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STELLINGEN 

1. In bosbouw gericht op houtproductie leidt het gebruik van natuurlijke verjonging tot negatieve 
selectie. 

2. Selectie voor groeikracht en concurrerend vermogen in populaties van Picea glauca, Picea 
engelmannii, en hun hybriden in het Zuidelijke binnenland van British Columbia leidt tot 
vermeerdering van het aandeel van Picea glauca. 

3. Selectie en veredeling voor het verkrijgen van sneller groeiende bomen op de betere 
groeiplaatsen zal op de lange termijn nadelig blijken. 

4. In British Columbia gaat boomveredeling evenzeer over mensen als over bomen. 

5. Houtoogst per boom (in plaats van kaalkap) zal een toename van erosie veroorzaken. 

6. Zaadproductie van klonen van geselecteerde bomen wordt voornamelijk bepaald door de locatie 
van de zaadtuin. 

7. Paulus, in zijn brief aan de Romeinen, zei dat hij een wilde olijf heeft geent op een geteelde. Dit 
bewijst niet dat hij niets van plantkunde afwist. 

8. Enters, die veel praten, produceren minder overlevende enten. 

9. Een overtuiging, die berust op geloof, is moeilijker te veranderen dan een die berust op 
redenering. 

10. Het beschermen van kinderen door hun ouders zeggenschap over hen te ontnemen is niet meer 
dan een lapmiddel. 

Stellingen behorende bij het proefschrift "Delivery of genetic gain in the interior of British 
Columbia" door Maarten Albricht. 

Wageningen, 29 mei 2001. 
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1. GENERAL INTRODUCTION 

Harvesting of timber in the interior of British Columbia started in the beginning of the century. In 
1913 lumber demands related to development in the prairie provinces declined. In 1940, with demands 
for lumber increasing the interior lumber industry recovered. The traditional style of timber harvesting 
in the interior, known as selection harvest (or high grading), removed single trees or small groups of 
trees. Reforestation was expected to take place naturally. Artificial reforestation in the interior, 
through raising of seedlings in nurseries and planting, did not start until the mid sixties. By that time 
there were large areas of forest land classified as "not satisfactorily restocked" (NSR). Artificial refor­
estation not only had to replace currently removed forest cover, but also had to bring back into pro­
duction the backlog NSR lands, which had resulted from many years of neglect. 

In an ideal world the entire productive forest area represents a situation where all age classes are pres­
ent in about equal amounts. This allows harvesting of a portion of the mature timber available each 
year in such a way that by the time all mature timber had been removed the first segment of reforested 
areas has grown into maturity and is ready to be harvested. In British Columbia neglecting the refor­
estation aspect of the forest industry led to unequal representation of all age classes. In the early 
eighties it was estimated that the then current annual harvest of 70 million m3 would not be sustainable 
much longer and would have to be reduced to 54 million m3. 

Expected productivity of forest land can be enhanced by an increased planting program, stand tending, 
thinning, fertilizing and by planting the best stock available. This involves a range of silvicultural ac­
tivities including species selection, improving nursery practices, enhancing seedling survival by im­
proving planting methods, proper site preparation and ensuring better survival and growth in forest 
plantations. It also involves using seed from the right location and selecting the best parents to provide 
seed for reforestation. 

The delineation of seed zones is necessary to ensure adaptability of seedlings to the environment, in 
which they are planted. The selection of high quality parents is part of cone collection activities in 
natural stands. Cones are collected only from well formed trees showing good growth and health. This 
ensures that the mother trees are of good quality but little is known about the male parents. An im­
provement in this situation can be obtained by the use of seed production areas. These are good quality 
natural stands, in which the less desirable individuals can be removed. Taking this process one step 
further one can select and mark trees in the natural forest, collect pollen from the best parents only and 
apply this pollen to all selected trees. With the trees remaining where they are this system will eventu­
ally present logistical problems. Timing of events and activities and distances to be travelled make this 
a difficult, if not impossible proposition. 

Since the genetic blueprint of every tree is present in each of its cells it is possible to bring all selected 
trees together in a common garden through grafting. These common gardens are known as seed or­
chards. In a seed orchard each selected parent tree is represented by a number of grafted individuals, 
which are genetically identical to the original tree (a clone). If a reasonable approximation of random 
mating can be attained there will be an expectation of progeny, which is genetically superior to that 
from seed collected in natural stands, in the characteristics selected for. Forest productivity can be ex­
pected to increase by using this progeny in reforestation. By testing the progeny of each tree selected 
and by removing clones from the orchard on the basis of the results form these progeny tests expected 
gains can be further increased. These are the basic ingredients of any tree improvement program. The 
interior tree improvement programs are explained in more detail in chapter 2, section 7. 
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In the following chapters, after a description of forestry in British Columbia (chapter 2), several stud­
ies are reported. These are studies, the results of which may lead to enhancing seed orchard produc­
tivity (chapters 3, 4 and 5), improved utilization of orchard seed (chapter 6) as well as enhancing ge­
netic quality of the seed produced (chapter 7). With the exception of chapter 2 scientific names of tree 
species mentioned have been omitted throughout this thesis. They are presented in a separate list on 
page 84. 
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2. THE FOREST INDUSTRY IN BRITISH COLUMBIA 

