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notes

FROM THE EDITOR

or The Amer ican Chestnut Foundation fall islikeanew begin-
F ning each year . Volunteer s fr om Alabama to Maine, some as
far north as Canada and other s as far west as Indiana, gointothe
woods or intoneatly tended plantings of chestnut tr ees to coll ect
the year’s har vest. In this issue of The
Jour nal, Bruce G- aham’s poem poignantly descr ibes the antic-
i pation many of our staff andvolunteer member s feel at thistime
of year —r eady to collect the seeds that will be planted in the
ground next spring. Each year our efforts to collect chestnuts
seem new and fresh, yet it is atime- honor ed tr adition. While
we collect nutsthat areor will beincor por atedintoour br eed-
ing program, other s befor e us have collected chestnuts for far
differ ent r easons, r easons we hope will motivate our grand-
children or our grandchildren’s children todothe same.

In her essay on chestnuts and Native Americans, Dr. Anne
Fr azer Roger s describes atr aditional Cher okee Indian chestnut
br ead which has been handed down for gener ations and is still
ser ved today. She goes on to explor e how long chestnuts might
have been used by Native Americans and for what pur poses.
While the ar cheological infor mation is thin, she sur mises that
the use of chestnuts is long- standing, per haps being used with
cor n befor e the bean was intr oduced into Nor th Amer ica.

While Native Americans used the chestnut because of its
nutritional value, good taste and ver satility, in our efforts to
r estor e this maj estic tr ee we must look at the past and pr esent
structur e of our for ests. Quentin Bassin*“ Talking Tr ees” looks
at the historical data of the Souther n Appalachian Region to
reveal inher ent char acter istics about chestnut r egener ation in
the for est. Indeed, he ar gues that the r epr oductive char acter -
istics of chestnut gaveit a competitive edge over other treesin
theforest prior totheblight and Eur o- American land pr acti ces. ’
In retur ning the American chestnut to the for est, we must be
awar e of its reproductive str ategy.

Steve Oak looks at the present composition of Southern
Appal achian for ests in “ From the Br onx to Bir mingham” and
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finds that without the American chestnut, the Southern
Appal achian for est ecosystem cannot be consider ed healthy.
Because Amer ican chestnut was vir tually eliminated, oak tr ees
have been elevated to an unpr ecedented position in the for est
ecosystem. Yet oak trees are currently quite vulner able to oak
decline, adiseasethat kills matur etr ees. What heseesisafor -
est that is changing—one with fewer oaks and an incr ease of
species that pr ovide mast of lower value for wildlife.

Jayne Van Laur el’s life was dedicated to nour ishingwildlife.
In her honor, husband For r est MacGr egor is sponsoringapor -
tion of the ‘Clapper’ seed or chard at TACF's new Meadowview
Far m. Theblight r esistant Amer ican chestnuts pr oduced by this
or char d will nourish all types of wildlife, continuing Jayne's
wor k and enabling the American chestnut to step back intoits
original role within the Appalachian for est. Gther s who may
also wish to sponsor part of the seed or char d will want to | ook
at theinfor mation on page 22.

This over view ends wher ethis issue of The Jour nal and much
of our wor k at The Amer ican Chestnut Foundation tr uly begins,
at Meadowview. In his annual summary of research, Staff
Pathol ogist Dr . Fr ed Hebar d notes that this year has been espe-
cially notewor thy because we har vested our fir st lar ge cr op of
B3 Fo seeds—nuts that will pr oduce seed suitablefor r efor esta-
tion. He al soprovides ar eview of backcr ossingandan initial plan
for seed or char d design. The Castanea Guide on page 56 pr ovides
a gr aphic model of the design.

While once again the chill in the wind signals the fall har -
vest and next year’s seeds to plant, we know that many decades
of effort have led us to wher e we ar e now, closer than once
thought possibletodevel opingour fir st blight r esistant American
chestnut tr ees.

/M-—rm
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MEADOVWVIEW NOTES 2001-2002
by Frederick V. Hebard, Staff Pathologist

ntheyear 2001, Meadowview again was blessed with abundant rainfall

from May until mid- September, when dr ought set in and per sisted until
Mar ch 2002; it also was quite dry from April through June 2002. These
conditions are very similar to what we experienced in 1999-2000, and
2000-2001. Thewinter of 2001-2002 was war mer than in the previous
years. Several yellow rockets (Bar barea vulgaris) were in full bloom at
the Price Farm on December 15, 2001!

Cur current holdings are in Table 1, and changes from 2001 to 2002
are indicated in Table 2. We now have more than 17,000 trees covering
mor e than 60 acres.

Table 3 presents the current holdings of ‘Graves’ and ‘ Clapper’ third
backcrosses in the various state chapters. Taking the chapters and
Meadowview together, TACF now has more than 28,000 trees.

The highlight of the 2001 harvest (Table 4) was our first large crop of
B3-Fo nuts! We hope the B3-F» nuts include some highly blight resistant
individuals that will produce nuts suitable for reforestationinafew years.
Over the next 4 to 5 years we expect to produce many more B3-Fy nuts.

The most exciting event this year has been the planting of over 1000
B3-Fo nuts at anew farm pur chased exclusively for use as a seed or char d.
We needed a small par cel isolated from our principal resear ch farm sothe
B3- F» progeny wouldonly be pollinated by eachother, rather than by other
chestnut trees with potentially undesir able qualities. | very much appr e-
ciate the collective effort of the Foundation in acquiring this land.

BAsIC BACKCROSSING

It might be helpful to review the basics of the backcross method of plant
breeding to explain what a B3-F, is befor e discussing methods of pr oduc-
ing and planting them!

At The American Chestnut Foundation, we are trying to transfer the
blight r esistance of the Chinese chestnut tree to its American cousin, but
otherwise restore the traits of the American chestnut. So we fir st cross
thetwo species toget trees that ar e one- half Chinese, one- half American;
these ar e known as Fy s. We then backcr oss an Fq to another American chest-
nut, reducingthe fraction of Chinese genes by afactor of one- half, onaver-

O
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age, giving us trees that ar e one-

A Quick Cuide to Chestnut Br eeding Ter minol ogy quar ter Chinese, thr ee- quarters
American x Chinese Fq—F-one American; these are known as
F1 X Fy Fp—F-two Bqs. A second cycle of back-
Fp X Fp F3—F-three crossing reduces the fraction of

F1 x American
By x American
Bo x American
B3 x American
B1 xBq

B1-F» x B1-F
By X By

By-Fo X Bo-Fa
B3 x B3

Bz-F» x B3-Fo

Chinese genes by another factor
of one-half, yielding trees that
ar e one- eighth Chinese, seven-
eighths American, on aver age;
these are known as Bys. A third
cycle of backcrossing yields
trees that are one-sixteenth
Chinese, fifteen- sixteenths
American, known as Bgs. Thus
weare progressively diluting out
B3-F3—3rd backcross F-three all the traits of the Chinese
chestnut, except for blight resis-

B —1st backcross

B>—2nd backcross

B3—3rd backcross

B4—4th backcross
Bq-Fp—1st backcross F-two
Bq-F3—1st backcross F-three
Bo-Fp—2nd backcross F-two
Bo-F3—2nd backcross F-three
B3-F>—3rd backcross F-two

tance, for which we select at
each backcr oss gener ation by giving the trees the disease and picking the
most resistant ones.

Many or ganisms, including people and chestnut trees, have two copies
of each gene, one they inherit from their mother, and one from their
father. Qur Americanby Chinese chestnut F; s andvarious backcr osses have
an American chestnut parent, from whom they always inherit copies of
the genes for susceptibility toblight. Those genes for susceptibility to blight
render the Fys (and subsequent backcrosses) inter mediate in resistance
between the two par ent species. However, if we cross two F;y s or two back-
cross trees with each other, their offspring, knownas Fys, have a chance
of inheriting the genes for blight resistance from both parents. We have
done this cross with Fqs, Bys and Bys, (to get Fps, B1-Fys and By-Fos,
respectively) and indeed have recover ed highly blight resistant progeny,
usually at frequencies of 1 to5 percent of all progeny. (These trials have
provided us impor tant information on the heritability of blight resistance;
however, they were not designed to produce a tree with American mor -
phology).

Because these selected, highly blight resistant Fys inherited only the
genes for blight resistance from their parents, they cannot pass on any
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genes for blight susceptibility to their progeny. They are said to be true-
br eeding for blight resistance. Also, because they only have genes for blight
r esistance, and nonefor susceptibility, they are said to be homozygous for
blight resistance, rather than heter ozygous for blight resistance, unlike
their Fq parents.

In order torecover American characteristics in the br eeding process
w e ar e making thr ee backcr osses befor e inter cr ossing the thir d backcr oss
trees to produce B3-F, progeny. We then intend to select for high levels
of blight r esistance andinter cross the B3- F trees to produce B3- Fg nuts,
most of which we expect will also be highly blight resistant. We then plan
to plant these B3-F3 nuts out inthe forest to see whether they grow like
the American chestnut tr ees of old, and whether their blight r esistance holds
for an extended time.

SeeD ORCHARD DESIGN

We hope befor e long to prepar e a compr ehensive plan detailing the later
stages of the br eeding program, those entailing inter cr ossing of backcr oss
trees and planting of B3- F3 nuts inthe forest. It might be helpful toreview
those portions of the plan currently available, since there has been much
interest from the chapter s and since | now have oneyear’s experienceimple-
menting the inter cr ossing portion of the plan.

