilizing CMS/MSR/SCZ.  The timetable for advancement will be determined by 

yearly evaluation of the test orchards, an orderly plan, and available resources.   The completion of five two-line orchards in two major regions is the goal for this year.

 (6) Resources
Time ran short for our consideration of our resources.  Work is progressing toward greater cooperation with DCNR Bureau of Forestry.  Many land resources are available, but management and maintenance remains a problem.  The tracking of records and data entry for this project needs to be considered more fully.  Just what data need be collected?  How will it be entered into our data system?  Who will do it? 

(7) Science Committee 

There are times when scientists are needed in determining the direction of the chapter.  We are grateful for the presence and advice of those we invited to this meeting.  Bob Leffel and Ann Leffel have resigned from their positions as Science Advisor and Science Committee Chair due to personal reasons.  Tim Phelps will assume the Chair.  Further consideration will be given to the function, operation, and composition of this committee.  The process of inviting scientists to assist us has been tried several times and seems to work well.  Extending our list of scientists willing to participate, including TACF scientists, may be a reasonable way to proceed.

It has been a privilege and a pleasure to serve in this position.  I thank you for confidence and cooperation.

                                                                          Respectfully submitted.

                                                                          Ann Leffel 

Addendum next page.                                                                           

Addendum to Minutes
Comparison
PA-TACF

CMS/MSR/SCZ Backcross                                TACF – Single Source Resistance

                # Trees                                                                               # Trees
B11              200                                                   Clapper  B1                1

B21                    200                                                                  B2            2000 or more
B31                    200 or more                                                     B3            2000 or more
B3F2           800                                                                  B3F2        1350 SC 
                 1400                                                                         or      (2700) OP

                                                                                                            5350 SC
                                                                                                  or      (6700) OP
X 10 sources of resistance =                               X 10  SC or (20 OP) for one                      
14,000 trees using 50 or more                            source resistance =
unique American mothers                                   17,000 – 31,000 trees using
for one of 5 major seed zones,                            41 unique American mothers.   
total of 70,000 for state.                                                                                      

The numbers of unique American trees used at the BC3 level can be increased
as deemed advantageous and practical.  BC3 is the American backcross that will have the greatest impact on genetic diversity of the base population.  Each BC3F2 will be genetically ½ of its American parent, ¼ of its grandparent, 1/8 of
its great grandparent and 1/16 or 6.25% of the F1 great great grandparent.
 American Tree Option
A great number of American trees were planted in orchards all over the state beginning 1998.  Many of those orchards are now in bloom.  The seed was distributed without regard to regional location.  It may be that the growers would be interested in participating in a possibly revealing study of those trees that are blooming.  It would require a bit of work on their part. 

During the blooming season about every other day, they would record the date on which the catkins had at least half of the catkins starting to shed pollen, i.e. the filaments would have anthers.  We would need a couple of good photos on our web site to which they could compare their trees.  At the end of the season they could submit by PA seed lot # the dates on which each blooming tree was recorded.   It would be very interesting to see the variation among and between seed lots and locations.  This might give us some ideas on how to control the timing of pollination for the most desirable random mating in orchards.   A great way to involve our growers in the science and make their orchards more interesting to them.  Maybe!
