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Nomenclature

Sitka spruce was first described 8S a native tree species of

western North America by Archibald Menzies in 1792 (54). The botanical

name is Picea sitchensis (Bong.) Carr. and the common names are Sitka

spruce, western spruce. coast spruce, Tideland spruce. Menzies spruce and

yellow spruce (84, 23).

Range and Occurrence

Spruces (Piceae) originated in eastern Asia. from where they

migrated to N. America, Eurasia and Europe. ~~re than 30 species have

been identified (100). Variations in morphology occur but they are small.

and the species reveal a general uniformity in wood anatomy, growth, ecology.

shape of crown and, except for Sitka spruce, all are found at high latitudes

or high altitudes. Most occupy mesophytic sites. although black (!. mariana)

and Yeddo spruce (!. jezoensis) occur in swamps and Sitka spruce (f. sitchensis)

in skunk cabbage (Lysichitum americanum) bogs.

In Canada. there are five native species: white (!. glauca (Moench)

Voss), black (!. mariana (Mill.) B.S.P.). Sitka (!. sitchensis (Bong.) Carr.).

Engelmann (f. engelmannii Parry) and red (f. ruhens Sarg.) and all except

the last occur in British Columbia. They have probably occupied their present

range through the Pleistocene epoch (100). In British Columbia. Sitka spruce

is nk~inly confined to the Queen Charlotte Islands where it grows to the high

tide mark along the seashore, Vancouver Island and coastal regions. It occurs

as a narrow belt along the coast. sometimes extending inland for about 50

miles into valleys subject to humid sea air; although it is occasionally

found at elevations up to 2500', it is usually at altitudes below 1000' (23).

Large trees have been observed at Terrace, Sooke on Vancouver Island and

Stanek (87) reports the occurrence of individual trees at the U.B.C. forest
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at Haney. Krajina (56) describes the particular tolerance of Sitka spruce

to ocean spray and points to good development on alluvial plains rich

In available calcium and magnesium and on glacial till affected by perma

nent seepage water. It is more frequently a component in the early

successional stages of the forest than in the climax. Its range overlaps

that of white spruce and approaches that of Engelmann spruce.

Morphology

Sitka spruce is a vigorous. fast-growing tree that may live

beyond 500 years of age. It is the largest of the genus (24). Its shade

tolerance is generally low but its ability to withstand shade varies with

the bigeoclimatic zone 1n which it 15 growing (56). In a tolerance table

prepared by Baker (5). based on opinions from foresters mainly connected

with schools and experiment stations it is classed as very tolerant or

tolerant. At lower elevations, where optimum growth is obtained, trees

8-12 feet in diameter and 250 feet in height are encountered (23). The boles

are straight and clean and frequently have heavily buttressed bases (39).

Trees growing in the open are inclined to be limby.

The crowns vary from short and rather open with the main branches

often fastooned with mosses and long hanging branches to broadly conical

with dense foliage or narrowly spired (28).

The needles are straight, slender, sharp-pointed and 15 to 25

mm in length. New ones are soft, yellowish green and become stiff and

bluish green with age and bristle out around the twigs. In cross-section

they are flat. distinguishing them from the 4-sided needles of other

spruces native to Canada (100). The needles have two medium resin canals,

•
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6-8 rows of stomata on the upper surface and 2-4 rows on the lower surface

(100). Margins of juvenile needles are smooth, which distinguishes them

from white spruce (77).

The twigs are short, stiff and smooth, and the pointed resinous

terminal buds are encircled by needles (24). The bark of the main stem is

thin, 15 to 2S mm in thickness, and broken into loosely attached reddish

scales that distinguishes it from its associates (24).

The flowers are unisexual and both sexes are borne on the same

tree (23). The male flowers are red, approximately 25-60 mm in length,

and occur on lateral branchlets; female flowers are erect. yellowish green,

30 to 40 rom in length, and are at the end of primary branches (lOa, 39).

The bracts are exposed, which distinguishes them from flowers of all other

species of the genus (100). The cones are cylindrical shaped and have thin,

wavy-edged rhombic scales and when immature are yellowish green. Scale

shape distinguishes this species from white spruce. whose scales are circular

(100). The seed varies from 2-3.5 mm in length and is attached to a com

paratively large wing, resulting in a total overall length of 13 to 16 mm

(100).

Natural Variation

Variation in Sitka spruce has not been fully investigated. but

it has been determined that the species exhibits patterns of geographic

variation in height growth. wood qualities. response to day length and

susceptibility to frost (21); differences have also been demonstrated in

the coloration of the hypocotyl and the needles. which are considered to

be responses to changing environmental conditions through the natural
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range (22), Studies with provenances of Sitka spruce seedlings from Alaska

to Oregon (Lat 6~N to 430 N) showed that differences of flushing dates

for provenances were small but differences in date of growth cessation

were large (63). Provenance differences in susceptibility to frost occur,

and nursery stock raised from seeds collected in northern areas are

generally more frost hardy (67). Patterns in spruce populations in the

transitional zone between the coastal Sitka spruce forest and the montane

white spruce forest in the Skeena Valley are elinal variations (79) and

introgression (27). Natural hybrids (Lutz spruce) of these two species

occur in southern Alaska and western British Columbia, and with Engelmann

spruce in Northern Europe. where the two species were introduced (64). The

intermediate forms are the most easily distinguished on the basis of the

morphology of the cone scales.