We ex pect that we need toobtain 9 highly blight-resistant B3-F» prog-
eny from each straight B3 parent, inorder to have a 95% chance of cap-
turing most of the alleles in each parent. If we fail to capture most of the
alleles in each par ent, they will become much mor e inbred in each succes-
sive gener ation. Inbr eeding has deleterious effects on chestnut, just like
people, and we want to avoid it if possible. The derivation of the for mula
for making this calculationis given in the appendix (assumingthere is one
recombination per chr omosome pair, resultingin about 20 linkage gr oups,
effectively).

We hav e been planning this breeding program from the start assuming
that blight resistance might be controlled by three genes. Currently, we
still have not deter mined whether blight resistance is controlled by two or
thr ee genes. My guess is that twogenes areinvolved, but it looks likethr ee
because other inherited factors modify the resistance r esponse, such as
those that influence tree vigor. Thus | think it best if we continue to plan
for three genes.

See the Castenea Guide,
p. 56 for a model seed
orchard design.
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To have a 99% chance of obtaining 9 highly blight resistant B3-F)
progeny homozygous for thr ee genes, we would need to gr ow about 1080
trees, usingthe formulagivenby Hebard (Hebard, F.V. 1994. The American
Chestnut Foundation Breeding Plan: Beginning and Inter mediate Steps. The
Journal of the American Chestnut Foundation, Vol. VIII, No. 1:21-28).
When planting nuts, we gener ally get about 8 trees for every 10 nuts plant-
ed. Thus we would need to plant about 1350 nuts from each B3 parent to
obtain our 9 highly blight-resistant B3-F2 progeny, or 150 nuts for each
single B3-F».

Foresters have found that 20 to 40 trees per acre is the best density
for seed orchards. We picked 30 trees per acre as our desired size. That
means each selected tree has to be in a squar e about 35 to 40 feet on a
side. Asindicated above, toobtainthat selectedtree, weneedtoplant 150
nuts in each subplot. | chose to plant these 1 foot apart infive rows of 30
nuts each, with 7 feet between rows. With a border of 10 feet between
rows at the edge of the subplot and 8 feet along the rows, each subplot is
square, measuring 38 feet on a side. We plan to screen these B3-Fy
seedlings for blight resistance when they are 2 years old and then begin
roguing downto the one highly blight r esistant tree selected to produce B3-
Fg nuts for reforestation.

We have about 30 straight By par ents derived from the ‘ Clapper’ tree,
each of which needs to generate 9 progeny. It would be better to plant only
one offspring from each B3 in a block of trees, to minimize crossing
between full brother and sister. One would then plant 9 blocks total.

At the above spacing, 9 progeny each of 30 straight B3 par ents would
take up about 15 acr es, given waste space. One would need about 10 acr es
for 20 straight B3 par ents. Most of TACF s chapter s ex pect to hav e about
20 straight B3 parents.

SED ORCHARD PLANTING TECHNIQUE
Several chapter s thought that it would be beyondtheir resour ces to estab-
lish seed or char ds such as described above, although many chapters have
been successful ingatheringlimited r esour ces to establish br eeding or char ds.
Onthe contrary, my observation leads me to believe that it would be pos-
sible for chapters to plant and maintain seed or char ds.

First, the 9 blocks need not be planted in one spot. If 9 members of a
chapter were each to plant a block, they would have only 1 acre to tend,
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similar to the size of the breeding orchards now established. Once selec-
tions are made, one would only need to tend 20 to 30 trees.

Second, the amount of work involved in planting and tending 3000 nuts
ononeacreis not as huge as it seems andis similar to establishing a br eed-
ing orchard. Thisyear, for 1000 nuts, we spent one day tilling ground, one
day planting, and parts of four days weeding, mowing and fertilizing. We
essentially planted this orchard and walked away. It would not hav e taken
appr eciably more time to plant and tend 3000 nuts rather than the 1000
we did plant.

One important factor was that we used landscape fabric to control
weeds in the or char d, rather than our usual plastic mulch. Landscape fab-
ric costs about 10 times mor e than plastic mulch, whichis why we don’t
use it onour larger acreages. But it has the advantage of being per meable
towater, sothat wecouldfertilize by br oadcasting granular fertilizer twice
ayear inmidMay and late June (200 Ib./ acre N, 60 LB/ acre P& K as ammo-
nium nitrate, diammonium phosphate and potash) rather than pumping
Mir Acid dow n past the plastic every other week. Chapters would need to
weigh the cost of one technique against the time requir ed for another.

I expect it will take us about half aday to inoculate these trees withthe
blight fungus to screenthem for resistance, another half day torate their
r esistance, and another day torogue the or chard. After that, one needs to
mow the orchard twoto four times ayear, fertilize, and pick up the nuts.
It might take alittle bit longer for those who don’t have ex perience estab-
lishing a seed or chard or who have limited r esour ces, but it can be done.

MATING DesiGN

The question has beenraised as towhether it would be best tofollow Charles
Bur nham’s or iginal plan and use open pollination to pr oduce the B3- F» gen-
eration, or to follow the recommendation of the 1999 science review
panel and use controlled pollination. | don’t think it will be possible to gen-
erate the needed number of progeny (1500 with controlled pollinationin a
circular mating design) using our current method of bagging female flow-
ers. For instance, over the last four years, we have made 23 different Fp,
B1-Fo, Bo-Fy and Bg-F» controlled crosses, using 1193 bags, but these
yielded only 789 nuts. Bob Leffel, Science Coodinator for the PA Chapter,
who also has consider able experience making controlled pollination of
chestnut trees, concurs in my opinion. The other option would be to plant
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Bgs in isolated pairs of progeny and leave two to interpollinate.
Unfor tunately, this frequently would not be feasible due to land and labor
constraints.

There would be several advantages to using controlled pollination, but
some of the most compelling ones are more important in other breeding
programs thanin ours. For instance, if aparticular straight B3 treeis not
a good parent, its progeny can easily be identified and rogued when con-
trolled pollination is used. Using open pollination, one cannot identify the
progeny of abadfather, without very expensive pater nity tests. However,
we want to capture as much of the genetic back-

ground of the American chestnut as possible, warts
niw and all; we'renot interested inimproving the growth
P § Smrmber olFEs pargariial disllel rateof thetree, only incor por ating blight resistance.
20 - -,I‘.: Thus, inour breeding program, atree would only be
2 JI"-\:'"-. a poor parent if it did not have all the blight resis-
| o8 - ,q'., '.{ "'ﬁ' tance genes. | am confident that all the blight resis-
-':_ LAY :'* tance genes will be present in the trees we use as
‘f e \\"\\\& par ents.
f s Mg Another theor etical advantage of controlled polli-
_— “-':‘H_-:_‘“:-E ;-"_":-- nation is that one tree cannot come to dominate the
i pollinations and be the sole father of the nuts pr oduced
il i : s : by the other trees. It has been suggested that such an
i o m 1 L ] occur rence would strongly increase inbr eeding in sub-
g sequent gener ations. | assessed this effect by simu-
Figure 1. Inbreeding Coefficient at F4 versus the lation and found the increase in the inbreeding
num_ber _Of Fis "_1 the f?u“der_ por’maﬂo,n’ ) f,or coefficient was fairly small as long as the number of
partial diallel mating designs with 2 to 6 individ-
uals per diallel, when one male parent pollinates trees being inter crossed at one time was less than 5
the other parents and itself is pollinated by one or 6 (Figure 1). When one tree did not dominate the
other parent, and there are ten Fp offspring per pollinations, whichwould occur much mor e frequently
Fy mother. than one tree dominating the pollinations, the degree
of inbr eeding was independent of the number of trees
being inter cr ossed.

The most important advantage for us of controlled pollination to pro-
duce B3-F» trees is that we would only need to produce 10 progeny from
each cross of two straight Bg trees to capture 95% of the alleles in both
of them. In contr ast, under open pollination we need to produce 9 progeny
from each straight B3 to capture 95% of its alleles, since we don’t know
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how many progeny it fathered. So, with controlled pollination, the seed
orchards are halved in size (and we also cut their potential seed yield in
half). However, | do not find this to be a compelling advantage of controlled
pollination; it is helpful, but not compelling.

EFFiciENCY OF CONTROLLED POLLINATION

We have been working to try to improve the efficiency of controlled pol-
lination. We ex pect that dead pollen will not yield many nuts, so pollenvia-
bility is animpor tant parameter to measure. Last year, Rachel Taylor, an
intern from Emory and Henry College, succeeded in ger minating chestnut
pollen so we could assess its viability. The key was to incubate the pollen
at 31 degrees C, rather thanroom temperatur e (25 C), which we had been

unable to do befor e Rob Doudr ick of the U.S. For est Ser vice and Far m Dir ector .
Jim Wilson arranged for the loan of an incubator capable of r eaching that
temperature. This year, Benji Cornett, another intern from Emory and
Henry, whois our new agricultural resear chtechnician, extended Rachel’s
wor k. We also installed an ex periment compar ing the efficiency of pollina-
tion using the glass slide technique versus fresh catkins; previous work
suggested, but did not dir ectly test, that pollinationyields are higher using
the glass slide technique. Another factor in pollination efficiency may be
the amount of pollen released by a collection of anthers. We currently are
exploring these factors as best we can.

| would like to thank Lou Silveri, Ron Myers, Jack
Johnson, Gene Whitmeyer, and Harry Norford for helping
out with pollinationthis year. They came downontheir own
and stayed at Emory and Henry College. We also had a gr oup
come dow n under an Blder Hostel program. Sam Fisher, Neil We are in awhite house on the northeast
Rich & Chrystle Gates of the Southwest Vir ginia4- HCenter side of Virginia Route 80, one-third of a
hav e been very helpful managing the BHder Hostel pr ogram, mile southeast of Exit 24 on Interstate
which would not occur without their initiative. Thank you — 81, the Meadowview Exit .
this would not get done without your help. If you would be We generally are there during normal
interested in helping pollinate next year, plan on any time
inJune after the 10th. (Call 276 944-4631 around June 1).
If youwould beinterested inthe Bder Hostel program, call
617 426-8055 or write 75 Federal St., Boston MA 02110.