2.1. British Columbia 

British Columbia, with a population of 3.1 million people, is Canada's westernmost province. It lies 
between 49° and 60° latitude (figure 2.1) and covers an area of 952 263 Km2. The provincial govern­
ment is responsible for the management of resources, which include forests. In 1995 the forest indus­
try employed 265 000 people (106 000 directly). This is 15% of the total employment (Statistics Can­
ada, 1995). In 1995 British Columbia accounted for the following share of Canadian output: 56% of 
softwood lumber, 58% of pulp, 16% of paper and 81% of softwood plywood (COFI, 1995). Nearly 
50% of the province's income is generated by the forest industry. 

British Columbia is characterized by a great variation in topography and climate. The main features 
are the Coast Mountains and the Rocky Mountains with the Interior Plateau between them. Almost all 
mountain ranges run from northwest to southeast and influence precipitation and vegetation. Climate 
conditions range from very wet on the coast and in the mountains in the east to very dry on the plateau 
in between the two. Annual precipitation at Prince Rupert is over 2500 mm, at Revelstoke 1000 - 2500 
mm, at Williams Lake 300 - 500 mm and at Kamloops less than 300 mm (figure 2.1). The maritime 
climate of the coastal area is influenced by a relative warm gulf stream and is fairly mild. Mean daily 
temperatures at Prince Rupert range from 2°C to 14CC, extreme minimum temperature is - 21 °C and 
there are 294 frost free days. The other extreme is the boreal climate of the plains east of the Rockies 
in the northeast corner of the province. Mean daily temperatures at Fort St. John range from - 17°C to 
16°C, extreme minimum temperature is - 47°C and there are 74 frost free days. The Coast Mountains 
consist mostly of igneous rock, while the Rockies are largely made up from sedimentary rock. Glacial 
activity during and since the ice ages have contributed much to the land forms in British Columbia. A 
multitude of lakes, many of them created by hydroelectric projects, can be found throughout the 
province. 

2.2. Forest area and administrative units 

The total land area of British Columbia is 94.8 million ha. Areas designated as Provincial Forests 
cover 80.7 million ha (85%). Provincial Forests include 73.8 million ha in Timber Supply Areas and 
6.9 million ha in Tree Farm Licenses. Not all land within the areas designated as provincial forest is 
productive forest land and some of it is not even forest land. These areas are owned by the province 
and are referred to as Crown land. Forest land, which is considered productive, amounts to 43.3 mil­
lion ha (46%), but only 22.6 million ha (24%) is available and suitable for timber harvesting (Ministry 
of Forests, 1990). Every year approximately 0.2 million ha are harvested (table 2.1). This is equal to 
about 1 % of the usable portion of the productive forest area. British Columbia has 60.6 million ha of 
forest land. Of this total 95% is owned by the province, 4% is privately owned and 1% is owned by 
the federal government. 

A distinction is made between coast and interior. The dividing line runs along the Coast Mountains. 
The distinctly maritime climate of the coast is completely different from the climates in. the interior. 
The coastal zone can best be described as encompassing the Coastal Western Hemlock, Coastal 
Douglas Fir and Mountain Hemlock biogeoclimatic zones (see section 2.3). The remainder of the 
province is referred to as the interior. The province is also divided into six management areas known 
as forest regions. A region can include five to nine forest districts. The regions are: Vancouver, 
Kamloops, Nelson, Cariboo, Prince Rupert and Prince George (figure 2.1). In addition to regions and 
districts the Forest Service also includes branches, based in Victoria with field offices throughout the 
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province. The branches provide services to regions, districts and forest companies. The services pro­
vided are not related to any specific area in the province and are for that reason not a regional respon­
sibility. Examples of such services are research and development, seed services, nurseries and tree 
improvement. 

Figure 2.1. The Forest Regions of British Columbia 

Inventory of standing timber, forecasts of sustainable yields and regulation of the harvest are done on 
the basis of Timber Supply Areas (TSA) and Tree Farm Licenses (TFL). A TSA is a regulatory area, 
which can consist of one or more districts. Companies, operating in a TSA, have standing timber as-
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signed to them on the basis of a volume of wood but do not have any area based tenure. A TFL is a 
forest management area, based on an agreement between the province and a forest company. Under 
this agreement the company (often referred to as the licensee) has the right to harvest timber and the 
responsibility to manage the resource guided by very strict and well defined regulations. The amount 
of timber to be harvested in a TSA or a TFL is determined by the Chief Forester. A TFL can consist 
of privately owned land, Crown land or a combination of the two. It is an area based tenure providing 
the company with assurance of long term management. 

