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Fifty=-Year Development of Douglas-fir Stands

Planted at Various Spacings

Reference Abstract

Reukema, Donal d L.

1979. Fifty-year devel opnent of Douglas-fir stands planted at

various spacings. USDA For. Serv.

Res. Pap. PNW253, 21 p.,

illus. Pacific Northwest Forest and Range Experinent Station,

Portland, O egon.

A 51-yr record of observations in stands planted at six spacings,
ranging from4 to 12 ft, illustrates clearly the beneficial effects

of wide initial spacing and the detrinental

effects of carrying too

nmany trees relative to the size to which they will be grown. Not
only are trees larger, but yields per acre are greater at w de spacings.

KEYWIRDS: Pl antation spacing (-grow h,

Research Summary
Research Paper PNW-253
1979

A 51-yr record of observations
in Douglas-fir stands planted on
site IV land at six different
spaci ngs-ranging from4 to 12 ft
(1.2 to 3.7 mM--illustrates very
clearly the beneficial effects of
wide initial spacing. It also
illustrates the detrinmental
effects of carrying too nany
trees relative to the size to
which they will be grown. Pri-
marily as a result of initia
spaci ng, average site index is
currently 50 percent higher at
the wi dest spacing than at the
cl osest spacings. Differences
bet ween wi de and cl ose spaci ngs
by all measures of production
are closely related to these
differences in site index. Thus,
not only are trees larger, but
yield per acre is greater at
wi de spacings. Furthernore, nost
of this volume is contained in

stand density, stand devel opnent,
Douglas-fir, Pseudot suga nenzi esi i .

mer chant abl e-si ze trees at w de
spaci ngs, whereas nuch of it is
in subnerchantable trees at

cl oser spacings.

At age 53 (from seed), the 100
| argest trees per acre (250/ha)
are about 75 percent larger in
d.b.h. and 60 percent taller at
12-ft than at 4-ft spacing.
Correspondi ng di aneters and
hei ghts are 13.6 vs. 7.8 inches
(34.5 vs. 19.8 cm) and 95 vs.

60 ft (29 vs. 18 M. G oss

vol ume production of the total
stand to age 53 ranges from about
4,230 to 6,680 ft3 per acre (296
to 467 3/ha), at 4- and 10-ft
(1.2- and 3.0-n) spacings; cor-
responding volunmes in lLive trees
are 3,550 and 6, 420 ft3 per acre
(248 and 449 n?/ha). Vol unmes of
the 100 |l argest trees per acre
(250/ ha) range from about 850 to
3,8840 ft3 per acre (59 to 269 m/
ha), at 4- and 12-ft spacings.
Total yield is nearly as great

at 12- as at 10-ft spacing;
merchantable yield is greater at
the 12-ft spacing.



Wher eas current annual vol unme
increnment.(c.a.i.) of the tota
stand has declined with increasing
age, c.a.i. of the 100 | argest
trees per acre has tended to
remain nearly constant over the
past 24 years. Mean annual incre-
ment (ma.i.) is near culmnation
at close spacings, but is stil
far short of culmnation at wide
spaci ngs.

The inpact of nortality has
been minor at w de spacings. At
cl ose spaci ngs, however, nuch
nortality was the result of snow
and ice damage, which affected
groups of trees and created open-
ings in the crown canopy. This
has reduced occupancy of the site
and caused a further indirect
| oss in usable production.

These trends indicate that
differences--in favor of w de
spaci ngs--wi Il continue to
i ncr ease.



INTRODUCTION

A Dougl as-fir spacing tria
established in 1925 at Wnd River
Experi mental Forest, near Carson,
Washi ngt on, has been observed
periodically for over 50 years.
These observations have provided
an increasingly valuable record
of long-termeffects of initial
spaci ng on subsequent stand
devel opnent. Earlier results
were reported by Isaac (1937),
Munger (1946), Eversole (1955),
Reukema (1959, 1970), and Curtis
and Reukerma (1970). This paper
updat es previously published
information by 10 years. It also
provides nore information on stand
conmponents, growth trends, and
rel ati onshi ps between the 100
| argest trees per acre and the
total stand.

THE STUDY

Study Area

Wnd R ver Experinental Forest
lies just north of the Colunbia
Ri ver Gorge, which bisects the
Cascade Range. The clinmate of
the area is wet, with average pre-
cipitation about 100 inches
(250 cm) per year. The average
annual snowfall is about 80 inches
(200 cm. Most precipitation
falls during 9 nonths of the
year; summers are quite dry. The
frost-free season averages about
120 days.

The spacing test plantations
occupy a site IV alluvial flat
at an elevation of about 1,300
feet (400 m). Felled old growth
on the area was accidentally

burned in 1920, after which all
usable material was sal vaged. A
reburn in 1924 destroyed all re-
production and burned all duff
and small debris down to mineral
soil. Some spots were burned
very heavily. Subsequent anal yses
showed that this heavy burning
had reduced the noi sture-hol ding
capacity and rel eased nitrogen
fromthe soil.!

Soils are generally 5 to 10
feet (1.5 to 3.0 n) deep, well-
drained and slightly acid. Sur-
face soils are sandy | oans;
subsoils are loam silt |oam or
clay loam with Oto 30 percent
smal | shot and gravel.2 Soils
are underlain by an olivine
basalt flow. Despite the appar-
ent uniformty of the site,
there are local variations in
site quality.

Treatment

In the spring of 1925, 1+1
seedlings were planted in 2.8-acre
(I.1-ha) blocks at square spacings
of 4, 5, 6, 8, and 10 feet (1.2,
1.5, 1.8, 2.4, and 3.0 n). Sur-
pl us seedlings were planted in a
0.5-acre (0.2-ha) block at 12-ft
(3.7-m spacing. These seedlings
were started in the Wnd River
Nursery. Source(s) of seed is
unknown, but it appears to be
conpatible with the planting site.

Extra seedlings were held in
the nursery for subsequent re-
pl acement of seedlings which died.

lprogress Report No. 2, Spacing in
Dougl as-fir plantations. Leo |saac
and George Meagher, 1936. Unpubl .
Onh file at Forestry Sciences Laboratory,
d ynpi a, Vashi ngt on

2%0i | survey Wnd R ver Douglas-fir
spaci ng study on Gfford Pinchot Nation-
al Forest. LeRoy C Meyer, 1971.
Unpubl. Report on file at Forestry
Sci ences Laboratory, dynpia, Washington



Al'l seedlings which died were re-
pl aced annually for the first 5
years (table 1). The first year,
36 percent of the seedlings were
repl aced. Many seedlings sub-
sequently planted were to repl ace
initial replacenents, as there
were spots--on ashy or shall ow
soil--where nortality occurred
repeatedly; unfortunately, we do
not have a record of these |oca-
tions. Likew se, all volunteer
seedlings were renoved annually
during the first 5 years. The
stand was cleaned again in 1945--
at age 21.

