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Abstract Summary Introduction 

Barrett James W. Twenty-year growth 
of ponderosa pine saplings thinned 
to five spacings in central Oregon. 
Res. Pap. PNW-301. Portland, OR: 
U.S. Department of Agriculture, 
Forest Service, Pacific Northwest 
Forest and Range Experiment 
Station; 1982. 18 p. 

Diameter, height, and volume growth 
and yield are given for plots thinned to 
1000, 500, 250, 125, and 62 trees per 
acre in a 40- to 70-year-old stand of 
suppressed ponderosa pine (Pinus 
ponderosa Dougl. ex Laws.) saplings in 
central Oregon. Trees averaged about 
1-inch in diameter and 8 feet in height 
at the time of thinning. Considerations 
for choosing tree spacing for precom- 
mercial thinning in this type of stand 
are discussed. 

Keywords: Thinning effects, stand 
density, precommercial thinning, 
ponderosa pine, Pinus ponderosa. 

Tree spacing and understory vegetation 
had pronounced effects on diameter, 
height, and volume increment in a 40- 
to 70-year-old stand of suppressed 
ponderosa pine saplings in central 
Oregon. Trees averaged about 1 inch in 
diameter and 8 feet in height before 
thinning. At the widest spacing, with 
understory vegetation controlled, trees 
grew an average of 0.47 inches in 
diameter per year compared to only 
0.13 inch at the narrowest spacing 
where understory vegetation was left to 
develop naturally. 

Stand density and understory vegeta- 
tion have had significant effects on 
height growth throughout 20 years of 
observation following thinning. Under- 
story vegetation has had the greatest 
effect on height growth at the wider 
spacings, reducing growth from 15 to 
50 percent during some periods. 

Twenty years after thinning, low 
density plots contain less wood fiber 
than high density plots. On the other 
hand, widely spaced trees are much 
larger than narrowly spaced trees and 
collectively are now producing almost 
as much wood volume annually as high 
density plots. 

Even though most of the trees left after 
thinning were 70 years old, stagnated, 
and suppressed by overstory, they have 
responded well to overstory removal 
and release, and trees at the three 
widest spacings appear capable of 
producing a usable crop of timber 
despite their advanced age. 

Millions of acres of commercial 
ponderosa pine (Pinus ponderosa 
Dougl. ex Laws.) forest land east of the 
Cascade Range in Washington and 
Oregon have a dense understory of 
suppressed trees overtopped by mature 
trees ready for harvest (fig. 1). In most 
areas where the overstory has been 
harvested, trees are being thinned, 
although some areas are being left to 
develop without thinning. Past research 
in the Pacific Northwest by Mowat 
(1953, 1961 ) and Barrett (1963, 1968, 
1970) and personal observations have 
now convinced most managers that 
thinning overstocked stands after 
overstory harvest is necessary. 

Managers prefer precommercial thin- 
ning to spacing that will result in a 
salable product the next time the stand 
must be thinned. If conservative 
spacing is selected for precommercial 
thinning on the assumption that there 
will be a market for roundwood in the 
future, and this market does not occur, 
a second precommercial thinning may 
be necessary. Constantly escalating 
costs of precommercial thinning add to 
the importance of selecting a realistic 
spacing on the first thinning. Leaving 
too many trees can be just as poor a 
choice as leaving too few. Leaving too 
few trees also forfeits some wood pro- 
duction before the site is completely 
occupied by tree roots and crowns. 
Many managers concentrate on produc- 
ing trees of a certain size in a given 
time and want to know how many trees 
will reach the target diameter. 

This spacing study is one of several 
established in ponderosa pine in the 
Pacific Northwest in the late 1950's and 
early 1960's. It is similar in design to 
the Methow study in north-central 
Washington (Barrett 1981), and some 
results of the two studies will be com- 
pared. The intent of studies of this kind 
was to provide forest managers with 
enough information from different 
treatments so they could choose tree 
spacing that would yield products 
compatible with management objec- 
tives. This is one reason for the widely 
divergent spacings in this study. 



Figure 1.--Mature ponderosa pine stand 
with a dense, suppressed 40- to 70-year-old 
sapling understory before thinning to 
various densities. 

Experiments in managing young, sup- 
pressed stands in the Pacific Northwest 
have changed over the past 40 years. 
The first experiments usually involved 
two plots, one thinned to a conserva- 
tive spacing of 6 or 9 feet, the other left 
unthinned (Mowat 1953). Later, experi- 
ments in crop-tree thinning were 
established (Barrett 1969). All studies 
showed that suppressed, understory 
trees are capable of substantial 
response to thinning. 