2 .3 . Biogeoclimatic zones and tree species 

About 15 000 years ago most of Canada was covered with a layer of ice, in some places over 1500 m. 
thick. When the ice began to recede some 10 000 years ago tree species started to migrate North. The 
present distribution of species reflects their ability to migrate and adapt. This process was regulated by 
natural selection (Hosie, 1973). The northwest to southeast alignment of the major mountain ranges 
made migration easier. The Pacific Northwest is therefore rich in species (Drushka, 1992). The main 
forest types, currently recognized and used in forest management in British Columbia, are based on 
the biogeoclimatic ecosystem classification, which was developed by Dr. V.J. Krajina on the basis of 
ecosystem studies carried out from 1750 to 1975 (Klinka et al., 1990). The biogeoclimatic ecosystem 
zones are briefly described below (Ministry of Forests, 1988) 

Coastal Western Hemlock: In this temperate rainforest western hemlock and amabilis fir are domi­
nant; other species are Douglas fir, western red cedar, yellow cedar and Sitka spruce. 
Coastal Douglas Fir: In this rain shadow forest Douglas fir is dominant; other species are grand fir, 
bigleaf maple and western flowering dogwood. Garry oak and arbutus are characteristic. 
Mountain Hemlock: In this subalpine forest mountain hemlock and amabilis fir are dominant; it also 
contains yellow cedar. 
Interior Douglas Fir: At lower elevations in the dry southern interior Douglas fir is dominant; other 
species are lodgepole pine and ponderosa pine. 
Ponderosa Pine: In this, the warmest and driest forest zone, ponderosa pine is dominant; it also con­
tains Douglas fir 
Bunch Grass: This is a grassland zone in the driest and hottest valleys in the southern interior. 
Sub Boreal Pine and Spruce: The dry and cold interior plateau is characterized by even aged lodge-
pole pine stands and minor amounts of white spruce. 
Interior Cedar Hemlock: This is the most productive zone in the interior, with a cool and wet cli­
mate. Western hemlock and western red cedar are characteristic but white x Engelman spruce hybrids 
and subalpine fir are common. Douglas fir and lodgepole pine are found on drier sites. 
Montane Spruce: In the south and central dry interior at mid elevations. Engelman spruce, Engelman 
x white spruce hybrids and subalpine fir are characteristic. Due to past fires successional forests of 
lodgepole pine, trembling aspen and Douglas fir are common. 
Sub Boreal Spruce: On the gently rolling plateaus of the central interior. Engelman x white spruce 
hybrids and subalpine fir are characteristic. Extensive lodgepole pine forests occur in the drier parts. 
Engelman Spruce Subalpine Fir: At high elevations throughout the interior. Engelman spruce, subal­
pine fir and lodgepole pine are dominant. In drier parts extensive forests of lodgepole pine and white-
bark pine are common. 
Boreal White and Black Spruce: The northern valleys west of the Rockies and the great plains east of 
the Rockies. White spruce, black spruce and trembling aspen as well as extensive stands of lodgepole 
pine are common. 
Spruce Willow Birch: The severe climates of the north, above the boreal forest. At lower elevations 
white spruce and subalpine fir, at higher elevations scrub birch and willow. 
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Alpine Tundra: The treeless harsh climate of higher elevations throughout the province. 

The species mentioned above are listed below in two groups; commercial and non commercial. Com­
mercially important tree species are briefly described and non commercial species are listed below 
(Hosie, 1973; Houtzagers, 1954; Lyons, 1952; Forest Service, 1977). 