Table 1--Replacements during the first 5 years
to maintain spacing, Wind River
spacing test

Suspected principal

Year Percent | Number cause of mortality

1926 36 7200 Drought

1927 17 3300 Drought

1928 5 1000 Drought

1929 4 730 Stock too large
1930 3 630 Shoestring fungus

lFrom progress report No. 2, Spacing in
Douglas-fir Plantations. Leo Isaac and George
Meagher. 1936. Unpubl.

St ands have not been thinned.
At all six spacings tested, the
stands have now passed the ages
at which they woul d have been
thinned if they had been nanaged
intensively. They have been
mai nt ai ned wi t hout thinning,
however, to provide information
on the long-term consequences of
carrying stands at higher densi-
ties than we believe to be
desirabl e.

Sampling and Measurements

Different sanpling systens were
used as the study progressed, in-
troduci ng sone inconsistencies
in reported results. At ages 7

12,

of

at

and 17 (years from seed

germ nation), seedling heights
were neasured on sel ected rows
trees throughout each spacing,
At age 23 (1945), three 1/4-acre
(0.10-ha) plots were established
in each spacing, except the 12-ft
(3.7-m spacing which contains

a single 0.4-acre (0.16-ha) plot
(fig.
breast height (d.b.h.) were
measured on all trees on plots

in the 8- through 12-ft (2.4- to
3.7-n) spacings, but on only a
systematic sanple of rows on plots
in the 4- through 6-ft (1.2- to
1.8-m spacings. In 1951 (age 29),
pl ot
spacing to substitute for plot 12,
whi ch was observed to be on poorer

1). In that year, dianeters

17 was added in the 8-ft
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Figure 1.--Layout of Wind River
Douglas-fir spacing trial
(Plot 17 was added in 1951).



quality site. No neasurenents
were nmade on plot 12 between 1951
and 1970; however, neasurenents
were made again in 1970 and 1975.

Since age 29, dianeters of al
trees on plots (except plot 12)
have been neasured at approxi mately
5-year intervals.3 Heights have
been neasured on varying nunbers
of trees distributed across the
entire d.b.h. range; the nininum
number of trees neasured for
height in any year has been 10
per plot. At ages 48 and 53, to
assure a well-distributed sanple,
we gridded each plot into 16
squares and neasured the height
of the largest tree in each
square. Measurenents on al
previous sanple trees were al so
repeated to fill-out the distri-
bution across the d.b.h. range.

Al'l volunes for the period
1951-75 were reconputed by neans
of tarif equations (Brackett
1973). Cubic volunes (CVTS) of
all trees nmeasured for height
were conputed using the equation
derived by Bruce and DeMars (1974),
and tarifs were conputed therefrom
these individual tree tarifs were
averaged for each plot. Tota
and nerchantabl e vol unes of each
tree were conputed by d.b.h. and
tarif, summed to give volunes per
pl ot, and expanded to vol unes per
acre.

Because of the reconputed vol -
umes and sone adjustnents to plot
size (see appendi x), per-acre
val ues for ages 29 through 43
differ slightly fromthose reported
previously.

3plots were neasured in 1951, 1956,
1960, 1965, 1970, and 1975. Nunber of
grow ng seasons between neasurenents
varied from3.7 to 5. 2.

RESULTS AND DISCUSSION

Qur primary interest is in
usabl e vol ume production. To
place this in proper perspective,
however, | first discuss the
effects of spacing on the conpon-
ent parts of volune-nanely, nunber
of trees , height, dianeter, and
basal area. For each of these
| discuss devel opnent of selected
stand conponents, as well as the
total stand. Enphasis in this
report is placed on tree size
and yield as of 51 years after
seedlings were planted (53 years
from seed) and on changes which
took place during the preceding
24-year period (ages 29 to 53).
Earlier data, based on different
sanmpling systens, are not directly
compar abl e.

For each conponent discussed,

figures illustrate both trends
with spacing and individual plot
data. | have split the 12-ft

spacing plot into halves for this
purpose. In figures where indi-
vidual plots are represented by
bars, these bars are always shown
in the sane order-decreasing top
hei ght within spacing-to facili-
tate conparisons. Trend curves
illustrate what | believe to be
reasonabl e approxi mati ons of
effects of spacing, in the ab-
sence of other sources of varia-
tion. The fitting of these curves
is discussed in the appendi x.

Number of Trees

Number planted

Theoretical nunbers of trees
planted in 1925 ranged from 2, 722
to 302 per acre (6,725 to 745/ ha),
at spacings of 4 through 12 ft
(fig. 2). Stem maps reveal that
actual nunbers planted were very
close to these theoretical nunbers
the greatest disparity was on one
8-ft-spaced plot, where the nunber
pl anted was 96 percent of the
theoretical nunber.



AGE 29

NUMBER OF TREES PER ACRE

4 5 6 8 10 12
INITIAL SQUARE SPACING (Feet)

Figure 2.--Number of trees per acre,
by age (elear space on bar for
plot 12 indicates missing data).

Number at age 53

Total stand

Fifty-one years after the trees
were planted (53 years from seed),
nunber of live trees ranged from
about 1,080 to 240 per acre (2,670
to 595/ ha)--or about 40 to 80 per-
cent of the nunber planted (figs.
2 and 3). A very wide disparity
has devel oped at the 4-ft (1.2-m
spaci ng, whereas at other spacings,
nunmbers of trees are quite con-
sistent anong plots.

Merchantable (rees.

Ef fect of spacing on nunber
of merchantabl e trees depends, of
course, on the nerchantability
standard. By all standards, however
the nunmber of nerchantable trees
expressed as a percent of the
nurmber of trees planted increases
with increased spacing (fig. 3A)
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Figure 3.--Number of trees larger than
specified d.b.h. at age 53: A, Per-

cent of number planted;
per acre.

B, number

At 4-foot (1.2-m spacing, about
15 percent of the trees planted
were larger than 5.5 inches (1l4cm
at age 53; less than 3 percent
were larger than 7.5 inches

(19 cn), and none were as |arge
as 9.5 inches (24 cm. At 12-ft
(3.7-m spacing, corresponding
percentages are about 78, 71, and
59.