The full potential for diameter growth 
of second-growth ponderosa pine was 
not visualized until a study of free- 
growing trees was reported by Dahms 
and Silen in 1956.1 They observed 
young trees free from competition 
growing at the rate of 6 to 7 inches per 
decade. They also found that heavy 
competition from brush reduced the 
growth rate to about 3 inches per 
decade. Thus, a tentative rate for 
maximum diameter growth was sug- 
gested and the importance of brushy 

Walter G. Dahms and Roy R. Silen, "An 
Informal Study of Free-growing Ponderosa 
Pine Trees." Unpublished report on file at 
Pacific Northwest Forest and Range Experi- 
ment Station, Silviculture Laboratory, Bend, 
Oregon, 1956. 

understory competition was estab- 
lished. This work by Dahms and Silen 
suggested that the next thinning study 
should sample a wide range of spac- 
ings and should attempt to quantify the 
effect of brush competition on tree 
growth. 

The Methow study, established about 
4 years later, tested spacings of 9.3, 
13.2, 18.7, and 26.4 feet as well as 
growth in unthinned plots (Barrett 
1981). It showed that dense, sup- 
pressed ponderosa pine responded to 
increased space with more diameter 
and height growth. This study also 
showed that wider spacings produced 
large diameter trees in 20 years after 
thinning but that very wide spacings 
(26.4 feet) where the understory is 
predominantly pine grass can sacrifice 
substantial yields of wood fiber during 
the early part of a rotation. 

This paper presents 20-year results 
from a spacing study in central 
Oregon. It was designed to give 
managers a wide range of alternatives 
for spacing in dense, suppressed 
sapling stands. The main objectives of 
the study are to determine: 

1. Rates of diameter and height growth 
with various spacings. 

2. Effects on tree growth of competi- 
tion from understory vegetation. 

3. Effect of spacing on periodic volume 
increment and yield. 

4. Growing time after thinning needed 
to produce trees of usable sizes at 
various spacings. 

Previous results from this study have 
been reported by Barrett (1965, 1970, 
1973). 



The Study Area Experimental Design and 
Methods 

This spacing study is 35 miles south- 
west of Bend, Oregon, in the Pringle 
Falls Experimental Forest. Access to 
the study area is usually easy from May 
15 to October. Plots are well marked 
and a map of the area may be obtained 
from the USDA Forest Service Silvi- 
culture Laboratory in Bend. Interested 
people are encouraged to visit the 
study plots. 

Before the study was installed the 
stand consisted of old-growth pon- 
derosa pine, averaging 17,000 board 
feet per acre with a 40- to 70-year-old 
suppressed sapling understory typical 
of thousands of acres of pine forests in 
central Oregon. Saplings averaged 
1 inch in diameter, 8 feet in height, and 
7,000 stems per acre. There were about 
20 overstory trees per acre, averaging 
850 board feet per tree. Ground vegeta- 
tion consisted mainly of antelope bit- 
terbrush (Purshia tridentata (Pursh) 
DC.), snowbrush ( Ceanothus velutinus 
Dougl. ex Hook.), and greenleaf man- 
zanita (Arctostaphylos patula Greene). 
Scattered plants of Ross sedge (Carex 
rossii Boott) could be found over the 
whole experimental area. The plots are 
in a transition zone between ponderosa 
pine/bitterbrush-manzanita/sedge and 
ponderosa pine/bitterbrush-snowbrush/ 
sedge plant communities (Volland 
1976). 

Study plots are on an east-facing slope 
at 4,400 feet elevation and cover ap- 
proximately 160 acres. Annual precipi- 
tation averages 24 inches, 85 percent of 
which falls between October 1 and 
April 30. A snowpack of 24 inches is 
common from January to March. Day- 
time temperatures during the growing 
season are cool with occasional frosts 
at night. Site index of old-growth pine 
in the area indicates a height of 78 feet 
at age 100 (Meyer 1961). The Lapine, 
Shanahan intergrade soil, a Typic 
Cryorthent, was developed in dacite 
pumice originating from the eruption of 
Mount Mazama (Crater Lake) 6,500 
years ago. The pumice averages 33 
inches deep and is underlain by a 
sandy loam paleosol developed in older 
volcanic ash containing cinders and 
basalt fragments. 

Study design consists of 30 rectangular 
0.192-acre plots, 79.2 by 105.6 feet 
(fig. 2). Each plot is surrounded by a 
buffer strip 33 feet wide which is 
treated the same as the inner plot. A 
plot contains 192 milacres and is 
divided into 12 subplots of 16 milacres 
as indicated in figure 2. This arrange- 
ment aided in selecting leave trees 
evenly distributed throughout the plot. 
In addition, it allowed easy growth 
comparisons of the largest diameter, 
evenly distributed trees within subplots. 

