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LOW TEMPERATURES OPTIMUM FOR
FIELD GERMINATION OF NORTHERN

RED OAK

R. M. Godman and G. A. Mattson

Northern red oak is a highly
preferred species in the hard-
wood mixtures common to the
Lake States. However, it tends to
regenerate sporadically over
extended periods and then
occurs as an occasional species in
the mixture. The low representa-
tion has most often been attrib-
uted to predation of acorns by
various agents and lack of favor-
able stand conditions during early
growth (1, 2). Initial work on
optimum germination tempera-
tures for the species, supported
by preliminary data on surface
soil temperatures and direct seed-
ing trials, suggests that the low
temperatures necessary for ger-
mination may not occur over a
long enough period under field
conditions to encourage abund-
ant regeneration.

Acorns for the trials were
obtained from central Wisconsinl
during the bumper seed year of
1977. The acorns were air-dried at
room temperature, sorted for
presence of worm holes, float
tested in water, and stored in
plastic bags at about 30° to 32° F
for approximately 90 days.

A series of 30-day germination
tests in an unlighted, constant
temperature cabinet were
initiated in late January. Germina-
tion temperatures were main-
tained from 34° Fto 81 ° F at

Iacomns supplied by Richard Beier, Wis -
consin Department of Natural Resources
forester, as collected on the Navarino
Wildlife Area.

Principal Silviculturalist and Forestry
Research Technician, USDA Forest Service,
Forestry Sciences Laboratory, North Central

Forest Experiment Station, Marquette,

Mich.

approximately 10-degree inter-
vals. At each temperature setting,
50 acorns were placed on perlite
in partially covered containers,
and kept moist throughout the
tests. Cabinet temperature and
number of germinants were
recorded daily. Acorns were con-
sidered germinated when the rad-
icle was plainly visible.

Soil surface temperatures were
recorded on both scarified and
unscarified seedbeds within 10
feet of each other, under an
uncut, mature, hardwood-
hemlock stand on the Argonne
Experimental Forest in northcen-
tral Wisconsin. The area had been
scarified the previous fall after
leaf drop, using an Athens disc—
approximately 80 percent of the
area had mineral soil exposed.
Litter on the unscarified portion
was predominantly hardwood,
about one-half inch thick. The
sensors of a dual pen recording
thermograph were placed at the
surface of the sacrified seedbed
and at the litter-mineral soil inter-
face and kept lightly covered to
restrict direct solar radiation.

Germination Results
Germination was greatest and
earliest at 34° F (table 1). Ninety
percent of the acorns held at this
temperature germinated, in con-
trast to only 14 percent at 43° F
and 21 percent at 54° F. Most of
the acorns that failed to germi-
nate during the test period
showed marked discoloration of

the nutmeat and no evidence of
radicle development. Although 6
percent of the acorns produced a
radicle at 67° F, all appeared
withered and offcolor.

Germination began within 10
days at 34° F; at each higher
temperature setting, the time
before first germination became
successively longer. The time
required to reach 70 percent
germination increased from 16
days at 34° F to 23 days at 67° F.
Some germination did occur up
to the 30th day, but in most cases
was completed by the 25th.

Surface Soil Temperatures

The average daily temperature
of the soil surface on the scarified
area was 32° F during the last
week of April, but then increased
rapidly until overstory leaf-out
during the last week of May (fig.
1). In contrast, the average
temperature of 32° F on the
unscarified area was not reached
until the second week of May.
Assuming that an average daily
temperature of 32° to 39° F is
within the optimum range for red
oak, there were 15 favorable days
on the scarified area, but only 5
favorable days on the unscarified
portion during the spring of 1978.
Meanwhile, climatic records from
the closest station reporting long
term means indicated that May
1978 had been about 2° warmer
than normal, but had greater than
normal precipitation.

Scarification thus has two
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Table 1.—Number and periodicity of northern red oak acorns germinat-
ing at constant temperatures

Average
cabinet Acorns germinated Days to germination
temperature First Last 70 percent
0°F No. Percent -------------- Days--------------
34 45 90 0 30 16
43 7 14 12 26 20
54 11 21 14 30 21
67 3 6 22 23 23
72 0 0 — — —
81 0 0 — — —

TEMPERATURE (0°F)
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Figure 1.—Seasonal change in average daily surface temperature of seedbeds under an
uncut hardwood-hemlock stand.

