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SUMMARY 

Limited research has been done on how pruning, usually preceded by 
thinning treatment, effects the distribution patterns of relative 
density within tree stems. Before rational economic s i l v i c u l t u r a l 
prescriptions such as pruning can be developed we must take into 
account the effect of treatments not only on volume growth and clear 
wood production but on relative density as well. This report describes 
the growth and wood density response of two coastal Douglas-fir stands 
to thinning and pruning. 

Both stands were located on the east coast of Vancouver Island, one 
near Courtenay, and the other near Parksvllle. At the Courtenay 
location the pruning operation was carried out at age 15, in the early 
Spring of 1983 by removing about 40 percent of the lower portion of the 
l i v e crown. The Parksvllle study area was established after the 1986 
growing season at age eight. Treatment effects were evaluated six and 
two years after pruning at Courtenay and at Parksvllle, respectively. 
Ring-width and ring density data were derived by X-ray densitometry at 
four sampling heights on the lower 4 - 4.5 m section of the bole. 

There were no significant differences between control and study trees 
at Courtenay in radial growth and relative density, but significant 
differences were observed in height growth (at least at the 5 percent 
level) . Although the pruned trees weighed about six percent more than 
the control trees at the time of treatment (in 1983), six years after 
treatment the average pruned tree weighed about 14 percent more than 
the control. A steadily increasing divergence was also observed in the 
growth layer weight trend lines. This means that the pruned trees w i l l 
out-perform the control trees even more with the passage of time. 

The eight-year old Parksvllle trees, pruned to 38 percent l i v e crown on 
the basis of total tree height, showed about 30 - 35 percent reduction 
in ring width, and about 19 percent increase i n relative density at 
breast height. 

More work should be done on the Impact and the duration of pruning 
effects on relative density, preferably on very dynamic trees from high 
site index locations. The timing and Intensity of treatment should be 
examined for determining the effectiveness of pruning in meeting 
management objectives. The reduction observed in the time of 
juvenility through wood density enhancement in the high-value bottom 
logs should be followed up at the Parksvllle location by full-scale 
sampling and analysis. 
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1.0 INTKODUCTIOH 

The objectives of the s i l v i c u l t u r a l practices of thinning and pruning 
are to increase the overall yields per unit area and to improve the 
quality of the f i n a l crop. Thinning or stocking control adds 
nutrients, moisture and sunlight by reducing competition. Pruning, to 
the extent i t involves vigorously growing l i v e branches, a r t i f i c i a l l y 
Induces crown recession. With lessened influence from the l i v e crown, 
the stem portion that is live-branch pruned becomes the newest part of 
the lower bole. In this way, pruning accelerates the transition from 
lower relative density juvenile-wood to higher relative density mature 
wood in the region below the point of pruning. Of course, pruning dead 
or non-vigorous branches has no effect on relative density (Megraw, 
1986a; Larson, 1969). Timing and intensity are two important factors 
in determining the effectiveness of these two s i l v i c u l t u r a l practices 
in meeting management objectives. 

In a more self-evident sense pruning i s the practice of trimming 
branches from the lower portion of standing trees to reduce the 
occurrence of knots in subsequently produced wood. When a branch is 
removed from the bole of a tree, the sheath of new growth w i l l 
eventually cover the stub, producing knot-free wood thereafter. Such 
wood has markedly higher value than knotty wood for solid wood products 
and veneer because of increased strength and Improved appearance 
(Haygreen and Bowyer, 1989). For example, Madison's Canadian Lumber 
Reporter (January, 1989) quotes a 3-3.5 fold price differential between 
Douglas-fir clear No. 2's, and standard-and-better 2x4's ($780-875 
compared with $250/M fbm, respectively). But did these clears ccme 
from pruned trees? Definitely not. Today a l l clears are being cut 
from old-growth Douglas-fir. In fact, as the old-growth resource 
diminishes so does the volume of high-valued clears. Fight et a l . 
(1988) reported that in 1975 about 9 percent of the volume of lumber 
produced in the Pacific Northwest was in high-valued clears, yet this 9 
percent of the volume accounted for about 21 percent of the value of 
the lumber produced in those m i l l s . By 1985 the proportion of clears 
had shrunk to less than 6 percent of the volume and less than 14 
percent of the value. 