We would like to remind all TACF mem-
bers that you are welcome to visit

Meadowview Research Farms at any time.

work hours, but it might be good to call

ahead (276 944-4631).
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NoTe

For “ n” progeny of asing e, diploidpar ent (the open- pollinated case,
not the contr dlledpallination, cir cular matingcasewher eyou ar econ-
cer ned with both par ents) :

Ther ear e2"ways of appor ti oni ngone heter ozygous
locus among the pr ogeny. For instance, with thr ee
pr ogeny, andalocuswithaleles* A" and“ a’ , these
would be:

AAA, AAa, AsA, Aaa, aAA, ala, aaA, & aaa

Andfor any onelocus, ther e ar e two sets of pr oge-
ny wher e only one of the alleles in the par ent has
beentr ansmitted. Hencether ear e(2™2) setsof “ n”
pr ogeny wher e both all el es of asingleheter ozygous
locus have been tr ansmitted fr om adiploid par ent.

For “ @ independent, heter ozygous loci in asing ediploidpar ent:
Ther ear e(2") aways of appor tioningtheloci among
sets of “ n” progeny, and (2"™-2) aways of tr ans-
mittingboth allel es of each locus.
Ther efor e the fr action of sets containing“ n” progeny possessing all
alelesfrom asinglediploidpar ent with* & independent , heter ozy-
gous loci is:
(2"=2)°% (2" *

which reducesto(1-2""")*®

For the contr olled- padlination case, one needs to squar ethis fr action,
which is equival ent tothe open- pallinated casefor twiceas many loci.
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TABLE 1
Type and number of chestnut tr ees and planted nuts at TACF Meadowview Resear ch
Far ms
in May 2002, with the number of sour ces of blight r esistance and the number
of American chestnut lines in the br eeding stock.

Number of

Nuts or Sources of American
Trees Resistance Lines*

Type of Tree

American 1931 167
Chinese 898 42

Chinese x American: Fq 651 24 84
American x (Chinese x American): Bq 1021 12 41
American x [American x (Chinese x American)]: By 2073 9 105
American x {American x [American x (Chinese x American)]}. Bg 6318 5

72

Am x (Am x {Am x [Am x (Chinx Am)]}):By 100 1 1

(Chinese x American) x (Chinese x American): Fy 780 5 19
[Chx Am) x (Chx Am)] x [Chx Am) X (Chx Am)]:F3 6 1 1

[Amer x (Chinx Amer)] x [Amer x (Chinx Amer)]: B1-F» 509 3 6

{Am x [Am x (Ch x Am)]} x {Am x [Am x (Ch x Am)]}:By-Fy 393 4 9

[AX(Ax{AX[AXx(CxA)IDIx[Ax (Ax{Ax[AXx (CxA)]}N]:B3-Fr1274 2

8

Chinese x (Chinese x American): Chinese Bq 142

Chinese x [American x (Chinese x American)] 41

Japanese 3 2

American x Japanese: Fq 16 2 3
(American x Japanese) x American: B 198 2 2
Castanea seguinii 48 1.

Chinese x Castanea pumila: Fq 9

Large, Surviving American x American: Fq 304 12 36
(Large, Surviving American x American) x American: Bq 585 7 10
Large, Surviving American x Large, Surviving American: 11 62 4 5
Large, Surviving American: Fp=F1 x Fy, same as par ent 345 5 10
Large, Surviving American Other 75 2 7
Irradiated American x American: Fq 41 1 1
Ot her 59

Total 17,882

* The number of lines varied depending on the source of resistance. We will have to make additional crosses in some lines to
achieve the desired number of 75 progeny per generation within a line. In keeping with past practice, the number of lines for
each source of resistance are added separately; thus, progeny from two sources of resistance that share an American parents
would be counted as two lines rather than one line (this only occurs rarely).
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TABLE 2

Changes between 2001 and 2002 in the number of chestnut tr ees and planted nuts of differ ent
types at TACF Meadowview Resear ch Far ms, including changes in the number of sour ces of blight
r esistance and the number of American chestnut linesin the br eeding stock.

Increase or Decrease* in Number of

Nuts or Sources of  American

Trees Resistance Lines
Type of Tree
American -16 66
Chinese 120 1
Chinese x American: Fq -9 0 -4
American x (Chinese x American): Bq -188 2 16
American x [American x (Chinese x American)]: By -119 1 2
American x {American x [American x (Chinese x American)]}: By 793 3 8
Am x (Am x {Am x [Am x (Chinx Am)]}):By 0 0 0
(Chinese x American) x (Chinese x American): Fp 288 2 16
[Chx Am) x (Chx Am)] x [Chx Am) x (Chx Am)]:F3 0 0 0
[Amer x (Chinx Amer)] x [Amer x (Chinx Amer)]: B1-F 35 1 4
{Amx [Am x (Chx Am)]} x {Am x [Am x (Chx Am)]}:B>-F) -20 0 -3
[AX(AX{AX[AX(Cx A)INIx[AX(AXx{AX[AX(CxA)]D]:B3-F 1072 1
6
Chinese x (Chinese x American): Chinese B1 0
Chinese x [American x (Chinese x American)] 0
Japanese 0 0
American x Japanese: Fq 0 0 1
(American x Japanese) x American: By 0 0
Castanea seguinii 0 0
Chinese x Castanea pumila: Fq 0
Large, Surviving American x American: Fq -18 1 1
(Large, Surviving American x American) x American: Bq 85 2 3
Large, Surviving American x Large, Surviving American: Iq -1 0 1
Large, Surviving American: Fp = F1xFq, same LS parent 125 2 7
Large, Surviving American: Cther 75 2 7
Irradiated American x American: Fq 0 0 0
Other -1
Total 2221

* The decreases in By, By, By-Fp and Large, Surviving American Fy & I trees reflects roguing of trees with inadequate levels of blight
resistance. The increases reflect further breeding and collecting.
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TABLE 3
Number of thir d- backcr oss chestnut tr ees and har vested nuts at TACF Chaptersin
2002,
with the number of sour ces of blight r esistance and the number of American chestnut
lines in the br eeding stock.

Number of

Nuts or Sources of American
Trees Resistance Lines*

Chapter
Maine 1267 2 15
Massachusetts 670 2 8
Pennsylvania 7089 2 26
Indiana 1099 1 7
Kentucky 150 1 1
Nor th Carolina 507 2 6
Tennessee 93 5 4
Total 10,875
TABLE4
The Amer i can Chestnut Foundati on Meadowview Far ms 2001 nut har vest
fr om contr dled pallinati ons and sel ected open pd linati ons.
Pollinated Unpollinated Number of
Checks American
Nut Female Pollen Chestnut
Type  Parent Par ent nuts  bags burs nuts bags burs Lines*
By-F»  Meiling By Meiling By 35 116 409 0 13 44 2
By American Meiling Bq 51 48 103 1 4 7 2
By American Nanking B 10 137 245 0 13 26 2
Bo American R10T10 B 55 124 195 5 13 19 9
By Meiling Bq American 90 46 119 0 5 7 2
Bo Nanking Bq American 44 90 123 0 8 8 4
Bo R11T14 Bq American 1 62 113 0 8 10 1
By-Fp  Clapper By op 1676 open pollinat ed 8
Bo-F3  op Clapper By op 1673 open pollinated 2

(Continued on next page)
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TABLE 4 (continued)

Pollinated Unpollinated Number of
Checks American

Nut Female Pollen Chestnut
Type Parent Par ent nuts bags burs nuts bags burs Lines*
Bs American Clapper By 219 86 275 2 7 17 3
Bg American Douglas By 38 34 88 0 4 13 1
Bg American Graves By 246 213 531 10 26 58 11
Ba American RAT23 By 7 70 292 0 8 29 2
Bs Clapper By American 132 58 189 0 6 18 2
Bs Douglas By American 30 1 0 0 4 10 2
Bs Graves By American 158 221 408 7 25 55 11
B3 R1T7 By American 57 36 8 0 2 1 3
B3-F»  Clapper Bg op 1369 open pollinated 6
Fr Eur opean American 56 19 28 0 2 0 1
Fp Kuling Chinese ~ American 11 91 154 4 5 11 1
Fp Nanking Chinese American 34 106 184 0 14 23 3
F 72-211F 72-211F 246 299 526 2 28 53 4
Fo Nanking Fq Nanking Fq 36 167 269 1 17 45 2
F> OrinFq OrinFp 57 95 150 3 9 15 2
IsaB;  American Ambher st Fy 39 108 292 0 10 27 4
IsaB;  American Ot F1 1 50 100 0 5 10 1
lsaB; OtH American 13 42 104 0 4 8 1
IsaFp  Amherst F1 Amherst Fq 16 39 70 0 5 15 2
lsaF, OtF Otk 108 87 149 0 9 33 5
Isal{xamAmerican op Dar esBeach 77 75 208 0 9 20 1
Isal{xamAmerican op Weekly 62 77 132 0 8 16 6
Other 22 23 16 0 0 0 4
Total Controlled Pollinations1951 2620 5480 35 271 598