Throughout the observation
period the scarified portion aver-
aged about 8° F warmer than the
unscarified area. The greatest dif-
ference observed was 13°,
although daily variation usually
was between 6° and 10°.

important benefits for the germi-
nation of red oak: (1) longer
duration of optimum tempera-
tures, and (2) earlier occurrence
of optimum temperatures to
coincide with more favorable
early moisture conditions.

Direct-Seeding Trials

A small, direct-seeding trial,
using 120 acorns from the same
collection, was established on an
adjacent, scarified area on May 4,
1978. Single acorns were planted
in mineral soil and covered with
wire screens to prevent preda-
tion. The area was also under an
uncut hardwood stand, although
saplings and small poles had been
knocked down during scarifica-
tion the previous fall.

The final germination count
was made on July 10th. By this
date, 14 percent of the protected
acorns had germinated. There-
fore, their screens were removed.
During this final period, the aver-
age surface temperature was
between 32° and 39° F for 6 days
arid between 40° and 49° F for 7
days. Surface soil temperatures
were higher all the remaining
days. Thus, these direct-seeding
results were in general agreement
with the constant temperature
cabinet tests.

Direct-seeding trials were made
in 1978 by the Chequamegon
National Forest on two salvaged
areas. At both localities, the
entire overstory had been
removed by full tree logging,
leaving a bare, fully exposed site.
Acorns from a local source, but of
unknown viability, were planted
in mid to late May of 1978, about
2 weeks later than those on the
experimental forest. Results
showed between 15 and 20 per-
cent germination on the "wetter"
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site, and no germination on the
"drier" site. 2 Germination may
have been sharply reduced by
higher soil temperatures and
reduced moisture on the exposed
site because of the later planting.

Conclusion

These trials strongly suggest
that northern red oak will germi-
nate best at low temperatures,
probably between 34° and 39° F.
Observations of natural oak ger-
mination and establishment also
support the concept of better
germination at low temperatures.
Throughout the Lake States, red
oak seedlings are commonly
observed in uncut stands along
with sugar maple seedlings—
perhaps the species requiring the
lowest temperature for germina-
tion of the desirable northern
hardwoods3;

2personal communication from Tom
Smith, Staff Forester, Chequamegon
National Forest on September 12,1978.

3Sugar maple produced a bumper seed

crop in the fall of 1977 but very few seeds

germinated in the spring of 1978 when the
snow cover disappeared rapidly. Germina-
tion of sugar maple during this spring was

generally limited to residual snow banks
suggesting that conditions favoring its
germination had changed too rapidly.

These findings contrast sharply
with the germination test results
from higher temperatures
reported in Seeds of Woody
Plants in the United States (3).
Further tests and field trials are
warranted because of the compli-
cating effects of temperature,
time, moisture, and their interac -
tions, as well as seed source, col-
lection, and storage procedures.

Recommendations

Under the low temperature
concept, management methods
that would provide extended
periods of favorable germination
temperatures are probably diff-
icult to attain. If red oak is desired
as a major stand component, pre-
germinated4 acorns could be
direct-seeded to coincide with
the short period of cooler
temperatures. By sowing preger-
minated acorns in the spring,
right after snowmelt, advantage
can be taken of favorable
temperatures, and a minimization
of predation could result.

4Acoms maintained at 34° to 39° F
for a period of 10 to 14 days or just prior
to radicle emergence.
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EVERY READER IS A POTENTIAL
AUTHOR FOR TREE PLANTERS’
NOTES

Please write us if you have
developed or successfully used a
new piece of equipment; a
nursery operation; a technique or
method of planting or seeding
trees, handling or packing seed-
lings, improving seedling growth,
or preparing sites; or a seed col
lecting, processing, or storage
procedure that might be helpful
to someone else. You will make

our jobs easier if you send us an
original and one copy of your
article, double spaced with each
paragraph ending on the same
page it begins. Please be sure to
identify yourself clearly by name,
title, place of work, and area
code and phone number so that
we can contact you if questions
arise. Each article must also be
accompanied by a brief abstract
(40 words or less) indicating its
thrust or conclusion.

Send clear, glossy photographs
or black ink drawings, if possible,
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to increase reader interest and
understanding. Black and white
negatives or color slides are also
acceptable and will be returned
as soon as glossy prints can be
made.

Send suggestions and articles to
Chief, Forest Service (Attn: Tree
Planters' Notes), P.O. Box 2417,
U.S. Department of Agriculture,
Washington, D.C. 20013. Permis-
sion is granted to reproduce any
article. Authors will be furnished
a reasonable number of copies of
their articles if they wish.
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