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Abstract

Trees are complex living organisms that are continuously laying down new cells with a structure appropriate for survival 
(including mechanical reliability) in their current environment. Trees need to adapt to new environmental conditions 
following silviculture operations and one adaptive response is alteration of their wood properties. This study examines how 
wood density and microfibril angle in individual radiata pine (Pinus radiata D.Don) trees changed in response to seven 
different pruning and thinning regimes.

Pith-to-bark wood samples were taken from just above stump height (approx. 0.3 m above the base of the tree) in 28-year-
old trees that were part of a silvicultural experiment. Ring-average values of wood density and microfibril angle were 
obtained using SilviScan-3.

A comparison of these radial profiles indicated that severe pruning, together with moderate to heavy thinning resulted in 
an increase in microfibril angle around the time of thinning which interrupted the commonly observed downward trend in 
microfibril angle with increasing ring number from the pith. Most trees showed an increase in ring-average wood density 
in the year following the final thinning, however this may be related to environmental conditions rather than thinning as the 
increase also occurred in the untreated control.

Near the end of the rotation, average microfibril angle and average wood density for rings 21 to 26 were not influenced by 
the historic silvicultural treatments.

These results support our understanding that the developmental history of a tree must be taken into account when 
estimating the overall wood structure and properties and that tree DBH alone is insufficient.
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Introduction

Trees are complex living organisms. Larson (1962, 
1969) considered a tree to be an integrated system 
where both growth and wood properties depend 
on the photosynthetic capacity of its crown. The 
photosynthetic capacity is controlled by genetics 
and prevailing environmental conditions (Larson, 
1962; Megraw, 1985). In addition, trees need to be 

mechanically reliable, and adjust their mechanical 
properties through the addition and structure of new 
cells (Wilson & Archer, 1979). 

Both tree flexure (when the tree moves in response 
to wind and returns to a vertical position), and lean 
correction (which occurs when a stem has been 
“permanently” displaced from the vertical) contribute 
to varying cell structures. In particular, microfibril angle 
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has been observed to increase in tracheids formed 
under the influence of flexure (Telewski, 1989). As 
microfibril angle increases, wood becomes more 
flexible and the risk of breakage is lowered (Quine & 
Gardiner, 2007; Lachenbruch et al., 2011). Asner and 
Goldstein (1997) showed that tree species with more 
flexible stems (quoted as lower modulus of elasticity) 
were able to shed wind loads and thus reduce stem 
breakage. In contrast, Cameron and Dunham (1999) 
found that the modulus of elasticity was lower in 
snapped stems compared to undamaged stems of a 
similar size for both Scots pine (Pinus sylvestris, L.) 
and Sitka spruce (Picea sitchensis (Bong) Carrière). 
In their study, wood property information was obtained 
from defect-free outerwood specimens between  
0.8 and 1.3 m above ground level, rather than close 
to the point of stem breakage, where it is likely that 
the defect-free wood properties were different. 
Additionally, failure may have been initiated by some 
“strength-limiting defect” such as a branch cluster, 
which increases the probability of breakage (Quine & 
Gardiner, 2007).

In New Zealand, heavy thinning and live-branch 
pruning of radiata pine (Pinus radiata D.Don) were 
recommended in the 1980s to produce high quality 
sawlogs in a financially efficient manner (James, 
1990). Silvicultural operations alter the tree’s local 
environment in various ways, including reducing the 
opportunity for wind damping by crown-to-crown 
contact. One would, therefore, expect to observe 
altered wood properties following silviculture as 
the tree develops new cells to make it mechanically 
reliable in its new environment. However, adaptation 
lags rapid changes in environmental conditions. 
Consequently, there is a temporary increase in the 
risk of stem breakage and windthrow (Gardiner et al., 
2000), which is particularly high in the first two years 
after thinning (Ainsworth, 1989). 

