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Abstract 

The aim of the research project is to examine the long term (31 years) effects of late commercial thinning at 
wide spacing on tree growth, wood characteristics and product quality and value in a natural jack pine stand 
located in New Brunswick. Because mechanized commercial thinning has just recently become a more 
prevalent silvicultural prescription in the softwood forests and plantations of Eastern Canada, little information 
is available on the long-term effects of intensive silviculture on tree growth and concurrent changes in wood 
properties.  
 
In 1976, when the even-aged jack pine stand was approximately 40 years old, Natural Resources Canada, 
Canadian Forest Service conducted an operational commercial thinning from below in a portion of the stand. 
The commercial thinning operations resembled current mechanized practices as the extraction trails were 
approximately 20 m apart and were 3 to 4 m in width. Trees were spaced to about 2.7 m to 2.7 m (50% 
removal of basal area) which represent the upper limit of what is done today in Eastern Canada.   
 
Thirty-one years later in 2007, sample trees were collected from each tree DBH class in a control area (natural-
origin) and the heavily thinned area for wood quality evaluation. A total of 85 trees was measured and bucked 
into 3.1 m (10-foot) long logs. Lumber conversion was carried out in two separate batches so that chip samples 
could be collected for fibre-based (MDF) panel manufacturing and quality evaluation. After kiln drying, 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 the DBH class 
level and at the stand level. Finally, a benefit/cost analysis was made for the two treatments.  
 
Commercial thinning had a positive effect on tree growth 31 years after treatment. The average tree diameter 
increased from 16.2 cm to 22.2 cm (37%) following heavy thinning. Average tree height increased from 15.4 
m to 17.5 m (12%) and merchantable stem volume per tree increased from 171.3 to 347.3 dm3 (103%). The 
lumber volume recovery per tree was higher in the thinned area (50.5%) compared to the control area (45.7%).  
 
Commercial thinning had a positive impact on the Select Structural lumber grade recovery with 14.8% for the 
thinned area as compared to 6.6% in the control area.  The total lumber value per tree was 146% higher in the 
thinned trees compared to control trees. The economic analysis indicates that it is profitable to perform a one-
entry commercial thinning at wide spacing with the stand conditions and assumptions described in this study. 
The benefit to cost ratio is 1.20 in the thinned stand, considering 1976 and 2007 revenues and costs, as 
compared to 1.56 in the control area.   
 
Lumber stiffness and strength decreased following commercial thinning. The lumber modulus of elasticity 
(MOE) were 9859 MPa and 8783 MPa and the modulus of rupture (MOR) 40.6 and 36.5 MPa in the control 
and thinned trees, respectively. This represents a 12% and 11% decrease in MOE and MOR after commercial 
thinning. The results clearly show that the dominant fast-growing trees sampled in the largest diameter classes 
(32-34 cm) of the thinned area had the lowest mechanical properties.  
 
In conclusion, based on this long-term study, commercial thinning operations should include removal of trees 
in the largest DBH classes, along with the more traditional removal of smaller diameter, suppressed trees and 
damaged trees. This prescription would make commercial thinning even more economically profitable at the 
time of treatment, while minimizing its effect on lumber mechanical properties. The resulting stand, 
comprising fewer fast-growing dominant trees and more co-dominant trees, will grow moderately and maintain 
desirable lumber mechanical properties. 
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1 Objectives 
• Examine the impact of late commercial thinning at wide spacing on tree growth, wood 

characteristics, and product quality and value in a natural-origin jack pine stand in New 
Brunswick; 

 
• Define the optimal silvicultural strategy to produce quality wood and maximize financial return. 

 
 

2 Introduction 
Jack pine (Pinus banksiana Lamb.) has one of the widest distributions of conifers across North America 
(Rudolph and Laidly 1990). It is a primary commercial tree species in the boreal and temperate forests 
and its wood is used in wide range of solid wood and pulp and paper products.  
 
Intensive forest management treatments such as commercial thinning are 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. Consequently, 
little information is available on the long-term effects of intensified silvicultural management on the 
growth and concurrent changes in wood properties of conifers in Eastern North America (Barbour et al. 
1994, OMNR 1998).  
 
Radial growth and associated wood attributes in a tree are largely influenced by the tree crown (Wang et 
al. 1998). Characteristics of the tree crown are influenced by light conditions within the surrounding 
forest stand. Mechanized 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. Several articles question 
the ability of natural origin jack pine stands to respond to commercial thinning at and beyond 40 years old 
(Benzie 1977, Smith 1986). However, other articles report acceptable diameter growth response on 
residual trees after commercial thinning on the better quality sites (Crayford 1967, Rudolph and Laidly 
1990).  Generally only one-third of the basal area or volume is removed in a commercial thinning to 
reduce volume loses from stem breakage, windthrow, initial shock of the thinning treatment, and the 
residual stand not being able to research full stocking capacity before the next harvest (Benzie 1977). 
None of the articles present long-term results from current mechanized harvesting operations. Few of the 
past studies examine the effect of commercial thinning on fibre attributes (Scott et al. 1982, Barbour et al. 
1994, Schneider et al. 2008, Zhang and Koubaa 2008). Scott et al. (1982) emphasises the need to increase 
tree growth and reduce stand rotations without degrading potential forest products by the silvicultural 
treatment. In northwestern Ontario, the Ontario Ministry of Natural Resources established operational 
trials in the early 1990’s to determine potential growth response of jack pine to mechanized commercial 
thinning operations (OMNR 1998).  Since the present study examines the long-term effects of operational 
commercial thinning at wide spacing on tree growth, wood characteristics, wood products quality and 
value for a natural jack pine stand; it will provide the required information now instead of waiting for 
results from operational trials and experiments for the next 10 to 30 years. 
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3 Staff 
Isabelle Duchesne, Research Scientist, Resource Assessment and Utilization 
Edwin Swift, Forestry Research Officer, Canadian Forest Service, Canadian Wood Fibre Centre 
Francis Tanguay, Technologist, Resource Assessment and Utilization 
 

Additional staff for sawmill test: 

Yvon Corneau, Group leader, Lumber Manufacturing Technology 
Ghislain Veilleux, Technologist, Lumber Manufacturing Technology 
Luc Bédard, Technologist, Lumber Manufacturing Technology 
Éric Beaulieu, Assistant, UQAM 
Rolf Nylinder, Assistant, Resource Assessment and Utilization 
 

MDF panel manufacturing staff: 

James Deng, Research Scientist, Composite Products 
Antoine Henry, Technologist, Composite Products 
 
 

4 Materials and Methods 

4.1 Stand characteristics and commercial thinning experiment  

The study site is located in the former military air strike practice area known as the Tracadie Ranges in 
northeastern New Brunswick, Canada (Latitude 470.441 N and Longitude 450.071 W). In this region, 
jack pine is at its Eastern natural distribution range for North America in the Acadia Forest Region 
(Rudolph and Laidly 1990). 
 
In 1976, when the even-aged stand was approximately 40 years old, Natural Resources Canada, Canadian 
Forest Service conducted an operational commercial thinning in a portion of the stand. It was a 
commercial thinning from below aimed at removing small, poorly formed trees in the treatment area. The 
commercial thinning operations are similar to current mechanized practices as the extraction trails were 
approximately 20 m (mean = 21.8 m and standard deviation = 2.76) apart and were 3 to 4 m in width. The 
extraction trail parameters are within current commercial thinning operations and approved for present 
forest management in New Brunswick. Between the extraction trails, approximately 50% of the basal area 
was removed in the residual strip to an approximate spacing of 2.7 m x 2.7 m. Such removal intensity in a 
commercial thinning treatment represents the upper limit for current operations in New Brunswick. We 
estimate an approximate 20% lost of growing space due to the extraction trails in the commercial thinned 
area of the stand. 
 
The experimental design for this retrospective study consists of the following areas in the same jack pine 
stand: a) a control area (no treatments) and b) an operational commercial thinned area. Although the 
experimental design has some limitations (no replication) on examining tree and stand growth responses 
and wood quality, the retrospective study does allow insight into what current commercial thinning 
operations may produce 20-30 years from now. 
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Stand information for the initiation of the study is derived from permanent sample plots (PSP) established 
in the same stand for a thinning and fertilization experiment by the New Brunswick Department of 
Natural Resources in 1976 (Schneider et al. 2005, Schneider 2007).  In brief, 42 circular 400 m2 

permanent sample plots were established in the northeast section of the jack pine to provide three 
replicates of the 14 thinning and fertilizer treatments. These circular 400 m² permanent sample plots 
provided a buffer area for the circular 200 m2 permanent sample plot established inside for tree 
measurements.  The experimental design was a random block design. Of interest to this experiment were 
the three control plots and the three 50% basal area removal plots that did not receive any fertilization 
treatments. These permanent sample plots provide tree and stand information at the time of the 
operational commercial thinning trial in the southwest section of the jack pine stand. 
 