Commercial species 

Amabilis fir (Abies amabilis (Dougl.) Forbes): It grows in the coastal forest at mid elevations and can 
reach a height of 38 m and a diameter of 120 cm. It is a slender tree with a narrow, conical crown 
with drooping branches. The needles are dark green and come in varying sizes, the shorter ones 
pointing upward. The bark is smooth pale grey and turns scaly with age. The wood is not very strong 
and is mostly used for pulp and plywood. 
Aspen (trembling aspen: Populus tremuloides Michx.): It grows throughout most of the interior and 
can reach a height of 27 m and a diameter of 60 cm. It has a straight stem with little taper and a short, 
rounded crown. The leaves are nearly round heart shaped and sit on a flat stem. The bark is smooth 
greenish to yellowish and becomes rough and furrowed with age. Although viable seeds are produced 
root suckers are the main method of natural regeneration, which leads to clonal grouping. The wood is 
mainly used for pulp and occasionally for boxes, matches and chopsticks. 
Balsam (subalpine fir: Abies lasiocarpa (Hook.) Nutt.): It grows in the cold moist climate of higher 
elevations throughout the province and can reach a height of 30 m and a diameter of 76 cm. The 
crown is very narrow with a spire like top and drooping branches. The bark is smooth, ash grey with 
blisters and becomes greyish brown and scaly with age. The needles are greyish green, rounded or 
notched at the tip and curved upwards. The wood is used for general construction and pulp. It is also 
suitable for boxes and crates. It is often included in shipments of spruce. 
Cedar (western red cedar: Thuja plicata Donn): It grows in the coastal and interior wet belts at lower 
elevations, but not in the north half of the province and can reach a height of 60 m and a diameter of 
250 cm. It has a long, narrowly conical crown with drooping branches, which turn up at the end. The 
bark is thin, reddish brown and becomes fibrous and stringy with age. The leaves are scaly, blunt, 
pressed in two pairs against the twig. The wood is not strong but durable and very valuable. The Indi­
ans used cedar for building canoes and the bark for making rope. 
Cottonwood (black cottonwood: Populus trichocaipa Torr. & Gray): It grows in the coastal and inte­
rior wet climates. It can reach a height of 24 m. and a diameter of 150 cm. It has a straight stem, large 
branches and an irregular crown. The bark is smooth, yellowish grey and becomes greyish and fur­
rowed with flat ridges with age. The leaves are widely triangular or heart shaped, dark green on top 
and silvery on the underside. The wood is used for truck decking, furniture and soft tissue paper. 
Engelman spruce (Picea Engelmannii Parry): It grows in the southern part of the subalpine forest at 
higher elevations and can reach a height of 40 m and a diameter of 100 cm. The crown is symmetrical 
and spire like and is difficult to distinguish from that of white spruce. The needles are bluish green, 
curved and four sided. The bark is thin, scaly and greyish brown. The wood is used in construction 
and pulp and paper. Compared to other construction wood it is light and is therefore cheaper to trans­
port. Recently the building code has been amended so that the maximum span for spruce is greater 
than that for fir. 
Fir (Douglas fir: Pseudotsuga menziezii (Mirb.) Franco): It grows in the coast and interior wet and 
dry climates at lower elevations, but not in the northern portion of the province. A height of 60 m and 
a diameter of 122 cm are possible. It has a long branch free stem with a short, flat topped and conical 
crown. The bark is smooth, greyish brown with blisters and becomes deeply furrowed and reddish 
brown with age. The needles are pointed and soft. The wood is very strong and used mostly for con­
struction. The quality of fir lumber is well known throughout the world. This is the reason that in the 
pine growing areas in warmer climates there is concern about the quality of fast grown wood. 
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Grand fir (Abiesgrandis (Dougl.) Lindl.): It grows in the coastal forest and in the interior wet belt at 
lower elevations and can reach a height of 38 m and a diameter of 120 cm The crown is cylindrical or 
oval in outline and the branches hang down with the tips pointing up. The bark is a smooth greyish 
brown and becomes scaly with age. The needles are dark green, flat, lay in one plane and are of two 
sizes. The wood is of limited commercial value and used for lumber, pulp, plywood and boxes. 
Hemlock (western hemlock: Tsuga heterophylla (Raf.) Sarg.): It grows in the coastal and interior wet 
climates at lower elevations and can reach a height of SO m and a diameter of 120 cm. It has a long, 
branch free stem with a short, pyramidal and irregular crown. The bark is russet brown and scaly and 
becomes deeply furrowed with age. The needles are flat, blunt and of varying size. The wood is used 
in construction and for pulp. For a while it was sold as Alaska pine because customers had become 
used to the high quality of fir and the properties of hemlock were widely recognized as less desirable 
than those of fir. 
Larch (Western larch: Larix occidentalis Nutt.): It grows in the dry and wet climates of the southern 
interior at low elevations and can reach a height of 60 m and a diameter of 120 cm. The stem is mostly 
branch free, with a short pyramidal and open crown. The bark is reddish brown and scaly becoming 
furrowed with age. The needles are pale yellow green and grown in spirally arranged clusters (short 
shoots). The wood is heavy, hard and strong. It is used in construction. 
Lodgepole pine (Pinus contorta Dougl.var latifolia): It grows on well drained soils throughout the 
province from mid elevations to sub alpine. A height of 30 m and a diameter of 45 cm are possible. 
The coastal variety, known as shore pine (var. contorta), is much smaller and not very important 
commercially. The stem is tall and slender with a narrow rounded crown. The bark is greyish brown 
and finely scaled. The needles grow in pairs and are yellowish green. The wood is used in construction 
and for pulp, poles, mine timbers and railway ties. The Indians used lodgepole pine for building their 
wigwams, hence the name. 
Sitka spruce (Picea sitchensis (Bong.) Carr.): It grows in a narrow strip along the Pacific coast at 
lower elevations and can reach a height of 60 m and a diameter of 200 cm It has a long, clean stem 
with a narrow crown. Characteristic are the branchlets drooping from the main, horizontal branches. 
The bark is thin and broken into reddish brown scales. The needles are flat and sharp. The wood is 
light and strong. It is used for general construction, ship building, airplanes, plywood, boxes, crates 
and sounding boards for musical instruments. 
Western white pine (Pinus monticola Dougl.): It grows in the coastal forest and the interior wet belt 
and can reach a height of 40 m and a diameter of 90 cm. The stem is straight, slender and columnar. 
The crown is irregular. The bark is thin and greyish green. The needles are bluish green and grow in 
bundles of five. The wood is very valuable and used for indoor paneling. 
White spruce (Picea glauca (Moench) Voss): It grows in the cold, moist climate of the boreal forest 
and can reach a height of 45 m and a diameter of 120 cm. The crown is uniform and conical. The bark 
is thin, scaly and pale greyish brown. The needles are bluish green and four sided. The wood is used 
in construction and for pulp. 
Yellow cedar (Chamaecyparis nootkatensis (D. Don) Spach): It grows in the coastal forest and in the 
interior wet belt at higher elevations. A height of 60 m and a diameter of 240 cm are possible. The 
stem is broad based and tapered and the crown is narrow conical with drooping branches. The bark is 
thin, greyish brown and papery. The needles are scaly and blunt. The wood is light, even grained and 
strong. It is used for boat building, greenhouses and is exported to Japan for floors. 
Yellow pine (Ponderosa pine: Pinusponderosa Laws): It grows in the dry and arid parts of the south­
ern interior and usually grows in widely spaced stands, associated with bunchgrass and cattle grazing. 
It can reach a height of 30 m and a diameter of 65 cm The stem is straight and clear with little taper. 
The crown is short and irregular. The bark is orangy brown and deeply fissured into flat plates. The 
needles grow in bundles of three and are bluish green. The wood is used for sashes, paneling and 
boxes. 
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Non commercial species 