Plots were thinned to average spacings 
of 6.6, 9.3, 13.2, 18.7, and 26.4 feet. 
Treatments contained the following 
numbers of trees: 
6.6 feet, 192 trees per plot (1,000 trees 

per acre) (fig. 3) 
9.3 feet, 96 trees per plot (500 trees per 

acre) 
13.2 feet, 48 trees per plot (125 trees 

per acre) (fig. 4) 
18.7 feet, 24 trees per plot (125 trees 

per acre) 
26.4 feet, 12 trees per plot (62 trees per 

acre) (fig. 5) 
Each spacing was replicated six times. 
Understory vegetation was removed by 
herbicides and mechanical means 
approximately every 4 years on three of 
the six replications. 2 A buffer area one- 
half chain wide around each plot was 
treated the same as the inner plot. 

2 Statistically, the experiment is a split-plot 
experiment. Whole-plot treatments are 
arranged as a 5-by-2 factoral in a com- 
pletely randomized design. Whole-plot 
treatments are replicated three times. Split- 
plot treatments are time periods of remeas- 
urement after installation. Five periods of 
4 years each were used. Analysis of vari- 
ance was used to judge the significance of 
treatment effect. The period effects were 
partitioned into orthogonal polynomial 
effects in order to look at the relationships 
of responses over time. 
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Figure 2.--Diagramatic sketch of tree loca- 
tion at five spacings in 0.192-acre full plots 
and 16-milacre subplots. Outer circles 
represent average crown size 20 years after 
thinning where understory vegetation was 
controlled; inner circles where vegetation 
was allowed to develop naturally. 



Figure 3.--Plot thinned to 6.6-foot spacing, 
with understory vegetation controlled. 

Some understanding of tree distribu- 
tion and crown closure for various 
spacings and vegetation treatment can 
be gained by comparing sketches in 
figure 2. Although trees left were 
sometimes not in the exact location for 
equal spacing, they were never closer 
than two-thirds the distance of treat- 
ment spacing. Crown closure 20 years 
after thinning varied from 86 percent 
where trees were 6.6 feet apart and 
vegetation was controlled to only 
18 percent where trees were 26.4 feet 
apart and vegetation was not 
controlled. 

Logging of overstory and thinning of 
saplings was started in the fall of 1957 
and completed the fall of 1958. Thus, 
there was one growing season between 
thinning and initial measurement on 
some plots and up to two seasons on 
others. The one-year delay in com- 
pleting logging and thinning affected 
all spacings and did not inadvertently 
bias growth measurements. All recent 
logging and thinning slash was re- 
moved from the plots and burned. 

Tree volume for this report was com- 
puted using an improved volume equa- 
tion for second-growth ponderosa pine 
recently developed by DeMars and 
Barrett. 3 The data base for this 
equation was obtained from north- 
central Washington and central and 
eastern Oregon. Therefore, volume esti- 
mates presented here will differ from 
those in previous publications on this 
study (Barrett 1970, 1973). 

Percent cover of understory vegetation 
on 15 plots was measured by system- 
atic sampling of 100 points per plot 
(Heady et al. 1959). 

3 Donald J. DeMars and James W. Barrett. 
Unpublished data on file at Pacific North- 
west Forest and Range Experiment Station, 
Portland, Oregon. 

Diameters and heights of all trees were 
measured in the fall of 1959 and every 
four growing seasons for the next 
20 years. Diameters were measured 
with a steel tape to the nearest one- 
tenth inch, and heights with a sec- 
tioned aluminum pole to the nearest 
one-tenth foot. 

Figure 4.--Plot thinning to 13.2-foot spac- 
ing, with understory vegetation allowed to 
develop naturally. Manzanita brush in right 
foreground is 5 feet high. 

Figure 5.--A dominant tree on a plot thinned 
to 26.4-foot spacing. In 1959, just after 
thinning, this tree was 2 inches in diameter 
and 10 feet tall. Twenty years later it was 
13.8 inches in diameter and 45 feet tall. 



Results and Discussion 
Diameter Growth 

Table 1--Results of analysis of variance 

Period Spacing x period Vegetation x period 

Variable Spacing Vegetation Linear' Quadratic 2 Lack of fiP interaction interaction 

Diameter increment . . . . . . . .  n.s. * * * * 
Height increment . . . . . . . . . . . . . .  
Volume increment . . . . . .  n.s. * . . . . .  
Basal area increment . . . . . . . . .  n.s. * * 
Diameter . . . . . . . . . . . . . .  
Height . . . . . . . . . . . . . .  
Volume . . . . . . . .  n.s. * * * * 
Basal area . . . . . . . . . . . . . .  

n.s. = not significant; * = significant at 5-percent level of probabil i ty (significant); ** = signif icant at 1-percent level of 
probabil i ty (highly significant). 