Daubenmire (27) examined Sitka spruce collections from Alaska to

California for evidence of evolution possibly resulting from isolation or

stresses during Pleistocene and recent time, and possible hybridization

between species whose ranges come into contact. He states that biotype

depletion during glacial maxima, and introgression, seem to be the pheno

mena most likely to have produced patterns of variation that might be

recognized over the geographic range of Sitka spruce. Three areas, none

of which were in British Columbia, were strictly homologous from the

standpoint of showing a north-south gradient of characters. The Sitka

spruce characteristics included the phyllotaxy of ovuliferous cones, cone

size and sterigma angle. He considered that the collections from the

Upper and Lower Skeena River areas were hybrids. and that white spruce was

the most likely introgressant. Needle length, cone diameter and length,
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scale length and width and index of dorslventrality demonstrated varying

intermediacies. the Upper Skeena trees being more closely allied to white

spruce and the Lower Skeena trees closer to Sitka spruce. He also found

consistent variability differences in proportions of the length-width

ratios of ovuliferous scales between insular and mainland populations, but

not between northern and southern populations.

Tree Associations and Stand Types

Sitka spruce occurs in pure stands, but more frequently as a

component 1n an admixture (2a). Associated tree species in various stand

types include western hemlock (Tsuga heterophylla (Raf.) Sarg.>. western red

cedar (Thuja plicata Donn), Douglas fir (Pseudotsuga menzies!! (Mirb.)

Franco), amabilis fir (Abies amabilis (Dougl.) Forbes), lodgepole pine

(Pinus contorta Dougl.), red alder (Alnus rubra Bong.) and black cottonwood

(Populus trichocarpa Torr. and Gray). It usually grows in areas of heavy

rainfall and on soils that are continuously moist, well-drained and fairly

rich in nutrients. Without such conditions, one or more of the associate

species usually assumes dominance. The typical forests on the Queen

Charlotte Islands and near Terrace, B.C., are dense admixtures of spruce,

western hemlock and western red cedar. The spruce is predominant on well

drained alluvial soils in valley bottoms and on wet hillsides where drainage

is good; where the soils are shallow, the trees show a relatively early

decline in vigor (28). On productive sites on the Queen Charlotte Islands,

there is a luxuriant growth of bracken (Pteridium aquilinum), aalal (Gaultheria

shallon), blue bilberry (Vaccinium ovalifolium), red huckleberry (Vaccinium

parvifolium), bunchberry (Cornus canadensis), salmonberry (Rubus spectabilis),
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goose-berry (Ribes lacustre) and elderberry (Sambucus racemosa). and on

muskeg sites, sa1a1. Labrador tea (Ledum groenlandicum). kinnikinnik

(Arctostaphylos ~-ursi). dwarf hilberry (Vaccinium caespitosum). skunk

cabbage (Lysichitum americanum) and spiraea (Spiraea densiflora) (49). Cary

(24) recognized both bottomland and slope forest types. differentiating

between them mainly on the basis of tree development of stands. On moist

river bottoms or on benches above the river. the spruce were large, heavily

buttressed, limby, and associated with black cottonwood and red alder; on

the moist and well-drained salls of hills and gentle slopes. the boles

were long and clean and generally less inclined to relatively early decline

in vigor. They were commonly associated with other conifers. Rowe (82)

describes the coast forest region and states that in the C4 section.

Sitka spruce. growing on well-drained sites and in association with western

hemlock and western red cedar, attains higher quality than in any other

part of the coastal forest. Other associate species are western yew (Taxus

brevifolia Nutt), broadleaf maple (Acer macrophyllum Pursh). red alder and

shore pine (Pinus contorta Dougl.). The bedrock of this section is Triassic

and Tertiary sediments and volcanic rocks, which have been weathered to

deep soils. Sitka spruce. either alone or with western hemlock, occurs on

alluvial soils in the C3 section and, on some sites, yellow cedar (Chamaecyparis

nootkatensis (D. Don) Spach), red alder. broadleaf maple and black cottonwood

may be asso~iates. On the southern part of the Coast Forest. C2 section,

where there are alluvial soils with abundant seepage, Sitka spruce occurs

with western red cedar. black cottonwood. grand fir (Abies grand is (Dougl.)

Lindl.). red alder and broad leaf maple. The soil is from surface tills of

the last glaciation. and the soil types belong to the brown podsolic, podzol,
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concretionary brown and alluvial regoeol groups. In Cl~ Strait of

Georgia section. spruce is found occasionally on low ground. Krajina

(56) describes four associations in which Sitka spruce is one of the

main components of the tree layer. The first occurs on coastal river

deltas which brackish water at high tide. A characteristic associated

plant is wild lily-of-the-valley (Maianthemum dilatatum). The second

occurs on alluvial flood plains where Sitka spruce is associated with

Pacific silver fir and western red cedar. Common understory plants

include deville club (Oplopanax horridus). stink current (Ribes bracteosum).

salmonberry (Rubus spectabilis), sword fern (Polystichum munitum), and

the mosses (Hoium insigne) and Leucolepis (Mnium) menziesii. The third

is found in wet locations on black muck or humic gleysol soils. Western

red cedar and red alder are the main associated trees, while skunk cabbage

and the sedge Carex obnupta characterize the lesser vegetation. The fourth

association occurs under better drained. sloping topography with weakly

podzolized soils. Associated trees are Douglas-fir, Pacific silver fir

and western red cedar. Sword fern is abundant. as are the mosses Mnium

insigne. Leucolepis menziesii and Eurhynchium stokesii.

