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Abstract 

The objectives of the research project is to examine the short term (5 years) response of commercial 
thinning on tree growth, wood characteristics and product quality and value in a white spruce plantation 
located in Northeastern Ontario. While mechanized commercial thinning just recently became a more 
prevalent silvicultural prescription in the softwood forests and plantations of Eastern Canada, little 
information is available on the effects of intensive silviculture on tree growth and concurrent changes in 
wood properties.  
 
In 1969, the study site was planted with 22 bareroot white spruce seedlings at a spacing of 66 feet. In 
2003, when the plantation was 34 years old, a mechanical commercial thinning was conducted in a 
portion of the stand, and permanent sampling plots were established in both the control area and the 
thinned area. The thinning trails were 18 m apart and 5-6 m wide, representing approximately 30% of tree 
removal. At the time of thinning, the stand density was 2700 trees per hectare, of which approximately 
60% were white spruce and the rest aspen, balsam fir and black spruce.  
 
Five years later in 2008, sample trees were collected from each tree DBH class in the thinned area besides 
the permanent plots. Trees representing the control area (no thinning) were sampled from the buffer area 
of the thinning to maintain the integrity of the control area. The buffer area was a 15-20-m-wide strip, and 
trees were sampled in the middle of the strip and sampling was avoided in places where the strip was 
narrow (<18 m). The middle of the buffer area should represent the growth condition of the control area. 
A total of 56 trees covering 10 – 22 cm DBH classes was sampled and bucked into 2.5-m (8-foot) long 
logs. Lumber conversion was carried out with a portable sawmill. After kiln drying and planing, each 
piece of lumber was visually graded and tested in static bending to determine its lumber stiffness (MOE) 
and strength (MOR). Based on the sample trees, the impact of commercial thinning was evaluated at both 
the DBH class and stand levels.  
 
White spruce responded moderately to commercial thinning 5 years after the treatment, in terms of 
individual tree growth. The average tree diameter increased from 13.1 cm in the control to 14.1 cm in the 
thinning, which represent about a 7% difference following the thinning. Merchantable stem volume per 
tree increased from 106.1 dm3 in the control to 125.1 dm3 in the thinned area, which is about 18% gain. 
No differences were observed in lumber volume, value and dimension recoveries between the control and 
thinned areas 5 years after commercial thinning.  
 
For the sample trees, the Select Structural lumber grade recovery was slightly higher for the thinned area 
(29.1%) than for the control area (25.4%). Similar trend was observed for the No.2 & Better grade 
recovery. At the stand level, the Select Structural grade recovery and the No.2 & Better grade recovery 
were comparable between the two treatments. No differences were found in lumber stiffness and strength 
between the control and thinned area. The lumber modulus of elasticity (MOE) was 7.38 GPa and 
6.92 GPa and the modulus of rupture (MOR) 35.8 MPa and 34.9 MPa in the control and thinned area, 
respectively.  
 
In conclusion, based on this study, commercial thinning showed moderately positive effect on individual 
tree growth, however, no considerable difference in wood properties, lumber recovery and lumber quality 
was found between the control and thinning treatment 5 years after the commercial thinning. The effects 
of commercial thinning on tree and wood characteristics, lumber recovery, lumber quality, and economic 
return should be examined over a longer period of time. 
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1 Objectives 

 Examine the impact of commercial thinning on tree growth, wood characteristics, and product 
quality and value in a white spruce plantation in Northeastern Ontario. 

 
 Define better-informed stand density management regimes. 

 
 

2 Introduction 

Stand density management such as thinning/spacing has become one of the most important silvicultural 
practices in eastern Canada due to environment pressures against clear cutting. Each year, hundreds of 
thousands of hectares of managed and natural stands across eastern Canada are planted or thinned. 
Intensive forest management treatment such as commercial thinning is used by forest managers to 
increase wood supply, forest products, and shorten harvest rotations through stand density regulation or 
management (OMNR 1998, Smith 1986). Mechanized commercial thinning has just recently become a 
more prevalent silvicultural prescription in the forests and plantations of Eastern Canada. While some 
studies have been undertaken to investigate the impact of stand density management on tree growth and 
stand yield, little information is available on its impact on product recovery and economics. 
 
Radial growth and associated wood attributes in a tree are largely influenced by the tree crown (Wang et 
al. 1998). Tree crown development is influenced by light conditions within the surrounding forest stand. 
Commercial thinning operations produce spatial changes in canopy light conditions, both from the 
extraction trails and the thinning itself, that have not previously been observed. Nicks (1991) has 
expressed concerns that commercial thinning might degrade wood quality by enlarging the juvenile core, 
increasing branch diameter, and decreasing stem straightness. Commercial thinning in black spruce is not 
recommended in Ontario (OMNR 1997) due to a lack of information (McKinnon et al. 2005); while 
several studies questioned the ability of natural origin jack pine stands to respond to commercial thinning 
at and beyond 40 years old (Benzie 1977, Smith 1986). A study by Duchesne and Swift (2008) showed 
that late commercial thinning at wide spacing in a natural jack pine stand had a positive effect on tree 
growth, lumber volume and grade recovery, but decreased mechanical properties by 11-12%. However, 
not much information on the impact of commercial thinning in white spruce is available. McGrath (2007) 
reported that white spruce showed intermediate levels of growth after commercial thinning. Pelletier and 
Pitt (2008) concluded that no overall gross total or gross merchantable volume gains or losses associated 
with commercial thinning was observed. 
 
The present study examines the impact of stand density management on major stem and wood 
characteristics, product recovery and financial return in plantation-grown white spruce. In addition, as 
part of this research project, information on the impact of stand density management in black spruce 
plantations has been published or submitted to scientific journals for review. These include impact of 
precommercial thinning (Tong et al. 2009, Tong et al. 2010b), early growth response of commercial 
thinning (Tong et al. 2010a), and wood quality from commercial thinnings (Reid et al. 2009).  
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3 Staff 

Tony Zhang, Research Scientist, Resource Assessment and Utilization 
Tessie Tong, Research Scientist, Resource Assessment and Utilization 
Francis Tanguay, Technologist, Resource Assessment and Utilization 
Ghislain Veilleux, Technologist, Lumber Manufacturing Technology 
Luc Bédard, Technologist, Lumber Manufacturing Technology 
Yves Giroux, Technologist, Lumber Manufacturing Technology 
Stéphanie Houde, Technologist, Wood Protection 
 
 

4 Materials and Methods 

4.1 Stand characteristics and commercial thinning experiment  

The study is based on the white spruce CT trials established in 2003 near Hearst, Ontario (Figure 1). The 
vegetation type was classified as V4, the soil type S10 for the control area and S12 for the thinned area. In 
1968, the site was prepared with D-7 class tractors pulling sharkfin barrels. In the following year, the site 
was planted at a spacing of 66 feet with 22 bareroot white spruce seedlings from Swastika Provincial 
Tree Nursery. Before the trials were established, aerial herbicide spraying might have taken place to 
remove competing vegetation. The stand was managed by Forest Coop as part of the Forest Co-op Boreal 
Forest Permanent Growth Plot Program, and Tembec has the custodianship of the stand (Figure 3). 
 
In 2003, when the stand was 34 years old, a mechanized commercial thinning was conducted in a portion 
of the stand (blue colored in Figure 2). It was a commercial thinning from below aimed at removing 
small, poorly formed trees and species other than white spruce in the treatment area. Approximately 30% 
of the trees were removed. The thinning trails were 5~6 m in width and approximately 18 m apart leaving 
residual trees 12 m in width (Figure 4 and Figure 5). Permanent sampling plots were established in the 
control area and thinned area, respectively, to monitor the impact of the commercial thinning on tree 
growth and stand yield in white spruce plantations.  
 