Cor respondi ng nunbers of trees
per acre are shown in figure 3B
Nunber of trees having a d.b.h.
|larger than 5.5 in (14 cm is
simlar for spacings of 4 through
6 feet (1.2 to 1.8 m, averaging
about 425 per acre (1, 050/ ha).

At spacings wi der than 6 feet,

the nunber of trees larger than
5.5 inches declines with increased
spaci ng--to about 240 per acre
(595/ha) at 12-ft (3.7-n) spacing.
Nunber of trees having a d.b.h.
|arger than 7.5 inches (19 cm
peaks at 8- to 10-ft (2.4- to
3.0-n) spacing--at about 260



trees per.acre (640/ha). The
nunber having a d.b.h. larger
than 9.5 in (24 cn) peaks at
10- to 12-ft (3.0- to 3.7-m
spaci ng--at about 180 trees per
acre (445/ ha).

Current guidelines for pre-
commer ci al thinning (Reukema 1975)
assune that all trees left at
10- and 12-ft spaci ngs woul d
attain a d.b.h. of at least 5.5 in
(14 cnm). That such was not the
case in these plantations is a
reflection of a conbination of
pl anting procedures, nicrosite,
genotype, and danmage. \Wen de-
sired spacing is attained through
preconmer ci al thinning, as opposed
to planting, slowgrow ng and
defective trees are renoved and
their better neighbors and trees
bordering openings are favored.

Dominant and codominant t(rees

Al t hough crown cl assification
is very subjective, it provides
addi tional indicators of trends
and wi t hin-spacing variation.
The latter are closely related
to variations in yield.

There appears to be a linear
rel ati onship between initial spac-
ing and the percent of all trees
pl anted which were cl assed as
dom nant or codom nant at age 53
(fig. 4A). This classification
i ncl udes about 65 percent of al
trees planted at 12-ft (3.7-m
spaci ng, whereas it includes only
about 20 percent of those planted
at 4-ft (1.2-nm) spacing. Corres-
pondi ng nunbers of dom nant and
codoni nant trees per acre decreases
curvilinearly with spacing
(fig. 4B). This nunber ranges
from about 570 trees per acre
(1,410/ha) at 4-ft (1.2-m) spacing
to 200 trees per acre (495/ha)
at 12-ft (3.7-m spacing.

Mortality

By age 29, stands had | ost
from about 30 to 850 trees per
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Figure 4.--Number of trees classed as
dominant or codominant at age 63:
A, Percent of number planted;

B, number per acre.

acre (75 to 2,100/ ha) at spacings
of 12 and 4 feet (3.7 and 1.2 n),
respectively (fig. 2 table 2).

At all but the closest spacing,
fewer than 15 percent of the trees
had died; this early nortality was
very irregular, and due to factors
not associated with spacing. Only
at the 4-ft (1.2-n) spacing, had
competition become a mmjor factor
contributing to nortality by age
29; at this spacing, nore than

30 percent of the trees had died.

During the 24-year period
bet ween ages 29 and 53, nost
mortality was related to |evel
of conpetition; sone was a carry-
over of earlier problens not
related to spacing, including a
little rootrot. At spacings of
4 through 6 feet (1.2 to 1.8 n),
about 30 percent of the original
nunber of trees died during this
period (table 2). At spacings
wi der than 6 feet (1.8 m, the



Table 2--Distribution of mortality, by spacing® and age

: Age
>pacing Total
(feet) | 7 59 |29-34 | 34-38 1_38-43 [ 43-48 J 48-53 J_29-53
Number of dead trees per acre
4 850 142 55 217 286 167 867 1,717
5 256 96 44 125 142 86 493 749
6 176 31 18 134 113 61 357 533
8 85 16 7 44 47 8 122 207
10 31 4 7 30 10 7 58 89
12 31 2 3 14 9 0 28 59
Percent of original number planted
4 31.5 5.3 2.0 8.0 10.6 6.2  32.2 63.7
5 14.9 5.6 2.6 7.3 8.3 5.0 28.7 43.6
6 14.8 2.6 1.5 11.2 9.5 5.1  29.9 44.7
8 12.6 2.4 1.0 6.5 7.0 1.2 18.2 30.8
10 7.1 .9 1.6 6.9 2.3 1.6 13.3 20.4
12 10.3 .7 1.0 4.7 3.0 0 9.4 19.7
1M\rer-.age of all plots within each spacing.
percent |ost declined with in- (100/ ha) were estinmated by
creasing spacing--to |less than expressing height as a function
10 percent at 12-ft (3.7-m of d.b.h., for each plot.
spaci ng.
At cl ose spacings, nuch of Total stand and merchantable trees
the density-related nortality was .
directly caused by snow and ice ~ Average height of all trees
damage, which affected groups of in the stand ranged from | ess
trees and created openings in the than 50 feet (15 m at 4-ft
only scattered individual trees (27 m at 12-ft (3.7-m spacing.
died (fig. 5). Anmong trees Aver age height of trees |arger
d.b.h., there has been relatively ranged from about 55 to 90 ft
little mortality. On the average, (17 to 27 m.
only 18 such trees per acre
(_44/ ha) have died; the distribu- The 100 largest (rees per acre
tion of these trees has been very
erratic, wth spacing having no The trend over spacing for
clear effect. The inpact of the 100 largest (d.b.h.) trees
this nortality on growth and per acre (250/ha) appears to
yield will be discussed later. nearly parallel the trend for
. . . all trees in the stand. Average
Height and Site Quality hei ght of these 100 |argest trees

per acre ranges from about 60 feet
(18 m) at 4-ft spacing to 95 feet
(29 m at 12-ft spacing.

Height at age &5

Aver age height of the 100
| argest trees per acre (250/ha),

as well as the averages for all The 10 tallest (rees per acre
trees in the stand and for other

stand conponents, increases with To avoid the inpact of errors

i ncreased spacing (fig. 6). in estimating height as a function
Aver age heights of all conponents of d.b.h., | conputed the arith-
except the 40 tallest per acre nmetic averages of the 10 tall est



Figure 5.--d unped danage was a common occurrence in the 4-foot (1.2-n

spacing (left),
spacing (right).

between the 4- and 10 foot spacings.