 
 
Figure 1 Geographic location of the jack pine commercial thinning experiment in Tracadie, 

 New Brunswick  
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Figure 2 Aerial photograph showing the location of the jack pine control area, the 

 commercial thinned area and the fertilization study site in North Tracadie, New 

 Brunswick 
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Figure 3 Control area of the jack pine stand in 2007  
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Figure 4 Control area of the natural-origin jack pine stand. Tree live crowns were narrow 

 due to the high density of the stand  
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Figure 5 Thinned area of the jack pine stand 31 years after commercial thinning. In 1976, 

 when the stand was approximately 40 years old, the commercial thinning treatment 

 removed 50% of the basal area (approximate spacing: 2.7 m  x 2.7 m) 
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4.2 Selection of sample trees for wood quality evaluation 

In the fall of 2007 (age 70), five jack pine trees were randomly selected across the DBH classes present in 
the control (10- to 26-cm DBH class) and the thinned area (16- to 34-cm DBH class). In the upper 
sections of tree DBH distributions where fewer trees were available, only one tree was sampled in the 
26-cm DBH class of the control area, while only two trees were sampled in the 32 and 34-cm DBH 
classes of the thinned area. A total of 85 trees were sampled from the jack pine stand: 41 in the control 
area and 45 in the thinned area. Trees were numbered and their characteristics (i.e. crown width, crown 
length, merchantable stem length, branch diameter) measured in the forest (Table 1). The 85 stems were 
transported to Chaleur Sawmills located in Belledune, New Brunswick, and bucked into 3.1-m long (10-
ft) logs. Log diameter, position in the tree and defects (i.e. sweep, crooks, decay) were recorded on a total 
of 326 sawlogs. Each log was labelled with a biodegradable identity tag specially designed to be harmless 
to pulpmill processes.  
 
Table 1 Sample trees selected for the study 
 

DBH Class (cm) 
Treatment 

Control Thinned 
10 5  
12 5  
14 5  
16 5 5 
18 5 5 
20 5 5 
22 5 5 
24 5 5 
26 1 5 
28  5 
30  5 
32  2 
34  2 

Total 41 44 
 

4.3 Lumber conversion 

The lumber conversion took place in a modern sawmill equipped with a canter-twin and a bull edger 
sawing line on October the 26th, 2007.  In terms of lumber volume recovery, the sawmill is one of the 
most productive sawmills in Eastern Canada. The sawmill produced standard nominal 51 mm thick (2 in.) 
lumber sizes: 38 x 64 mm (2 x 3), 38 x 89 mm (2 x 4) and 38 x140 mm (2 x 6), and 25 mm thick (1 in.) 
boards: 25 x 64 mm, 25 x 89 and 25 x 140 mm (i.e. 1 x 3, 1 x 4 and 1 x 6), ranging in length from 1.5 to 
3.0 m (5 to 10 ft). Logs from the two groups (control area and thinned area) were processed separately to 
allow collection of wood chips. The optimal sawing diagram was automatically optimized for each log via 
the log scanner. On the production line, the reference number (entry sequence) of each log was manually 
transferred onto each piece of lumber produced (see Figure 10) to keep track of its provenance (i.e. 
control or thinned area, tree and log position in the tree). The lumber was transported to FPInnovations – 
Forintek Division where the lumber was kiln-dried to a moisture content of 15% using standard industrial 
drying schedule. 
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4.4 Evaluation of lumber volume, grade and value recoveries 

After planing, the lumber was visually graded by an inspector of the Quebec Wood Industry Council 
(CIFQ) in accordance with article No. 124 “Structural Light Framing” (NLGA 2003). NLGA Article 124 
comprises four grades: Select Structural (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.  
 
For each tree total nominal lumber volume was obtained by adding the lumber produced from all logs. 
Chip volume was obtained by subtracting the actual lumber volume (actual lumber size) and sawdust 
volume (estimated as 6% of the total log volume) from tree volume.  
 
To calculate lumber value, we used an average market lumber price list for the Great Lakes markets for 
the last 5 years (2003 to 2007), as published in Indec 2007 (Table 2). When lumber prices were not 
available, especially for short-length lumber, we estimated the value. The price for jack pine chips and 
sawdust was set at $140 and $40.00/dry metric ton, respectively. Then, tree value is obtained by adding 
lumber, sawdust and chip values. Based on the sample trees, an average tree value was determined for 
each DBH class in the control and thinned area of the jack pine stand. 
 

4.5 Evaluation of lumber mechanical properties and wood characteristics 

The lumber modulus of elasticity (MOE) and modulus of rupture (MOR) were determined for all 51mm 
(2 in.) lumber at equilibrium moisture content (EMC) of 15%. EMC was measured just before testing. 
The lumber bending property values were adjusted to 15% EMC and 38 x 89 mm (2 x 4) nominal sizes. 
The lumber mechanical testing was carried out using a Metriguard 312 testing machine according to 
ASTM D 4761-05 Standard Test Methods for Mechanical Properties of Lumber and Wood-Based 
Structural Material (ASTM International 2006). For each piece of lumber, the size of the 3 largest knots 
was recorded. A small 4-cm wood section was also cut to determine moisture content, average annual 
growth ring width and wood basic density. Basic density is defined as the ratio of ovendry wood weight 
on green/saturated wood volume (determined by water immersion). 
 

4.6 Evaluation of MDF panel characteristics 

Medium density fibreboard (MDF) panels were also produced with the sawmill chips. The protocol used 
for this experiment is detailed in Appendix 1.  
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Figure 6 Testing of lumber MOE and MOR in static bending at the Forintek Division of 

 FPInnovations 
 

 
Table 2 Lumber and board prices used in this study (based on a 5-yr (2003-2007) average 

 prices for the Great Lakes market as published by Indec 2007) 
 

Lumber dimension 
(in.) 

Lumber value ($/Mfbm) Board dimension 
(in.) 

Board value ($/Mfbm) 

Select Str. No.1&2 (stud) No. 3 Economy Utility & btr Economy 

2x3x4 420 225 210 200 1x3x4 310 200 

2x3x5 420 225 210 200 1x3x5 310 200 

2x3x6 420 294 220 200 1x3x6 310 200 

2x3x7 420 288 220 200 1x3x7 310 200 

2x3x8 420 317 240 200 1x3x8 342 200 

2x3x9 420 317 240 200 1x3x9 342 200 

2x3x10 420 317 240 200 1x3x10 342 200 

2x4x4 420 250 240 232 1x4x4 320 210 

2x4x5 420 250 240 232 1x4x5 320 210 

2x4x6 420 295 280 232 1x4x6 320 210 

2x4x7 420 302 280 232 1x4x7 320 210 

2x4x8 420 367 309 232 1x4x8 348 210 

2x4x9 420 391 309 232 1x4x9 348 210 

2x4x10 420 369 309 232 1x4x10 348 210 

2x6x4 420 340 267 226 1x6x4 370 220 

2x6x5 420 340 267 226 1x6x5 370 220 

2x6x6 420 340 267 226 1x6x6 370 220 

2x6x7 420 340 267 226 1x6x7 370 220 

2x6x8 420 393 267 226 1x6x8 381 220 

2x6x9 420 398 267 226 1x6x9 381 220 

2x6x10 420 393 267 226 1x6x10 381 220 
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5 Results and Discussion  

5.1 Jack pine stand characteristics  

The jack pine stand characteristics recorded in the control area and the commercial thinned area in 1976-
77 (at the time of commercial thinning) and 2007 are listed in Table 3. The jack pine stand area responded 
very well for growth response to heavy commercial thinning from below by shifting the residual tree 
diameter class frequency distribution to the larger diameter classes (Figure 7). Thirty years after thinning, 
the average tree diameter increased from 16.2 cm to 22.2 cm (37%) while the average tree volume 
increased from 0.141 to 0.357 m3/tree (103%) (Table 3). The diameter and tree volumes were calculated 
using the Honer’s equation and by measuring sample tree diameters at every meter along the stem are 
consistent.  
 
Over the 70-yr rotation period, the total stand volume produced in the thinned area is estimated to 
302.5 m3/ha (88.4 m3/ha removed in 1976 + 214.1 m3/ha in 2007), as compared to 217 m3/ha in the 
control area. These results clearly indicate that commercial thinning on these high quality sites for jack 
pine has a good potential to increase stand productivity over a rotation period. The thinned volume in 
1976 would otherwise have been lost by tree mortality. On average, 88.4 m3/ha including extraction trails 
was removed in thinned area in 1976, leaving 91.2 m3/ha in the residual strips. We assume that 25% of 
the volume was removed by extraction trails that were very close to the spacing between the residuals 
trees after the commercial thinning.   
 
Contrary to the commercial recommendations of Benzie (1977) and Jameson (1956), and the growth 
response information summarized by Rudolph and Laidly (1990), the thinned portion of stand at age 40 in 
this study did response very well to the commercial thinning treatment.  In agreement with Benzie (1977), 
the favourable growth response to the commercial thinning treatment may in part be due that the study 
was located on better sites for jack pine in New Brunswick (Ker and Bowling 1991).  Jack pine is known 
to develop favourable stand structures on well drained loamy sands (Benzie 1997) which occurred on the 
study site. Since Benzie (1977) recommends rotations of 70 years for timber production in jack pine 
stands on the better sites, the stand of this study could receive a final harvesting. 
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Table 3 Stand conditions of the control area and the thinned area in 1976 and 2007 
 
Stand conditions in 1976 Control area Thinned area 
Stand density (trees/ha) 3300 13501 
Stand volume (m3/ha) based on PSP data (without extraction trails) 179.6 136.3 
Average volume per tree (m3/tree) 0.054 0.1012 
Average tree diameter in 1976  11.2 14.62 
Basal area (m2/ha) 34.7 23.4 
Volume removed through commercial thinning for below in 1976 (m3/ha) - 88.43 
Stand conditions in 2007   
Stand density (trees/ha) 1542 600 
Stand volume (m3/ha) 217.0 214.1 
Average tree diameter in 2007 (cm) 
1) based on temporary sample plot data (diameter tape) 
2) based on the 85 sample trees harvested for the study (calliper diameter measured at 
every 1-meter along the stem)  

16.2 
16.2 
 

23.5 
22.2 
 

Average volume per tree (m3/tree)  
1) based on Honer’s equation 
2) based on the 85 sample trees harvested for the study 

0.141 
0.171 

0.357 
0.347 

Basal area (m2/ha) 31.8 26.1 
1 Just after the commercial thinning treatment;  
2 Chain saw effect (volume increase due to the removal of the smaller or suppressed trees in the thinned area of the 
stand) 
3 Not all of the stems in 1976 would have been merchantable for sawlogs and pulpwood, volume may be 
overestimated. In the economic evaluation, we assume that all the wood thinned in 1976 was pulpwood.  
 