In a recent log and lumber grade recovery study of about 300 second-
growth 50-year-old Douglas-fir trees, Mlddleton and Munro (1989) 
reported that there were no clear grades recovered. They also 
reported that one of the major reasons for lumber being graded lower 
than Select Structural was the presence of knots (29.2 percent). Of 
course, the reason for this is the branch retention characteristics of 
the species; branches in Douglas-fir tend to be very persistent. 
Loblolly pine, by comparison, self prunes much earlier and can contain 
stJbstantlal clear lumber by age 40 (Megraw, 1986a). Doble and McBrlde 
(1964) examined lumber products from natural stands of 80, 100, and 
150-year old Douglas-fir. They found that without Intensive 
management, stands less than 100 years of age yielded negligible 



amounts of clear lumber. However, in a study of 49-year old trees, 
pruned at age 21, McBride (1961) reported an average of 18 percent 
clear lumber yield. His results also showed that a considerable 
increase in clear lumber yield can be obtained by pruning the faster 
growing trees (average growth rate of 3.8 mm/year produced 32 percent 
clear lumber, while 2.0 mm/year for the 28-year period after pruning 
produced only 6.4 percent clears). From the same stand as above, 
Fensooi (1957) found higher yields and better grades of veneer than from 
unpruned logs. 

Many other references could be cited for documenting positive resiilts 
from pruning young-growth Douglas-fir (Reeb, 1984; Cahill et a l . , 1986; 
Kellogg and Kennedy, 1986; Smith, 1987; Barbour and Kellogg, 1989). 
The literature supports a ccxnmon thesis: pruning i s the only way to 
ensure the growth of significant volumes of clear wood in intensively 
managed stands. Not quite this specific about any one treatment (there 
are many, but spacing, pruning and f e r t i l i z a t i o n are the main ones), 
the National Forest Sector Strategy for Canada recommends 'that more 
intensive levels of silviculture be practised to sustain the level of 
benefits now expected from the forest". The present project is 
grounded in the understanding that pruning is one of the major 
strategies for reaching those levels. 

In spite of these recommendations, positive research results, and the 
self-evident fact that pruning is the only way to ensure the growth of 
significant volumes of clear wood in intensively managed stands, 
pruning has not been performed on a wide scale in young second-growth 
stands of Douglas-fir (Reeb, 1984; Cahill et a l . , 1986; Fight et a l . , 
1988; and Barbour and Kellogg, 1989). It would be d i f f i c u l t to pick a 
single reason for this lack of commitment to pruning, but the following 
are the main ones: uncertainty about future market needs for clears; 
pruning costs have to be carried over a long period to harvest; 
current p r i o r i t i e s are with increased volume growth and not with wood 
quality; and forest land ownership (should the owner or the tenant pay 
for the pruning?). 

On the favourable side, pruning costs have actually come down In the 
last decade from about $6/tree to less than $l/tree for a single 
treatment (or even with two or three separate entries into the young 
stand, less than $2/tree). Whether pruning is a sound strategy from an 
economic viewpoint also depends on interest rates and the price premium 
for clears. Fight et a l . (1988) reported several financlsdly 
attractive Investment opportunities in pruning young Douglas-fir. 

The purpose of this paper is to examine the impact and duration of 
early live-branch pruning of Douglas-fir by focusing on juvenile wood 
productivity and relative density. The impetus for this work was 
provided by the results reported by Di Lucca (1987) in terms of 
juyenile-mature transition. In terms of wood density, he found that 
severe live-bremch pruning resulted i n an immediate transition from 
juvenile to mature wood. Unfortunately, Di Lucca studied only two 



trees. S t i l l , this beneficial aspect of pruning had not been 
previously considered for Canadian species, although other studies did 
report slight increases in relative density of the lower bole after 
pruning (Larson, 1969; Cown, 1972; Megraw, 1985; 1986a; and 1986b). 

In the present study the lower 4.5 m portion of the bole was measured 
at several heights. Twenty trees that were pruned at age 15 did not 
produce significantly higher density wood than the controls. However, 
the three trees which were pruned at age eight shewed about 20 percent 
density increase compared with the controls. There was evidence of 
growth rate improvement for the 15-year-old trees but a 50 percent 
reduction in ring width was observed for the 8-year-old trees. 

This aspect of pruning on wood quality, that i s , reduction in the time 
of juvenility through wood density enhancement In the high value bottom 
logs, should be further investigated and taken into account in future 
economic analysis. 
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3.0 MATERIALS AND MBTHGDS 

3.1 SAMPLING 

Because the objective of the study was to examine the effect of early 
live-branch pruning of Douglas-fir on juvenile wood density and 
productivity, young trees were selected and sampled. 

Two study areas were chosen for sampling live-branch pruned young 
Douglas-fir trees. Both study areas were located on the east coast of 
Vancouver Island, on medium to good sites; one near Courtenay, and the 
other near Parksvllle. Trees were sampled destructively in November 
1988. 

At the Courtenay location the pruned area was established f i r s t by 
thinning in 1981 from about 5000 stems per hectare to 500 stems/ha. 