40 tallest

100 largest
>55-inch d.bh.
>|.5-inch dbh.
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whereas there was little danmage in the 10-foot (3.0-n)
The stands pictured are both close to the boundary

Fi gure 6--Average height at age 53,
by stand conponent.



trees from anong the 16 | argest
(by d.b.h.) well-distributed
trees per plot. | consider these
equivalent to the 40 tallest trees
per acre (100/ha). There is a
very clear trend of increasing

hei ght with increased spacing,

wi th average height of these 40
tallest trees per acre (100/ ha)
rangi ng from about 62 ft (19 m
to 99 ft (30 m) at spacings of

4 and 12 ft (1.2 and 3.7 m.

Height growth

Most of the effect of spacing
on height growth has occurred
since about age 20. By age 29
the 100 largest trees per acre
(250/ ha) were about 8 feet, or
18 percent, taller at 12-ft than
at 4-ft (3.2 vs. 1.2 m spacing--
51 vs. 43 feet (15.5 vs. 13.1 m
(fig. 7). During the 24-year
peri od between ages 29 and 53,
the 100 largest trees per acre
grew an average of 43 feet (13.1 m

70

()]
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4 56 8 _ 10 12
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Figure 7.--Cumulated growth in height
of the 100 largest trees per acre,

by period (clear space on bar for
plot 12 indicates missing data).

at 10- and 12-ft spacings, but
only 17 feet (5.1 n) at 4-ft
spaci ng.

Effect of spacing vs. site quality

Current heights indicate (1)
substantial within-spacing vari a-
tion in site index and (2) a
strong trend of increased site
index with increased spacing.

The question arises as to whether
the latter is really an effect of
spacing or of true differences

in site quality. Several pieces
of evidence bear on this question.

There is considerabl e evidence--
dating back to early neasurenents--
that the block planted at 8-ft
spacing is generally on poorer
quality site than bl ocks planted
at other spacings. This is illus-
trated by the relative nunber of
trees which had attained sone
specific mnimum height; the 8-ft
spaci ng had many fewer such trees
than did other spacings (table 3).
Even though current heights on
plots at 8-ft spacing (except
plot 17) fall out of line with
the trend, height growth between
ages 29 and 53 was greater on al
four of these plots than on any
pl ot at closer spacing.

The best plots at 4- and
10-ft spacing (plots 1 and 14)
are in close proximty to each
other (fig. 1). These plots are
substantially superior in height
and yield to other plots in their
respective spacings, indicating
that this portion of the area is
better than the average quality
site. Yet heights on this best
plot at 4-ft spacing are nuch
shorter than on any plot at
10-ft spacing. There is sone
evidence from soil characteristics
that the 10- and 12-ft spaci ngs
may be on slightly better than
the average site quality; however,
there is nothing to suggest rea
site differences of anywhere near
the nagni tude indicated by current
hei ght s.



Table 3--Relationship between spacing and tree height (acre basis);
trees taller than specified height at ages 12 and 17;

Wind River spacing test

Age 12, trees >9.5 feet tall | Age 17, trees >17.5 feet tall
Spacing
(feet) Number of Percent of Number of Percent of
trees total trees total

4 463 17 426 16

5 364 21 317 18

6 256 21 235 19

8 46 7 65 10

10 111 25 168 39

12 85 28 139 46

It is also clearly evident
fromthe exterior row of trees
pl anted at cl ose spacings that
anount of avail abl e grow ng
space does have an effect on
hei ght of even the tallest trees.
The planted trees bordering the
surroundi ng natural stand are
substantially taller than trees
in the interior of the closely
spaced plantation.

Therefore, differences in site
i ndex anong spacings are attri-
buted primarily to effects of
differing intensity of conpeti-
tion on height growh. Height
grow h in the w der spacings has
i nproved relative to “normal”
stands, whereas that in the
cl oser spaci ngs has di m ni shed.

An accunul ati ng body of evi-
dence suggests that better height
growt h at w de spacings than at
cl ose spacings nmay be common on
poor sites. On the other hand
spaci ng apparently has little
effect on height growth on good
sites, except at extrenely dense
spacings. Mst of the literature
pertaining to this subject has
been reviewed by Sjolte-Jorgensen
(1967) and Evert (1971, 1973).
Some unpubl i shed evidence? al so
supports the concept of better
hei ght growth at w de spacings
on poor sites. It is reasonable

4n file at Forestry Sciences Labora-
tory, dynpia, Wshington.

that spacing should have nore
effect on poor sites because--
for a given spacing--the poorer
the site, the longer the tine to
crown cl osure (Reukema &

Bruce 1977).

Diameter
Diameter at age 3.

Average d.b.h.® of the total
stand, of merchantable trees
(larger than 5.5 inches (14 cm,
and of the 100 |argest trees per
acre (250/ha) all increase with
i ncreased spacing (fig. 8).

Total stand

Virtually all live trees have

a d.b.h. of at least 1.5 inches
(4 cm. Average d.b.h. of these
trees at age 53 ranged from about

5.1 inches (13 cn) at 4-ft (1.2-m
spacing to 11.3 inches (28.7 cm
at 12-ft (3.7-m spacing. Distri-
butions around these averages

are tabulated in the appendi x.

Merchantable trees

Average d.b.h. of trees larger
than 5.5 inches (14 cm ranged
from about 6.5 inches (16.5 cn)

SAverage d.b.h. refers to diameter
at breast height of the tree of nean
basal area.
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Figure 8.--Average d.b.h. at age 53,
by stand component.
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at 4-ft spacing to 11.4 inches
(29 cm at 12-ft spacing. At
wi de spacings, nearly all trees
are larger than 5.5 inches. At
4- and 5-ft (1.2- and 1.5-m
spaci ngs, fewer than half of al
live trees are larger than 5.5
inches in d.b.h.

The 100 largest trees per aere

Average d.b.h. at age 53 of
the 100 |l argest trees per acre
(250/ ha) ranged from about 7.8
inches (19.8 cn) at 4-ft (1.2-m
spacing to 13.6 inches (34.5 cm
at 12-ft (3.7-m spacing. The
trend over spacing for these
| argest trees nearly parallels
that for all trees in the stand.
The substantial variation anmong
plots w thin spacing generally
parall el s variation in height.

Diameter Growth

The 100 largest trees per aere

During the 24-yr period be-
tween ages 29 and 53, dianeter

10

growh on the 100 |argest trees
per acre (250 per hectare) was
about twice as nuch at 12-ft
spacing as at 4-ft spacing
(fig. 9); periodic annual incre-
ments (p.a.i) were 0.20 vs.
0.10 inch (0.50 vs. 0.24 cm.
During the nost recent 10 years
of this period, corresponding
rates of dianeter growmh were
0.15 vs. 0.08 inch (0.38 vs.
0.20 cm per year.