The linear component  of period isolates the variation accounted for if a straight line is fit through the data. 
2 The quadratic component  of period isolates the variation accounted for if a second degree curve is fit through the data. 
3 Lack of fit isolates addit ional variation not accounted for by the linear and quadratic components. 

Figure 6.--Periodic annual diameter incre- 
ment during five 4-year measurement 
periods. Increment is based on the average 
growth of individual trees living through 
each period. 
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Spacing and understory vegetation had highly signif icant effects on diameter 
growth (table 1). Widely spaced trees grew faster than narrowly spaced trees 
(fig. 6). During the 20 years of observation periodic annual diameter growth has 
averaged as follows: 

Spacing Trees per acre 

Feet 

Vegetation left Vegetation control led 

. . . . . . . . . . . . . . .  Inches . . . . . . . . . . . . . . .  

6.6 1000 0.13 0.15 
9.3 500 .18 .21 

13.2 250 .23 .29 
18.7 125 .30 .35 
26.4 62 .35 .47 



Understory vegetation has had a pro- 
nounced deterrent effect on diameter 
growth especially at the wider spacings 
(fig. 6). This was most evident during 
the first three measurement periods 
and appears to have diminished in the 
last two. Severe drought during the last 
4-year period may have influenced 
these relationships. Also, during this 
same period lack of snow cover and 
below freezing temperatures defoliated 
much of the ceanothus and some 
manzanita. 

Although diameter growth at wider 
spacings increased during the first 
three periods, it has diminished since 
that time. This has been most evident 
and consistent during the last two 
periods of observation. A similar trend 
was observed in the Methow Valley 
study (Barrett 1981). This is probably 
due to increasing age and stand 
density (basal area). 

Twenty years after thinning the effect 
of understory vegetation on average 
diameter is most evident at the wider 
spacings. For example, where 62 trees 
per acre were left, average diameter 
was 11.6 inches where the understory 
vegetation was controlled, compared to 
9.1 inches where vegetation was 
allowed to develop naturally (fig. 7). 
Where 125 trees per acre were left, the 
comparison is 9.6 to 8.3 inches. If 
diameters are projected to 28 years 
after thinning, when trees may be 
merchantable, diameters are estimated 
to be: ~ 

4 Projections of tree diameter and basal 
area beyond 20 years after thinning were 
made by equations fitted to the data and by 
examining trends of diameter and basal 
area growth. Unforeseen climatic changes 
during the next decade could influence 
these estimates. 

Spacing Trees per acre 

F e e t  

Vegetation left Vegetation controlled 

. . . . . . .  E s t i m a t e d  d .b .h .  ( i n c h e s )  . . . . . . . .  

6.6 1000 5.3 5.5 
9.3 500 6.4 6.9 

13.2 250 8.2 8.8 
18.7 125 10.1 11.0 
26.4 62 11.4 13.5 

If we look at these results in terms of 
management goals and existing stock 
level guidelines (Barrett 1979) we find 
that 500 trees per acre probably ex- 
ceeds the stocking level that will pro- 
duce usable round wood 8 inches in 
diameter in 28 years (fig. 7). On the 
other hand, where 250 trees were left, 
average diameters have approached or 
exceeded maximum stocking at about 
8 inches. Therefore, if supplying a 
round-wood market is the objective of 
the first commercial entry, it appears 

that no more than 250 trees per acre 
should be left (tables 2-6). Increment 
rates shown in figure 6 can be used to 
estimate the time needed for trees to 
grow to various diameters at the five 
stocking levels. Results of this study 
suggest that an acceptable initial 
number of trees to produce for a saw- 
log market on this site is between 125 
and 250 trees per acre, although tempo- 
rary losses in yield should be expected 
from a drastic reduction in the number 
of trees. 
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Figure 7.--Average stand diameter under 
five thinning treatments during 20 years of 
observation and estimates projected 8 years 
in the future, with vegetation left to develop 
naturally and vegetation controlled. 



Table 2--Number of ponderosa pine trees in each diameter class, by height and 
number per acre, in central Oregon in 1979, 20 years after thinning to 6.6-foot 
spacing (1,000 trees per acre), with and without understory vegetation control 

Vegetation Vegetation 
left controlled 

Diameter Trees Average Trees Average 
Class per acre height per acre height 

Inch Feet Feet 

0.5 1 4.6 1 4.9 
1 17 8.5 21 7.0 
2 78 12.3 63 11.9 
3 184 16.2 177 15.1 
4 234 20.1 257 19.2 
5 238 23.8 228 22.6 
6 141 26.9 135 26.1 
7 71 29.9 63 29.7 
8 10 33.2 30 32.5 
9 4 34.8 