Trees were pruned to a height of about 4.5 m above ground leve l , from 
January to March, in 1983. In November 1988, 20 pruned and 20 control 
trees were f e l l e d when they were about 21 years of age at breast height 
(BH, at 1.3 m above ground). The pruned trees had six growth layers 
after treatment. After f e l l i n g , the branches were cut on one side of 
each tree to f a c i l i t a t e tree height and internodal distance 
measurements. Intemodes were quite readily identified in the crown 
from the t i p of the leader to the base of the l i v e crown. A total of 
four disks were cut at the following stem heights on each pruned tree: 
one, at stump height (about 10 cm above ground); two, at BH; three, at 
the base of l i v e crown (BLC), at about 4.5 m above ground; and four, at 
half-way between BH and BLC. The control trees were sampled mostly at 
three heights only because the BLC was usually in the v i c i n i t y of BH. 
Control tree samplings were at stump, BH, and at 4.5 m above ground, 
and in a few cases at BLC. Each disk, about 3-4 cm thick, was cut near 
the center of the nearest internode to avoid greater anatomical 
var i a b i l i t y near the nodes (Richardson, 1961). A l l 40 trees seunpled 
near Courtenay were dominant or codomlnants, with upright s t ^ s , 
healthy crowns, and with no sign of pathogens. 

At the Parksville location only exploratory sampling was made on three 
pruned and three control trees. The site was established after logging 
and slash burning in 1975. Douglas-fir 2+0 BR (two-year old, bare 
root) seedlings were planted to about 1200 stems/ha i n May 1976. The 
pruned area was juvenile spaced in December 1985 to about 500 stems/ha. 
The leave-trees were pruned in August 1986 at BH-age eight to about 30 
percent li v e crown. In other words, two-thirds of the l i v e crown was 
removed, which is considered very severe from the biological 
standpoint. At the time of pruning most trees were about 6 - 7 m t a l l -
and their live-crowns were reduced to three branch-whorls; the leader, 
plus two internodes. The pruning l i f t e d the BLC from ground level to 
about 4 m above ground. 

Trees were felled, dellmbed, measured and sampled as they were at the 
Courtenay locations in November 1988. The pruned trees contained two 
complete growth layers after treatment. The control trees had f u l l 
l i v e crowns to the ground. They were about 28 percent shorter than the 
pruned trees, because of generally poorer s o i l conditions and 
overcrowding. 

3.2 SAMPLE PREPARATION AND X-RAY DENSITOMETRY 

In the laboratory average disk diameters were measured i n the green 
condition, using a diameter tape. At the same time, heartwood content 
was recorded and an average radius was marked on each disk to i i ^ i c a t e 
sampling location. Two average radial subsamples were cut from pith-
to-bark, about 5 mm wide and 5 mm thick. After air-drying, one was cut 
(the other was kept as a spare) to a uniform thickness of 1.57 mm on a 
twin-blade saw (Jozsa and Myronuk, 1986). The surfaced samples were 
extracted in a Soxhlet apparatus in alcohol-cyclohexene (1:2 by volume) 



for 24 hours, and in hot water for 24 hours. The extractive-free 
radial strips were then air-dried to about six percent equilibrium 
moisture content. The samples were marked with calendar year dates and 
the starting position for X-ray scanning. The starting position was 
usually the end of the second ring from the pith, about 4 - 5 mm from 
the pith center. 

About 170 radial subsamples were scanned on a computerized Direct 
Reading X-Ray Densitometer (Jozsa et a l . , 1987) to obtain ring width 
and ring density data. Ring width components were measured with a 
resolution of 0.00254 mm, (0.001 Inch). Wood relative density values 
were expressed on a green volume and oven-dry weight basis. 

3.3 TREE-RING DATA 

Direct data acquisition provided ring width, earlywood width, latewood 
width, ring density, earlywood density, latewood density, minimum ring 
density, and maximum ring density. In addition, the data acquisition 
program recorded 100 intra-ring density profile values for each ring 
(Parker et a l . , 1980). 

Since relative density is the central theme of this proje'ct. It was 
evaluated in a number of ways. F i r s t , disk relative density was 
calculated to represent each tree at each sampling height, before and 
after treatment (for the Courtenay trees in 1982 and 1988, 
respectively). Second, yearly ring densities were examined pith-to-
bark, by cambial age (rings from pith), at each sampling height. 
Third, ring densities were summarized, plotted and ccaipared by calendar 
years to examine cross-dating due to climatic influences. These 
comparisons were made between Seunpling heights and between treated and 
control trees. Other comparisons focused on the six years after 
treatment and six years before treatment intervals. Density 
distribution In the bottom 4.5 m section of the stem was also examined 
in relation to height position, from stump to base of the l i v e crown. 
Plotted density trend lines were useful in visual ccxnparisons of 
controls with pruned trees, stump sampling height position up to the 
base of l i v e crown, and pith-to-bark trends at the different sampling 
heights. 