Table 4 Tree DBH frequency distribution in the control and the thinned area in 2007 
 

DBH class  
(cm) 

Control area 
(%) 

Thinned area 
(%) 

10 3.8 0.0 
12 14.6 1.4* 
14 18.9 1.4* 
16 20.5 8.3 
18 20.0 4.2 
20 16.8 23.6 
22 3.8 25.0 
24 1.6 13.9 
26 0.0 6.9 
28 0.0 4.2 
30 0.0 6.9 
32 0.0 2.8 
34 0.0 1.4 

Total 100 100 
*In the 1-ha thinned area where our sample tree selection was confined, there was no living jack pine trees available 
in the small 12- and 14-cm DBH classes. As a result, 2.8% (1.4 + 1.4) of the tree population in the thinned area 
could not be represented in this study.  
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Figure 7 Tree DBH class frequency distribution in the control area and the thinned area of 

 the even-aged jack pine stand in 2007. The commercial thinning operation was 

 performed in 1976-77, when the natural-origin stand was around 40 years old 
 

5.2 Sample tree characteristics 

5.2.1 Tree diameter and height 

The dendrometric characteristics of the 85 trees selected for the evaluation of wood and lumber quality 
and value are detailed in Table 5. The diameter of trees grown in the control area did not exceed 26-cm 
diameter class whereas that of the thinned area reached 34-cm in DBH class. At the stand level, the 
average tree diameter increased by 27% after thinning, while average tree height increased only by 12%. 
Thus, commercial thinning at wide spacing promoted radial growth to a larger extent than tree height. 
Biologically, spaced trees exposed to light invest rather in lateral crown expansion than elongation.  
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Table 5 Average diameter and height of the sample trees cut in the control area and the 

 commercial thinned area of the same jack pine stand in 2007 
 

DBH class (cm) 
Average diameter at breast height  (cm) Total tree height (m) 

Control Thinned Control Thinned 
10 10.3  12.7  

12 12.3  13.9  

14 13.9  14.6  

16 16.0 16.3 15.8 15.9 

18 17.9 18.6 15.9 17.8 

20 19.7 20.0 16.5 17.4 

22 21.8 22.1 16.4 17.9 

24 23.8 24.5 17.9 18.4 

26 26.0 26.0 17.7 19.1 

28  28.3  19.1 

30  29.7  19.2 

32  32.4  19.4 

34  33.7  18.9 

Stand level 16.2 22.2 15.4 17.5 

 
5.2.2 Live crown length and width and log length below live crown 

As shown in Table 6, the average crown width and crown length increased with tree diameter. At the 
stand level, commercial thinning increased crown width and length in a proportion of 57% and 56% 
respectively. The proportion of live crown to total tree height increased steadily with tree diameter and 
was thus higher in the thinned area. The average live crown proportion to total tree height was one forth 
in the control area as compared to one third in the thinned area (Table 6). Thus, trees with sound (live) 
knots occurred extensively in thinned stands. At the stand level, the average log length below live crown 
was similar in both stand areas. 
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Table 6  Live crown dimensions and log length below live crown  
 

DBH 
class  
(cm) 

Average crown width 
(m) 

Average crown 
length  
(m) 

Average log length 
below live crown 

(m) 

Average live crown 
proportion  

(%) 
Control Thinned Control Thinned Control Thinned Control Thinned 

10 1.3  3.3  9.3  25.8  
12 1.7  2.6  11.3  18.4  
14 1.8  3.1  11.5  21.2  
16 1.8 2.5 4.0 5.3 11.8 10.6 25.2 33.6 
18 2.4 2.5 4.2 4.8 11.7 12.9 26.5 27.1 
20 2.8 3.0 5.2 5.8 11.4 11.6 31.2 33.3 
22 2.9 3.1 5.1 5.5 11.4 12.4 30.6 30.6 
24 3.5 3.6 6.3 6.8 11.6 11.6 35.3 37.1 
26 4.4 3.8 7.3 7.0 10.4 12.0 41.3 36.8 
28  4.3  7.2  12.0  37.5 
30  4.6  8.5  10.6  44.6 
32  5.0  9.2  10.2  47.5 
34  4.8  8.4  10.5  44.3 

Stand 
level 

2.1 3.3 3.9 6.1 11.5 11.4 25.1 33.7 

 

 
 

Figure 8 Large tree crown structures observed in the commercially thinned area of the jack 

 pine stand in 2007  
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5.2.3 Branch diameter  

As shown in Table 7, branch diameter increased steadily with increasing tree DBH. Jack pine is known to 
develop large branches in open conditions (Rudolph and Laidly 1990). 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. Control trees in the smaller diameter class (10 to 14 cm) had relatively 
large branches. Since jack pine is an intolerant species, these small suppressed trees may, in order to 
survive, have invested all their energy in fewer, but comparatively very large branches for the DBH class.  
 
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 37.8  

12 38.4  

14 37.0  

16 32.8 35.2 

18 34.8 36.3 

20 38.8 39.5 

22 43.5 37.7 

24 41.2 39.4 

26 29.2 38.9 

28  38.7 

30  40.7 

32  42.0 

34  40.7 

Stand level 36.5 37.5 
 
5.2.4 Stem taper  

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, the DBH-class threshold by which trees are considered as 
highly tapered is 24-cm (> 1.2 cm/m) thirty years after commercial thinning. These tapered trees belongs 
to the dominant trees present both in the control (24- and 26-cm DBH) and the thinned area (24-cm DBH 
and above). Obviously, these dominant trees are far more abundant in the thinned area where the released 
trees grew much faster compared to control trees. In summary, stem taper increases with increased tree 
diameter and is therefore larger in the commercial thinned area. 
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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 0.55   

12 0.59   

14 0.62   

16 0.81 0.76 

18 0.92 0.89 

20 0.90 0.92 

22 1.10 1.07 

24 1.20 1.21 

26 1.39 1.31 

28   1.40 

30   1.29 

32   1.59 

34   1.80 

Stand level 0.79 1.06 

 
5.2.5 Stem volume 

As discussed earlier, the total tree volume increased significantly after commercial thinning (Figure 9 and 
Table 9). Stem length also increased with commercial thinning. The major long-term effect of commercial 
thinning has been to concentrate the stand volume in fewer but much larger trees.  
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Figure 9  Average total tree volume in relation to DBH class and treatment. At the stand 

 level: Control = 171 dm
3
/tree ; Thinned = 347 dm

3
/tree 
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Table 9 Total tree volume (7-cm top diameter) and merchantable stem length per tree in 

 relation to DBH class and treatment  
 

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

Control Thinned Control Thinned 
10 46.4  8.9  

12 78.1  9.0  

14 108.9  10.4  

16 154.9 158.1 11.8 11.9 

18 229.5 225.0 12.4 14.1 

20 253.4 264.2 12.7 14.2 

22 290.7 325.9 13.6 14.6 

24 393.9 391.4 14.9 15.2 

26 443.2 482.6 15.3 16.0 

28  558.4  16.3 

30  581.7  16.4 

32  687.9  16.6 

34  738.5  15.5 

Stand level 171.3 347.3 11.4 14.3 

 
Table 10 provides an overview of the characteristics measured on the 85 sample trees on which this 
research work is based. Age was determined on disk sampled at stump height. The values have been 
weighted by the current tree DBH frequency distribution measured in the two areas of the jack pine stand. 
In summary, tree diameter, tree volume, tree height, stem length, stem taper, live crown width, branch 
diameter, and knot size all increased following late commercial thinning at wide spacing, compared to the 
control area. In the opposite, wood density decreased slightly, but the difference was not statistically 
significant.  
 
Table 10 Synthesis of the average characteristics of the sample trees harvested and sawn for 

 lumber quality evaluation  
 

 
Sample tree characteristics 

DBH distribution weighted mean 
Control area Thinned area 

Number of sample trees 41 44 
Age of sample trees at stump height (15 cm) 64 67 
Average DBH (cm) 16.2 22.2 
Average tree volume (dm3) 171.3 347.3 
Average tree height (m) 15.4 17.5 
Average stem length up to 9.1 cm diameter top (m) 11.4 14.3 
Average stem taper (cm/m) 0.79 1.06 
Average live crown width (m) 2.1 3.3 
Average proportion of live crown to total tree height (%) 25.1 33.7 
Average diameter of the 5 biggest branches (mm)  36.5 37.5 
Annual growth ring width (mm/yr) at stump height (15 cm) 1.62 2.04 
Wood basic density (kg/m3) (measured on lumber piece) 415 402 
Size of the 3 biggest knots on lumber piece (mm) 21.4 25.7 



Impact of Intensive Silviculture on Wood Product Quality in a Jack Pine Stand  

 
 
 

 
 

 

 19 of 49 

 

5.3 Lumber conversion and lumber quality 

 

 

 
 
Figure 10 Sample tree bucking, log numbering and tracking of each piece of lumber at 

 Chaleur Sawmills in Belledune, New Brunswick 
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5.3.1 Log volume recovery  

The photographs in Figure 10  illustrate the different steps that sample trees, logs, and lumber undergo 
before solid wood product quality can be evaluated in controlled laboratory environment. The results in 
Table 11 show that the average log volume increased with tree diameter class, but remained the same at a 
given DBH class for the control and thinned trees. At the stand level, commercial thinned trees had a 
remarkable 120% higher total log volume compared to control trees. The percentage of tree volume 
converted to logs was 5.7% higher in the thinned area compared to control area (87.1% vs 92.4% 
respectively).  
 
