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In the last two decades, tree planting has resulted in thousands of
acres of thrifty pine plantations. These plantings have and will
contribute to forest industry growth in the Tennessee Valley. How-
ever, the greatest potential for the long haul is restoration of
quality hardwood forests on sites that will support them. To this
end TVA has been concentrating its tree improvement efforts since
1963.

There are approximately sixty-odd commercial hardwood species in the
Tennessee Valley, and we have selected six to include in our tree im-
provement program: black cherry and black walnut because of their
high value and present scarcity, yellow-poplar because of its rapid
growth on good sites, northern red oak and white oak because of their
commercial importance and ability to grow well on a variety of sites,
and chestnut oak because of its adaptability to poorer sites. Our
efforts include the selection of superior trees and seed orchard
establishment.

So far we have the necessary 20 to 30 walnut, yellow-poplar, and
cherry selections but lack a few in each of the oaks. Grafting of all
six species has been successful and the establishment of grafted seed
orchards should be completed by 1968-69 (Hatmaker and Taft, 1966).
Current plans call for an orchard of each species in east, west, and
southern Tennessee to insure a seed crop from each species every year.

Other approaches are also being investigated. One is the selection
of seedlings that exhibit outstanding height and diameter growth at
the end of 1 year in the nursery. Selecting these "super  seedlings".
at such an early age has its theoretical drawbacks, to be sure, but
it does provide a simple, easy way of comparing many individuals, and
early vigor is certainly a vital factor in hardwood plantation survival
(Funk, 1964; Williams, 1966).

Hybridization, a third approach, is possible when seed orchards begin
flowering. This method attempts to combine outstanding characteristics
of two trees by artificial crossing. If a certain cross consistently
produces exceptional seedlings, then a seed orchard of these two
parents would result in natural crossing and thus superior seed.

A serious limiting factor in tree improvement is the 10 to 30 years
required for a seedling to flower and bear seed. This time must be
shortened if progress is to come in our lifetime. The use of an early
flowering rootstock may be the answer. Sawtooth oak (Quercus acutissima)
is such an understock and seedling scions of northern red oak have
been successfully grafted to it, while some difficulty has been en-
countered with white and chestnut oak. A large flower induction
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experiment with all six species is being conducted and involves the
use of growth regulator sprays. This was initiated this year and re-
sults are not yet available.

All our efforts are being channeled toward one end, genetically superior
planting stock. Selection, seed orchard establishment, hybridization,
and early flowering are only a few such efforts. Others include seed
collection and storage, production of the best possible nursery stock,
hardwood plantation establishment methods, pollen handling techniques
including pollination techniques, phenology of flowering, and progeny
testing.

PAST TO PRESENT--A FEW QUESTIONS ALREADY ANSWERED

Black walnut (Juglans nigra )

Proper spacing and expected yields can be accurately estimated for fruit
orchards because data from past orchards are available. This is not
the case with tree seed orchards except in a few cases where yields have
been recorded. Such is the case in a 32-year-old black walnut orchard
located near Norris, Tennessee. In 1934, black walnut grafts of the
Thomas variety were purchased from a Pennsylvania nursery and planted
with several other varieties at 50 x 50 spacing on a 5-acre site.
These grafts began bearing nuts in 1940 but significant crops were not
available until 1943. Yield records were kept by individual ramets
from 1943-54. In addition, the DBH, total height, and crown radius
were measured in 1946, 1956, and 1966.

It should be emphasized that table 1 only describes ramets of the Thomas
walnut clone. Experience with pine has shown that when a clone begins
to flower usually all ramets of the same age flower and continue to do
so in following years. However, this table indicates that all ramets
do not yield nuts in a given year. Only 16 produced a significant crop
in 1948, whereas 46 produced some nuts in 1944. The important point
is that variation in yield does exist between ramets of the same clone
in a single year. The average yield of these 40 Thomas walnut grafts
over the 12-year period from 1943 through 1954 was 18,560 nuts per year
or 380 nuts per ramet per year. Therefore, when viewed from the clone
standpoint, it would be safe to state that if 40-50 ramets of a clone
are planted in an orchard some seed from this clone will be produced
every year.