3.4 BIOMASS PRODUCTIVITY IN THE STEMWOOD 

Processing programs were used to calculate ring weights (expressed as 
the product of ring volume and ring density of a 1 cm long segment of 
the disk), and growth layer weights (Jozsa and Powell, 1987). Growth 
layer weights in the stem wood were calculated from the radial distance 
from pith, at the four sampling heights, ring width and taper along 
the stem, average ring density, and the distance to the t i p of the 
leader for each year's growth. Weights are expressed on the basis of 
basic relative density and air-dry volume (at about 6 percent 



equilibrium moisture content). The main advantage of this stem 
analysis approach i s that tree performance (as expressed through radial 
and height growth) and wood quality (as expressed through relative 
density) are a l l integrated into a single measure of productivity (as 
expressed through growth layer weight). Therefore, growth layer 
weights and stem weights can be considered as the only true measure of 
stemwood biomass productivity. 

3.5 STATISTICAL METHODS 

Stat i s t i c a l analyses were performed by using two sample t-tests to 
assess the effect of pruning (combined with thinning) on average disk 
relative density, growth layer weight, diameter and height growth. 

Comparisons were made for the Courtenay trees between pruned and 
unpruned controls before treatment, in 1982, and six years after 
pruning, in 1988 (after the growing season was completed in both 
cases). Relative density and diameter growth comparisons were made at 
stump height, breast height, and at 4.5 m height above the ground (BLC 
for the pruned trees). 

The before-treatment comparisons were required to determine i f the 
trees growing on the pruned and the control plots were indeed identical 
before thinning and pruning. Any marked differences would confound the 
analyses. The after-treatment comparisons were made to detect the 
differences in the portions of the stem which grew after treatment. 
For the Parksville trees only visual comparisons were made of plotted 
outputs because of the limited number of trees in the exploratory 
sampling. 

4.0 RESULTS 

4.1 TREE HEIGHT 

Figure 1 shows Courtenay tree heights at the time of pruning (after the 
1982 growth but before the 1983 growing season) and six years after 
treatment, i n November 1988. Also shown are the bases of l i v e crowns 
for both control and pruned trees. 

At the time of pruning the average control tree was 10.46 m t a l l and 
the average pruned tree was 11.36 m t a l l . This difference can be 
attributed to thinning which renoved suppressed trees from the pruning 
plot. Interestingly, the control trees did not have f u l l l i v e crowns 
to the ground. On average, the base of l i v e crown had recessed up to 
1.6 m above ground level, representing about three internodal 
distances. The dead branches on these control trees were quite sound, 
with no sign of dropping off (self pruning) for many years to come. 
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It can be seen in Figure 1 that seme of the pruned trees, by virtue of 
their short stature, were more "drastically" pruned (e.g., trees No. 7 
and 14) than others (e.g., trees No. 4 and 20). For example, 
depending on tree height (in the early spring of 1983) about 33 to 45 
percent of the l i v e crown was removed from the pruned trees. The 
average was about 40 percent. Judging by the rate of crown recession 
on the control trees, the base of l i v e crowns must have been close to 
the ground at the time of pruning, in 1983. 

After the 1988 growing season the average pruned tree was 16.71 m t a l l 
while the average control tree was 15.4 m t a l l . The two sample " t " 
test indicated that the after treatment height differences were 
significant, at least at the 5 percent level. Since before treatment 
height differences were not significant (Table 1), the differences in 
height growth are thought to be due mainly to the thinning treatment. 
Also, the control trees are showing the f i r s t signs of crown closure 
and consequent slowing down. In svmunary, the pruned trees grew faster 
than the controls because thinning treatment enhanced tree height 
growth. 

Table 1 
Tree Height Comparisons Before and After Pruning 

Treatment N Mean sd Minimum Maximum P Significant 
(m) + (m) (m) Difference 

Pruned 20 11.36 1.30 9.20 13.95 0.106 NS 
Before 

Control 20 10.46 2.01 6.20 13.15 

Pruned ,20 16.71 1.40 15.00 20.05 0.032 Yes* 
After 

Control 20 15.43 2.14 10.55 18.90 

* at least at the 5% level — — . 

4.2 TREE DIAMETER AND RING WIDTH PATTERNS 

Figure 2a shows detailed stemwood dimensions and taper with branch 
Intemodal distances for the average pruned (P) and the average control 
(C) tree. Figure 2b shows the lower 4.5 m portion of the stemwood, 
with outside bark diameter dimensions. According to the statisticstl 
analysis there were no significant differences between tree diameters 
before or after treatment (Table 2). 