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 24.3  29.1  62.8   

12 27.2  70.8  90.7   

14 33.8  94.7  86.9   

16 39.0 42.3 140.5 152.1 90.7 96.2 

18 48.5 53.4 184.4 203.0 80.3 90.2 

20 61.7 58.7 234.3 246.7 92.5 93.4 

22 67.7 72.4 257.4 318.4 88.6 97.7 

24 84.5 88.2 371.8 370.6 94.4 94.7 

26 97.9 93.5 391.5 448.8 88.3 93.0 

28  110.0  527.8   94.5 

30  112.9  541.7   93.1 

32  137.3  686.6   99.8 

34  155.7  700.5   94.9 

Stand 
level 43.3 74.8 150.1 330.0 87.1 92.4 

 
5.3.2 Lumber volume recovery  

Table 12 and Figure 11 show that lumber volume recovery is comparable at a given DBH class, but 
increases with increasing tree diameter. The fact that trees were much larger in the commercially thinned 
area had a positive effect on lumber volume recovery. At the stand level, the nominal lumber volume 
produced per cubic meter wood is about 11% higher in the thinned area compared to the control area. 
Wood consumption is very high in the small diameter trees, which makes them unprofitable to process. 
With larger logs, less wood is needed to produce a given volume of lumber, here expressed as thousand 
feet board measures. Therefore, the wood consumption ratio is much lower in the thinned trees than in the 
control trees (3.6 m3/Mfbm vs 4.2 m3/Mfbm respectively), simply because of their favourable (larger) log 
diameter distribution.  
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In Figure 11, the lumber volume recovery is expressed as the volume ratio of green lumber volume to the 
total merchantable tree volume. 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 45.7% and 50.5%, 
respectively. This obviously has an impact on sawmill economic profitability. In Table 13, the average 
lumber volume produced per log was 11.31 fbm in the control trees and 21.79 fbm in the thinned trees, a 
two-fold volume yield increase following commercial thinning.  
 
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 4.9   168.2   6.1   

12 14.5   205.4   5.1   

14 21.2   224.3   4.6   

16 36.0 38.4 256.1 252.1 4.1 4.2 

18 53.5 55.2 290.0 271.9 3.6 3.8 

20 64.6 70.3 275.8 284.8 3.8 3.8 

22 77.4 92.8 300.7 291.6 3.4 3.6 

24 112.8 107.2 303.3 289.4 3.5 3.5 

26 131.1 137.6 335.0 306.7 3.1 3.5 

28   161.8   306.5   3.4 

30   159.8   295.1   3.6 

32   206.9   301.4   3.6 

34   216.5   309.0   3.4 

Stand level 40.0 96.3 251.9 279.9 4.2 3.6 
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Figure 11 Lumber volume recovery per stem volume (volume %). At the stand level and based 

 on actual lumber sizes, the control and thinned trees had a lumber volume recovery 

 of 45.7% and 50.5%, respectively  
 
Table 13 Average lumber volume per log (fbm/log) in relation to DBH class and treatment 
 

DBH Class 
(cm) 

Control area Thinned area 

10 4.08  

12 5.60  

14 7.58  

16 10.00 10.66 

18 14.07 14.52 

20 17.01 16.73 

22 20.37 21.10 

24 25.63 25.53 

26 32.79 28.67 

28  33.71 

30  33.30 

32  41.39 

34  48.10 

Stand level 11.31 21.79 

 
 
 

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

10 12 14 16 18 20 22 24 26 28 30 32 34

DBH class (cm)

L
u
m
b
e
r 
v
o
lu
m
e
 /
 S
te
m
 v
o
lu
m
e
 (
%
)

Control

Thinned



Impact of Intensive Silviculture on Wood Product Quality in a Jack Pine Stand  

 
 
 

 
 

 

 23 of 49 

 

5.3.3 Lumber dimension recovery  

The positive effect of commercial thinning is to allow the production of wider lumber pieces. As shown in 
Table 14, the logs originating from the thinned area produced a larger proportion of 2 x 6 lumber (12.9%) 
compared to the control area.  
 
Table 14 Lumber dimension recovery (volume %) in this study 
 

Nominal lumber dimension (in.) Control Thinned 
1 x 3  3.9 2.2 

1 x 4 2.8 2.8 

1 x 6 0.2 1.0 

2 x 3 10.2 6.0 

2 x 4 53.0 45.1 

2 x 6 29.9 42.8 

Total 100.0 100.0 

 
At the stand level, the thinned area generated 43.1 fbm of 2 x 6 lumber per tree, as compared to only 9.6 
fbm in the control area (Table 15). The volume of 2 x 4 per tree was also larger in the thinned area (46.9 
vs 33.2 fbm) while the volumes of 2 x 3 per tree were essentially similar (7.3 vs 7.8 fbm). Board volumes 
per tree were generally larger in the thinned area.  
 
Table 15 Lumber and board dimension recovery in relation to DBH class and treatment  
 

DBH 
Class 
(cm) 

2 x 3 lumber 
(fbm) 

 

2 x 4 lumber 
(fbm) 

 

2 x 6 lumber 
(fbm) 

 

1 x 3 board 
(fbm) 

 

1 x 4 board 
(fbm) 

 

1 x 6 board 
(fbm) 

 
Control Thinned  Control  Thinned  Control  Thinned  Control  Thinned  Control Thinned Control Thinned  

10 4.8      1.8      
12 9.5  8.0    3.1      
14 9.3      2.0  3.0    
16 5.8 6.6 72.7 29.1   2.2 4.2 3.0 3.3   
18 6.1 6.9 39.6 37.2 20.0 15.0 3.4 3.7 2.7 3.8   
20 7.5 9.0 41.2 39.3 21.3 29.3 2.3 2.8 4.2 5.0   
22 5.8 5.2 38.8 41.3 32.4 54.0 3.5 2.1 2.8 5.4   
24 5.6 6.8 52.5 72.7 49.8 25.6 2.6 3.8 4.9 3.9   
26  12.0 17.3 63.9 99.0 52.4 1.5 3.1 9.3 6.6 4.0 4.0 
28  9.6  65.9  75.0  2.6  8.1  7.3 
30  15.9  42.1  96.8  3.2  3.9  6.0 
32  4.8  86.0  107.5  4.3  9.0   
34  8.5  55.3  149.5  2.5  3.3  4.0 

Stand 
level 7.3 7.8 33.2 46.9 9.6 43.1 2.6 2.9 2.6 4.9 0.0 1.1 

 
5.3.4 Chip volume recovery 

In Table 16, over 70% of the volume of small 10-cm DBH trees ended up as wood chips instead of 
lumber, compared to only 25.6% for the 34-cm DBH class. Therefore, it is much more profitable to grow 
and process large trees that produce more lumber and give more value (compared to chips). At the stand 
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level, there is a 65% difference in average chip volume per tree between the control area and the thinned 
area (60.8 and 100.2 dm3 respectively).  
 
Table 16  Chip volume recovery in relation to DBH class and treatment 
 

DBH class (cm) 
Chip volume / tree   

(dm3) 
Chip volume / total stem volume 

(%) 
Control Thinned Control Thinned 

10 33.1   71.4   

12 39.5  51.0  

14 53.1  47.5  

16 61.5 58.4 39.5 37.1 

18 56.9 82.6 29.1 36.3 

20 86.8 83.6 34.5 32.0 

22 92.6 87.7 31.4 26.9 

24 105.4 116.1 26.7 29.7 

26 110.2 130.8 24.9 26.9 

28   143.7   25.6 

30   173.2   30.0 

32   158.3   23.1 

34   185.7   25.6 

Stand level 60.8 100.2 40.5 29.0 

 
5.3.5 Lumber grade recovery 

Each piece of lumber was visually graded by a qualified inspector according to the NLGA classification 
rules for “Structural Light Framing” (Figure 12). For the sample trees used in this study, the results show 
a 3% higher proportion of the Select Structural grade lumber (best grade) obtained in the thinned area 
compared to the control area (Figure 13). The proportion of No. 2 and better was similar in both 
treatments (control: 71.1% and thinned 69.8%). When the lumber grade recovery is calculated at the stand 
level (Table 16), the volume proportion of Select Structural grades is 8.2% higher in the thinned stand 
compared to control trees (6.6% vs 14.8%, respectively), while the proportion of No. 2 and better stays 
approximately the same (control 68.2% and thinned 66.8%). Commercial thinning had a positive impact 
on Select Structural lumber grade recovery, with a 8.2% volume increase at the stand level compared to 
the control trees.    
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Figure 12 Visual grading of lumber and boards by a qualified inspector  
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Figure 13 Lumber grade recovery according to NLGA #124 « Structural Light Framing »  
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Table 17  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 0.0  36.8  47.4  15.8  0.0  
12 6.3  18.9  56.2  5.2  13.4  
14 3.1  10.8  44.8  13.0  28.3  
16 1.6 8.1 4.5 1.2 57.9 62.0 28.1 10.9 7.9 17.8 
18 8.2 15.7 3.5 1.6 55.7 48.9 17.9 15.0 14.6 18.8 
20 13.9 15.4 10.5 10.3 44.5 36.9 25.1 28.0 6.1 9.4 
22 13.3 21.3 3.9 4.6 49.2 47.7 22.4 12.1 11.2 14.4 
24 15.3 6.6 10.5 8.5 54.8 51.1 5.6 19.3 13.7 14.6 
26 8.6 26.0 25.8 6.6 35.0 42.6 22.9 13.8 7.7 10.9 
28  13.7  11.9  56.2  13.2  5.0 
30  13.8  5.7  47.7  15.3  17.5 
32  2.5  0.0  54.8  29.6  13.1 
34  11.9  7.2  44.7  22.8  13.5 

Stand 
level 6.6 14.8 9.9 6.3 51.7 45.7 18.3 17.6 13.5 12.9 

 
The relative tree diameter frequency distribution used to calculate lumber grade recovery at the stand 
level is shown in Table 18. However, in the 1-ha thinned sample area of the thinned portion of the stand 
where destructive sampling was conducted, no living jack pine trees in the 12- and 14-cm DBH classes 
occurred. Each of the two tree DBH classes represented only 1.4% of the tree DBH frequency distribution 
in the treated (operational commercial thinned) stand area. The lack of sample trees in these two DBH 
classes (Table 18) explains why the sum of the lumber grade recovery values at the stand level totalizes 
97.2% instead of 100% for the thinned area (Table 17).  
 