*The number of American lines for this table is restricted to the number of
American chestnut trees that were direct parents, not grandparents, of progeny.
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A THOUGHT FOR AUTUMN

Astillness, the bar k of dog far away

Geese winging over the for est cover
A chipmunk disappear s behind a skeleton of an ol d chestnut stump

The chatter of aredsquirrel droppingburrstobe openedlater
A continuous spr ee from natur €'s for est haven
The gr aceful white pines, the mighty red oak blendin nicely with
the maj estic Amer ican Chestnuts
It"s that time of year that’s almost upon us, that silence, the chill in
theair,
that gust of windthat seems to sneak up behind us

It’s almost time for the nut gather er sto enter the for est

Bruce Grahar n
Bur ford Tr ee Nur sery
Grand River Conservation Authority
Bur for d Ontar io, Canada

o
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THE JAYNE VAN LAUREL MEMORIAL
SEED ORCHARD SECTION AT TACF'S
NEW FARM

By For r est MacGr egor

ayne Kelly Van Laur el took her name from the pristine
Madi son County, NCwoods in which we spent four wonder -
ful yearsintheearly 1990s. Bor n Mary Janette Fishburnein
1952, shewor ked constantly tomakethe 63 rural acreswelived
on even mor e of an Eden than it was. Wil dflower hikes for friends

LI—IE—-' £

Jayne Kelly Van Laurel

inthespring, habitat improvement for the foxes, boomer s, and
birds, protection fr om the fer al cats and dogs wer e j ust afew of
the gifts she gave tothe land.

Wemarriedin 1974, fresh out of college, and spent the next
quar ter century together, until an unfair death claimed her in
1998 at age 46. | once described her as awoman who never ate
br eakfast until thebir dswer efed, anditisfair tosay shebegan
her own daily nourishment by feeding car e to the wor Id ar ound
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her . Rain, snow or dr ought often found her outside, plantingedi-
bleplantsfor thewildlife, installing‘water featur es’ sothat the
upland chor us fr ogs had someplace to mate in mid- February at
the height of our North Car olinawinter, or makingsur ether ed-
starts had a placeto drink on their jour ney up north to br eed.

After shediedl tried, andfor awhile did a pretty good j ob,
to car e for her char ges with the same heart and deter mination
that shedid. But it is atough act tofollow, and not all of us have
her single- minded pur pose. The wor Idis acolder placewithout
her, and we and her animal friends ar e all the poor er for her
absence, even if most never knew her name.

It iswith this thought in mind that Jayne’s br other, Fr ank
Fishbur ne and | decided to sponsor, in her memory, aportion of
The Amer ican Chestnut Foundation’sfir st seed or char d. Thetr ees
that will one day comefr om this or char d, some 2 million per acre
per year whenit hitsits maximum production, will each dowhat
Jayne Van Laur el did when she was with us. They will feed and
nourish thewildlifeon her behalf, andwill never tir e of thetask.
When the time comes for Frank and | toleavethis life, we will
do so secur ein the knowl edge that the pr ocess will continue, and
that thememory of thiswonder ful woman will bepartly r espon-
siblefor thetr eesthat dothejob shewouldbedoing, if fatewere
sokindastohaveleft her her ewith us. | know she wouldbetouched
by the sentiment and hear tily appr ove of the symbol.

The Jayne Van Laur el Memorial Section is located at the new
‘Clapper’ seed or char d at TACF's new far m in Abingdon, VA, an
i sol ated location closetothe TACF br eeding or char dson the Price
and Wagner Resear ch Far ms. The or chard will eventually be
hometo288 BCgF, TACF chestnuts whose open pollinated pr og-
eny, the BC3F3 generation, will be the fir st field- deployable
Amer ican chestnut hybrids with near 100% blight r esistance.
They will be 94% American, on aver age, and be able to pass on
their high blight r esistance to their progeny. For est testing of
these tr ees will begin in appr oximately 2007, and may r equire
many year s to deter mine if theinitial hybrids will survivein
for est settings.
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If you would like to dedicate a portion of the new seed orchard
in honor or memory of someone,please see reverse or contact Marshal Case at 802-447-0110.

INFORMATION ON SPONSORSHIP OF THE SEED
ORCHARD AT THE NEW FARM

ponsorship of TACF's seed orchard will honor someone you love in a touching and unique way

by giving back to our fragile ecosystem something it has lost for some time — the American chest-
nut. You may wish to sponsor one of the nine reforestation blocks that will each eventually con-
tain 32 trees that will produce our first blight resistant nuts at TACF’s new farm. Or you may want
to sponsor a portion of one of these reforestation blocks, a single plot which will represent one future
orchard tree (the plot begins as a planting of 150 BoF» siblings but only the one with the highest
blight resistance is kept) or provide a donation. All of these sponsorship levels can be made in
memory or honor of someone. Sponsorships of reforestation blocks and plots will be honored with
a small plaque and will go toward the payment of the property and maintenance of the orchard.

To find out more about the new seed orchardsee Meadowview Notes (p.7) or Castanea Guide (p. 56).
SPONSORSHIP LEVELS
O 1 reforestation block (32 seedorchardtrees) = $25,000
O H reforestation block (16 seedorchardtrees) = $14,000
O G reforestation block (8 seedor chardtrees)= $7,000
O 1 reforestation plot (1 seedorchardtree) = $1,000
0 Oher

of:

Tel: email:
Sponsorship does not convey any particular preference to nuts produced by trees from sponsored
area. TACF is a 501 (c)3 non-profit organization. Contributions are tax deductible to the full extent
allowed by law.
Please send for m and payment to:
The Amer ican Chestnut Foundation, P.O. Box 4044, Bennington, VT 05201- 4044
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A

CHESTNUTS AND NATIVE AMERICANS
Anne Fr azer Roger s, Depar tment of Anthr opol ogy and Soci ol ogy,
Depar tment of Anthr opology & Soci ol ogy,

Wester n Car diinaUniver sity, Cullowhee, NC28723

ch year during the first week in Cctober, the Easter n Band of
er okeeIndians sponsor sthe Cher okeelndian Fair, along stand-
ingcelebr ation of thefal | har vest. At thisevent, anumber of [ocal peo-
ple have booths ser ving traditiona foods. One of the specia foods
ser vedischestnut br ead, cr eated by mixingchestnutswith cor n meal,
shaping the dough into flat cakes, wr apping the cakes in cor n blades
or leaves of hickory, oak or cucumber trees, and cookingin boiling
water (Ulmer andBeck, 1951:44- 45).

Chestnuts ar eidentified as having anumber of impor tant uses for
food, medicine, dye aswell as ather uses by the Cher okee. Hamel and
Chiltoskey (1975:29) list the following uses provided by various
sour ces:

“ ‘In July, half bail chestnuts and take off therind. Slicer ows of
cor nandpoundin alar gewooden mor tar whichiswider at thetop than
at thebottom. Kneadboth together , then wr ap them up in agr een cor n-
bl ade, about an inch thick, andboil well ... (fr om James Adair ) ; teaof
year oldleavesfor heart tr ouble; | eaves fr om young spr outs cureod
sor es; cold bar k teawith buckeyeto stop bleeding after birth; apply
war med gallstomakeinfant’s navel r ecede; boil leaves with mullein
and br own sugar for cough syrup; dip leavesin hot water and put on
sor es; teafor typhoid; for stomach; bar k makes br own dye; fir ewood
(pops badly) ; lumber (wor my or good) ; rails for fences; acid wood,
coffee substitute ( par ched).” Mary Ulmer Chiltoskey, although not
Cher okeeher self, spent most of her lifelivingamongthe Easter n Band,
andwas an impor tant chr onicler of their tr aditional knowledge.

Thefor mer abundance of chestnut tr ees befor etheblight destr oyed
themisevident inan excer pt from an ar ticleby Riceet a ., fir st pub-
lished in Foxfir e6, in TheJour nd of the Amer ican Chestnut Foundation,
Vaol. XV, No. 1:26- 31. In that article, several peopleinterviewedin
Nor th Geor giamention thesizeandextent of chestnut tr eeswhen they
wer e gr owing thr oughout the for ests in the souther n Appal achian
r egion. They alsomention thelar gecr op of nuts that thesetr ees pr o-
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duced, indicatingthat “ almost every year was agoodyear for chest-
nuts” (p.29), with* thousands of bushel s of ‘ em shipped out of these
mountains tocities” (p.30). It seems probable that the tr ees wer e
just as productivein theyear sprior tothat time.

No one knows how long Cher okees and other Native Amer i cans used
chestnutsintheir dietsandfor other pur poses. Itislikely that Native
Amer icans utilized these nuts fr om thetime of their initial occupa-
tion of the souther n Appal achi ans, aper iodthat extends back mor ethan
10,000 year s. At that time, the peoplewho occupiedthis ar ea, called
“ Paleo- Indians” by ar chaedlogists, livedinsmall gr oupsthat r camed
acr oss the landscape hunting ani mal s and for aging for whatever veg-
etabl e foods they couldfind. Ther eisnoevidence for thetypes of tool's
usedfor processingnutsor other vegetabl efoods, but pr esumably nuts
would have been used as they wer e encounter edwhil e peopletr aveled
fr om placetoplace.

