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sIROWTH response
from THINNING

young even-aged

WHITE OAK stands

HE OAKS rank among the most important hardwoods in

this country. They furnish more native timber each year than
any other related group of broad-leaved trees. In spite of their
wide distribution and importance, we have little growth and
yield information for managed oak stands to aid in selecting and
scheduling silvicultural treatments.

In cooperation with various universities, state forestry organiza-
tions, and private industries, the U. S. Forest Service undertook a
series of studies to estimate growth and yield of upland oaks for
a range of stocking conditions.

The first studies were begun in 1950; 12 studies incorporating
228 permanent plots now extend over a large part of the upland
oak range from Kentucky and Ohio west to Iowa and Missouri.
These plots include varying conditions of stand age, species com-
position, and site quality. They ultimately will be used to develop
yield tables for managed upland oaks, but some of the studies are
too new to provide conclusive data at this time.

This interim report on two of these 12 studies covers the
growth response from 25- to 35-year-old white oak stands on
medium sites in southeastern lowa and eastern Kentucky.



STUDY AREAS
AND METHODS

The lowa Stand

The natural white oak stand in Iowa, located on the Shimek
State Forest, was 25 years old when first thinned in 1950. Twenty
‘14-acre plots were located in the stand; about half of them were
on the east slope of one main ridge and the others were along
the top and north slope of a second ridge. Site index, based on
Schnur’s 1937 curves, ranged from 55 to 69 and averaged 62.

In 1950, five different levels of stocking, each replicated four
times, were created by thinning. Residual stands were left with
30, 40, 50, 60, and 74 square feet of basal area per acre in trees
2.6 inches d.b.h. or larger. Stems under 2.6 inches were not cut.
Stem measurements made with a tape at breast height in 1953,
1955, 1958, 1960, and 1962 provide growth data for 12 years.

Before it was thinned, the stand averaged 84 square feet of
basal area per acre, and 1,244 trees per acre larger than 0.6 inches
diameter. This represents about 115-percent stocking (Roach and
Gingrich 1962, Gingrich 1964).* In trees larger than 2.6 inches
diameter, basal area was 77 square feet with 765 trees; this rep-
resented 95-percent stocking. Average diameter was 4.3 inches. )

The Kentucky Stand

The natural white oak stand in Kentucky, located in Jackson
County, was 33 years old when first thinned in 1962. Fifteen
lh-acre plots were located in the stand adjacent to a small drain-
age. Site quality was higher than in Iowa. It averaged about 70
for oak and varied between 62 and 77.

Five levels of stocking, each replicated three times, were created
by thinning. Residual stands were left with 15, 30, 45, 60, and 66
square feet of basal area in trees 2.6 inches d.bh. and larger.
Annual diameter measurements made with a tape on all trees
over 2.6 inches d.b.h. provide growth data for 4 years.

* Stocking percent is used throughout this paper in place of the more familiar
basal area because it expresses the same relative degree of stocking regardless of
age or site,
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Before it was thinned, the stand averaged 87 square feet of
basal area and 1,761 stems per acre larger than 0.6 inches d.bh.
This represents about 125 percent stocking. In trees larger than
2.6 inches d.b.h., basal area was 76 square feet with 687 trees;
this represented 96-percent stocking. Average diameter was 4.5
inches.

Comparison of Stands

In the main stand (trees larger than 2.6 inches d.b.h.) species
composition, stocking, basal area, and number of trees were re-
markably similar for the two study areas (appendix). But the
fowa stand was younger; average tree size was smaller; and the
trees were shorter because site quality was lower. So cubic-foot
volumes were somewhat lower in Iowa.

All plots were well stocked before treatment. Stockings in ex-
cess of 100 percent indicate that these stands were somewhat
more dense than the average natural stand.

The two stands differed mainly in the understory trees (trees
0.6 to 2.5 inches d.b.h.). The understory in Kentucky contained
about 1,074 stems per acre, compared with only 479 in lowa. Red
maple, dogwood, and sourwood—the most abundant species in
the Kentucky stand—accounted for about 80 percent of the total.
Hickory, the principal species in lowa, accounted for about 55
percent of all understory stems there.

Thinning Method

We used a “'free-thinning” system. Under this system, described
by Braathe (1957), the marker is free to remove trees from all
crown classes; the objective is to leave a suitable number of the
best trees as evenly spaced as possible over the area.

