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Research through Pinchot Institute
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RESTORING THE AMERICAN
CHESTNUT TREE

Background: Early research

Beginning in the 1920s and for decades thereafter, the U.S.
Department of Agriculture and the Connecticut Agricultural
Experiment Station (CAES) attempred to breed blight-resistant
chestnurs by crossing Chinese and Japanese chestnuts, with the
American species. Their efforts were unsuccessful: none of their
crosses were fully blight-resistant while having characteristics
closely resembling American chestnur in nur or rimber quality.

TACF's early efforts

In the late 1970s, TACF's founder Dr. Charles Burnham proposed
a methodology of breeding to incorporate blight resistance into
the American chestnut tree. By using a well-established plant
breeding technique known as “backcrossing,” Dr. Burnham
hypothesized that one could marry the best characteristics of both
the American and Asiatic species.

Biology of the Tree: Controlled Pollination

The first step to making TACF's breeding stock is to find
American chestnuts with which to cross Chinese and advanced
backeross pollen. Whenever a proper tree is found, great efforts
are made to incorporate that tree into TACF's national breeding
program through the process of controlled pollination. Pollen
from the male flower (called a catkin) of one tree is crossed with
the female flower (called a bur) of another tree.

A large surviving American chestnut tree is covered in bags during the controlled
pollination process. Some of the larger trees can produce several hundred nuts

In a season.

THE PO Box 4044
AMERICAN Bennington, VT 05201
CHESTNUT (802) 447-0110

FOUNDATION www.acf.org

RESTORING THE AMERICAN CHESTNUT TREE

Massachusetts members of TACF not only discovered, but arranged and performed
the pollination of this 65-foot tall tree on the Prescot Peninsula of the Quabbin
Reservoir. Shown here are the male flowers known as catkins.

Biology of the Tree: Genetics and

Incorporating Native Diversity

Based on the work of the early researchers at CAES, it was
determined thar blight resistance was controlled by two or three
genes acting in an incompletely dominant fashion. This means
that when a fully-resistant Chinese tree (RRRRRR) is crossed with
a fully susceprible American chestnut (rrrrrer), the resulting Fi
progeny would be moderately resistant to the blight (RrRrRr).
With the exception of the intercross (BC3,F2 and BC3,F3)
generations, the most resistance possible is moderate resistance. In
order to select which trees have the best resistance of those planted,
TACF grows the trees for abour 5-8 years and then challenges
(inoculates) the trees with the blight fungus.

In order to avoid inbreeding over the long term, TACF seeks to
perform the backcrossing process with as many surviving native
American chestnur parents as possible. To date, over 500 American
chestnuts have been incorporated into various generations and
more are added to that tally every year.

Biology of the Tree: Planting
and Growing

TACEF has been able to make great
advances in the standardization of
planting and growing all martter of
chestnur stock. After pollinartion in the
summer, the resulting nuts are ready for
harvest in the fall.

Chestnut nuts require a period of
dormancy of approximately 1-3
months. Seed are refrigerated until
~ planting time. The seed are typically

* planted directly in the ground and
protected from rodents and deer using
several methods, depending on the site
and resources available. The trees are
grown for about 5-8 years until they are
inoculated and selected for resistance
and American characrer.
This 65-foot specimen grows in one of the
outermost parts of the natural range of the
American chestnut - Talladega National Forest in
Alabama. The tree is now used in TACF's

national breeding program and will help increase
regional adaptability for the American chestnut.



Biology of the Tree: Inoculation and Resistance
Once the trees reach a proper size for the technique (usually 1.5"
diameter at breast height), the trees are inoculated with the blight
fungus. Two different strains of the fungus, one relacively weak
and one very strong — one of the strongest known - are inserted
into small wounds created in the tree. The trees are then rated for
resistance after five months and again after 11 months. Those trees
thar have lirtle ro no resisrance are removed from rhe planting.
Only those that have the highest degree of resistance of those
planted will be bred into subsequent generarions. This continues
for a minimum of six generations. With excellent care, TACF is
able to complete a generation in six years or less.

FOI

Testing Ourselves

By consulting with a diverse network of colleagues, TACF
increases the scrength of its scientific focus and methodologies

as part of its overall mission and enhances its ability to partner
with high-profile organizations throughout the country. In 1999,
and again in 2006, TACF contracted with nationally and
internationally-recognized scientists for an independent audic of
its science program. In each of these years, TACF's narional
breeding program received high marks indicating an excellence
in scientific procedures.
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BC; x American - This is the second backcross and produces a BC;

BC, x American - This is the third backeross and produces a BC3

i
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BCzF, x BCaF, - This is the second intercross and produces a BCsF3

BCsFz This product of the final intercross is expected to show
a high level of blight-resistance in initial forest test-plantings.

15 ]6

W i §.
American |
BCz x BCs; - This is the first intercross and produces a BCsF;

Note: In each step, the Backcross is selected for resistance through the process of inoculation and for American

charcteristics by visual observation.



Gl1649

EXTENSION SERVICE
COLLEGE OF AGRICULTURE

UNIVERSITY OF WISCONSIN

Collecting & Planting Seeds of Cone-Bearing Trees

William H. Brener, Wisconsin Conservation Department
Gordon R. Cunningham, Extension Forester

* Raising coniferous trees from seed is an exacting job. It re-
quires special knowledge and equipment and is not recommended
for the amateur. Furthermore, it is usually more economical to
buy seedlings and transplants from state and commercial nurseries
than to grow your own trees from seed. However, most nurseries
depend on private sources for seed, providing a source of income
for tree seed collectors. Also, some landowners may wish to
raise trees from a specific source, or just for the experience of
growing their own planting stock.