Before and after the thinning was conducted, the stand was measured for diameter at breast height (DBH) 
and total tree height. The stand density was 2650-2750 trees/ha in 2003 with approximately 1100 trees/ha 
<10 cm in DBH. About 40% of the trees in the plantation were trembling aspen, balsam fir and black 
spruce. The stand was re-measured in 2008. White spruce accounted for 85% of the trees in the thinned 
area in 2008 while species composition remained unchanged in the control area. 
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Figure 1 Geographic location of the white spruce commercial thinning experiment near Hearst, 
 Ontario.  
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Figure 2 Geographic image showing the location of the white spruce commercial thinning area near 

Hearst, Ontario. The two sampling areas are indicated in yellow and brown, respectively. 
The two dots are the permanent sampling plots. 
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Figure 3 White spruce thinning trial near Hearst, Ontario when the stand was 39 years old (2008) 
 

  
 
Figure 4 Control area of the white spruce plantation in 2008 when the stand was 39 years old. 
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Figure 5 Thinned area of the white spruce plantation 5 years after commercial thinning. In 2003, 

when the stand was 34 years old, the commercial thinning removed 30% of the trees 
(thinning trails were 5-6 m in width and residual strip 11-13 m in width) 

 
4.2 Selection of sample trees  

In fall 2008, four circular temporary plots of 400 m2 (11.28 m in radius) were established in the thinned 
area and 3 in the control area beside the permanent plots. In the temporary plots, each tree was measured 
for diameter at breast height (DBH). We recorded DBH for all living trees larger than 9.0 cm in DBH to 
obtain merchantable DBH class distribution for each temporary plot. For the thinned area, samples trees 
were selected from the temporary plots to avoid destructive sampling in the permanent sampling plots. 
For the control, sample trees were selected from the buffer portion of the thinned area (that had not been 
thinned). It was not possible to take samples from the control area because Tembec wanted to maintain 
the control area’s integrity. The buffer area has a strip shape and is 15-25 m wide along the road (Figure 
2), and all sample trees selected were located in the middle of the width and trees in the narrow width 
(<18 m) were not selected. The growing conditions for the trees in the middle of the buffer area should 
represent the growing condition of the trees in the control area. In short, four trees were randomly 
selected from each merchantable 2-cm DBH class (Table 1). A total of 56 trees were selected covering 
7 DBH classes ranging from 10 cm to 22 cm. 
 
4.3 Tree measurements 

Before felling, tree DBH and crown width in the east-west direction and north-south direction were 
measured. North was marked on each tree using colour paint. After felling, total tree height and height to 
the live crown were measured. Diameters of the five biggest branches were also recorded for each tree. 
After delimbing, tree top was removed at 7 cm diameter. Full length stems were then transported to the 
Duchesnay Forest School near Quebec City for geometry scanning and lumber conversion. 
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Table 1 Number of sample trees selected for the study 

DBH Class (cm) 
Treatment 

Control Thinned 

10 4 4 
12 4 4 
14 4 4 
16 4 4 
18 4 4 
20 4 4 
22 4 4 

Total 28 28 
 
4.4 Lumber conversion and grading 

Each stem was bucked into 8-foot long logs. Each log was converted into nominal 42  or 32  lumber 
using a portable sawmill “WoodMizer LT40” (Figure 6 ). The reference number of each log was 
manually transferred onto each piece of lumber produced to keep track of its provenance (i.e. control or 
thinned area, tree and log position in the tree). In total, 303 pieces of lumber, including 240 42  and 63 

32  were produced from the 56 sample trees. The lumber was then kiln-dried to a moisture content of 
approximate 15% using standard industrial drying schedule at the FPInnovations – Forintek Division’s 
Quebec facility. 
 

 
 

Figure 6 Portable sawmill WoodMizer LT40 
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4.5 Evaluation of lumber volume, grade and value recoveries 

After planing, the lumber was visually graded by an inspector from the Quebec Wood Industry Council 
(CIFQ) in accordance with article No. 124 “Structural Light Framing” in Canadian Lumber Grading 
Rules (NLGA 2003). NLGA Article 124 comprises four grades: Select Structural (SS, the best grade), 
No. 1, No. 2 and No. 3. All of these grades are stress rated. The cause of any lumber downgrade was 
recorded.  
 
About 18% of the lumber pieces were trimmed to 7 or 6 feet (2.2 or 1.9 m) lengths to improve grade yield 
and trimming reasons were recorded. For each tree total nominal lumber volume was obtained by adding 
the lumber produced from all logs.  
 
To calculate lumber value, we used an average market lumber price list for the Great Lakes markets for 
last 5 years (2003 to 2007), as published in Indec (2007) (Table 2). When lumber prices were not 
available, we estimated the value. Based on the sample trees, an average tree value was determined for 
each DBH class in the control and thinned area of the white spruce plantation. 

 
Table 2 Lumber prices used in this study (based on 5-year (2003-2007) average prices for the Great 

Lakes market as published by Indec 2007) 

Lumber dimension 

(in.) 

Lumber price ($/Mfbm) 

Select Structural. No.1&2 No. 3 Economy 

2x3x6 420 294 220 200 
2x3x7 420 288 220 200 
2x3x8 420 317 240 200 
2x4x6 417 295 280 232 
2x4x7 417 302 280 232 
2x4x8 417 367 309 232 

 
4.6 Evaluation of lumber mechanical properties and wood characteristics 

Before bending tests, the lumber was stored in a conditioning chamber until it reached approximately 
15% moisture content (MC). Immediately before testing, MC was measured on each piece at the centre of 
lumber surface. Each piece was tested edgewise with third-point loading for modulus of elasticity (MOE) 
and modulus of rupture (MOR) in accordance with ASTM D 4761-05 Standard Test Methods for 
Mechanical Properties of Lumber and Wood-Based Structural Material (ASTM International 2006) 
(Figure 7). The MOE and MOR were standardized to 15% MC, 4-inch-wide ( 42 ) lumber and span-
to-depth ratio of 21 to 1 following the procedure described in Tong et al. (2009). After bending tests were 
completed, the types of failure were recorded for each piece. Two small blocks (5 cm longitudinally  
lumber width  lumber thickness) of clear wood sample were then cut from each piece, one from each 
side of the failure (as close to the failure as possible), to evaluate basic wood density, average ring width 
and moisture content. Basic wood density is defined as the ratio of ovendry wood weight to 
green/saturated wood volume. 
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Figure 7 Testing of lumber MOE and MOR in static bending at the Forintek Division of 
 FPInnovations 
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5 Results and Discussion  

5.1 White spruce stand characteristics  

The white spruce stand characteristics recorded in the control area and the commercial thinned area in 
2003 (at the time of thinning) and 2008 are listed in Table 3. Growth response of white spruce stand to the 
commercial thinning is not very obvious, however, some shift of the residual tree diameter class 
frequency distribution to the larger diameter classes can be observed 5 years after the thinning (Table 4 
and Figure 8). In the thinned area, the merchantable diameter of white spruce trees increases from 11.6 to 
14.1 cm (21%) while merchantable tree volume increases from 49.2 to 125.1 dm3/tree (154%) (Table 3). 
In the control area, the average tree diameter increases from 11.6 cm to 13.1 cm (13%) and merchantable 
tree volume from 49.1 to 106.1 dm3/tree (116%).  
 