Silvical Characteristics

Silvical characteristics of Sitka spruce and characteristics

suitable for species determination have been investigated by many persons

(20, 23 ,24, 39 , 54, 56, 77 ,84 J 100) •

1) !bats

The root system is variable (39,84). On poorly drained
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60ils, the roots spread out in the organic layer above the mineral

s011; on deep coherent soils that have a massive structure, there

is good penetration by tap-roots although the branch roots may be

poorly developed. Day (28,29) studied root development as it is

related to soil and soil development. Rooting was shallow with

horizontal runners near the surface in shallow river alluvia; in

deep alluvial soils, tap roots penetrated to a depth of 7 feet and

had distinct zones of abundant root development with intervening

spaces where roots were sparse. Modifications in the root system

were evident on hillside sites; they could be related to variations

in microtopography, existence and depth of root-restricting layers

in the soil profile and conditions of drainage.

2) Crowns

Variations in crown characteristics result from differences

in growing conditions and from the incidence of root rot (28). On

favorable sites, the crowns of well-developed trees are broadly

conical and the foliage is dense; on shallow soil and where the roots

are diseased, the crowns are thin and sparse. Sometimes the crowns

of mature trees are narrowly spired, which is indicative of a stony

soil in which seepage water flows, a soil deficiency in nutrients,

or a shallow soil with a high water table (28). Narrow crowned trees

were found to be the more efficient producers of volume increment

and greater increment associated with greater tree dominance (43).

3) Flowers

The flowers which develop from ovoid-shaped resinous light-
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brown buds (3 to 5 mm in length) usually commence shedding pollen in

mid-May and complete it by the end of that month. The buds are encased

in tough, thin membranous scales and are produced 1n the late summer.

After pollination, the female flowers turn do~~ward and develop into

cones (100,39).

4) Cones

Cones mature and open about mid-September when they are 8-10

em long, pale yellow to reddish brown, and hang down conspicuously

from upper branches of the tree (39). Most cones drop within a few

months after seed dissemination, although a few may remain on the tree

for several years.

5) Seed

Good seed crops occur ahout every 4-5 years and. although

there are failures, usually some crop occurs in the intervening

years (100). Yield per bushel of cones ranges from 8 to 20 oz and the

number of seeds per pound from 150,000 to 400,000 (avg 21,000) (91).

Crops of commercial importance may be obtainable when the trees are

between 30 and 40 years of age.

(a) Dispersal

The seed matures in the fall and dispersal occurs after per

iods of drying wind. The major proportion of the crop is disseminated

within a short period, but some seed falls during most months of the

year. Over a 4-year period, dispersal consistently started in western

Oregon during the last 10 days in October, and SO per cent had fallen

by November (85). In a pulp stand of western hemlock-spruce in
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southeastern Alaska. dispersal of a bumper crop of 5 lb. spruce seed

per acre commenced October 12-1~when 72 per cent of it was dissem

inated (40); scrub stands. in which spruce was a minor component,

dispersed most of its crop (1/5 lb.) during a light seed year between

December 8 and January 14 (51). Distribution of the seed is usually

most concentrated within 5 chains from its source. but on clear-cut

and snow-covered areas. it may be distributed fairly uniformly to dis

tances in excess of 30 chains (52). In southeast Alaska Sitka spruce

seed was dispersed over a I-year period,and the soundness of the seed

decreased during the period of dispersal (44).

(b) Germination

Germination is slow in the spring and many seeds remain stored

in the duff. retaining their viability for several years ~). They ger

minate on organic layers. rotten wood and mineral soil when moisture is

abundant. A loose mineral soil with side-shade and partial over-head

shade is the most suitable seed-bed medium 09). Surface moss is a poor

seed bed due to its fluctuating moisture condition; only one-fifth as

many seeds artificially sown on moss characteristic of the climax forests

in southeast Alaska germinated as on mineral SOil, and they had 28 per

cent lower survival (41). Seed from Sitka spruce and western hemlock

germinate well on mineral soil. but on moss and humus,western hemlock

germinates better than the spruce; the percentage of spruce reproduction

can often be increased by exposing mineral soil during a logging opera

tion (71). An improvement in germination capacity is obtained when seed

is stratified (53).
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6) Seedlings

Young seedlings have slender and flexible stems. About 50 to

60 per cent have shallow root systems with 3-5 laterals that are 2 feet

or more in length; others have either tap roots or oblique laterals which,

at two years of age, penetrate permeable soil for about 2 feet (31). Soil

where the pH value ranges between 4.0 to 5.7 is the most favorable for

growth (39). Cultural treatment studies demonstrated that optimum seed

ling growth occurred when the pH was between 4.0 and 5.0, but the form of

nitrogen had only minimal effect on total growth (62). However~ in south

eastern Alaska, natural spruce regeneration occurred mainly on seed heds

where nitrification was active, and it became increasingly abundant where

the nitrite concentration reached a level of about 50 ppm (90). Total dry

weight of Sitka spruce seedlings grown in sand culture increased as the

N nutrient concentration increased from 2 to 50 ppm. but decreased at 200

ppm; total dry weight also increased as the P concentration increased from

0.5 to 30.0 ppm and the K level from 2 to 20 ppm (93). Investigations on

the growth response of Sitka spruce seedlings showed that in sand cultures

growth response was greatest when ammonium and nitrate sources of N were

provided in equal amounts; in artificial soil cultures, greater growth was

obtained with ammonium N than with nitrate N at pH values between 5.4 and

7.5 (95). Soil densities for the growth of Sitka spruce seedlings are similar

to that required for western hemlock and western red cedar. but less than

for Douglas-fir and lodgepole pine (73). Winter flooding from 1 to 4

weeks has little effect on seedlings, but summer flooding for 4 to 8

weeks causes mortality (72). Breaking of bud dormancy for the resumption

of normal growth requires about 6 to 8 weeks of chilling at 400F or
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lower (76).

