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ABSTRACT 

 

 

   The wood properties and effect of competition on wood properties of birch (Betula 

papyrifera) grown in the Aleza Lake Research Forest (ALRF), central British Columbia, were 

assessed using density profiles and transverse microsections of increment cores. Site information 

and increment core samples were collected from 10 dominant birch trees grown in an even-aged 

birch stand. Wood density and fibre properties (fibre diameter, fibre cell wall thickness, and 

vessel distribution) were quantified and compared to basal area of competition within the sample 

plot. The density of birch was found to be relatively high compared to other tree species 

commonly grown in the ALRF, a strong indicator of wood strength. Density was found to be 

lower in juvenile or core-formed wood as compared to mature wood. This lower density was 

supported by thinner fibre cell walls and an increased abundance of vessels in the juvenile wood. 

Increased basal area of competition was found to increase the density of juvenile wood but had 

negligible effect on mature wood. The results from this study indicate that birch grown in the 

ALRF produces a strong, quality wood for many solid wood products and stand management can 

play an important role in the quality of wood produced particularly in the juvenile or core-

formed wood.  
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INTRODUCTION 

 

   Paper birch (Betula papyrifera) is an early to intermediate seral species primarily found 

in central and north-eastern British Columbia (Klinka et al. 1999). This fast-growing species has 

received little attention from forest managers and researchers in British Columbia. Pure and 

mixed birch stands exist primarily where wildfire and other large-scale stand disturbances 

affected the landscape, but also fill in gaps caused by selective harvesting, root disease, 

windthrow and other small-scale stand disturbances in mature conifer forests (Simard, 1996). 

Recent fire suppression efforts along with anti-deciduous silvicultural practices have reduced 

mixed and pure birch stands in most of the B.C. managed forest land base (Simard, 1996; Vyse, 

1996).  Birch displays fast growth and good resiliency to forest pathogens, in particular, root 

diseases. However, upon maturity the wood quality deteriorates rapidly (Klinka et al. 1999; 

Simard, 1996). Birch has been shown to play an important role in healthy forest ecosystems 

contributing to nitrogen cycling and wildlife habitat (Vyse, 1996; Simard, 1996; Safford et al., 

1990). Birch are intolerant of shade (Wang et al. 1997) and, consequently, grows poorly when 

exposed to competition for light resulting in early mortality and wood quality deterioration. The 

lifespan of birch grown in British Columbia has not been well documented, but research 

indicates that birch rarely lives over 200 years and matures somewhere between 50-80 years 

(FRDA, 1996; Simard, 1996; Klinka et al. 1999). Simard and Vyse (1992) estimate that birch 

grown in the interior cedar-hemlock biogeoclimatic zone culminate at age 50.  

Wood density has been shown to be one of the most important indicators of wood quality 

for common wood products (Armstrong et al. 1984; Brazier, 1972). Although specific tree 

species possess similar densities among individuals, there is variation caused by environmental 
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factors and silvicultural treatments (Briggs and Smith, 1986). Density and strength properties of 

hardwoods such as birch are generally related to the proportion of wood occupied as fibres 

relative to vessel elements (Shmulsky and Jones, 2011). Hardwood fibres are similar to softwood 

tracheids however, their role is more specialized. The vessels in hardwoods are almost 

exclusively responsible for transport of water and nutrients whereas the primary function of 

fibres is strength and support. 

Wood can be broken down into two categories: (1) juvenile wood and (2) mature wood. 

Juvenile wood is formed from young cambial initials and is characterized by shorter 

vessels/fibres, lower percentages of latewood, higher microfibril angle, lower vessel percentage, 

and thinner cell walls (Bhat, Priya, & Rugmini, 2001; Cown, 1992, Larson, 2001). As cambial 

cells age, the transition from juvenile wood to mature wood begins (Maeglin, R. R. 1987). The 

relative short lifespan and fast growth of birch results in the proportion of juvenile wood to 

mature wood to be elevated which may produce inferior wood for product manufacturing. Figure 

1 depicts the approximate location of juvenile wood and mature wood in the bole of a tree. 
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Figure 1. Generalized location of juvenile wood and mature wood in the bole of a 

tree.  