1a|- o AGE 53
|} AGE 43

12

o}
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Figure 9.--Cumulated growth in d.b.h.
of the 100 largest trees per acre,
by age (clear space on bar for
plot 12 indicates missing data).
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Other trees

Gowh as a function of tree
di aneter also has varied by spac-
ing in recent years, contrary to
previous trends (Reukenma 1970).
For trees of a given d.b.h. at
the start of the period, those
at cl ose spaci ngs have grown
nore during the past 10 years than
those at w de spacings. Trees
of a given size are in a nore
favorabl e crown position at
successi vely cl oser spacings;
i.e, we are conparing dom nants
at close spacing with internedi ates
at wi de spaci ngs.



Very few additional trees
reached the m ni nrum nerchantabl e
d.b.h. of 5.6 inches (14 cn) dur-
ing the nost recent 5-yr period.

A few nmore will, but nobst sub-

mer chant abl e trees are grow ng
very slowy, if at all. At the

cl osest spacings, a few of these
submerchantabl e trees are codom -
nants and will grow to nerchantable
size; even a few internedi ates may.
At 8-ft (2.4-n) and wi der spacings,
the few subnerchantable trees
which remain in the stands are
nmostly in the suppressed crown
class; they have essentially
ceased grow ng.

Basal Area
Basal area at age 53

Basal area of live trees (i.e.,
net basal area) and gross basa
area produced (including basa
area of trees which have died)
are both quite variable and only
| oosely associated wi th spacing.
Basal area of nmerchantable trees
and, especially, the 100 | argest
trees per acre are nuch nore
closely related to spacing
(fig. 10). \Variation, anong plots
within spacing, in the basal area
of the 100 |argest trees per acre
(250/ ha) closely parallels varia-
tion in height; it undoubtedly
reflects variation in site quality.
The nmuch greater variation in
basal area of the total stand
reflects, in addition, differences
in fullness and uniformty of
st ocki ng.

Total stand

Gross basal area production to
age 53 still tends to decrease
with increased spacing from about
210 ft2 per acre (48 n¥/ha) at
4-ft (1.2-m spacing to 190 ft2
per acre (44 nf/ha) at 10-ft
(3.0-m spacing, and 175 ft2 per
acre (40 nf/ha) at 12-ft (3.7-m
spacing. Basal area of live trees
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FPigure 10.--Basal area per acre at age
53, by stand component.

tends to increase as spacing in-
creases; from about 160 ft2 per
acre (37 nf/ha) at 4-ft spacing
to 180 ft2 per acre (42 n?/ ha)
at 10-ft spacing.

Gross basal area production
at close spacings woul d be greater
than indicated if sizeable areas
had not been lost to production
because of the clunpwi se distri-
bution of damage and nortality.
Smith6é has shown much greater
growth in fully stocked portions
of stands planted at close
spaci ngs.

6J. Harry G Smith. Maxi mal annual
basal area growh at various spaci ngs
estimated by tree ring anal yses. Paper
presented at Pacific D vision, AAAS 59th
Annual Meeting (Seattle, Wsh.), June
1978.
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Merchantable trees

Basal area of trees |arger
than 5.5 inches (14 cm clearly
increases with increased spacing--
up to 10-ft (3.0-m spacing; via
the trend curve, it ranges, from
about 95 ft2 per acre (22 n?/ ha)
at 4-ft (1.2-m spacing to 180 ft?2
per acre (41 nf/ha) at 10-ft
(3.0-m spacing. Basal area of
these nmerchantable trees appears
to be a little less at 12-ft
(3.7-m than at 10-ft spacing,
al though the basal area in such
trees is greater on the best
12-ft-spacing plot than on the
poorest |0-ft-spacing plot. Trees
| arger than 5.5 inches (14 cm
in d.b.h. account for less than
75 percent of the total -stand
basal area at close spacings
whereas they account for nearly
all of the total-stand basal area
at w de spacings.

The 100 Largest trees per aere

Basal area of the 100 | argest
trees per acre (250/ha) obviously
increases with increased spacing--
from about 35 to 100 ft2 per acre
(8 to 23 n?/ha) at spacings of
4 and 12 ft (1.2 and 3.7 m,
respectively. The trend appears
to be only slightly curvilinear;
basal area of these 100 | argest
trees per acre is nearly propor-
tional to spacing

Basal area mortality

The difference between gross
basal area production and basa
area of the total live stand is
nortality. This is quite closely
related to spacing. During the
period between ages 29 and 53
about 50 ft2 per acre (11.5 n?/ ha)
was lost at the 4-ft (1.2-m
spacing, whereas less than 5 ft?
per acre (1 nR/ha) was |ost at
the 12-ft (3.7-m spacing.
Correspondi ng percentages of
total production lost to nortality

12

are about 22 and 3 percent, at
4- and 12-ft (1.2- and 3.7-n)
spaci ngs.

Basal area growth

To provide a nore conplete
picture of effect of spacing on
growt h, | have exam ned not only
total -stand growth but also the
contribution of the 100 I argest
trees per acre (250/ha) to this
total .

Total stand

G oss basal area growth during
the period between ages 29 and
53 averaged 27 percent greater
at the two widest spacings than
at the two closest. Thus, the
ef fect of spacing on cunul ated
gross basal area production--i.e.
reduced production with increased
spaci ng--has di nmnished with
increasing age (fig. 11). Basal

- AGE 53
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"igure 11.--Cumulated growth in basal
area per acre, by period (clear
space on bar for plot 12 indicates
missing data).



area growh for the total stand
has clearly been greatest at
10-ft (3.2-m spacing (fig. 12A);
it has been greater even on the
poorest of the |0-ft-spacing
plots than on any plot at either
cl oser or w der spacing.

The 100 largest trees per aere

Gowmh per tree increases with
i ncreased spacing, as indicated
by growth of the 100 | argest
trees per acre (fig. 12B). The
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Figure 12.--Basal area growth per acre
between ages 29-63 and 43-53:
A, Total stand; B, The 100 largest
trees.

rel ati onship appears to be essen-
tially linear for spacings of 4-
through 10-ft (1.2- to 3.0-m;
however, it appears curvilinear
when the 12-ft (3.7-n) spacing

is included. The ratio of growth
of these 100 largest trees to
growth of the total stand is
essentially linearly related to
spacing (fig. 13). \Variations
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Figure 13.--Basal area growth of the
100 largest trees relative to growt?
of the total stand: A, Ages 43-563;
B, Ages 29-53.

around this trend indicate,
primarily, variations in stocking;
the greater the ratio for a given
spacing, the less conplete the
stocking. The 100 | argest trees
per acre (250/ha) accounted for

| ess than 25 percent of the

total -stand growth at the closest
spaci ng and for about 60 percent
of it at the wi dest spacing

Their contribution to growth is
essentially the same as their
contribution to grow ng stock.