Br1x (20) grew Sitka spruce seedlings under controlled conditions

of temperature and light intensity. He demonstrated that with constant

day-night temperatures, total dry matter production increased almost linearly

between 80 and 180e; there was little or no change in growth response between

1Bo and 240C. and at 280e, growth decreased. The most favorable day-night

combination was 240C day and lace night. Height and diameter growth was optimum

in the 180 to 240C temperature range. Increasing light intensity from 450 ft-c

to 1000 ft-c increased dry matter production and stem diameter, but had no

effect on height growth. Photosynthesis of coniferous seedlings, preconditioned

in light shade, approach light saturation near 2300 ft-c, and at 1250 ft-c when

preconditioned in heavy shade; the photosynthetic rate of seedlings grown in

heavy shade is significantly higher only at 200 ft-c (58). Growth responses

of Sitka spruce seedlings to environment, interpreted from controlled condi

tions, have related photosynthesis. respiration and stomatal resistance to

properties of the environment (65).

Regeneration

(a) Natural Regeneration

Sites that have loose mineral soil and are partially shaded favor

the establishment and development of seedlings; growth in colder northern

areas is usually best on southern slopes. but where moisture is a limiting

factor on southernly aspects. it is best on northern slopes (39). Ruth (83)

found. in coastal Oregon, that Sitka spruce seedlings established naturally

in dense brush areas were almost invariably on rotten wood.

On well-drained sites, where the surface is relatively dry, there

is little likelihood of regeneration without some site preparation, but in
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undisturbed forests on seepage sites or on those that are relatively moist

with fresh water and where vegetation is not too severe, good seedling

stocking and development is possible without disturbance of the soil (28).

Warrack (97) reported that on the Queen Charlotte Islands,natural regenera

tion can be expected to establish an adequate second crop of mixed western

hemlock. Sitka spruce and western red cedar if the contiguous clear-cut

areas do not exceed 900 acres, an encircling seed source within one-half

mile is left for a period up to 10 years. and the amount of slash is reduced

to 50 per cent. He states that artificial regeneration will be necessary

within three years after clear-cutting rich sites prone to early reclamation

by alders. shrubs and grasses; burning resulted in purer stands. mainly

composed of Sitka spruce. but was not considered a requisite to regeneration.

In the dense foresc types of the Juan de Fuca Strait region. where under

brush is generally light. stands should regenerace satisfactorily within a

year or two after 10gg1ng without need of special treatmen~and if there is

a good stand of advance growth and all ocher factors are favorable. slash

may be left unburned (2). During the early stages of development. seedling

survival may be difficult on soils devoid of nitrates unless leguminous

plants or alder are present (89).

Repeated fires destroy seeds stored in the duff. Natural restocking

is usually adequate on areas that have been logged but not subjected to

repeated fires. It regenerates after logging and fire. even on relatively

poor so11s in areas distant from the ocean spray. but is later replaced by

hemlock When the temporary enrichment of soil by ash is removed by heavy

rainfall (56). Experimental seeding in Newfoundland indicated that scarifi

cation and seeding is necessary for adequate restocking if the area is

lightly burned (98).
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The invasion of shrubs on logged areas sometimes inhibits satis

faetory restocking. Control of major species, including red alder, broad

leaf maple, vine maple (Acer circinatum), salmonberry, bracken and sa1a1,

may be accomplished by using chemical sprays without damaging the seedlings

(59). Control of different species of brush that occur in the coastal forests

of British Columbia was investigated by Hetherington (46).

(b) Artificial Regeneration

In British Columbia. there has been less artificial restocking

with Sitka spruce than with some other species. This is possibly due to the

rather limited areal extent of productive spruce sites, compared to that

of other equally or more commercially important trees, and to the greater

emphasis that has been placed on the harvesting of these species.

(1) Planting Requirements

Cognizance of seedling growth characteristics and the influence of

environmental factors is important for successful reforestation and affores

tation. Although successful restocking is dependent on such factors as quality

of the plantin~ stock, conditions of site. weather. and freedom from vegetative

competition. knowledge of optimum requirements is incomplete. Planting 2-0

and 3-0 Sitka spruce seedlings is usually successful, particularly on moist

alluvial soil. Survival of 1-0 seedlings and 1-1 transplants. planted on a

variety of sites, has also been satisfactory, but growth of the latter were

superior (32). Generally, planting on decayed wood has been avoided, but when

this was done with 1-0 seedlings in Oregon. where the growing season precipita

tion was 10 inches, seedling survival and growth was as good as on mineral

soil (9). Planting trials have shown that the altitude of a planting site

has less effect on seedling survival and development that has its quality (75).
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Competition from brush and minor vegetation is a major factor contributing

to seedling mortality. and where competing vegetation 1s dense, release of

the seedlings by chemical or other means 1s a prerequisite for a successful

plantation (70). Investigations in British Columbia (4) have demonstrated

that planting wilding stock is a satisfactory alternative to planting 2-0

and 3-0 nursery stock. On well-drained scarified sites in the nursery,

seedlings averaged 3.l t
• at the end of the second growing season and 4.7"

one year later; dominants attained heights of 9 inches after 2 years and

15 inches after 3 years. Growth of the wildings often surpassed that of

nursery plants, which was attributed to their larger initial size and better

vigor. The restocking was accomplished more cheaply with wildings than with

nursery stock. In Oregon 9 better survival was obtained with planted wild

ings than with planted 3-0 nursery stock, attributed mainly to their greater

capability to compete with the dense brush (92).