In both Kentucky and Iowa, thinning was primarily to improve
spacing around the better quality trees of the most desirable
species (fig. 1), and thinning was much the same in both stands.
However, two exceptions should be noted. The Kentucky stand
had a few older residuals (an average of two or three per acre),
and these were the first trees marked for cutting. Also, in Ken-
tucky all stems less than 2.6 inches d.b.h. were cut in the lower
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Figure 1.—The 33-ysor-old Kentucky white oak stand as it
appedred 2 years after thinning, A, on unthirned plots;
B, on plots with 50 percent residual stocking; C, on plots
with 40 percent residual stocking; end D, on plots with
20 percent residual stocking.




three density classes, and none was cut in the two higher densities.
In contrast, none of these smaller trees was cut in fowa in any
density class.

RESULTS

Basal-Area Growth

Basal-area growth was about the same in the Iowa and Ken-
tucky stands for plots of similar residual stocking (tables 1 and
2). Likewise, the basal-area response in relation to stocking fol-
lowed the same general pattern in the two stands (fig. 2). Growth
response and total stocking in figure 2 are based on all trees
0.6 inches d.b.h. or greater occupying the area, so the curves
probably describe the full growth potential for this particular
age and site.

At densities between about 50- and 100-percent stocking, gross
growth of these young oak stands averaged about 2.75 to 3.0
square feet of basal area per acre per year. This supports Moller’s
(1954) theory that the gross annual increment of intensively man-
aged even-aged stands is substantially uniform for a fairly wide
range of stand densities. However, gross basal-area growth seemed
to drop slightly at maximum stocking; although this difference
may not be statistically significant, a similar drop was noted by

Figure 2.—Relation between stocking percent and baosal-
area growth for young ock stands in lowa and Kentucky.
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Braathe (1957) for beech and Norway spruce stands in Europe.

This wide range of stocking for full site utilization means that
foresters have considerable latitude to manipulate stocking and
still achieve the full growth potential of an area. As long as
enough trees are present to use all available growing space, stock-
ing determines not how much wood is produced, but rather how
it is distributed among the trees in the stand. Minimum stocking
for full site utilization (about 50 percent) produces the same
gross quantity of wood as maximum stocking, but the growth is
on fewer trees. So individual trees grow faster in diameter, per-
mitting shorter rotations.

Although gross basal-area growth was nearly constant from
about 50-percent to maximum stocking, mortality caused the net
growth within this range to vary. In both Iowa and Kentucky,
net basal-area growth reached a maximum between 40- and 60-
percent stocking. Below 40-percent stocking, net basal-area growth
was reduced. Although individual trees grew faste’r, there were
too few of them to occupy the site fully. Above 60-percent stock-
ing, net growth was reduced also, because natural mortality in-
creased. Mortality, represented in figure 2 as the difference
between the gross-growth and net-growth curves, amounted to
only 5 percent of gross growth at 50-percent stocking. Mortality
increased with higher stocking and finally reached 75 percent or
more at the higher densities. Net basal-area growth on plots that
had little or no thinning was comparable to that reported by
Schour (1937). He reported a periodic increase of about 1.1
square feet for site 60 between ages 25 and 35 and about 0.8
square feet for site 70 between ages 30 and 40.

Mortality occurred mostly among the smaller trees, and even
exceeded net growth in the lower diameter classes. Because these
small trees are not merchantable and will never be needed as part
of the final stand, they are generally disregarded by foresters
when they examine net growth. Excluding these small 1- and
2-inch trees alters the form of the net-growth curve so that it
does not drop off as sharply at the higher densities.

After two or three thinnings, we would expect all trees left in
the stand to be merchantable. In that case, failure to thin will
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mean actual loss of products through natural mortality; and the
more dense the stand is permitted to become, the greater the loss.

Because only the larger trees are very likely to become mer-
chantable, net basal-area growth has been recalculated for those
trees that reached at least 4.6 inches d.b.h. between ages 33 and
37. This new computation of the independent variable also limits
the data to trees of similar age because it utilizes growth accrued
only during the 4 years when the trees were between 33 and 37.

