Initial Thinning in Red Pine Plantations
John H. Cooley

Michigan, Minnesota, and Wisconsin have
approximately 34 million acres of red pine
plantations in. which the trees are now, or
soon will be; large enough to produce pulp-
wood. Thinning these plantations without de-
lay can increase financial return and reduce
the risk of insect and disease damage associ-
ated with intense, prolonged competition. The
return that will be derived, however, will de-
pend to a large extent on selecting the meth-
od and intensity of thinning best suited to
each management situation. Fortunately,
many thinning studies have been conducted
- in both natural and planted stands, and the
economic implications of many alternatives
have been compared. The purpose of this
paper is to point out the consequences of cer-
tain thinning alternatives and to develop a
prescription for initial thinning that will have
wide application in the Lake States.

- A primary objective of thinning studies
has been to determine optimum stocking lev-
el, but most have shown that basal area
growth varies little over a wide range of re-
sidual stand density (Buckman 1962a, b).
Similarly, basal area growth seems to vary
little over a broad range of thinning meth-
ods. Buckman (1962a) and Buckman and
. Wambach (1966) found no consistent differ-
ehnces among thinnings from above, below,
and a combination of above and below. Day
and Rudolph (1966) found that basal area
growth in the first 3 years after thinning was
at least as great where entire rows were re-

* moved as where individual trees were select-

- ed. In contrast, both residual stand density
and cutting method have a major influence
on tree diameter. The average stand diameter
can be increased by cutting mostly smaller
trees (thinning from below), or decreased by
cutting mostly larger trees (thinning from

above), and diameter growth rate can be
stimulated by reducing stand density. Thus
rotation length for trees of any given size
will vary with density and cutting method
even though total yield will not.

The economic implications of stand den-
sity have been worked out by Lundgren
(1965) on the basis of growth and yield esti-
mates for natural red pine stands in Minne-
sota (Buckman 1962a). He found the highest
expectation value for red pine land to be as-
sociated with the lowest density included in
his analysis — 90 square feet of basal area
per acre. Apparently, differences in diameter
growth rate have more effect on value yield
than differences in cubic foot volume, even
when there is no price differential associated
with size. When large trees are worth more
than small ones, differences in growth rate
become more important. Buckman and Wam-
bach (1966) found that thinning from below
yielded a better return than thinning from
above; again, this can be attributed to differ-
ences in the rate at which diameter increased.

Testing a variety of thinning methods and
intensities in plantations at different loca-
tions in Lower Michigan generally corrobor-
ated findings of previous growth studies.
Basal area growth was found to be nearly the
same for a broad range of treatments, includ-
ing: (1) removal of every other row, (2) re-
moval of every third row, (3) selective thin-.
ning from above leaving densities ranging
from 60 to 120 square feet of basal area
per acre, (4) crown release of selected trees
leaving the same range of densities, and (5)
selective thinning from below leaving 60
square feet of basal area per acre or more.

Thinnings that reduced density to 40
square feet of basal area per acre or less
usually reduced basal area growth. Diameter



growth was closely related to stand density,
but did not seem to be influenced to any ex-
tent by thinning method, although the im-
mediate effect on average stand diameter
varied with the thinning method.

Study Description

“Thinning plots were established in six
plantations in Lower Michigan (table 1);

Three 5-year growth periods have elapsed
since these plots were first thinned and com-
partments have been thinned to the pre-
scribed basal area at the beginning of each
period.

During this 15-year period a number of
other thinning methods were tried in Planta-
tion 4. One compartment was initially thinned
by removing every other row and another by

Table 1. — Characteristics of plantation in which thinning plots
were established

: : Site No. of ' : Mean

P}antation H Age : index : trees/acre : Basal area : d.b.h.
Years ' Square feet/acre Inches

1 19% 70 1,200 150 4.8

2 22% 68 1,080 135 4.8

3 24 66 720 130 5.7

4 39 49 1,500 205 5.0

5 34 48 810 115 5.1

6 34 39 760 100 5.0

* Replicated studies were established in these stands only.

plots in Plantations 1 and 2 constituted repli-
cated studies. In both plantations, treatments
included thinnings from below leaving 30, 60,
90, 120, and 150 square feet of basal area per
- acre, removal of every other row, and remov-
al of every third row. In Plantation 1 treat-
ments were replicated four times and in Plan-
-tation 2 they were replicated three times. In
addition, thinnings from above to 60, 90, and
120 square feet, and crown thinnings to the
. 'same densities were tried in Plantation 2.
- Crown thinning-was much the same as thin-
ning from above and below to release the
crowns of selected trees. One 5-year growth
- period has elapsed since these plots were first
thinned.