Total or 
average 974 21,3 979 20.5 

Quadratic 
mean 
d.b.h, 

Inches 

4.7 4.7 

Square feet per acre 

Basal area 115.5 120.7 

Table 3--Number of ponderosa pine trees in each diameter class, by height and 
number per acre, in central Oregon in 1979, 20 years after thinning to 9.3-foot 
spacing (500 trees per acre), with and without understory vegetation control 

Vegetation Vegetation 
left controlled 

Diameter Trees Average Trees Average 
Class per acre height per acre height 

Inch Feet Feet 

1 1 8.2 1 7.2 
2 10 11.5 3 9.8 
3 51 14.5 24 13.1 
4 101 17.7 80 18.7 
5 129 20.6 108 21.2 
6 111 24.7 132 24,3 
7 61 26.8 101 28.2 
8 24 31.3 43 32.1 
9 7 37.6 4 33.7 

10 2 42.0 

Total or 
average 495 21.6 498 23.5 

Quadratic 
mean 
d.b.h. 

Inches 

5.5 5.9 

Square feet per acre 

Basal area 80.8 93.8 



Table 4---Number of ponderosa pine trees in each diameter class, by height and 
number per acre, in central Oregon in 1979, 20 years after thinning to 13.6-foot 
spacing (250 trees per acre), with and without understory vegetation control 

Vegetation Vegetation 
left controlled 

Diameter Trees Average Trees Average 
Class per acre height per acre height 

Inch Feet Feet 

3 7 12.8 
4 19 17.3 3 16.9 
5 48 20.2 14 22.0 
6 47 23.3 42 25.4 
7 57 27.4 67 28.7 
8 45 31.1 59 31.9 
9 19 32.3 36 35.5 

10 4 35,2 14 34.6 
11 2 34.8 
12 4 41.3 

Total or 
average 246 25.2 241 29.8 

Inches 
Quadratic 

mean 
d.b.h. 6.7 7.7 

Square feet per acre 

Basal area 60.1 785 

Table 6--Number of ponderosa pine trees in each diameter class, by height and 
number per acre, in central Oregon In 1979, 20 years after thinning to 26.4-foot 
spacing (62 trees per acre), with and without understory vegetation control 

Vegetation Vegetation 
left controlled 

Diameter Trees Average Trees Average 
Class per acre height per acre height 

Inch Feet Feet 

6 5 18.3 
7 4 25.4 1 18.8 
8 10 28.8 1 27.0 
9 17 31.6 4 30.9 

10 14 33.4 9 33.0 
11 10 36,3 16 33.1 
12 2 38.0 16 38.5 
13 10 44.5 
14 5 43,7 

Total or 
average 62 31.2 62 36.9 

Inches 
Quadratic 

mean 
d.b.h. 9.2 11.7 

Square feet per acre 

Basal area 28.5 45.9 

Table 5--Number of ponderosa pine trees in each diameter class, by height and 
number per acre, in central Oregon in 1979, 20 yearsafter thinning to 18.7-foot 
spacing (125 trees per acre), with and without understory vegetation control 

Vegetation Vegetation 
left controlled 

Diameter Trees Average Trees Average 
Class per acre height per acre height 

Inch Feet Feet 

4 1 12,5 2 15.5 
5 
6 5 21.2 2 17.5 
7 35 27.7 10 28.2 
8 38 28.7 24 30.7 
9 29 33,7 26 35.2 

10 12 36.9 24 36.7 
11 3 40.9 26 40.3 
12 2 38.0 9 43.5 
13 2 31.9 

Total or 
average 125 30.4 125 32.2 

Inches 
Quadratic 

mean 
d.b.h. 8.3 9.0 

Square feet per acre 

Basal area 47.2 62.6 
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Figure 8.--Periodic annual basal area 
increment during five 4-year measurement 
periods. 
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Figure 9.--Net basal area attained during 
20 years after thinning and predicted 8 
years in the future, with vegetation allowed 
to develop naturally and vegetation 
controlled. 

Basal Area 

Basal area was significantly and posi- 
tively correlated with spacing (table 1). 
During the first four periods basal area 
increment increased steadily in all treat- 
ments where understory vegetation was 
controlled, with one exception (fig. 8), 
but during the last period increment 
declined in all treatments. Where under- 
story vegetation was left to develop 
naturally periodic basal area increment 
increased at all spacings during the 
first four periods but declined in the 
fifth period at only the two narrowest 
spacings. 

Periodic annual increment ranged from 
a high of 6.2 square feet per acre 
during the fourth period at the closest 
spacing to a low of 0.6 square foot at 
the widest spacing in the first period 
(fig. 8). The greater increments in basal 
area occurred where the initial basal 
area was greater. Understory vegetation 
consistently reduced basal area incre- 
ment at all spacings. This effect was 
most pronounced at the wider spac- 
ings, where reductions of around 
50 percent occurred during some 
periods. 