Some of the commercially unimportant species are listed below. Western yew may become an excep­
tion. It is not important for its wood but for the bark, which is used for the production of taxol, which 
has been found to be effective against breast and ovarian cancer. Some companies are considering 
planting this species and there are even breeding programs underway. 

Alpine larch (Larix lyaltii Pari.), arbutus (Arbutus menziesii Pursh), black spruce (Picea mar/ana 
(Mill.) B.S.P.), broadleaf maple (Acer macrophyllum Pursh), Douglas maple (Acer glabrum Torr.), 
Garry oak (Quercus garryana Dougl.), jack pine (Pinus banksiana Lamb.), limber pine (Pinus flexilis 
James), mountain hemlock (Tsuga mertensiana (Bong) Carr.), pacific willow (Salixlasindra Benth.), 
paper birch (Betulapapyrifera Marsh.), red alder (Alnus rubra Bong.), tamarack (Larix laricina (Du 
Roi) K. Koch), western flowering dogwood (Cornus nuttallii Audubon), western yew (Taxus brevi-
folia Nutt.) and whitebark pine (Pinus albicaulis Engelm.). 

2.4. Forest Industry 

Until 1848, when the first sawmill was built in Victoria, only spars, squared timbers and poles were 
exported (Dixon, 1956). Railway development in 1886 and the completion of the Panama Canal in 
1914 have improved access to markets. Early markets were in Australia, Chile, China, the United 
States and later Japan. In 199S major export markets were the United States, Japan and the European 
Union. Factors, that have affected the industry are: geographical isolation, market fluctuations, major 
disasters, competition from Sweden, dependence on foreign capital, shipping dominated by San Fran­
cisco based companies, prairie development, railway building, the Panama Canal, a small home mar­
ket, dependence on the United States market and a scarcity of capital (Lawrence, 1957). 

The total output of forest products of the province of British Columbia in 1995 was 33.7 million m3 

lumber, 1.7 million m3 plywood, 7.6 million tonnes pulp and 2.9 million tonnes paper (COFI, 1995). 
Export products in order of value for 1995 were: Softwood lumber (42%), pulp (34%), newsprint 
(12%), paper and paperboard (4%) and other (8%). The total value of all exports in 1995 was $ 11 
billion (Government Communications Office, 1995). 