In addition to yield variation between ramets of a clone, yearly varia-
tions in yield of each ramet are apparent. Table 2 emphasizes this
point. Consecutively numbered ramets are 50 feet apart so that the
site conditions, including weather, should be the same for each of the
three pairs of ramets (number 17 is included for another purpose to be
explained later). Ramet 48 produces a good crop of nuts in the odd
years while 49 produced a crop in the even years. In 1945, ramet 43







began producing good nut crops in odd years but ramet 44 was producing
crops in even years until 1949. Apparently a bumper crop was pro-
duced that year by ramet 44 which changed an even year cycle to an odd
year cycle, as one can see by observing the nut crop through 1954.
Ramet 6 looks like an odd year producer but in 1949 it fails to pro-
duce a large crop and it becomes an even year producer. Ramet 7
remains an even year producer. Two cycle changes are observed in
ramets 44 and 6, but in the first the change results from a bumper
crop while the second results in a crop failure with both occurring
the same year, 1949. The last, ramet 17, is included to show what
appears to be a 2-3-2-3 year cycle. To supplement this data, we have
6-year-yield data on open grown black walnuts in the Tennessee Valley
(Zarger, 1946). These data point out that yield cycles are also
present between genetically different trees. Zero, 1, 2, and 3 year
cycles with variations were observed in these 132 trees. Recognition
of these cycles both within and between clones will necessitate re-
cords for each ramet in an orchard but should also provide a basis
for predicting future walnut seed orchard yields.

Average size measurements of grafted black walnut of three clones are
presented in table 3. When trying to determine orchard spacing, one
of the most important characteristics to consider is expected future
crown size, particularly crown radius. This table indicates that
20 x 20 spacing to age 12 is adequate, probably 30 x 30 to age 22,
and somewhere between 35 and 40-foot spacing at age 32. This orchard
had no fertilization schedule but did get some unscheduled fertilizer
until 1946, either from interplanted soybean crops during the war
or direct application. After 1946, only mowing was done in the
orchard. From this data TVA has decided to plant its walnut seed
orchards in blocks containing two ramets of each clone. One sub-
block will contain a ramet of each clone spaced 40 x 40. The second
sub-block will be planted between the first so that final spacing
between grafts will be 20 x 20. Thinning, if needed, can be accom-
plished by completely removing a sub-block. This would still leave
one ramet of each clone at a 40 x 40 spacing.

Fertilization and cultivation, recommended seed orchard procedures,
should result in increased nut yields. One difficulty encountered
in the above orchard, even though these procedures were not closely
followed, was some extreme yields. Such yields resulted in breakage
in the crown of individual trees which unless properly cared for will
result in greatly weakening the tree and exposing it to fungi. If
the aim is maximum production per ramet, one should be prepared to
support heavily laden branches. Whereas, if the goal is maximum pro-
duction per acre, this should be obtainable by planting more grafts
per acre at closer spacing. This will probably reduce yields per
graft but not necessarily per acre.



Black cherry (Prunus serotina) 

Our experience with this species is very limited. In 1938, three
black cherry grafts were planted 20 feet apart in a straight line.
The trees received no special treatment except mowing throughout each
growing season. In 1963, at least 6 pounds of clean, dry seed were
collected from each graft. Today the trees average 17.0 inches in
diameter at 1 foot, 54 feet total height, and the crowns have a
radius of 13, 16, and 19 feet.

With this meager data we can suggest that seed orchard spacing be
similar to that planned for walnut. Certainly more intensive manage-
ment should result in good early seed yields and the ability to store
the seed should provide an adequate supply each year.

General 

Similar information for the oaks and yellow-poplar is not available,
but estimates have been made and are included in table 4. After an
estimate of the future demand for seedlings of each species has been
made, this table can be used to determine the required seed orchard
acreage to meet this demand.
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Hardwood tree improvement is today where pine improvement was 10 years
ago. More and more research groups are directing their emphasis to-
ward hardwoods. Crash programs, such as the one on black walnut in
the Central States and the one on black cherry in the Northeast, are
being initiated. There are many more commercial hardwood species than
pines and these tend to grow in predominantly mixed stands on relatively
good sites. Each must be dealt with individually. TVA has taken a
giant step by selecting six species but we hope that others can be
added to our program in the future. We look for the day when tall,
straight, high-quality hardwoods will be found on all suitable sites
throughout the hardwood region, when it will be just as common to
plant hardwoods as it is to plant pines, and when all forest planting
stock will be superior.
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