Nursery Practices

Problems in the nursery most frequently experienced are concerned

with seed viability, nutrition, soil quality and excessive weeds.

Large one-year-old Sitka spruce seedlings, adequately provided with

nutrients, were reported to have 2.1% N, 0.25% P and 1.2% K based on total

plant dry weight; associated needle concentrations were 2.4% N, 0.33% P and

1.27% K (94). Nitrogen deficiency can be recognized by the pale-green color

of seedlings; insufficient phosphorous by a slight lack of lustre; inadequate

potassium by a purple discoloration; deficiencies in magnesium and copper by

a brilliant yellow discoloration and needle tipburn (8), and calcium defi

ciency by purple-brown foliage (55).

Sandy to sandy-loam soils are suitable seed-bed material (8), and
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compacting the soil before sowing improves production and accelerates the

rate of germination (33). Optimum seedling height 15 usually obtained with

a soil pH of about 4.5. and good density for sowing is considered to be

1,800 viable seeds per square yard (8).

Weeds, a perennial problem in most nurseries, can be controlled

before emergence of seedlings with a light vaporizing oil (8) or with

Paraquat (1) without causing damage to the seedlings. Those that occur

after emergence are usually removed by hand.

Under particular circumstances. it may be desirable to raise seed

lings by intensive methods. Four crops of seedlings (l~ inches) were raised

in one year by using a heated frame and extended illumination at night (34).

The procedure was expensive. and difficulty was experienced in hardening-off

the seedlings developed in the winter months.

Damage to Sitka spruce from frost-killed leaders is less serious

than for many other species. due to replacement of the killed leader by a

lateral branch within one year (81). In the nursery. seedlings which have

been damaged by Xiphinema bakeri are more susceptible to injury from frost

than those that have not been damaged (88). Where frost damage is prevalent.

frost screens provide protection. but they are expensive and not always prac

ticable. Large and well-rooted s~edlings. which are most resistant to frost

damage. can be grown if seeding is done on fertile soil in early spring

and the seeds are not too densely sown (7). Frost damage in nurseries in

British Columbia is effectively reduced by sprinkling with water during the

danger period, or by fogging if the temperature is too low for sprinkling

to be practicable.

Current practice in British Columbia is to drill-sow sufficient
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seeds (approx. 40) to obtain 20 seedlings per lineal foot. Usually this

has been done 1n the fall, as the seedlings are larger than those from

spring-sown seeds, but seed loss during the winter months may be so extreme

that spring sowing might be preferable. The seed beds are standard sized

and raised 3 inches ahove grade level. Before sowing~ the soil is treated

with applications of phosphorus and potassium. Eradication of weeds is

accomplished by spraying the beds with oil just before the seedlings emerge.

After the planting stock is lifted, mainly 2-0 seedlings, they are trans

ported to planting sites in multi-walled bags (6).

Spacing trials with Sitka spruce seedlings near Kalum Lake. B.C.

indicated that there were no significant differences in growth. based on

the first five-year growth measurements. related to spacing which ranged

from 6 feet by 6 feet to 15 feet by 15 feet (3).

(3) Vegetative Propagation

Although vegetative reproduction is uncommon. layering sometimes

occurs when the oldest branches of bushy open-grown trees become covered

with an accumulation of vegetative debris (26) or soil (31). Sitka spruce

can be propagated from cuttings or by grafting. Scions can be rooted in a

medium of coarse sand and peat if treated with a solution of indolebutyric

acid (42). the degree of success being dependent on clonal variation. photo

period. air temperature and humidity (35.36). Variations in natural rooting

ability occurred. attributable to environment and the physiological condition

of the cuttings (60); experimental work with cuttings in cold frames showed

rooting to be more prolific between July and September and in February than

at other times.

Investigations in Denmark showed that the production of roots on
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Sitka spruce cuttings was not significantly influenced by the rooting media

(80). Little information is available on grafting Sitka spruce, but good

results have been obtained by grafting one-year-old scions to root-stocks

by the side veneer and cleft methods (67).

Volume Tables

Various tree-volume tables for Sitka spruce have been published.

Meyer (71) prepared cubic foot and board foot volume tables from

data collected in Sitka spruce - western hemlock stands in British Columbia,

Washington, Oregon and Alaska. Approximately ten per cent of the data were

collected in British Columbia. In the preparation of the tables, adjustments

were made for butt swell by relating diameter inside bark at 18 feet to dia-

meter at breast height.

Tables, expressing volume in cubic feet, were published in 1953

for the Fuget Sound area in western Washington (78), and minor omissions and

corrections were incorporated into them in 1959 (86); board-foot tables for

the International and Scribner rule were included in the earlier publication.

Volume tables, in cubic and board feet, were constructed and volume

equations computed for old-growth Sitka spruce in southeastern Alaska (11).

The weighted volume equation is

1

H

where b
1

= constants for the weighted equation and Fj = 16 or 32-foot

form class.

2Volume tables, based on D H have been constructed for use in British

Columbia (37). Volume of trees for different combinations of diameter and

height were determined by the equation V = a + b D2H. Values for the
100
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constants "a" and "b", based on data from U.B.C. research forest at Haney.

are shown below for total cubic foot volumes.

a) Lmmature Sitka spruce (all diameters)

b) Mature Sitka spruce (0-24"
2d.h.h. and D H <

100
790)

v • 4.2 + 0.203 D2H
100

c) Mat.ure Sitka spruce (25-60" d.h.h. and n
2

H < 713)
100

d) Mature Sitka spruce (61" d.b.h. +)

V' 155.4 + 0.159 02H
100

Local volume tables are derived from the standard volume equations

by utilizing a value for height, calculated from the formula H ~ 4.5 + bD +

cD2 • Butt-taper tables (15), published in 1966 as a supplement to these

tables, show the relationship between d.b.h. for a given diameter outside

bark at different Stump heights.