 

 High proportions of juvenile wood have been associated with excessive warping during 

the drying process of lumber and low or unpredictable strength properties (Senft & Bendtsen, 

1986). Kretschmann et al. (1993) found that using Douglas-fir (Pseudotsuga menziesii) and 

southern pine species (Pinus sp.) with high proportions of juvenile wood to make laminated 

veneer lumber led to a significant increase in breakage when compared to ‘normal’ proportions 

of juvenile wood. The proportion of juvenile wood can be manipulated through a variety of 

silvicultural practices including harvest age and planting density (Jozsa and Middleton, 1994). 
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Juvenile wood and mature wood transitions can be difficult to determine as transitions 

occur gradually over several years. A variety of methods have been used to demarcate the 

juvenile-mature wood boundary (Abdel-Gadir & Krahmer. 2007). The most common method 

used to demarcate juvenile-mature wood boundaries is examining wood properties (density, 

tracheid length, microfibril angle, fibre length) from pith to bark (Senft and Bentsen, 1986). The 

location of juvenile-mature wood boundaries varies depending on the wood property used for 

demarcation because wood properties mature at different times (Larson, 2001). For birch (Betula 

sp.), density has been shown to be an effective way to demarcate juvenile-mature wood 

boundaries (Liepiņš & Rieksts-Riekstiņš, 2013). Abdel-Gadir and Krahmer (2007) found that in 

the juvenile wood zone, variations in density were greater and more varied than in mature wood 

zones.  

 In Latvia, silver birch (Betula pendula), a pioneer species similar to paper birch, is used 

to produce plywood and pulp products (Liepiņš & Rieksts-Riekstiņš, 2013). The intensive 

management and use of genetically improved planting stock has decreased the rotation age from 

70 years to 40-50 years (Liepiņš & Rieksts-Riekstiņš, 2013) which has significantly decreased 

the density compared to naturally regenerated silver birch. Research indicates that encouraging 

height growth and crown lift in trees can increase wood density and, in most cases, wood quality.  

This is primarily done through high planting densities and pruning (Larson, 2001).  

Given that there is a lack of birch wood studies in British Columbia, the purpose of this 

study was to characterize wood properties and determine the effect of competition on wood 

properties of birch grown in the Aleza Lake Research Forest (ALRF). Density and fibre/vessel 

characteristics were used to evaluate wood quality, demarcate juvenile-mature wood transition 



 

5 
 

zones, and determine the effects of inter-species competition on wood quality. Wood quality is 

assumed to be greater as the density of birch wood increases.  

  

MATERIALS AND METHODS 

 

Study Site and Sample Collection 

  

The birch stand selected for sampling is located approximately 60 km east of Prince 

George, British Columbia, Canada within the ALRF (Fig.2). 

 

Figure 2. Location of the Aleza Lake Research Forest , British Columbia, Canada  
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The ALRF, located in the sub-boreal spruce biogeoclimatic zone, willow wet cool 1 subzone 

(SBSwk1), covers approximately 8,983 hectares (Jull & Karjala, 2005). At approximately 1000 

meters elevation, the SBSwk1 receives an average annual precipitation of 719 mm, average 

annual summer temperature of 13.1 °C and an average annual winter temperature of -11.1 °C 

(FLNRO, 2007). Soil texture of the study site was determined using the Government of British 

Columbia’s guide to estimating soil texture in the field. Soil texture across all plots was a well-

drained, sandy-loam.  

 Records indicate the site (54°05'34” N 122°05'00” W) was last harvested in 1967 and was 

part of a scarification trial shortly after harvest although the exact location of the scarification 

could not be confirmed (C. Chisholm, personal communication, April 6, 2018). Ages of the 

sample trees verify the record of the stand being harvested in 1967 and the species composition 

in the stand support the record of a scarification trial taking place. Scarification would have 

exposed mineral soil, an ideal substrate for birch regeneration, and the harvest of mature trees 

would create favourable light conditions for birch regeneration and growth. Further, Safford et 

al. (1990) describe the ideal growing sites for birch as cool with well-drained sandy loam soils. 

The study site possesses these characteristics which make it an ideal location for birch 

management.  