Contrary to expectations the P trees had a bigger heartwood core than 
the C. It i s also interesting to note that bark thickness in the 
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Tree Diameter Conparlsons at Three Sampling Heights, Inside Bark 

Before Treatment, i n 1982: 

Sampling Treatment N Mean sd Minimum Maximum P Significant 
Height (cm) + (cm) (cm) Difference 

Pruned 20 15.27 3.33 9.59 21.45 0.967 NS 
Stump 

Control 20 15.31 4.06 6.46 23.03 

Pruned 20 12.62 2.49 8.63 17.23 0.839 NS 
BH 

Control 20 12.80 2.98 6.11 17.51 

BLC Pruned 20 10.13 2.35 5.92 14.42 0.202 NS 

4.5 m Control 20 9.07 2.81 2.88 13.17 

After treatment. In 1988: 

Pruned 20 22.65 3.87 15.34 30.83 0.656 NS 
Stump 

Control 20 22.06 4.39 13.38 33.32 

Pruned 20 18.39 3.14 13.76 23.58 0.932 NS 
BH 

Control 20 18.49 3.20 11.12 26.16 

BLC Pruned 20 16.66 2.80 12.64 20.86 0.220 NS 

4.5 m Control 20 15.57 2.73 9.54 20.83 



region of the stem seems to depend on the base of the l i v e crown. In 
other words, the bark thickness of the "unexposed" stem portion ( s t i l l 
i n the l i v e crown) i s smaller than the "exposed" part (below base of 
the l i v e crown). The F trees had, on the average, thick bark along the 
entire 4.5 m bottom bole, a l l of i t below the l i v e crown. 

Ring-width pattern summaries by cambial age and by calendar years are 
shown in Figure 3 for the four Scunpling heights. There were no 
significant differences between the P and C trees either before or 
after treatments. However, markedly different growth-trends were 
observed at the four height levels. For example, by cambial age the 
stump section had the narrowest rings. At stump height ring width 
increased very rapidly for both P and C trees, from about age 5 to age 
12 (from about 2.5 to 5.8 mm), then levelled off (to about 6 mm) in the 
outer portion of the stem. The base of the li v e crown and the 4.5 m 
section had the widest rings for the f i r s t 10 rings near the pith, and 
the BE section had about average rings in this interval. For the 
outermost 13 years (summary by calendar years) good cross-dating i s 
evident between the four height levels, and between P and C trees as 
well. 

4.3 RELATIVE DENSITY 

Table 3 shows that there were no significant differences between the P 
and C trees before treatment, in 1982, or after treatment, in 1988. In 
other words, the density gains observed by Di Lucca (1984) did not 
materialize for the Courtenay trees. Only marginal gains were observed 
in the yearly ring density values, averaging about five percent at 
breast height for the P trees: average relative density for the last 6 
years for C stood at 0.38, ccanpared with P at 0.40. As expected, the 
lowest relative density was consistently at the 4.5 sampling height for 
both the C and P trees. Comparatively, the stump euid BH samples 
contained higher density wood, as shown in Figure 4. Ring-density 
patterns show good year-to-year cross-dating, as did the ring width. 

4.4 STEMWOOD PRODUCTIVITY THROUGH GRCWTH LAYER WEIGHTS 

Growth layer weight summaries are presented for the Courtenay Pruned 
(P) and Control (C) trees in Figure 5 and Tables 4 and 5 for the last 
13 years of growth, from 1976 to 1988. Figure 5a shows the yearly 
growth layer weights and Figure 5b the total tree weights. 

Several features are noteworthy in Figure 5a. F i r s t , i n 1988, the C 
trees produced on average about 9.5 kg of wood, while the P trees 
managed 19 percent more, about 11.3 kg. Second, growth layer weights 
rose and f e l l together for both P and C trees. This cross-dating Is 
attributed to year-to-year climatic v a r i a b i l i t y ( F r l t t s , 1976; 
Robertson and Jozsa, 1988). Third, the pruned trees were superior 
producers even before the thinning and pruning treatment in 1981 and 
1983. The most l i k e l y reason i s that the thinning operation renoved 
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Figure 3. Ring width summaries by cambial age (rings from p'rth) and by calendar 

years for the Courtenay trees. 



Disk Relative Density Comparisons at Three Sampling Heights 

Before Treatment, i n 1982: 

Sampling Treatment N Mean 
Height 

sd Minimm Maximum P Significant 
+ Difference 

Stump 
Pruned 20 0.375 0.026 0.33 

Control 20 0.387 0.033 0.33 

0.42 0.197 ^ NS 

0.45 

BH 
Pruned 20 0.368 0.022 0.33 

Control 20 0.367 0.029 0.31 

0.41 0.855 

0.43 

NS 

BLC Pruned 20 0.345 0.023 0.31 0.39 0.595 NS 

4.5 m Control 20 0.350 0.030 0.30 0.40 

After treatment, i n 1988: 

Pruned 20 0.383 0.031 0.34 0.43 0.686 NS 
Stump 

Control 20 0.388 0.038 0.29 0.46 

Pruned 20 0.385 0.022 0.35 0.44 0.194 NS 
BH 

Control 20 0.373 0.034 0.28 0.44 

BLC Pruned 20 0.355 0.024 0.32 0.40 0.739 NS 

4.5 m Control 20 0.352 0.032 0.29 0.41 
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Figure 5. Growth layer and tree weight summaries of 20 control and 20 

pruned trees from Courtenay. 