Basal area at the closest spacing has 
accumulated more than 110 square feet 
during the 20 years after thinning, com- 
pared to only 25 square feet at the 
widest spacing where understory vege- 
tation was left to develop naturally 
(fig. 9). In another 8 years (28 years 
after thinning) basal area at the closest 
spacing could be an estimated 160 
square feet. This density could predis- 
pose the stand to a bark beetle infesta- 
tion if trees attain the size for optimum 
insect development (Sartwell 1971). 

10 



Height Growth 

Both stand density and understory 
vegetation had significant effects on 
height growth throughout the 20 years 
of observation (table 1). Trees at the 
widest spacing are growing about 1.5 
feet per year where vegetation was con- 
trolled and only about 0.7 foot at the 
narrowest spacing (fig. 10). Understory 
vegetation is having the greatest effect 
at the wider spacings, reducing growth 
as much as 15 to 20 percent during 
some periods. 

The reader should keep in mind that 
before thinning these trees were 
heavily suppressed by high density and 
overstory, and height growth was only 
a few inches per year. After thinning, 
roots needed time to grow and expand 
into space formerly occupied by those 
of cut trees. From figure 10 one might 
be tempted to conclude that trees in 
the two lowest densities (62 and 125 
trees per acre) have reached maximum 
capacity for annual height growth. 
Reaching this growth rate capability 
apparently took about 12 years. Trees 
at higher densities may still be in- 
creasing in annual rate of growth, but 
additional time is needed to see if these 
denser spacings have reached maxi- 
mum rate or will ever reach the rate 
attained by wider-spaced trees. 

Because of the uneven pattern of past 
height growth (fig. 11), no attempt was 
made to project future height growth. 
Thus, volume growth could not be pro- 
jected an additonal 8 years. 
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Figure 10.--Periodic average annual height 
growth during five 4-year measurement 
periods. Increment is based on the average 
growth of individual trees living through 
each period. 
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Figure 11 .--Average tree heights during 20 
years of observation. Averages are based 
on heights of trees living through each 
period, with vegetation left to develop nat- 
urally and vegetation controlled. 
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Figure 13,--Net yield of trees thinned to five 
stand densities, with vegetation allowed to 
develop naturally and vegetation controlled. 

Mortality 

There was no mortal i ty at the widest 
spacings and it was minor at other 
spacings. Mortal i ty ranged from 
3.6 percent where 250 trees per acre 
were left to 0.4 percent where 500 trees 
per acre were left. 

Since most of the trees that died were 
in the 1- and 2-inch diameter classes, 
the effect on gross volume increment 
was small. Since no mortal i ty was ob- 
served during the first 4-year period 
and only two trees died dur ing the last 
period, most of the mortal i ty occurred 
between 1963 and 1975. The cause of 
tree deaths was unknown, al though 
root rot (Armillaria) was suspected. 

Volume Increment and Yield 

The diameter at which ponderosa pine 
may be sawn into lumber differs with 
locale, but in central Oregon the lower 
l imit is now about 9 inches at breast 
height. Since the majority of trees in 
this study are still below that size 
20 years after thinning, yield and incre- 
ment are examined here in cubic feet 
only. 

Periodic annual increment (PAl) ~ has 
steadily increased over the 20 years of 
observation throughout  all spacings 
tested (fig. 12). The highest annual 
increment measured dur ing the last 
4-year perod was about 75 cubic feet 
per acre per year at the 6.6 foot spac- 
ing where vegetation was control led. 

Al though there was a consistent in- 
crease in PAl throughout  the range of 
spacings it was most impressive at the 
wider spacings, where growth some- 
times doubled from one period to the 
next. This was apparently due to rapid 
diameter and height growth where com- 
petit ion was low. Thus, increment rates 
on the low density plots are rapidly 
approaching those on the high density 
plots. 

s Volumes may differ from previous publica- 
tions because improved volume equations 
were used in this report. See footnote 3. 
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The growth-depressing effect of under- 
story vegetation on PAl throughout the 
20 years was highly significant (table 1). 
This effect was much more pronounced 
at the wider spacings, where PAl was 
sometimes reduced one third to one 
half. 