A systematic, random sampling approach was used in the collection of birch cores and 

stand characteristics. The first plot was established approximately 30m into the stand from the 

road to reduce any variation in tree growth due to edge effects. Plot center was established by 

selecting the first dominant, single stemmed birch with no visible damage or deformities. 

Thereafter, plot centers were established by walking a predetermined interval of 20 paces and 

selecting the first dominant, single stemmed birch with no visible damage or deformities. If no 
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suitable trees existed after walking the 20 paces, additional paces were added until a suitable 

birch could be located. Plot centers and tracks were recorded using a Garmin 60CSx Global 

Positioning System (GPS). The selected tree was used as plot center and was measured 1.37m 

above the point of germination for diameter at breast height (DBH). Tree height was measured 

using a Haglof hypsometer. Using a 3.99 m plot cord, surrounding trees above 5m in height were 

recorded for species and DBH. Heights for the surrounding trees were estimated using the 

selected tree as reference.  

 

Table 1. General information about sample trees (Betula papyrifera)  

Sample Tree DBH* (mm) Height (m) Age (years) 

1 235 21.6 39 

2 202 20.3 44 

3 213 19.8 39 

4 189 17.9 42 

5 202 18 31 

6 258 17.4 35 

7 186 17.8 41 

8 226 18.8 40 

9 198 17.2 27 

10 263 20.3 39 

*DBH is diameter at breast height (1.3m)  
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Two twelve-millimetre cores and two five-millimetre cores were taken from each tree 

parallel to the slope of the ground, at approximately breast height (1.37m). Five-millimetre cores 

were transferred into drinking straws to prevent damage during transport/storage and labelled 

accordingly. Larger twelve-millimetre cores were wrapped in paper and labeled. To prevent 

degradation and warping of the five-millimetre cores before further analysis could be completed, 

they were stored in a freezer at -18°C. The twelve-millimetre cores were stored at room 

temperature in the paper wrappings and allowed to air dry prior to further analysis.  

 

Densitometer Measurements  

 

Densitometer sample preparation and procedures were adapted from the Quintek 

Measurement Systems Inc. (1999) user manual. 

  Twelve-millimeter (mm) cores were glued with wood glue between two wooden strips 

with routered grooves. Mounts were dried for approximately twenty-four hours prior to cutting. 

Two-millimeter sample strips were rift sawn using two blades mounted on a table saw. Sample 

strips were labelled with sample number in pencil to ensure readability after contact with 

acetone. A soxhlet extractor was used with acetone to remove extractants from birch samples. 

Acetone was heated using a Staco Energy Products heating element (Model 3PN1010) to 

approximately 65°C. Samples were left in the soxhlet extractor for a total of 10 hours and were 

flipped on the fifth hour to ensure adequate acetone contact (appendix 1). Growth ring 

boundaries were marked with pencil to assist in the digital analysis of the imagery and 

corresponding density measurements.  
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 Extracted samples were measured for width using a Shimana digital caliper which was 

used for the sample width input in the QTRS tree ring analyzer software. Samples were then 

fixed into the QTRS-01X tree ring analyzer and scanned from bark to pith.  

 

 

Slide Preparation 

 

 Microsection preparation procedures were adapted from Gartner et al. (2015a). Thawed 

five-millimetre cores were placed in a WSL core-microtome (Fig. 3) with vessels and fibres 

oriented upwards perpendicular to the blade and outermost ring facing cutting surface.  

 

Figure 3. Diagram of a WSL microtome used in the preparation of birch 

microsections. Image credit: Swiss Federal Institute for Forest, Snow and 

Landscape Research WSL 
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Surfaces of the cores were planed by passing the blade over the core to remove approximately 

twenty micrometres of wood material at a time until a flat surface, approximately 4.3 mm in 

width, was created. A non-Newtonian fluid (8ml water, 10g cornstarch, and 7g glycerin) was 

brushed onto the surface of each planed core and allowed to rest for approximately one minute. 