Table 18 Stand tree diameter frequency distribution used to calculate the lumber grade 

 recovery at the stand level 
 

DBH 
class 
(cm) 

Lumber volume produced 
(fbm) 

Stand relative tree diameter frequency distribution 
(%) 

Control Thinned Control Thinned 
10 19.0  3.8 0.0 
12 63.5  14.6 1.4* 
14 97.2  18.9 1.4* 
16 168.3 171.8 20.5 8.3 
18 242.5 250.5 20.0 4.2 
20 306.0 331.7 16.8 23.6 
22 367.5 438.2 3.8 25.0 
24 534.2 504.8 1.6 13.9 
26 116.3 641.3 0.0 6.9 
28  752.3 0.0 4.2 
30  758.2 0.0 6.9 
32  396.5 0.0 2.8 
34  418.2 0.0 1.4 

Total 1914.5 4663.5 100.0 100.0 

*No trees could be sampled 
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5.3.6 Lumber downgrading defects 

The quality of jack pine 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 19 and Figure 14). 
Wane and knots are the two most important downgrading defects, accounting together for about 75% of 
all lumber downgrades in this study.  
 
In control trees, wane caused 53.3% of the lumber downgrades comparatively to 36.2% in the thinned 
area. The smaller are the logs, the larger is the probability to have wane on a lumber piece. In the thinned 
tree, knots downgraded 38.1% of the lumber volume comparatively to only 21.8% in the control area, a 
direct effect of the large spacing between the trees (2.7 m x 2.7 m). On this site and based on the visual 
lumber grade yield results, the heavy commercial thinning at age 40 did not produce a low density stand 
that would degrade potential forest products. One explanation is that the large residual trees in the thinned 
area also produced large size pieces that compensated for the increase in knot size due to larger branches 
and crowns. For a given visual grade, larger knots are allowed in larger pieces. In this study, commercial 
thinning did not appear to increase the proportion of compression wood visually detectable on the surface 
of the lumber produced at the time of grading, a concern that has been raised in the literature.  
 
In Europe, Kyrkjeeide and Törnqvist (1993) suggest that “monocultures with the same age of each tree 
have more compression wood than more variable stands”, and that increasing spacing lowers wood 
quality caused by a higher percentage of compression wood (Seeling 2001). On the other hand, a study by 
Bengtsson (2000) on Norway spruce reports that visual grading according to compression wood is very 
difficult. As visual grading may not always consistently reveal actual lumber properties, machine grading 
is increasingly used to ensure product quality. 
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Figure 14 Proportions of Select Structural lumber (no defects) and lumber downgrades due to 

 different defects 
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Table 19 Downgrading defects in the control area and the thinned area  
 

Reasons for downgrades  
(NLGA #124) 

Control 
(%) 

Thinned 
(%) 

Select Structural (No defects) 11.1 14.3 
Wane 53.3 36.2 
Knots 21.8 38.1 
Comp. wood 2.6 2.6 
Decay  3.2 2.2 
Shake  3.3 2.2 
Others 4.7 4.4 
Total 100.0 100.0 

 

5.4 Product value recovery 

5.4.1 Lumber, chip and sawdust value recovery per tree 

In this study, the commercial thinning treatment increased individual tree size and the average lumber 
value per tree increased steadily with increased tree diameter (Table 20 and Figure 15). At the stand level, 
the average lumber value per tree has more than doubled thirty years after treatment.  
 
Table 20 Lumber value per tree in relation to DBH class and treatment  
 

DBH class 
 (cm) 

Lumber value ($/tree) 
Control Thinned 

10 1.42  
12 4.45  
14 6.36  
16 11.91 12.35 
18 17.68 17.98 
20 22.17 23.34 
22 26.61 31.98 
24 39.73 35.97 
26 45.94 46.83 
28  57.53 
30  53.92 
32  68.16 
34  73.17 

Stand level 13.25 32.58 
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Figure 15 Lumber value per tree in relation to DBH class and treatment  
 

In Table 21 and Figure 16, the average lumber value is expressed per thousand board feet (Mfbm), which 
increased with tree DBH class. At the stand level, the average lumber value per Mbf did not vary much 
between the control and the thinned area (Table 19). However, the lumber value per m3 of stem is 19.8% 
higher in the thinned trees compared to the control trees ($75.77 vs $90.74/m3, respectively). As for 
lumber, chip and sawdust value increases with increasing tree DBH class (Table 22).  
 
Table 21 Lumber value per Mfbm and per m

3
 of stem in relation to DBH and treatment  

 

DBH Class (cm) 
Lumber value/1000 fbm ($/Mfbm) Lumber value/m3 stem ($/m3) 
Control Thinned Control Thinned 

10 281.00  61.55  

12 302.74  66.87  

14 295.67  61.94  

16 323.39 309.48 78.89 81.24 

18 317.23 323.68 79.40 82.65 

20 335.02 322.42 87.92 89.80 

22 331.95 333.01 92.53 99.03 

24 339.91 327.50 101.51 92.52 

26 347.11 328.03 102.48 97.83 

28  343.90  103.81 

30  326.52  92.95 

32  317.92  99.48 

34  330.00  99.34 

Stand level 314.84 317.34 75.77 90.74 
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Figure 16 Lumber value per thousand footboard measures in relation to DBH and treatment 
 
Table 22  Chip and sawdust value per tree in relation to DBH and treatment 
 

DBH 
class 
(cm) 

Chip value per tree 
($/tree) 

Sawdust value per tree  
 ($/tree) 

Control Thinned Control Thinned 
10 1.88   0.03   

12 2.24  0.07  

14 3.02  0.09  

16 3.50 3.32 0.14 0.15 

18 3.23 4.70 0.18 0.20 

20 4.93 4.75 0.23 0.24 

22 5.26 4.98 0.25 0.31 

24 5.99 6.60 0.36 0.36 

26 6.26 7.43 0.38 0.44 

28   8.17   0.51 

30   9.84   0.53 

32   9.00   0.67 

34   10.55   0.68 

Stand level 3.46 5.69 0.15 0.32 

 
5.4.2 Total product value per tree and per hectare 

The average total product value per tree is shown in Table 23. Thirty years after commercial thinning, the 
residual trees are worth 129% more than control trees ($38.60 vs $16.86 respectively). In Table 24, the 
lumber, chip and sawdust values have been calculated per hectare. Overall in 2007, the thinned area had a 
12.2% lower total product value per hectare compared to the control ($23,159 vs $25,993 respectively).  
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Table 23 Total product value per tree in relation to DBH and treatment  
 

DBH  
class  
(cm) 

Total product value (lumber+chips+sawdust)  
($/tree) 

Control Thinned 
10 3.33   

12 6.76  

14 9.47  

16 15.54 15.82 

18 21.09 22.88 

20 27.33 28.33 

22 32.12 37.27 

24 46.08 42.93 

26 52.58 54.71 

28   66.21 

30   64.29 

32   77.83 

34   84.40 

Stand level 16.86 38.60 

 
Table 24 Total product value per hectare for the control area and the thinned area in 2007 
 

Product Item Control area Thinned area 
Lumber value ($/ha) 20,435.03 19,550.32 
Chip value ($/ha) 5,332.60 3,415.94 
Sawdust value ($/ha) 225.56 192.95 
Total product value ($/ha) 25,993.20 23,159.21 
 

5.5 Economic evaluation  

The profitability of the commercial thinning treatment was evaluated through a comparative benefit/cost 
analysis between the control area and the thinned area (Table 26). All revenues and costs have been 
calculated to represent actual values in 2007. The revenues are the sum of lumber, chip and sawdust 
values, based on the results obtained in Table 23. Lumber value is based on the 5-yr (2003 to 2007) 
lumber price average for the Great Lakes markets, as published by Indec in 2007. On average, 88.4 m³/ha 
including extraction trails was removed in thinned area in 1976, leaving 91.2 m³/ha in the residual strips. 
Based on the PSPs of 1976, the commercial thinning from below removed trees smaller than 10 cm: (80% 
of trees were in the 8-cm dbh class, and 20% in the 6-cm dbh class).  In this analysis, we assumed that the 
sole thinned volume (88.4 m3/ha) was sold as pulpwood. Hence, the inclusion of studwood and or 
sawlogs into the economic analysis would only increase the profitability of the commercial thinning 
operation. Pulpwood value is estimated on the basis of today’s average market price ($9.33/m3) in New 
Brunswick (NBDNR 2008).   
 