ThePaeo- Indianlifestyleper sisteduntil ar ound8000 B.C, when
awar mingtr endthr oughout the Nor ther n Hemi spher ecausedar educ-
tion in conifer oustr ees andthe spr ead of deci duoustr ees acr oss much
of the ar ea. These included oaks, hickor ies, wal nuts, and chestnuts.
Dur ing the succeeding ar chaeological period, the Archaic, thereis
incr easing evidence for incor por ation of various types of nutsin the
diets of these people. & inding stones become especialy preval ent
duringthelatter part of thisperiod, the Late Ar chaic. Thesear easso-
ciated with an increasingly sedentary lifestyle, and a concomitant
incr easein population. It isdur ingthis period, which lastedfr om ar ound
8000 B.C until around 1500 B.C, that Cadwell (1958) has pro-
posedthat expanding knowledge of theways in which for est r esour ces
couldbeexploitedestablishedwhat he defined asthe” necessar y pr e-
conditions” for the development of agriculture.

Use of nuts continued as par t of the diet dur ingthe two succeeding
ar chaeol ogi cal periodsinthesouther n Appal achians, theWood andand
the Mississippian. From ar ound1500 B.C until thetimethe Eur opeans
arrivedin Nor th Amer ica, ther eisample ar chaeol ogical evidencefor
the use of nuts thr oughout the Southeast. The use of nuts in Native
Amer ican dietsisdocumentedin sever a ear |y histor ic sour cesaswell.
Ther e ar e alsor efer ences to the intentional bur ning of wood ands to
encour age the gr owth of edge- r elated food r esour ces (Arber 1910,
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Bland1651, Hammett 1992, andLefler 1967, all citedin Hammett
1997), which may haveincluded nut- bearingtr ees.

Unfor tunately, ther eis anotable scar city of chestnut remainsin
the ar chaeological recor d. In an extensive analysis of plant r emains
per for med by Blakeand Cutler (2001) fr om many sitesin theeast,
midwest and southwest United States, only thr ee of the 444 sites
whose botanical r emains they examined pr oduced evidence of chest-
nuts. One of these consisted of a chestnut burr recover ed from a pit
filledwith uncar bonizedmater ia sfoundbeneath Mound5 1 at Cahokia,
in lllinois, a major Mississippian site. The second came fr om the
Sheepr ock Shelter in Pennsylvania, pr obably from around155 AD.,
datingtotheEar |y Woodlandper iod. This mater ial wasalsor ecover ed
inan uncar bonizedstate. Thethir dexampleis fr om the Ghagey sitein
Pennsylvaniaand dates fr om the Late Wood and per iod, which in that
ar ea dates from ar ound A.D. 800 until the time of Eur opean contact.
The materialsin this deposit wer e car bonized. All chestnut r emains
Blake and Qutler identified wer eassociated with other nuts and seeds.

The absence of material r emains of chestnutsis puzzling, consid
er ingthe appar ent impor tance these nuts had in historic times. Cak,
hickory, and walnut shells ar e foundin many sites, usualy in fire
pitswher ether emanswer ecar bonizedandthus pr eser vedmor eeffec-
tively than isthe casewhen r emains ar enct car bonizedandther efor e
subj ect to decay. (ne possible explanation for this absence is that
chestnutswer e pr ocessed at the placeswher ethey wer egather ed, with
shell sl eft behind. This could be explained by the fact that they did not
need the heavy pounding that hickory and wal nut r equir e to shatter
their shells.

As chestnut shells ar e thinner than those of walnuts or hickory,
they would be less difficult to remove. Another possibility is that
chestnuts wer e boil ed befor e shelling, asis the case today. Pr esent-
day Cher okeesfir st boil thechestnuts, r emovetheshells, andr emove
the outer cover ing of the nut befor e pr epar ing chestnut br ead. This
was also the practice in the 1700s, as reported by James Adair
(1940) in his History of the American Indians, fir st publishedin
1775. As the shells would have been wet when they wer e r emoved, ’
they wouldpr obably not have been disposed of inthecookingfir e. Ther e
is noway of knowingthe antiquity of the pr actice of boiling the nuts
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befor e shelling, but it may be one of long- standing.

Chestnuts al so pr oduce amuch smaller amount of shell than other
nuts, and this may have influenced the amount foundin the ar chaeo-
logical recor d. For exampl e, char ts shown in McCar thy and Matthews
(1984) that provide per centage of shell in relation tonut meat for
var ioustypes of nutsindicate this. Onehundr edgr ams of dr i ed acor ns
contained38% shdll; butter nuts, 73% shell; hickory nuts, 68% shell,
andblack wal nuts, 76% shell. Although dataar enct given for Castanea
dentata, the amount of shell in relation to nut meat given for dried
Castanea sativa, Eur opean chestnut, was only 20% per 100 gr ams.
Thisis substantially less that amounts of shell for the other types of
nuts, amost half that for acor ns, the next lowest amount of shell in
relation to meat.

Ancther inter estingaspect of nut utilizationisthat, at | east at some
sites, theamount of nutshell r ecover edincr eases thr ough time. Yar nell
andBlack (1985) noteanincr easein theuseof both acor ns and hick-
or y nuts fr om the Ar chai c thr ough the Wood and per iods in a sur vey
of sitesthr oughout the Southeast. Their only r ecor d of the useof chest-
nutisintheEarly Archaic period, with avery small amount r ecov-
er ed fr om that time per iod. One possible factor for theincr eased use
of nuts thr ough timeis the gr owing impor tance of cor n (Zea mays)
in Native American diets during the Wood and period. Corn, when
eaten alone, pr ovides mainly car bohydr atein thehuman diet. However,
when combined with another sour ce of vegetable protein, such as
nuts, it can be avery satisfactor y substitute for animal protein.

nceagain, ther eisnor eliableway todeter minewhether cor n and
nuts wer e actually combined as fr equently duringthe pr e- Eur opean
periodasthey wer elater, but given the per sistence of cor n combined
with other foods it seems likely that this practice has along history
in Native American diets. In fact, ther apid adoption of beans shor tly
after they wer eintr oducedin easter n Nor th Amer icafr om the south-
west may indi catethat beans wer eusedin the sameway nuts had been
utilizedprior tothat time.

Themultitude of usesfor chestnutsfor medicinal pur posesa sosug
gests that they havealonghistory of use by the Cher okees. As Hamel
and Chiltoskey (1975) note, tea made for theleaves of the chestnut
was useful in anumber of ways, andthe bar k was also used for dye.
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These uses woul d have likely developed over many year s, not just in

r ecent times.

It is clear that we have mor e questions than answer s concer ning
thelong- ter m use of chestnuts by Native Amer icans. Theideas pr e-
sented her e ar e, of necessity, speculative. However, given the per -
sistence of the use of chestnuts in combination with cor n every year
inthefall, it cer tainly seemsr easonablethat thisis apr acticeof | ong
standing, at |east among the Cher okee.
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FROM THE BRONX
TO BIRMINGHAM:

IMPACT OF CHESTNUT BLIGHT AND MANAGEMENT
PracTICES ON FOREST HEALTH RISKS IN THE SOUTHERN
APPALACHIAN MOUNTAINS

Steven W. Oak, Forest Pathologist
USDA Forest Service, Southern Region

outhern Appalachian forest landscapes evoke images of the
S primeval forest in many people today. Indeed, most vegetation com-
ponents in these forests have been present in varying mixtures and dis-
tributions for at least 58 million years (Delcourt and Delcourt 1981).
However, the only thing constant about these landscapes has been
change. Advancing and retreating ice sheets, drought, flood, wind, and
fire all served to shape forest composition and structure. Irrepressible
as these forces are, people have been perhaps the most important
change agents since arriving in the region at least 9,000 years ago
(DeVivo 1991, Hudson and Tesser 1993). In this context, the types and
sequence of human-influenced disturbances since the middle of the 19th
century have resulted in Southern Appalachian forests that bear little
resemblance in terms of composition and structure to any that have exist-
ed in the past. These disturbances include the widespread use of fire,
first by native people and then by European settlers; land clearing and
agriculture followed by abandonment of marginally productive lands;
widespread and sometimes abusive logging to supply fuel and build-
ing materials to a growing nation; industrialization and concurrent urban-
ization; and the implementation of aggressive fire suppression.
Perhaps the most profound ecological disturbance of all occurred
with the introduction to North America and spread of Cryphonectria par-
asitica (Murrill) Barr, the fungus pathogen that causes chestnut blight.
It caused unequaled impacts in eastern hardwood forests generally,
and the Southern Appalachians specifically, that are still manifest
today. American chestnut (Castanea dentata [Marsh.] Borkh.) was the
most important hardwood tree in Southern Appalachian forests.
Estimates of composition at large regional scales ranged from 25 to
50 percent (Ashe 1911, Buttrick 1925). Originating in Asia, the chest-
nut blight pathogen was first detected in the Bronx, New York in 1904.
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The pathogen spread rapidly, since native chestnuts lacked co-evolved
disease resistance. By 1940, chestnut blight had killed 50 to 99 per-
cent of the American chestnuts throughout its botanical range. The tree
persists today as sprout growth from residual root systems but usual-
ly attains diameters of only a few inches and rarely flowers before suc-
cumbing again.