In the other four plantations, compart-
ments were thinned from below to 60, 80,
100, and 120 square feet of basal area per
acre and each compartment was sampled with
systematically located plots. These could not
be treated as replications because of differ-
ences in age, site quality, and initial stand
density, so they were compared subjectively.
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removing every third row. These row thin-
nings were made at the same time as the
selective thinnings, but the row-thinned com-
partments were left for 10 years, and then
thinned from below to leave 100 square feet
of basal area per acre. Five years after the
first selective thinnings, one compartment
was thinned from below to 160 square feet,
another was thinned leaving only intermedi-
ate and suppressed trees, and two others were
thinned to 140 and 120 square feet leaving
trees with the best potential for utility poles.
Five years after this, one more compartment
was thinned from below leaving 40 square
feet of basal area per acre.

Results

Because Plantations 1 and 2 had the
greatest diversity of thinning treatments and
the treatments were replicated, the data ob-
tained from them provide a frame of refer-
ence for evaluating results at other loca-
tions (table 2). Variance analysis of basal



Table 2. — Basal area growth after thinning in Plantations 1 and 2
(In square feet of basal area per acre)

: Prescribed :

Plantation 1 Plantation 2
Thinning method residual Residual : Periodic : Residual : Periodic
density . density : growth density : growth
Unthinned -— 150.6 33.0 136.6 34.4
Thinned from
below 150 - 145.2 32.6 -134.5 35.9
Thinned from
below ’ 120 118.8 30.6 119.8 33.8
Thinned from
: below 90 85.7 33.3 89.3 36.1
Thinned from
below 60 58.2 33.4 61.2 35.4
Thinned from
below 30 29.5 20.4 29.4 25.7
Thinned from
above 120 * * 116.7 32.4
Thinned from
~ above 90 * * 88.4 37.3
Thinned from
above 60 * * 58.9 37.6
Crown Release 120 * * 119.7 34.5
Crown Release 90 * * 87.6 34.5
Crown Release 60 * * 60.9 34.2
Remove every
other row —-— 72.2 31.1 66.6 34.1
Remove every
third row —-— 104.6 34.1 91.1 39.2

* No thinning from above or crown release in Plantation 1.

- area growth showed significant differences
among treatment means for each of the two
plantations. According to Duncan’s multiple
range tests, reduced growth on plots thinned
to 30 square feet of basal area per acre ac-
counted for the difference in both cases. Com-
paring the three selective thinnings in Plan-
tation 2 indicated no differences due to cut-
ting method and no interaction between re-
sidual basal area and cutting method. Basal
area growth on row-thinned plots was not
significantly different from that on plots
thinned selectively to residual densities be-
"tween 60 and 90 square feet per acre. How-
ever, all treatments that were tried in both
plantations resulted in less growth in Planta-
tion 1 than in Plantation 2, even though age
and site index were nearly the same. This
difference was significant at the 95 percent
level. '

Inéreases in mean stand d.b.h. were in-
versely related to residual basal area up

to about 120 square feet (figs. 1 and 2).
Check plots and those maintained at 150
square feet of basal area, from which only a
few trees were cut, had about the same rate
of diameter increase as those thinned to 120
square feet. On the average, these lightest
thinnings had little effect on diameter growth.
Each 10-foot reduction in basal area below
120 square feet per acre increased 5-year di-
ameter growth by .119 inches in Plantation
1 and .140 inches in Plantation 2 whether
trees were removed selectively or systematic-
ally.