Cubie Volume

Total cubic volume at age 53

| first exam ned effect of
spaci ng on total -stem vol une of
both (1) all trees in the stand
and (2) selected conponents of
the stand. | then exam ned
ef fect of spacing on the ner-
chantabl e (or usable) portion of
this vol une.

13



Contrary to trends of basa
area wi th spacing, volune of
live trees and gross vol une pro-
duced are both greater at wide
spaci ngs than at cl ose spaci ngs.
This is due nostly to the fact
that trees are taller at w der
spacings. Trends for trees
| arger than 5.5-inches (14-cn
d.b.h. and for the 100 | argest
trees per acre (250/ha) are very
simlar to those for basal area
Li kewi se, variation anong plots
within spacing is quite simlar
to that for basal area (fig. 14).

_ _ Gross
8000 @ >1.5-inchdbh.
| >5.5-inch d.b.h.

7000 ,
S 7
o 6000 2
2 3
g 5000 E
Q 1
84000 “q
5} ¥
¢ 3000
3

INITIAL SQUARE SPACING (Feet)

Yigure 14.--Cubic volume per acre at
age 53, by stand component.

Total stand

Cubi ¢ vol unme produced is
clearly greater at 10- and 12-ft
(3.0- and 3.7-n) spacings than at
cl oser spacings. Goss volunes
via the trend curve range from
about 4,235 to 6.685 ft° per
acre (296 to 468 md/ ha) at 4-
and 10-ft (1.2- and 3.0-n) spac-
i ngs, respectively. Correspond-
ing net volune volunes (live

14

trees) range from about 3,545 to
6,425 ft3 per acre (248 to
450 m/ ha).

Merchantable (rees

Cubic volume of trees |arger
than 5.5-inches (14-cnm d. h.h.
ranges from about 2,340 ft3 per
acre (164 md/ ha) at 4-ft (1.2-m
spacing to 6,360 ft3 per acre
(445 nr/ha) at 10-ft (3.0-m
spacing. Volune in trees |arger
than 5.5 inches accounts for
nearly all of the total stand
volune at 10- and 12-ft (3.0-
and 3.7-nm) spacings; at the 4-ft
(1.2-m spacing, volune in trees
| arger than 5.5 inches accounts
for only about two-thirds of the
total vol ume.

The 100 largest trees per acre

Cubi ¢ volune of the 100 | argest
trees per acre (250/ha) ranges
from about 850 ft3 per acre
(59 3/ha) at 4-ft (1.2-m spac-
ing to 3,840 ft3 per acre
(269 md/ ha) at 12-foot spacing.
The trend is only slightly curvi-
|inear. These trees account for
about 25 percent of total volune
at 4-ft (1.2-n) spacing and for
about 60 percent of it at 12-ft
(3.7-m spacing.

Cubie volume mortality

Mortality--the difference be-
tween gross vol ume production
and volunme of the total Ilive
stand--has been |less at wide
spaci ng than at close spacings,
but varies widely w thin spacing
(fig. 14). As defined by the
trend curve, the volune lost to
nmortality during the 24-year
peri od between ages 29 and 53
ranged from about 690 ft3 per
acre (48 3/ha) at 4-ft (1.2-m
spacing to 90 ft3 per acre
(6 m¥ha) at 12-ft (3.7-m
spaci ng.



At the 4- and 8-ft (1.2- and
2.4-m spacings, the volune |ost
to nortality appears to be re-
lated to stocking level; the

greater the stocking level, the
greater the nortality. At other
spaci ngs, however, no such rel a-

tionshi p between stocking |evel
and nortality was evident.

Cubie volume growth

Gross cubic volunme growth dur-
the period between ages 29
53 averaged twice as nuch at
two wi dest spacings as at the
two cl osest spacings. Therefore,
the effect of spacing on gross
vol ume production has increased
with increasing stand age

i ng
and
t he

(fig. 15).
During both the total 24-year
period and the nost recent 10

years, growh was clearly greater
at 10- and 12-ft (3.0- and 3.7-n
spaci ngs than at cl oser spacings

G owth was apparently
alittle less at the 12-ft than

at the 10-ft (3.7-mvs. 3.0-m
spaci ng; however, growth on the
best 12-ft-spaced plot was virtu-
ally identical to growh on the
two poorer |0-ft-spaced plots.

Via trend curves, growth between
ages 29 and 53 ranged from about
2,370 to 5.130 ft3 per acre (166
to 359 n?/ha) at spacings of 4 and

(fig. 16A).

10 ft (1.2 and 3.0 m, respec-
tively. Thus, annual growh dur-
ing the 24-yr period averaged 99

to 214 ft3 per acre (6.9 to
15.0 n¥/ ha).

The 100 largest trees per acre

The trend of growth of the
100 largest trees per acre (
250/ ha) relative to spacing is
S-shaped (fig. 16B). The rate
of growmh increases rapidly as
spacing is increased from4 to
10 ft (1.2 to 3.0 M. The rate
of increase then |evels-off
somewhat with yet w der spacing--
as it nust, eventually.

et per acre)
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Figure 15.--Cumulated growth in cubic
volume per acre, by period (clear
space on bar for plot 12 indicates
missing datal.
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Figure 16.--Cubic volume growth per
acre between ages 29-53 and 43-53:
A, Total stand; B, The 100 largest
trees.
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The ratio of growth of these
100 largest trees to growth of
the total stand appears to be
linearly related to spacing, as
for basal area growh. Gowh
of these 100 | argest trees per
acre (250/ ha) accounted for about
25 percent of the total -stand
growth at 4- and 5-ft (1.2- and
1.5-n) spacings to 60 percent of
total -stand growth at the 12-ft
(3.7-m spacing. Thus, as for
basal area, the contribution of
these 100 | argest trees per acre
(250/ ha) to growth has been
nearly proportional to their
current contribution to grow ng
st ock.