Control Tree Statistics (average of 20 trees) 

Growth Stem Growth Stem Growth Stan Age Tree 
Year Layer Weight Layer Volume Layer Density (yrs) Height 

Weight (kg) Volume (1) Relative (m) 
(kg) (1) Density 

1976 1.5 4.6 4.2 12.5 0.349 0.368 12 5.69 
1977 1.7 6.3 5.0 17.5 0.334 0.357 13 6.48 
1978 2.2 8.5 5.8 23.3 0.376 0.361 14 7.24 
1979 2.6 11.1 6.7 30.1 0.378 0.365 15 8.01 
1980 3.7 14.8 10.5 40.6 0.357 0.363 16 8.86 
1981 4.5 19.3 13.1 53.7 0.338 0.356 17 9.71 
1982 4.3 23.6 11.0 64.7 0.390 0.362 18 10.47 
1983 5.7 29.3 15.7 80.4 0.367 0.362 19 11.23 
1984 5.8 35.1 17.0 97.4 0.344 0.358 20 12.02 
1985 5.0 40.1 14.4 111.8 0.347 0.357 21 12.70 
1986 7.8 47.9 20.9 132.7 0.380 0.360 22 13.54 
1987 9.4 57.3 24.9 157.6 0.383 0.363 23 14.51 
1988 9.5 66.8 25.4 183.0 0.375 0.365 24 15.43 

Table 5 

Pruned Tree Statistics (average of 20 trees) 

Growth Stem Growth Stem Growth Stem Age Tree 
Year Layer Weight Layer Volume Layer Density (yrs) Height 

Weight (kg) Volume (1) Relative (m) 
(kg) (1) Density 

1976 1.5 4.3 4.7 12.3 0.337 0.361 13 6.04 
1977 1.8 6.2 5.7 18.0 0.328 0.350 14 6.99 
1978 2.5 8.6 7.0 25.0 0.357 0.352 15 7.91 
1979 3.0 11.6 8.3 33.3 0.364 0.355 16 8.79 
1980 4.1 15.8 11.9 45.2 0.351 0.353 17 9.71 
1981 5.3 21.0 15.2 60.5 0.347 0.352 18 10.66 
1982 5.0 26.0 12.9 73.3 0.393 0.359 19 11.41 
1983 6.7 32.7 17.7 91.1 0.382 0.363 20 12.25 
1984 6.9 39.5 19.9 111.0 0.350 0.361 21 13.15 
1985 5.6 45.1 16.3 127.2 0.349 0.359 22 13.85 
1986 9.7 54.9 25.0 152.2 0.396 0.364 23 14.75 
1987 11.3 66.2 30.0 182.2 0.383 0.367 24 15.76 
1988 11.3 77.5 30.7 212.9 0.369 0.367 25 16.71 



inferior suppressed trees from the stand and the leave trees were a l l 
dominants and codomlnants. However, a divergence between the two trend-
lines i s also evident and i t i s most pronounced after 1982. Therefore, 
the thinned and pruned trees are out-performing the untreated controls, i n 
the last three years (1986-1988) by about 21 percent. The fourth 
noteworthy feature in Figure 5a is the comparatively low growth layer 
value for 1985. This setback is caused most l i k e l y by the drought-like 
conditions recorded for that year on east coast Vancouver Island 
(Robertson et a l . , 1988; Spittlehouse and Black, 1981). The quick 
recovery in 1986 is also interesting to note: the C trees produced about 
60 percent more wood In 1986 than in 1985 (7.8 kg compared with 5 kg); the 
pruned trees did even better, by growing 73 percent more wood in 1986 than 
in 1985 (9.7 kg compared with 5.6 kg). Such fluctuations between two 
consecutive years have not been published often, although Jozsa and 
Powell, (1987) noted 60 percent shifts i n 120-year old white spruce. 
Figure 6 shows a l l 20 trees for the control and pruned treatments. 

Figure 5b shows that a typical 21-year control tree stem weighed about 67 
kg, while a pruned tree stem weighed about 77 kg. A steadily increasing 
divergence is also evident in this i l l u s t r a t i o n . On the average the 
pruned tree stems weighed about 14 percent more than the controls in the 
last six years of growth (1983-1988). In the six years before treatment 
the pruned trees weighed 6 percent more than the control trees. Part of 
the reason for this difference could be attributed to the thinning 
operation which must have removed most of the smallest trees from the 
stand. For example, trees like controls No. 2 and 4 (Figure 1) which 
were about 25 percent shorter than the smallest pruned trees (No. 7 and 

As a f i n a l means of evaluating the Courtenay trees, the percentage change 
in ring width, ring density, and ring weight in the wood formed during the 
six years after pruning was compared with the previous six years. The 
result of this comparison is shown in Table 6. 