Excess non-Newtonian fluid was removed by passing the blade over the sample. Next, a water-

soluble glue (Mowiwal & Water 1:4) was applied to the planed surface and allowed to dry for 

approximately ten minutes. In preparation for the final cut, the blade was repositioned to ensure a 

sharp edge would be used. Changing the blade position resulted in a small change to the blade 

height which was corrected by carefully lowering or raising the stage until the blade was just in 

contact with the sample. A piece of Scotch tape, slightly longer than the sample, was folded 

lengthwise so that approximately ¼ of the existing adhesive surface was exposed. The adhesive 

portion was applied to the surface of the sample and pressed on with light pressure. Next, the 

stage was raised five marks on the microtome (approximately) followed by a slow pass of the 

blade. The handle of a small plastic brush was used to apply pressure on the tape to ensure no 

delamination occurred as the blade passed under the tape and microsection. The tape and 

microsection were encouraged to glide over the blade holder assembly on the microtome to 

reduce any stresses or pressure to the microsection. After the blade had passed through the entire 

length of the core the tape was carefully lifted and placed onto a glass, water-covered slide with 

the microsection of birch in contact with the water. After approximately five minutes, the tape 

was carefully separated from the microsection by hand using a slow peeling motion. Glue 

residue was removed from the slide using distilled water and a probe to prevent the microsection 

from sliding off the slide.  
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 Microsections were stained with astra-blue and safranin for approximately thirty seconds 

and rinsed with distilled water. Samples were dehydrated by first applying a 70% ethanol 

solution followed by a 95% ethanol solution and lastly 100% ethanol. Immediately after the last 

application of ethanol, xylol was applied to the samples and allowed to gravity drain which was 

repeated 3-4 times. Lastly, Canada balsam was applied to the xylol treated samples covering the 

entire microsection with a thin layer and covered with a cover slip (Fig. 4). Slides were then 

transferred to a drying oven and allowed to dry for approximately 24 hours at 60 degrees Celsius.   

 

Figure 4. Image of permanent birch microsection slide.  

 

 

Microsection Analysis  

 

 Cellular measurements were conducted using a lens reticle and stage micrometer for 

calibration. Cell features measured include: fibre diameter, number of vessels, vessel diameter, 

and fibre cell wall thickness (Fig. 5). 
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Figure 5. Diagram of birch microsection (40x) depicting wood anatomy.  

   

Each sample was measured in three locations in both the juvenile wood (~2cm from pith) 

and mature wood (~2cm from bark). All measurements of fibre diameter and vessel diameter 

were taken in the radial direction, parallel to rays. To obtain average fibre diameter, the field of 

view was measured using a stage micrometer and counting the number of fibre cells that made 

up the length of the field of view. The width of the field of view was divided by the number of 

fibres to determine the average diameter of individual fibre cells. Cell wall measurements of 

fibres were completed by using the lens reticle. Due to the scale of the reticle, measurements of 

cell walls could only be accurate to 5 micrometres.  
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Juvenile Wood Demarcation  

 

 To determine where juvenile wood ended, and mature wood began, a moving average 

was calculated for each sample tree’s density data using an interval of 250 (1 cm on the core). 

The results were graphed and used as a visual indicator to determine the transition zone between 

juvenile wood and mature wood. Juvenile wood was identified by a lower average density and 

sharply increasing or decreasing moving average density; whereas, mature wood was identified 

by higher average densities and gradually increasing or stable average densities (Fig. 6). The 

proportion of juvenile wood to mature wood was calculated by dividing the length of juvenile 

wood by the total length of the core.  

Position numbers of mature-latewood transition zones were used to isolate data into two groups, 

mature and juvenile. For each plot, averages of juvenile wood density and mature wood density 

were calculated and used in a regression analysis against basal area of competition.  
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Figure 6. Moving average density of sample tree 3 with approximate positions of 

juvenile wood (grey) and mature wood (black).  

 

 

Statistical Analysis  

 

All data analysis was completed using Microsoft Excel 2016.  

 A two-tailed t-test assuming unequal variance was used to determine significance of the 

difference between density in juvenile wood and mature wood, fibre cell wall thickness in 

juvenile wood and mature wood, vessel abundance in mature and juvenile wood, and difference 

between fibre diameter in juvenile wood and mature wood. Regression analysis was used to 

determine the significance of relationships between basal area of competition and average 

density, basal area of competition and average density of mature wood and juvenile wood, and 

basal area of competition compared to average number of vessels in both juvenile wood and 

mature wood. 
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RESULTS 

 

Wood Properties  

 

 The average density of birch samples, at approximately 12% moisture content, was found 

to be 521.63 kg/m3 with a standard deviation of 36.6 kg/m3 (Fig. 7). 