With this calculation, net growth dropped off at the highest
densities much more gradually than before (fig. 3). This illus-
trates that most mortality losses were limited to the smaller trees.
The new curve also shows that increases in net growth to be
expected from thinning are less than indicated in figure 2. How-
ever, the increases in net growth between 60-percent stocking and
120-percent stocking are still substantial (about 2.9 versus 1.9
square feet per acre per year).

Although the highest density plots had about 100 more trees
per acre (4.6 inches or more d.b.h.) than plots with 50-percent
stocking, basal-arca growth on these latter plots was approxi-
mately 50 percent greater.

Figure 3.—Relation between stocking percent ond net
basal-area growth of trees reaching 4.8 inches d.b.h. and
larger between ages 33 ond 37.
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Cubic-Volume Growth

Gross cubic-volume production was relatively constant between
about 50-percent stocking and maximum stocking for both stands
(fig- 4). As with the gross basal-area curve, this again illustrates
that the full productive capacity of the site is utilized with stock-
ing of 50 percent or more. Cubic volume was computed using
trees 2.6 inches d.b.h. and larger, and this may account for the
slight drop in gross growth at the higher densities. If the 1- and
2-inch trees had been included in the the volume computations,
gross growth probably would have remained even more constant.

Gross growth for plots with stocking greater than 50 percent
ranged from 70 to 80 cubic feet per acre per year in Kentucky;
in Jowa the range was 60 to 70 cubic feet per acre per year. With
such a small sample, the volume difference between the two states
may not be statistically significant, although it does agree with
the well-established fact of greater volume production on the
better sites. This relationship is found in all yield tables and is
primarily due to greater height growth on the better sites.

Figure 4.—Relation between stocking percent and annual
gross growth and net cubic volume growth in trees 2.6
inches d.b.h. and larger in lowa and Kentucky.
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Below 40-percent stocking, gross growth and net growth de-
creased similarly. Net growth also dropped as density increased.
Near maximum stocking (110 percent), net growth was about
50 cubic feet per acre per year in Iowa and 57 cubic feet per acre
per year in Kentucky, or about 75 to 80 percent of the gross.
Comparable net growth reported by Schnur (1937) was about 54
cubic feet annually for site 60 between 25 to 35 years, and about
57 cubic feet for site 70 between 30 to 35 years.

The quantity of wood produced in these young oak stands is
fairly constant from about 50-percent to maximum stocking. How-
ever, not all the wood produced is usable; and, unless these stands
are thinned, about one-fifth to one-fourth of the annual volume
production is lost through mortality. So, stands maintained at
about 60-percent stocking should produce more, or at least as
much, periodic net volume growth as stands at higher densities.
Even more important, the volume growth will be placed on fewer
trees that are, theoretically at least, higher in quality and value.

Cubic volumes in this report are based on local volume tables
and no adjustment has been made to accommodate possible
changes in stern form at the various stocking densities. Numerous
investigators have shown that a heavy thinning regime tends to
increase the rate of stem taper (Newnham 1965, Meyers 1963,
Braathe 1957, and Larson 1963 ). So, cubic volumes shown for the
lightly stocked plots may be overestimated and maximum net
cubic-volume growth may actually occur at a slightly higher
stocking percent than shown in hgure 4.

Growth of
Individual Trees

Growth per tree increased as stand density decreased (fig. 5).
In other words, the fewer trees on an acre, the faster each grew in
diameter. Diameter growth of white oak was slightly higher in
Kentucky than in Towa, especially at the higher stocking levels,
but otheswise trends were similar.

The greatest diameter increase was at the lowest density level
(18-percent stocking) ; these trees grew almost twice as fast in
diameter as those at maximum stocking. However, total growth
per acre was reduced at this low stocking because there were too
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Figure 5.—Periodic annual diameter growth of the largest
100 trees per acre in relation to stocking percent.

few trees to utilize the site fully. Annual diameter-growth rate of
white oak at 50-percent stocking was about 0.08 inches more than
at maximum stocking in Iowa, and about 0.05 inches more for
Kentucky—an increase of about 70 percent and 35 percent re-
spectively.

The black oak group, which included a few northern red oaks,
grew faster in diameter than white oak for any given stocking
level. Similar differences in growth rate of oak species were
reported in West Virginia (Trimble 1960). Thirty-five percent
of the 100 largest trees per acre were black oak in Iowa and only
20 percent in Kentucky. Black oak grew at about the same rate in
Jowa and Kentucky.

