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SUMMARY 

Information describing the properties and uses of four commercial softwood species in western Canada 
is presented to help evaluate resource assessment needs and to help set research priorities. Western 
hemlock, western larch, white spruce and amabilis fir are each described with respect to the resource, 
the raw material, and the manufacturing uses. Information on the resource includes tree description, the 
species distribution and commonly associated species, standing volume, growth and yield, important 
diseases and pests, and other damaging agents. Description of the raw material includes the gross and 
microscopic features of the wood, common defects, and physical (shrinkage and drying properties), 
chemical, and mechanical properties. Specified strengths based on clear wood samples and visually 
graded products are given whenever available. Manufacturing uses focus on current applications, and 
include products such as sawlogs, lumber, plywood and veneer, and pulp. Potential products such as 
laminated veneer lumber and other value-added engineered products are identified where information is 
available. 

Gaps in ciurent knowledge about the species are identified and recommendations are made to fill these 
gaps. It is noted that information on how forest management practices impact wood characteristics and 
product yields is generally lacking. 
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CHAPTER 1 

PROPERTIES AND USES OF WESTERN H E M L O C K 
(Tsuga heterophylla (Raf.) Sarg.) 
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1.0 I^^^RODUCTION 

Western hemlock (Tsuga heterophylla (Raf.) Sarg.) is an important commercial species in the Pacific 
Northwest. In 1993, log exports of Pacific coast hemlock from British Columbia ranked first, and 
lumber production represented 17% of the total softwood lumber produced in the province. Log 
production of western hemlock was exceeded only by lodgepole pine and spruce. Among the British 
Columbia coastal species, western hemlock accounts for the highest mature standing timber volume 
(COFI 1994). 

Western hemlock had not always been a favoured species in the forest industry (Hiley 1949-50; Richen 
1976). This had been attributed partly to the prejudice against the inferior qualities of eastern hemlock 
(Tsuga canadensis L.) with which western hemlock was wrongly identified; partly to the popularity of 
western hemlock's common associate, Douglas-fir, which was considered outstanding; and partly to the 
usually suppressed understory trees of western hemlock encountered in superior stands of old-growth 
Douglas-fir (Lodewick 1940). During World War II, pressure to produce more product for the war 
effort put a strain on the forest resource. Douglas-fir became scarce and more hemlock had to be used 
(Elmhurst 1950). Foresters began to recognize hemlock's potential and the need to manage the resource 
(Atkinson and Zasoski 1976). Today western hemlock is considered a valuable species on the west 
coast and in world markets (Walters 1963; Richen 1976; COFI 1985a; TREECD 1994). 

Western hemlock and amabilis fir (also known as Pacific silver fir) (Abies amabilis Dougl. ex Forbes) 
grow in mixed stands on the British Columbia coast. The two species are harvested, processed and 
marketed together under the commercial name of "Pacific coast hemlock" or "Hem-Fir." The species 
mix could contain mountain hemlock (Tsuga mertensiana (Bong.) Carr.), a common associate of 
amabilis fir (Hosie 1969), which is increasingly being cut and graded as western hemlock. 
Approximately $800 million worth of shop and better grade "Hem-Fir" is marketed annually from 
British Columbia (Byrne and Smith 1991). 

The purpose of this paper is to collate information about the growth, wood quality, properties and uses 
of western hemlock. It is not intended to be a comprehensive review of the literature. Many studies are 
based on Hem-Fir but, unless otherwise stated, the information and data presented here refer to western 
hemlock only. 

( 

2.0 THE RESOURCE 

2.1 The Tree 

Western hemlock grows to mature heights of 35 - 55 m and diameters of 90 - 120 cm (Hosie 1969). A 
maximum height of 79 m and a diameter of 275 cm have been reported (Bums and Honkala 1990). 
Maximum ages are typically between 400 and 500 years. A maximum age of over 700 years was 
recorded from the Queen Charlotte Islands (Bums and Honkala 1990). 

Forest-grown westem hemlock trees produce long, clear symmetrical boles. The crown length of old-
growth trees and of young, tightly spaced trees is usually short (Cahill 1984). The leader bends away 
from the prevailing wind and droops, giving it a characteristic look that provides a quick method of 
identification. The needles are flat, blunt or indented at the tip, dark and shiny green. They vary in 
length, from about 0.6 to 1.9 cm, on the same twig. Cones are about 1.9 cm long with elongated and 



narrow scales. The bark is russet-brown and scaly when young. With age, it becomes darker and 
deeply furrowed into flat-topped scaly ridges. It is relatively thin even on old trees. The inner bark is 
streaked with purple. The roots are shallow and wide-spreading. 

2.2 Distribution 

Western hemlock distribution varies by latitude and mountain range. In the Coastal Western Hemlock 
(CWH) and Interior Cedar-Hemlock (ICH) biogeoclimatic zones it is the dominant species (Figure 1). 
The CWH zone occurs at low to middle elevations west of the coastal moimtains along the British 
Columbia coast into Alaska and Washington/Oregon. The zone occupies elevations from sea level to 
900 m on windward slopes in the south and mid-coast (1050 m on leeward slopes), and to 300 m in the 
north (Pojar et al. 1991). The ICH zone occurs at lower to middle elevations (400-1500 m) of 
southeastern British Columbia, ranging from 49° to 54° 15 ' N latitude (Ketcheson et al. 1991), 
occupying the lower slopes of the Columbia Mountains (interior wet belt), the windward or western side 
of the continental divide along the Rocky Mountains, and much of the Shuswap and Quesnel highlands. 
The ICH zone also occurs east of the Coast Mountains in the Nass Basin and adjacent parts of the 
Hazelton and Skeena mountains of west central British Columbia, from 54° 45' to 57° 30' N latitude, 
and from 100 to 1000 m in elevation (Ketcheson et al. 1991). 

On the coast, western hemlock's principal associates include Sitka spruce, western red cedar, Douglas-
fir and amabilis fir. At the higher elevations near its upper limits, western hemlock and mountain 
hemlock occiu" with yellow-cedar and subalpine fir. In the interior wet belt, western hemlock is 
commonly found with western redcedar, interior Douglas-fir and grand fir (Hosie 1969; Rowe 1972; 
Bums and Honkala 1990). In areas of cold air drainage or at higher elevations, white spruce, 
Engelmarm spruce and subalpine fir can form a part of climax stands with western hemlock (Ketcheson 
et al. 1991). Western hemlock's broadleaved associates are black cottonwood and red alder (Hosie 
1969). 

2.3 Standing Volume 

According to the Council of Forest Industries in British Columbia (1994), the mature standing timber 
volume of the hemlock species in the province was 1235 million m' on the coast and 584 million m' in 
the interior (COFI 1994). The total coastal and interior volumes represent 22% of the softwood volume, 
and 21% of the combined softwood and hardwood volume in the province. 

The voliune distribution of mature (121 years and older) and immature hemlock species in timber 
supply areas (TSAs) in British Columbia, based on 17.5 cm dbh minimum, less decay, waste and 
breakage to a 10-cm top, is presented by Forest Region in Table 1 (Gordon Creed, B.C. Ministry of 
Forests, pers. comm., 1996). 



Figure 1 Range of westem liemloclc in the Pacific Northwest (from Cahill 1984) 



Table 1. Volume (in 000 m') of hemlock in Timber Supply Areas by Forest Region 

Forest Region 
Volume Percentage of Total 

Forest Region 
Mature Immature Mature Immature 

Vancouver 
(Forest Region No. 31) 

421 240 75 541 44.7 75.1 

Prince Rupert 420 977 11 776 44.6 11.7 

Nelson 41 776 6 898 4.4 6.9 

Kamloops 32 754 4 763 3.5 4.7 

Prince George 16 861 1 013 1.8 1.0 

Cariboo 9 159 552 1.0 0.6 

Total 942 767 100 543 100.0 100.0 

2.4 Growth 

Western hemlock thrives in the "fog belt" of the Pacific Coast and grows best in humid regions of high 
precipitation on well-drained soils (Hosie 1969; Haddock 1976; Bums and Honkala 1990). It is 
peculiarly sensitive to desiccation (Haddock 1976) and does not usually grow on xeric sites. Its 
seedlings are commonly found on rotten logs, or in partially decomposed forest litter where there is 
sufficient moisture (Hosie 1969) and where it is less subject to mechanical injury from snowpacks or to 
suffocation from falling litter (Haddock 1976). In subhumid regions with relatively dry growing 
seasons, western hemlock is confined mainly to northerly aspects, moist stream bottoms, and seepage 
sites (Bums and Honkala 1990). 

A shade-tolerant species, it can regenerate well under a closed canopy. Its apparent sensitivity to direct 
sunshine during seedling establishment requires that site clearing be avoided in site preparation 
(Piesche 1974; Newton 1976). Thus, recently burned or logged sites are not advantageous for young 
seedlings. 

Overstocking is common in young stands as a result of the species' prolific regeneration capability 
(Bums and Honkala 1990). Natural 20-year-old stands have been reported with 14 800 - 24 700 or 
more stems per hectare. When compared with Douglas-fir, westem hemlock stands will carry more 
trees per hectare for a given average diameter, and yield more volume in trees of the same diameter and 
height (Wiley 1976). Westem hemlock seldom grows in pure stands. Westem hemlock-Sitka spmce 
forest is one of the world's most producUve forest types (Ruth and Harris 1979; Smith et al. 1984). 
The high productivity is attributed to the moist Pacific Northwest coastal climate and the long growing 
season. 



Spacing, thinning and fertilizer effects on the growth of westem hemlock are well docmnented (Griffith 
1959; Smith et al. 1968; Wiley 1968; DeBell 1975; Atkinson and Zasoski 1976; Smith 1976; Ruth 
and Harris 1979; Smith 1980; Reukema and Smith 1987; Omule 1988). Results varied with 
geographical location, tree and stand characteristics, and site index. Smith (1976) observed that closer 
spacings were associated with higher early mortality, greater basal area volume and weight per hectare, 
slower diameter growth, smaller branches, shorter and narrower crowns, and less taper. Open-grown 
hemlocks have very wide growth rings and lower percentages of latewood up to age 36, but latewood 
and earlywood widths increased with spacing up to age 18 years (Smith 1976). Omule (1988) found no 
clear relationship between cummulative yield and thinning intensity. 

There is very little known about commercial pmning of westem hemlock in North America (Maguire 
and Petruncio 1995). A cooperative study on pmning westem hemlock in southeastem Alaska showed 
that the species is more sensitive to pmning than other species studied. Diameter growth decreased 
significantly after 1 year when more than 30% of the live crown was removed, and some trees died after 
50% or more of the crown was removed (Petmncio 1994). 

An example of yield characteristics of managed fully stocked stands of westem hemlock in British 
Columbia is presented in Table 2. The data, provided by the B.C. Ministry of Forests (Dr. K. Mitchell, 
pers. comm., 1995), were generated using the model TASS (Tree and Stand Simulation), WinTIPSY 
Version 1.1, and were based on 100% westem hemlock planted at 1500 trees per hectare, untreated. 
Operational adjustment factors were applied to scale down potential yields by 15% (to make allowance 
for factors like holes in the stands) and by 5% (for factors like root rots and other diseases). Yield 
information was obtained for ages approximating the age of the tree when culmination of mean annual 
increment occurs. 

Table 2. Characteristics of managed, fully stocked stands of western hemlock in British Colimibia' 

Total Site Stand Height Diameter at Basal Total Culmination of 
Age Index Density Breast Height Area Volume" Mean Annual 

(at age (dbh) Increment 
50 yr) 

(m) (stems/ha) (m) (cm) (m )̂ (m'/ha) (m* at cambial age) 

90 25 839 35.3 32.2 68 840 9.3 at 90 yr 

70 30 821 36.1 33.0 70 884 12.6 at 70 yr 

65 35 675 40.1 37.4 74 1051 16.2 at 65 yr 

60 40 570 43.7 41.8 78 1 229 20.5 at 60 yr 

Dr. K. Mitchell, B.C. Ministry of Forests, pers. comm., 1995. 

Minimum dbh included = 12.3 cm. 



2.5 Diseases, Insects and Other Damaging Agents 

2.5.1 Diseases 

There are at least eight different stem diseases and seven root-rot pathogens known to affect western 
hemlock (Driver 1976). Most of the pathogens, which enter through stem wounds, induce heart rot type 
of decay in old-growth westem hemlock trees (Hunt and Kmeger 1962). There is concern that as 
westem hemlock stands become increasingly managed on shorter rotation basis, thiiming will become a 
part of the silvicultural treatment, causing young stands to have high amounts of wounding and 
consequently infection by associated decay fungi (Driver 1976). 

Interestingly, the sapwood of westem hemlock contains a phenolic compound toxic to most decay fungi 
(Driver 1976). It has been suggested that perhaps a short-rotation, rapid-growth tree of mostly 
sapwood may be relatively resistant to these normally old-growth pathogens. 

Some of the more important pathogens affecting westem hemlock are described below. 

2.5.1.1 Root and Butt Rots 

Mortality from root or butt rot in standing trees of westem hemlock occurs infrequently, although 
diseased trees are occasionally windthrown (Morrison and Wallis 1976; Goheen et al. 1980). 

Heterobasidion annosum (Fr.)Bref. = Fomes annosus (FT.) Karst is the most common fungus 
associated with root and butt rot in young and old-growth trees (Wright and Isaac 1956; Wallis and 
Reynolds 1970; Goheen et al. 1980). It infects freshly cut stumps and wounded trees through airbome 
spores (Himt and Kmeger 1962; Morrison and Johnson 1970). The fungus can survive for decades in 
previously cut stumps and roots, and can subsequently infect healthy trees. 

H. annosum causes decay and reduces growth but does not kill the tree (Goheen et al. 1980). At the 
incipient stage, the infected wood is usually reddish-brown. In later stage, the rot forms small white 
pockets that finally develop into a spongy white mass of cellulose containing black flecks (Wright and 
Isaac 1956). 

Other root rot fungi that have been associated with westem hemlock are Armillaria mellea (Vahl ex. 
Fr.) Quel. (Goheen et al. 1980), Phellinus weirii (Murr.) Gilbertson, and Porta subacida (Pk.) Sacc. 
(Morrison and Wallis 1976). Rhizinia undulata, a seedling root disease, has killed some westem 
hemlock seedlings (Wood and Van Sickle 1991). 

2.5.1.2 Heart Rot 

Westem hemlock is host to the following organisms that cause heart rots: 

• Indian paint fungus {Echinodontium tinctorium (Ell. & Ev.) Ell. & Ev.), a brown stringy 
heart rot with red streaks; 

red ring rot {Fames pini (Thore:Fr.) Lloyd.), which produces reddish to purplish 
discoloration in the affected wood; and 



bleeding fungus {Haematostereum sanguinolentum (Alb. & Schw.:Fr.) Pouzar), a red 
heart rot (Wright and Isaac 1956; Etheridge et al. 1972; Wood 1986; Hiratsuka 1987). 

According to Wood (1986), Indian paint fungus and red ring rot are common and widespread in British 
Columbia. 

2.5.2 Insects 

Westem hemlock is defoliated by insect pests, notably the westem blackhead budworm {Acleris 
gloverana Weshm.), the westem hemlock looper (Lambdina fiscellaria lugubrosa Hulst), and the 
westem hemlock sawfly {Neodiprion tsugae Middleton). The westem hemlock looper is one of the 
most destmctive defoliators of conifers in British Columbia. Consecutive severe defoliation by the 
westem hemlock looper and the blackhead budworm have resulted in top-kill and mortality (Cottrell et 
al. 1979; Wood and Van Sickle 1986; Wood and Van Sickle 1993; Koot 1994). The grey spmce looper 
(Caripeta divisata Walker) is common in the province and, although widely known in North America, 
its outbreaks and significant damage have been restricted to British Columbia (Stewart 1994). A major 
and most recent infestation occurred in 1990 and 1991 (Wood and Van Sickle 1991; Stewart 1994). 
Extensive outbreaks of hemlock sawfly infestation on westem hemlock natural forests have been 
recorded (Fumiss and Carolin 1977). Because the larvae feed principally on the old needles, damage 
has generally been restricted to growth reduction (Shepherd 1976; Fumiss and Carolin 1977). 

Other pests that have occasionally appeared with limited damage are: in nurseries, the black-vine weevil 
(Brachyrhinus sulcatus Fabricius), and in outplantings, the root collar weevil (Steremnius carinatus 
Boheman) and the hemlock adelgid (Adelges tsugae Annand) (Shepherd 1976; Wood and Van Sickle 
1993). 

Westem hemlock is relatively free from bark beetle attacks. Similarly, seed and cone insects are only of 
occasional importance (Shepherd 1976). However, as management practices and conditions change, 
new pests may appear, resulting in more damage than has previously occurred. 

2.5.2.1 Black Streak in Western Hemlock 

Black streaks, which may extend several feet along the grain on the radial surface, frequently occur in 
the wood of westem hemlock. They are caused by the maggots of a small black fly, Cheilosia burkei 
Shannon (= C. alaskensis Hunter), that live under the bark and feed at the surface of newly forming 
wood for 1-5 years (Luxford et al. 1943). These "hemlock bark maggots" enter the bark through beetle-
caused wounds, feed on the sap and soft tissues, and form a chamber in the cambium as the maggots 
grow (Fumiss and Carolin 1977). A pencil-line black streak extends longitudinally above and below the 
chamber from several inches to as much as 3 feet on the radial surface. This defect was found prevalent 
in westem hemlock growing at elevations below 550 m (Fumiss and Carolin 1977). 

Luxford et al. (1943) studied the characteristics and detailed stmcture of black streaks in westem 
hemlock. The traumatic tissues that surround the chamber consist of short thick-walled cells 
(parenchymatous) containing dark resinous material. Included within the black streaks are nimierous, 
minute, vertical resin passages (resin canals) or short cyst-like openings in a tangential row. 



Mechanical tests of affected westem hemlock wood showed that the black streaks do not impair the 
wood for stmctural purposes, but degrade its appearance for interior finishing and other special uses 
(Luxfordero/. 1943). 

2.5.3 Dwarf Mistletoe 

Westem hemlock is a principal host to the parasitic plant, dwarf mistletoe {Arceuthobium tsugense 
(Rosendahl) G.N. Jones). Although it is widespread in coastal British Columbia, its presence has not 
been confirmed in the interior wet belt (Baranyay and Smith 1972; Wood 1986). Studies have revealed 
no apparent differences in the susceptibility of interior and coastal hemlock to the parasite, and its 
absence in the interior wet belt could be due to some biological, geographic or climatic barriers (Smith 
1972). 

Infested trees are characterized by the presence of flat and palm-shaped witches brooms (a proliferation 
of distorted branches) and branch and stem swellings (Baranyay and Smith 1972). These swellings are 
often scarred and cracked, and provide significant entry points for decay (Baranyay and Smith 1972). 
A severe infection can cause considerable reduction in tree vigour, grovrth and wood quality (Wellwood 
1956; Smith 1969), but the tree can be severely infected and remain alive for many years (Russell 
1976). 

As well as showing distorted growth, infected trees usually have a lower wood moisture content and a 
lower relative density, resulting in lower pulp yield and lower strength of the lumber produced 
(Wellwood 1956). Large and extremely hard knots, resulting from limbs that support witches brooms, 
also affect the sawmilling process and lower the value of the lumber produced (Wellwood 1956). 

Methods of control and prevention of dwarf mistletoe in westem hemlock have been described by 
Russell (1976). It is believed that "dwarf mistletoe in westem hemlock is the easiest forest pest 
anywhere to control. Success can be nearly 100 percent if done correctly" (Russell 1976). Control and 
prevention of the disease will depend on stand composition, age, number of years to harvest, disease 
incidence, pattern and length of time the stand has been infected. 

2.5.4 Other Damaging Agents 

Other agents that affect the health, growth and quality of westem hemlock trees and stands are fire 
(hemlock is susceptible because of its thin bark), windthrow (because of the shallow root system), frost 
(in the Rocky Mountains) and drought (causes top dieback). Westem hemlock seedlings and immatiu-e 
stands are damaged by a variety of browsing mammals. Notable among these are the black-tailed deer, 
meadow voles, porcupines, squirrels, beavers and bears (Evans 1976; Wood and Van Sickle 1987; 
Wood and Van Sickle 1991). 