 

 

Figure 7. Average density of paper birch (Betula papyrifera) (12% moisture 

content) grown in the Aleza Lake Research Forest.  

 

 Density values were significantly different between juvenile and mature wood (T=3.73, 

p=0.0017). Juvenile wood had a much lower average density compared to the mature wood (Fig. 

8). Similarly, fibre cell wall thickness was significantly different between juvenile wood (2 cm 

outward from pith) and mature wood (2 cm inward from bark) (T= 3.43, p=0.0030) (Fig. 9). On 

average, cell wall thickness was 29% thinner in juvenile wood than mature wood. Despite the 
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difference observed in cell wall thickness, no significant difference was found between fibre 

diameter of juvenile wood and mature wood (T= -1.39, p=0.18) (Fig. 10). Lastly, vessels were 

much more abundant in the juvenile wood compared to mature wood. On average, juvenile wood 

had 74% more vessels than mature wood (T=6.77, p<0.001) (Fig. 11).  

 

 

 

Figure 8. Average densities of birch (Betula papyrifera) from the juvenile wood 

zone (black) and mature wood zone (grey)   
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Figure 9. Boxplot of fibre cell wall thickness in mature wood (grey) and juvenile 

wood (black). 

 

 

 

Figure 10. Boxplot of fibre diameter in mature wood (black) and juvenile wood 

(grey).  
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Figure 11. Boxplot of average number of birch (Betula papyrifera) vessels in 

mature (grey) and juvenile wood (black).  

 

 

Effect of Competition 

 

 Basal area of competition within plots did not have a significant effect on average density 

of birch (p > 0.05); however, when average density from the juvenile wood zone was calculated 

for each sample tree and compared to corresponding basal area of competition, a significant 

positive relationship was found (R2 = 0.47, p < 0.05) (Fig. 9). Average density from the mature 

wood zone did not have a significant relationship (R2 = 0.10, p > 0.05). (Fig. 12). 
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Figure 12. Juvenile wood density (black circle) and mature wood density (grey 

square) of paper birch (Betula papyrifera) compared to total basal area of 

competition within plot.  

 

 Basal area of competition within the plot explained approximately 20% of the variability 

observed in juvenile vessel abundance however, the relationship was found to be insignificant (p 

> 0.05) (Fig. 13)  
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Figure 13. Basal area of competition within plot and corresponding average number 

of vessels in mature wood (gray square) and juvenile wood (black circle).  

 

DISCUSSION 

 

Wood Properties  
 

 The results of this study showed that: (1) juvenile wood density of birch is significantly 

lower than that of mature wood density, (2) fibre cell wall is significantly thicker in mature wood 

than juvenile wood, (3) juvenile wood has more vessels than mature wood, (4) juvenile wood 

and mature wood fibre diameter did not differ significantly, and (5) an increase in basal area of 

competition leads to higher densities in birch juvenile wood. 

The relatively low density of juvenile wood compared to mature wood is well 

documented. Larson (2001) found similar relationships between mature wood and juvenile wood 

density in southern pine species (Pinus sp.). Similarly, Liepiņš & Rieksts-Riekstiņš (2013) found 

that juvenile wood in silver birch (Betula pendula) had a lower density when compared to mature 
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wood. The lower density of juvenile wood can be attributed to the thinner cell walls which is a 

result of higher early-wood percentages in juvenile radial growth (Clark & Saucier, 1991). The 

increased percentage of earlywood is a result of auxin production in the crown of the tree 

(Savidge, 1988). Auxin stimulates cell-division/differentiation and growth of cambium cells 

which generally begins in the spring of temperate climates (Savidge, 1988; Domec & Gartner 

2002). Cambium at the apex of the bole, where wood is typically still in a juvenile phase (Fig.1), 

is the first to receive the hormone auxin in the spring when water availability is greatest. Drought 

stress has been shown to induce late-wood production resulting in higher density and stronger 

wood (Zobel, Van Buijtenen, 1989). Auxin induced growth occurs progressively from the crown 

to the base of the tree resulting in wood in the lower stem to have a higher proportion of late-

wood as growth occurs later in the season when water-availability becomes less plentiful 

(Savidge, 1988). 