Growth relative to growing space

Plotting gromh relative to
growi ng space (S?), rather than
to spacing (S), perhaps gives a
little clearer picture of rela-
tionships (fig. 17). This shows
that vol une growt h--between ages

VOLUME GROWTH (Cubic feet
5 8 8
O

o 7

! T BT BT B
20 40 60 80 100 120 140 160
INITIAL GROWING SPACE PER TREE (Square feet)

Pigure 17.--Cubic volume growth per
acre of the total stand and the 100
largest trees, ages 29-53.
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29 and 53-of the 100 | argest
trees per acre (250/ha) was
nearly proportional to grow ng
space (S?) for spacings of 4
through 10 ft (1.2 to 3.0 n).
The slope of this curve declines
sharply, however, as spacing is
increased from 10 to 12 ft
(3.0to 3.7 m.

Correspondi ng grow h of the
total stand is nearly linearly
related to growing space (S?)

t hrough about 8-ft spacing. The
rate of increase declines as
spacing increases from8 to 10 ft.
The sharp decline in growh rate
thereafter is associated with the
grow h trend for the 100 | argest
trees per acre; with spacing
greater than about 10 ft, growth
of individual trees has not been
enough greater to offset the

i npact on total growth of having
fewer trees than at 10-ft spacing.

Trends and culmination of growth

Periodi ¢ annual growth (p.a.i.)
of both total stands and the 100
| argest trees per acre (250/ha)
has been very erratic (fig. 18).7
As expected, p.a.i. of the total
stand tended to decrease as age
increased. P.a.i. of the 100
| argest trees per acre generally
tended to remain nearly constant
as age increased from29 to 53
trends for 6- and 8-ft (1.8- and
2.4-n) spacings appear to deviate
fromthis generality.

At cl ose spacings, gross nean
annual increnent (ma.i.) of the
total stand apparently cul m nated
at about age 50, or is currently
very close to cul mnation; at
wi de spacings, ma.i. is stil
far short of culmnation (fig. 19).
Li kewi se, at close spacings, ma.i.
of the 100 |argest trees per acre
(250/ha) is near to cul mnation,
whereas at wi de spacings ma.i.
is still increasing substantially
with increasing age.

7Length of periods varied from3.7
to 5.2 grow ng seasons.
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Figure 18.--Gross periodic annual
inerement (p.a.t.) in cubic volume
per acre, by periods from ages 29
to 53: A, Total stand; B, The 100
largest trees.
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Figure 19.--Gross mean annual incre-
ment (m.a.i.) in cubic volume per
acre from ages 29 to 53: Total
stand and the 100 largest trees

Differences in current growth
rates, and age at which ma.i.
cul m nates, are associated with
differences in crown dinensions
and vigor. At age 45, average
crown length of the 100 | argest
trees per acre at 4-ft spacing
was only about 20 ft (6 m); that
a 12-ft spacing was about 40 ft
(12 m (Curtis and Reukerma 1970).
Correspondi ng crown w dths were
about 12 ft (3.7 m and 18 ft

(5.5 m.
Impact of mortality on growth and yield

Since nost trees which have
di ed have been of subnerchantabl e
size, there has been very little
direct effect on usable produc-
tion. Sone of these subnerchant-
abl e trees, however, would have
ot herwi se reached nerchant abl e
size, especially those at close
spaci ngs whi ch were dom nant or
codoni nant trees when damaged
Therefore, the clunpw se nortality
pattern at close spacings has
been responsible for an indirect
| oss in usable production. The
cl ose spaci ngs have nore dom nant
and codoninant trees, but these
trees occupy the area nuch | ess
efficiently than at w der spac-
ings. Furthernore, in the close
spaci ngs, trees surrounding the
openi ngs have | ess vigorous
crowns than those in w de spac-
ings, so have been less able to
respond to rel ease received from
t hese natural openings.

Merchantable volume at age 353

Up to now, | have considered
only the effect of spacing on
cubic volune of the total. stem
(CVTS). | have shown how nuch
of this total is included in
sel ected conponents of the stand.
The effect of spacing on the
usabl e part of this vol une
depends on nerchantability stan-
dards; the larger the desired
di aneter, the greater the advan-
tage of wide spacing (fig. 20).
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Figure 20,--Merchantable cubic volume
per acre at age 53, by merchant-
ability standard.

For the follow ng discussion,
mer chant abl e vol unme-in trees
| arger than a specified d.b.h.--
is the total volunme of the por-
tion of the stem included between
the stunp and the specified
nm ni mrum top dianeter. In al
cases, the stunp height is
1 percent of total tree height
or 1 ft (30 cn), whichever is
| ess.

If mninmumtop dianeter is
4 inches (10 cn), nerchantable
volume (CVv4) in trees larger than
5.5-inch (14-cm d.b.h. ranges
fromless than 2,000 ft3 per acre
(140 m3 /ha) at 4-ft (1.2-n) spac-
ing to about 6,000 ft per acre
(420 m3/ ha) at 10- and 12-foot
(3.0- and 3.7-n) spacings. Thus,
on the average it is about 500 ft3
per acre (35 m¥/ ha) less than the
total stem volune of those sane
trees.

If stens can be utilized only
to a mninmum top dianeter of
6 in (15 cn), nerchantable vol une
(CV6) in trees larger than 7.5-inch

18

(19-cm d.b.h. ranges from | ess
than 300 ft3 per acre (20 n¥d/ ha)
at 4-ft spacing to about 5,300
ft3 per acre (370 md/ ha) at 12-ft
spacing. |If mninumtop dianeter
is 8 inches (20 cm, then ner-
chantabl e volune (CV8) in trees

| arger than 9.5-inch (24-cn)
d.b.h. ranges fromzero at 4-ft
spacing to over 4,000 ft3 per
acre (280 mP/ha) at 12-ft spacing.

Advant ages of 12-ft spacing
relative to 10-ft spacing are
obvi ous. Production of usable
vol ume has been as great or
greater at the 12-ft as at the
10-ft spaci ng, dependi ng upon
nmerchantability standards.
Furthernore, there need be little
concern about excessive size of
branches at the w de spacings.
Branch size at the 12-foot spac-
ing is currently quite acceptable.
Crowns closed nany years ago and
have lifted well

CONCLUSIONS AND
MANAGEMENT IMPLICATIONS

Trees planted at w de spacings
have attained a nuch |arger diam
eter and height and have produced
much nore nerchantabl e vol une
than have those planted at close
spacings. Differences, in favor
of wi der spacings, have continued
to increase during the past 10
years.