Since harvesting and sawmilling costs vary with stem volume and log diameter, two models based on 
FPInnovations studies were used to evaluate these costs. Firstly, forest operation costs (harvesting, 
forwarding, and supervision) were evaluated by Interface 2003, a model based on average volume per tree 
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developed by the Feric Division (Table 25). Since the time the experimental commercial thinning 
treatment was conducted (1976), harvesting operations and technologies have changed dramatically and 
are now becoming fully mechanized. Since information of the thinning costs in 1976 was not possible to 
obtain, we estimated the costs of today’s fully mechanized commercial thinning operations (Table 25). 
When a natural-origin stand with an average tree volume of 0.056 m3/tree is commercial thinned using 
today’s technology, the total direct costs at road side is estimated to $41.96/m3. If a natural-origin stand 
with an average tree volume of 0.141m3 is totally harvested (control by age 70), the direct costs are then 
$17.15/m3, as compared to $12.36/m3 in a stand with an average tree volume of 0.357 m3/tree (Thinned 
area by age 70, i.e. 30 years after the heavy thinning was applied). Lumber production costs were 
estimated using a model developed on results from several Forintek studies (Figure 17). The model 
includes major costs as sawing, drying and planing costs. However, it is important to point out that these 
costs vary from mill to mill and that the model intends to show the general trend of cost variation with log 
diameter (at small end), keeping in mind that the absolute dollar values will fluctuate over time. The 
transportation cost was set at $12.29/m3 based on an average mill distance of 142 km (Quebec Ministry of 
Natural Resources and Wildlife).  
 
Table 25  Costs at road side for partial (commercial thinning) and total harvest in 2007 based 

 on the average volume of harvested stems (Interface 2003, Feric Division) 
 

 
Area to be thinned 

(stand age 40) 
Control area 
(stand age 70) 

Thinned area 
(stand age 70) 

Commercial thinning Final cut Final cut 

Average volume of harvested stems (m³) 0.0561 0.141 0.357 

Harvesting cost ($/m³) 31.39 10.60 5.58 

Forwarding cost (0-300 m) ($/m³) 7.51 6.42 6.42 

Additional supervision ($/m³) 3.00 0.00 0.00 

Total ($/m³) 41.96 17.15 12.36 
1 Average stem volume in 1976 just before conduction the heavy commercial thinning was conducted 
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Figure 17 Lumber production costs in relation to log diameter (Forintek Division model)  
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As shown in the benefit/cost analysis of Table 26, the total product value per hectare in the thinned area in 
2007 was 12% lower than that of the control area ($23,159 vs $25,993/ha). However, the total costs 
(harvest and processing) in the thinned area were also lower at the time of final harvest, resulting in the 
same benefit to cost ratio of 1.56. The fact that commercial thinning concentrated the stand volume into 
much fewer trees had a positive effect on harvest productivity and lumber yield. As the thinned area 
responded well to heavy thinning and that these large trees were less expensive to harvest and process, the 
benefit to cost ratio is positive and identical to that of the control area (both 1.56).  
 
When the revenues and costs (using 2007 cost and market values) of the thinning operation performed in 
1976 are added to the revenues and costs or the thinned area at final harvest in 2007, the benefit to cost 
ratio over the entire rotation period is still positive (b/c ratio = 1.20). It is important to mention that the 
present benefit/cost analysis does not consider the value/cost of money (e.g. interest rate, inflation) over 
the 30-yr time since the commercial thinning treatment was applied. It is at the discretion of the forest 
owner to evaluate if commercial thinning is a cost or investment over the rotation of a stand.  For some 
forest industry companies in Eastern Canada, the costs of the initial commercial thinning treatments are 
viewed more as a silvicultural investment for subsequent timber production for the second and subsequent 
harvest entries both at the stand level and particularly at the landscape level (Brunsdon 1999, Pelletier 
1999, Pelletier and Pitt 2008). Pulkki and Goble (1990) have stated that commercial thinning in mid-aged 
natural-origin jack pine stands is only economical on the best sites for the species such as this study, and 
for increasing log or stem quality for speciality wood products. They did not however mention the 
advantages for overall economic returns from the second and subsequent harvest entries.  Also, their 
study examined strip-thinning; which produces a growth response at the strip ends, but not generally in 
the centre of the residual strip. 
 
As profitability relies on many factors (proximity to mill, markets, process technology, basket of 
products, exchange rates) the present economic analysis does not cover all these aspects. From a forest 
owner perspective and keeping the study’s assumptions in mind, the present economic analysis indicates 
that it is profitable to perform late commercial thinning at wide spacing in a good quality jack pine stand.  
Over a 70-year rotation period at today’s market values, the benefit to cost ratio (1.20) is still positive in 
the thinned area, thirty years after commercial thinning, i.e. for one dollar invested in commercial 
thinning, 1.20 dollar is recovered at final harvest. In addition, this analysis is conservative in terms of 
revenues as it considers all of the thinned wood as pulpwood.  The percentage of sawlogs extracted in a 
commercial thinning treatment has an impact on its profitability. With today's harvest cost standards, it 
would be recommended to harvest a few larger trees (more sawlogs) to off-set the partial harvest costs 
(and for wood quality reasons, as will be discussed in the next chapter). The payoff for the treatment 
conducted in 1976 would be a harvest of the stand today, 30-years after the commercial thinning.   
 
 
 
 
 
 
 
 
 
 



Impact of Intensive Silviculture on Wood Product Quality in a Jack Pine Stand  

 
 
 

 
 

 

 34 of 49 

 

Table 26 Economic analysis of late commercial thinning at wide spacing (50% basal area 

 removel or 2.7 m x 2.7 m) in a natural jack pine stand grown in Tracadie, New 

 Brunswick. The thinned area represents a 30-yr response to commercial thinning 

 (revenues and costs are for 2007) 
 
Stand characteristics 70 years after forest fire 

and 31 years after commercial thinning 
Thinned area 

in 1976 
Control area 

in 2007 
Thinned area 

in 2007 
Thinned area 
1976+2007 

Merchantable trees/ha Before: 3300 After: 
1350 

1542 600  

Merchantable stem volume – 9.1 cm dia. top (m³/ha) - 217.0 214.1  

Average tree volume (m3/tree) 0.056 0.141 0.357  

Revenues      

Total product value (lumber, chips and sawdust) ($/tree)  - $15 $36  

Total product value (lumber, chips and sawdust) ($/ha) - $25 993 $23 159  

Total value of thinned pulpwood using 2007 pulpwood market 
price (88.4 m³/ha* 9.33 $/m³)  

$825 - -  

A) Total revenues per hectare in 2007 $825 $25 993 $23 159 $23 984 

Costs per hectare     

Stumpage fee for thinned pulpwood (88.4 m³/ha@3.77$/m³) 
in New Brunswick in 2007 

333 $0 $0  

Stumpage fee @ $19.97/m3 in New Brunswick in 2007 
(timber) 

$0 $4 333 $4 276  

Harvesting costs at road side (Feric Division)($/ha) $3 709 $3 722 $2 646  

Transportation costs @ $12.29/m3 for 142km $1 086 $2 667 $2 631  

Sawing cost (Forintek Division)($/ha) 0 $5 959 $5 257  

B) Total costs per hectare ($/ha) $5 129 $16 681 $14 810 $19 939 

A) - B) Profit per hectare ($/ha) -$4 304 $9 312 $8 349 $4 045 

Benefit/Cost 0.16 1.56 1.56 1.20 

 

5.6 Effects of commercial thinning on lumber product quality 

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

As shown in Table 27, lumber modulus of elasticity (MOE) and modulus of rupture (MOR) in static 
bending decreased with increasing tree DBH class (or growth rate). The largest dominant fast growing 
trees (32- and 34-cm DBH) of the thinned area had also the lowest MOE and MOR values (Figure 18 and 
Figure 19). At the stand level, there is a significant difference in lumber MOE and MOR between the 
control area and the thinned area (9859 MPa and 8783 MPa, respectively). These values are respectively 
12% and 11% lower in the thinned area compared to the control area. This can be attributed to the 
increased proportion of earlywood in relation to latewood in the annual ring of residual trees after 
thinning, as reported in the literature (Schneider et al. 2008) and the presence of larger knots in those 
trees. The largest trees grown in the thinned area produced lumber with substantially lower MOE values, 
which raises the need to machine grade these products.  
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The results suggest that commercial thinning induced a larger variation in lumber MOE and MOR 
compared to the control area. For MOE, the coefficient of variation (COV) of the mean is 14.6% for the 
control area and 19.5% in the thinned area. For MOR, they are 24.4% and 32.6% respectively. This larger 
variation in the thinned tree may be due to the fact that jack pine trees responded well to spacing and took 
every opportunity to develop large branches when tree spacing allowed. At the stand level, the average 
size of the three largest knots on lumber piece was much larger in the thinned trees compared to control 
trees (21.4 mm vs 25.7 mm, respectively). It is also well known that jack pine is prone to developing very 
large branches at low stand density compared to other species like black spruce (Picea mariana (Mill.) 
B.S.P.) and balsam fir (Abies balsamea (L.) Mill.) (Rudolph and Laidly 1990).  
 