Numerous studies have also found that fibre diameter between juvenile wood and mature 

wood in hardwoods does not differ significantly (Bao et al., 2001; Liepiņš & Rieksts-Riekstiņš, 

2013). This indicates that fibre diameter would not be a good indicator of juvenile-mature wood 

boundaries. Instead, fibre cell wall thickness should be used in juvenile-mature wood 

demarcation. 

The increased abundance of vessels in juvenile wood (Fig. 11) is not supported by 

previous research and should be interpreted with caution. As this study only looked at cellular 

features from a transverse view, results may not accurately represent the wood properties 

present. Increasing vessel abundance would contribute to more empty space within the wood and 

may lead to a lower density. As vessels were counted individually, even if they shared a cell wall 

(radial multiples), thus the vessel count of juvenile wood may be exaggerated. Further analysis is 
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required to determine whether vessel multiples decrease in occurrence as wood transitions from 

juvenile wood to mature wood.  

The effects of competition on wood properties has been studied by many researchers 

(Savina, 1956; Johansson, 1997; Clark & Saucier, 1989). In general, increased competition has 

been associated with denser wood and later cambium activity in the spring (Savina, 1956, 

Lindström, 2007). The positive relationship observed between juvenile wood density and basal 

area of competition are supported by this research (Fig. 12). The weak relationship between 

density and basal area of competition in mature wood (Fig. 12) may be explained by a reduction 

in competitive sensitivity as trees outgrow their competition and take on dominant roles in the 

stand. Binkley (2004) found that trees displaying dominance at a young age in even-aged, single 

species stands maintain this dominance as the stand continues to develop. This is especially true 

for this study as the sample trees were selected based on dominance and vigour. Aakala et al. 

(2013) found that trees with a larger size relative to surrounding trees in a stand were less 

affected by competitive stress than smaller, less dominant trees. The variation observed in 

mature wood density is likely a result of environmental factors and genetic variation. 

 

Management Considerations for Wood Quality  

 

 In general, higher wood density is desired for wood products as density is a very strong 

indicator of wood strength (Armstrong et al., 1984). The results from this study indicate that a 

higher level of competition can increase density of wood formed in the early years of growth 

(Fig. 12). Wider initial spacing of trees has been shown to cause greater rates of early diameter 

growth and increased branch size/formation (Waghorn et al., 2007). Higher initial planting 
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densities will have three major effects on the wood quality of birch: (1) higher percentages of 

late-wood production in early formed wood, (2) decreased knot abundance and size, and (3) 

smaller diameters of juvenile wood in the lower and mid-sections of the tree bole.  Fewer knots, 

higher density, and lower proportions of juvenile wood contribute to a higher quality wood for 

products such as veneer, flooring, and dimensional lumber (Kretschmann et al., 1993; Shmulskey 

& Jones, 2011).  

The birch stand selected for this study produced wood with a relatively high density when 

compared to other species commonly grown in the region (Fig.14). This is an expected result as 

other commercial species in the region consist primarily of softwood species, which in general, 

have lower densities than hardwood species (Shmulskey & Jones, 2011). Aspen (Populus 

tremuloides), a hardwood species, also consistently has lower densities than that of birch 

(Shumulskey & Jones, 2011). The higher average density of birch grown in Saskatchewan (Fig. 

14) may be attributable to decreased annual precipitation and increased drought events compared 

to the ALRF grown birch. Due to a lack of studies of birch density in B.C., the density of birch 

trees grown in the ALRF could not be compared to other reported values in the region.   
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Figure 14. Density of birch (Betula papyrifera) grown in the Aleza Lake Research 

Forest compared to birch grown in Saskatchewan as well as other common species 

grown in the Prince George region (trembling aspen (Populus tremuloides), 

Douglas-fir (Pseudotsuga menziessii), sub-alpine fir (Abies lasiocarpa), and 

lodgepole pine (Pinus contorta)) 

 

The increase in competition caused by higher planting densities causes adaptive 

responses in plants to maintain a competitive advantage over other individuals such as rapid stem 

elongation (Keuskamp et al., 2010). Birch grown at higher planting densities will exhibit this 

behaviour which encourages less crown development (less branching) and less radial growth in 

the early years when juvenile wood is formed from young cambial cells. This results in a 

narrower core of juvenile wood formed compared to a birch tree grown at wide spacing (Fig. 15). 