3.0 THE RAW MATERIAL 

3.1 Gross Physical Features of the Wood 

The wood of westem hemlock is buff to light brown, with little difference in colour between the 
heartwood and the sapwood.' The darker latewood bands usually have a reddish-brown tinge or slightly 
purplish cast, and produce a well-marked growth-ring figure (less prominent than that of Douglas-fir). 
The growth rings are distinct, but the transition from earlywood to latewood shows considerable 
variation. Some growth rings appear to have abmpt transition, while adjacent rings may show a gradual 
transition (Siripatanadilok and Leney 1985). The wood is non-resinous and odourless when dry, but can 
have a distinctive odour when green, especially if the logs have been stored for some time before 
processing. It is reasonably straight and even-grained, with a medium to fine texture. Ring shake (the 
separation of the wood cells in the outer part of the latewood) is more common than in other softwoods 
and is typically found in the basal portion of large trees. Whitish specks called floccosoids frequently 
occur and resemble the white decay pockets of certain fungi in the wood (Grondal and Mottet 1942). 
Floccosoids are mainly crystalline deposits of alpha-conidendrin-4-glucoside, a normal minor organic 
constituent of hemlock (Barton and Daniels 1969). They can be differentiated from decay by their 
solubility in dilute alkali. 

The wood of westem hemlock weighs about 480 kg/m' when air-dry (12% moisture content) (Mullins 
and McKnight 1981) and about 465 kg/m' when oven-dry (Rijsdijk and Laming 1994). It has a calorific 
value of 4723 kcal/kg. 

3.1.1 Green Moisture Content and Wetwood 

The moisture content of standing trees (green moisture content) is influenced by species, site, time of 
the year, age, and height of the tree (Pneumaticos et al. 1972; Gingras and Sotomayor 1992). The 
vertical distributions of moisture content and green weight in second- and old-growth westem hemlock 
stems followed a similar pattem: higher at the base and the upper crown portion of the stem (Kellogg 
and Keays 1968; Pong et al. 1986). In a preliminary study of 90-year-old westem hemlock trees, the 
green moisture content was found to increase from breast height to the top in the sapwood, but 
remained almost imiform in the heartwood. The presence of decay in samples taken at stump height of 
these trees precluded moisture content analysis at this height level (Jozsa et al. 1994). Meyer et al. 
(1981) analyzed the green moisture content of the outermost sapwood (adjacent to the inner bark) in 
second-growth westem hemlock during the dormant season. They found the green moisture content to 
be consistently highest (156%) at the middle portion (about 7.3 m from stump height) of the stem, 
lowest at the butt (134%), and intermediate at the top (146%). 

The high concentration of moisture found at the base of mature westem hemlock stems is associated 
with the occurrence of "sinker heartwood" or "wetwood" (Schroeder and Kozlik 1972; Pong et al. 
1986). This is an abnormal type of heartwood that can occur both in conifers and hardwoods. It tends to 
be prevalent in certain tree species and rare in others (Ward and Zeikus 1980). In a study of 71 species 
in the United States, wetwood was found prevalent in cottonwood, aspen, elm, oak, western hemlock 

A reagent has been developed to identify sapwood from heartwood in westem hemlock. The test is based on the 
formation of coloured anthocyanidins from their colourless precursors, leucoanthocyanidins, present in hemlock 
sapwood (Barton 1973). 



and white fir {Abies concolor (Gord. & Glend.) Lindl.) (Ward and Zeikus 1980). Compared to normal 
heartwood, sinker heartwood or wetwood in westem hemlock has a higher moistiu-e content, darker and 
wetter appearance, higher relative density, higher extractives content and lower permeability, and is 
fi-equently associated with ring shake (Schroeder and Kozlik 1972). The higher extractives contribute 
to the higher relative density and lower permeability. The normal heartwood of westem hemlock has 
higher moistiu ê content than that of pines, most spmces and Douglas-fir (Nielson et al. 1985). 

Wetwood in westem hemlock was associated with bacteria in 16 out of 30 trees sampled, but was not 
considered decayed wood or an incipient form of decay, because no wood cells showed visual evidence 
of fungal attack (Ward and Zeikus 1980). This is consistent with the findings of an earlier study on 
westem hemlock wetwood in which bacteria were isolated but no biological deterioration was detected 
(Schroeder and Kozlik 1972; Shaw et al. 1995). On the other hand, because of its high moisture 
content, wetwood is suggested as a causal agent for the presence of bacteria rather than the reverse 
(Schroeder and Kozlik 1972). Shaw et al. (1995) obtained evidence that wetwood formation is a normal 
physiological process and not a disease. 

Although wetwood was found in trees as young as 40 years, it was much less prevalent in young stands 
than in older stands of 150 years (Kozlik and Ward 1981). However, in a more recent study of 
precommercially thinned young (17- to 35-year-old) westem hemlock stands, wetwood was found in 
more than 50% of the 1215 trees examined (Shaw et al. 1995). In the same study, wetwood was found 
to be distinct from incipient decay stain and could form in the absence of fungal infections. Where 
wetwood was not associated with apparent decay or wounding, it was found to be associated with 
branches. Thus, the authors suggested that if wetwood results after branch death and initial heartwood 
formation, its occurrence will likely increase with tree age. 

Schroeder and Kozlik (1972) proposed that the deposition of extractives, as a reaction to injury, (i.e. 
ring shake) greately lowers the permeability of the wood. As a result, moisture loss is prevented during 
heartwood formation and wetwood is formed. 

Table 3 presents the green moisture content in the sapwood, normal and sinker heartwood in westem 
hemlock. 



Table 3. Green moisture content (MC) as a percentage of the oven-dry weight of westem hemlock 

Wood Type Green MC, % 
Mean (Range) 

Data Source 

Young growth (trees less than 110 years old): 

Sapwood 164 (123-188) Kozlik and Ward 1981 
(based on 15 logs taken from 
timber from the Coastal Range 
of Oregon) 

Normal heartwood 61 (50-76) 

Sinker heartwood 
Heavy* 
Light-

Combined 

194 (181-203) 
123 (80-171) 
159 (80-203) 

Sapwood 141 (114-160) Jozsa etal. 1994 
(based on 13 trees from coastal 
British Cohimbia) 

Heartwood 49 (46-51) 

Old growth (trees greater than 110 years old): 

Heartwood 
Normal 
Sinker 

66 (33-152) 
153 (108-186) 

Schroeder and Kozlik 1972 
(based on 54 logs taken from 
timber from the westem slope 
of the Cascade Range) 

Heavy sinker with floccosoids. Floccosoids are whitish deposits mainly consisting of a chemical extractive alpha-
conidendrin frequently found in westem hemlock. 

Light sinker is a wet heartwood without floccosoids. 

3.1.2 Wood Density 

The average wood density (oven-dry weight/green volume) of westem hemlock in British Columbia 
ranges from 0.409 to 0.427 with a coefficient of variation of about 9.0% (Gonzalez 1990). The most 
comprehensive study ofwood density of westem hemlock in British Columbia was carried out by 
Kennedy and Swann (1969). They sampled more than 600 trees from the species' commercial range and 
obtained an average wood density value of 0.427. This average is slightly higher than the accepted 
Canadian value of 0.409 (Jessome 1977), but is close to the estimate of 0.420 obtained on U.S. samples 
(USDA 1965). A subsequent wood density survey of species in westem Canada (Smith 1970) reported 
an average of 0.418, based on 368 trees from the interior (Prince George, Cariboo and southern British 
Columbia), and 0.424, based on 398 trees from the coast. This survey included the results obtained by 
Kennedy and Swann (1969). 



Wood density varies vertically and horizontally within the stem of westem hemlock. Vertically, wood 
density is higher at the base and at the top, with little variation in between (Krahmer 1966; Kellogg and 
Keays 1968; Pong et al. 1986; Jozsa et al. 1994). In the study by Jozsa et al. (1994), 90.year-old trees 
were examined at different height levels of the stem. Wood density was foimd to vary from 0.44 at the 
stump to 0.40 at the top, with a low value of 0.35 at 20% and 40% of the stem height. Radially, wood 
density decreased from a high near the pith to a low at a distance of 5-8 cm from the pith, and gradually 
increased again to a more or less constant level towards the bark (Megraw 1985; Jozsa et al. 1994). 
This pattem was observed at all the height levels examined, except at the stimip where the increase was 
not as large after the minimum density was reached (Jozsa et al. 1994). 

A slightly different profile was found for green wood density (green weight/green volume) of the stem: 
higher at the base, decreasing to a minimum at about 2 m above ground (Kellogg and Keays 1968) or 
the middle third of the stem length (Pong et al. 1986), before increasing again towards the top. A close 
similarity was noted between this distribution and that of moisture in the stem, leading the authors to 
conclude that it is green moisture content and not relative density that has a major influence on green 
wood density (Pong et al. 1986). 

Wood density variation with latitude and elevation was also noted by Kennedy and Swann (1969). They 
found lower density was associated with more northerly latitudes, while higher density was associated 
with increased elevation. Nielson et al. (1985) reported a greenwood density of 782 kg/m' for westem 
hemlock in British Columbia; Pong et al. (1986) reported a value of 879 kg/m' for trees sampled in 
Washington. 

The relationship between average wood density and growth rate (volume growth) has been an increasing 
concern to wood users because of silvicultural practices that focus on increased volume growth and 
shorter rotation period. This relationship has been examined by several workers, many of whom found 
a negative correlation (Wellwood 1960; Wellwood and Smith 1962; Krahmer 1966; Kennedy and 
Swann 1969; DeBell et al. 1994) or none at all (Jozsa et al. 1994). The conflicting results are mainly 
due to the confounding effect of cambial age on ring width and relative density, which was not 
considered in some of the earlier studies. In westem hemlock, ring width decreases and relative density 
increases from the pith after about age 8-10 years (Jozsa et al. 1994). 

3.2 Bark 

Bark, the non-technical term for phloem, refers to the tissues outside the vascular cambium. It includes 
the living or inner bark, and the dead or gross outer bark. Dead bark is formed when layers of periderm 
are laid down within the living inner bark (Esau 1965). The periderm is composed partially of 
impermeable cork cells that retard moisture loss from the inner bark, resulting in death of the outermost 
layers of living bark. Because these layers have long ceased to function in food conduction, their loss is 
not detrimental to the tree (Bramhall et al. 1977). 

Bramhall et al. (1977) measured the thickness of inner bark, periderm and outer bark in westem 
hemlock. The relative contribution of each type of tissue to the total thickness varied with site (southem 
Vancouver Island, north coastal region, and lower mainland). The thickness of each type of tissue was 
lowest at the 6-inch-diameter top of the stem, differing little between the middle (top of the first 24-foot 
log) and the butt portions. Total bark thickness averaged 7.4 mm, 12.2 mm and 12.6 mm for the top, 
middle and butt, respectively, and did not vary significantly with site. Jozsa et al. (1995) measured total 



bark thickness on 90-year-old westem hemlock trees and also foimd thickness to be highest at the 
stump (average 12 mm) and lowest at the top (average 6 mm). 

Bramhall and Kellogg (1979) analyzed the anatomy of westem hemlock secondary phloem (tissue 
between the cambium and the periderm). The secondary phloem is composed of well-ordered radial files 
of sieve cells and axial parenchyma strands interspersed with groups of sclereid cells. On the average, 
sieve cells and axial parenchyma cells in similar proportion make up 75% of the total tissue. The 
remaining tissue is half ray tissue and half sclereid groups. The proportions vary from the cambium 
outwards. Near the cambium, the sieve cells account for more than half of the total, decreasing to one-
third near the periderm. The sclereids are diffused throughout most of the inner bark. Individual sclereid 
cells are about 400 ^m long (Isenberg 1980), thick walled, lignified, branched and twisted, and form 
into cigar-shaped clusters. The cells have pit canals and lumens that are frequently filled with resinous 
substances. These sclereids give pulp makers a hard time when traces of hemlock bark find their way in 
the pulp fumish. 

The bark has a relative density of 0.45 (based on green volume) and 0.59 (based on oven-dry volume), 
and a calorific value of 5444 kcal/kg (Isenberg 1980). 

3.3 Microscopic Features of the Wood 

Resin canals are normally absent from westem hemlock. The rays are fine and not discemible without 
magnification. Seen on the longitudinal tangential section, the rays are unicellular (one-cell wide) and 
are usually 1-16 cells high. The simple pits on the ray cross-fields are either piceoid (pits with a narrow 
and extended aperture) or cupressoid (pits with a relatively wider aperture and not extended). Ray 
tracheids are usually present at the margins of the rays, but are sometimes difficult to see because they 
are narrow and faint compared to the parenchyma cells. The presence of ray tracheids in westem 
hemlock distinguishes this species from the tme firs in which ray tracheids are absent. Longitudinal 
parenchyma cells (seen on the cross section) are sparse and terminal (they occur at the growth ring 
boundary). They are sometimes conspicuous because of the dark contents of the cell. The tracheids 
average 30-40 nm in tangential width and about 3.0 mm in length (Panshin and de Zeeuw 1970). These 
dimensions are largest in the mature wood of the bole, and smallest in the branches, compared to the 
juvenile wood, the top, the stump and the roots (Kellogg and Gonzalez 1976). Wellwood (1960) found 
the longest fibres at the top and the shortest at the base of the bole. Other properties of hemlock 
tracheids (e.g., cell wall thickness and fibril angle) have been measured and published (Fahey 1976; 
Kellogg and Gonzalez 1976). 

Westem hemlock cannot be distinguished from eastem hemlock but can be separated from mountain 
hemlock on the basis of their microscopic stmcture. Kellogg and Rome (1981) found that styloid 
crystals were frequently present in "ghost cells" or ray tracheids marginal to the rays in the last-formed 
latewood of mountain hemlock. These crystals were rarely noted in westem Canada. 

3.3.1 Compression Wood 

The development of compression wood in coniferous tree stems is usually associated with displacement 
of a stem from a vertical growth orientation (Low 1964). Compression wood is common in westem 
hemlock, especially around the pith, because of the naturally drooping leader. However, Kellogg and 
Warren (1979) also noted that in westem hemlock, streaks of compression wood originated from the 



vicinity of a knot and extended downwards as much as 4 m. There was no evidence of compression 
wood above the knot. The authors suggested that transportable auxin may play a role in compression 
wood induction. 

Jozsa et al. (1994) measured compression wood in hemlock discs taken at five different heights of the 
stem. Expressed as a percentage of the cross-sectional area, they found compression wood to be highest 
at breast height (8%) and nearly constant (3.5%) at the other positions. 

3.4 Physical Properties of the Wood 

3.4.1 Working Properties 

The following description of wood properties of Pacific coast hemlock (Hem-Fir) comes from COFI 
(1985a): 

"The wood of Pacific coast hemlock has excellent machining qualities. Being stiff and straight-grained, 
resin-free and uniformly textured, the wood finishes to a superb, silky, light-reflective smoothness with 
no tendency to split. It yields clean, straight edges and accurate contours to either machine or hand 
tools. Because of its fine texture and lack of resin, there is no bleeding through the surface finish and it 
is suitable for all types and colours of stain, paint, and varnish. This multi-finish versatility makes 
westem hemlock excellent for matching existing millwork. It glues well with a variety of adhesives 
xmder a wide range of conditions. It is amenable to preservative or fire-retardant treatments. The 
wood's surface hardens with age and becomes mggedly wear-resistant. This ability to survive heavy-
duty use and its ready availability in long lengths of clear or near-clear wood have made it a preferred 
choice among manufacturers of extension ladders and step ladders. The wood takes and holds nails, 
screws and other mechanical fasteners with a minimum of splitting. Once kiln-dried or air-dried, the 
wood is very stable with little tendency to cup, check or twist. It has no natural resistance to decay and 
for extemal applications, it should be preservative-treated. It is readily impregnated with wood 
preservatives and fire retardants." 

Despite Hem-Fir's reputation for treatability with wood preservatives, there have been occasional 
reports of differences in the treatability of different batches of Hem-Fir (Morris 1995). The reason may 
be the difference in the treatability of the two species, and within the hemlock species itself Earlier 
studies (Bramhall and Cooper 1972; Cooper and Ross 1977) have shown that the two species in the 
Hem-Fir group differ in treatability, that interior-grown westem hemlock is much more difficult to treat 
than coastal-grown hemlock, and that sapwood is much easier to treat than heartwood. Morris (1995) 
confirmed these earlier results and found that without incising, amabilis fir exhibited 80% deeper 
penetration and higher preservative retention by analysis than did westem hemlock. 

3.4.2 Drying 

The wide variation in the initial moisture content of westem hemlock lumber makes it difficult to dry to 
a uniform final moisture content. The green lumber tends to warp and produce other types of drying 
degrades. Reducing these problems has been the subject of many studies (Dedman and Van Dusen 
1965; Kozlik and Hamlin 1972; Kozlik and Ward 1979; Kozlik and Ward 1981; Mitchell and Bigbee 
1989; Oliveira era/. 1989; Dubois o/. 1992; Milota e/o/. 1993). 



Drying problems have been attributed mainly to the common occiurence of "sinker stock" or "sinker 
heartwood" (wetwood), ring shake and compression wood in hemlock (Schroeder and Kozlik 1972; 
Mackay and Oliveira 1989). Sinker heartwood has green moisture contents of up to 200% and takes 
longer to dry than normal heartwood (Mackay and Oliveira 1989). Kozlik et al. (1972) found sinker 
heartwood to have heavily encrusted bordered pit membranes and to dry 60% slower than normal 
heartwood. Conversely, sinker heartwood from young-growth hemlock dried faster than that from old-
growth hemlock (Ward and Kozlik 1975). This sinker heartwood usually contains wet pockets or 
streaks after a normal drying schedule, resulting in non-uniform final moisture content within and 
between boards in kiln charges (Mackay and Oliveira 1989). Extending the drying schedule for sinker 
heartwood could result in over-drying the normal wood and in increased shrinkage-related defects 
(Mackay and Oliveira 1989). This problem is confounded in the commercial practice of kiln-drying 
Hem-Fir because amabilis fir has lower initial moistiu-e content than hemlock. 

Ring shake has caused considerable loss of lumber and veneer (Cahill 1984). Shake causes the 
longitudinal separation of wood in kiln-dried lumber. It is a naturally occurring defect in standing trees 
and is characterized by middle-lamella failure, loose fibres, and ray ends projecting from the shake 
surface. It is intimately associated with wetwood and the two often occur together in westem hemlock 
(Schroeder and Kozlik 1972). 

Compression wood in hemlock can cause problems if the lumber is dried without restraint (Bryant et al. 
1976). Compression wood has a higher fibril angle than normal wood (Siripatanadilok and Leney 
1985) and causes the wood to shrink considerably in the longitudinal direction, resulting in warps and 
cross-breaks in the dried pieces. 

High-temperature drying of westem hemlock degrades the lumber quality (Kozlik 1976; Kozlik and 
Ward 1981; Sumi 1982; Dubois et al. 1992), but reduces drying time and may not necessarily affect 
strength (Salamon 1965; Salamon 1966). A study by Salamon (1965) comparing conventional and 
constantly high temperature (220°F) schedules showed that drying time was reduced by 33% under the 
high-temperature schedule and that strength properties were unaffected up to 230°F. On the other hand, 
Kozlik (1976) noted that westem hemlock dimension lumber kiln-dried to 8-10% moisture content at 
170, 200 and 230°F decreased in tensile strength with increase in temperature. A much earlier study 
also showed that kiln-drying westem hemlock for aircraft constraction at 71 °C (160°F) was too severe 
and resulted in casehardening and slow drying, and in appreciable loss of strength in static bending 
(Ontario Department of Mines and Resources 1947). The use of steam to allow gradual changes in 
temperatures over time has been shown to minimize casehardening and surface checking in Hem-Fir 
(Avramidis and Mackay 1988). However, the use of steam conditioning, immediately after high-
temperature drying of pacific coast hemlock, did not significantly reduce honeycomb in 3-ft long 2x4's 
and 4x4's lumber. Honeycomb was more likely to develop during storage at room temperature than 
during drying (Dubois et al. 1992). 