The greatest yield of wood was pro- 
duced where the highest number of 
trees were left (1,000 per acre) (fig. 13). 
This yield, however, was on trees 
having an average diameter of only 
4.7 inches 20 years after thinning. 
Where 500 trees per acre were left, 
average diameters were from 5.5 to 
5.9 inches. 
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One important need in ponderosa pine 
management is a stocking guide that is 
relatively independent of age and site. 
Stand density index (Reineke 1933) is 
one of several promising alternatives. ,_O 90 
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Figure 15.--Periodic annual volume incre- : 3 0  
ment in relation to stand density index O"-" 30 
(Reineke 1933) at the beginning of each 
growth period on two spacing studies. 
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As might be expected, spacing has had 
a highly significant effect on PAl 
throughout the 20 years (table 1), but it 
is also notable that where vegetation 
was controlled, PAl has been similar at 
three spacings (9.3, 13.2, and 18.7 feet) 
during each of the last three measure- 
ment periods (fig. 12). This suggests 
that if competit ion from understory 
vegetation could be controlled by chem- 
icals or prescribed fire during the first 
decade after thinning the same amount 
of wood fiber might be produced over a 
wide range of spacings. 

I I I I I I I I I I i 
10 20 30 40 50 6 0  z o  80 90 100 110 

I n i t i a l  b a s a l  a r e a  p e r  a c r e  (square feet) 

Figure 14.--Periodic annual volume incre- 
ment in relation to basal area at the be- 
ginning of each growth period on two spac- 
ing studies. 
A = Pringle Falls spacing study, 

understory vegetation removed 
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B = Pringle Falls spacing study, understory 
vegetation left 
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C = Methow study 
[y = 97.8675 (1-e -ooo~255) o.611s]. 
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Effects on Understory Vegetation 

Statistical tests showed that the 
amount of understory vegetation was 
affected by tree spacing (5 percent 
level of probability) only during 1967 
(fig. 16). Cover percentages varied 
widely from plot to plot within treat- 
ments at the wide spacings, even in 
1967, and were greater at other 
measurement dates. The first measure- 
ments of cover were not made until 
1960. Figure 16 suggests that spacing 
was already having some effect on 
cover percentages, but this was not 
statistically significant. 

Since controlling understory vegetation 
had a highly significant effect on diam- 
eter, height, and volume growth (table 
1), and the spacing x vegetation inter- 
action was highly significant, one 

might conclude that there must now be 
more vegetation present at the wider 
spacings than at narrow spacings. 
There may be, but our procedure for 
sampling understory vegetation appar- 
ently is not sensitive enough to detect 
existing differences in vegetative cover. 

Results shown in figure 12 and table 7 
suggest that trees sustained substantial 
losses in increment because of competi- 
tion with understory vegetation. The 
growth-reducing effect is most evident 
at the wider spacings, where losses 
approach or exceed 50 percent (table 
7). The lower losses of the last obser- 
vation period could be the result of 
reductions in understory cover caused 
by climatic factors. 

Oliver (1979) reported reductions in 
tree growth caused by brush competi- 
tion in a similar experiment in a 12-year- 
old ponderosa pine plantation on a 
highly productive site in California. 
Where brush cover was near 100 per- 
cent, tree diameter was reduced by the 
equivalent of nearly 3 years of growth. 

During the 1974-79 period two climatic 
extremes severely affected understory 
vegetation throughout central Oregon. 
During the winter of 1977-78 a drop in 
temperature to far below freezing, in 
the absence of snow cover, defoliated 
much of the manzanita and snowbrush. 
This cold period was followed by a 
severe drought the following summer 
which may have depressed cover per- 
centages in 1979. Grasses also suf- 
fered; figure 16 shows a marked drop 
in grass cover in 1979. This depressing 
effect on growth of brush and grass 
species may have encouraged the 
growth of pine seedlings. 
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In 20 years, the pine reproduction that consisted of small seedlings at the time of 
thinning has also responded to additional growing space in the plots where under- 
story vegetation was allowed to develop. Seedlings have increased in size and 
number and now constitute a notable part of the brush-grass competition. 
Numbers and sizes of small trees observed in 1979 were as follows: 

Excess trees per acre 

Average d.b.h, of 
Below breast Above breast trees above 

Spacing Total height height breast height 

Feet Inch 

6.6 94 52 42 0.8 
9.3 177 151 26 .9 

13.2 698 656 42 .8 
18.7 875 802 73 .8 
26.4 1448 1141 307 .8 

Whether the invasion of small trees in thinned stands becomes a problem in 
general practice depends largely on how the slash and understory vegetation are 
treated. Thinning slash is often mechanically crushed (Dell and Ward 1969) to 
reduce fire hazard. Young seedlings are often destroyed in this process or covered 
with slash. Also, prescribed burning or piling and burning destroys most 
unwanted seedlings. 