The history of past disturbances, especially repeated light ground fire
followed by nearly complete fire suppression, set the stage for the new
forest that succeeded the blight-killed chestnut forest. Native people and
European settlers alike had used this type of fire regime to reduce rank
understory vegetation and promote browse for game. Aggressive
sprouters like American chestnut and the oaks have a relative advantage
over other tree species under this fire regime, and built up large repro-
duction reserves in the understory. As chestnuts died and aggressive fire
suppression was implemented, newly available growing space was quick-
ly occupied by these species already positioned in the mid- and under-
story. While chestnut replacement was variable, oak species (Quercus
prinus L., Q. rubra L. and Q. velutina Lam., in particular) typically increased
(Korstian and Stickel 1927).

These changes occurred over a very short time span on millions of
acres in the Southern Appalachian Mountains. State-federal cooper-
ative fire control programs, public land acquisition to form national
forests and parks, and lower rates of harvest compared to previous lev-
els resulted in oak forests which have aged relatively free of disturbance
for 70 to 90 years. These forests are contrasted with those found
around the time of European settlement in Table 1. Current charac-
teristics make them vulnerable to a stress-mediated disease known as

Table 1. Comparison of Southern Appalachian forest composition:
structure, disturbance characteristics, and values perspective; pre-1900 vs. current.

PRE-1900

CURRENT

Composition American Chestnut

Composition Oak

Relatively Young and More Complex Age Structure

Cohorts 80-100 Years Old

Sparse Understory

Dense Understory

Widely Spaced, Large Diameter Overstory

Dense, Small Diameter Overstory

High Disturbance (Fire, Farming, Logging)

Low Disturbance (Fire Suppression)

Small, Dispersed Human Population

Large, Urbanized Human Population

Forest Utilization Perspective

Ecosystem Protection Perspective

VoLuME XVI, NuMBER 1 » FALL 2002

33




science and natural history

Chestnut blight
stem infection:

Previous land use practices and
the death of millions of
American chestnuts during the
chestnut blight epidemic
opened the forest canopy to
oaks and other species posi-
tioned to exploit newly available
growing space.

oak decline, which is affecting landscapes
throughout the Southern Appalachians. The
disease is both an indicator of and a contribu-
tor to compromised ecosystem health.

OAk DECLINE BioLOGY, INCIDENCE,
AND EFFECTS

Oak decline is a disease of complex etiology
affecting physiologically mature trees. It involves
interactions between long-term predisposing
factors, such as climate, soil characteristics,
landform, advanced physiologic age, or tree
species composition; short term inciting stress
such as that caused by drought or spring insect
defoliation; and contributing organisms of sec-
ondary action such as armillaria root disease
(caused by Armillaria mellea [Vahl. Ex Fr.] and
perhaps other Armillaria spp.), and the two-lined
chestnut borer (Agrilus bilineatus Weber). The
temporal sequence of these three groups of fac-
tors is important in the ultimate expression of oak
decline.

Predisposing factors such as climate and
site productivity determine the onset of physi-
ologic maturity in oak (Hyink and Zedaker
1987). Inciting stress factors such as extended drought or spring defo-
liation by insects or late spring frost alter carbohydrate chemistry in the
roots of physiologically mature trees. This change stimulates A. mel-
lea, a ubiquitous saprophyte in oak forests, to become an aggressive
pathogen. The tree’s root system is reduced by root disease, which
further compromises the water relations of the still-robust crown (Wargo
1974). Twigs and branches in the upper crown die back progressive-
ly over a period of years in an effort to accommodate the impaired root
system. The two-lined chestnut borer is attracted to stressed oaks and,
together with root disease, kills them (Wargo 1977). Most oaks killed
by decline exhibit dieback evidence that can be dated back 2 to 5 years.
Analysis of radial growth increment has revealed differences between
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neighboring healthy and decline-killed oaks of the same species and
age class that date back decades earlier (Tainter and others 1990).

The pattern of oak decline on the landscape varies with initial stand
species composition, stand age structure, decline severity, mortality
incidence, and the duration of decline before inciting stress is eased.
Patches of mortality can range from a few trees in stands with diverse
species composition and age structure, to several hundred acres on
landscapes with a more uniform composition of physiologically mature
red oaks defoliated repeatedly by the non-native gypsy moth (Lymantria
dispar (L.)).

Widespread oak decline incidence during the mid 1980’s in the
southeastern U.S. reflects the coincidence of physiologic maturity of
oak cohorts on a regional scale that developed after chestnut blight,
fire control, and extended regional drought. Inventories have estimat-
ed oak forest types cover about 17.4 million acres in the Southern

Table 2. Area and incidence of oak decline in the Southern Appalachian Assessment Area,

by ownership class (SAMAB 1996).

Host Type Vulnerable

Affected

Owner Acres Acres % Host Acres

% Vulnerable

% Host

National Forest 3,197,356 2,233,916 70 552,223

25

17

Other Public 419,387 249,986 60 58,453

23

14

Private 13,831,492 7,009,361 51 1,105,133

16

8

Total 17,448,235 9,493,263 54 1,715,809

18

10

Appalachian Mountains in parts of six states (SAMAB 1996). About
54 percent of this area was classified as vulnerable to oak decline dam-
age with oak decline incidence estimated on 1.7 million acres. National
forests had a disproportionately high oak decline incidence compared
with other ownerships (Table 2).

Oak and others (1988) interpreted the habitat impacts of oak decline
to include both detrimental and beneficial changes, depending on the
wildlife species of interest. Structural changes included creation of
small to large canopy openings, reduced canopy density, short-term
stimulation of understory species, potential increases in cover type
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MAPS
This series of maps demonstrates the likelihood of

multiple intr oductions of the causal fungus, and the m—
extremely rapid pace of the chestnut blight epidemic ._{-'" ,J.H'“h.,
in the Souther n Appalachian Mountains. [ = .

Date of first detection of chestnut blight in the Southern Appalachian Assessment
Area. Bedford Co. VA, 1908; Henderson Co., NC and Greenville Co., SC, 1912
(CGravatt 1925).
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Status of chestnut blight in the Southern Appalachian Assessment Area in 1926.
Class 1 = 1 to 29 percent of chestnut trees infected; Class 2 = 30 to 79 percent
of chestnut trees infected; Class 3 = 80+ percent of chestnut trees infected

(Gravatt and Marshall 1926).

Status of chestnut blight in the Southern Appalachian Assessment Areain 1929.

Class 1 = 1 to 29 percent of chestnut trees infected; Class 2 = 30 to 79 percent of
chestnut trees infected; Class 3 = 80+ percent of chestnut trees infected (Gravatt
and Gill 1930).
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Oak decline is the progressive dieback of the crown of physiologically mature oaks
occurring over many years. It often ends in the death of susceptible trees.

diversity, and increased denning and cavity nesting sites. Long-term
shifts in tree species composition can occur where competitive oak
reproduction is absent or in short supply. The new forest now taking
shape has fewer oaks, lower oak diversity, and more shade-tolerant
species that are less valued by wildlife. Mast production potential was
estimated to be 41% lower than if decline were absent, and projected
to be 58% lower within 5 years. These projected reductions would per-
sist for a long time because residual oaks are themselves prone to
future decline episodes, and competitive oak reproduction for replace-
ment of dead overstory oaks is lacking due to the absence of stand
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disturbance of the type necessary to recruit oak seedlings into larger
size classes. The lack of oak replacement has consequences for
wildlife species that depend on acorns for food, especially in view of
the fact that chestnuts, once a mainstay, are no longer available.
The elimination of American chestnut as a canopy species has ele-
vated oaks to an unprecedented position as the most dominant tree
species group in Southern Appalachian landscapes. To the extent
that healthy forest ecosystems have the full array of native biotic
resources, and diverse seral stages and stand structures that provide
habitat for native species and essential ecosystem processes (Kolb and
others 1994), Southern Appalachian forest ecosystems cannot be con-

Today’s Southern Appalachian upland hardwood forests reflect past land use practices such as frequent fire, farming, and log-
ging as well as the aftermath of the chestnut blight epidemic. The remnant forest in the background of this area logged for
charcoal production gave rise to a forest far different than any that has ever existed in terms of composition and structure.
(Photo used with permission of the West Virginia Agricultural and Forestry Experiment Station.)
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sidered healthy until American chestnut can be re-introduced as a
functioning component of that ecosystem. Multiple lines of American
chestnut adapted to the broad former geographic range possessing
durable resistance to chestnut blight will be needed to achieve that goal.