Table 3 Stand conditions of the control area and the thinned area in 2003 (at the time of thinning) 

and 2008 (5 years after thinning) 

 Control area Thinned area 

 All 
White spruce 

only All 
White spruce 

only 

Stand conditions in 2003 (at the time of 
thinning)*   (before thinning) 

Stand density (trees/ha) 2750 1660 2650 1500 
Merchantable volume (m3/ha) 139.1 81.5 130.9 73.8 
Merchantable tree diameter (cm) 11.8 11.6 11.7 11.6 
Merchantable volume per tree (dm3/tree)  50.6 49.1 49.4 49.2 

     
Stand conditions in 2008 (5 years after 
thinning)**     

Stand density (trees/ha) 2475 1458 1363 1150 
Merchantable volume (m3/ha) 202.9 127.3 122.3 108.1 
Merchantable tree diameter (cm) 13.1 13.1 13.9 14.1 
Merchantable volume per tree (dm3/tree)  104.5 106.1 104.6 125.1 

*   Estimated from the Plot Summary Sheet provided by Tembec for the Forest Co-op Boreal Forest Permanent Growth Plot Program. 
**  Using measurements from temporary plots at the time of sampling (2008). 
 
Five years after thinning, the merchantable volume per tree in the thinned area (125.1 dm3) is slightly 
higher than that in the control area (106.1 dm3) (Table 3). However, stand volume in the thinned area has 
not caught up owing to the tree removal (108.1 m3/ha vs. 127.3 m3/ha in the control.). This suggests that 
white spruce responds moderately to the commercial thinning even in a very short period (5 years) in 
terms of individual tree growth. This response agrees with the observations by McGrath (2007) that white 
spruce showed intermediate levels of growth after commercial thinning. Pelletier and Pitt (2008) 
concluded that commercial thinning in white spruce satisfied the objectives of focusing diameter and 
volume growth on a reduced number of stems and making merchantable volume available during the 
rotation, however, no overall gross total or gross merchantable volume gains or losses associated with 
commercial thinning was observed. 
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The values in Table 3 for year 2003 were estimated with Honer’s volume equation using DBH class 
frequency distribution and height/diameter relationship summarized on the Plot Summary Sheet for the 
Forest Co-op Boreal Forest Permanent Growth Plot Program. The total merchantable volume per hectare 
and per tree in 2003 was probably underestimated because of small trees and large variation of 
height/diameter relationship, therefore the volume increase 5 years after thinning was not considered in 
the discussion. Merchantable stem volume in 2008 was estimated using the following equation: 
 

07854.0
2

22

LdDVol  

Where Vol  is the wood volume (dm3), D  the log diameter at large end (cm), d  the log diameter at small 
end (cm), and L  the log length (m). 
 
Table 4 Tree DBH frequency distribution in the control and the thinned area in 2008 

 

DBH class  
(cm) 

Control area 
(%) 

 Thinned area 
(%) 

All White spruce only  All White spruce only 

8 19.5 17.7  11.5 8.7 
10 19.2 16.0  15.6 14.7 
12 15.5 17.1  19.7 21.2 
14 15.2 17.7  17.4 16.8 
16 9.8 10.3  14.7 15.8 
18 13.5 16.0  8.7 10.3 
20 1.3 1.1  5.0 5.4 
22 4.0 3.4  4.6 4.3 
24 2.0 0.6  2.3 2.2 
26    0.5 0.5 

Total  100 100  100 100 
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Figure 8 Tree DBH class frequency distribution in the control area and the thinned area of the 

white spruce plantation in 2008. The commercial thinning operation was performed in 
2003, when the plantation was 34 years old. 

 
5.2 Sample tree characteristics 

5.2.1 Tree diameter and height 

As shown in Figure 8, the diameter of the trees grown in the control area does not exceed 24-cm diameter 
class and that of the thinned area does not exceed 26-cm in DBH class. At the stand level, diameter 
growth post-thinning has not shown much difference 5 years after thinning (Table 5). In terms of total tree 
height measured on 56 sample trees, it is obvious that total tree height increases with increasing tree DBH 
in both the control and thinned areas (Table 5). For the same DBH classes, trees in the control area are 
taller than those in the thinned area, whereas the variation within the same DBH class is higher in the 
thinned area than in the control area. The higher variation of tree height in the thinned area may result 
from the thinning (edge) effect. The commercial thinning in this study is a mechanized strip thinning that 
removed all the trees grown in the extraction trails and 30% of the trees reachable from each side of the 
extraction trail. The trails were set at every 18 m. The residual trees on the edges of the trails would 
respond with higher rate in diameter growth than in height growth due to the large opening, while the 
growth response of the residual trees in the middle of the thinned area would be slower (smaller opening).  
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Table 5 Descriptive statistics of total tree height (m) in each DBH class for the 56 sample trees cut 
in 2008 

DBH class 
(cm) 

Control 
 

Thinned 

Average Max. Min. Std.D 
 

Average Max. Min. Std.D 

10 9.5 10.1 8.2 0.9  8.3 9.9 6.6 1.4 
12 10.4 10.7 9.8 0.4  9.8 11.7 8.4 1.4 
14 11.7 12.3 11.0 0.6  10.7 11.5 10.2 0.6 
16 12.2 12.5 11.8 0.3  10.2 11.5 8.8 1.2 
18 12.7 13.0 12.4 0.3  11.6 12.3 10.3 0.9 
20 13.9 15.5 12.3 1.6  12.6 14.6 11.2 1.4 
22 13.1 14.4 12.1 1.0  13.2 14.3 12.5 0.8 

Stand level 11.2 15.5 8.2 1.7  10.1 14.6 6.6 1.9 
 
5.2.2 Live crown dimension and log length below live crown 

As shown in Table 6, the crown width and crown length increase with tree diameter. There is no 
consistent pattern of variation in crown width and length for the same DBH class. At the stand level, no 
differences can be observed. This suggests that the commercial thinning has not yet shown any impact in 
crown development 5 years after thinning. In contrast, the length below live crown tends to be constant 
with some exceptions among DBH classes, and is longer in the control area than in the thinned area 
(Table 6). Although the control area has taller trees and longer length below live crown, the proportion of 
live crown to total height is still larger in the thinned area than in the control area, both at the DBH class 
level and at the stand level (Table 6).  
 
Table 6 Live crown dimensions and log length below live crown in relation to DBH class and 

thinning treatment.  

DBH 
class  

(cm) 

Crown width 

(m) 

Crown length 

(m) 

Length below live 
crown (m) 

Live crown proportion 
(%) 

Control Thinned Control Thinned Control Thinned Control Thinned 

10 2.1 (0.4) 2.7 (0.4) 4.3 (0.7) 4.5 (1.1) 5.2 (0.7) 3.8 (2.2) 45.0 (5.7) 56.4 (19.9) 
12 2.8 (0.4) 2.5 (0.4) 5.5 (0.2) 4.5 (0.8) 4.8 (0.3) 5.3 (1.3) 53.2 (1.9) 46.5 (8.4) 
14 2.9 (0.2) 2.6 (0.1) 5.3 (1.0) 5.9 (1.7) 6.4 (1.0) 4.8 (1.8) 45.5 (8.4) 55.3 (16.8) 
16 3.0 (0.5) 3.8 (0.3) 6.0 (0.4) 5.8 (1.2) 6.2 (0.6) 4.4 (1.0) 49.4 (4.3) 57.1 (9.2) 
18 3.4 (0.4) 3.5 (0.5) 6.4 (0.7) 6.5 (0.5) 6.3 (0.7) 5.1 (1.0) 50.7 (5.2) 56.1 (6.2) 
20 4.0 (0.4) 4.0 (0.3) 7.5 (1.0) 8.2 (0.9) 6.4 (1.3) 4.5 (1.2) 54.2 (5.3) 65.1 (7.9) 
22 4.1 (0.1) 4.6 (0.6) 6.7 (1.1) 8.6 (0.4) 6.4 (0.7) 4.6 (0.5) 51.1 (5.7) 65.1 (2.5) 

Stand 
level 2.9 (0.7) 3 (0.8) 5.5 (1.2) 5.5 (1.8) 5.7 (0.9) 4.6 (1.3) 48.6 (5.9) 53.6 (11.9) 

  * Shown in parentheses are standard deviations. 
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5.2.3 Branch diameter  

As shown in Table 7, branch diameter increases steadily with increasing tree DBH. The increase in 
branch diameter with increased diameter class is a reflection of greater crown development with increased 
light levels in relation with social crown class. Trees in the thinned area have constantly relatively large 
branches for the same DBH classes. At the stand level, branch diameter is 8.7% larger in the thinned area 
than in the control area. The average branch diameter in both areas does not exceed the size limit for 
4-cm-wide No.1 grade lumber (2.54 cm), therefore, knots should not have a major effect on lumber grade 
recovery. 
 