Kiln schedules are available for drying Hem-Fir clears and upper grades to 10-12% mc and for 
dimension and lower grades to 15-18% mc (Mackay and Oliveira 1989). 



3.4.2.1 Hemlock Brown Stain 

Air- and kiln-dried wood of hemlock develops a light or dark brown stain that penetrates no more than 
0.5 mm below the surface (Evans and Halvorson 1962). The stain often occurs in the sapwood-
heartwood boundary and is most apparent on the end and edge grain of affected lumber. Because the 
stain does not lower the strength of the affected wood (Mullins and McKnight 1981) and because it can 
often be removed by planing after drying, the discoloration has not been considered a major problem. 
Only as demand for kiln-dried lumber has increased in overseas markets, and as advanced sawing 
technology has begim to produce dimensionally accurate rather than oversized product, has concern for 
wood discoloration begun to increase (Kreber and Byrne 1994). 

Several studies have examined the nature and causes of discoloration in hemlock wood (Evans and 
Halvorson 1962; Barton and Gardner 1966; Swan 1984; Hrutfiord et al. 1985; Smith and Spence 1987; 
Ellis and Avramidis 1993; Kreber 1993). Flavonoid-type phenolic extractives in hemlock, such as 
catechin and leucoanthocyanidin (the precursors of highly coloured condensed tannins), have been 
suggested as the cause of brown stain (Barton and Gardner 1966). Wetwood, which has been 
associated with bacteria and with the stain, contains higher amoimts of phenolics than normal wood 
(Schroeder and Kozlik 1972). Kreber (1993) observed that the stain precursors were mobile. He also 
found the stain to be most prevalent in parenchyma cells and less often in tracheids. It has been 
suggested that microorganisms associated with the stain modify the wood extractives which then 
undergo oxidation as they are transported to the wood surface during drying (Evans and Halvorson 
1962; Kreber 1993). 

Factors involved in the discoloration of other wood species may also be contributory factors in hemlock 
brown stain. Research at Forintek Canada Corp. will elucidate the mechanism of brown stain and 
provide a better understanding of the roles of such factors as season of tree felling, log age and storage 
and post-mortem changes in the tree (Kreber and Byrne 1994). 

3.4.2.2 Dimensional Stability 

Westem hemlock is used widely in joinery products, doors and windows, and other specialty products in 
which dimensional stability is an important factor. Shrinkage information on hemlock is therefore 
important for predicting dimensional changes that may degrade its use. 

During drying, westem hemlock shrinks more than most Canadian softwoods (Jessome 1977). 
Temperature and relative humidity of the drying conditions affect shrinkage of western hemlock, from 
the green condition to the equilibrium moisture content (Espenas 1971). Shrinkage was higher at high 
temperatiu-es than at low temperatures, and the effect of temperature increased above 150°F. Average 
shrinkage values from green to various moisture contents as a percentage of the green dimensions are 
presented in Table 4. 

The amount of swelling in the wood with increase in relative himiidty (and equilibrium moisture 
content) is also important, particularly if the wood in service is subjected to fluctuations in humidity. 
Swelling is expressed as a percentage of the oven-dry dimensions, as opposed to shrinkage which is 
espressed as a percentage of the green dimensions. The shrinkage and swelling curves of westem 
hemlock (based on 11 trees) were plotted by Rijsdijk and Laming (1994) and are presented in Figure 2. 



Table 4. Average percentage shrinkage of westem hemlock from green to various moisture contents 
as a percentage of the green dimensions' 

Percent Percent Shrinkage, Based on Green Dimensions 

Moisture Radial Tangential Volumetric 

0 4.2-5.4 7.8-8.9 11.9- 13.0 

6 3.4-4.2 6.3 - 7.4 9.5 

12 2.8 4.0 - 5.4 8.1 

20 1.2- 1.4 2.6 4.0 

Fahey 1976; BRE 1977; Jessome 1977; Isenberg 1980; Rijsdijk and Laming 1994. 

Jozsa et al. (1994) determined the radial profile of longitudinal shrinkage of yoimg-growth westem 
hemlock from the green condition to the air-dry (12 % mc) and oven-dry (0 % mc) conditions at two 
height levels of the stem. The initial shrinkage near the pith (first 20 mm distance from the pith) was 
always higher. Thereafter, shrinkage remained nearly constant with distance from the pith. This 
shrinkage was constant at about 0.25 % for oven-dry and about 0.1 % for air-dry (12%) at breast 
height. The corresponding values at the 40% height level were about 0.5% lower. Rijsdijk and Laming 
(1994) obtained an average longitudinal shrinkage value (green to oven-dry) of 0.19% with a coefficient 
of variation of 24.7%. 

3.5 Chemical Composition of Wood 

The chemical composition ofwood is important to its use as pulpwood. Cellulose content gives an 
indication of yield of chemical pulps from a unit weight of wood. Lignin content gives an indication of 
the amount of substance that needs to be removed in the production of the pulps. Extractives are 
important in determining the pulping process and also give some indication of pulp yield. Hemicellulose 
gives an indication of the strength potential of the pulps. 



Shrinkage in percentage of green dimensions and 
swelling in percentage of oven-dry dimensions 

Figure 2. Shrinkage and swelling curves of westem hemlock, showing the average values of 11 test 
specimens from 11 trees (after Rijsdijk and Laming 1994). 



Worster and Sugiyama (1962) analyzed the carbohydrate content of increment cores from 36 dominant 
and co-dominant trees of westem hemlock. They found holocellulose from fast growing hemlock 
contained more total hexosans and glucan and less pentosans and galactan than did holocellulose 
obtained from slow growing trees. Total holocellulose was also higher in faster-growing than in slower-
growing trees. This information is useful to manufacturers of dissolving grade pulps in which high-
holocellulose (high glucan) content wood is desirable. Wellwood and Smith (1962) found that cambial 
age (ring position from the pith) had no effect on the holocellulose content. Westem hemlock tends to 
be low in extractives, which makes it easier to purify than more resinous species in the manufactiu-e of 
dissolving pulps (Fahey 1976). 

Table 5 presents some proximate chemical analyses of westem hemlock wood. 

Table 5. Proximate chemical analyses of western hemlock wood 

Worster and Wellwood and 
Sugiyama Lewis Fahey Smith 

(1962) (1950) (1976) (1962) 

% Holocellulose * 72.4 _ 80.8 
% Lignin * 28.0 28.80 27.8 -
% Alpha-cellulose * 48.80 - 55.0 
% Pentosan * 9.70 9.2 
% Uronic anhydride * 5.00 -
% Mannan * 12.2 4.10 -
% Xylan * 4.3 7.30 -
% Ash * 0.47 0.3 
% Acetyl * 1.15 -
% Solubility in: 

Ether 0.73 0.8 
Alcohol 3.90 -
Alcohol-benzene . 1.6 
Acetone 0.07 -
Hot water 0.59 0.4 
1% NaOH - 9.2 

* Based on extractive-free oven-dry wood. 



3.6 Mechanical Properties 

Before the results of "in-grade testing" became available for estimating design properties for sawn 
lumber, allowable design properties for commercial lumber in North America were calculated from the 
mechanical properties of small clear samples. Adjustment factors were then used to compensate for the 
effects of moisture content, size, grade and other strength-reducing characteristics. In the late 1960s 
and early 1970s, questions were raised about the validity of adjustments used in the derivation of these 
allowable properties from small clear tests (Barrett and Lau 1994). In the mid-1970s, it was suggested 
by Madsen (1992) that design properties for sawn lumber should be based on tests of full-size wood. 
This led to the concept of in-grade testing. Between 1983 and 1985, Forintek and the United States 
Forest Products Laboratory were involved in a large-scale in-grade study of all major commercial 
species groups. At Forintek, different grades of lumber (Spruce-Pine-Fir [S-P-F], Hem-Fir, and 
Douglas-fir-Larch [D. fir-L]) were tested. The results of these tests have been published by Barrett and 
Lau (1994). 

Comparing the three species groups in the No. 1 and No. 2 grades, D. fir-L and Hem-Fir have the 
highest mean modulus of elasticity (MOE) in bending, tension and compression. In the select structural 
grade, D. fir-L is significantly higher in mean MOE than either Hem-Fir or S-P-F (Barrett and Lau 
1994). 

The mechanical properties of westem hemlock, based on small clear samples, are shown in Table 6 
(Jessome 1977). The National Standards of Canada (CAN/CSA-086.1-M89) (CSA 1989) give the 
specified strengths (Mpa) for Hem-Fir lumber of various stress grades. These are presented in Tables 
7a to 7d. For more information about the in-grade mechanical properties of Hem-Fir, the reader is 
referred to Barrett and Lau (1994). 

Table 6. Mechanical properties of westem hemlock based on clear-wood samples' 
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ture 

Condi
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Stress at 
Propor
tional 
Limit 
(Mpa) 

Modulus 
of 

Elas
ticity 

(Mpa) 

Work to 
Propor
tional 
Limit 

(kJ/m') 

Drop of 
22.7 kg 
Hammer 

at 
Complete 

Failure 
(mm) 

Stress at 
Propor
tional 
Limit 
(Mpa) 

Maxi . 
Crushing 

Stress 
(Mpa) 

Modulus 
of 

Elas
ticity 
(Mpa) 

Stress at 
Propor
tional 
Limit 
(Mpa) 

Side End 

Maximum 
Stress 
(Mpa) 

Maximum 
Stress 
(MPa) 

4 green 0.409 62.1 13600 16.0 580 20.5 24.7 11200 2.57 2080 2500 5.18 2.69 
10813.0 108 17.4 10819.4 M l 23.5 12517.2 425 14.1 125 16.6 12927.9 26019.5 130 15.6 123 14.5 118 20.4 

(21) air-diy 0.429 77.2 15900 21.0 690 36.5 46.7 12100 4.53 2740 4410 6.48 2.93 

Four statistics are included for most properties. On the fu-st line of the box is the species mean in the unseasoned condition. On the middle line to the left is the 
number of tesU, and to the right is the coefficient of variation. On the bottom line is the species mean for air-diy material, adjusted to a moisture content of 12%. 



Table 7a. Specified strengths and modulus of elasticity for Hem-Fir Post and Timbers grades (MPa) 
Bending at Longitudinal Compression Tension Modulus of Elasticity 

Grade 
Extreme Fibre Shear Parallel to Perpendicular Parallel to 

Grade Grain to Grain Grain 
(/;) (/D (£) (Eos) 

SS 13.6 1.0 11.3 7.9 10 000 7 000 
No. 1 10.2 0.7 10.0 4.6 6.0 9 000 6 000 
No. 2 4.5 0.7 6.1 2.8 8 000 5 500 

Notes: 
(1) Posts and Timbers have a smaller dimension of at least 114 mm, with a larger dimension not 

more than 51 mm greater than the smaller dimension. 
(2) Posts and Timbers graded to Beams and Stringers rules may be assigned beam and stringer 

strength. 
(3) An approximate value for modulus of rigidity may be estimated at 0.065 times the modulus of 

elasticity. 
(4) With sawn members thicker than 89 mm that season slowly, care should be exercised to avoid 

overloading in compression before appreciable seasoning of the outer fibre has taken place; 
otherwise, compression strengths for wet service conditions shall be used. 

(5) Tabulated values are based on the following standard conditions: 
(a) 343 mm larger dimension for bending and shear, 292 mm larger dimension for tension 

and compression parallel to grain; 
(b) dry service conditions; 
(c) standard term duration of load. 



Table 7b. Specified strengths and modulus of elasticity for Hem-Fir Beam and Stringer grades (MPa) 

Grade 

Bending at 
Extreme Fibre 

(/;) 

Longitudinal 
Shear 

(/•.) 

Compression Tension 
Parallel to 

Grain 
(A) 

Modulus of Elasticity 

Grade 

Bending at 
Extreme Fibre 

(/;) 

Longitudinal 
Shear 

(/•.) 

Parallel to Perpendicular 
Grain to Grain 
(/-.) (f^) 

Tension 
Parallel to 

Grain 
(A) 

Modulus of Elasticity 

SS 14.5 10.8 7.4 10 000 7 000 
No. 1 11.7 0.7 9.0 4.6 5.2 10 000 7 000 
No. 2 6.7 5.9 2.4 8 000 5 500 

* Specified strengths for "Beams and Stringers" are based on loads applied to the narrow face. When 
"Beams and Stringers" are subject to loads applied to the wide face, the specified strength for bending 
at the extreme fibre and modulus of elasticity shall be multiplied by the following factors: 

/ b E or 
Select Structural 0.88 1.00 
No. 1 or No. 2 0.77 0.90 

Notes: 
(1) Beams and Stringers have a smaller dimension of at least 114 mm, with a larger dimension more 

than 51 mm greater than the smaller dimension. 
(2) An approximate value for modulus of rigidity may be estimated at 0.065 times the modulus of 

elasticity. 
(3) With sawn members thicker than 89 mm that season slowly, care should be exercised to avoid 

overloading in compression before appreciable seasoning of the outer fibre has taken place; 
otherwise, compression strengths for wet service conditions shall be used. 

(4) Grades for Beams and Stringers listed in this table are not graded for continuity. 
(5) . Tabulated values are based on the following standard conditions: 

(a) 343 mm larger dimension for bending and shear, 292 mm larger dimension for tension 
and compression parallel to grain; 

(b) dry service conditions; 
(c) standard term duration of load. 



Table 7c. Specified strengths and modulus of elasticity for Hem-Fir Light Framing grades 
(applicable to sizes 38 x 89 mm to 89 x 89 mm)(MPa) 

Grade 
Bending at 

Extreme 
Fibre 

Longitudinal 
Shear 

(Tv) 

Compression Tension 
Parallel 

to 
Grain 

Modulus of 
Elasticity 

Grade 
Bending at 

Extreme 
Fibre 

Longitudinal 
Shear 

(Tv) 

Parallel to Perpendicular 
Grain to Grain 

Tension 
Parallel 

to 
Grain 

Modulus of 
Elasticity 

Const. 38x 89 mm 14.3 16.9 7.0 10 000 6 000 
Al l other 7.9 1.5 16.9 4.6 3.9 10 000 6 000 

Stand. 38 x89 mm 8.0 13.9 3.9 9 000 5 500 
Al l other 3.2 13.9 1.6 9 000 5 500 

Notes: 
(1) The size factor for Light Framing grades shall be 1.00 except that K„ shall be calculated in 

accordance with clause 5.5.6 in the standard. 
(2) Tabulated values are based on the following standard conditions: 

(a) 89 mm width (except for compression parallel to grain); 
(b) dry service conditions; 
(c) standard term duration of load. 

Table 7d. Specified strengths and modulus of elasticity for Hem-Fir Structural Joists and Planks, 
Structural Light Framing and Stud grade categories of lumber (MPa) 

Grade 

Bending at 
Extreme Fibre 

(̂ ) 

Longitudinal 
Shear 

(A.) 

Compression Tension 
Parallel to 

Grain 
(/D 

Modulus of 
Elasticity 

(.E) 

Grade 

Bending at 
Extreme Fibre 

(̂ ) 

Longitudinal 
Shear 

(A.) 

Parallel to Perpendicular 
Grain to Grain 
(/;) (/;) 

Tension 
Parallel to 

Grain 
(/D 

Modulus of 
Elasticity 

(.E) 

ss 
No. 1 / No. 2 
No. 3 / Stud 

16.0 
11.0 
7.0 

0.9 
17.6 
14.8 4.6 
7.0 

9.7 
6.2 
3.2 

12 000 8 500 
11 000 7 500 
10 000 6 000 

Tabulated values are based on the following standard conditions: 
(a) 286 mm larger dimension; 
(b) dry service conditions; 
(c) standard term duration of load. 



4.0 MANUFACTURING USES 

4.1 Sawlogs 

Large logs of Hem-Fir offer three cutting zones. These zones and the various grades of lumber that can be 
obtained from them are described by COFI (1985b) as follows: 

i) the clear zone - or outermost area of the log, which is generally fi-ee of knots and yields wide 
widths and long lengths of clear lumber. 

ii) the factory zone - which yields lumber that is suitable for manufacturing into a range of millwork 
items requiring short clear lengths and that uses finger-jointed and edge-glued material. 

iii) the construction zone - the innermost area of the log, which yields a knotty grade of lumber 
suitable for general construction purposes. 

4.2 Lumber 

Hem-Fir is widely used in all types of construction: in framing, because of its strength and excellent 
nailing properties; in millwork and joinery manufacturing (an industry traditionally oriented towards 
hardwood), because it is straight grained and finishes well; and in the manufacture of doors, windows, 
staircases, louvred cabinets, spindles and panellings, mouldings and architectural trim, because its light 
coloiu- is desirable for natural finishes. The overall uniformity of colouring from heartwood to sapwood 
and the wood's excellent gluing properties make it ideally suited to finger jointing and edge veneering and 
for use as laminated stock (COFI 1985a). In applications where a minimum of grain raise and splintering 
are important, westem hemlock is preferred over Douglas-fir. 

Hem-Fir specialty products fall into two broad groups: rough lumber produced for highly specific end uses 
such as door and window components and tuming squares; and worked lumber such as decking and 
panelling which, in addition to being dressed, can be tongue and grooved, shiplapped or patterned (COFI 
1985b). 

Two principal grading mles apply to Hem-Fir produced and manufactured in British Columbia: the 
Standard Grading Rules for Canadian Lumber, National Lumber Grades Authority (NLGA), imder which 
all stmctural material is visually stress graded; and Export R List, Grading and Dressing Rules, which 
deals primarily with grades for general constmction and remanufacture. Some British Columbia mills also 
supply material visually stress graded to British Standard 4978 and mles of the Economic Commission for 
Europe (ECE). 

Tables 8, 9 and 10 present the recommended uses for the various grades of Hem-Fir lumber (COFI 
1985b). 



Table 8. Grades and reconunended uses for Hem-Fir clear lumber 

Grades Recommended Uses 

No. 2 Clear and Better 

No. 3 Clear 

No. 4 Clear 

Top grade, generally free from defects, although some pieces have a 
limited number of imperfections. Widely used where long length clear 
cuttings are required, such as for panelling and ladders. Also suitable for 
interior and exterior trim, cabinet work, doors, mouldings and other 
joinery products, especially where a natural fmish is required. 

Similar in quality and use to No. 2 grade but may have a slightly higher 
number of imperfections. 

A lower grade but often purchased because defect-free pieces can be 
recovered and used for many purposes. 

Table 9. Grades and recommended uses for Hem-Fir factory and shop lumber 

Grades Recommended Uses 

Factory Flitch 

Shop Flitch 

Shop Lumber 

No. 1 Grade and Better 

No. 2 Grade 

For high quality joinery and factory work products such as solid and 
louvred doors, shutters, screens, windows, room dividers, furniture and 
small structures. Yields a minimum of 80% of total volume in clear 
wood after resawing. 

For uses similar to above. Will yield a minimum of 60% of total volume 
in clear wood. 

For use where clear cuttings of various widths and shorter lengths are 
required. 

Yields at least 50% cuttings which are clear on both sides. 

Yields at least 33.3% clear cuttings on both sides. 



Table 10. Hem-Fir merchantable lumber for general construction and remanufacture (Export R List 
Rules) 

Grades Recommended Uses 

Selected Merchantable 

No. 1 Merchantable 

No. 2 Merchantable 

No. 3 Common 

For high quality construction requiring sound, strong, well-manufactured 
lumber. 

For good substantial construction where strength is a factor but 
appearance is less important. 

For ordinary construction but without waste. 

For lower value end uses such as crating, packaging and pallets. 

4.3 Plywood and Veneer 

Westem hemlock is a good source of veneer for plywood (USDA 1976) and, more recently, Parallam. 
Plywood made from hemlock veneer is treatable with preservatives. The veneer can be used for face, back 
and inner plies (CSA 1978). When used as face and back plies, it is "Canadian Softwood Plywood" (not 
"hemlock plywood"). When used as inner ply with Douglas-fir as face and back plies, it is sold as 
"Douglas-fir plywood." 