Table 27 Lumber modulus of elasticity (MOE) and modulus of rupture (MOR) and size of 

 the three largest knots on lumber piece in relation to DBH class and treatment   
 

DBH 
class 
(cm) 

Modulus of Elasticity 
(MPa) 

Modulus of 
Rupture 
(MPa) 

Average size of 
the 3 largest 

knots on lumber 
piece 
(mm) 

Standard 
deviation  

for lumber MOE 
(MPa) 

Standard 
deviation  

for lumber MOR 
(MPa) 

Number of lumber 
pieces tested 

Control Thinned Control Thinned Control Thinned Control Thinned Control Thinned Control Thinned 

10 9750  43.9  10.0  89  1  2  

12 9678  44.5  22.3  1671  6  6  

14 10855  40.0  19.0  952  12  10  

16 10459 9947 41.4 41.3 20.1 20.8 1325 1564 11 10 24 24 

18 9325 9757 40.9 38.4 21.2 21.2 1197 1277 10 9 36 33 

20 9078 10006 36.9 43.4 25.5 22.3 1685 1439 10 11 39 42 

22 9026 9016 37.9 38.1 28.3 28.2 1243 1416 11 12 45 51 

24 9154 8032 37.6 33.0 27.1 27.9 1404 1705 10 10 66 70 

26 8368 8693 33.2 34.7 36.6 29.3 757 1629 9 11 13 71 

28  8485  34.9  28.1  1491  12  88 

30  7901  30.8  32.9  1480  11  77 

32  7445  26.4  34.7  1657  13  45 

34  7393  29.4  31.6  1304  11  46 
Stand 
level 9859 8783 40.6 36.5 21.4 25.7 1442 1712 10.3 11.9 241 547 

COV       14.6% 19.5% 24.4% 32.6%   



Impact of Intensive Silviculture on Wood Product Quality in a Jack Pine Stand  

 
 
 

 
 

 

 36 of 49 

 

0

2000

4000

6000

8000

10000

12000

10 12 14 16 18 20 22 24 26 28 30 32 34

DBH Class (cm)

M
o
d
u
lu
s
 o
f 
e
la
s
ti
c
it
y
 (
M
P
a
)

Control 

Thinned

 
Figure 18 Modulus of elasticity (MOE) measured at an equilibrium moisture content of 15% 

 in relation to DBH class and treatment 
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Figure 19 Modulus of rupture (MOR) in relation to DBH class and treatment 
 
5.6.2 Lumber stiffness and strength in relation to log position  

In Table 28, lumber MOE and MOR values are presented in relation to DBH class and log position 
(height) in the tree. The results show that lumber MOE and MOR decrease steadily from the butt log 
(0-3 m) to the top log. Top logs are located in the live crown of the trees and contain a high concentration 
of branches. 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. 
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There is a large intra-tree variation in jack pine trees. For the control area there is a 25% difference in 
MOE between the butt log and the top log. For the thinned area, the corresponding value is 27%. 
Similarly for MOR, the intra-tree variation is 46% and 34% for the control and thinned area, respectively.  
 
Table 28 Lumber modulus of elasticity (MOE) and modulus of rupture (MOR) in relation to 

 DBH class, log position and treatment   
 

DBH 
class 
(cm) 

Lumber Modulus of Elasticity (MOE) 
(MPa) 

Control – Log position (m) Thinned – Log position (m) 
0-3 3-6 6-9 9-12 12-15 0-3 3-6 6-9 9-12 12-15 

12 10495          
14 10768 10940         
16 10721 11544 9784   10928 10160 9616   
18 9995 8970 9254   9358 9995 10067   
20 9784 9557 8052   10636 9982 9533 10101  
22 9103 9456 8777 8126  9434 9226 8737 7946  
24 9786 9247 8483 7754  7514 8861 8198 7988  
26 8711 8337 8434 7968  9021 9083 8399 7317  
28      8965 8557 8504 7666  
30      8156 7840 7770 6978 6814 
32      8098 7578 7533 6873  
34      8072 6546 6929 7206 7201 

Average 9819 9493 8609 7865  8853 8666 8400 7499 6943 

 

DBH 
class 
(cm) 

Lumber Modulus of Rupture (MOR) 
(MPa) 

Control – Log position (m) Thinned – Log position (m) 
0-3 3-6 6-9 9-12 12-15 0-3 3-6 6-9 9-12 12-15 

12 45.3             
14 38.3 50.1           
16 39.5 50.8 35.8    46.8 41.9 37.7     
18 45.5 38.9 41.4    35.5 38.8 41.7     
20 43.2 35.7 30.7    51.5 41.0 39.0 33.9   
22 42.6 39.4 32.3 32.6  44.5 36.2 33.6 33.0   
24 44.6 36.9 30.0 28.4  30.5 35.6 34.8 29.1   
26 42.9 31.0 26.9 31.6  39.9 35.2 33.8 23.5   
28      38.7 35.0 34.3 29.5   
30      32.6 28.3 31.3 24.2 29.2 
32      35.4 24.9 24.5 19.7   
34      37.9 24.4 21.4 28.8 27.8 

Average 43.4 38.7 32.3 29.7  38.6 33.7 33.0 26.7 28.7 
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Figure 20 Lumber stiffness (MOE) and strength (MOR) in static bending in relation to log 

 height and treatment 
 

5.7 Effects of commercial thinning on wood basic density  

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

As shown in Table 29 and Figure 21, wood basic density decreases with increasing DBH class while the 
average growth ring width increases with increasing tree DBH class. At the stand level, the wood basic 
density is 3% lower in thinned trees compared to control tree (415 kg/m3 vs 402 kg/m3), but this 
difference is not statistically significant. Barbour et al. (1994) have reported significant differences 
between the control and two thinning treatments (2.6 m and 3.4 m spacing) for weighted relative wood 
density in 26-year-old jack pine stand in northern Ontario. The response in relative wood density to the 
thinning treatments lasted longer than growth-rate response in the two thinning treatments. They suggest 
that the influence of available soil moisture changed the ratio of earlywood to latewood and hence the 
decrease in wood density on the thinned plots. Unlike this study, Barbour et al. (1994) did not examine 
differences between diameter classes at the DBH level on tree stems. At the time of commercial thinning, 
the jack pine stand was already about 40 years old and the trees had already entered their phase of mature 
wood formation. Thus, the thinning treatment, although intensive, did not appear to promote the 
formation of low density juvenile wood, which explains why wood density did not change that much after 
commercial thinning. However, it can be seen that in the case of the fastest growing, dominant trees in the 
30 to 34 DBH classes, they have lower density (and mechanical properties). To keep an acceptable wood 
quality, commercial thinning should also focus on removing these “super-dominant” fast-growing trees 
because they show lower lumber bending properties.   
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Table 29 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 0.408  1.0  

12 0.416  1.5  

14 0.422  1.5  

16 0.435 0.428 1.5 1.5 

18 0.404 0.422 1.6 1.8 

20 0.400 0.427 2.0 1.8 

22 0.408 0.409 2.0 2.1 

24 0.408 0.413 2.1 2.4 

26 0.406 0.398 2.3 2.4 

28  0.399  2.6 

30  0.394  2.6 

32  0.395  2.3 

34  0.387  2.8 

Stand level 0.415 0.402 1.6 2.0 
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Figure 21 Wood basic density in relation to DBH class and treatment 
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5.7.2 Wood density in relation to log position  

As for MOE and MOR (Table 28 and Figure 20), wood basic density decreases steadily with increasing 
log height in control and thinned trees (Table 30 and Figure 22). These results are in agreement with the 
literature (Hegyi 1969, Scot et al. 1982, Zhang and Koubaa 2008). Butt logs are denser than upper logs 
because mature wood is formed earlier in the lower part of the tree (i.e. where natural pruning occurs 
first).  
 
Table 30 Wood basic density in relation to log position and treatment 
 

Log position (from butt) 
(m) 

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

tested 
Control Thinned Control Thinned 

0 – 3 0.432 0.423 91 185 
3 – 6 0.404 0.404 72 152 
6 – 9  0.391 0.393 53 120 
9 – 12  0.382 0.382 24 77 
12 – 15  0.390 0.374 1 12 
Stand level (weighted mean) 0.415 0.402   
Total - - 241 546 
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Figure 22 Wood basic density in relation to log position and treatment  
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5.8 Effects of commercial thinning on the properties of medium density fibreboard 

Medium density fibreboard (MDF) panels were manufactured using the sawmill chips produced in the 
lumber conversion part. The process parameters used at the pilot plant of Forintek Division were kept 
constant for the two chip batches (control and thinned) Table 31. These parameters were not specifically 
optimized for jack pine chips, but are commonly used for mixed (SPF) softwoods in MDF industry. 
Consequently, the property values obtained in this study may be somewhat different from what could be 
achieved in species optimized conditions. However, the process conditions used in the experiment 
showed relative differences in panel properties between the two treatments. 
 

   

 
 

Figure 23 Mechanically separated jack pine fibres and panel press used in the manufacturing 

 of MDF panels at FPInnovations-Forintek 
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Table 31  Refining process parameters used in this study 
 

No. Raw material types 
Pre-steam 
temperature 

(°C) 

Refining 
steam 

pressure 
(bar) 

Retention 
time 
(min.) 