Evidently white oak trees respond quickly to release. Minckler
(1957) found that pole-sized white oaks in Hlinois grew 41 per-
cent faster the first year after release and that a similar increase
over the first year's growth occurred the second year. Our study
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in Kentucky indicates that most of the growth response was
achieved by the second year and that this increased growth has
been maintained through the third and fourth years (fig. 6).
Annual variations in weather conditions will, of course, cause
fluctuations from the average. With no thinning, or a very light
thinning, growth was about the same as the 10-year average before
thinning.

Differences in growth rate among species may explain some of
the variation in basal-area or cubic-volume growth found among
plots. For example, a predominately black oak stand would be
expected to grow faster than a white oak stand. Nelson (1964)
presented a theoretical model for adjusting growth when species
mixture varies. Because this is an interim report pending accumu-
lation of data from a longer growth period, this adjustment was
not deemed worthwhile.

Figure 6.—Annual diameter growth for different stocking
levels each year since thinning the 33-year-old white oak
stands in Kentucky.
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Effect of Stocking
on Tree Quality

Thinning affects quality of trees in a stand as well as their
growth. Average stand quality tends to improve when cull, defec-
tive, and inferior trees are removed; but this improvement may be
offset if the thinning stimulates epicormic branching of the resid-
uals. Four years after thinning the Iowa plots, Brinkman (1955)
reported that for trees in the main crown canopy epicormic
branches were fewer for (1) dominant trees, (2) single stems as
compared with multiple-stem clumps, and (3) rather heavily-
stocked stands. On trees bordering a clearcut forest opening in
West Viriginia, epicormic branching was more prevalent on white
oaks than on eight other species (Northeastern Forest Experiment
Station 1966). Generally, these branches are more prevalent on
trees of lower crown class and on the upper stems (Smith 1965,
and Brinkman 1955).

In both Kentucky and Jowa stands we observed that white oak,
when thinned to the lower densities, is subject to severe"epicormic
branching. Quality losses will undoubtedly more than offset any
gains from increased volume when stocking is reduced below
about 50 percent (fig. 7).
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Figure 7.—A, white oak
years later.
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CONCLUSIONS AND
RECOMMENDATIONS

Gross wood growth of 25- to 35-year-old white oak stands
expressed either as basal area or cubic volume is nearly inde-
pendent of stand density within the range from about 50 percent
to maximum stocking. Net growth or yield is very likely to be
greatest at about 50-percent stocking (45 square feet of basal
area) because natural mortality increases rapidly at higher stand
densities. If maximum stocking is maintained, 25 percent or more
of the potential yield may be lost to mortality. Not only is net
growth optimum at about 50-percent stocking, but individual
trees grow faster in diameter, permitting shorter rotations.

Any stocking maintained much below 50 percent will not fully
utilize the site. Although individual trees grow rapidly, there are
too few of them to occupy the area fully. Losses in tree quality
due to epicormic branching also become important at lower
densities.

Based upon results from these two studies, and pending accu-
mulation of additional data from stands thinned to very low
densities, the following silvicultural treatment is recommended
for similar young white oak stands managed for production of
high-quality sawtimber.

Previously unmanaged fully stocked stands should be thinned
to about 65 to 70 percent stocking (50 to 55 square feet of basal
area} in trees over 0.6 inches d.b.h. This stocking is purposely
somewhat higher than the studies indicate for maximum yields.
Nevertheless it is heavy enough to eliminate much of the undesir-
able growing stock, stimulate growth of residual crop trees, and
reduce mortality losses for 8 to 10 years. It is not so heavy as to
cause a loss in volume production or profuse epicormic branching.

This first thinning should be primarily to improve growing
conditions around the desirable crop trees. So, some of the cut
must be in the main crown class, removing first the culls and
overtopping wolf trees, then the lower value species, and finally
some of the desirable species if necessary to achieve proper spac-
ing and stocking. We cannot tell now whether the benefits justify
the extra expense of cutting the poor intermediate and suppressed
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trees in this first thinning. So at present these small trees probably
should be left for later thinnings. Some may become merchant-
able, and meanwhile they serve as trainers and help reduce epi-
cormic branching on crop trees.