Table 7 Average diameter of the five biggest branches in the live crown for the control area and the 

thinned area 

DBH class (cm) 
Average branch diameter (mm) 

Control Thinned 

10 16.8 (1.8) 19.0 (2.9) 
12 20.8 (3.7) 21.3 (3.7) 
14 22.6 (0.8) 23.2 (0.3) 
16 24.3 (3.4) 27.4 (2.2) 
18 25.5 (2.1) 29.1 (2.7) 
20 29.3 (2.9) 30.9 (2.7) 
22 31.6 (0.6) 34.7 (3.1) 

Stand level 22.2 (5.2) 23.9 (5.8) 
* Shown in parentheses are standard deviations. 
 
5.2.4 Stem taper  

As shown in Table 8, it is very obvious that tree taper increases with increasing tree DBH. For example, 
tree taper increases from 1.0 cm/m to 1.9 cm/m with DBH from 10 cm to 22 cm in the control area. The 
tree taper tends to be larger in the thinned area than in the control area for most of the DBH classes. In the 
lumber manufacturing industry, low tapered trees are preferred because they provide better lumber 
volume recovery and the lumber produced has less slope of grain (angle between fibre direction and the 
edge of the lumber). A large slope of grain generally lowers lumber stiffness. In natural forests, trees have 
low taper value (< 1 cm/m). In this study, almost all merchantable white spruce trees from this plantation 
are considered highly tapered (>1.2 cm/m) regardless of treatment. This suggests that trees from white 
spruce plantation with 66  feet spacing are expected to have large tree taper. Commercial thinning will 
produce more tapered trees by increasing growing spacing as evidenced by the larger taper for the same 
DBH classes. At the stand level, the trees grown in the thinned area have a larger taper (1.4 cm/m) than 
the trees grown in the control area (1.2 cm/m). 
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Table 8 Average stem taper for the control area and the thinned area 

DBH class (cm) 
Average stem taper (cm/m) 

Control Thinned 

10   1.0 (0.2) * 1.1 (0.2) 
12 1.1 (0.1) 1.2 (0.3) 
14 1.2 (0.2) 1.2 (0.1) 
16 1.3 (0.2) 1.6 (0.5) 
18 1.5 (0.2) 1.7 (0.1) 
20 1.5 (0.1) 1.8 (0.2) 
22 1.9 (0.3) 2.0 (0.5) 

Stand level  1.2 (0.3) 1.4 (0.4) 
* Shown in parentheses are standard deviations. 
 
5.2.5 Stem volume 

Individual tree volume is slightly lower in the thinned area than in the control area for most of the DBH 
classes (Figure 9 and Table 9). This might be due to the shorter merchantable stem length (Table 9) for 
the same DBH class. However, the trees of the 22-cm DBH class in the thinned area have a considerably 
larger tree volume than their control counterpart. Together with the higher frequency of larger diameter in 
the thinned stand (Figure 8), this results in a slightly larger stand-level tree volume in the thinned area 
(Table 9). It would be expected that with stand growth, trees grown in the thinned area will have more 
gains in lateral growth resulting in a higher volume per tree.  
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Figure 9  Total stem volume in relation to DBH class and treatment. At the stand level: Control = 

106.1 dm3/tree ; Thinned = 125.1 dm3/tree 
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Table 9 Total tree volume and merchantable stem length in relation to DBH class and treatment 

DBH class (cm) 
Total tree volume (dm3)  Merchantable stem length (m) 

Control Thinned  Control Thinned 

10 41.0 (5.7) 34.5 (10.2)  5.6 (0.4) 4.7 (1.2) 
12 59.1 (7.9) 63.6 (9.8)  6.1 (0.4) 6.1 (1) 
14 99.6 (16.2) 86.2 (7.0)  7.5 (0.1) 7.1 (0.5) 
16 133.5 (6.3) 115.8 (26.3)  7.9 (0.6) 6.5 (1.5) 
18 174.7 (9.2) 168.9 (15.5)  8.5 (0.9) 7.7 (0.5) 
20 230.2 (25.1) 232.5 (43.8)  9.6 (1.2) 8.4 (1.7) 
22 252.2 (30.6) 291.1 (21.7)  8.4 (1.4) 9.6 (0.3) 

Stand level 106.1 (78.4) 125.1 (90.5)  7.1 (1.5) 6.7 (1.8) 
* Shown in parentheses are standard deviations. 
 
Table 10 provides an overview of the characteristics measured on the 56 sample trees on which this 
research work is based. The values have been weighted by the current merchantable tree DBH class 
frequency distribution measured in the two areas of the white spruce plantation.  
 
Table 10 Synthesis of the average characteristics of the sample trees harvested and sawn for lumber 

quality evaluation  

 

Sample tree characteristics 

DBH class distribution weighted mean 

Control area Thinned area 

Number of sample trees    28    28 
Average DBH (cm) 14.4 14.2 
Average tree volume (dm3) 106.1 125.1 
Average tree height (m) 11.2 10.1 
Average stem length up to 9.1 cm diameter top (m) 7.1 6.7 
Average stem taper (cm/m)            1.24           1.41 
Average live crown width (m) 2.9 3.0 
Average proportion of live crown to total tree height (%) 48.6 53.6 
Average diameter of the 5 biggest branches (mm)  22.2 23.9 
Wood basic density (kg/m3) * 351.9 330.9 
* measured on lumber pieces 
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5.3 Lumber conversion and lumber quality 

 
 
Figure 10 Sample tree bucking, lumber conversion, planing, grading and bending. 
 
5.3.1 Log volume recovery  

The photographs in Figure 10 illustrate the different steps that sample trees, logs, and lumber underwent 
for evaluating solid wood product quality. The results in Table 11 show that the average log volume 
increases with tree diameter class, but remains similar for the same DBH class for trees from the control 
and thinned area except for the 22-cm DBH class. Total log volume recovery per tree was slightly higher 
for trees from the control area than those from the thinned area except for the 22-cm DBH class. At the 
stand level, trees from the commercially thinned area had a slightly lower total log volume compared to 
trees from the control area. The percentage of tree volume converted to logs was comparable for the 
control and thinned areas.  
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Table 11 Log volume recovery in relation to DBH class and treatment 

DBH 
Class 
(cm) 

Average log volume (dm3) 
 

Total log volume / tree (dm3) 
 Log volume / tree volume 

(%) 

Control Thinned  Control Thinned  Control Thinned 

10 16.5 (4.5) 19.6 (3.8)  28.9 (1.3) 24.5 (1.4)  70.1 (10.8) 72.6 (16.9) 
12 22.8 (6.9) 21.4 (8.0)  45.7 (0.8) 48.2 (1.8)  77.7 (4.8) 75.9 (4.4) 
14 26.6 (11.5) 26.5 (9.6)  79.8 (0.9) 66.2 (2.5)  81.3 (9.1) 76.3 (9.8) 
16 35.3 (13.3) 34.7 (15.2)  105.9 (1.2) 86.8 (3.0)  79.3 (5.4) 75.6 (8.9) 
18 40.9 (17.6) 42.4 (19.7)  133.0 (2.0) 127.1 (0.9)  76.2 (7.1) 75.5 (3.9) 
20 52.8 (21.7) 51.8 (25.0)  184.7 (0.4) 168.5 (1.1)  80.0 (4.0) 73.2 (5.8) 
22 54.9 (25.8) 63.9 (30.6)  192.2 (0.7) 223.8 (0.7)  76.6 (6.8) 77.0 (2.5) 

Stand 
level 29.1 (21.4) 30.1 (24.9) 

 
82 (7.2) 77.9 (7.9) 

 
76.4 (7.2) 73.4 (7.9) 

  * Shown in parentheses are standard deviations. 
 