4.5 PARKSVILLE EXPLORATORY TREES 

Due to the small density gains in the Courtenay pruned trees, which were 
not in agreement with Di Lucca's (1984) results, the more drastically 
pruned Parksvllle trees were processed and analyzed. 

The average height of three pruned trees at the Parksvllle location was 
6.69 m at the time of pruning, after the 1986 growing season. On the 
average these trees were pruned to 4.17 m height above ground, by leaving 
38 percent of the l i v e crown (in comparison, the Courtenay trees were 
pruned to retain 60 percent of their l i v e crown). Figure 7 shews the 
silhouette of a typical pruned tree two years after pruning. Also shown 
are internodal distances, stem taper and heartwood/sapwood content In 
1988, two years after pruning. Figure 7 also shows the appear€mce of the 
stand with 500 stems per hectare. 



Percentage Increase In ring width, ring density, and ring weight In 
wood formed during the six years after s i l v i c u l t u r a i treataent 

compared with previous six years (Courtenay trees) 

Variable Sampling Control Thinned and 
Height Pruned 

Ring width 4.5 m (BLC) -10 -12 

2.9 m (mid pt.) - -14 

1.3 m (BH) -14 -8 

0.1 m (Stump) -2 +6 

Ring density 4.5 m (BLC) +6 +6 

2.9 m (mid pt.) - +8 

1.3 m (BH) +3 +8 

0.1 m (Stump) +3 +5 

Ring Weight 4.5 m (BLC) +57 +100 

2.9 m (mid pt.) • - +26 

1.3 m (BH) +48 +59 

0.1 m (Stump) +62 +75 
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Figure 6. Growth layer weight records for 20 control 
and 20 prvmed trees at Courtenay 





It Is Interesting to note how the appearance of these "drastically" 
pruned trees has "mellowed" in just two years. The proportion of l i v e 
crown length i s 48 percent at the end of the 1988 growing season. The 
major advantages of this early treatment are l i k e l y to be the quick 
healing of the pruning scars, lack of swollen tissue and distorted 
grain at the pruned internodes, and the small diameter of the knotty 
corewood (about 8.4 cm at BH). 

The stem profiles of the pruned and control trees show heartwood 
distribution. Although these trees were of identicea age (about 12 
years at BH) the more vigorous pruned trees had proportionally more 
heartwood. Interestingly, the stem portions with the l i v e crown, in 
both control and pruned trees, had essentially 100 percent sapwood. 
Because the base of the l i v e crown was at ground level for the control 
trees, their stems were almost entirely sapwood (Figure 7). This 
difference between the study trees in heartwood/sapwood composition is 
just another sign of advanced maturity in the pruned stems (higher 
relative density was the other). 

The control trees were unsatisfactory for an equitable comparison. 
Due to overcrowding, less f e r t i l e s o i l and other conditions, the 
control trees were only 5.8 m t a l l in 1988 (compared with 8.17 m t a l l 
pruned trees). Therefore, ring width, ring density, and ring weight 
comparisons are based on two years before (1985 - 1986) and two years 
after treatment (1987 - 1988). Table 7 shows average width, density, 
and weight dimensions for these before and after pruning intervals for 
control and pruned trees. Also shown are the percentage Increases (+) 
or decreases (-) i n the two-year period after pruning compared with the 
previous two years. Ring width and ring density trend lines are shown 
In Figures 8 and 9. 

The dramatic drop in ring width of the pruned trees indicates that 
leaving only 38 percent of the l i v e crown did reduce their 
photosynthetlc capacity. Buried i n this reduction i s a certain amount 
of climate-related trend as well. For example, the ring-width trend 
line of the control trees shows that the 1987 ring year was 
comparatively a narrcw one, even narrower than the 1985 ring year. In 
Table 7 i t can be seen that the control trees registered a 9 percent 
reduction in ring width at BH in the "after" period. At stump height a 
16 percent reduction was calculated. What does this mean for the 
pruned trees? Simply, that i f trees were not pruned there would s t i l l 
have been a marked reduction in ring width for the last two years. 
With the help of the control trend we estimated about a 15 - 20 percent 
drop for the last two years' ring width with no pruning (1987 - 1988). 
Therefore, the 52 and 51 percent decrease for BH and stump height 
samples is only about 30 - 35 percent net. The same logic can be 
applied, for example, to the BH ring density values (especially since 
the before treatment values are almost identical for control and 
pruned). The control trees showed a modest 3 percent Increase in ring 
density at BH (frc»n 0.37 to 0.38). Therefore, the pruned trees would 
show not 22 percent but about 19 percent Increase in density In net 
terms, attributable to pruning and thinning. 