2 .5 . Timber Harvesting 

Logging has progressed from falling trees with an axe to a highly sophisticated and mechanized indus­
try and is characterized by development of hand tools and logging equipment. Transport of logs has 
evolved from using water and oxen to logging trucks and has been influenced by railroads and road 
building (Drushka, 1992). The principle of sustained yield is based on the notion that the annual har­
vest shall not exceed net annual increment. The annual allowable cut (AAC) calculation is based on an 
economical rotation. Culmination age is the age at which periodic annual increment equals mean an­
nual increment and at which the latter reaches its maximum It is also the point, where the tangent 
through the origin meets the volume over age curve. This is the point in time where the rate of in­
crease in volume starts to decline. Estimates of volumes available and growth rates expected are based 
on up to date inventories. A complete forest inventory by management units was done during the pe­
riod 1960 - 1980 and is being updated annually. For mature timber in the unit the annual yield equals 
volume mature divided by rotation age. For immature timber the annual yield equals volume at culmi­
nation divided by rotation age. Yield for the unit equals the sum of volume mature timber and volume 
at culmination of immature timber. The cutting age equals yield divided by annual yield and does not 
necessarily equal culmination age. The annual yield is the indicated cut, which must be adjusted to 
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take total depletion into account. Estimated losses over the rotation are used to adjust the indicated cut. 
They include: land alienation, logging roads, regeneration delays, fires, insects, diseases and wind 
damage. Losses in extraction must be taken into account as well. They include: leaving seed trees for 
natural regeneration, utilization standards and breakage (Young, 1972, personal communication). The 
adjusted indicated cut becomes the annual allowable cut, which is reviewed every five years. Annual 
harvesting averages are shown in table 2.1. 

2.6. Reforestation 

In the early days of timber harvesting the supply of wood seemed inexhaustible. Not much attention 
was paid to regenerating the forests. It was thought that somehow nature would take care of this. The 
principle that the province should retain ownership of all forest land was established in 1865 (Knight, 
1990). The findings of the Royal Commission of Inquiry, chaired by F.J. Fulton, led to the passage of 
the Forest Act in 1912. The Forest Branch, which in 1945 would be renamed Forest Service, was es­
tablished and given the responsibility for forest conservation, fire prevention and reforestation. On the 
coast high lead logging was the main method of harvesting timber. It was devastating and utilization 
standards were low. In the interior selection harvest or diameter logging was used. This method relies 
on natural regeneration. Diameter logging is more commonly known as high grading. The largest trees 
were removed and poorly spaced residual stands resulted. These stands often contained less commer­
cially desirable species and inferior phenotypes to regenerate the area. In 1930 it was decided that 50% 
of the stumpage (government revenue from the sale of timber) should be reinvested in the resource and 
the first nursery was established at Green Timbers, near Vancouver. Planting on the coast commenced 
in 1932. Recommendations of the second Royal Commission of Inquiry in 1945, chaired by G. 
McSloan, led to cut control regulations through amendments to the Forest Act. The principle of sus­
tained yield was introduced and resulted in calculation of the annual allowable cut (AAC). This meant 
that, in order to ensure harvesting of wood in perpetuity, annual cut could not exceed annual incre­
ment. In 1947 the Koksilah nursery was built at Duncan in order to deal with backlog reforestation of 
lands not satisfactorily restocked (NSR). In 1955 the third Royal Commission of Inquiry, again chaired 
by G. McSloan, reversed an earlier position on reforestation by means of planting and stated that this 
method can be economical. Following this statement nursery capacity was expanded in 1956 and the 
seed extraction plant was built at Duncan. A start was made with seed registration for the purpose of 
controlling transfer of tree seed and to ensure that trees would be adapted to environmental conditions 
at the location of planting. In the interior, where natural regeneration was still the norm, planting 
started in the early sixties and in 1967 the nursery at Red Rock, near Prince George, started produc­
tion. Since almost all forest land is owned by the province (Crown land) and since therefore the Gov­
ernment and the Forest Service are responsible for reforestation the Forest Act was amended in 1964 
to allow the use of credits to stumpage, owed by the licensees, to pay for all reforestation activities 
carried out by the forest companies. This meant that the work was not paid for until it had been com­
pleted and inspected. As a result of the work of the fourth Royal Commission of Inquiry in 1975, 
chaired by P.H. Pearse, the Forest Act was changed dramatically. Licensee responsibilities were rede­
fined. Holders of a Tree Farm License, Timber License and a Forest License were required to submit 
a forest management plan, which includes a regeneration commitment. The Timber Sale License was 
retained for smaller sales under the small business forest enterprise program (SBFEP) and does not re­
quire a commitment to regeneration. Another requirement that was introduced is the pre-harvest sil­
viculture prescription (PHSP). In the early seventies expansion of nursery capacity and planting pro­
grams was actively promoted by the Forest Service. In 1969 a goal was set to reach 75 million trees 
produced annually in 1975. In 1973 the Skimikin nursery was established near Salmon Arm. There 
were now eleven Forest Service nurseries throughout the province. The total number of seedlings ac­
tually produced in 1975 was 91 million. In 1987 the production of Forest Service nurseries was con-
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strained to 100 million. The remaining requirement in planting stock would be produced by company 
and private nurseries. The development of four company and seven private nurseries was approved. In 
1987 the combined annual production of all nurseries was 250 million seedlings. The average number 
of trees planted annually in the province is shown in table 2.1. 