Table 7--Losses of volume growth in suppressed sapling ponderosa pine thinned 
to five spacings and competing with understory vegetation, central Oregon 

Years after thinning 
Spacing 0-4 5-8 9-12 13-16 17-20 

Feet . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Percent . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6.6 0 4 10 11 9 
9.3 27 20 24 21 17 

13.2 27 40 41 35 26 
18.7 45 44 41 36 25 
26.4 33 56 52 50 37 
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Conclusions 

Managers are frequently tempted to 
apply results from studies such as this 
to a broader geographic area than can 
be justified. This often happens 
because it is the only information 
available and some knowledge seems 
better than none. Studies such as this 
were not designed to predict growth 
and yield over a wide geographic area 
but to look at the relationship of tree 
spacing, understory vegetation, and 
growth and yield. It is not appropriate 
to use the information presented here, 
for example, to predict growth and 
yield in the Ochoco Mountains or on a 
low site in the Deschutes National 
Forest Information on which to base 
such predictions would require inten- 
sive representative replication of this 
study, and funding to do this was not 
available when this study was installed. 
Thus, caution is advised in using these 
results to predict growth on other sites, 
initial stand sizes, and plant communi- 
ties. Comparisons should be chosen 
carefully. A common error is to com- 
pare growth of recently thinned small 
pole stands to growth immediately after 
thinning in this study of saplings. 
Diameter growth in pole stands is 
usually much less than in sapling 
stands because density (basal area) is 
much higher and crown ratios frequent- 
ly poorer. Another common mistake is 
to compare results of this study to a 
situation where four or five overstory 
trees per acre are left and the sapling 
understory is thinned. Even a few over- 
story trees per acre can be surprisingly 
effective in suppressing growth on 

thinned understory (Barrett 1969). On 
the other hand, as Bruce (1977) sug- 
gests, "The scientist should not hide 
behind the facile caveat 'under the con- 
ditions of this test these outcomes were 
observed.' His interpretation should 
include his best opinion about practical 
application." The discussion that 
follows is my best interpretation of 
application. 

Results from this study may be used in 
several ways. First, they quantify the 
effects of spacing and understory vege- 
tation on growth and give the manager 
some idea of gain from control of tree 
density and vegetation. Second, they 
provide an estimate of the time needed 
to grow trees to commercial sawlog 
size. And third, they provide an esti- 
mate of cubic volume yield 20 years 
after thinning. In addition, study results 
document the extent of mortality in this 
thinned stand. They also document the 
fact that severly suppressed trees will 
respond to release at 40 to 70 years of 
age and grow at rates observed in 
much younger trees. How long these 
growth rates continue is not known, 
but since ponderosa pine is a long- 
lived species we can assume that age 
will not be a serious deterrent to 
growth before trees at the wider 
spacings reach target diameters of 
20 to 24 inches. 

It is apparent from these results that 
the time required to reach a target 
diameter is affected by initial spacing 
and the amount of understory vegeta- 
tion present. The lower the density of 
tree and understory vegetation the 
shorter the time needed to produce 
trees of specific sizes. 

There appears to be a cost in yield if 
size is an objective. To produce larger 
trees in a given time, there must be 
fewer trees. Consequently growing 
stock is less and yield is reduced. 
Figure 17 shows this relationship for 
this study. Also strikingly evident in this. 
figure is the effect of understory vegeta- 
tion on yield, although long-term yield 
will probably not be reduced in the 
same proportion as shown for the first 
20 years after precommercial thinning. 
At the two widest spacings yield has 
been reduced 34 and 45 percent. Evi- 
dently, soil not occupied by tree roots 
was invaded by roots of understory 
vegetation. Observations in natural 
stands suggest that brush competition 
persists until crowns begin to close and 
trees become the superior competitors; 
the brush then dies or becomes less 
competitive. This observation suggests 
that brush control several years after 
thinning and again about 5 years later 
may enhance stand growth. On some 
sites, after trees reach 5 inches d.b.h., 
prescribed fire is a promising method 
of subduing competitive brush early in 
the rotation (Martin and Dell 1978). 
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Figure 17.--Yield of suppressed ponderosa 
pine saplings 20 years after thinning to five 
densities, with vegetation allowed to devel- 
op naturally and vegetation controlled. 
Average diameters for each density (inches 
d.b.h.) shown in parentheses. 
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1 inch = 2.54 centimeters 
1 foot = 0.304 8 meter 
1 acre = 0.404 7 hectare 
1 square foot/acre = 0.229 6 square 
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1 cubic foot/acre = 0.069 97 cubic 

meter/hectare 
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Diameter, height, and volume growth and yield are given for 
plots thinned to 1000, 500, 250, 125, and 62 trees per acre in a 
40- to 70-year-old stand of suppressed ponderosa pine (Pinus 
ponderosa Dougl. ex Laws.) saplings in central Oregon. Trees 
averaged about 1-inch in diameter and 8 feet in height at the 
time of thinning. Considerations for choosing tree spacing for 
precommercial thinning in this type of stand are discussed. 
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