As well as altered cell properties, there may be changes 
in the allocation patterns to roots. Santantonio and 
Santantonio (1987) found that fine-roots accounted 
for 4.6% and 6.1% of total dry matter production in 
control (closed-canopy) and heavily thinned stands of 
radiata pine, respectively. Lopez et al. (2003) found an 
increase in fine root production in thinned compared to 
control plots of holm oak, Quercus ilex L. There was a 
change in allocation favouring coarse roots over stems 
following tree removal in white spruce (Picea glauca 
(Moench) Voss) stands (Urban et al., 1994). 

Within even-aged radiata pine stands, there is likely 
to be considerable variation in the local numbers of 
stems per hectare. So potentially, at the end of the 
rotation, one could find trees of the same DBH (diameter 
at breast height) in areas with different local numbers 

of stems per hectare. An important question is whether 
such trees have similar wood properties, i.e. are final 
tree dimensions (in this case tree DBH) sufficient for 
predicting wood properties, or is it necessary to know 
the developmental history for each tree?

To address this question, two wood properties (ring-
average microfibril angle and ring-average density) 
were examined for trees selected from a 2.5-ha trial 
area that was scheduled for clearfelling. The trial area 
contained seven Permanent Sample Plots (plots) that 
had received different thinning and pruning treatments. 
These plots were from the high site-quality area within 
a uniform precision, second-order fully rotatable 
response design in three dimensions (Myers, 1971), 
that investigated the effects of thinning and pruning on 
the growth of radiata pine over a range of site qualities 
in Hawkes Bay, New Zealand (Goulding & Inglis, 1990). 
In the following text, “plot” is equivalent to “treatment”.

Methods

The trial area was located within Mohaka Forest 
(Latitude: 39.1°S, Longitude: 177.0°E) at approximately 
240 m above sea level. The mean annual windspeed, 
estimated from Easting, Northing and elevation1, 
was 8.9 km hr−1. For the individual plots, the slope 
varied between 3 and 6 degrees and the aspect was 
recorded as either East or South East. The stand was 
planted in 1982, at a stocking of 1543 stems ha−1, and 
the trial was installed when the trees were three years 
old. Each of the seven plots, which received different 
thinning (Table 1) and pruning (Table 2) treatments, 
was routinely re-measured until the trees were  
26 years old. 

Trees were selected for this study based on their DBH. 
The DBH measurements taken when the trees were 
26 years old were ranked in ascending order and the 
list was examined to find pairs of trees where the DBH 
difference was 0.5 cm or less. Fifty trees were selected 
from the 108 trees available. This provided at least one 
pair of trees from all but one combination of silvicultural 
treatments. A minimum of five and a maximum of nine 
trees were sampled in each plot. The mean DBH for 
the sample trees was close to the mean DBH for the 
plot (Table 3), and the range of DBH sampled was 
comparable to the range within the plot. 

The area containing the trial was clearfelled in 2009 
at the beginning of the twenty-eighth growing season. 
For those trees selected for further study, a disc 
(approx. 5 cm thick) was cut from the lower end of the 
butt log at the time of felling. These discs were located 
approximately 0.3 m above the base of the tree. This 
position, rather than breast height, was chosen to 

1 Leathwick, J. R., Wilson, G., & Stephens, R. T. T. (2002). Climate Surfaces for New Zealand. Unpublished Landcare Research 
Contract Report LC9798/126.
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minimise the loss of value to the forest owner and to 
obtain a longer sequence of growth rings. The discs 
were transported to Scion where they were imaged to 
provide a permanent record. 

Four 20-mm wide pith-to-bark strips were marked 
on the disc surface and then cut from the disc to 
provide samples for processing through SilviScan-3. 
The original intention was to cut a bark-to-bark strip 
through the direction of maximum compression wood 
and two pith-to-bark strips at right angles, which would 
enable the within-disc variability in wood properties to 
be measured. Due to fluting, the presence of branches 
and other damage to some of the discs, the locations 
of the four pith-to-bark strips were modified slightly to 
provide “clean” samples that were free of defects. The 
four strips tapered to a point at the pith. They were 
cut down to 20 mm in the longitudinal direction, and 
soaked in ethanol for one week. The ethanol was then 
changed and the samples soaked for a further week 
before air-drying. This procedure reduced the chance 
of checking and prevented fungal growth. One strip per 
tree was selected for processing through SilviScan. 
It was selected to be at right angles to, or opposite 