5.3.2 Lumber volume recovery  

As shown in Table 12, lumber volume recovery per tree increases with increasing DBH. Trees from the 
control have a slightly higher lumber volume recovery than those from the thinned area for the 14-20 cm 
DBH classes, while for the other DBH class the trend is reversed. The great variation within DBH class 
makes the differences statistically insignificant. In terms of nominal lumber volume produced per cubic 
meter wood and wood consumption, as expressed by the wood volume for producing 1000 fbm lumber, 
neither consistent pattern of difference between two treatments nor clear trend with increasing DBH can 
be observed. However, wood consumption is very high for the small diameter trees (7.8-10 m3/Mfbm for 
10 cm trees), which makes them unprofitable to process. At the stand level, lumber recovery, both per tree 
and per unit wood volume and wood consumption for the thinned area are comparable to those for the 
control. This can be explained by the similar DBH class frequency distributions between the two 
treatments.  
 
Figure 11 shows lumber recovery in relation to DBH class and thinning treatment. Here the lumber 
recovery is expressed as the ratio of green lumber volume to the total merchantable tree volume, i.e., 
lumber recovery factor. This is an easier method to compare yield results with data from other countries 
that do not use the imperial (lumber nominal) system. At the stand level and based on actual lumber sizes, 
the control area and the thinned area had a lumber volume recovery of 32.6% and 32.8%, respectively. 
The low lumber recovery in this study is mainly the results of: 1) small tree size; 2) lumber dimension 
limited to 2x3 and 2x4; 3) no optimization applied, lumber conversion was based on the sawyer’s best 
perception. The lumber recovery per log was 7.2 and 7.4 fbm, for the control and thinned areas 
respectively (Table 13) and follows the same pattern as the lumber recovery per tree. 
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Table 12 Lumber volume recovery in relation to DBH class and treatment 

DBH 
Class 
(cm) 

Nominal lumber volume/tree 
(fbm/tree) 

 
Nominal lumber volume/m3 

of stem (fbm/m3) 

 Wood consumption 
Stem volume/Mfbm lumber 

produced 
(m3/Mfbm) 

Control Thinned  Control Thinned  Control Thinned 

10 4.5 (1.7) 5.3 (2.3)  113.2 (51.1) 137.8 (42.6)  10 (3.7) 7.8 (2.5) 
12 11.1 (6.2) 13.5 (3.7)  184.2 (89.2) 210.9 (45.3)  6.9 (4.5) 4.9 (1.2) 
14 21.2 (2.3) 17.8 (2.1)  218.5 (49.1) 206.1 (22.7)  4.8 (1.1) 4.9 (0.6) 
16 24.5 (0.6) 19.3 (5.5)  183.7 (6.5) 167.3 (36.0)  5.4 (0.2) 6.2 (1.2) 
18 31.3 (8.5) 27.2 (3.8)  179.7 (51.5) 160.4 (10.6)  6.0 (2.0) 6.3 (0.4) 
20 43.7 (18.0) 41.9 (9.5)  218.4 (19.9) 179.4 (12.0)  4.6 (0.4) 5.6 (0.4) 
22 44.4 (10.2) 54.3 (8.4)  176.0 (36.1) 186.4 (25.3)  5.9 (1.4) 5.4 (0.8) 

Stand 
level 19.4 (16.7) 18.9 (16.7) 

 
175.7 (52.9) 176.8 (35.2) 

 
6.6 (2.6) 5.7 (1.3) 

  * Shown in parentheses are standard deviations. 
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Figure 11 Lumber volume recovery per stem volume (%) in relation to DBH and treatment. At the 
stand level and based on actual lumber sizes, the control and thinned trees had a lumber 
volume recovery of 32.6% and 32.8%, respectively. 
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Table 13 Average lumber volume per log (fbm/log) in relation to DBH class and treatment.  

DBH Class (cm) Control Thinned 

10 3.6 (0.2) 4.0 (0.0) 
12 6.7 (3.7) 6.0 (3.1) 
14 7.1 (3.3) 7.9 (3.0) 
16 8.2 (3.5) 7.7 (3.6) 
18 9.6 (4.6) 9.1 (4.6) 
20 13.6 (6.1) 12.9 (6.4) 
22 12.7 (7.5) 15.5 (7.7) 

Stand level   7.2 (5.8)   7.4 (6.2) 
  * Shown in parentheses are standard deviations. 
 
5.3.3 Lumber dimension recovery  

The positive effect of commercial thinning is to allow the production of wider lumber pieces. Because 
there is no considerable difference in DBH class frequency distribution between the control and thinned 
area 5 years after commercial thinning, no difference in lumber dimension recovery can be observed 
(Table 14). Approximately 78% of lumber pieces or 84% of lumber volume have dimension of 2x4. 
When breaking down by DBH class, no 2x4 lumber was produced from the 10-cm DBH class (Table 15).  
 
Table 14 Lumber dimension recovery (piece % and volume %) in this study 

Nominal lumber dimension  

(in.) 

Piece recovery  Volume recovery 

Control Thinned  Control Thinned 

2 x 3 22.3 20.7  16.2 15.3 
2 x 4 77.7 79.3  83.8 84.7 
Total 100.0 100.0  100.0 100.0 

 
Table 15 Lumber dimension recovery (fbm/tree) in relation to DBH class and treatment.   

DBH Class 

(cm) 

2 x 3 lumber (fbm)  2 x 4 lumber (fbm) 

Control Thinned  Control Thinned 

10 4.5 (1.7) 5.3 (2.3)    
12 4.0 (0.0) 5.6 (2.2)   10.7 (0.0)   7.8 (3.3) 
14 6.9 (4.5) 5.8 (2.3)   14.3 (5.5) 12.0 (2.7) 
16 3.5 (0.6) 3.3 (0.6)   21.0 (0.7) 16.8 (5.7) 
18 3.5 (0.5) 3.5 (0.4)   28.7 (9.8) 23.7 (3.5) 
20 7.5 (6.4) 5.7 (3.3)  50.8 (4.3)   37.7 (12.4) 
22 6.4 (3.6) 3.3 (0.4)    38.0 (10.1) 52.7 (7.4) 

Stand level 4.7 (3.0) 4.7 (2.0)    15.8 (15.1)   14.5 (17.0) 
  * Shown in parentheses are standard deviations. 
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5.3.4 Lumber grade recovery 

Each piece of lumber was visually graded by a qualified inspector according to the NLGA grading rules 
for “Structural Light Framing” (Figure 12). For the sample trees used in this study, the results show a 
3.7% higher proportion of the Select Structural grade lumber (best grade) obtained in the thinned area 
(29.1%) compared to the control area (25.4%) (Figure 13). The No. 2 & Better grade recovery was 4.1% 
higher in the thinned area than in the control area (84.4% vs. 80.3%). When the lumber grade recovery is 
calculated at the stand level (Table 16), the volume proportion of Select Structural grade is slightly higher 
in the control area than in the thinned area (21.4% vs. 19.2%, respectively), while the proportion of No. 2 
and better stays approximately the same (74.2% vs. 74.1%). Commercial thinning has not yet shown any 
impact on Select Structural lumber grade recovery and No.2 and Better grade recovery, 5 years after 
thinning. 
 