Fahey and Woodfin (1982) quantified veneer grade recovery from westem hemlock trees west of the 
Cascade Range and showed that grade recovery varied with the grade of the log. For logs ranging in 
diameter size from 28 to 115 cm, they obtained yields for three nominal thicknesses of veneer (3/16, 1/6 
and 1/8 inch). For grade 3 sawlogs, 66% of the veneer recovered was grade D; for grade 2 logs, 47"/o was 
grade D. Peeler and grade 1 logs yielded 11% grade D veneer, and more than 40%i was in grades B patch 
and better. 

4.4 Pulp 

Westem hemlock can be pulped to produce a variety of pulp grades (Fahey 1976; Isenberg 1980). 

Groimdwood from westem hemlock is generally lower in strength and brightness than are spmce and tme 
fir (Fahey 1976). The light-coloured heartwood makes excellent newsprint because minimum bleaching is 
required to achieve the desired brightness of paper. While the extractive content of the hemlock wood is 
low, it contains small amounts of phenolic material which develops strong colour when the wood is aged. 
Once this colour develops, it is difficult to bleach hemlock groundwood (Fahey 1976). The low extractives 
content of hemlock makes the wood easily pulped by the sulphite process, which is sensitive to resin 
content (Cahill 1984). Pulp produced by the kraft process has excellent strength, well balanced in burst 
and tear strength. Pretreatment with hydrogen sulphide (HjS) before pulping improves brightness and 
mechanical properties and produces pulps especially suitable for glassine and transparent papers and 
linerboard (Isenberg 1980). Traces of hemlock bark that find their way in the pulp furnish give pulp 
makers a hard time because of the large amount of sclereid groups present in the bark. 



Sheet properties of pulps from westem hemlock are influenced by the species' wood and fibre morphology 
(Fahey 1976; Kellogg and Gonzalez 1976). Variability in these properties accounted for 65-90% of the 
variability in the sheet properties studied. 

An exploratory study on kraft and soda pulping of decayed westem hemlock showed that the addition of 
1% anthraquinone to the pulping liquor reduced the pulp-yield loss that is usually obtained from the use of 
decayed wood (Leu et al. 1980). 

4.5 Bark 

Hemlock bark was used as a trace-metal complexing agent to help the soil retain nutrient elements. It is 
used for decorative horticultural purposes and is often preferred to Douglas-fir bark which contains needle
like fibres and causes discomfort to handlers (Mullins and McKnight 1981). 

Tannin yields from westem hemlock bark averages 7% of the bole (Isenberg 1980). Tannin extracts were 
used in the commercial production of drilling mud additives, bark extract for agricultural crops, chemical 
grouting systems, and a boiler and cooling water treating mixture (Hergert 1988). Adhesive formulations 
were also developed using tannin extracts to partially replace the phenol in the plywood phenol-
formaldehyde adhesive and the resorcinol in the room temperature-curing phenol-resorcinol-formaldehyde 
laminating adhesives. In both cases this reduced the cost of these phenolic adhesives. Although phenol 
prices dropped substantially in the early 1960s, the 50% increase in price for lignosulphonates in North 
America from 1992 to 1994 means that bark extract as an additive in drilling mud for drilling oil wells 
should once again become more competitive. Also, the price of lignosulphonate is expected to continue to 
rise with the closing of older pulp and paper sulphite mills. 

Steiner and Chow (1975) found that the age of the bark and the method of extraction greatly influenced the 
final adhesive quality. Reactions of hemlock bark extractives with formaldehyde had more of the 
characteristics of a phenol-resorcinol-formaldehyde-resin (PRF) than a phenol formaldehyde resin (PF). 
The much higher cost of PRF resins compared to the plywood PF adhesives (a four-fold difference) made 
the replacement of resorcinol in PRF adhesive especially attractive. A problem with bark extractives is the 
lack of uniformity in quality within and between trees, which thus affects the quality of the end product. 

A major use of hemlock bark is hog fuel, but as pressure for cleaner air increases, demands to use bark 
residues for higher value products will increase. 

4.6 Other Uses 

Other uses of westem hemlock are for ladders, boxes, interior finishing and treated wood products. 
Hemlock ladders are noted for their strength, stability and long-service life (COFI 1985a). The use of 
westem hemlock as roof shingles has also been explored (Miller 1986; Buchanan et al. 1990). Untreated 
westem hemlock it is important to note, will begin to decay in 5 years and tend to split. 



5.0 SUMMARY AND CONCLUSIONS 

Westem hemlock and amabilis fir are harvested, processed and marketed together under the commercial 
designation "Hem-Fir." Results of studies on Hem-Fir are presumed to be applicable to either species, 
although the two have been found to differ in relative density, stiffness, permeability and drying properties 
(Kennedy and Swann 1969; Mackay and Oliveira 1989; Morris 1995). The higher relative density of 
westem hemlock makes it superior to amabilis fir in bending stiffness (Kennedy and Swaim 1969), and 
more westem hemlock can be expected to find its way into the higher-valued, higher-strength group of 
machine-stress-rated (MSR) lumber than amabilis fir. 

The frequent occurrence of "sinker heartwood" and compression wood in westem hemlock makes it more 
difficult to dry than amabilis fir. Drying degrades and non-uniformity of final moisture contents within and 
between boards in kiln charges is one of the largest problems in the kiln-drying of hemlock (Mackay and 
Oliveira 1989). A quick method of identifying and separating sinker heartwood and compression wood 
from normal wood in the green lumber would greatly reduce the incidence of degrade and variable moisture 
contents in the dried product. 

The greater permeability of amabilis fir to chemical preservatives is particularly significant in the 
manufacture of value-added products in which impregnation with chemicals will become increasingly 
important (Morris 1995). Several uses of Hem-Fir require preservative treatment. Variability in the 
treatability of Hem-Fir lumber is greatly reduced if the two species are separated before treatment. There 
is currently no quick method of identifying westem hemlock from amabilis fir, although the latter is 
consistently more permeable. 

There is a dearth of information on the effects of silvicultural practices on the properties of second-growth 
hemlock. As old-growth stands are replaced by managed forests, the average growth rate of individual 
trees is expected to increase substantially. There is a need to quantify the effect of stand density and site 
factors, such as elevation and latitude, on the wood properties of westem hemlock. 
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1.0 INTRODUCTION 

There are three species of larch native to Canada: westem larch (Larix occidentalis Nutt.), tamarack or 
eastem larch (Larix laricina (Du Roi) K. Koch), and subalpine larch (Larix lyallii Pari.). Westem larch 
is the largest of the three and is one of the most important timber-producing trees in Canada (Hosie 
1969). 

From 1986 to 1990, the average annual harvest of westem larch was just over half a million cubic 
metres or 1.0% of the total harvests for all species in the interior. Lumber production from Douglas-
fir/larch in 1993 was only 5% of the total for the interior (COFI 1994). Although less important 
commercially compared to other interior softwood species (COFI 1994), westem larch is a highly 
valued species in the Nelson Forest Region where it grows in abimdance. The aimual harvest of westem 
larch is expected to increase dramatically in 20-40 years when immature stands of the species reach 
harvestable age and the supply of other merchantable softwoods diminishes in the Nelson region 
(Jacquish 1987). 

There is increasing interest among foresters and geneticists to use westem larch in mixed species 
plantations. Its rapid early growth and high resistance to root diseases (Schmidt et al. 1976; Jacquish 
1987) make larch an attractive species for short-rotation management. It may also be resistant to air-
pollution because it sheds its foliage and puts out new needles every year. A westem larch tree 
improvement program was established in British Columbia in 1987 (Jacquish et al. 1992). By the year 
2000, commercial plantings of westem larch in the province are expected to reach 4 million seedlings 
armually (Jacquish 1987). 

In light of the growing interest in westem larch, and in anticipation of its increased importance in the 
forest industry of British Columbia, this paper presents information on the species' growth 
characteristics, wood properties and uses. It is not a comprehensive review of the literature, but a 
concise reference to the species. 

Westem larch and its common associate, Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco), are 
harvested and marketed together under the commercial name "D.fir-L." Unless specified otherwise, 
information presented here is based on westem larch alone. 

2.0 THE RESOURCE 

2.1 The Tree 

Trees 30-55 m in height and 122 cm in diameter at breast height (dbh) are common in 250- to 400-year-
old trees. At 600-700 years of age, the trees may reach a height of over 61m and a dbh of 152-244 cm 
(Schmidt et al. 1976). A deep wide-spreading root system develops to support the weight of these large 
trees. 

Westem larch has exceptionally good form: being shade intolerant, it is branch-free over most of its 
trunk, producing clear and straight boles with a short, narrow, open pyramidal crown of horizontal 



branches. Knots are not a problem because westem larch is shade intolerant and prunes itself of lower 
branches. The needles are 2.5 - 4.5 cm long, lustrous green, soft and flexible. They are spirally arranged 
in several ranks on shoots of new growth, and appear in clusters of 15 to 30 on the lateral spurs of older 
stems. Triangular in cross section, they tum yellow at the end of the summer, before shedding in the 
autumn. The cones are 2.5 - 4.0 cm long, on short, curved stalks, and reddish brown at matiu-ity. The 
cone scales are bent slightly downwards when fully open, with long slender bracts that extend out 
beyond the scales. 

2.2 Distribution 

The distribution of westem larch is generally defined by climatic factors. Deficient moisture limits it at 
lower elevations and low temperature limits it at the upper extremes (Schmidt et al. 1976). While a few 
trees are found in the Kananaskis Valley and southward in the foothills of Alberta, its natural range in 
Canada is limited to the Columbia Forest Region in southeastem British Columbia (Figure 1) (Hosie 
1969). There, westem larch growth types occur in the Interior Douglas-fir (IDF) biogeoclimatic zone, 
the drier subzones of the Interior Cedar-Hemlock (ICH) zone and, to a minor extent, the Montane 
Spmce (MS) and Engelmann Spmce-Subalpine Fir (ESSF) zones (Jacquish 1987). According to 
Krajina (1969), westem larch does not tolerate high humidity and fails to grow in the wet, humid areas 
of the ICH zone. 

Westem larch characteristically occupies cool, moist sites northerly exposures, valley bottoms, benches 
and rolling topography at altitudes between 425 and 1820 m (Hosie 1969; Schmidt etal.1976; Conner 
and O'Brien 1995). Common associates are Douglas-fir, westem white pine (Pinus monticola Dougl. ex 
D. Don), lodgepole pine (Pinus contorta Dougl. ex. Loud.), ponderosa pine (Pinus ponderosa Dougl. 
ex Laws.), Engelmann spmce (Picea engelmannii Parry ex. Engelm.), subalpine fir (Abies lasiocarpa 
(Hook.) Nutt.), and westem hemlock (Tsuga heterophylla (Raf.) Sarg.). 

2.3 Standing Volume 

Westem larch represents a small percentage of the forest resource in British Columbia. The mature 
standing timber volume for larch in the province is 23 million m ' , or half a percent of the provincial 
total for the interior (COFI 1994). Eighty-two percent of westem larch growth types are immature and 
largely occur on good to medium sites (Jacquish 1987). 

Most of western larch volume (80%) is found in the Nelson Forest Region. Table 1 shows the volume 
distribution of mature and immature stands in Timber Supply Areas (TSA) by Forest Region. The 
volumes reported are based on trees with breast-height diameter of at least 17.5 cm, less decay, waste 
and breakage to a 10-cm top diameter. Mature trees are those aged 120 years and over (Gordon Creed, 
B.C. Ministry of Forests, pers. comm., 1996). 



Table 1. Volume (in '000 m*) of westem larch in Timber Supply Areas by Forest Region 

Forest Region 
Volume Percentage of Total 

Forest Region 
Mature Immature Mature Immature 

Nelson 18 105 33 692 70.10 86.60 

Kamloops 6 787 4 345 26.30 11.20 

Prince George 907 873 3.50 2.20 

Prince Rupert 19 9 0.10 0.02 

Cariboo 4 0 0.02 0.00 

TOTAL 25 822 38 919 100.00 100.00 

2.4 Growth 

Westem larch is the most shade-intolerant species in the northem Rockies. It is a pioneer species that 
thrives in open-grown, full sunlight conditions. Mortality is generally limited to smaller size classes, 
thus perpetuating even-aged stands (Jacquish 1987). Most young natural larch stands are heavily 
overstocked, often reaching 74 000-99 000 stems per hectare (Schmidt et al. 1976). In a stand with 
12 400 trees per hectare, 9-year-old dominant trees grew a third faster in height than those in stands 
with 86 500 trees per hectare (Bums and Honkala 1990). A study by Seidel (1987) showed that 
precommercial thinning of larch gave maximum benefit when the trees were 10-15 years old and 3-5 m 
tall. 

Within its natural range, westem larch outgrows most of its associates during the first 90 years, after 
which height differences become less pronounced (Schmidt et al. 1976). For the first 50 years, 
lodgepole pine grows slightly faster than westem larch but falls behind by age 60 (Schmidt et al. 1976). 
Westem white pine surpasses westem larch in total height by age 90 (Deitschman and Green 1965). An 
annual height growth of 1 m is quite common for larch in the early stages of stand development 
(Jacquish 1987). Maximum height is usually attained on deep moist soils of valley bottoms and lower 
north and east slopes (Schmidt et al. 1976; Bums and Honkala 1990). 

Diameter growth parallels height growth and is affected by many of the same factors (Bums and 
Honkala 1990). Rapid diameter growth is hindered by overstocking, insect attacks and dwarf mistletoe 
infection (Schmidt et al. 1976; Seidel 1987). Diameter increment also decreases with age, but is less 
pronounced on better sites. 

Projected volume yields at age 100 years range from 308 m'/ha on low quality to 813 m*/ha on high-
quality sites (Bums and Honkala 1990). 



Western Larch 

Figure 1. Range of westem larch in westem Canada. 



While larch is a good seed producer, cone crops vary substantially by year and location (Bums and 
Honkala 1990). Unfortunately, across much of westem larch's natiu-al range, flower crops are 
infrequent and sporadic, especially in overstocked young stands (Shearer and Schmidt 1987). Cone 
production is infrequent on larch trees less than 25 years old. On favourable sites, the trees begin to 
bear seeds at age 50-60 years and continue to bear good crops every 5 or 6 years (Johnson and Bradner 
1932). Developing seeds are attacked by insects and the reproductive stmctiu-es are damaged by spring 
frost, resulting in shortage of seeds. Procurement of high-quality seed for planting has been a challenge 
in the West Kootenay/Shuswap regions of British Columbia (Jacquish et al. 1992). 

2.5 Diseases, Insects and Other Damaging Agents 

2.5.1 Diseases 

Larch dwarf mistletoe (Arceuthobium laricis (Piper) St. John) is the most damaging parasite that 
infects westem larch throughout most of its natural range (Schmidt et al. 1976). In British Columbia, 
the heavily infected areas are the mixed larch and lodgepole pine stands in Trail, the Valhalla 
Mountains and the Creston-Kimberly area (Baranyay and Smith 1972 ). It attacks its hosts in all age 
classes, causing mortality or loss of vigour, growth and wood quality (Baranyay and Smith 1972). 
Aside from causing burls and brashness, the dwarf mistletoe reduces seed viability and creates 
conditions suitable for entry of other diseases and insects. 

Other important diseases in westem larch are: needlecast, caused by Hypodermella laricis Tub.; red 
ring rot, caused by Phellinus pini (Thore:Fr.) Pil.; and brown trunk rot caused by the quinine fimgus 
Fomitopsis officinalis (Vill.:Fr.) Bond. & Sing. The less common fungus infecting larch, Encoeliopsis 
laricina (Ettlinger) Groves, causes shoot blight. 

2.5.2 Insects 

The larch casebearer (Coleophora laricella Hbn.) and westem spmce budworm (Choristoneura 
occidentalis Freeman) are the two most serious pests of westem larch. 

The larch casebearer, a defoliator of European origin, is well adapted to the northem Rockies 
environment (Denton and Tunnock 1968). Repeated attacks by the casebearer cause reduction in tree 
vigour and grov^h, and increase the host's susceptibility to secondary insect attacks that may fmally kill 
the trees (Schcmidt et al. 1976). Defoliated trees have been found to have reduced sapwood width 
(making them unfit for utility poles) and the tendency to result in casehardening (which prevents the 
penetration of preservatives) (Schmidt et al. 1976). 

The most serious damage of westem spmce budworm to westem larch is severance of the terminal 
leader, resulting in an average loss of 25-30% height growth for that year (Schmidt et al. 1976; Bums 
and Honkala 1990). It feeds on the foliage of juvenile growth and also damages cones and seeds where 
heavy populations of budworms overlap the range of larch (Fellin and Shearer 1968). Repeated 
severing of stems and upper laterals produces crooked boles and bush-like trees. 



Schmidt and Fellin (1973) suggested that thinning has the potential of ameliorating the effects of 
budworm damage by establishing a more vigourous stand where large-diameter shoots sever less than 
the small-diameter shoots, and trees are better able to recuperate rapidly when budworm populations 
decline. 

Other insects that attack westem larch are: the larch sawfly {Pristiphora erichsonii [Hartig]) and the 
larch bud moth {Zeiraphera griseana [Hubner]), which cause heavy but sporadic damage; the westem 
larch sawfly (Anoplonyx laricivorus Roh. and Midd); the two-lined sawfly (Anoplonyx occidens Ross); 
and the larch looper {Semiothisa sexmaculata [Pack.]) which damages westem larch occasionally 
(Schmidt o/. 1976) 

2.5.3 Other Damaging Agents 

Mature and overmature trees are highly fire-resistant because of their thick bark (with its low resin 
content), high and open branching habit, and low-flammability foliage (Schmidt et al. 1976). The deep 
wide spreading root system makes the trees moderately to highly resistant to windthrow, but topography 
plays an important role in windthrow losses. Trees located on upper slopes and ridgetops that lie in 
narrow canyons and saddles where winds are channeled are particularly susceptible. The needles of 
young larch trees are sensitive to noxious fumes such as sulphur dioxide and fluorine, but because the 
needles are shed every year, they accumulate fewer harmful deposits than other conifers do. 

3.0 THE RAW MATERIAL 

3.1 Gross Physical Features of the Wood 

The wood of westem larch is slightly resinous and oily in appearance, with a somewhat greasy feel, but 
with no characteristic odour or taste. It is straight-grained and coarse-textured, moderately hard and 
heavy, weighing about 640 kg/m' when air-dry (12% moisture content). The sapwood is usually narrow 
(rarely 2.5 cm in width), whitish to pale straw brown in colour; the heartwood is msset to reddish 
brown. The annual growth rings, distinct and quite uniform in width, are sharply delineated by narrow 
to extremely fine bands of dark brown latewood, with a very abmpt transition from earlywood to 
latewood. The earlywood zone is usually at least 70% of the growth ring (Isenberg 1980). Ring shake 
or growth-ring crack is often found in large amounts in butt logs (Lowery 1984). The rays and resin 
canals on the transverse surface are very fine and not discernible without magnification. The knots in 
westem larch are usually smaller in size compared to Douglas-fir, tight and sound (Johnson and 
Bradner 1932). 

3.1.1 Wood Density 

Western larch has the highest wood relative density of all the Canadian softwood species (Gonzalez 
1990). In Canada, the reported average values (green-volume basis) range from 0.45 ( Smith 1970) to 
0.55 (Jessome 1977) based on 79 and 17 trees, respectively. The U.S. Forest Service did an extensive 
survey of westem larch wood density and obtained an average of 0.480 based on 678 trees. Gonzalez 
(1992) analyzed breast-height increment cores from 225 plus trees selected by the B.C. Ministry of 



Forests and obtained an average of 0.468 for the juvenile wood (covering first 15 growth rings from the 
pith) and 0.493 for the mature wood (from the 16th growth ring to the cambium). This definition of 
juvenile wood was based on an earlier study (Gonzalez 1989) in which the density profile at breast 
height of 34 westem larch trees showed a levelling out of density at about the 15th growth ring from the 
pith. The relative density of the juvenile wood was lower than that of the matiu-e wood. The relative 
density decreased steeply with height from the butt to about 12 m from the ground (Okkonen et al. 
1972). 

Increment cores taken from westem larch trees thinned 15 years earlier showed an increase in wood 
density after thinning. The increase was attributed to reduction in stand competition (Lowery and 
Schmidt 1967). The rate of increase in wood relative density was related to the intensity of competition 
as determined by basal area. The greater the competitive intensity, the lower the increase in relative 
density. 