Standard cubic foot volume tables, prepared by J.E. Browne (13),

and basic taper curves (17) are currently in use 1n British Columbia. They

are based on measurements of diameter (B.H). diameter at specific intervals

between breast height and tiP. and total height of trees measured in the

province. Total volumes are obtained by means of the following equations.

derived by the method of least squares:

a) Immature Sitka spruce (up to 140 years)

Log V • -2.550299 + 1.835678 Log D + 1.042599 Log H
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b) ~~ture Sitka Spruce (over 140 years)

Log V = -2.700574 + 1.754171 Log 0 + 1.164531 Log H.

Factors based on stump height and top diameter inside bark are

used for conversion to merchantable volume. Local volume tables are obtained

from reliable height-diameter curves.

British Columbia Forest Service standard volume tahles (13). showing

total volume for each two-inch/ten-foat height class are shown in Tables A-B.

Total Tables C-D show merchantable volume factors. Total volumes by one-inch

diameter and one-foot height have been prepared as a supplement to the stan

dard volume tables (14). Adjustments for decay, waste and breakage (16)

are shown in Table E (appendix). Tables Are prepared for use in compilation

of variable-plot or prism cruises (74). They show the ratio of gross volume

in cubic feet of the entire stem inside bark to the basal area outside bark

in square feet at breast height for two-inch diameter classes and 10-foot

height classes.

Yield Tables

Yield tables for the Sitka spruce - western hemlock forest type,

published in 1937 (71). were based on data collected in British Columbia.

Washington, Oregon and Alaska for site indices between 60 and 200 feet.

Included are tables showing for all trees, by 10 year - 20 foot site classes.

che number of trees per acre, basal area. cubic foot volume, board-foot

volume and ~ords per acre, and a table showing deviations from normal yield

table values by stand composition.

Extracts from unpublished tables (19), which are applicable to

stands in British Columbia, are shown as tables F and G (appendix). They

were prepared from measurements in spruce, spruce-hemlock, spruce-fir.
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spruce-balsam and spruce-deciduous stands 1n British Columbia. The pre

dominant species in all stands is Sitka spruce. Volumes, in cubic feet

per acre. at culmination ages are shown for different diameter (B.H)

levels for good, medium, poor and low sites. Definition of the sites has

been prepared as a table (18) and is shown in the appendix 8S Table H.

Management Practices

Management practices for optimum timber production of Sitka spruce

must take into consideration that the species grows vigorously and is shade

intolerant. Ring-width patterns 1n trees from the Queen Charlotte Islands

have shown that a constant vigorous rate of growth can be maintained up to

170 years; even at advanced ages, good radial growth response occurs when

the trees are released from suppression (30). Timber production per acre

is dependent on the aggregate crown surface of the whole crop, which is

influenced by such factors as thinning treatment, quality of site and height

of the stand (57).

The economical justification of thinning in managed stands is

related to degree of thinning and quality of the stand (48). It has been

shown that in managed stands there is a straight line relationship between

mean crown diameter in feet and stem diameter in inches (47). Mac Bean (66),

in discussing silviculture and cutting methods in British Columbia. states

that knowledge of silvical requirements of Sitka spruce is limited but that

surveys suggest that regeneration takes place slowly and that burning may

be beneficial when shrubs and underbrush are heavy.

Thinning to produce high quality timber in a short rotation should

favor crown development of final crop trees; epicormic branching iS,a char

acteristic for Sitka spruce, and care should be exercised that it is not



- 22 -

encouraged by drastic exposure to light. In plantations, the effect of side

shade that suppresses branches and potential knot size of dominants starts

about 7 years after planting (68). This continues until the bottom of the

crown of the dominant over-tops the suppressed; a similar but more prolonged

relationship occurs between co-dominant and dominants. When side shading no

longer benefits the dominants. understory trees can be left until they are

eliminated naturally or harvested if the operation 1s economically feasible.

Bradley et al. (12) published Forest Management Tables for the

management of Sitka spruce plantations. Planted stands are classified into

yield classes. based on mean annual volume increment. Three main types of

tables provide guidance for thinning. Thinning Control Tables express the

appropriate annual thinning yield that can be obtained from each yield class.

The annual volume is multiplied by the intended thinning cycle to obtain

the total volume to be removed in a particular thinning operation. Produc

tion Forecast Tables convert inventory data of gross land area into net

yield potential by using an arbitrary reduction of 15 per cent. Assumptions

of thinning intensity used in these two tables and the type of thinning are

incorporated into Normal Yield Tables. These give stand statistics for

total production, the crop after thinning and the yield from thinning.

Yield tables for different spacings of Sitka spruce were used by

Wardle (96) to illustrate problems pertinent to forest management, and to

stress the importance of deciding on a standard by which different manage

ment practices could be compared. The cost of adopting different spacings in

Sitka spruce plantations is related to resulting values. Logging methods.

falling. loading. settings and yarding, booming and rafting, scaling and

forest land tenure are described in detail by Hutchison (50).
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Damage

a) Dis~se

Sitka spruce is subject to decay loss from a large number of fungi

which gain entrance to the tree through roots, tree scars, branch stubs and

dead tops. A study of mature and overmature trees on the Queen Charlotte

Islands revealed that 31 species of fungi caused decay in living trees,

although only a few were of major importance (10). Young trees were relatively

free from decay and, although loss increased with age, a definite relationship

was not apparent between extent of decay and tree vigor.