 
 
Figure 12 Visual grading of lumber by a qualified inspector from CIFQ 
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Figure 13 Lumber grade recovery according to NLGA #124 « Structural Light Framing »  
 
Table 16  Lumber grade recovery (dried and dressed) in relation to DBH class and treatment.    

DBH 
Class 
(cm) 

Select Structural 

(%) 

No. 1 

(%) 

No. 2 

(%) 

No. 3 

(%) 

Economy 

(%) 

Control Thinned Control Thinned Control Thinned Control Thinned Control Thinned 

10 19.4 25.0 41.7 25.0 19.4   25.0 19.4 25.0 
12 24.0 22.9  27.2  18.6 28.0 9.9 48.0 21.4 
14 12.6  68.2 45.5 14.5 33.8 4.7 20.7   
16 27.6 10.8 57.5 56.5 9.5 32.8 5.4    
18 24.1 33.7 45.8 17.9 18.9 21.2 3.7 14.1 7.5 13.0 
20 22.0 38.1 37.3 36.3 22.6 11.9 14.4 8.7 3.8 5.0 
22 36.5 37.8 10.7 21.8 20.8 31.6 22.9 4.9 9.0 3.8 

Stand 
level 21.4 19.2 39.8 33.9 13.0 20.9 9.4 12.6 15.7 11.0 
 
Some cells in Table 16 are empty. When calculating the stand-level average using DBH class frequency 
distribution, these cells have no contribution to the stand-level values. This may explain why the sum of 
the lumber grade recovery values at the stand level totalizes 99.3% and 97.6% instead of 100% for the 
control area and thinned area, respectively (Table 16).  
 
5.3.5 Lumber downgrading defects 

The quality of a tree is related to size, form, straightness, branching habit, and damage caused by injuries 
(Benzie 1977). For the sample trees used in this study, the Select Structural lumber grade yield (no 
defects) was slightly better in the thinned area compared to the control area (Table 17 and Figure 14). 
Wane and knots are the two most important downgrading defects, accounting together for about 83% of 
all lumber downgrades in this study (Table 18).  
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Figure 14 Proportions (%) of Select Structural lumber (no defects) and lumber downgrades due to 

different defects 
 
Table 17 Downgrading defects in the control area and the thinned area  

Reasons for downgrades  

(NLGA #124) 

Control 

(%) 

Thinned 

(%) 

Select Structural 25.4  29.1  
Wane 60.4  54.0  
Knots 4.5  2.4  
Warp 6.6  8.7  
Decay/shake - 2.7  
Others 3.0  3.0  
Total 100 100 
 
The smaller are the logs or the larger is the tree taper, the larger is the probability to have wane on a 
lumber piece. In this study, trees from the thinned area have a larger taper for the same DBH class and at 
the stand level (Table 8) while having similar DBH. This causes a slightly higher lumber downgrades to 
No.3 and Economy for the thinned area (70.4%) than for the control area (63.5%) (Table 18). However, in 
terms of total lumber downgrades, wane is responsible for 81.1% for trees from the control area, slightly 
higher than that of the thinned area (76.2%) (Table 18 and Figure 14). Moreover, about 60.4% of lumber 
volume for trees from the control area contains wane, compared to 54.0% for trees from the thinned area 
(Table 17). This might be due to the fact that the sample trees are very small.  
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Table 18 Visual lumber downgrades caused by different defects in the control area and the thinned 
area  

Defect Control Thinned Average 

 Percentage of lumber downgrades to No. 3 and Economy (%) 

Wane 63.5  70.4  66.5  
Knots 9.2  7.5  8.5  
Warp 16.9  10.4  14.1  
Decay/shake - - - 
Others 10.3  11.7  10.9  
Total 100 100 100 

 Percentage of total lumber downgrades (to No.2, No.3 and Economy) (%) 

Wane 81.1  76.2  78.8  
Knots 6.0  3.4  4.7  
Warp 8.9  12.3  10.5  
Decay/shake - 3.8  1.8  
Others 4.1  4.3  4.2  
Total 100 100 100 
 
According to the diameters of the 5 biggest live branches, trees in the thinned area have larger branch 
diameters than those in the control area (Table 7). It is expected that knot will have more impact on 
lumber from the thinned area. Surprisingly, knots account for a higher percentage of total lumber 
downgrades for trees from the control area (6.0%) than from the thinned area (3.4%) (Table 18). Though 
a small number, the lumber volume downgraded due to knots is higher for the control area (4.5%) than for 
the thinned area (2.4%) (Table 17). One explanation is that a higher percentage of lumber volume from 
the thinned area contains warp and decay/shake.  
 
5.4 Product value recovery 

In this study, only lumber value recovery is evaluated because lumber conversion is not optimized. As 
shown in Table 19 and Figure 15, average lumber value per tree increased steadily with increased tree 
diameter. Generally, lumber recovery per tree is slightly higher in the control area than in the thinned area 
for the same DBH class, with the exceptions for the smallest and largest diameter trees. Lumber value 
recovery per tree follows the same trend as the lumber volume recovery per tree (Table 12).  
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Table 19 Lumber value per tree in relation to DBH class and treatment.    

DBH class 

 (cm) 

Lumber value ($/tree) 

Control Thinned 

10 1.4 (0.5) 1.6 (1.2) 
12 3.2 (1.5) 4.4 (1.5) 
14 7.4 (1.2) 5.9 (0.7) 
16 9.2 (0.5) 6.9 (2.1) 
18 11.1 (3) 9.5 (1) 
20 15.4 (6.5) 15.3 (4.3) 
22 15.2 (2.7) 20.3 (3.5) 

Stand level 6.7 (5.9) 6.6 (6.5) 
  * Shown in parentheses are standard deviations. 
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Figure 15 Lumber value per tree in relation to DBH class and treatment 
 
 
As shown in Table 20 and Figure 16, with increasing tree diameter, average lumber value, expressed as 
per thousand board feet measure (Mfbm), increases steadily from $270/Mfbm to $374/Mfbm for the 
thinned area. However, for the control area, lumber value increases with tree diameter up to 16 cm class, 
then decreases. Lumber value per m3 of stem varies with increasing tree diameter. The thinned area has a 
slightly lower value recovery per m3 wood for 14 to 20 cm DBH classes. At the stand level, lumber value 
per Mfbm and value per m3 wood are very comparable between the control and the thinned area (Table 
20). 
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Table 20 Lumber value per Mfbm lumber volume and per m3 wood volume in relation to DBH and 
treatment.    