A second thinning will be needed after 8 to 10 years. The
second and subsequent thinnings may more safely reduce stocking
to near the level for maximum volume production (50 to 60
percent stocking). By then crop trees will have a well-developed
crown and will quickly utilize the additional growing space with-
out as much risk of epicormic branching.
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Table 1.—Growth ond yield of on oak stand in lowa for 12 years affer thinning of oge 25

i Residual o Basal-area growth? Cubic-vohime growth?
stocking T Net . Gross Net . Gross
percent growth Moctality growth growth Mortality growth
- — Square feet per acre per year — — Cubic feet per aire per yedr ——
51 2.84 017 3.01 671 1.4 68.5
58 2.76 A7 2.93 64.0 3.0 67.0
75 2.25 40 2.65 55.4 4.0 59.4
84 2.46 42 2.88 63.9 3.8 61.7
115 1.31 1.35 2.66 48.0 10.4 58.4

1 All trees 0.6 inches dbh and larger
2 All trees 2.6 inches dbh, and laget.

Table 2.—Growth and yield of an ook stand in Kentucky for 4 years after thinning of age 33

Xipuaddy

Residual Basal-area growth? Cubic-volume growth?
stocking Net . Gross Net . Gross
percent growth Mortality growth growth Mortality growth
— Square feet per acre per yoar — — Cubic feet per acre per year —
18 1.93 0.04 1.97 56.0 0.7 56.7
37 2.84 .07 291 76.0 1.2 77.2
53 2.76 19 2.95 77.7 3.0 80,7
105 72 2.12 2.84 57.2 12,0 69.2
109 23 2.63 2.88 59.0 20.3 79.5

LAl trees 0.6 inches d.bh. and larger,
2 All trees 2.6 inches d.bh. and larger.
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Table 3.—Sfand composition for young white oak stands in lows and Kentucky
before thinning

Basal White Othert

Section area oak ok Hickory  Other? Total
S(“;}:T:‘{f;ﬂ Trees per acre
IOWA
Understory 7 139 41 269 30 479
Main stand 77 50% 177 60 23 765
Total 84 644 218 329 53 1,244
KENTUCKY
Understory 11 167 24 25 858 1,074
Main stand 76 462 118 28 79 687
Cotal 87 629 142 33 937 1,761

11n Towa: Black, northern red and pest oak.
In Kentucky: Black, scarlet and chestnut vak,

#In lowa: Black walnut, American ¢jm and ash,
In Kentucky: Red maple, dogwood, sourwood and black gum.
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Table 4.—Comparison of young ook stands in lowa and Kentucky before and affer thinning (all trees over 2.6 inches

d.b.h.)
i Cubic-foot
Basal area Stocking percent? Number of trees \l,t)‘tmg.) Average d.b.h.
Before After Before After Before After Before After Before After
(3 . Cubic 3
Sq;::i ({f: Percent Nuniber ;: . rI ! ﬂ{:’: Inches
IOWA -~ AGE: 25 YEARS
79 31 97 36 785 251 1,362 555 4.4 4.7
82 40 20 46 735 272 1,441 742 4.5 5.2
72 50 a3 58 715 406 1,229 202 4.3 4.8
81 [} Q7 69 779 466 1,371 1,069 4.4 49
74 74 92 92 81t 81l 1,206 1,206 4.1 4.1/ .
Arerage
77 - 93 — 765 . 1,322 — 43 -
KENTUCKY - AGE: 33 YEARS
75 1S 97 i8 634 125 1,646 310 4.6 4.7
76 32 93 37 700 257 1,587 650 4.9 4.8
73 43 o4 93 680 409 1,558 895 4.4 4.5
79 &0 100 75 690 653 1,705 1,172 46 4.1
75 G6 o8 81 732 716 1,356 1,288 4.3 4.1
I o /‘il't‘?"d}\’f
76 e OB — 687 - 1,610 - 4.5 e

Y Hased on treearea rabio. where tree area = alN + b X D‘ + ¢ X D® where a, b oand ¢ are the regression constants; N is the
number of trees pec acre; £ 1 is the sum of the individual diameters; and 2 D? is the sum of squates of the diameters. Regression
constants used here are respectively: — 05066, 16977, and 03168 (Gingrich 1964).

# Cubic volume entire stem, based on formula: V = 0.42 BH, where B s the basal area and H is the total height. Height read
from focal height-d.bh. curves, Constructed specifically for each stand from sample measurements.