Red ring rot caused by Fornes pin! is a serious heart rot, parti

cularly on high quality sites, as has been indicated in Washington and

Oregon (99). This fungus attacks both heartwood and sapwood, frequently

causing tree mortality. Lentinus kauffmanii, causing brown pocket rot, and

Polyporus sulphureus, causing brown cubical trunk rot, are other important

decay organisms. The volume of wood destroyed by L. kauffmanii is less

than from other fungi. but it is important because of its common occurrence

in high quality basal logs. Other diseases have been described by Foster

and Wallis (38). Although the species is subject to infection from

Armillaria mellea. Poria weiri! &nd Fomes annosus, the most important root

and butt rot is the brown cubical butt rot caused by Polyporus schweinitzii.

Spores from this fungus enter the tree through basal scars, causing decay

and making the tree prone to wind breakage.

Sitka spruce is subject to needle disease. Brown felt blight

caused by Herpotrichia juniperi, which develops under the snow, sometimes

kills young trees if attacks are repeated. Other defoliating agents that

affect tree growth are: Lirula (Lophodermium) macrospora and Chrysomyxa

ledicola (38). The two most important cone rusts that damage seed are
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Chrysomyxa monesis. which alternates with single delight (Meneses unifiera

(L.) Gray), and Chryxomyxa priolata. whose alternate host is wintergreen

(Pyrola sp.) (38).

b) Insects

Sitka spruce in British Columbia 1s attacked by a number of insects,

but damage from most of them 15 usually not serious. The most important

insect pest is Pissodes sitchensis (45), although it has not been found on

the Queen Charlotte Islands. This insect ~il1s the terminal shoots of trees

between 10 and 30 feet in height. Height growth is retarded and the tree

frequently develops a forked top or crooked stem; repeated attacks sometimes

result in an associate tree species assuming dominance within the stand and

the ultimate exclusion of the spruce. The Cooley spruce gall aphid (Adelges

cooleyi) frequently attacks young seedlings, causing the formation of cone

shaped galls on terminal shoots; damage to natural regeneration on the Queen

Charlotte Islands has been attributed to the weevil, Steremnius carinatus

(61), The spruce aphid (Neomyzaphis abietina (Wilk) has caused damage to orna

mentals. The other important damaging insect is the Sitka spruce beetle

(Dendroctonus obesus (Mann)) (69). The species is also subject to attack by

several defoliators (Lepidoptera), but all are of minor importance (69).

Damage to the terminal buds of Sitka spruce on the Queen Charlotte Islands

is caused primarily by Epinetia ~. ~., Zeiraphera nr ratzeburgiana and the

gall midge, Rhabdophaga ~~ ratzeburgiana (25).



Appendix
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TABLE C

MERCHANTABLE VOLUME FACTORS FOR IMMATURE SITKA SPRUCE

D.B.H. CLOSE INTERMEDIATE ROUGH
CLASS UTILlZATIOO UTILIZATION UTILIZATION

2
4 .33
6 .77
8 .89 .13

10 .93 .52

12 .95 .72 .06
14 .95 .81 .35
16 .95 .86 .54
18 .96 .89 .67
20 .96 .90 .74

22 .96 .91 .79
24 .96 .92 .83
26 .96 .92 .85
28 .96 .93 .86
30 .96 .93 .87

32 .96 .93 .87
34 .96 .93 .88
36 .96 .93 .88
38 .96 .93 .88
40 .96 .93 .88

42 .96 .93 .89
44 .96 .93 .89
46 .96 .93 .89
48 .96 .93 .89
50 .96 .93 .89

52 .96 .93 .89
54 .96 .93 .89
56 .96 .93 .89
58 .96 .93 .89
60 .96 .93 .89

Factor x total volume of entire stem equals merchantable volume to
stump and top limits shown.

Close Utilization Stump height of 1 foot, top diameter inside bark
of 4 inches.

Intermediate Utilization: Stump height of 1.5 feet, top diameter
inside bark of 8 inches.

Rough Utilization Stump height of 2 feet, top diameter inside bark
of 12 inches.
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TABLE D

MEIlCllANTA1ILE VOLtJMl. FACTORS FOIl MAnlR!. SITKA SPRUCE

D.B.H. CLOSE lNTElI.HEDIATE ROUCH
ClASS UTlLIZAI'ION UTILIlAUal UTtUUTlOO

2
4 .36

• .76
8 ... .16

10 .93 .58

12 .OS .,. .0'
16 .OS .81 .32
16 ... ... .52
18 ... ... ...
20 ... .•0 .,.
22 ... .91 .80
24 ... .92 .83
26 ... .92 ...
28 ... .93 .81
30 ... •93 ...
32 ... .93 ...
J4 ... ... ...
36 ... ... ...
38 ... ... .91
'0 ... ... ••1

42 ... ... .92
44 .97 ... .92
46 .97 ... .92
48 . 97 .9S .92
'0 .97 .9S .93

52 .97 .OS .93
54 .97 .9S .93

" .97 .9S .93
58 .97 .9S .93
'0 .97 .9S .93

62 .97 .9S .93
64 .97 •OS ..... .97 •9S ...
68 .97 •OS ...
" .97 •9S ...
7Z .97 .OS ...
74 .97 ... ...
76 •97 ... ...
7B •97 ... ...
80 . 97 ... ...
82 •97 ... .9S
84 . 97 ... .OS