any obvious compression wood zone. Additionally, 
preference was given to strips where the innermost 
ring was clearly visible. For some trees, a second 
sample was also processed to ensure that there were 
no major differences between directions sampled in 
terms of wood property patterns. The strips were then 
sent to CSIRO, Clayton, Australia, where they were 
cut down to 2 mm × 7 mm (tangential × longitudinal 
dimensions) and processed through SilviScan-3 to 
give conditioned density (~ 7% moisture) at 0.025 mm 
intervals and microfibril angle averaged over 5-mm 
intervals. The raw SilviScan traces for density and 
microfibril angle for one sample are shown in Figure 1.

Growth ring boundaries were assigned by examining 
the density profile for each sample. Boundaries were 
assigned where density decreased rapidly from 
latewood to earlywood using the G2Ring software 
(Pont et al., 2007). Boundaries were confirmed visually 
using an image of the sample. The tree age when each 
growth ring was formed was determined by visually 
matching ring width on the SilviScan samples to ring 
widths obtained from the time sequence of field DBH 
measurements. This was essential as 28 growth rings 

Plot Stems ha-1 
at 3.05 
years

Age 
(years) 
at first 
thin

Stems ha -1 

remaining 
after first 
thin

Reduction 
from stems 
ha -1 at 3.05 
years (%)

Age 
(years)  
at second 
thin

Stems ha-1 
remaining 
after second 
thin

Reduction 
from stems 
ha-1 at 3.05 
years (%)

Stems ha-1  
at 26 years

Reduction 
from stems 
ha-1 at 3.05 
years (%)

1 1259 3.95 598 53 6.05 131 90 131 90
2 1246 3.75 598 52 5.65 137 89 112 91
3 1037 3.40 602 42 6.05 351 66 201 81
4 1221 3.75 602 51 5.15 368 70 268 78
5 1259 3.75 598 53 5.15 131 90   81 94
6 1171 3.95 602 49 5.65 184 84 151 87
7   898   -   -   0   -   -   0 474 47

TABLE 1: Thinning treatments applied.

Plot Length of crown 
remaining after 
each pruning (m)

Age  
(years) at 
first  
prune

Mean 
prune 
height (m) 
after first 
prune

Age  
(years) at 
second 
prune

Mean prune 
height (m) 
after second 
prune

Age  
(years) at 
third  
prune

Final mean 
prune  
height (m) 
after all lifts

Mean pruned 
height (m) at 
age 6 years 
(prior to final 
thinning)

1     2.5 3.95  1.7 4.40   3.5 5.65   5.4   5.4
2     7.0 5.00  2.1 6.05   4.3 7.25   6.4   2.1
3     2.5 3.40  1.8 4.25   3.4 5.65   5.2   5.2
4     7.0 5.00  1.9 5.65   4.4 6.55   6.2   1.9
5 Not pruned   -    -   -     -   -    -    -
6 Not specified 5.05  4.5   -     -   -   4.5   4.5
7 Not pruned   -    -   -     -   -    -    -

TABLE 2: Pruning treatments applied.
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were not visible on some discs. For example: tree 6 in 
plot 1 (Figure 2), increased only 1.2 cm in DBH between 
16 and 26 years, and depending on the direction, no 
more than 14 or 19 growth rings could be distinguished 
on the SilviScan density traces for this tree. Ring-
average microfibril angle (MFA) and ring-average 
density were calculated for each identified growth ring. 
The ring-average values of MFA are unreliable when 
the ring width approaches the sampling interval of 5 
mm. The incomplete growth rings at the beginning and 
end of each strip were excluded from the following 
analysis. 