Hei ght and di aneter growth of
even the largest trees has been
strongly affected by spacing.
The 100 | argest trees per acre
are currently (age 53) nearly
60 percent taller and 75 percent
|larger in dianeter at 12-ft than
at 4-ft spacing. At 12-ft spac-
ing, these trees now average
94 ft (28.6 n) tall and 13.6 inches
(34.5 cm in d.b.h.

Total vol une production has
been greatest at the 10-ft spacing.
Gowmh rate of individual trees
is greater at 12-ft than at 10-ft
spaci ng, but not enough greater



to offset the effect on tota
growt h of fewer trees being pres-
ent. Production of usable vol uneg,
however, has been as great or
greater at the 12- as at the
10-ft spaci ng, depending on mer-
chantability standards.

Current nean annual increnent
(ma.i.) of the 100 largest trees
per acre at the 12-ft spacing is
al rost as nmuch as ma.i. of al
trees at the 4-ft spacing.
Furthernmore, ma.i. has cul mn-
ated at cl ose spacings, whereas
it is still far short of cul mn-
ation at wide spacings. In terns
of live trees, the 12-ft spacing
currently has nore volune in the
100 largest trees than the 4-ft
spacing has in nore than 1,000
trees.

Were trees have been pl anted
at close spacings, only a snall
fraction of the trees reached a
mer chant abl e size; and a sub-
stantial part of the total volune
produced was in submerchantabl e
trees. Furthernore, these very
uni form stands did not self-thin
effectively. This caused growth
of even the best trees in the
stand to be severely retarded,
and it nmade the stands nore sus-
ceptible to snow and ice danage
whi ch created openings wthin
t he stand.

The apparent effects of spac-
ing illustrated by this study
are greater than those indicated
in nost published results of
studi es el sewhere (Sjolte-
Jorgensen 1967; Evert 1971, 1973).
It appears common, however, for
maxi mum production on |owsite-
quality land to be attained
t hrough rmuch wi der than nornal
spacing of trees. Results of
this study are believed to be
typical of what can be expected
on conparable sites. On better
sites, spacing apparently has
little effect on height growth
thus, effects of spacing on tree
size and yields are sonewhat |ess
than observed in this study.

One shoul d use caution in
drawi ng inplications froma
single study, such as this.
Therefore, information derived
from several studies--including
this one--has been fornul ated
into a nodel of stand structure
and devel opnent (Reukema & Bruce
1977). Managenent inplications
may be drawn from this nodel.

This spacing trial clearly
illustrates the potential bene-
fits fromplanting trees at wider
spacing, or maeking an early pre-
commercial thinning to such spac-
ing, on lands of poorer than
average site quality. Proper
spaci ng of trees depends on the
tree size desired at the first
commercial entry. If one plans
to commercially thin when trees
average about 8-inch (20-cm
d.b.h., trees should be spaced
about 10 feet (3 m) apart. |If
one wi shes to have a |arger
average d.b.h. at the time of
the first comercial entry, trees
shoul d be spaced nore widely.

The detrinmental consequences
of carrying too many trees is
clearly illustrated by the close
spaci ngs. Conversely to the
above spacing guide, stands shoul d
be thinned when trees reach the
size commensurate with their
spacing. Thus, if stands in this
spacing trial were being managed
intensively, the stand planted
at 12-ft (3.7 m) spacing should
have been thinned at about age
45-when trees averaged about
| 0-inch (25-cn) d.b.h. and 80 ft
(24 m tall. Stands planted at
cl oser spacings should have been
thinned at progressively younger
ages--with snmaller trees being
cut. Failure to thin at the appro-
priate tinme can offset the poten-
tial benefit fromearly contro
of spaci ng.
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APPENDIX

Fitted Curves

Trend curves illustrate what
| believe to be reasonabl e approx-
imations of effects of spacing,
in the absence of other sources
of variation. Equations were
fitted to selected plots to
facilitate automation in plot-
ting graphs. Mst of these
rel ati onshi ps are represented
by third-degree curves, which
cl osely approximate fornmer free-
hand curves.

For this purpose, 7 of the 18
pl ots were excluded frominflu-
enci ng the shape of these curves,
because inclusion of all plots
woul d result in unrealistic
curve shapes. Three of these
pl ots sanple the 8-foot spacing
which is apparently on generally
poorer-quality site than the
average; only the best plot in
this spacing (plot 17) falls in
line with general trends. Qhers
excluded were the best of the
plots at 4- and |0-foot spacings
(plots 1 and 14), which are appar-
ently on better-quality site than
any other plots, and the poorest
of the plots at 5- and 6-foot
spacings (plots 4 and 8), which
are nmuch poorer than other plots
at these spacings.

Adjustments for Plot Size

Because di nensions of plots--
e.g., 104.36 feet for a square
quarter-acre plot-are not exact
mul ti ples of spacing distances,
sone plots have either nore or
fewer planting spots than woul d
theoretically be found on that
fraction of an acre. Therefore,
t he expansion factor to an acre
basi s has al ways been derived
froman adjusted plot size (the
theoretical area initially occu-
pied by trees), rather than from
the nominal size of the plot.

Adj usted size of plots which are
nomnally O 25-acre varies from
0.2296 to 0.2661 acre. Adjusted
size of each half of the plot at
12-foot spacing is 0.2116 acre.

Exam nation of stem maps re-

veal ed sone errors in the previous

determ nati on of this adjusted
pl ot size. Therefore, sone per
acre values in this report have
been changed, relative to those
reported previously. The great-
est inpact is on the 12-foot
spaci ng, where the plot is 6.7
percent |arger than previously
believed; thus, all per acre

val ues for this spacing are |ess
than previously reported.

D.b.h. Distribution

D.b.h. distributions at age
53, by spacing, are tabul ated
in Table 4. These are based on
only the plots to which trend
curves were fitted.

Table 4--D.b.h. freguency distribution 1975

(age 53)
D.b.h. Spacing feet
class
4 5 | 6 8 10 12
- - Number of trees per acre - -
2 67 49 24 8
3 191 129 40 8 2
4 244 154 68 28 8 2
5 217 162 88 45 9 3
6 237 213 98 40 24 9
7 110 131 130 60 55 14
8 23 85 94 65 26 5
9 16 39 70 72 45 31
10 4 8 22 49 61 33
11 10 40 42 33
12 4 12 47 43
13 4 12 7 25
14 4 9 29
15 9 4
16 0 6
17 4 4
Total 1,109 970 652 443 348 241

GPO 988-388
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