The above effect of thinning on westem larch wood density should be interesting to forest managers 
who manage the species for stmctural lumber or for yield. Not only does reduced competition increase 
diameter and basal area, it also increases relative density — and thus strength — for which westem 
larch is highly valued. 

3.1.2 Moisture Content and Shrinkage 

The average green moisture content (oven-dry basis) of westem larch is given as 35% for heartwood, 
119% for sapwood, and 49% for mixed heartwood and sapwood (Nielson et al. 1985). 

Westem larch has a high percentage shrinkage compared to the other Canadian softwoods. Table 2 
shows the normal shrinkage values of westem larch, as a percentage of the green dimensions, when 
dried to various moisture contents. 

Table 2. Average percentage shrinkage of westem larch from green to various moisture contents 
(based on green dimension)' 

Percent Percent Shrinkage, Based on Green Dimensions 
Moisture Radial Tangential Volumetric 

0 4.2 8.1 13.2 
5.1 8.9 14.0' 

6 3.4 6.5 10.6 
12 - - 8.0 
20 1.4 2.7 4.4 

Harrar, 1957; Jessome 1977. 

3.2 Bark 

On young stems, the bark is reddish brown, eventually becoming deeply furrowed into flat flaky ridges, 
8-15 cm thick on mature tmnks (Isenberg 1980). The thick outer bark on mature trees provides good 
insulation against forest fires and can be removed from living trees without harming them (Isenberg 
1980). 



The basic relative density of the inner bark is 0.37; that of the outer bark is 0.33 (Isenberg 1980). The 
calorific value of the total bark is 4860 kg cal/kg (Isenberg 1980). 

3.3 Microscopic Features of the Wood 

The tracheids (fibres) of westem larch are about 3-4 mm long and 40-60 \im in width across the 
tangential face. Earlywood tracheids usually have two rows of bordered pits on the radial wall. Rays are 
usually uniseriate (one cell thick), 1-20 cells high. Partly biseriate rays are rarely present. Fusiform rays 
(those which enclose a horizontal resin canal) are usually two to three cells thick through the central 
portion. Ray tracheids are present on the margins, usually in one row, rarely present within the rays 
(interspersed). The pits (openings) leading from the radial wall of the tracheids to the ray cells have 
broad borders with narrow slit-like orifices (piceoid). There are usually six to eight per cross-field, 
arranged in two rows. On the transverse surface, the resin canals show thick-walled epithelial cells, with 
occasional tylosoids (whitish deposit) in the heartwood. 

The woods of westem larch and Douglas-fir are sometimes confused but they can be separated on the 
basis of colour and odour. The heartwood of westem larch is odourless with a distinctive brownish cast. 
Douglas-fir has a distinctive resinous odour and reddish cast. Microscopically, Douglas-fir generally 
has spiral thickenings in both the earlywood and latewood tracheids. Westem larch has spiral 
thickenings only occasionally in the latewood tracheids. 

3.4 Physical Properties 

The wood of westem larch is moderately hard and difficult to work with hand tools, but can be 
machined smoothly with power tools. Machinability is sometimes affected by the high galactan content 
which exudes on the surface of the wood and interferes with the process. Galactan is soluble in water, 
which can be used to eliminate the problem. Although westem larch splits easily, it has a moderately 
high nail-holding capacity when blunt-pointed nails are used (Lowery 1984). The wood glues well, and 
stains and finishes smoothly with clear lacquers and vamishes, but has poor paint-holding ability. It is 
rated intermediate in resistance to decay, and more resistant than the firs, hemlocks and spmces (Harrar 
1957). The wood is difficult to impregnate with preservatives. 

3.4.1 Drying Properties 

Earlier publications (Jenkins and Guernsey 1954; Harrar 1957) describe westem larch as difficult to 
dry because of its tendency to "end-check," but say that can be prevented "if a sufficiently high initial 
relative humidity is maintained." According to the same authors, pieces of common grades with 
intergrown knots may check badly if dried to too low a moistiye content and may become brittle below 
the fibre satiu-ation point. Boards in service with unprotected surfaces from the elements tend to warp, 
cup and pull loose from their fastenings (Harrar 1957). In a more recent publication (Kotok 1973), 
westem larch is described as being "as easy to dry as other dense softwoods but exudes sugars to the 
surface when dried at high temperatures." According to Jacquish et al. (1992), problems related to the 



drying of westem larcli can be easily overcome through continuous long-term experience and training of 
processing staff. 

3.5 Chemical Properties 

The basic chemical composition of the wood of westem larch is not much different from that of the 
other North American softwood species (Isenberg 1980), but the wood is peculiar chemically in that it 
contains a water-soluble gum called arabinogalactan. It yields 84 - 85% galactose and about 12% 
arabinose on hydrolysis (Isenberg 1980). 

The wood of westem larch is reduced readily in kraft pulping, but with difficulty and very unevenly in 
sulphite pulping (Isenberg 1980). The proximate chemical analysis of the wood important to its use as 
pulpwood, is presented in Table 3 (Panshin and de Zeeuw 1970; Isenberg 1980). 

Table 3. Proximate chemical analyses of westem larch wood ' 

Component % 

Holocellulose 66.50 
Alpha-cellulose 50.00 
Lignin 26.80 
Pentosans 12.50 
Ash 0.23 
Solubility in: 

Alcohol-Benzene 1.40 
Ethyl ether 0.81 
1% NaOH 22.10 
Hot water 12.60 
Cold water 10.60 

' Panshin and de Zeeuw 1970; Isenberg 1980 



3.6 Mechanical Properties 

The mechanical properties of westem larch are presented here based on test results from both small 
clear specimens and full-size lumber. With the introduction of in-grade testing (the concept of sampling 
and testing full-size lumber for developing allowable design values for the different grades of lumber), 
bending and tension design properties have been derived from full-size in-grade test data (Barrett 
1995). However, lumber design properties are still being based on small clear test data in many 
countries (Barrett 1995). 

The mechanical properties of westem larch based on small clear specimens from Jessome (1977) are 
given in Table 4. 

Table 4. Mechanical properties of westem larch based on clear-wood samples 

Sample 
Size Specific Gravity Impact Bending 

Compression Parallel to 
Grain 

Com
pression 
Perpen
dicular 

to Grain Hardness 

Shear 
Parallel 
to Grain 

Tension 
Perpen
dicular 

to Grain 

No. of 
Loca
tions 

(Tree.) 
Tested 

Mois
ture 

Condi
tion 

Basic 
Volume 
Green 

Weight 
Oven-

Dry 

Nominal 
Volume 
Air-Dry 
Weight 
Oven-

Dry 

Stress at 
Propor
tional 
Limit 
(MPa) 

Modulus 
of 

Elas
ticity 

(MPa) 

Work to 
Propor
tional 
Limit 

(kl/m') 

Drop of 
22.7 kg 
Hammer 

at 
Complete 

Failure 
(mm) 

Stress at 
Propor
tional 
Limit 
(MPa) 

Maxi . 
Crushing 

Stress 
(MPa) 

Modulus 
of 

Elas
ticity 

(MPa) 

Stress at 
Propor
tional 
Limit 
(MPa) 

Load Required to 
Imbed 11.3 mm. 

Sphere to 
Hal fDiameUr(N) Maximum 

Stress 
(MPa) 

Maximum 
Stress 
(MPa) 

No. of 
Loca
tions 

(Tree.) 
Tested 

Mois
ture 

Condi
tion 

Basic 
Volume 
Green 

Weight 
Oven-

Dry 

Nominal 
Volume 
Air-Dry 
Weight 
Oven-

Dry 

Stress at 
Propor
tional 
Limit 
(MPa) 

Modulus 
of 

Elas
ticity 

(MPa) 

Work to 
Propor
tional 
Limit 

(kl/m') 

Drop of 
22.7 kg 
Hammer 

at 
Complete 

Failure 
(mm) 

Stress at 
Propor
tional 
Limit 
(MPa) 

Maxi . 
Crushing 

Stress 
(MPa) 

Modulus 
of 

Elas
ticity 

(MPa) 

Stress at 
Propor
tional 
Limit 
(MPa) 

Side End 

Maximum 
Stress 
(MPa) 

Maximum 
Stress 
(MPa) 

3 

(17) 

green 

air dry 

0.549 

0.577 

72.5 
79 13.5 

105.0 

14600 
79 20.9 

21000 

20.4 
79 17.9 

30.9 

690 
30 21.8 

760 

23.7 
93 23.5 

41.6 

30.5 
315 15.6 

60.9 

13000 
93 17.9 

13800 

3.58 
93 26.8 

7.31 

2600 
186 21.3 

4210 

2840 
93 20.7 

5670 

6.34 
102 15.7 

9.25 

2.87 
102 21.4 

3.62 

* Pour statistics are included for most properties. On the Tirat line of the box is the species mean in the unseasoned condition. On the middle line to the left is 
the number of tests, and to the right is the coefficient of variation. On the bottom line is the species mean for air-dry material, adjusted to a moisture content 
of 12%. 

Table 5 presents the specified strengths and modulus of elasticity (MPa) for visually stress-graded 
stmctural joists and planks, stmctural light framing, and stud grade categories of D.fir-L lumber. For 
information on specified strengths for other grade categories (e.g., beams and stringers) of D.fir-L, the 
reader is referred to Canadian Wood Council (1995). 



Table 5. Specified strengths and modulus of elasticity for Structural Joists and Planks, Structural 
Light Framing, and Stud grade categories of D.Fir-L lumber (MPa) 

Grade 

Bending at 
Extreme Fibre 

(/;) 

Longitudinal 
Shear 

Compression Tension 
Parallel to 

Grain 

Modulus of Elasticity 

(£) (E^) 

Grade 

Bending at 
Extreme Fibre 

(/;) 

Longitudinal 
Shear Parallel to 

Grain 
Perpendicular 

to Grain 

Tension 
Parallel to 

Grain 

Modulus of Elasticity 

(£) (E^) 

SS 16.5 19.0 10.6 12 500 8 500 
No. 1/No. 2 10.0 1.1 14.0 7.0 5.8 11 000 7 000 
No. 3/Stud 4.6 4.6 2.1 10 000 5 500 

Note: 

Tabulated values are based on the following standard conditions: 
(a) 286 mm larger dimension; 
(b) dry service conditions; 
(c) standard term duration of load. 

4.0 MANUFACTURING USES 

Westem larch is used where strength and hardness are prime considerations. Thus it is used primarily as 
a building material in the form of liunber, small timbers, transmission and telephone poles where long 
length and high strength are needed, planks, boards, rough dimension stock, glue-laminated beams, 
railroad car constmction, boxes, crates, plywood face and ties (with declining use as railroad ties). It 
has also been used as mine timbers and mine-shaft guides where hardness and resistance to splintering 
are important. Knot-free lumber is used extensively for interior panelling because of its distinctive 
appearance and durability. Edge-grain lumber is particularly suited for flooring because of its hardness. 
The wood contains commercial quantities of a water-soluble gum, arabinogalactan, which is used as a 
coating for lithographic plates by the printing industry, as a pill or tablet binder by the pharmaceutical 
trade, and as an industrial emulsifier (Lowery 1984). Because of the high levels of these water-soluble 
sugars in westem larch, the wood is not suitable for concrete forms. It is used interchangeably with 
Douglas-fir for general constmction. 

The wood of westem larch is not suitable for the generally accepted grades of groimdwood pulp because 
its pulp is brown and coarse. Pulp produced by the kraft process is low in yield, low in burst strength 
and high in tear strength; pulp produced by the sulphite process is brash, shivy and dark (Isenberg 
1980). 
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CHAPTER 3 

PROPERTIES AND USES OF WHITE SPRUCE 
(Picea glauca (Moench) Voss) 
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1.0 INTRODUCTION 

White spruce (Picea glauca (Moench) Voss) is one of seven spruce species found in North America; 
five of these are native to Canada (Hosie 1969). A hardy boreal tree with a transcontinental range, 
white spruce occurs from Newfoundland to Alaska. Together with black spruce (Picea mariana (Mill.) 
B.S.P.) and tamarack (Larix laricina (Du Roi) K. Koch), it delineates the limits of coniferous forest 
growth in the north (Harrar 1971). 

In 1993, white and Engelmann spruce (Picea engelmannii Parry) accounted for the largest mature 
standing timber volume (1 625 million m') in interior British Columbia, and the second highest log 
production (15.5 million m'), next only to lodgepole pine (Pinus contorta Dougl.) (COFI 1994). White 
and Engelmann spruce are commonly referred to as interior spruce and are generally marketed with 
lodgepole pine and subalpine fir (Abies lasiocarpa (Hook.) Nutt.) as a species group, Spruce-Pine-Fir 
(S-P-F). S-P-F had the highest lumber production in British Columbia in 1993, accounting for 66% of 
the total for the province (COFI 1994). The species group enjoys a high reputation not only in North 
America but also around the world as a high-grade structural wood of premium quality (COFI 1990). 

This paper gives a general description of white spruce as a first step in a plan to study its wood 
characteristics. 

2.0 THE RESOURCE 

2.1 The Tree 

White spruce grows to an average height of 24 m and a diameter of 61 cm (Mullins and McKnight 
1981). Individual trees more than 30 m tall and 60-90 cm in diameter at breast height are found on 
good sites throughout its distribution range. The tallest tree reported was 56 m tall in Peace River, 
Alberta; the largest diameter was 122 cm in Rimouski, Quebec (Sutton 1969). 

The trunk has a pronounced taper and is often very branchy in open stands. The deep, open, and 
narrowly pyramidal to oblong crowns are composed of stout compact branches with luxurious foliage 
and gracefully upswept tips. A species of intermediate tolerance, white spruce retains its needles and 
branches low on the trunk, but gradually sheds them in dense stands where there is little light. In these 
stands it develops a slightly tapered trunk with half of its length almost free of branches. The root 
system is shallow with many tough, pliable, wide-spreading laterals, and the tree is only moderately 
resistant to windthrow. The leaves are needle-like, stiff and sharp-pointed, about 2 cm long, four-sided 
in cross section, and blue-green to silvery green, with a pungent odour when crushed. The thin, light 
brown cones are 4-5 cm long, the scales smooth-margined, roundish and close fitting, opening almost at 
right angles. The bark is thin and light greyish brown to silvery; the outer layers separate into thin, 
closely attached scales (Hosie 1969). 

Varieties of white spruce exist mainly in the west. Alberta white spruce (Picea glauca var. albertiana 
(S. Brown) Sarg.), a characteristic white spruce of Alberta, has a narrow pyramidal crown and shorter 
and broader cones than those of the type form (Harrar 1971). The variety "porsildii Raup" has smooth 
bark spotted with resin blisters (Sutton 1969), twigs that are "decidedly pubescent" (hairy) and cone 
bracts that are angular toward the apex (Garman 1957). 



2.2 Distribution and Habitat 

White spruce grows in all the forested regions of Canada, from sea level to 1520 m elevation (Bums 
and Honkala 1990), except on the Pacific coast and the extreme southem hardwood zone of Ontario 
where it does not grow at all (Figure 1) (Hosie 1969). It occurs in a broad band from Newfoundland 
and Labrador across Canada along the northem limit of trees to Hudson Bay, the Northwest Territories 
where it almost reaches the Arctic Ocean at latitude 69 °N in the district of Mackenzie, Yukon Territory, 
and the salt water bays of Alaska. The southem boundary, where the population of spmce is between 30 
and 60% of the total stand, coincides roughly with the southem boundary of the Boreal Forest (Halliday 
and Brown 1943). South of this boundary, in the eastem United States, white spmce is limited (Harrar 
1971). 

In westem Canada, it is found east of the coastal mountains in British Columbia and comes within 100 
km of the Pacific Ocean in the Skeena Valley, where it overlaps and hybridizes with Sitka spmce (Picea 
sitchensis (Bong.) Carr.) (Figure 2) (Ogilvie 1972; Stiell 1976). From there it extends south through 
British Columbia and east through Alberta and Manitoba. White spmce overlaps with Engelmann 
spmce along the Canadian Rockies where much hybridizing occurs between the two species (Figure 2) 
(Stiell 1976) and where perhaps varieties should not be recognized (Garman 1957; Ogilvie 1972; 
Harlow et al. 1979). The closely related forms of white spmce and Engelmann spmce in British 
Columbia are regarded as "interior spmce" for planting purposes. This avoids the necessity of 
subspecies identification during cone collection (Stiell 1976). 

White spmce forms pure stands throughout its range but is also a major component of mixed forests. In 
the boreal mixedwood forest region, trembling aspen and white spmce is the most common type on 
upland sites. On lowland alluvial deposits, the most common type is balsam poplar and white spmce 
(Delong 1989). Its most common associates are trembling aspen, white birch and balsam fir (Hosie 
1969). It also grows in mixtures with tamarack, black spmce, jack pine, lodgepole pine, Douglas-fir 
and red spmce, and in Engelmann Spmce-Subalpine-fir forest cover types (Bums and Honkala 1990). 
A complete list of species with which white spmce occurs is provided by Sutton (1969) and Bums and 
Honkala (1990). 

White spmce grows in extremely diverse climatic and soil conditions, from the wet insular climate of 
Newfoundland to the semi-arid conditions of Manitoba. Although found on many different sites, 
optimum development occurs on few of these (Sutton 1969). It is typical of stream banks, lake shores 
and adjacent slopes (Harlow al. 1979). It grows best on alluvial sites with moist, sandy loams and 
calcareous lacustrine silts (Sutton 1969; Eis et al. 1982; Eis and Craigdallie 1983). 

The range of sites supporting white spmce becomes more limited northward with increasing climate 
severity (Sutton 1969; Bums and Honkala 1990). Significant decreases in height growth were 
correlated with decreasing summer temperature and increasing latitude (Bedell 1960). Between the 
southwestem shores of Hudson Bay and the northeastem regions of Saskatchewan, white spmce occurs 
only on well-drained or fertile soils (Ritchie 1956). 



Figure 1. Range of wliite spruce in Canada (Hosie 1969)^ 

Figure 2. Range of wliite, Engelmann and $itka spruce in westem Canada (Stiell 1976). 



2.3 Standing Volume 

The average standing timber volume on 136 million ha of accessible, productive, non-reserved forest 
land in Canada is 132 m': 33 m* in broadleaved and 99 m* in softwood species (Lowe 1991). The 
Spruce-Pine-Fir species group contributes 69 m'/ha of which 35 m*/ha are contributed by the spruces 
alone (CCFM 1994). 

Black and red spruce compose about 2.44 billion m ,̂ or 32%, of Canada's total spruce inventory. White, 
Engelmann and Sitka spruce have a total volume of approximately 5.18 billion m', or 68% of the total 
(Lowe et al. 1994). Of these, about 2.1 billion m», or 40%, are in British Columbia (CCFM 1994). 

The mature standing timber volumes of white and Engelmann spruce in British Colimibia account for 
20% of the province's total softwood inventory (8.3 billion m*) (COFI 1994). Sitka spruce, a coastal 
species (Hosie 1969), accounts for only about 2%o of the total softwood volume and 8%i of the total 
spruce volume in the province (COFI 1994). 

2.4 Growth 

White spruce is initially slow growing and fairly long-lived (Eis and Craigdallie 1983). Because of the 
frequency of forest fires, old growth seldom exceeds 150-170 years of age in eastem forests. Trees in 
Alberta have been reported to range from 200 to 250 years and, in British Columbia, from 300 to 350 
years. 

The lowest annual mean increment (0.5 m*/ha) for white spmce was recorded from the Mackenzie River 
Delta, its northernmost range in North America. Mean annual increments of 6.3-7.0 m'/ha have been 
attained on the best loam soils, and the highest site index is for British Columbia white spmce (Hegyi et 
al. 1979). Growth and yields of white spmce stands in British Columbia and Ontario are presented in 
Tables 1 and 2. Table 1 was generated (K. Mitchell, B.C. Ministry of Forests, pers. comm., 1995; S. 
Steams-Smith, B.C. Ministry of Forests, pers. comm., 1995) using the TASS (Tree and Standard 
Simulator) model, WinTlPSY Version 1.1, based on 100%> managed white spmce planted at 1600 trees 
per hectare, untreated. Merchantable volume was based on stems with a minimum breast-height 
diameter of 12.5 cm. Table 2 was summarized from data presented in Berry (1987), based on planting 
at 1.75 X 1.75 m spacing, unthinned. 