Table 2.1. Harvest and reforestation in British Columbia 

period 

1966-1970 
1971-1975 
1976-1980 
1981-1985 
1986-1990 
1991-1995 

harvest 
thousands 

of ha 

111.3 
151.8 
176.7 
193.3 
234.0 
199.8 

millions 
of m3 

44.5 
61.3 
73.1 
70.9 
83.1 
76.5 

reforestation - thousands of ha 
planting 

25.2 
48.7 
60.2 
96.9 
167.5 
199.3 

natural 

32.5 
63.4 
78.1 
55.3 
55.1 
48.6 

total 

57.7 
112.1 
138.3 
152.2 
222.6 
247.9 

planting 
millions 
of trees 

23.5 
53.4 
67.3 
102.4 
196.5 
234.8 

In 1987 the Forest Act was amended to discontinue credit to stumpage as a means for the Government 
to pay for silviculture work carried out by the licensees. The reasoning behind this decision was that 
all silviculture activities, including reforestation, should be seen as a cost of timber harvesting and that 
the licensee should therefore be fully responsible for carrying the cost of such work. At the same time 
it can be argued that the province still pays by accepting lower stumpage rates for the timber harvested 
on Crown land (Knight, 1990). As a result of the transfer of financial responsibility for reforestation to 
the companies the estimated annual seedling requirements for the interior decreased dramatically. A 
survey, which requested input from all agencies in the interior and was done in 1983, showed a total 
estimated annual seedling requirement for the year 2000 and beyond for all species of 191 million. In 
1990 this estimate was 161 million. This reduction may have been caused by declining lumber markets 
and an across the board reduction of the AAC. Another reason may have been a sudden increase in the 
use of natural regeneration to accomplish the required stocking standards after harvesting. With the 
new regulations natural regeneration would seem to be more attractive than planting. Planting con­
tractors also noticed a change in the companies' interest in ensuring that the plantations would be suc­
cessful so that costly replanting projects could be avoided. In the early nineties the number of seed­
lings, sown in nurseries, was on the rise again, presumably because natural regeneration does not al­
ways work and where it does work it represents a longer regeneration delay than planting. In the 
eighties significant progress was made on backlog reforestation, as shown in table 2.1, and intensive 
silviculture under federal-provincial shared funding agreements (Jones, 1990). In 1988 the government 
of the day felt that the Forest Service should not be in the business of producing trees for reforestation, 
with the exception of planting responsibilities in areas harvested under a Timber Sale License and 
backlog NSR planting, and that free enterprise should be allowed to take care of tree production. As a 
result eight of the eleven Forest Service nurseries were sold to private interests. In 1995 there were 3 
Forest Service, 5 company and about 45 private nurseries with a total annual production capacity of 
over 250 million seedlings. 

Methods currently in use for forest regeneration are briefly described below. They reflect the experi­
ence gained over many years of timber harvesting and reforestation. It has become abundantly clear 
that poor management practices led to loss of forest productivity and other resource values. During the 
past fifteen years values of the forest other than timber production have become more important. Con­
siderations of protection of fish, wildlife and water resources as well as landscape integrity form part 
of the planning process for any timber harvesting and regeneration program. 
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Forest site quality (productivity) can be inferred from topography, soil characteristics and indicator 
plants. Sites with similar climate and soil characteristics can be expected to have similar vegetation 
and production potential. Forest regeneration can be achieved in any given site unit by the application 
of the ecological knowledge and experience relevant to that unit (Klinka et al., 1990). To identify 
these similarities the biogeoclimatic classification system is used. Site classification is based on bio-
geoclimatic zone, subzone and variant, and more specifically on site association, series and type. The 
biogeoclimatic zone, subzone and variant can be found on available maps. The site series is the basic 
unit to be used for preparing a pre-harvest silviculture prescription. Edatopic grids are available for all 
subzones and variants. The grid shows relative soil moisture regimes in eight classes, from very dry to 
extremely wet (xeric to super hydric), on the vertical axis and soil nutrient regimes in six classes, from 
very poor to extremely rich (oligotrophic to super eutrophic), on the horizontal axis. The intersect of 
moisture and nutrient regimes, found on the site, shows the site series. Indicator plants are a more re­
liable guide to soil moisture and nutrient regimes than site and soil characteristics (Klinka et al., 
1990). For the major commercial tree species ecological suitability, silvical characteristics and regen­
eration implications are listed in the guidelines. Tree species selection is based on ecological suitabil­
ity, management objectives, productivity, reliability and feasibility. In addition genetic variation and 
adaptability for the species selected, as reflected in the seed transfer guidelines must be taken into con­
sideration when choosing an appropriate seed source. 