DBH Class  
(cm) 

Lumber value/1000 fbm 
($/Mfbm) 

 
Lumber value/m3 wood  

($/m3) 

Control Thinned  Control Thinned 

10 306.8 (91.5) 269.8 (88.6)  34.7 (16.1) 39.1 (24.2) 
12 322.7 (94.4) 326.0 (29.1)  54.0 (17.2) 68.6 (14.9) 
14 348.8 (30.2) 335.7 (20.4)  76.1 (18.4) 69.1 (7.7) 
16 373.5 (14.1) 352.6 (15.4)  68.6 (1.3) 59.3 (15.0) 
18 355.8 (12.3) 351.0 (18.7)  63.9 (18.2) 56.2 (2.5) 
20 347.9 (28.0) 362.2 (25.7)  76.3 (12.3) 65.2 (8.9) 
22 346.8 (37.3) 374.3 (17.0)  60.2 (8.9) 69.7 (9.2) 

Stand level 337.1 (49.1) 322.9 (42.7)  58.9 (18.7) 59.1 (14.7) 
  * Shown in parentheses are standard deviations. 
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Figure 16 Lumber value per thousand foot board measures and per m3 wood in relation to DBH and 

treatment 
 
 
5.5 Effects of commercial thinning on lumber product quality 

5.5.1 Lumber stiffness and strength in relation to DBH class and treatment 

As shown in Table 21 and Figure 17, lumber modulus of elasticity (MOE) and modulus of rupture (MOR) 
in static bending decreased with increasing tree DBH class up to 16-cm class. With further increasing tree 
diameter, lumber bending MOE and MOR decreases at a lower rate. Lumber bending MOE is slightly 
lower in the thinned area than in the control area for most of the DBH class, while lumber MOR is very 
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comparable. At the stand level, there is no appreciable difference in lumber MOE (7.38 GPa vs. 6.92 
GPa) and MOR (35.8 MPa vs. 34.9 MPa) between the control area and the thinned area, respectively.   
 
Table 21 Lumber modulus of elasticity (MOE) and modulus of rupture (MOR) in relation to DBH 

class and treatment.   

DBH 

class 

(cm) 

Number of lumber pieces tested  
Modulus of Elasticity 

(GPa) 
 

Modulus of Rupture 

(MPa) 

Control Thinned  Control Thinned  Control Thinned 

10 4 5  7.36 (1.07) 8.13 (1.46)  38.24 (4.48) 41.67 (10.08) 
12 12 10  8.34 (0.46) 7.02 (1.84)  42.34 (2.24) 38.62 (7.31) 
14 15 19  8.02 (0.46) 7.94 (0.52)  36.39 (4.49) 37.11 (4.04) 
16 16 20  6.61 (0.54) 6.13 (1.79)  31.09 (3.37) 31.00 (6.60) 
18 22 25  6.6 (1.31) 6.57 (0.39)  32.12 (1.83) 32.82 (1.87) 
20 34 40  7.16 (0.92) 6.40 (0.79)  29.64 (4.29) 28.35 (3.66) 
22 42 38  6.66 (1.31) 6.25 (0.84)  28.76 (2.80) 29.63 (4.48) 

Stand 
level 4502 4559  7.38 (1.06) 6.92 (1.3)  35.83 (5.66) 34.88 (6.79) 

  * Shown in parentheses are standard deviations. 
 
The results suggest that commercial thinning has not yet had any impact on lumber bending properties. 
The wood produced within 5 years after the commercial thinning took place accounts for only a very 
small proportion in the total radial size. Only a small portion of this part of wood normally goes to 
lumber, which may not contribute much to the stiffness and strength of the lumber. 
 
The lumber MOE in this study (7.38 GPa and 6.92 GPa for the control and the thinned, respectively) is 
considerably lower than the average from mature natural stands of black spruce (12.5 GPa) 
(FPInnovations-Forintek’s data bank). However, this involves comparing lumber from relatively small 
and young (39-years-old) plantation trees to that of 100-year-old or even older natural trees of different 
species.  
 
When the above MOE values are expressed at 12% MC (instead of 15% MC), these become 
approximately 7.73 and 7.25 GPa for the control and thinned areas. These are about 20-25% lower than 
the overall mean MOE (9.7 GPa at 12% MC) obtained for 49-year-old black spruce plantations with 2066 
– 3086 trees per hectare and about 6-12% lower for a plantation density of 1372 trees/ha (8.2 GPa) 
(Zhang et al. 2002). (Note: The MC adjustment is to allow comparison of MOE on the same basis, as 
MOE values vary with MC.) 
 
The MOE of the control (7.38 GPa) is about 16-25% lower than the MOEs of 70-year-old natural jack 
pine that received a late commercial thinning at age 40 (9.86 and 8.78 GPa for the control and the thinned, 
respectively) (Duchesne and Swift 2008). This suggests that this white spruce plantation at age 39 
produce lumber with inferior bending properties. As the stand continues to grow, mature wood proportion 
will increase and improve the bending properties of the wood. 
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Figure 17 Modulus of elasticity (MOE) and modulus of rupture (MOR) measured at an equilibrium 

moisture content of 15% in relation to DBH class and treatment 
 
5.5.2 Lumber stiffness and strength in relation to log position  

Table 22 gives lumber MOE and MOR values in relation to treatment, DBH class and log position 
(height) in the tree. The results show that lumber MOE and MOR decrease steadily with increasing tree 
diameter for the same height position. For the same DBH class, lumber MOE tends to increase slightly 
and MOR tends to decrease slightly from the butt log (0 - 2.5 m) to the top log. If all trees are combined, 
lumber MOE increases slightly while MOR decrease with increasing log height position (Figure 18). 
Figure 18 also suggests that lumber MOE is 4.8-7.5% lower in the thinned area than in the control area 
for the same log height position. 
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Table 22 Lumber modulus of elasticity (MOE) and modulus of rupture (MOR) in relation to DBH 
class, log position and treatment.   

DBH 
class 
(cm) 

Control – Log position (m)  Thinned – Log position (m) 

0-3 3-6 6-9 9-12  0-3 3-6 6-9 9-12 

 

Lumber modulus of elasticity (MOE) 
(GPa) 

10 7.1 (0.9)     8.0 (1.4)    
12 8.4 (0.9) 8.3 (0.1)    7.0 (1.9) 6.9 (1.8)   
14 7.5 (0.6) 8.2 (0.5) 8.4 (0.3)   7.7 (0.7) 8.4 (1.1)   
16 6 .0(0.6) 7.1 (0.4) 6.7 (0.7)   5.9 (1.9) 6.5 (1.9) 6.9 (0.1)  
18 5.7 (1.7) 6.9 (1.7) 7.2 (0.6)   5.9 (0.5) 7.0 (0.6) 6.8 (0.5)  
20 6.5 (1.2) 7.3 (1.0) 7.3 (0.9) 7.9 (0.9)  5.6 (0.9) 6.8 (0.9) 6.7 (0.6)  
22 6.4 (1.7) 6.7 (2.0) 7.1 (0.8) 7.2 (0.1)  5.7 (0.8) 6.5 (1.0) 6.4 (0.6) 7.1 (0.8) 

Average 6.8 (1.3) 7.5 (1.2) 7.3 (0.8) 7.6 (0.6)  6.5 (1.4) 7.1 (1.4) 6.8 (0.7) 7.2 (0.6) 

 Lumber modulus of rupture (MOR) 
(MPa) 

10 37.9 (4.6)     41.3 (10.0)    
12 45.6 (4.9) 38.2 (1.5)    42.1 (10.5) 36.2 (6.5)   
14 37.6 (6.7) 37.3 (5.3) 34.2 (3.3)   39.6 (6.7) 37.7 (8.2)   
16 31.4 (4.2) 30.3 (3.6) 31.6 (3.8)   32.8 (7.4) 30.5 (10.0) 32.1 (1.9)  
18 32.0 (6.6) 32.7 (7.0) 32.5 (6.1)   33.9 (3.8) 33.8 (4.4) 30.8 (6.2)  
20 31.8 (6.4) 30.1 (2.4) 26.5 (4.8) 29.6 (6.2)  30.3 (6.5) 28.3 (4.6) 27.7 (2.8)  
22 32.0 (4.7) 28.9 (6.4) 28.0 (7.0) 25.2 (0.1)  32.4 (4.2) 26.6 (4.3) 28.1 (6.8) 34.4 (9.3) 

Average 35.5 (7.0) 33.0 (5.6) 30.5 (5.5) 28.0 (4.0)  35.9 (7.8) 32.6 (7.5) 29.5 (4.8) 31.6 (8.2) 
  * Shown in parentheses are standard deviations. 
 
