The time of autumn leaf coloration is strongly correlated
with seed source latitude. Early coloration is associated
with high latitude and late coloration with low latitude.
The number o'f growth flushes in young trees varies with
seed source. The differences among provenance means are
small and there is no apparent geographic pattern of variation.
There is geographic variation in capacity to survive
summer heat and drought conditions. Trees native to regions where such conditions often occur, e.g. Kansas, are
most capable of survival.
Growth rate varies with geographic region of origin, but
the regional effect is small except for the slow growth of
trees of extreme northern provenances in areas farther
south. Growth rate also varies with stand or local population and with progeny, and is apparently influenced most
by these factors.
The average growth rate of young trees of a particular
provenance is not very closely related to their later rate
of growth. The correlation between height a t age 8 and
a t age 14, though higher than the nursery-field correlations, is not strong enough to justify provenance selection
for growth rate in the early sapling stage.
The apparent importance of local variation in growth
rate of red oak indicates that further improvement effort
in Ihe North Central region should concentrate on phenotypjc selection without particular regard to geographic
origin. For planting in the 38O to 43O latitudinal belt in the
region, native trees for progeny testing may be selected
anywhere west of the Appalachians, except in the extreme
north as described and south of the southernmost of our
provenances.

Summary
Geographic variation in red oak is described up to age

14 in 7 replicated experiments in the North Central region
of the U.S.A. Time of flushing and of autumn leaf coloration are under strong genetic control and have welldefined geographic patterns of variation. Drought-hardiness
is highest in trees from regions subject to summer
drought. Growth rate varies with seed source but genetic
control appears to be more related to stand and family than
to geographic origin within the species distribution.
Key words: red oak, flushing, leaf senescence, drought iolerance,
growth rate.

Zusammenfassung
Es wird über Ergebnisse aus 7 Provenienzversuchen mit
Roteiche berichtet, die in den nördlichen Zentralstaaten der
USA bis zum Alter 14 beobachtet wurden. Hierbei traten
in der Blattentfaltung und in der herbstlichen Blattverfärbung ausgeprägte Variationsmuster auf, die auf starke genetische Kontrolle schließen lassen. Herkünfte aus Trockengebieten der natürlichen Verbreitung zeigten die höchste
Trockenresistenz. Im Wachstumsvermögen ergaben sich
Provenienzunterschiede, die jedoch durch standortbedingte
sowie aus der Familienzugehorigkeit resultierende Unterschiede überdeckt wurden.
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good relationship of density to quality in softwoods is due to
Introduction
simple anatomical structure consisting mainly of tracheids
Northern red oak (Qzierczis rubra L.), one of the widest
and rays. Wood density in softwoods is affected primarily
ranging and most valuable oaks in the United States, has
by cell wall thickness and the proportions of early and latebeen gaining in utilization for both solid wood and fiber
wood.
products. The increased utilization brings with it the need
I n hardwoods, however, density is not as good an indifor additional information on wood quality.
cator of quality. The wood itself is complex, variously comI n recent years northern red oak has been included in
genetic studiec and breeding programs (KKIBBEI.
and THIELGFS.posed of vessels, fibers and tracheids, axial parenchyma,
and rays. Variations in cell size, wall thickness, and tissue1969; USDA Forest Service, 1974). As these programs protype proportions are added indicators of why density is
gress, the need for the inclusion of wood quality factors
not such a good measure of wood quality in hardwoods. I n
also becomes more important.
oak,
two measures of wood quality that are important in
In softwoods, density is the prime indicator of wood
product quality - fcr both solid wood and fiber uses quality (solid wood strength and pulp yield potential). The
are tissue-type proportions and fiber and vessel lengths.
H ILL (1954) and KHURSHUDYAN
(1958) have both shown that
I ) Mairitained at Madison, Wis., in cooperation with the University
the proportions of vessels and fibers are better indicators
of Wisconsin.
Silvae Genetica 25, Heft 3-4 (1976)