The silvicultural operations occurred over a number 
of years (Tables 1 and 2). Values of ring-average 
MFA and ring-average density prior to any silviculture 

treatment were not available for all samples so it was 
not feasible to account for pre-treatment differences 
between trees. As the final thinning operation was at 
approximately 6 years for all plots (Table 1), relative 
MFA and relative density were calculated by dividing 
the ring-average value at a given age by the ring-
average value of the growth ring at age 6-years. Graphs 
of relative MFA, and relative density versus tree age 
were visually examined to determine trends both at a 
plot level and for individual pairs. Differences between 
treatments were observed following the final thinning, 
but the differences diminished with time. Based on 
these visual trends, metrics that would quantify the 
observed differences in the first few years after final 
thinning were developed. The selected metrics were:

FIGURE 1: Radial profiles of wood density (0.025 mm intervals; grey line) and MFA averaged over 5.0 mm intervals (black line) for one 
sample. Note this sample shows an increase in ring width, decrease in density range and increase in MFA lasting for several years 
after the second thinning treatment. Position of the second thinning is marked with a dashed line.

Plot Number of 
trees in plot

Mean DBH 
(cm)

DBH range 
(cm)

Number of 
trees sampled

Mean DBH 
(cm)

DBH range 
(cm)

1 21 69.8 46.5  –   97.0 8 72.1 46.5-97.0
2 18 74.7 46.9  –   92.1 6 67.4 46.9-82.4
3 12 53.7 37.2  –   72.7 5 56.1 38.7-63.0
4 16 57.1 34.2  –   82.6 8 59.1 39.3-82.6
5 13 82.3 55.9  – 106.2 7 78.5 55.9-97.5
6   9 67.0 35.3  –   82.9 7 71.8 60.0-82.9
7 19 44.2 26.2  –   68.3 9 44.7 26.2-68.3

TABLE 3. Number and DBH of trees in plots and samples. 
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     Ring-average density at age 7 years –  
      ring-average density at age 6 years (D7-6)        [1]

and

     Ring-average MFA at age 10 years –  
      ring-average MFA at age 7 years (MFA10-7)     [2]

The influence of tree DBH at age 26 years and 
treatment on the above two variables was examined 
using the SAS procedure PROC GLM with DBH as a 
continuous variable and treatment as a class variable. 
If either variable was not significant, it was excluded 
and the analysis repeated. 

The same procedure was used to determine whether:

•	 Ring-average MFA and ring-average density at 
age 6 years had been influenced by silviculture 
prior to the final thinning. 

•	 Ring-average MFA at age 10 years was influenced 
by silvicultural treatment.

•	 End-of-rotation values (MFA and density for rings 
21 to 26 years) were influenced by the silviculture 
treatments. This time interval was chosen to 
ensure the sample length considered was greater 
than 5 mm.

For five of the 50 trees sampled (four from plot 7 
and one from plot 4), ring width at either 7 years or  
10 years was less than 5 mm. The relevant analyses 
were carried out excluding these trees.

Results

Figure 1 shows the raw SilviScan traces for one 
sample, and illustrates the increase in MFA that was 
observed after thinning. Where there was an increase 
in MFA, some of the samples, such as this one, 
showed a decrease in the maximum density within 
the ring. This change in density is not obvious at the 
ring level in the graphs (Figure 3) which show relative 
density (ring average density/ring average density at 
age 6 years) and relative MFA (ring-average MFA/ring-
average MFA at age 6 years) versus tree age when 
the ring was formed for each individual tree. Thinning 
treatments occurred between 4 and 6 years, and the 
vertical lines on the graphs highlight this period in the 
tree’s life. 

Wood Density 

The long-term trend was for relative density to increase 
with increasing tree age (Figure 3). An obvious feature 
was the increase in relative density from age 6 to 7 
years for most trees. The response was particularly 
obvious for individual trees in plots 1, 3 and 5. These 
plots had been thinned heavily to approximately 
130 stems ha-1. Based on these trends, the change 
in ring-average density between age 6 and 7 years 
was selected to quantify the response after the final 
thinning. 

Ring-average density at age 7 years - ring-average 
density at age 6 years (D7-6) was generally positive 
for individual trees from separate plots (Figure 4). 
Also, there was no obvious relationship between D7-6 
and tree DBH at age 26 years for individual trees from 

FIGURE 2: Graph illustrating differences in ring-width data obtained for tree 6 in plot 1. The two dashed lines ( ----- and ……) show widths 
determined from two SilviScan strips. The solid line was obtained from field data.
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FIGURE 3: Graphs showing relative density and relative MFA of each individual SilviScan sample by plot. Each coloured line represents 
data from one sample strip. The vertical lines at ages 4 and 6 years represent the times of thinning. 