Resin 
content 
(%) 

Wax 
content 
(%) 

1 Jack pine - control >70 8 2.5 14 1 

2 Jack pine – thinned >70 8 2.5 14 1 

Note: 

1. Resin and wax contents were calculated based on the percentage of their solid weights on oven 
dry wood weight. 

2. The urea formaldehyde resin and wax were injected into the blowline on the surface of the wood 
fibre. 

 
Table 32 MDF panel manufacturing parameters of hot pressing used in this study 
 
Panel Identity 
C = Control 
T = Thinned 

Hot press 
temperature 

 

Pressing 
time 
 

Target 
density 

Actual 
density 

Max core 
Temperature 

Max gas 
Pressure 

 (ºC) (sec.) (pcf) (pcf) (°C) (psi) 

C-1 185 240 48.7 46.7 125.0 15.3 

C-2 185 240 48.7 47.7 125.0 15.3 

C-3 185 240 48.7 46.7 123.3 13.8 

C-4 185 240 48.7 46.0 123.3 13.8 

T-1 185 240 48.7 44.4 n/a n/a 

T-2 185 240 48.7 45.8 n/a n/a 

T-3 185 240 48.7 44.1 119.4 11.8 

T-4 185 240 48.7 45.7 123.9 13.2 
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Table 33 Mechanical properties of the MDF panels (12.7 mm) produced from wood chips 

 sampled in the control area and the commercial thinned area of a jack pine stand 
 

 
MDF fibre 
origine 

Board 
density 

IB Density 
Internal 
Bond 

TSWA 
Density 

WA 24h TS 24h  WA TS edge 
Bending 
Density 

MOR MOE 
Face 
screw 
holding 

(kg/m3) (kg/m3) (MPa) (kg/m3) (%) (%) (%) (%) (kg/m3) (MPa) (MPa) (kN) 

Control 748 45.2 0.183 727 16.3 9.0 16.2 15.7 734 25.41 2626 1.393 

area 759 46.5 0.364 759 17.8 8.8 17.7 15.2 724 32.50 2924 1.898 

 748 44.6 0.204 726 16.7 8.8 16.7 16.4 743 30.44 2634 1.610 

  737 43.1 0.19 710 14.4 7.5 14.4 14.5 721 26.12 2467 1.478 

Average 748 44.9 0.235 730 16.3 8.5 16.2 15.4 730 28.62 2663 1.595 

SD  9.2 1.4 0.1 20.8 1.4 0.7 1.4 0.8 10.1 3.4 190 0.2 

Thinned 711 43.7 0.162 694 15.3 9.1 15.2 14.1 719 26.00 2493 1.172 

area  734 43.9 0.201 719 13.9 8.0 13.9 14.4 713 24.42 2583 1.430 

 706 42.9 0.144 692 15.6 9.0 15.5 14.0 695 24.03 2452 1.163 

  732 44.1 0.224 714 14.7 7.8 14.6 15.2 730 27.86 2624 1.374 

Average 721 43.7 0.183 705 14.9 8.5 14.8 14.4 714 25.58 2538 1.285 

SD  14.0 0.5 0.0 14.0 0.8 0.6 0.7 0.5 14.7 1.7 79 0.1 

TS = Thickness swelling (24h, 20oC) 
TS edge = Thickness swelling (24h, 20oC) measured at the edge of the panel 
WA= Water absorption (24h, 20oC) 
Bending density = Density of the specimen used for MOE/MOR test 
 
Results show that the MDF panels from control chips had higher internal bonding, MOE, MOR and screw 
holding values compared to the thinned tree panels. The internal bond strength of the control MDF panels 
was 28% higher than that of the thinned area. The modulus of elasticity (MOE) of the MDF panel of the 
control panels was 12% higher than that of the thinned area. These results can be related to the fact that 
the control wood chips were denser that the thinned wood chips. It should be pointed out that the wood 
chips used here came exclusively from the outer part of the logs. For the control area, the outer wood is 
formed of extremely narrow annual growth rings because of intense tree competition as the stand grow 
older (even leading to mortality), resulting in high density slow-grown wood. For the thinned trees that 
were released through heavy commercial thinning, the outer wood is formed of relatively larger annual 
growth rings resulting in comparatively lower density wood. Water adsorption and thickness swelling 
(edge) were respectively 13% and 7% lower for the thinned treatment compared to the control, which is a 
positive trait for panel quality. In general terms, the lower is the wood density; the higher the dimensional 
stability.    
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6 Conclusions and Recommendations 
Based on results from this experimental site the following conclusion can be drawn:  
 
1) Tree growth response to heavy commercial thinning is excellent even at mid-age rotation. Individual 

tree growth was significantly increased; the volume was concentrated in fewer trees. 
 

2) Tree mortality from windthrow, stem breakage, and shock from increase exposure was not evident at 
the high intensity removal rate conducted in this operational study. Since the harvest intensity in this 
study is above the conventional recommendations provided in commercial thinning guidelines, the 
thinning prescriptions used in this study should be restricted to similar stand conditions and sites until 
operational trials verify results in other jack pine stand structures and site conditions. 
 

3) Late commercial thinning at wide spacing increases branch and knot size and tree taper. As a result, 
the main lumber downgrading defects are knots (38.1%) followed by wane (36.2%). For the control, 
it is wane (53.3%) followed by knots (21.8%).  
 

4) Commercial thinning has a positive impact on the Select Structural lumber visual grade recovery with 
14.8% for the thinned area as compared to 6.6% in the control, but no effect is seen on the proportion 
of No. 2 and better grades when sold together. Overall, the visual grade recovery is the same. (In 
2x6s, larger knots are allowed than in 2x4s (size effect).  
 

5) Because trees are larger, sawmill productivity was better. The wood consumption ratio per Mbf was 
much lower in thinned trees (3.6 m3/Mfbm) compared to control trees (4.2 m3/Mfbm).  
 

6) Commercial thinning increases the total lumber value per tree. Lumber value per cubic meter of stem 
was 19.7% higher in thinned trees compared to control trees. However, the total volume and stand 
product value per hectare is slightly lower because a large number of trees were removed (50% of 
basal area).  
 

7) Commercial thinning has a negative impact on lumber stiffness and strength because of increased 
growth rate. The faster the growth, the larger the crown and branches, and the lower the mechanical 
properties in the largest DBH classes (32-34 cm). At the stand level, the lumber modulii of elasticity 
(MOE) are 9859 MPa and 8783 MPa and the modulii of rupture (MOR) 40.6 and 36.5 MPa in the 
control and thinned trees, respectively. Special attention should be paid to avoid promoting the 
growth of “super-dominant” fast-growing trees through thinning because these trees (32-34cm) 
produced lumber with the lowest lumber mechanical properties and should preferably be machine 
stress rated.  
 

8) Because the commercial thinning operation was done when trees were mature (40 years old), wood 
density did not change significantly at the stand level, indicating that juvenile wood growth was not 
promoted.  
 

9) Lumber stiffness and strength, and wood basic density decreased steadily from the butt log to the top 
log in both stand areas. This decrease is more accentuated in the largest tree diameter classes found in 
the thinned area (32-34cm).  
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In conclusion, we recommend that commercial thinning operations include removal of trees in the larger 
DBH classes, along with the more traditional removal of smaller diameter, suppressed trees and damaged 
trees. This silvicultural prescription has the added benefit of making commercial thinning even more 
economically profitable, while minimizing its effect on lumber mechanical properties by removing low 
density and large crown (knotty) trees. The resulting stand, with fewer fast-growing dominant trees and 
more co-dominant trees, will grow moderately while maintaining desirable lumber mechanical properties 
and potentially generating interesting revenues in the long term.  
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Appendix I  

5767-Jack Pine MDF Trial Plan 
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Objectives 
 
• Undertake a feasibility study of using two different types of Jack Pine as raw material of MDF 

manufacture. 
• Compare the panel properties made from two different furnish. 
 

1 Materials and Methods 
 
1.1 Raw Materials 
The raw materials required include two types of Jack Pine wood chips (three plastic bag of each type, 
weight about 30 kg).  A commercial UF resin commonly used for MDF and emulsion wax (Hexion EW 
58) will be supplied by Hexion. 
 

1.2 Fibre Preparation 
The fibre used in the experiment will be produced in the MDF Pilot Plant using the refining parameters 
shown in the table below.  One wet and one dry fibre samples from each refining run (for each type of 
fibre) will be collected for chemical and fibre quality analysis.  The wet fibre will be collected from the 
start-up cyclone and dry fibre will be collected at the bag station.  Please ensure that the refining 
conditions have to be same when collecting each pair of wet and dry fibre samples within the refining run 
and between two different refining runs.  Blowline blending will be used with 14% UF resin and 1% of 
emulsion wax.  The resin and wax will be pre-mixed before injection. 
 

Refining process parameters  

Run No.  Raw material type 
Pre-steam T  

(°C) 

Refining 
pressure  
(bar) 

Retention 
time  
(min.) 

No of panels 
 

Min. fibre 
required for 
each run  
(kg) 

1 Jack pine - control >70 8 2.5 4 20 

2 Jack pine - trial >70 8 2.5 4 20 

NOTE: 

 

1. Adjusting the refining energy to have better fibre quality at the beginning of the Run-1 and then 
maintain the energy level through entire experiment. 
2. Refining throughput will be set at about 60kg/h. 
 
3. Refining speed is 2500 rpm. 
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1.3 Board Preparation 
Laboratory-scale MDF panels will be made according to the table below. The fibre mats are formed 
manually into a 24 in. x 24 in. x 10 in. wooden box and pre-pressed. The fibre mats were then hot-pressed 
using the 34 in. x 34 in. Dieffenbacher press with PressMan system.  Four panels will be made for each 
raw material.  Total of 8 MDF panels will be made. 
 

Hot-pressing parameters 
Hot press parameters Values 

Hot press temperature  185ºC 
Pressing time 240 sec. 
Panel size  24” x 24” x 12.7 mm 
Target density 780 kg/m3 
No. of panels of each type of fibre 4 panels 
Note:  

1. Right density profile has to be established at the beginning of the hot pressing for the control 
panels. 

2. All panels will be stored at the conditioning room right after the pressing. 
 

1.4 Evaluation of Raw Material, Fibre and Panel Properties 
 
The panel properties tested are shown below. 
 

Lab tests of the panels 
Tested properties Test methods 

Internal bond (IB) ASTM D1037 

MOR/MOE ASTM D1037 

24-hour TS, edge TS and water absorption  ASTM D1037 

Linear expansion (optional) ASTM D1037 

Screw holding (face) ASTM D1037 

Average density  ASTM D1037 

Density profile Forintek 

 