As daunting as the science of resistance breeding and the man-
agement of hypovirulence have been, | believe the social obstacles to
reintroduction will be even more so. Early silvicultural research indi-
cates a chestnut regeneration strategy similar to the oaks. The low dis-
turbance regimes prevailing in hardwood forest management for nearly
a century are inadequate to provide the conditions necessary for suc-
cessful chestnut establishment and proliferation. Forest openings will
have to be created across the landscape and maintained, which will
entail increased harvesting, use of selective herbicides, and perhaps
the judicious reintroduction of prescribed fire at some point in stand
development. All of these practices are presently unpopular among the
general public, whose support is essential to success.
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TALKING TREES:
THE APPALACHIAN FOREST
ECOSYSTEM AND THE
AMERICAN CHESTNUT

Quentin Bass, Forest Archaeologist,
Cherokee National Forest

oon, through the efforts of The American Chestnut Foundation,
S a hybrid of the American chestnut will be available that isAi/j§ths
American and presumably resistant to blight. Inevitably, this will evoke
a call for the reintroduction of this species into the forests, especially
into the region where it was most numerous and where it attained its
greatest dimensions, the Southern Appalachian Physiographic
Province. This area includes: the Cumberland Plateau (extending from
north Alabama, Tennessee and eastern Kentucky); the Ridge and
Valley Province (from northeast Alabama through east Tennessee to
southwest Virginia); and the Southern Appalachian Mountains (from
northwest South Carolina, north Georgia, through western North
Carolina and east Tennessee and past the New River basin in Virginia)
— in all, an area encompassing approximately 50 million acres.
Insofar as the forest of the Southern Appalachian Physiographic
Province that now remains should be treated first and foremost as a
forest ecosystem, the reintroduction of this chestnut into the forest is
only fitting and proper as it was a dominant species integral to the for-
est ecosystem. But, before reintroduction, there should be an under-
standing of the rules. How and where exactly did chestnut manifest in
the forest ecosystem in the Southern Appalachian Physiographic
Province? How did it regenerate? What is its reproduction and growth
regime in the forest ecosystem? This brings in a larger question. What
are the canopy species composition and the canopy reproduction and
turnover regime of the forest ecosystem?

THE FOREST ECOSYSTEM

The forest ecosystem of all national forests in the Southern Appalachian
Physiographic Province is presently managed with the view that a
cycle of succession is the process that governs the regeneration of the
forest canopy. That s, the forest obtains dynamic equilibrium because
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the forest canopy composition continually regenerates itself through a
cycle of early, middle, and late succession, each successive stage being
manifested by distinctively different canopy species types that “cli-
max” in “old growth” forest. The disturbance event that commonly cat-
alyzes the succession process is lightning-generated fire.

However, an examination of the late 19th and early 20th century
documentation of the canopy species composition, process and regime
of the forest ecosystem of the Southern Appalachian Physiographic
Province, provides a very different picture. These exhaustive studies
illustrate, clearly, that in this region a cycle of succession is not the
process that maintains the forest ecosystem in a state of dynamic equi-
librium because fire is not a major natural disturbance event for the
region. The Southern Appalachian Physiographic Province averages
between 55 and 60 inches of rain a year, culminating in over 100 inch-
es of annual rainfall in the area around Highlands, North Carolina
(Southern Appalachian Assessment, Terrestrial Report, 1996), there-
fore, the fuel load (dead trees, limbs and brush) does not accumulate,
but rather decays and the ground generally stays moist, except on dry
mountain ridge crests, especially, ones with southern or western
aspects.

As a consequence, when lightning-generated fire does occur, it
does not behave as it does in forests that regenerate through a process
of succession. In succession forests, canopy-killing forest fires typically
burn through the forest canopy regardless of topography. Instead, in
the Southern Appalachian Physiographic Province lightning-generat-
ed fire initiates or “catches” principally on dry ridge crests and run down
slope (Southern Appalachian Assessment, Terrestrial Report, 1996).
Lacking a fuel load, these fires are low-intensity, ground-running fires.
As such, they affect the forest not at the canopy level, but the repro-
duction level. Moreover, there are on average only two to six lightning-
generated fires per million acres per year in the Appalachian
Physiographic Province (Southern Appalachian Assessment, Terrestrial
Report, 1996). As a consequence, lightning-generated fire has effect-
ed the evolution of the canopy types, but not their regeneration at any ’
point in time.

The “fingerprint” of the evolutionary effects of this low-intensity,
rare and, site-specific pattern of fire behavior is thoroughly documented
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in the early studies, inventories and land acquisition records through-
out the Southern Appalachian Mountains. Fire-intolerant species such
as white pine, poplar, maple, black cherry, basswood, white ash, etc.
predominate in the closed forest canopy types located in the cove and
the protected north aspects of slopes. Conversely, fire-tolerant species
(oaks, short leaf pine, etc.) prevail in the forest canopy types located
on drier slopes and ridges. So-called “fire-dependent” species (pitch
pine and table mountain pine) prevail in the forest canopy types locat-
ed in isolated ellipses on the crests of dry ridges, especially, on the
drier southern and western-
facing, elevations below 3,000 feet AMSL (above mean sea level)
(Ayres and Ashe, 1905; Pinchot and Ashe, 1897; Ashe, 1895).

Some researchers (Delcourt and Delcourt, 1997 and 1998) have
recently suggested that widespread prehistoric (prior to 1492 a.d.) occur-
rence of chestnut pollen in bog samples is evidence of proliferation of
chestnut through a Native American program of burning of the forest
ecosystem. These interpretations apparently emanate from the popu-
larly held folklore that Native Americans significantly altered the forest
ecosystem and that chestnut is not only resistant to fire but somehow
proliferates under its influence. However, all the scientific literature and
the historic record illustrate the effects of fire on chestnut was precisely
the opposite. Fire destroyed the chestnut mast crop and interrupted
chestnut reproduction by killing chestnut when it was most vulnerable
to fire, in the seedling, sapling and pole stages of growth. Moreover, fire
destroyed chestnut stump sprouts even more readily and also killed
standing members of the forest canopy.

The destructive effects of fire to chestnut and the entire Appalachian
forest ecosystem are documented, unequivocally, in the Forest Service
initial survey of the Southern Appalachian Mountains and in all subse-
guent Forest Service acquisition tracts containing chestnut which had
been subjected to a prolonged fire regime practiced by Euro-Americans,
not Native Americans. In the 19th and early 20th century, Euro-Americans
used fire to aid in fallow field farming (slash-and-burn agriculture) and
open-range grazing over virtually the entire landscape of the Southern
Appalachian Physiographic Province. The effects of these land uses can
be seen throughout the Southern Appalachian Mountains in a mapped
survey carried out in 1900-1901 (see Figure 1). Fully, 24 percent of the
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forest ecosystem had already been completely removed (‘Cleared’ in leg-
end), all but 7.4 percent of the canopy had been culled, and virtually all
of the forest ecosystem had been burned to one degree or another, after
only two or three generations of Euro-American land use (Ayres and
Ashe, 1905; Bass, 2002).

Ashe (1911) is unambiguous about the adverse effects of fire on
chestnut: “Until past the pole stage, chestnut suffers severely from fire
because of its thin bark. Sprout trees not only have thinner bark (than
seedlings), but are likely to be injured through the burning of the old
stumps (page 10).” Further, he notes: “To obtain the best yields from
chestnut stands, protection from fire is absolutely necessary, because
the trees, and particularly the young trees, are extremely sensitive to
fire injury (page 35).” And, finally, with regard to mature chestnut in the
forest canopy, Ashe states: “For many years the chestnut on the lower
mountains in the southeastern portion of the State (Tennessee) has
been dying out...it seems to be due more to excessive burning and to
the consequent destruction of humus and impoverishment of the soil
(page 11).”

A graphic illustration of the adverse effects of fire to the forest ecosys-
tem, and chestnut, is presented in Figure 2, a canopy type mapping of
the Big Creek drainage, a tributary of the Ocoee River (confluence at upper
end of the map), in Polk County, Tennessee near the Tennessee/Georgia
state line. At the time of inventory (1927), this drainage had yet not been
subjected to commercial logging and, the upper half of the drainage (bot-
tom of map) displays the distribution of permanent canopy types typical
for the region prior to significant human alteration. However, the lower
half of the drainage (top of map) had been subjected to a yearly program
of burning for at least the previous 60 years to provide grazing lands for
cattle. This burning is documented by the explosive expansion of pitch
pine in this area and by the obliteration of fire-intolerant species, includ-
ing chestnut, and chestnut “pure” canopy types. As opposed to the pitch
pine on the ridges in the upper half of the drainage that are labeled “mer-
chantable,” the pitch pine in the lower portion of the drainage is labeled
“unmerchantable,” relatively young growth resulting from the Euro-
American program of burning.

Given these facts, the documented widespread occurrence of chest-
nut throughout the forest before the arrival of Euro-Americans argues,
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strongly, not for the presence of fire, anthropogenic or otherwise, in
the Southern Appalachian Physiographic Province, but its absence.
Rather, the forest ecosystem of the Southern Appalachian
Physiographic Province regenerated by another process than suc-
cession.

Ashe (1922) defined the canopy types for the Appalachian
Physiographic Province. Importantly, he documented that, in the
absence of large-scale disturbance events, the forest canopy types are
permanent, exponents of the site type. In other words, the manifesta-
tion and distribution of the canopy types was determined by the vari-
ables of slope, elevation, aspect and the edaphic (soils and moisture
availability). Ashe also documented that, because of the general
absence of a disturbance regime, the canopy types regenerated pri-
marily by direct self-replacement of canopy species or alternation of
cohort canopy species when individual trees dropped out of the canopy
as a result of age, disease, drought, etc. Due to this gap phase regen-
eration process, the canopy trees were uneven in age, or as Ashe
termed them “all age.”

The turnover regime of these forest canopy types was dictated by
the life cycles and the regenerative and reproductive characteristics
that the respective canopy species evolved in adaptation to the vari-
ables at each site. Canopy types that generated in the richer, deeper,
moister soils of the coves and protected slopes (north aspect) typically
possessed a closed canopy with canopy shade, and therefore a slow
reproduction and canopy turnover regime and an open under story.
Canopy types that generated in the dry, thinned-soiled upper slopes
and ridge sites displayed an open canopy that provided more sun
light, and therefore a more rapid turnover and reproductive regime and
a denser under story (Ashe, 1922; Frothingham, 1921).