Even though mean stand diameter growth
was largely independent of cutting method,
some methods immediately changed mean
stand diameter. Thinning from below in-
creased mean stand diamter by 1.5, 0.9, 1.2,
and 0.4 inches d.b.h. in plots thinned to 30,
60, 90, and 120 square feet of basal area,
respectively. Row thinning and crown thin-
ning had almost no immediate effect, and
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Ficure 1. — Average.5-year d.b.h. increase in Plan-
_ tation 1 on all plots thinned to between 30 and
120 square feet of basal area per acre.
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. FIGURE 2. — Average 5-year d.b.h. increase in Plan-
tation 2 on all plots thinned to between 30 and
‘120 square feet of the basal area per acre.
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thinning from above decreased mean stand
diameter by 0.6, 0.3, and 0.0 inches d.b.h. in
stands thinned to 60, 90, and 120 square feet
of basal area, respectively.

Basal area growth at each density level
varied widely in the other four plantations,
but these variations generally did not contra-
dict the relationships observed in Plantations
1 and 2. The one plot in Plantation 4 that was
thinned to less than 60 square feet of basal
area per acre grew much less than any of the
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others in that plantation. In all plantations,
plots thinned to between 60 and 120 square
feet of basal area grew best during the first
and second growth periods. During the third
period unthinned plots made the best growth
in Plantations 3 and 4; otherwise those thin-
ned to between 60 and 120 square feet grew
best during this period also. Most of the spe-
cial thinnings in Plantation 4, including both
row thinnings, resulted in as much growth as
thinning from below. The only exceptions
were the first thinning to release intermedi-
ate and suppressed trees, and the first pole
thinning leaving 140 square feet of basal area.

Diameter growth trends in the other four
plantations were generally consistent with
those in Plantations 1 and 2. Thinning from
below to the higher residual densities elicited
little response, if any, because only a few
intermediate and suppressed trees were cut
(table 3). But in Plantation 4, where the
initial density was over 200 square feet per
acre, thinning to 140 square feet did increase
growth. In other words, if the thinning re-
moved enough basal area to increase growing
space for residual trees, there was a strong
and consistent relationship between diameter
growth and residual density.

In Plantation 4 this relationship was evi-
dent for other methods as well as for thinning
from below. On row-thinned plots, which
averaged 99 square feet of basal area per acre
after their first thinning and were thinned
selectively to 100 square feet 10 years later,
15-year d.b.h. increase was about 2.6 inches.
During the same period on plots thinned se-
lectively every 5 years to 100 square feet,
d.b.h. increase was 2.4 inches. Pole thinnings
to 120 square feet resulted in a mean 5-year
d.b.h. increase of 0.6 inches. Thinning from
above left a stand of 120 square feet after the
first thinning, and the mean d.b.h. increase
was 0.4 inches during the next 5 years. The
second thinning from above left a residual
stand of 116 square feet, and ensuing 5-year
d.b.h. increase was 0.9 inches. So the 10-year
increase on this plot was about 1.3 inches,
which was comparable to plots thinned se-
lectively to 120 or 140 square feet.

As in Plantations 1 and 2, site index was
weakly related to growth. In Plantation 4,



Tdble 3. — Fjve-year increase in mean stand d.b.h. after thinning from below
’ and in unthinned plots in Plantations 3, 4, 5, and 6
(In inches d.b.h.)

Prescribed residual density (sq. ft. of basal : i
Plantation : area/acre) : Unt&:::ed
: 40 60 80 120 140 160 : P
3 @) 1.3 o0.8 0.7 0.5 @N 0.4
4 217 1.4 1.0 0.6 0.6 0.3 0.3
5 a/)y 1.0 0.8 0.4 0.4 (1)) 0.4
6 @y 0.7 o.6 3los Hos ou @y 0.4

1/ No plots thinned to this density.

2/ Growth during third period.