Regeneration of white spmce on clearcuts is a complex, expensive task (Krumlik and Peterson 1989). 
On large clearcuts, it requires site preparation to reduce vegetation cover and increase soil temperatxu-e. 
It also requires the use of vigorous, high-quality planting stock and control of competing vegetation 
development. At an early age, it is not adapted to full sunlight and rapid evapotranspiration (Krumlik 
and Peterson 1989). "Growth check" — the slowdown of growth after planting — is characteristic, and 
can be reduced only through the elimination of water pressure deficit by reducing light intensity and 
evapotranspiration (Krumlik and Peterson 1989). For white spmce to regenerate after a heavy 
disturbance, a good crop of viable seed from an adjacent live seed source is necessary. 

Natural and plantation stands of white spmce can respond well to cultural practices. In Alaska, basal 
area increment in 70-year-old interior spmce trees for a 5-year period increased by 325% by thinning 
and fertilization, and by 210% by thinning alone (Van Cleve and Zasada 1976). A thinning experiment 
on plantation white spmce showed that the greatest increase in diameter growth occurred where 



thinning was heaviest. For optimum diameter and per-hectare growth, thinning should be done to a 
residual density of 25.2 m* of basal area per hectare (Berry 1968). Release from aspen competition in 
mixedwood forests stimulated diameter and height growth (Yang 1989). 

The ability of white spruce to regenerate well under a canopy makes it one of the more dominant species 
in the boreal forest (Delong 1989). Once it has established itself, and in the absence of a major 
disturbance and aggressive competition, white spruce will eventually dominate the stand. 

Table 1. Yield per hectare of managed stands of 100% white spruce at age 70 years in British 
Columbia* 

Site 
Index 

(Breast He igh t 
A g e = 50 yr«) 

Stand 
Density 

Top 
Height 

Diameter 
at Breast 
Height 

Basal 
Area 

March. 
Volume" 

Mean 
Annual 

Increment 
(MAI) 

Cuhnination 
of MAI 

(m) (stems/ha) (m) (cm) (m )̂ (m') (m') (m') 

15 1 215 17.6 19.1 35 186 2.7 3.5 at llOyr 

20 1 148 23.5 23.0 48 343 4.9 5.1 atSOyr 

25 899 29.1 27.3 52 462 6.6 6.9 ateOyr 

Source : B . C . M i n i s t r y o f F o r e s U Research B r a n c h , V i c t o r i a , B . C . 

Trees w i t h diameter at breast height outside bark ^12.5 cm. 

Table 2. Yield per hectare of unmanaged white spruce plantations at Petawawa National Forestry 
Institute, Ontario, at age 50 years, from planting at a spacing of 1.75 x 1.75 m (Berry 

Site Stand Average Diameter Basal Merch. Total Culmination 
Index Density Height at Breast Area Volume Volume' of MAI 

Height 

(m) (stems/ha) (m) (cm) (m )̂ (m') (m») (yr) 

15 2427 12.0 14.4 39.3 192 223 50 

21 1606 18.0 20.2 51.7 341 388 50 

24 1265 21.4 23.8 56.3 414 471 45 

Merchantable volume was calculated as a percentage of the total volume. 



2.5 Diseases, Insects and Other Damaging Agents 

2.5.1 Diseases 

2.5.1.1 Stem Rot 

In Bridsh Columbia, white spruce is affected by die decay fiingi red ring rot (Fomes pini (Thore:Fr.) 
Lloyd) and red heart rot {Haematostereum sanguinolentum (Alb. & Schw.:Fr.) Pouzor) (Wood 
1986). 

In general, cull percentage in white spruce caused by rot is low, particularly for trees less than 
100-120 years old, but trees older than 200 years have significant amounts of rot (Burns and Honkala 
1990; Moody and Amirault 1992). In a survey of two forests in southwestern Alberta, 456 white and 
Engelmann and black spruce trees were examined for decay (Etiieridge 1958). The trees ranged in 
age from 70 to 190 years. No decay was noted on trees less than 120 years old. Decay increased 
with age and a maximum average decay percentage of 5.1% was recorded for the oldest trees. 
Similar low maximum percentage (4.1%) of decay was noted in a province-wide survey of 564 white 
spruce in Ontario for trees over 140 years old (Basham 1991). The volume of stem decay was 
seldom extensive enough to be of concern, regardless of age when harvested (Basham 1991). 

Butt decay accounted for most of the stem-decay volume in white spruce in Ontario and the Maritime 
provinces (Davidson and Redmond 1957; Basham 1991). The leading cause of volume loss due to 
decay was {Phellinus pini (Thore:Fr.)) (Basham 1991; Moody and Amirault 1992). 

2.5.1.2 Root Rot 

The most damaging diseases affecting spruce plantations are root rots (Stiell 1976). They not only 
can kill trees outright, but can also weaken roots and increase die susceptibility of trees to windthrow 
(Moody and Amirault 1992), which is common in white spruce. The Armillaria fiingi (probably 
Armillaria ostoyae (Romag.) Herink.) have been found to be tiie principal cause of root rot in young 
trees of white spruce in tiie Prairie provinces (Hiratsuka 1987). These fungi generally stay within tiie 
root system and do not extend very far up into the stem (Basham 1991). This was why the fungi 
were not isolated in a survey of 564 white spruce trees in Ontario (Basham 1991). 

In British Columbia, while tiie Picea species are considered moderately susceptible to Armillaria root 
disease (Morrison 1981), a white pocket rot and butt rot, Polyporus tomentosus {= Inonotus 
tomentosus), was reported to have infected 65% of the semi-mature spruce trees near Mt. Robson 
Provincial Park in the Prince George Region, and 80% of tiie trees in a mature spruce stand in tiie 
Bowron River drainage (Wood and van Sickle 1986). It also killed/infected 33% of tiie mature 
spruce trees in 11 stands in the East Kootenay part of the Nelson Region (Wood and van Sickle 
1993). As well, the same root disease was reported to have killed white spruce trees ranging in age 
from 75-170 years in nortiiern Ontario (Whitney 1972), and to have caused the slow decline and 
death of white spruce in patches of 0.4 ha or more in Saskatchewan (Burns and Honkala 1990). 

A root disease, caused by Rhizinia undulata, is linked to mortality of spruce seedlings in British 
Columbia. In 1990, seedling mortality was greatest in the Prince Rupert Region, where up to 37% of 
the recentiy planted seedlings at 15 sites were killed. Most of the killed seedlings were Sitka and 
white spruce and lodgepole pine (Wood and van Sickle 1991). 
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2.5.2 Needle and Cone Diseases 

White spruce is attaclced to a certain degree by several needle casts and needle rusts. The most 
important and prevalent spruce needle rusts are the Chrysomyxa species (Cerezke et al. 1991). 
Chrysomyxa ledicola Lagh. is perhaps the dominant rust of the Canadian boreal forest (Ziller 1974). 
It is widespread in British Columbia (Wood 1986) and causes significant damage in western Canada 
(Ziller 1974). A marked increase and severity of Chrysomyxa ledicola Lagh. was reported in 1990 in 
spruce stands throughout central and northern Alberta. The yellow witches broom (Chrysomyxa 
arctostaphyli Diet.) occurs throughout the range of spruce distribution in North America, but is more 
common in the west (Ziller 1974). It is common in British Columbia (Wood 1986) and in many 
mature and semi-mature stands of spruce in Alberta (Cerezke et al. 1991). In the Prairie provinces, 
heavy infections seldom occur in successive years and trees do not seem to be damaged significantly 
(Hiratsuka 1987). 

Rust brooms on spruce are commonly associated with spiketops, dead branches, bole deformation, 
loss of increment and mortality (Ziller 1974). 

In 1990, low-to-medium infections and light damage from the spruce needle cast (Lirula macrospora 
(Hartig) Darker) were noted in Alberta (Cerezke and Gates 1992). Spruce needle casts attack all 
native spruces and are distributed widely in the Prairie provinces. Infected needles drop 
prematurely, usually in their second year. Severe infections in successive years affect tree growth 
but do not kill the trees (Hiratsuka 1987). 

Chrysomyxa pirolata Wint. is an inland spruce cone rust. It is common to abundant throughout 
western Canada, but relatively rare on the Pacific coast (Ziller 1974). In 1988, it severely affected 
spruce cone crops in the northern part of the Prince Rupert Region, where 50-100% of the cones 
were infested (Wood and van Sickle 1989). It caused up to 50% loss of white spruce cones in 
Alberta (Cerezke and Gates 1992). It also occurs in eastern Canada and caused significant damage in 
Ontario in 1962 (Ziller 1974). 

2.5.3 Insects 

Insect pests attack white spruce. Those of economic importance are: 

• Spruce beetle (Dendroctonus rufipennis Kirby) - This insect normally attacks slash and 
windthrown trees, but can kill standing trees during outbreaks. It prefers trees greater 
than 50 cm in breast height diameter (Ruth et al. 1982). It was the most damaging 
forest pest in British Columbia in 1992, killing mature and overmature spruce trees over 
87 000 ha. Areas affected for 3 consecutive years were the MacKenzie, Dawson Creek 
and Prince George forest districts. In 1993, the area of killed spruce in the Kamloops 
Region was up 20% from 1992. New infestations in the Nelson Forest Region increased 
threefold from 1992. Spruce mortality was also noted in the Prince Rupert Forest 
Region (Wood and van Sickle 1993). 

In northern Alberta, a major outbreak began in 1977 and continued to the mid-1980s, 
affecting 100 000 ha in the region. In one area of 800-1000 ha alone near Rainbow 
Lake, about 80 000 m^ of mortality was noted (Moody and Cerezke 1984,1985). 



• Spruce budworm (Choristoneura fumiferana Clemens) - In 1993, this insect defoliated 
over 170 000 ha of spruce and subalpine fir in the northern part of the Prince George 
Forest Region in British Columbia. This is 20% more than in the previous year (Wood 
and van Sickle 1993). Defoliation also occurred in the Yukon and the Northwest 
Territories. This insect has also caused extensive tree mortality in the Prairie provinces 
and is considered to be the most damaging there (Ruth et al. 1982; Cerezke and Brandt 
1993). 

Other insects that have been noted to cause damage to white spruce in British Columbia and the 
Prairie provinces are: white pine weevil (Pissodes strobi Peck), yellowheaded spruce sawfly 
(Pikonema alaskensis Rohwer), spruce bud miners (for example, Rhabdophaga swainei Felt), spruce 
gall aphids (Adelgis species)(Rudi et al. 1982; Cerezke and Gates 1992; Wood and van Sickle 1993), 
spruce spider mite (Oligonychus ununguis Jacobi) (Cerezke et al. 1991), and wood borers 
(Monochamus scutellatus Say) and (Tetropium cinnamopterum parvulum Casey) (Cerezke and Brandt 
1993). 

2.5,4 Mammal Damage 

White spruce is browsed and damaged by mammals. In British Columbia, most of this damage is 
caused by deer, elk or moose. Some damage is also caused by bear, beaver, porcupine, squirrels, 
wolves and hares (Wood and van Sickle 1993). Cottontail rabbits bite off leaders of young white 
spruce; red squirrels sever leaders and branch ends of white spruce, especially when cones are scarce 
(Sutton 1969; Drew 1988). 

3.0 THE RAW MATERIAL 

3.1 Gross Physical Features of the Wood 

The wood of white spruce is resinous. The sapwood is not usually distinguishable from the pale-
silvery-yellow to pale-brownish-white satiny or lustrous heartwood. Growth rings are distinct, 
delineated by the contrast between the latewood and the earlywood of the succeeding ring. The 
earlywood zone is usually a number of times wider than the latewood zone and transition from 
earlywood to latewood is gradual (Panshin and de Zeeuw 1970). Overall, the wood has no distinctive 
odour or taste, that of white, black, red and Engelmaim spruces cannot be distinguished with 
certainty from one anotiier on the basis of gross or minute characteristics. 

3.1.1 Sapwood and Heartwood Thickness 

Sapwood thickness in white spruce is important because sapwood is only moderately resistant to 
preservative treatment, while tiie heartwood is resistant (P. Morris, Forintek Canada Corp., pers. 
comm., 1994). The impact of spacing on sapwood and heartwood thickness was examined in 38-
year-old plantation white spruce (Yang and Hazenberg 1992). Results showed that sapwood basal 
area was greater at a spacing of 2.7 x 2.7 m, than at 1.8 x 1.8 m, but was not different from 3.6 x 
3.6 m. 



3.2 Microscopic Features of the Wood 

Resin canals and rays on the transverse sections are not discernible without magnification. Vertical 
and horizontal resin canals are present. These are intercellular spaces surrounded by thick-walled 
epithelial cells. Longitudinal resin canals have a maximum diameter of 135 iim (avg. 50-90 iim); 
horizontal canals are much smaller (20-50 /im; usually less than 30 /xm). Rays are made up of short 
parenchyma cells running horizontally and radially and can be 1-20 cells high. Ray tracheids are 
usually found on the upper and lower margins. Tracheids are mostly 2.5-4.5 mm long (avg. 3.5 mm) 
and tend to increase from pith to bark (Taylor et al. 1982). They are 25-35 /xm wide across the 
tangential face. The radial walls of tracheids have single rows of bordered pits. Pits leading from 
tracheid radial walls to ray parenchyma cells have well-developed borders with oval to elliptical 
orifices (piceoid). There are generally two to four pits per interface in a single horizontal row. Ray 
tracheids are present and usually restricted to one to three (usually one) marginal rows. 

The woods of white, Engelmann, black, and Sitka spruce are not distinguishable on the basis of their 
microscopic structure. However, the heartwood of Sitka spruce contains reddish brown infiltrations 
in the ray cells which are lacking in the others. 

3.3 Bark 

The bark is thin (usually not more than 1.3 cm thick) and scaly, light greyish brown, with 
silvery-white layers of inner bark. Periderm layers are distinct and sporadic. Sclerenchyma groups 
are visible in the inner bark and distinct at the outer bark. The inner bark is narrow, generally 
0.16-0.32 cm wide (Isenberg 1980). Smith and Kozak (1971) measured the single bark thickness (at 
0.3 m and 1.4 m above ground) of 121 white spruce trees in the Pacific Northwest. The age of the 
trees ranged from 60 to 299 years, with an average age of 142 years. The thickness values obtained 
were 0.37 cm for the outer bark and 0.52 cm for the inner bark. Their respective basic relative 
densities were 0.498 and 0.451. Using small white spruce trees from north of Lake Superior, Hale 
(1955) found that the young trees (age 41-60 years) gave thicker bark than the older trees (age 61 + 
years) and suggested that the bark thickness would decrease with age. He obtained an average bark 
basic density of 0.32 for 10-cm diameter bolts and 0.37 for 28-cm diameter bolts. 

The bark volume of spruce as a percentage of the wet log volume was 12.06% (for 10.7 cm 
diameter) and 9.26% (for 22.0 cm diameter) (Harkin and Rowe 1969). 

The calorific value of bark is 4739 kcal/oven-dry (o.d.) kg or 1633 kcal/m'. 

3.4 Physical Properties of the Wood 

The wood of white spruce is usually straight grained and fairly fine-textured, soft but firm, and 
moderately light in weight (average air-dry weight is 415 kg/m'). Like other spruce woods, it is 
highly resonant and well suited for the manufacture of sounding boards for pianos and other stringed 
instruments. It has a high strength-to-weight ratio and good working properties (easily worked with 
hand and power tools). Although knots can sometimes be troublesome, the wood can be finished 
cleanly with sharp cutting edges. It has satisfactory nail- and screw-holding capacities and good 
gluing, painting, polishing and staining properties. It seasons fairly easily and shrinks moderately. 



The heartwood is very resistant to impregnation with preservatives (Cooper 1973), and the wood is 
not resistant to decay. 

Singh and Kostecky (1986) determined the calorific value of white spruce wood sampled from 4 trees 
in Manitoba. The values based on the ovendry samples were 19.834 MJ/kg for the stump, 19.018 
MJ/kg for the stem, 21.558 MJ/kg for die top, and 21.144 MJ/kg for die branches. 

3.4.1 Treatability of Spruce Wood 

The treatability of dry spruce wood is low because of its anatomical structure (Meyer 1974; Hosli 
1988; Koran 1988). The transport of liquids dirough the wood is restricted as a result of 
encrustations in the torus and closure of pit membranes (irreversible pit aspiration). Heartwood is 
less permeable than sapwood because the former has more aspirated pits and more encrustations 
(Hosli 1988). Pits in tiie latewood have been found to be much less aspirated than those in the 
earlywood. This, plus the greater capillary forces in the lumens of the latewood tracheids (compared 
to those in the cavities of earlywood tracheids) are what make latewood more permeable than 
earlywood (Koran 1988). It has been suggested that, as a result, denser wood should be more 
permeable than the fast-growing wood (Hosli 1988). 

Efforts have been undertaken to improve spruce permeability (Cech and Huffman 1970; Krzyzewski 
1973; Meyer 1974; Hosli and Ruddick 1988; Ruddick 1988). Sapwood of white spruce poles was 
100% permeable to creosote by pressure impregnation when poles were first barked and floated in 
fresh water for 12 weeks and air-seasoned for 13 months (Krzyzewski 1973). This was attributed to 
the action of fiingi which were found present in the rays and tracheids of the samples. Modern 
incising methods provide promising successfiil treatment of white spruce (Ruddick 1988; Morris et 
al. 1991). The use of enzymes (enzymatic degradation of pit membranes) to dissolve the 
encrustations in the torus had variable success (Meyer 1974). 

3.4.2 Moisture Content 

The green moisture content (based on oven-dry weight) of white spruce is quite high: heartwood 
averages 62% and sapwood 148% (Mackay and Oliveira 1989). Nielson et al. (1985) reported values 
of 51% and 163%, respectively. 



3,4,3 Shrinkage 

The radial, tangential and volumetric shrinkage values of white spruce from green dimensions to 
various moisture contents are given in Table 3. 

Table 3. Shrinkage of white spruce from green to various moisture contents, as a 
percentage of the green dimensions 

Percent Percent Shrinkage, Based on Green Dimensions 

Moisture Radial Tangential Volumetric 

0* 4.7 8.2 13.7 

6 " 3.2 5.8 9.2 

12 1.4 4.0 6.8 

20 " 1.3 2.5 3.8 

Isenberg 1980 
Harrar 1971 
Jessome 1977 

3,4.4 Relative Density and Weight of Wood 

The wood of white and Engelmann spruce is moderately light in weight at 415 kg/m' when air-dried 
(12% moisture content) (Mullins and McKnight 1981). The average stemwood basic relative density 
(based on green volume and oven-dry weight) obtained by various workers is presented in Table 4. 



Table 4. Average stemwood basic relative density of white spruce in Canada 

Geographic 
Origin 

No. of 
Trees 

Relative 
Density 

Coefficient of 
Variation (%) 

Reference 

Atlantic 
Provinces 

22 0.35 11.8 Kennedy era/. 1968 

New Brunswick, 
Nova Scotia, 
Ontario, 
Quebec 

282 0.37 Hale and Prince 1940 

Ontario 56 0.38 9.1 Alemdag 1984 

Quebec 56 0.35 12.1 Ouellet 1983 

Alberta 
Manitoba 
New Brunswick 
Saskatchewan 
Quebec 

43 0.35 10.2 Jessome 1977 

B.C. 998 0.36 8.9 Smith 1970 

Northwest 
Territories 

61 0.41 15.0 Singh 1986 

Many of the reports in Table 4 (Hale and Prince 1940; Jessome 1977; Kennedy et al. 1968; Smith 
1970) were based on work at the Forest Products Laboratories of Canada that started in the 1920s 
and continued to the 1960s. Hale and Fensom (1931) probably carried out the earliest work on white 
spruce relative density using trees from Manitoba and Saskatchewan. The average relative density of 
100 white spruce trees from each of two sites in Saskatchewan and Manitoba was reported to be 0.35 
and 0.34, respectively. Hale and Prince (1940) later expanded this work to cover a wide range of 
sites and diameter classes in Ontario, Quebec, New Brunswick and Nova Scotia. Stand average 
relative density values of 0.34 - 0.39 were reported. As work continued into the 1960s, updated data 
were reported (Kennedy et al. 1968; Jessome 1977). At the Western Laboratory, Smith (1970) did 
an extensive evaluation of white spruce trees from British Columbia and Alberta and obtained an 
average value of 0.36. Jozsa and Kellogg (1986) reported an average of 0.35 and 0.36 for two sites 
in British Columbia. 