Plot 1 Plot 1

Plot 2 Plot 2

Plot 3 Plot 3

Plot 4 Plot 4

Plot 5 Plot 5

Plot 6 Plot 6

Plot 7 Plot 7
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separate plots (Figure 4). This lack of a relationship 
was confirmed by the SAS procedure PROC GLM. 
There were a few negative values, in particular from 
trees located in plot 4. These were trees with a high 
density at age 6 years. 

The SAS procedure PROC GLM indicated that ring-
average density at age 6 years (immediately prior to 
final thinning) was not influenced by either plot or DBH 
at age 26 years (data not shown). 

The average density for rings 21 to 26 in individual 
trees was not influenced by plot; however there was 
a slight negative trend with tree DBH at age 26 years 
(Figure 5). This may not be of practical importance as 
it was the result of data from two trees with low DBH 
and high density and two trees with high DBH and low 
density. The trend was not significant if these points 
were excluded.
 

FIGURE 4: Change in ring-average wood density between age 6 and 7 years versus DBH at age 26 years for individual trees in separate 
plots.

FIGURE 5: Relationship between ring-average wood density for rings 21 to 26 years and DBH at age 26 years for individual trees in 
separate plots.
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Microfibril angle

Relative MFA generally decreased with increasing tree 
age (Figure 3). In plot 1 and to a lesser extent in plot 3, 
relative MFA of individual trees generally decreased at 
age 7 years and then increased to a maximum around 
age 10 years before starting to decrease again. Based 
on these observed trends, the change in ring-average 
MFA between 7 and 10 years was selected to quantify 
the response after the final thinning. Plots 1 and 3 
had the most severe pruning treatment with 2.5 m of 
crown remaining after each lift. Also all pruning lifts 
had been completed by the time of the second thinning 
(Table 2), which was more severe in plot 1 (131 stems 
ha-1 remaining) compared to plot 3 (351 stems ha-1 
remaining). In contrast, there was no obvious increase 
in relative MFA of individual trees in plots 2 and 4 where 
7 m of crown was left after each pruning lift. Due to 
the longer length of crown remaining, the timing of the 
pruning lifts was later and only one lift had occurred 
prior to the second thinning (Table 2), There was no 
obvious increase in relative MFA of individual trees 
in response to silvicultural treatment in plot 5, which 
was heavily thinned (131 stems ha-1 remaining) but not 
pruned.
 
Ring-average MFA at age 10 years – ring-average 
MFA at age 7 years (MFA10-7) for individual trees was 
generally negative except for plot 1, where there was 
an increase in MFA following silviculture treatment 
(Figure 6). The SAS procedure PROC GLM indicated 
that there were significant differences between plots 
(p < 0.0001) but no significant relation with tree DBH 
at age 26 years. The plot mean value of MFA10-7 
was +4.7 degrees in plot 1, +0.1 degrees in plot 3 and 
negative for all the other plots (Table 4). 

At age 6 years (Figure 7a) and age 10 years (Figure 
7b), the SAS procedure PROC GLM indicated that 
there was no significant relationship between ring-
average MFA and tree DBH at age 26 years. However 
there were significant differences in ring-average MFA 
between plots at both ages (p < 0.0001 and 0.0012, 
respectively). In contrast to plot mean MFA10-7 
values, plot mean ring-average MFA at age 6 years 
(before the plots where thinned to varying numbers of 
stems per hectare were lowest for plots 1 and 3 which 
had received the heaviest pruning, and highest for the 
unpruned plots (Table 5). At age 10 years, plot mean 
values of ring-average MFA were higher in plots 1, 3, 5 
and 6 that had received the heavier thinning (Table 6).

By the end of the rotation, there were no significant 
differences in age 21-26 year individual tree values 
of ring-average MFA between plots and no significant 
relation with tree DBH at age 26 years (Figure 8).

FIGURE 6: Change in ring-average microfibril angle between age 7 and 10 years versus DBH at age 26 years for individual trees in 
separate plots.