Decreasing the diameter of juvenile wood in birch is important as juvenile wood has been 

associated with increased longitudinal shrinkage which causes major issues with shrinkage-

warpage and ultimately, decreased wood quality. 
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Figure 15. Diagram of juvenile wood and mature wood distribution of birch grown 

at high (left) and low (right) levels of competition.  

  

 

 Birch seed production is prolific and consistent from year to year which makes natural 

regeneration of harvested areas a viable option (Safford et al., 1990).  As seed dispersal is wind-

driven, seed trees should be maintained in the harvested area to ensure an adequate amount of 

seed is dispersed across the area to be regenerated (Safford et al., 1990). Natural regeneration can 

be further encouraged by exposing a mixture of mineral and organic soils through mechanical 

scarification or controlled burning (Simard and Vyse, 1992). Simard (1996) stated that average 

birch stand densities on mechanically scarified sites in central B.C. ranged from 10,000 stems/ha 
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to 30,000 stems/ ha and that stand density management was necessary for improved growth and 

yield. Wang et al. (1995) recommend thinning stands to 1000 stems/ha to improve growth of 

birch growing in the interior cedar-hemlock biogeoclimatic zone. A similar stand density would 

likely be appropriate for increased growth and yield in the ALRF. If wood quality is considered 

an objective of birch management then further research is required to determine optimal target 

stand densities for birch regeneration that produces productive, fast growing trees, as well as 

desired wood properties. The finding by Liepiņš & Rieksts-Riekstiņš (2013) that silver birch 

(Betula pendula) grown in natural stands had higher wood densities than silver birch grown in 

plantations suggests that a higher target planting/thinning density (>1000 stems/ha) of birch 

grown in the ALRF may be required for increased wood quality, in this case density. Results 

from this study also confirm that increased competition, particularly at a young age, will lead to 

an increased density of wood formed (Fig. 12).  

  

CONCLUSION 

 

 This study aimed to meet two main objectives: first, to characterize the wood properties 

of birch grown in the ALRF and, second, to determine the effect of inter-tree competition on 

wood properties of birch grown in the ALRF.  

 Birch grown in the ALRF has an average density of 521.36 kg/m3 with a standard 

deviation of 36.6 kg/m3. This was found to be the highest density wood of commercial tree 

species commonly grown in the Prince George region. High wood density is a desired 

characteristic for solid wood products such as flooring or dimensional lumber. Wood density was 

not consistent throughout the bole of the tree with lower densities found in the core region 
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corresponding to the juvenile zone of wood growth. The lower densities of juvenile wood or 

core-formed wood can be attributed to thinner fibre cell walls and increased vessel abundance. 

Varying density in the radial direction of wood formation may cause issues with wood product 

manufacturing and wood quality. Future studies focusing on vessel distribution/size between 

juvenile wood and mature wood would clarify the role of vessels in mature wood-juvenile wood 

differentiation in birch. Results from this study indicate that fibre diameter would not be an 

effective indicator in juvenile wood demarcation as fibre diameter did not differ significantly 

between mature wood and juvenile wood.  

 Increased levels of competition were associated with higher wood density in the juvenile 

wood zone of birch trees. Increased competition had negligible effect on the mature wood zone 

of the sample trees. These findings indicate that growing trees at higher stems/ha can lead to 

higher wood density in juvenile wood. As this study only examined wood properties of wood 

formed at breast height, future research examining wood formed at upper portions of the tree will 

determine whether the relationship between wood density and competition remains consistent 

throughout the bole of the tree. The results indicate that birch stand management can be an 

important tool for manipulating wood properties and wood quality of birch grown in the ALRF.  
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