3.4.4.1 Effect of Site and Climate on Wood Density 

Jozsa (1984a) examined white spruce trees in Alberta and found that stemwood relative density 
decreased with increasing latitude. This was attributed to declining latewood content and earlywood 
densities in the stemwood because of climate differences. In another study, Jozsa et al. (1984b) 
observed common trends in tree-ring parameters of white spruce trees from a north-south transect in 
Maiutoba. This phenomenon was related to yearly climatic changes, among other things. Trees as 
wide apart as 600 km showed strong common trends in ring width and maximum ring density. 

Hale and Prince (1940) measured rate of wood production in white spruce from Ontario to Nova 
Scotia in terms of basic wood increment (B.I.) or weight of wood per unit basal area. They found 
that rapid growth indicated high B.I. and good site. A tendency for B.I. to increase was noted from 
east to west. This led them to concur with the theory that white spruce is a species of western origin 
that in recent geological time extended its natural range toward the east. 

3.4.4.2 Effect of Growth Rate on Wood Density 

The importance of growth rate on relative density of white spruce has been investigated in several 
studies (Hale and Fensom 1931; Hale and Prince 1940; Keitii 1961; Chang and Kennedy 1967; 
Corriveau et al. 1987, 1991; Gonzalez 1990a). Negative and weak but statistically significant 
correlations were found in all cases; growth rate could explain between 25 and 50% of the variation 
in relative density. G. Kiss (B.C. Ministry of Forests, pers. comm., 1995) found zero correlations 
between both height and diameter growtii and relative density in materials from central and northwest 
British Columbia, and negative significant correlations in the East Kootenay samples. He estimates 
tiiat volume can be increased 100% at a density loss of 8.1 %. In a study of 28 populations of white 
spruce in the Great Lakes area, Corriveau et al. (1990) found a slight negative correlation between 
relative density and ring width both at the individual tree and population level, but some individuals 
and populations did not conform to this trend. Corriveau et al. (1987) and Gonzalez (1990a) found 
that some trees and populations with rapid growth also have high wood density. They concluded that 
it would be possible to improve volume growtii in white spruce without density loss. Since relative 
density is a highly heritable trait (Zobel and Talbert 1984; Yanchuk and Kiss 1993), this could be 
done through selection of superior individuals and populations. 

3.4.4.3 Within-tree Variation of Relative Density 

Jozsa and Kellogg (1986) and Jozsa et al. (1984b) examined the vertical and radial distributions of 
relative density in white spruce. Relative density was found to have a tendency to increase with height 
in the tree and to be higher near the pith regardless of any height level. Corriveau et al. (1987) and 
Roddy (1986) found that the relative density of the first 10-15 growth rings from the pith of increment 
cores taken at breast height was higher than that for the rest of the cores. The transition phase at which 
relative density started to stabilize (juvenile-mature wood boundary) was found to occur at 15 years 
from the pith. Taylor et al. (1982) also estimated this transition period in Alberta white spruce to be 
about 15 years from the pith. However, other species of spruce showed that the transition phase 
occurred at higher cambial age. Studies on two experimental plots of Norway spruce (Picea abies (L.) 
Karst) showed that the transition phase at stump height was 18-19 years in one and 28-29 years in the 
other (Kucera 1994). Barbour (1987) determined this transition phase in black spruce to be between 25 
and 45 rings from the pith. 



3.4.4.4 Relationship between Breast-height Increment Core and Whole Stem Relative Density 

Studies have shown that there is a linear relationship between breast-height increment core and whole 
stem relative density in white spruce (Chang 1966; Wahlgren et al. 1966; Caron 1980). This is 
important because many non-destructive evaluations of density of standing trees are determined on 
increment cores taken at breast height (Gonzalez 1990b). 

3.4.4.5 Weight of Wood at Various Moisture Contents 

The average weight (density) of white spruce at different moisture contents is shown in Table 5 as given 
by Harrar (1971). These values are obtained by taking the combined weight of the wood and moisture at 
time of test and dividing by the volume of the wood. 

Table 5. Average weight of white spruce in kg/m^ at different moisture contents (MC)' 

6% MC 15% MC 30% MC 
Green Sapwood 

130% MC 
Green Heartwood 

36% MC 

457 471 519 920 543 

' Harrar 1971. 

3.4.5 Drying Properties 

White spruce is sawn and dried for structural lumber and boards. Green moisture contents are high and 
high temperatiu-e schedules are frequently used, particularly for narrower widths and studs (Mackay and 
Oliveira 1989). The wood loses free water readily and high air velocities can be used to speed up 
drying. Uniform final moisture contents can be expected with almost no wet pockets. 

In production of dimension lumber, white spruce is generally dried with lodgepole pine and subalpine 
fir. However, because lodgepole pine and subalpine fir usually take longer to dry, there is danger of 
over-drying white spruce and increasing shrinkage-related defects (Mackay and Oliveira 1989). 

Drying affects the bending properties of white spruce according to the severity of the drying schedules 
(Zhou and Smith 1991). Mildly and carefully dried lumber (90 hr at conventional temperatures) gave 
the maximum average strength increase obtainable from drying, compared to shorter drying schedules 
(50 hr and 70 hr). Huffman (1977) kiln-dried eastem white spmce joists to a final MC of 12-14 % 
using high temperatiu-e (116°C) and tested them for MOE and MOR. MOR was lower compared to 
conventional temperature drying but MOE was not different. 

3.5 Chemical Properties of the Wood 

The chemical composition of wood affects its suitability as a raw material, particularly for pulp and 
paper making. Cellulose and lignin content, and the quantity and quality of extractives of the raw 
material affect pulp yield and quality. Although the wood of white spmce is light in weight and would 
be expected to give lower pulp yield than denser species, the wood of white spmce is preferred for 
pulping. Aside from having long fibres and excellent length-diameter ratio, it has light colour and a low 



extractives content, producing a pulp with good colour and high brightness. The chemical analyses of 
white spruce wood is presented in Table 6. Additional information on this subject can be obtained from 
Isenberg (1980). 

Modulus of elasticity (MOE) was not affected significantly by high-temperature drying (̂  116°C) but 
MOR was (Huffman 1977; Cech and Huffman 1974). Lumber dried by high-temperature schedule has 
significantly lower mean brightness (due to color change of surface) than that dried by a conventional 
kiln schedule (Salamon 1972). 

Table 6. Chemical analyses of white spruce wood* 

Component % 

Lignin 26.96" 
Holocellulose 72.00'' 
Alpha-cellulose 50.24= 
Hemicellulose 16.39" 
Ash 0.22 
Pentosans 8.00 
Acetyl 1.08 
Methoxyl 5.07 
Solubility in: 

Alcohol-benzene 2.00** 
Ether 2.12 
1% NaOH 12.50 
Hot water 2.22 
Cold water 1.36 

Uronic anhydride 4.48 

Clermont and Schwartz 1951. 
" Isenberg 1980. 

" Corrected for ash. 
Corrected for ash, lignin and extractives. 

' Corrected for ash and lignin. 

3.6 Mechanical Properties of the Wood 

The strength properties of white spruce are presented in Table 7, based on clear wood samples obtained 
from Alberta, Manitoba, Saskatchewan, New Brunswick and Quebec, and determined by standard 
ASTM methods (Jessome 1977), 

The wood of white spruce is unusually strong for its density (i.e., its strength-to-weight ratio is high). 
Thus, it is suitable for structural applications where weight is a limiting factor, such as in airplane 
frames. 

The bending strength of white spruce lumber is significantly influenced by drying stresses and growth 
characteristics of wood such as knots and variation in grain orientation (Zhou and Smith 1991). 
Specifically, modulus of rupture and modulus of elasticity decreased with increase in the projected knot 



area, increase in warp, or increase in juvenile wood percentage. Bending stiffness (MOE) and strength 
(MOR) decreased with higher properties of juvenile wood and with increasing height on the stem 
(Shivnaraine and Smith 1990). The effects of these variables are reflected in the code-accepted, 
specified strength of dimensional lumber, based on a large-scale in-grade study performed by Forintek 
between 1983 and 1985 (Barrett and Lau 1994). For specified strengths (MPa) for the different grades 
of visually stress-graded Spruce-Pine-Fir lumber, the reader is referred to the Canadian Wood Council 
publication (1995). 

Perem (1958) compared the effect of compression wood on the mechanical properties of white spruce. 
On a imit weight basis, compression wood was lower than normal wood with respect to compression 
parallel to grain and static bending. Toughness was lower for compression wood than for normal wood 
for air-dry samples, but was higher for compression wood for green samples. 

Table 7. Mechanical properties of white spruce' 

Sampl 
eSize Relative Density Impact Bending Compression Parallel to Grain 

Com
pression 
Perpen
dicular 

to Grain Hardness 

Shear 
Parallel 
to Grain 

Tension 
Perpen
dicular 

to Grain 

SPECIES No. of 
Loca
tions 

Mois
ture 

Condi
tion 

Basic 
Volume 
Qreen 

Weight 
Oven-

dry 

Nominal 
Volume 
Air-Dry 
Weight 
Oven-

Dry 

Stress at 
Propor
tional 

Modulus 
of 

Elas

Work to 
Propor
tional 

Drop of 
22.7 kg 
Hanuner 

at 

Stress at 
Propor
tional 

Maxi . 
Crushing 

Stress 
(MPa) 

Modulus 
of 

Elas

Stress at 
Propor
tional 

Load Required to 
Imbed 11.3 mm 

Sphere to 
Hal f Diameter (N) Maximum 

Stress 
Maximum 

Stress 
(Trees) 
Tested 

Basic 
Volume 
Qreen 

Weight 
Oven-

dry 

Nominal 
Volume 
Air-Dry 
Weight 
Oven-

Dry 

Limit 
(MPa) 

ticity 
(MPa) 

Limit 
(kJ/m>) 

Complete 
Failure 
(mm) 

Limit 
(MPa) 

Maxi . 
Crushing 

Stress 
(MPa) ticity 

(MPa) 
Limit 

(MPa) 
Side End 

(MPa) . (MPa) 

White ipiuce 
Picta glauca 
(Moench) V o u 

7 

(46) 

green 

air dry 

0.354 

0.372 

57.6 
126 15.1 

75.3 

9450 
126 20.0 

13800 

20.0 
12619.9 

23.2 

580 
126 21.8 

610 

12.5 
24621.8 

25.6 

17.0 
670 15.2 

36.9 

9030 
246 23.7 

11400 

1.69 
34123.1 

3.45 

1240 
345 16.5 

1880 

1420 
324 15.0 

2470 

4.62 
307 12.1 

6.79 

2.12 
307 22.6 

3.28 

Four statistics are included for most properties. On the first line of the box is the species mean in the unseasoned condition. On the middle 
line to the left is the number of tests, and to the right is the coefficient of variation. On the bottom line is the species mean for air-dry 
material, adjusted to a moisture content of 12%. 

4.0 CURRENT MANUFACTURING USES 

The wood of white spruce is highly valued for lumber, plywood and pulp production. Lumber and 
plywood from white spruce are extremely versatile. They are used in building construction 
(framing, sheathing, roofing, subflooring), general millwork, interior finishing, boxes and packing 
cases. The dimensional stability and superior gluing properties of white spruce wood make it 
popular in the prefabrication industry, in the manufacture of modular houses, finger-joints trusses 
and other structural components that specify kiln-dried Spruce-Pine-Fir wood. Its resilience makes 
it a favoured wood for scaffolding planks and similar uses. It is also used in the manufacture of 
medium density fibreboard, paperboard and felt (Bamsey 1993). 

As pulpwood, it is used in the manufacture of newsprint and bleached kraft pulps (Alberta Forest 
Products Association 1992). White spruce's long, slender and colourless fibres are of particular 
value in the pulp and paper industry. Its colourless wood and excellent fibre length-diameter ratio 
result in a pulp with well-balanced strength properties, good colour and high brightness. Its lower 



wood density, compared to other pulpwood species, reduces power requirements in mechanical 
pulping. White spruce is also amenable to other pulping processes (Isenberg 1980). It is reduced 
readily in the sulphite pulping process, giving a strong pulp of fine texture and excellent colour. 
Pulping with 0.2-2% sodium borohydride (alkaline sulphite) also produced pulps stronger than 
kraft pulps (Isenberg 1980). 

Engineered composite products such as laminated veineer lumber (LVL) are becoming extremely 
important for the future. A recent market survey (Guss 1993) projects L V L production in North 
America will reach 1 billion board feet in the year 2002 compared to 1992's production of 275 
million board feet. In mid-1993, the accepted market requirement for L V L stiffness was reduced 
from 13.8 GPa (2 000 000 psi) to 12.4 GPa (1 800 000 psi). Although Parallam and L V L from 
Douglas-fir veneer can meet this stiffness requirement, LVL made from the S-P-F species would 
have difficulty. 

Ciurently there is no LVL production in westem Canada. A new promising patented resin-
impregnation method to increase stiffness of the LVL species has been developed at Forintek. 
Laboratory results have shown that both modulus of mpture and modulus of elasticity of L V L 
made from spmce veneer can be increased by 15% by this method (Troughton and Steiner 1994). 
This impregnation method shows good potential for using spmce in L V L products. 

Other special uses of white spmce include: sounding boards in musical instmments from select 
materials (because of the wood's good resonance), food containers (because it is almost colourless 
and odourless when dried), paddles and oars, cooperage, organ pipes and shelving. 

Historically, white spmce provided shelter and fuel for both Indians and white settlers of the 
northem forest. The wood was used for fuel, the bark to cover siunmer dwellings, the roots for 
lashing birchbark baskets and canoes, and the boughs for bedding. Spmce pitch resins and 
extracts from boiled needles were used for medicinal purposes. White spmce forests have 
significant value in maintaining soil stability and watershed quality, for use as shelterbelts, and for 
recreation and (Bums and Honkala 1990). 

5.0 RECOMMENDATIONS 

There is evidence that a negative, albeit low, correlation could exist between growth rate and wood 
density in white spmce. At the same time, fast-growth rate and high wood density are not necessarily 
incompatible; fast-growth trees with high wood density have been foimd. Beaulieu and Corriveau 
(1985) found that variation in wood density was higher within the same population than between 
populations of white spmce. Further work is needed to determine and quantify sources of variation 
other than growth rate and how these variables can be manipulated to optimize growth as well as wood 
density. 

There is also a dearth of information linking site information and silvicultural treatments with wood 
characteristics and product quality of white spmce. Much of the current information links spacing and 
thinning with growth performance. Lacking is information on their effects on wood growth 
characteristics such as size and distribution of knots, taper and dimensional stability. 
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CHAPTER 4 

PROPERTIES AND USES OF AMABILIS FIR 
(Abies amabilis (Dougl. ex Loud.) Forbes) 
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1.0 INTRODUCTION 

Amabilis fir (Abies amabilis (Dougl. ex Loud.) Forbes), also known as Pacific silver fir, is one of the 
four Abies species that grow in Canada. It is erroneously called "balsam fir" by the forest industry in 
British Columbia. Botanically, balsam fir is Abies balsamea (L.) Mill.), an eastem species that grows 
widely in Canada but only as far west as Alberta. Amabilis fir, on the other hand, is a western species 
that occurs only in British Columbia. 

The other Abies species in Canada are grand fir (Abies grandis (Dougl.) Lindl.), which grows in 
relatively low elevations in the southem parts of the Coast and Columbia Forest regions in British 
Columbia, and subalpine fir (Abies lasiocarpa (Hook.) Nuttall), a high-altitude tree which grows in 
British Columbia, Alberta and the Yukon (Figure 1) (Hosie 1969) . 

In British Columbia, amabilis fir grows in mixed stands with westem hemlock (Tsuga heterophylla 
(Raf.) Sarg.) in the wetter, montane subzones of the Coastal Westem Hemlock biogeoclimatic zone, and 
with moimtain hemlock (Tsuga mertensiana (Bong.) Carr.) in the Mountain Hemlock biogeoclimatic 
zone (Klinka et al. 1992). For this reason, amabilis fir and hemlock are harvested, processed and 
marketed together under the commercial designation "Pacific coast hemlock" or "Hem-Fir" (COFI 
1985). Like westem hemlock, the commercial exploitation of amabilis fir developed slowly because of 
the great abundance of other readily accessible, high-quality-softwood species, and the adverse 
reputation of its eastem botanical congener, balsam fir (Harrar 1957). The allocation of tree farm 
licences and expansion in the pulp industry between 1955 and 1965 seemed to have brought focus on 
the tme fir resource, because between the same years, the harvest of coastal tme firs in British 
Columbia increased significantly (Handley 1981). By the 1970s the tme fir harvest had begim to 
approach the proportion it now represents in the mature forest volume (Handley 1981). 

This paper describes the properties of amabilis fir. For information on westem hemlock, readers are 
referred to Gonzalez (1995). Properties based on Hem-Fir species mix are specified. 

2.0 THE RESOURCE 

2.1 The Tree 

Amabilis fir is one of the most beautiful forest trees in the Pacific Northwest. One of its common 
names, "lovely fir," is literally the basis for its Latin name, "amabilis," which means lovely. Forest-
grown trees are slender with a narrow, rigid, symmetrical crown of horizontal branches that terminate in 
a spire-like top, especially in old trees. This readily distingushes it from grand fir which has a more 
dome-like top. Amabilis fir is a striking contrast to the more limber crowns of its common associates 
Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) and westem hemlock. The needles are 2-3 cm 
long, shiny dark green and deeply grooved above and silvery-white below. Flattened in cross section 
and crowded toward the upper side of the twig, those needles above are often twisted at the base, 
appearing pressed along the twig. The cones are about 9-15 cm long, barrel-shaped and deep piuple. 
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The bark is silvery white to ashy grey, with irregular, chalky-coloured blotches and resin blisters on 
stems up to 91 cm in diameter. On the largest trunks it is superficially scaly. The root system is 
moderately deep and wide-spreading. 

2.2 Distribution 

Amabilis fir is confined to the Coast Forest Region and the coastal parts of the Subalpine Forest Region 
(Figure 1) (Hosie 1969). It does not occiu- on the Queen Charlotte Islands. The range extends 
northward and eastward up the Nass and Skeena rivers, and as far east as the divide between the Fraser 
and Columbia rivers (about 121" longitude ) in southem British Columbia. It grows up to elevations of 
1525 m on westem Vancouver Island and from 180 m to more than 1680 m on the lower mainland 
(Bums and Honkala 1990). Amabilis fir grows to higher elevations than do grand fir, Sitka spmce 
(Picea sitchensis (Bong.) Carr), westem redcedar (Thuja plicata Donn.), Douglas-fir, westem hemlock, 
and yellow-cedar (Chamaecyparis nootkatensis (D. Don.) Spach), but not as high as mountain hemlock 
or subalpine fir (Schmidt 1957). 

2.3 Standing Volume 

The mature standing timber volume for the tme firs in British Columbia is 497 million m^ on the coast 
and 1 131 million m' in the interior (COFI 1994). The coastal figure represents 16% of the total 
softwood volume on the British Columbia coast, or 6% of the total softwood volume in the entire 
province. It is composed mostly of amabilis fir and includes grand fir. It is nearly 3.5 times the volume 
of Sitka spmce and less than half that of coastal hemlock. 

2.4 Growth 

Amabilis fir grows on a variety of soil types and thrives best in foggy, high-precipitation areas where 
humidity is high, temperatures are mild, and seasonal variation is moderate (Packee et al. 1981). It is 
sensitive to soil moistiu-e, decreasing in abundance as soil moisture becomes limiting, and occurring 
rarely on soils with a xeric moistme regime. 