3/ Average growth during second and third periods.

which had a site index of 49, the average 5-
year growth on all plots thinned to between
60 and 120 square feet of basal area per acre
was 28 square feet, but in Plantation 3, which
" had a site index of 66, it was only 24 square
feet. Furthermore, Plantation 3 was younger
when it was thinned for the first time, and
thus might have been expected to respond
. better. After the second and third thinnings
to the same range of densities, average 5-
~ year growth in Plantation 5 was 10 square

" feet ‘less than in Plantation 4, even though
their site indexes were nearly the same. In
Plantation 6 growth averaged only 2 square
feet less than in Plantation 5, although its
site index was nine units lower.

Discussion

. Although some of the comparisons given
here are subjective, they suggest that basal
area  growth after thinning in a red pine
plantation depends largely on factors that
- cannot be controlled by the forester. Residual
basal area has a marked effect on basal area
growth only when it is so low that there are
not enough trees to fully utilize the site, or
when it is so high that trees are lost to mor-
tality. In young red pine plantations, 60
square feet of basal area per acre apparently
represents the lowest stocking that will fully
utilize most sites. If it is assumed that above
this level of stocking basal area growth is the
same, higher densities will yield more volume

growth. However, diameter growth will be
faster at lower densities, and economic an-
alyses based on growth in natural stands
(Lundgren 1965) suggest that differences in
diameter growth influence value return more
than differences in volume growth as long
as the site is fully stocked. Therefore, many
owners would find densities of about 60
square feet of basal area per acre most prof-
itable. '

The method of selecting trees to cut does
not appear to influence either basal area or
diameter growth. Apparently, red pine in
plantations is so uniform that growth is
about the same no matter which trees are
removed, as long as the residual trees are
reasonably well distributed. However, thin-
ning from above will reduce average stand
diameter at the time of thinning, thus length-
ening the rotation. Thinning from below has
the opposite effect, whereas crown thinning
has little immediate effect on average stand
diameter.

Systematic removal of rows also has little
immediate effect on average stand diameter,
and mean stand diameter growth is as rapid
after this kind of thinning as it is after selec-
tive removal of individual trees. It follows
that dominant and codominant trees must
grow at the same rate in plantations that are
row-thinned as in those that are thinned selec-
tively from below. Therefore, if rows were
removed systematically in the initial thinning
and subsequent thinnings were from below,
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rotations should be as short as if the first
. thinning: were from below. Row thinning re-
quires a minimum of marking and reduces
logging costs by concentrating material in
access trails. These access trails also facilitate
future logging operations. For the first thin-
ning, then, most owners will find removal of
complete rows desirable.

Obviously, a strictly mechanical row thin-
ning will not leave a uniform stand of 60
- square feet per acre, but this can be modified
by varying the number of rows cut or by
thinning from below in rows that are not re-
moved completely. Where trees were not
planted in regular, parallel rows, row thin-
ning, as such, will not be feasible, but some
of the advantages can be realized if all trees
are removed from closely spaced trails to
provide access and the remaining stand is
thinned from below leaving about 60 square
feet of basal area per acre.

. Summary

A variety of thinning methods and inten-
. sities were tested in red pine plantations in
Lower Michigan. Replicated studies in two
plantations showed that neither residual den-
sity nor method of selecting trees for removal

~ influenced subsequent basal area growth, ex-

cept where plots were thinned to 30 square
feet per acre. This was confirmed by obser-
vations in four additional plantations. Thin-
ning from below increased mean stand diam-
~eter, thinning from above decreased it and
these changes were roughly proportional to
reduction in stand density. Diameter growth
“was shown to be strongly influenced by re-
sidual density if enough basal area was re-
moved to increase growing space for residual
trees.

© It was concluded that thinning to about
60 square feet would be most profitable to
most owners because it shortens the rotation

as much as possible without seriously reduc-
ing volume yield. It was further concluded

‘that row thinnings minimize costs and facili-

tate both current and future logging oper-
ations. To leave approximately 60 square feet
of basal area per acre, it is necessary to vary
the number of rows cut and cut selectively
in uncut rows. Where trees were not planted
in parallel rows, the stand can be reduced to
60 square feet of basal area per acre by re-
moving enough trees to create closely spaced
access trails, and by thinning the rest of the
stand from below.
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