Plot Mean MFA10-7 
(degrees) 1

Grouping using 
Duncan test

1 +4.7 A
3 +0.1   B
6  -1.7   BC
4  -3.1   BCD
5  -5.2      CD
2  -5.8        D
7  -9.9          E

TABLE 4: Plot mean values of MFA10-7. 

1 Values listed in descending order.
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Discussion

The objective of this study was to determine whether 
tree DBH measured prior to harvest would be sufficient 
information for predicting tree wood properties, 
or whether knowledge of the tree’s history (e.g. 
silviculture, local numbers of stems per hectare, and/
or local environment) is also important. 

This issue was addressed by selecting trees of equal 
DBH from small plots, within a 2.5 ha area, which had 
received different silvicultural treatments. The method 
of selection provided a good representation of trees 
from each silvicultural treatment with the mean DBH 
of the selected trees being close to the plot mean. 
However there was no advantage of selecting the 
trees in pairs when it came to analysing the influence 
of tree DBH and treatment on selected wood property 

metrics, and an analysis based on the selected pairs 
was abandoned in favour of the analysis presented 
here. 

Wood Density

The tendency for density to be low near the pith 
and increase with ring number towards the bark is 
well known (e.g. Megraw, 1985). This trend may be 
explained in terms of the increasing distance from 
the tree crown, as Larson (1969) indicates that 
formation of low-density early wood is favoured by 
proximity to foliage. Conifer wood density may be 
unchanged, increase or decrease following thinning 
(e.g. references cited by Zobel & van Buijtenen, 1989; 
Morling, 2002; Peltola et al., 2007). For radiata pine 
in New Zealand, either no change (Sutton & Harris, 
1974) or a decrease (Cown, 1974) in density have 

FIGURE 7: Relationship between ring-average microfibril angle at two different ages and DBH at age 26 years for individual trees in 
separate plots; (a) microfibril angle at age 6 years; and (b) microfibril angle at age 10 years.

(a)

(b)



Grace & Evans: New Zealand Journal of Forestry Science 42 (2012) 117-129126

© 2012 New Zealand Forest Research Institute Limited, trading as Scion                                                                                                    ISSN 0048-0134 (print)
                ISSN 1179-5395 (on-line)

been observed. Changes in moisture availability at 
different times during the growing season promoting 
either earlywood or latewood have been suggested as 
a reason for the variation (Megraw, 1985; Cregg et al., 
1988; Barbour et al., 1994). 
 
The influence of pruning on radiata pine wood density 
was examined by Cown (1973) for three or four 
years after removal of 54% or 76% of the live crown 
respectively. In each case, there were two treatments 
– no thinning or poison thinning, which would have 
resulted in a slow change in growing space. Compared 
to the unthinned and unpruned control, density 
increased in the first or second year after treatment. In 
a Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) 
pruning experiment, Gartner et al., 2005) found that 
when the very lowest live branches were removed 
there was no effect on wood density but when the 
pruning removed higher live branches there was a 
small, short-lived increase in density. 

In this current study, trees were both thinned and 
pruned. Most trees showed an increase in ring-
average density between age 6 and 7 years, just after 
the final thinning, including the untreated control, and 
there was no clear differentiation between the different 
silvicultural treatments (Figure 4). As most trees 
responded similarly, it suggests that the response 
may be due to environmental conditions rather than 
the silvicultural treatment. Near the end of the rotation, 
average density for rings 21-26 decreased slightly 
with increasing tree DBH, but there were no additional 
effects of silvicultural treatment. 
 
Microfibril angle

The tendency for ring-average MFA to be high near 
the pith and decease with ring number from the pith 
is well known (e.g. Megraw, 1985). The results from 
this study indicate that silvicultural treatment has a 
large and complex impact on MFA. At age 6 years 

Plot Mean MFA 6 years 
(degrees) 1

Grouping using 
Duncan test

5 37.2 A
7 36.8 A
6 33.8 AB
2 33.8 AB
4 32.9 AB
3 29.3   BC
1 25.4     C

TABLE 5: Plot mean values of MFA at age 6 years. 