Amabilis fir can grow in a variety of stand conditions. It can develop from advance regeneration 
following overstory removal, grow from a suppressed into an overstory tree in uneven-aged forest with 
minor disturbances, and invade some enviroimients disturbed by fires or glaciers (Herring and Etheridge 
1976; Packee et al. 1981). Despite its extreme shade tolerance, amabilis fir is not as long-lived as many 
of its associates. Maturity is attained in about 250 years. The average maximum age lies between 400 
and 500 years on the most favourable site, and between 250 and 350 years on more adverse sites 
(Schmidt 1957). The maximum age reported is 540 years at 92 m elevation near Sayward, Vancouver 
Island (Harlowera/. 1979). 

Growth rates reported for amabilis fir vary widely. In Canada, mature trees commonly reach heights of 
25-38 m and diameters of 60-90 cm (Hosie 1969). In the Olympic Mountains in Washington, mature 



trees vary from 43 to 49 m in heigiit, and 60 to 122 cm in diameter. Average heights of 40-60 m 
(maximum 75 m) have been reported on good sites (Powells 1965). 

Amabilis fir is extremely slow growing. Forest trees 150-250 years of age are often only 38-61 cm in 
diameter. Under favourable conditions, amabilis fir takes 7-20 years to reach breast height (Harrington 
and Murray 1981). Data obtained on recently established stands showed more rapid early growth than 
was observed from old trees (Murray et al. 1991). This was attributed to less competition, possible 
climatic changes, exclusion of poorer sites from the new sample, and possible bias in the estimates of 
old stands. There is a strong negative correlation between height growth and elevation (Bums and 
Honkala 1990; Murray etal. 1991). 

Amabilis fir can exist in pure or mixed stands which can have over 2500 stems per hectare (Bums and 
Honkala 1990). Its most common associates are: at low levels, Sitka spmce, Douglas-fir, grand fir, 
westem hemlock and westem redcedar; at higher altitudes, yellow-cedar, Engelmann spmce (Picea 
engelmannii Parry), mountain hemlock, subalpine fir, westem larch (Larix occidentalis Nutt.) and 
white pine (Pinus monticola Dougl.) (Harlow et al. 1979). 

Most silvicultural treatments of amabilis fir have dealt with regeneration practices. These vary from 
clearcutting followed by buming and planting, to clearcutting and relying on natural advance and post-
logging regeneration, depending on sites and management regimes. Early stocking control increases 
grovrth rates, and trees left after thinning respond well to fertilization (Bums and Honkala 1990). 

2.5 Diseases and Insects 

The tme firs of the Pacific Northwest are susceptible to various insect attacks and organisms that cause 
root, butt and stem rots (Prebble and Graham 1945; Bier et al. 1948; Buckland et al. 1949; Bums and 
Honkala 1990). Some of the more important damaging agents affecting amabilis fir are described 
below. 

2.5.1 Heart Rots 

In old-growth stands of tme fir in the Pacific Northwest, the most serious cause of volume loss is heart 
rot induced by Echinodontium tinctorium (Ell. & Ev.) Ell. & Ev., or Indian paint fungus (Aho 1981), 
and Haematostereum sanguinolentum (Alb. & Schw.:F.Cr.) Pouzar, or bleeding conk fungus (Driver 
1981; Bums and Honkala 1990). E. tinctorium causes a brown stringy heart rot with red streaks; H. 
sanguinolentum causes a red heart rot. 

E. tinctorium infection occurs through unhealed wounds of shade-killed twiglets on the stem or live 
branches (Etheridge and Craig 1975). The infection can lay dormant for years, becoming activated when 
an injury in close proximity occurs. Death of large branches, mechanical wounds, patch killing by bark 
beetles, basal fire wounds, and death of tops by defoliation have been noted to activate dormant 
infections (Aho 1981). These woimds can become infected by other fungi or initiate other types of 
defects such as wetwood, shake and frost cracks (Aho 1981). 

lV-4 



Herring and Etheridge (1976) found the incidence of decay by E. tinctorium to be very low in advance 
amabilis fir regeneration. It has been suggested that the cool atmospheric conditions that prevail near 
the ground are responsible for the low incidence of infection in understory amabilis fir (Thomas 1958). 
The incidence was found to increase with increasing proportion of stems over 60 years of age. In British 
Columbia, amabilis firs aged 75 years and less were free of decay. Incidence of rot increased with age to 
11% at 275 years, 40% at 375 years, and 100% in trees more than 400 years (Bums and Honkala 
1990). 

Other fimgi that have been found to cause substantial decay and volume loss in old stands of amabilis 
fir are: Fomitopsis pinicola (Brot. ex Fr.), which causes a crumbly brown cubical rot; Phellinus pini 
(Thore:Fr.) Pil, commonly known as red ring rot; and Stereum abietina (L. Pers.) (Driver 1981). 

2.5.2 Root Rots 

Root rots account for the most common disease problems in young-growth stands (Driver 1981). 
Rhizina undulata Fr. root rot occurs when tme fir species are planted on recently bumed sites. 
Armillaria ostoyae (Romang.) Herink = Armillaria mellea (Vahl:Fr.) Kummer is the most common 
root-rot fimgus in physiologically stressed young stands (Driver 1981). Other root-rot fungi that affect 
amabilis fir are: Perenniporia subacida, Heterobasidion annosum (Fr.) Bref., d^nA Phellinus weihi 
(Murr.) Gilbertson (Driver 1981; Morrison et al. 1986; Bums and Honkala 1990). 

2.5.3 Insects 

The balsam woolly aphid (Chermes [Adelges] piceae Ratz.), a pest of European origin, is the most 
serious pest of the tme firs (Johnson et al. 1963; Harris 1965). It attacks trees of all ages and vigour. 
Infestations can cause mortality and substantial economic loss. Symptoms of infestation are severe twig 
swelling (gouting), inhibition or death of the terminal buds, and defoliation. Infestations on the main 
bole produce abnormally wide growth rings of very dense, reddish wood which impairs the water-
conducting system. This abnormal wood contains an unusual proliferation of traumatic resin canals, 
springwood that has 50% thicker cell walls than normal, tracheids that are 40% shorter, and fibril angle 
2-3 times greater than normal (Doerksen and Mitchell 1965). In Brifish Columbia, heaviest damage has 
been on high-quality sites below 610 m elevation (Bums and Honkala 1990). Measures to reduce losses 
to Chermes infestation have been suggested (Johnson et al. 1963). 

The bark beetles, Pseudohylesinus granulatus (Lec.) and P. grandis Sw., are also pests of amabilis fir. 
Outbreaks of bark beetle epidemic have caused significant losses in timber (Wright et al. 1956). The 
root rot {Armillaria mellea (Fries) Quel.) is closely associated with the bark beetle epidemic but the 
exact effect of the fungus is not known. In some cases, trees are not killed by the beetles but the damage 
suffered results in the entrance of the wood rotting fungi. 

Amabilis fir has suffered occasional heavy losses to seed and cone damage by pests. The most notable 
of these insects are Dasineura abiesima Foote; Megastigmus spp: M. pinus andM lasiocarpae; and 
cone maggots {Earomyia abietum) (Miller and Ruth 1989; Bums and Honkala 1990). The westem 
hemlock looper {Lambdina fiscellaria lugubrosa (Hulst)) severely defoliated thousands of hectares of 
mature and overmature westem hemlock and amabilis fir on southem Vancouver Island during an 



outbreak in 1944-46 (Engelhardt 1957). Between 1971 and 1975, about 141 000 of westem 
hemlock and amabilis fir trees were killed by westem hemlock looper in British Columbia (Cottrell et 
al. 1979). The westem blackheaded budworm {Acleris glover ana Weshm.) is also a serious defoliator 
of amabilis fir (Prebble and Graham 1945). Other insects that have occasionally attacked amabilis fir 
are the greenstriped forest looper {Melanolophia imitata), the saddleback looper (Ectropis 
crepuscularia), and the westem spmce budworm (Choristoneura occidentalis Freeman) (Aho 1984; 
Bums and Honkala 1990). 

Amabilis fu" is a secondary host for hemlock dwarf mistletoe (Arceuthobium tsugense (Rosendahl) 
G.N. Jones and A. Campy). Needle casts (Lophodermium uncinatum, Phaeocryptopus nudus and 
Virgella robusta) and msts (Uredinopsis spp.) are common on reproduction in some areas of British 
Columbia. 

3.0 THE RAW M A T E R I A L 

3.1 Gross Physical Features of the Wood 

The wood of amabilis fir is whitish, light buff to light brown, darker in colour than most species of tme 
fir, with no distinction between the sapwood and the heartwood. The growth rings are sharply 
delineated by bands of latewood that is often tinged with lavender or reddish-brown. The transition 
from earlywood to latewood is gradual. The wood rays are not discemible on the transverse section 
without magnification, but the tall rays are evident as flecks on the quarter-sawn section. It is non-
resinous and straight-grained, with medium to coarse texture. The wood sometimes emits a disagreeable 
odoiu- when green, but is odourless when dry. It is light, with an air-dry weight of about 390 kg/m' 
(Jessome 1977). 

3.1.1 Wood Relative Density 

Kennedy and Swann (1969) found that the average relative density (oven-dry weight and green volume) 
for amabilis fu" in British Columbia was 0.377 based on 345 trees, lower by 0.05 units than the average 
obtained for westem hemlock (0.427 based on 605 trees). The same magnitude of difference was 
obtained on slightly lower averages (0.360 for amabilis fir and 0.410 for westem hemlock) in an earlier 
study (Salamon and McBride 1966). Kennedy and Swann (1969) noted that density in both species had 
a tendency to decrease with increasing latitude and growth rate. Trees from the more northerly latitudes 
and with larger diameters were associated with lower densities. Compared to the samples from British 
Columbia (Salamon and McBride 1966), samples from Oregon and Washington gave slightly higher 
averages for the two species, with no significant difference between the species average: 0.400 for 
amabilis fir and 0.420 for westem hemlock (USDA 1965). 

3.2 Microscopic Features of the Wood 

The wood of amabilis fir lacks ray tracheids, which differentiates it from westem hemlock. The rays of 
parenchyma cells are usually uniseriate and can be more than 30 cells high, often with resin globules. 



and devoid of crystals (Panshin and de Zeeuw 1970). The rays are not discernible on the transverse 
surface of the wood without magnification, but are evident as flecks of variable height on the quarter 
section. Tracheids are about 40-60 \im across the tangential face. The pits leading from the radial walls 
of the tracheids to the ray parenchyma cells are small, broadly elliptical, often without perceptible 
borders. Longitudinal parenchyma cells are sparse or wanting, and are usually restricted to an 
occasional cell on the last row of latewood cells (terminal). Resin canals are absent. 

3.2.1 Separation of the Abies Species in Canada 

The four species of Abies in Canada have similar cellular microstructure and cannot be separated on 
that basis. However, grand fir regularly contains rhomboidal and elongated crystals in the marginal ray 
parenchyma cells (Kennedy et al. 1968). This characteristic of grand fir can be used to distinguish it 
from the other three Abies species (amabilis, balsam and subalpine) in which these crystals are normally 
absent. Chemically, subalpine fir can be differentiated from amabilis fir. A chemical known as Ehrlich's 
reagent is applied on the edge-grain section of a freshly cut heartwood of the test sample. The chemical 
gives a positive purple colour reaction with subalpine fir and remains colourless or exhibits a light 
green coloration with amabilis fir (Fraser and Swan 1972). 

The exact geographic source of an Abies sample can sometimes help in its species identification 
because the four Abies species have some areas of distribution that do not overlap (Figure 1). 

3.3 Working Properties of the Wood 

The working properties of amabilis fir are considered similar to those of westem hemlock since the two 
species are processed and marketed together as Hem-Fir (COFI 1985; Gonzalez 1995). Properties of 
Hem-Fir are automatically assumed to apply to either species. Like westem hemlock, amabilis fir is 
easily worked with hand and power tools, finishes cleanly with sharp-cutting edges, takes nails well, 
and stains and accepts paints and vamish without bleeding through the surface finish. It glues well and 
is readily impregnated with wood preservatives and fire retardants. The wood of amabilis fir has no 
natural resistance to decay and should be treated with preservatives for extemal applications. 

3.3.1 Treatability 

Although Hem-Fir is readily impregnated with wood preservatives, commercial Hem-Fir varies greatly 
in its treatability (Smith and Osier 1990). Studies have shown that this variability could be due to 
differences in treatability within the hemlock species itself or between the two species in the Hem-Fir 
mix (Cooper and Ross 1977; Smith and Osier 1990). A study to quantify the separate treatabilify of 
amabilis fir and westem hemlock (Morris 1995) confirmed earlier results that amabilis fir is the more 
treatable of the two species (Bramhall and Cooper 1972; Cooper 1973; Kumar and Morrell 1989). 
Without incising, amabilis fir exhibited 80% deeper penetration and higher preservative retention by 
analysis than did westem hemlock (Morris 1995). 



3.3.2 Drying 

A major problem in the kiln-drying of Hem-Fir is the highly variable moisture content of the final 
product. This has been attributed to the common occurrence of sinker heartwood in westem hemlock 
and the lower initial moistiu-e content of the fir component in the Hem-Fir mix. Sinker heartwood 
contains wetwood and dries more slowly than normal heartwood. In a study of high and conventional-
temperature drying of amabilis fir and western hemlock lumber (Salamon and McBride 1966), amabilis 
fir was found to have a lower average initial moisture content (81%) than hemlock (90%). It also gave a 
higher proportion of kiln-dried lumber with a final moisture content of 9.0-10.9% and a lower 
proportion at the higher final moisture content of 13.0-22.9%. Nielson et al. (1985) reported an average 
green moisture content (oven-dry basis) of 69% for amabilis fir and 85% for westem hemlock. 

The kiln-dried lumber of amabilis fir sometimes exhibits a brown stain known as kiln-bum. The brown 
stain has been associated with the presence of a stilbene chromophore (Barton and Smith 1971; 
Sutcliffe and Miller 1991). However, the source of the stilbene in the stained areas is not clear. Barton 
and Smith (1971) suggested that it may have been produced by lignin degradation. Sutcliffe and Miller 
(1991) showed evidence that the photolysis conversion of the stilbene to a highly coloured species was 
not completely responsible for the dark brown colour of the stained wood. Further study is needed to 
explain the mechanism of the stain formation. Some are already under way (Kreber 1993; Kreber and 
Byme 1994). 

3.3.3 Shrinkage 

Amabilis fir, like westem hemlock, has higher shrinkage values than most Canadian softwoods 
(Jessome 1977). The average shrinkage values of amabilis fir from green to various moisture contents, 
as a percentage of the green dimensions, are given in Table 1. 



Table 1. Average percentage shrinkage of amabilis fir from green to various moisture contents 
(based on green dimension) 

Percent 
Moisture 

Percent Shrinkage, Based on Green Dimensions Percent 
Moisture Radial Tangential Volumetric 

0.00 4.6 
4.2 

9.8 
8.9 

13.8* 
12.5 

6 3.7 7.8 11.0* 
12 _ 7.5 
20 1.5 3.3 4.6* 

Harrar 1957. 
Jessome 1977. 

3.4 Chemical Composition of Wood 

There is a dearth of information on the chemical composition of amabilis fir wood. The data presented 
in Table 2 are from an old publication (Bray et al. 1939). These values are approximate. Differences in 
the chemical composition of wood within a species occur with differences in analytical methods and 
with different parts of the same tree (Panshin and de Zeeuw 1970). 

Table 2. Chemical composition of amabilis fir wood (Bray et al. 1939) 

Component % 

Lignin 26.6 
C. & B. cellulose 62.1 
Alpha-cellulose 44.2 
Pentosans 10.5 
Solubility in: 

Alcohol-benzene 2.0 
Ether 0.3 
1% NaOH 9.1 
Hot water 2.0 



3.5 Mechanical Properties 

The mechanical properties of amabilis fir based on small clear samples are shown in Table 3 (Jessome 
1977). For information on the specified strengths (MPa) of the different grades of visually stress-
graded Hem-Fir, the reader is referred to the chapter on westem hemlock. 

Kennedy and Swaim (1969) found amabilis fir to be exceptionally stiff, with a modulus of elasticity 
comparable to that of westem hemlock, but with only a moderate bending strength for its weight. Thus 
it was suggested that for constmction purposes where deflection controls the design, Hem-Fir could be 
used, but where bending strength is critical, the difference in the modulus of mpture between amabilis 
fir and westem hemlock would be cause for separating the two species (Kennedy and Swann 1969). 

Table 3. Mechanical properties of amabilis fir based on clear-wood samples' 

Sample 
Size Specific Gravity Impact Bending 

Compression Parallel to 
Grain 

Com
pression 
Perpen
dicular 

to Grain Hardness 

Shear 
Parallel 
to Grain 

Tension 
Perpen
dicular 

to Grain 

No. of 
Loca
tions 

(Trees) 
Tested 

Mois
ture 

Condi
tion 

Basic 
Volume 
Green 

Weight 
Oven-

Dry 

Volume 
Air-Dry 
Weight 
Oven-

Dry 

Stress at 
Propor
tional 
Limit 

(MPa) 

Modulus 
of 

Elas
ticity 

(MPa) 

Work to 
Propor
tional 
Limit 

(kJ/m>) 

Drop of 
22.7 kg 
Hammer 

at 
Complete 

Failure 
(nun) 

Stress at 
Propor
tional 
Limit 

(MPa) 

Maxi. 
Crushing 

Stress 
(MPa) 

Modulus 
of 

Elas
ticity 

(MPa) 

Stress at 
Propor
tional 
Limit 

(MPa) 

Load Required to 
Imbed 11.3 mm 

Sphere to 
Half Diameter (N) Maximum 

Stress 
(MPa) 

Maximum 
Stress 
(MPa) 

No. of 
Loca
tions 

(Trees) 
Tested 

Mois
ture 

Condi
tion 

Basic 
Volume 
Green 

Weight 
Oven-

Dry 

Volume 
Air-Dry 
Weight 
Oven-

Dry 

Stress at 
Propor
tional 
Limit 

(MPa) 

Modulus 
of 

Elas
ticity 

(MPa) 

Work to 
Propor
tional 
Limit 

(kJ/m>) 

Drop of 
22.7 kg 
Hammer 

at 
Complete 

Failure 
(nun) 

Stress at 
Propor
tional 
Limit 

(MPa) 

Maxi. 
Crushing 

Stress 
(MPa) 

Modulus 
of 

Elas
ticity 

(MPa) 

Stress at 
Propor
tional 
Limit 

(MPa) 
Side End 

Maximum 
Stress 
(MPa) 

Maximum 
Stress 
(MPa) 

4 

(26) 

green 

air dry 

0.360 
843 10.6 

0.389 

59.8 
215 15.4 

82.7 

11100 
215 22.5 

15600 

18.5 
215 23.3 

25.3 

510 
215 27.1 

660 

14.8 
263 22.3 

28.6 

19.1 
843 14.5 

40.8 

10100 
263 18.9 

12100 

1.61 
378 30.3 

3.61 

1430 
742 21.5 

1970 

1810 
371 18.1 

3710 

4.92 
156 14.0 

7.54 

1.89 
155 31.2 

3.06 

Four statistics are included for most properties. On the first line of the box is the species mean in the utueasoned condition. On the middle line to the left 
is the number of tests, and to the right is the coefficient of variation. On the bottom line is the species mean for air-dry material, adjusted to a moisture 
content of 12%. 

4.0 MANUFACTURING USES 

Since amabilis fir and westem hemlock are harvested, processed and marketed together, their properties 
are assumed to be similar and they are used for the same products such as lumber, plywood and veneer, 
and pulp. For a detailed description of these uses, the reader is referred to Gonzalez (1995). 

5.0 CONCLUSION 

For practical reasons, amabilis fir and westem hemlock are regarded as having close physical and 
working properties, and studies on the species mix (Hem-Fir) are presumed to be applicable to either 
species. However, there is evidence that the two species may differ in wood density, permeability, 
drying properties and bending strength. Amabilis fir has been found to be lower in wood density, higher 
in permeability and, as a result of its lower wood density, has lower bending strength than westem 
hemlock. It also dries with less degrade. Recognition of this fact should be a cause for separating the 
species from westem hemlock. 
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