The behaviour of MOE in relation to log height position does not exactly follow that of the MOR. Top 
logs are located in the live crown of the trees and contain a high concentration of branches. Knots are 
denser and may provide additional stiffness to the lumber being tested in the elastic zone for MOE, i.e. 
where there is no permanent deformation upon loading. This may explain why MOE increased with 
height position. MOR is known to be more sensitive to knots than MOE. In addition, the live crown 
produces juvenile wood fibres (or crown wood fibres). Both branches and juvenile wood fibres have a 
negative impact on lumber mechanical properties. 
 
Lumber MOE and MOR in relation to log position also suggest a large intra-tree variation in white spruce 
trees. For the control area there is a 12% difference in MOE between the butt log and the top log. For the 
thinned area, the corresponding value is 11%. Similarly for MOR, the intra-tree variation is 27% and 14% 
for the control and thinned area, respectively.  
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Figure 18 Lumber stiffness (MOE) and strength (MOR) in static bending in relation to log height and 

treatment 
 
5.6 Effects of commercial thinning on wood basic density  

5.6.1 Wood density in relation in relation to DBH class and treatment 

Basic wood density is measured on each piece of lumber after bending test; therefore it is not naturally 
weighted by the proportion of each wood type (heartwood/sapwood, juvenile wood/mature wood). As 
shown in Table 23 and Figure 19, generally wood basic density decreases with increasing tree diameter 
while average growth ring width increases with increasing tree diameter. This is because larger trees 
usually grow faster and have wider growth rings than smaller trees at a given tree age and thus have a 
lower wood density. This trend agrees with the findings by Tong et al. (2009b) that basic wood density 
decreases with increasing tree diameter in dense black spruce plantations. 
 
At the stand level, the wood basic density is 6.3% lower in the thinned area (330.9 kg/m3) than in the 
control area (351.9 kg/m3), but this difference is not statistically significant (p=0.093) at 0.05. At the time 
of commercial thinning, the white spruce stand was already about 34 years old and the trees had already 
entered their phase of mature wood formation. Thus, the thinning treatment would not promote the 
formation of low density juvenile wood; wood density is not expected to change considerably after 
commercial thinning. In addition, trees were sampled 5 years after the commercial thinning, the 
difference in wood density, if any, should not be the result of the commercial thinning. 
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Table 23 Wood basic density and annual growth ring width in relation to DBH class and treatment.  

DBH 
class 
(cm) 

Wood basic density 
(g/cm3) 

 Mean annual ring width 
(mm) 

Control Thinned  Control Thinned 

10 369.4 (20.0) 342.7 (10.6)  2.0 (0.3) 2.3 (0.1) 
12 378.3 (18.6) 351.0 (14.8)  2.7 (0.3) 2.7 (0.1) 
14 343.8 (13.7) 348.9 (16.0)  2.8 (0.2) 2.9 (0.3) 
16 331.2 (10.9) 327.7 (20.1)  3.4 (0.4) 3.5 (0.2) 
18 345.0 (22.7) 330.1 (10.8)  3.6 (0.3) 3.6 (0.1) 
20 331.3 (17.2) 316.5 (13.9)  4.1 (0.6) 4.2 (0.1) 
22 341.0 (22.1) 320.9 (10.2)  4.1 (0.1) 4.3 (0.1) 

Stand level 351.9 (23.6) 330.9 (18.1) 
 

2.9 (0.8) 3.0 (0.7) 
  * Shown in parentheses are standard deviations. 
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Figure 19 Wood basic density in relation to DBH class and treatment 
 
5.6.2 Wood density in relation to log position  

Wood basic density tends to decrease with increasing log height up to the second log position, then 
increase with further increasing log height position in both control and thinned areas (Table 24 and Figure 
20). In contrast, Tong et al. (2010a) concluded that annual ring density decreases with increasing height 
position in a study of commercial thinning effect in a black spruce plantation. A decreasing trend with 
increasing height position was also reported in another study of precommercial thinning effect in dense 
black spruce plantation (Tong et al. 2010b). In an unthinned and commercially thinned natural jack pine 
stand, wood density was shown to decrease with increasing height position at age 70 (Duchesne and Swift 
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2008). Thus, the pattern of variation in wood density varies between species. However, it should be 
mentioned that wood density in this study was measured on lumber only. It was not weighted using the 
proportion of wood type (heartwood/sapwood, juvenile wood/mature wood) in a log; therefore the results 
presented in this study might not fully reflect the actual density variation pattern. Nevertheless, Duchesne 
and Tanguay (2010) observed a very similar pattern of lumber wood density variation along height 
position in unthinned and precommercially thinned balsam fir stands in New Brunswick.  
 
Table 24 Wood basic density in relation to log position and treatment.  

Log height above ground 
(m) 

Wood basic density (g/cm3)  
Number of lumber pieces tested / 

number of logs 

Control Thinned  Control Thinned 

0 – 2.5 345.6 (25.8) 329.7 (20.7)  69 / 28 69 / 27 
2.5 – 5.0 339.3 (21.1) 328.7 (21)  50 / 24 53 / 25 
5.0 – 7.5 341.9 (15.1) 336.3 (16.2)  23 / 20 29 / 16 

7.5 – 10.0 367.3 (27.8) 350.1 (8.6)  3 / 5 6 / 3 
Average 344.1 (22.7) 331.7 (19.9)    

Total - -  145 / 77 157 / 71 
  * Shown in parentheses are standard deviations. 
** Wood density was measured on lumber. 
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Figure 20 Wood basic density in relation to log position and treatment  
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6 Conclusions and Recommendations 

Based on the results from this study the following conclusions can be drawn:  
 
1) Tree growth responses moderately to commercial thinning after a very short period (5 years). 

 
2) The largest 5 live branches and tree taper are slightly larger in the thinned area than in the control 

area. Since trees are small, the main lumber downgrading defect is wane (78.8% of total downgrades).  
 

3) Commercial thinned trees yield a slightly higher Select Structural grade (the best visual grade) 
recovery of 29.1% as compared to 25.4% in the control area. The No. 2 & Better grade recovery 
follows similar trend. At the stand level, no grade recovery difference was found.  
 

4) Because trees are small, lumber volume recovery is very low (19 fbm/tree, 176 fbm/m3, or 32%). The 
wood consumption per Mfbm lumber was slightly lower in the thinned area (5.7 m3/Mfbm) than in 
the control area (6.6 m3/Mfbm). There is no difference in lumber volume, value and dimension 
recoveries between the two treatments 5 year after thinning. 
 

5) Commercial thinning has not yet shown any impact on lumber stiffness and strength 5 years after 
thinning. At the stand level, the lumber MOEs are 7.38 GPa and 6.92 GPa, and MORs 35.8 MPa and 
34.9 MPa for the control and thinned areas, respectively. Lumber stiffness and strength from this 39-
year-old white spruce plantation are lower than that measured in natural mature black spruce stands, 
in 49 year-old plantation-grown black spruce, and in a 70 year-old natural jack pine stand.  
 

6) Lumber stiffness and wood basic density tend to increase slightly from the butt log to the top log in 
both control area and thinned area, while lumber strength decreases.  
 

In conclusion, commercial thinning showed moderately positive effect on individual tree growth, 
however, no considerable difference in wood properties, lumber recovery and lumber quality was found 
between the control and the thinning treatment 5 years after the commercial thinning. The effects of 
commercial thinning on tree and wood characteristics, lumber recovery, lumber quality, and economic 
return should be examined over a longer period of time.  
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