1 Values listed in descending order. 1 Values listed in descending order.

Plot Mean MFA 10 years 
(degrees) 1

Grouping using 
Duncan test

TABLE 6: Plot mean values of MFA at age 10 years. 

6 30.7 A
5 30.1 AB
1 28.3 ABC
3 26.5 ABC
2 26.1   BCD
4 25.2      CD
7 22.0        D

FIGURE 8: Relationship between ring-average microfibril angle for rings 21 to 26 years and DBH at age 26 years for individual trees in 
separate plots.
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(prior to the final thinning), all plots had the same 
nominal number of stems per hectare but had received 
different pruning treatments. At this point, mean ring-
average MFA was highest in the unpruned plots (plots 
5 and 7), and lowest in the plots that were severely 
pruned (plots 1 and 3), Table 5. After the final thinning, 
a downward trend in ring-average microfibril angle was 
observed for most of the individual trees. However, this 
trend was interrupted in the two plots that had received 
the severe pruning treatment. Between ages 7 and 10, 
plot mean ring-average MFA increased on average by  
4.7 degrees in plot 1 (thinned to 131 stems ha-1) and  
0.1 degrees in plot 3 (thinned to 351 stems ha-1),  
Table 4. 

It is speculated that the high centre of gravity for  
plot-1 trees after pruning together with the large 
increase in growing space after thinning caused the 
substantial increase in plot mean MFA between age 
7 and 10 years. Trees in plots 2 and 5 were also 
thinned to the same final number of stems per hectare 
(approximately 130 stems ha-1) as those in plot 1 but 
plot-2 trees received a pruning treatment that kept the 
centre of gravity of the crowns lower, while plot-5 trees 
were not pruned at all, Table 2. Mean MFA values for 
these latter two plots decreased considerably from age 
7 to 10 years, Table 4. 

Similarly, plot mean MFA from age 7 to 10 years 
increased slightly for trees in plot 3 but not those in 
plot 4, Table 4. Plot 3 was pruned more severely than 
plot 4, however both plots were thinned less severely 
(to approximately 350 stems ha-1) than plots 1, 2 and 5.

An increase in MFA following thinning in pruned stands 
has been previously noted (Grace, unpublished data). 
These unpublished data indicated that the increase 
in MFA following thinning was larger with increasing 
severity of the thinning. 

Are these changes in MFA the result of increased tree 
movement following pruning and thinning? Moore and 
Maguire (2005) showed that removing up to 80% of 
the green crown mass or up to 50% of the green crown 
length had little effect on damping ratio or natural 
frequency in Douglas-fir. This suggests an immediate 
change in MFA is unlikely to occur as a result of 
pruning. Moore (pers. comm.) considered that changes 
in applied wind loads as a result of the thinning and 
pruning would be small. On the other hand, this study 
showed an increase in microfibril angle which was 
sometimes accompanied by a decrease in maximum 
latewood after heavy thinning and pruning. Both 
increased microfibril angle and decreased latewood 
density were observed in flexure wood by Telewski 
(1989) so it is possible that the observed trends are a 
result of increased flexure. The increase in microfibril 
angle is temporary. Close to the time of harvest, 
when the forest has a closed canopy, there were no 
significant differences in average microfibril angle for 
rings 21-26 with DBH or with silvicultural treatment. 

Further research, so far without success, is underway 
to determine whether these individual-tree trends 
in microfibril angle can be predicted from tree and 
stand variables, in particular tree spacing and crown 
dimensions. It is possible that a more detailed 
approach is required.

Summary

The objective of the study was to determine the 
usefulness of final tree dimensions (tree DBH in this 
case) in predicting wood properties. Once tree DBH 
had been accounted for, density variables studied were 
not influenced by silvicultural treatment. However, 
final DBH was not sufficient to predict MFA variables 
around the time of, and in years immediately following, 
final thinning. 
 
This study shows that pruning has a significant 
impact on microfibril angle and that heavy pruning 
together with heavy thinning result in an increase in 
microfibril angle for several years after treatment. To 
our knowledge, such an interaction between thinning 
and pruning treatments has not previously been 
documented.
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