COLLECTING CONES FOR SEED

Seeds are found inside the cone on the upper surfaces of the
cone scales. Open cones have dropped their seed; so collect closed
cones only, preferably by picking them from trees. Collect cones
from well-formed, vigorous trees. When collecting cones, re-
member to:

1. Collect ripe cones. Cones will ripen at different times, de-
pending on the species and on the part of the state. Generally
balsam fir, spruces and tamarack cones ripen from late Au-
gust to early September; white cedar from August to October;
jack pine during September; red and white pine and hemlock
during September and October, and Scotch pine from October
to March.

HAS LOST SEED




Each variety of ripe cone looks different. However, usu-
ally all ripe cones are brown or purplish. The best test of
ripeness is to examine the individual seeds. If a seed is full,
plump and white -- but not milky -- the cones are ready to pick.

9. Squirrels often cut down ripe cones. These can be picked up
from the ground. However, be sure to check ripeness.

3. A step ladder will help you reach cones on the tops of smaller
trees.

4. If seed-bearing trees are harvested for lumber, pulpwood, or
other purpose, during the period when cones are ripe, cones

can be collected from the tops. ~=eze  BEND
e JACK .
NEEDLES.

5. When picking cones by hand,
bend the needles back and twist
off the cone.

To pick cones with a cone hook, fasten a stout wire (in the
shape of a hook) on the end of a pole. Cones, which would
otherwise be out of reach, can be pulled from the trees with
this hook.

&

STIFF WIRE FINE

ABouT Mobor] FLAT SIDE

OF BAMBOO

EASTEN HOOK TO

FLAT SURFACE O0F
CANE POLE WITH FINE _

WIRE S COVER WITH TAPE

—

SELLING RIPE CONES

Ripe cones are usually purchased by the standard bushel meas-
ure (quantity not weight). After you've collected the cones, empty
them into a gunny sack or bushel basket and deliver them promptly.
The Wisconsin Conservation Department usually buys cones in the
fall. Private cone dealers also purchase cones. For the current
state price lists, contact the Superintendent of Nurseries, Griffith
State Nursery, Wisconsin Rapids, Wisconsin.

RAISING YOUR OWN TREES FROM SEED
Every year many millions of trees are produced by state and
commercial forest nurseries for forest plantings, shelterbelts and



windbreaks. Trees for reforestation can be purchased at near the
cost of production from the state forest nurseries. The state puts
some restrictions on the uses of these trees. For example, a cer-
tain number of trees must be left per acre to grow into sawtimber,
and trees cannot be harvested with roots attached. Commercial
nurseries produce a wide variety of species and sizes. No re-
strictions are placed on trees purchased from commercial nurser-
ies. Purchasing planting stock is usually cheaper than raising your
own trees from seed. However, if you decide to raise your own
trees, follow these five steps:

y

Dry the cones. Spread them on a dry surface in direct sunlight
so they will dry out and the scales will open. A hard surface
or a tarpaulin works well for this purpose. You can apply
artificial heat (not over 120° F) such as from an oven.

Next, take out the seed from the dry cones when the scales
open. Use a box or tray with the bottom made of half-inch
hardware cloth. Half-fill the box with open cones and shake
vigorously. The seed will fall through the bottom. Seed for
home production of trees does not have to be cleaned.

Store the seed until planting time. Coniferous seed should be
sown in the fall. However, the seed may be stored over win-
ter for spring planting. Red and jack pine, hemlock and white
cedar seed should be in a dry, air-tight container and kept in
a cool place (40-50° F). Balsam fir, white pine and spruce
seed should be mixed with moist -- not wet -- sand at the rate
of 3 parts sand to 1 part seed and kept at a temperature of 36
to 38° F.

Plant the seed in a nursery bed. A loamy sand or sandy loam
is the best kind of soil for this purpose. Spade the ground to
a depth of one foot and remove all trash, rock and litter. Pul-
verize the soil thoroughly.

Work up Lond _ Sow the seedin...
for nursery bed. ;




Sow the seed broadcast or in drills 4 to 6 inches apart to
a depth of four times the size of the seed. Plan to raise about
50 seedlings per square foot of seed bed. On the average, to
raise 50 seedlings per square foot, the following quantities
(in ounces) of uncleaned seed will be needed for every 100
square feet of bed:

Tree Seed Tree Seed
Balsam fir 10 ounces White pine 7 ounces
Hemlock 4 Norway spruce 3

Jack pine 3 White spruce 3

Red pine 3 Tamarack 5

Scotch pine 2 White cedar 3

SNOW FENCE

FQQSWWCH'
r___?g-__ =

8'-12-_ w;,.,,,,: Tt@anﬂnﬁ

After the seeds germinate, you will need to shade, weed and
water them. Fungicides for control of "damping off" disease
may be needed. Weeds can now be controlled with chemicals,
saving much hand labor. Thinning the seedlings to 50 per
square foot may be necessary. For details on fungicides,
herbicides and thinning operations, consult publications such
as these published by the Forest Service, U. S. Department of
Agriculture:

Woody-Plant Seed Manual. Misc. Publication No. 654
Forest Nursery Practice in the Lake States, Agric.
Handbook No. 110

RF-06-89-1.5M-25-E

Published and distributed under Act of Congress, May B, 1914, by the Cooperalive
Extension Service, College of Agriculture of the University of Wisconsin, H. L.
Ahlgren, associate director, the United States Department of Agriculture co-operating.
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