Average ring width, ring density, and ring weight values for two 
years before and two years after pruning (Parksville trees) 

Sampling Control Pruned Control Pruned 
Variable Height 1985-86 87-88 1985-86 87-88 % % 

(m) 

Ring width 4.17 (BLC) — — 6.1 4.8 +3 -21 

(mm) 2.75 (mid pt.) 3.6 3.7 6.0 3.9 - -35 

1.30 (BH) 3.4 3.1 5.6 2.7 -9 -52 

0.10 (Stump) 3.1 2.6 7.4 3.6 -16 -51 

Ring density 4.17 (BLC) - — 0.365 0.415 _ +14 

(g/cm3) 2.75 (mid pt.) 0.380 0.390 0.350 0.430 +3 +23 

1.30 (BH) 0.370 0.380 0.365 0.445 +3 +22 

0.10 (Stump) 0.380 0.425 0.400 0.475 +12 +19 

Ring weight 4.17 (BLC) - — 2.52 3.15 +25 

(g) 2.75 (mid pt.) 0.74 1.34 2.75 3.20 +81 +16 

1.30 (BH) 1.01 1.40 3.84 2.82 +39 -27 

0.10 (Stump) 1.52 1.80 9.12 6.24 +18 -32 
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Figure 8. Ring-width trend-lines by calendar years at different 

sampling heights for the Parksvllle trees. 
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Figure 9. Ring-density trend-lines by calendar years at different 

sampling heights for the Parksville trees. 



Future SEunpllng must include control trees that were equal to the 
pruned trees in size, at least at the time of treatment. In a perfect 
world there would be thinned but not pruned control trees for assessing 
just pruning effects. Also, i t would be interesting to examine these 
pruned trees not 2, but 10 - 15 years after treatment, for assessing 
long-term effects. A f u l l sample size of 20 trees would also enable us 
to do s t a t i s t i c a l comparisons. 

The prognosis for these 12-year old trees? Ring width values w i l l not 
be adversely affected by 1989 - 1990, and ring density values w i l l be 
higher, resembling mature wood in the bottom 3 m portion of the s t « B . 
In addition, these trees w i l l be prime candidates for a second entry 
and pruning, soon after the 1990 growing season. By then the l i v e 
crown length w i l l be about 60 percent of tree height. 

CXmCLDSIOHS 

Relative density decreased with Increasing height in the stem for 
rings of the same cambial age and Increased with ring (calendar-year) 
age from about the sixth ring from the pith. This pattern is commonly 
found in conifers and has been attributed to the age of the cambium 
from the pith and i t s distance from foliage in the crown (Larson, 
1969). The extent of low density juvenile wood formation in the crown 
region of the stem depends on the carbohydrate and hormone supply to 
the growing region and therefore on the vigor and environment of the 
crown. Therefore, juvenile wood is produced in the crown irrespective 
of the age of the tree, and pruning i s a means of a r t i f i c i a l l y 
accelerating crown recession. With lessened influence from the l i v e 
crown, the stem portion that has been live-branch pruned has suddenly 
become the newest part of the lower stem. This is how pruning can 
accelerate the transition from low relative density juvenile wood to 
higher relative density outer-type (mature) wood in the region below 
the point of pruning. Of course, the timing and severity of pruning, 
and elapsed time from treatment to f i n a l harvest w i l l have a bearing on 
the benefits realized. 

At Courtenay, pruning 15-year old trees to 4.47 m stem height resulted 
in reducing the crown length to about 61 percent of total tree height 
(11.36 m). Six growing seasons later the average pruned tree had about 
73 percent l i v e crown. For the 10.46 m t a l l control trees the base of 
the l i v e crown extended a l l the way to the ground before the 1983 
growing season. Six growing seasons later, in 1988, the average 
control tree's base of the l i v e crown recessed up to about 1.6 m above 
ground, resulting in about 90 percent live crown. The Courtenay pruned 
trees grew faster than controls because thinning to 500 stems per 
hectare reduced competition. Pruning improved stem taper below the 
base of the l i v e crown. It also increased bark thickness and heartwood 
content. 



There were no significant differences between control and study trees 
at Courtenay in radial growth and relative density, but significant 
differences were observed in height growth (at least at the 5 percent 
le v e l ) . Although the pruned trees weighed about six percent more than 
the control trees at the time of treatment (in 1983), six years after 
treatment the average pruned tree weighed about 14 percent more than 
the control. A steadily increasing divergence was also observed in the 
growth layer trend lines. This means that the pruned trees w i l l out-
perform the control trees even more with the passage of time. 

The eight-year old Parksvllle trees, pruned to 38 percent l i v e crown 
on the basis of total tree height, showed about 30 - 35 percent 
reduction in ring width, and about 19 percent Increase in relative 
density at breast height. 

More work should be done on the impact and the duration of pruning 
effects on relative density, preferably on very dynamic trees from 
high site index locations. The timing and intensity of treatment 
should be examined for determining the effectiveness of pruning in 
meeting management objectives. Reducing the time of juvenility 
through wood density enhancement in the high-value bottom logs should 
be followed up at the Parksvllle location by full-scale sampling and 
analysis. 
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