" •97 ... .9S.. ... ... .OS.. ... ... .OS

92 ... ... .9S
94 ... ... .OS.. ... ... .OS.. ... ... .OS

100 ... ... .9S

ractor z total volume of entire stea equal, Mrchant.bIe volu_

'" suap and top lWts .bown.
Clo.e UtUlutlon: St_p hei6ht of 1 foot, top di_tel' iutde

bark of 4 inches.
Intel'eCllate Utiliution: Stl.lllP hel&ht of 1.5 feet, ,., diameter

in.ide bark of 8 inches.
RoUlh Utl11:r.llt1oo: "_ height of 2 feet, top du-ter meld..

bark of 12 inches.
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TABLE E

NET VOLUME (LOSS) FACtORS

To Reduce Gross Merchantable Volumes to Net Merchantable Volumes for

Decay or for Decay, Waste and Breakage

Zone _--'1'-".• ...:''--

MAnJRE FOREST

Spec tea Sitka spruce

TREE CLASS 0 TREE-CLASS 1 TREE CLASS II

DIAMETER SUSPECt 1 SUSPECT 2
LIMIT

(D.h.h.) DECAY DECAY. DECAY DECAY, DECAY DECAY DECAY DECAY.
WASTE &: ~'ASTE & WASTE & WASTE &
BREAKAGE BREAKAGE BREAKAGE BREAKAGE

5.1-7.0" . 990 N.A. .990 N.A. .990 N.A. .990 N.A .

7.1-9.0" .990 N.A. .990 N.A. .980 N.A. .880 N.A.

9.1-11.0" .980 .910 .990 .930 .970 .910 .870 ,770

11.1" plus .950 .880 .980 .930 .950 .880 .850 .740

YOUKGER IMMATURE rOREST

TREE CLASS
0

lAMETER DECAY DECAY,
LIMIT WASTE &:

(D.b.h. ) BREAKAGE

5.1-7.0" 1.000 N.A.

7.1-9.0" 1.000 N.A.

9.1-11.0" 1.000 .940

ILl" plus 1.000 .940

OLDER IMMAlURE FOREST

TREE CLASS TREE CLASS
I II

DECAY DECAY, DECAY DECAY,
WASTE & WASTE &
BREAKAGE BREAKAGE

1.000 N.A. 1.000 N.A.

1.000 N.A. 1.000 N.A.

1.000 .940 1.000 .940

1.000 .940 1.000 .940

TREE CLASS 0 - All 1 iving
TREE CLASS I - All liVing
TREE CLASS II - SUSPECT 1

Pathological

trees regardless of pathological condition.
trees bearing no visible signs of decay.

Living trees bearing one or more of the following pathological
indicators: scars, fork and/or crook, frost crack, mistletoe,
large rotten branches and dead or broken top.

SUSPECT 2 - LiVing trees bearing a conk or blind conk plus any of the
above indicators.

Age - Classes (Coniferous). Lmmature (1-80 yrs); Older immature (81-120 yrs)
Mature (121 +yrs)



TABLE F

Volume/Age Curve index showing culmination age. yield and M.A.!. at culmination
age for the 7.1"+ and 11.1"+ D.B.H. levels

D.B.H. Limit I,

7.1"+ 11.1"+

Growth Type Site Vol/Age Yield CuI. Age M.A.1.
,

Yield at Cu!. Age M.A.!.
Curve at Cu!. Age Years at Cu!. Age I CuI. Age Years at Cu!. Age

No. Cu. ft/acre Cu. ft/acre Cu. ft/acre Cu. ft/acre

Spruce types - G 1082-A 7700 42 183 8650 54 160

9.10.11 M 1083-A 7600 57 133 7975 71 112

p 1084-A 5325 119 45 5475 154 36

L 1245-A 3075 145 21 ,. 2900 , 194 IS.
All volumes shown are net for decay only - close utilization (4" top)

w
o
I



TABLE G

Volume/Age curve index showing culmination age, yield and M.A.!. at culmination
age for the 9.1"+ and 13.1"+ D.B.H. levels.

D.B.H. Limit

9.1"+
I

13.1"+

Growth Type Site Voll Age Yield at CuI. age M.A.!. at Yield at CuI. age M.A.1. at
Curve No. cul. age Years cul.. age cuI. age Years cul.. age

cu. ft/acre cu. ft/acre cu. ft/acre <u. ft/acre

Spruce types- G 1082-B 8075 47 172 9400 65 145

9,10,11 M 1083-B 7850 63 125 8225 82 100

p 1084-B 5375 137 39 5625 177 32

L 1245-B 3175 183 17 2825 218 13
;

All volumes shown are net for decay only - close utilization (4" top)
I

w
~



- 32 -

TABLE H

SITE TABLE

COAST - CEDAR. HEMLOCK HIxnnu:S. BALSAM & SPRUCE

Height in Fe.et Revised March, 1966

Ag. 10 20 30 40 50 60 70 80 '0 100 110 120 130 140 150 160 170 180 190y,

20 P H

~
G G G

30 G G
40 L P H G
50 L P P H H H G
60 p P H G
70 L P P P H G
0 P H G

L P H H G G
100 P P H G
110 L P H H G
120 L p P H H G
130 P H H G
140 L P P H H G

:m L p P H H G
L P P H H G

170 L P P H H G
180 L p P H H G
190 L P P H H G
200 L P P H H G
210 L P P H H G
220 L p P H
2 0 P P H H
240 L P P H H G
250 L p P H H G
260 L P H H G

L· Low P • Poor H • Hedilllll G • Good
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