For the more productive coves and the protected slopes of the
Appalachian Physiographic Province the slow canopy turnover regime
produced many canopy species that were long-lived and which attained
very large sizes (e. g., poplar, hemlock, white oak, chestnut, white pine,
buckeye, northern red oak, basswood, cucumber, cherry, etc). The
growth curve studies performed in the early 20th century illustrate that
on average a minimum of 100 years, were required for canopy species
of the canopy types of dry ridge sites to reach “maturity” (cessation of
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rapid growth in height, that is, becoming a member of the superior
canopy, Frothingham, 1921), while canopy species of the canopy
types of the cove and lower slope sites required at least 200 to 250
years to reach “maturity.” For the dry, thin-soiled ridge sites the supe-
rior canopy of the canopy types averaged 70 feet in height, while the
superior canopy of the canopy types of the cove and protected (north
aspect) slope sites ranged from 110 to 200 feet (Frothingham, 1921).
This cessation of growth in height, by no means, indicates the age or
the girth the trees attained. Rather, it merely documents the minimum
time it took for the canopy species that grew in these sites to become
standing members of the superior canopy. It is in this process and
regime that the American chestnut evolved, grew, and thrived.

CHESTNUT IN THE SOUTHERN APPALACHIAN
PHYSIOGRAPHIC PROVINCE
American chestnut was, without doubt, the most adaptable canopy
species in the entire Appalachian Physiographic Province. It is docu-
mented as occurring from 500 feet to 5,500 feet AMSL in the region
and in the 1900-1901 survey of the Southern Appalachian Mountains
it is inventoried as composing ten to 20 percent, of the canopy in every
drainage (Ashe, 1911; Ayres and Ashe, 1905). Chestnut required well-
drained surface soils and moderately moist subsoils that were fairly
deep in order to accommodate the massive root system it developed
in later life. Other than this, it occupied a wide variety of soils ranging
from peaty sub acid soils in coves to highly acidic soils on ridge crests
that were deficient in lime and potash. It would, however, rarely occu-
py limestone or clay soils (Ashe, 1911). This tolerance for a wide range
of soil types and a demand for only moderate subsoil moisture allowed
chestnut to grow in virtually every canopy type in the mountains, either
as a cohort or dominant species or on the protected northern aspects
of the mountains as a chestnut “pure” type (chestnut composing at least
66 per cent of the canopy of this type). (Figure 2, see upper portion of
drainage for classic expressions of the chestnut “pure” canopy type).
Because chestnut occupied a wide range of site types, ranging
from good to poor growing sites, it grew to different heights. Accordingly,
Ashe defined three “quality” types (developed heights) for chestnut.
Quality 1 chestnut grew in the rich, deep, moist soils of lower cove sites.
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Figure 3. Quality 1 chestnut in the Southern Appalachian Mountains. Adult at base of tree for scale (Pinchot and Ashe, 1897).
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Here chestnut reached its best development, attaining a clear trunk
length of up to 72 feet, an overall height of 120 feet and a diameter
averaging between four and five feet, breast height (see Figure 3).
Given good growing conditions, it could even achieve enormous diam-
eters in these sites, developing a massive root system, the trunk
assuming a pyramidal shape, measuring up to 13 feet in diameter and
sometimes even 20 feet in diameter at the butt. Quality 2 chestnut devel-
oped along the lower slopes, the chestnut pure type manifested on
upper slopes with a north aspect, and in upper coves. In these sites
chestnut developed a clear log length of 65 feet and an overall height
of 90 feet. Quality 3 chestnut occurred in canopy types that occupied
the dry, thin, acid soils of ridges and south facing slopes. Here, it
achieved its poorest development, with a maximum clear trunk length
of 45 feet and, along with other cohort species of the canopy types in
which it occurred, a maximum height of 70 feet (Table 1).

In the example of the Big Creek drainage (Figure 2), quality 1 chest-
nut, four to five feet in diameter, is documented in the cove site type,
quality 2 chestnut is inventoried in the canopy types found in the

Table 1. Distribution of chestnut in the Appalachian Physiographic Province by quality, site type and
canopy type (after Ashe, 1911, 1922a).

Quality Site Type Canopy Type/ Canopy species association

1 lower cove yellow poplar, oaks, basswood, white ash, locust

1 lower slope, north aspect chestnut pure type

2 upper slope, north aspect chestnut pure type

2 upper cove hemlock, birch, sugar maple, beech, white ash,
basswood

2 lower slope chestnut oak, chestnut type (chestnut dominant), with
scrub pine (Virginia pine and pitch pine)

3 ridge, south slope chestnut oak, chestnut type (chestnut dominant),
with scrub pine (Virginia pine and pitch pine)

3 ridge, south slope mixed oaks (red, black and scarlet oak), chestnut type
(chestnut dominant), yellow pine (short leaf and pitch
pine), sourwood
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slopes, including the chestnut “pure” type canopy types displayed
here, and quality 3 chestnut is documented in the so-called “fire-depen-
dent” pitch pine canopy types situated on the dry ridge crests.

This wide range of site types to which chestnut was adapted also
can be attributed to its unusual reproduction and growth characteris-
tics. As opposed to the oaks and hickories, chestnut seeded every year,
and every other year prolifically in amounts that are, still today, leg-
endary. Chestnut bloom, since it occurred in mid-summer, was unaf-
fected by frost. Indeed, it is still remembered by the elderly that on the
north aspects of the mountains with chestnut “pure” canopy types it
looked as though it had snowed in June or July. Additionally, chestnut
required very little sunlight or moisture for seed germination. This, and
the heavy mast crop it produced, alone would explain the prevalence
of the species in the Appalachians. However, chestnut is also docu-
mented as being very tolerant of shade. It quite literally would sit
beneath the canopy for decades with no adverse effect, except for sup-
pression of its growth. Conversely, given sunlight, chestnut was also
documented to be, in its earliest stages of growth, the fastest growing
canopy species in the Appalachian forest ecosystem. Regardless of
site type, chestnut would, in full sunlight, leap into the forest canopy,
attaining half of the height of the superior canopy in but 20 twenty years
and become a standing member of that canopy in 80 years. Additionally,
as is well known, chestnut sprouted from the stump more readily, and
certainly more persistently, than any other canopy species in the
Southern Appalachian Physiographic Province. Finally, the massive
ramifying root system and tapering trunk chestnut obtained when it
became a member of the superior forest canopy made it virtually
immune to wind throw (Ashe, 1911).

Before the blight struck, the chestnut’s growth and reproduction char-
acteristics gave chestnut a competitive edge for reproduction over vir-
tually every other canopy species in the Southern Appalachian
Physiographic Province when the normal turnover regime of the supe-
rior forest canopy was interrupted by Euro-American land uses, par-
ticularly commercial logging. Ashe (1911) records that in logged forest
stands in which chestnut was present, the regrowth of chestnut would
be such that it would dominate the canopy, often to the exclusion of
other canopy species.
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So, these are the facts. Chestnut evolved and grew in a forest
ecosystem of permanent canopy types that regenerated principally by
gap phase reproduction. Chestnut developed all of its reproduction and
growth characteristics within and subordinate to this process and regime.
When this process is altered, things happen. If fire is not excluded from
the forest, chestnut will fare poorly. If, on the other hand, the forest
ecosystem is managed as a even-age forest rather than permanent
canopy types that principally regenerate by gap phase reproduction, then
chestnut will come to dominate the forest at the expense of other
species. These effects can be surmised, not only from the known con-
text and reproductive and growth characteristics of chestnut, as dis-
cussed, they have already happened.

It may seem ironic, but if chestnut is to be reintroduced into the for-
est ecosystem in the near future, it appears our descendents will face,
in approximately one hundred years, the same issues and problems
our ancestors faced one hundred years ago, prior to the demise of
chestnut. But perhaps there is another answer. If the American chest-
nut is to resume its proper place in the forest ecosystem, then perhaps
the forest ecosystem, and the American chestnut, should be treated
with respect as to what they are, as opposed to what we want. Perhaps
all of this can be better understood in a poem:

THE HARP OF THE FOREST
All the trees of the forest sing to each other in community.
Their community forms a harp, that plays a song, that is the forest.
The trees sing to us, and the harp of the forest plays for all to hear.
We play our songs.
We change the forest, we change its song.
We remove the harp.
There is no song, there is no forest.
But the forest knows only one instrument, one song.
It plays this, or there is silence.
—~Quentin Bass, 2002
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castanea guide

THE MAKING OF A MODEL SEED ORCHARD

That produces BgF3 Seed Suitable for Reforestation

- 38 e

+

The Plot: the smallest unit

30 30 30 30 30 One hundred and fifty B3-F, nuts, all progeny of the

38" same Bg tree, are planted in one plot in five rows of thir-
ty nuts each. The rows are seven feet apart and the
nuts are one foot apart within each row. A four to five
foot border is maintained around the seedlings.

Selection occurs in each plot

At two years of age the seedlings are inoculated with
the blight fungus. The trees are rogued over period of
years, with the most blight-susceptible rogued first. Only
one seedling, the most blight resistant, is ultimately cho-
sen to remain as part of the seed orchard.

POOOOOOOOOEK

The Block: the intermediate unit

Thirty plots form a block. Eventually, when the plots are
rogued, the block contains a single progeny from 30 dif-
ferent B3 trees. Nine replications of a block form the
orchard. (One block shown).

Note: For TACF's seed orchard at the new Meadowview
Farms property, there are 32 plots arranged in an 8x4
pattern.
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