The pre-harvest silviculture prescription (PHSP) is a framework for collecting information and making 
decisions about how best to use the natural productivity and potential of a site to serve specified man­
agement goals (Hadley et al., 1990). It is a legally binding document. It is based on careful examina­
tion of the site to be harvested and consideration of the effects of harvesting. Determination of the bio­
geoclimatic classification of the site and consideration of other resource uses and values assist in the 
formulation of a plan for harvest, site preparation and reforestation. Factors to be included are site 
damage, hazards, constraints, objectives, requirements and economics. The result of this planning 
process is a written statement of intent, actions and expected results, which can be used to monitor 
harvesting and forest regeneration activities. A cutting permit can be issued on the basis of an ap­
proved PHSP. For instance, if planting is the chosen method for reforestation the agency responsible 
must have ownership of a sufficient amount of seed from an appropriate source. Ultimately the ex­
pected result, which will be inspected, is a minimum requirement of a number of well spaced, free to 
grow (i.e. unencumbered by competing vegetation) seedlings per hectare within a specified number of 
years from harvesting. The acceptable number of seedlings, spacing and allotted time to reach the 
stated objective are site specific and are described in the PHSP. Whether the objective will be reached 
through natural regeneration or by planting is also agreed upon from the outset. 

2 .7. Tree improvement 

2.7.1. General 

Tree seed registration in British Columbia was started in 1956. This ensured that the origin of seed, 
used for reforestation, was known. No guidelines were available to assist the forest manager in decid­
ing which seed source would be appropriate for a particular reforestation project. It was assumed that 
local sources would be best adapted to the environmental conditions. At that time not much was known 
about the geographic variation of the commercial tree species. Delineation of seed zones is essential 
where artificial regeneration is used on a large scale (Roche, 1970). Based on the ecological studies of 
Krajina 67 seed zones were identified in 1971 and revised in 1974. After several revisions during the 
period 1975 - 1985 there were 24 seed planning zones (figure 2.2). Seed for reforestation had to origi­
nate from within the seedzone in which planting was contemplated. 
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Figure 2.2. Seed Planning Zones and A tree improvement sites 

In order to be able to formulate guidelines for the movement of provenances in reforestation and to 
identify provenances outstanding in desired characteristics studies would have to be undertaken. Inte­
rior spruce provenance tests were established in 1965, when 39 different seed sources were planted at 
5 sites in order to assess the effects of elevational and latitudinal displacement of white and Engelman 
spruce (Revel et al., 1966). Assessment of these plantations led to a better understanding of the plas­
ticity of the species and resulted in the identification of two superior provenances. In 1968 153 lodge-
pole pine provenances were collected throughout the range of the species. Of these 117 were part of a 
collection sponsored by the International Union of Forest Research Organizations (IUFRO). Of these 
sources 140 were outplanted at 59 sites throughout the interior of British Columbia in 1974. Ten stan­
dard provenances were tested at all sites in addition to 50 regional provenances. At one location, the 
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Prince George Tree Improvement Station (PGTIS), all 140 provenances were represented (Illingworth, 
1974). Seed transfer guidelines for lodgepole pine were based on observations in these plantations and 
are regularly reviewed and modified. Recently it has become clear that early results may not always be 
reliable. Certain provenances, which had shown superior growth for the first 10 years, were found to 
be more susceptible to disease than more local sources at some locations (e.g. needlecast; Lophoder-
mella concolor (Dearn) Darker and western pine gallrust; Endocronartium harknessii (J.P. Moore) Y. 
Hirat). Initially it was assumed that it is safer to move seed down hill, i.e. to use seed from higher 
elevations than the planting site. Over the years it has become evident that lodgepole pine, when 
moved to lower elevations, displays a higher level of susceptibility to needlecast than local sources 
(Ying, personal communication). Most forest plantation diseases are caused by pathogens attacking 
trees on sites to which the trees are inadequately adapted (Heimburger 1962). In 1975 limited prove­
nance testing of Douglas fir and Western larch was initiated with the establishment of 9 larch and 60 
fir provenances on one site in the southern interior. When tree breeding programs were started in the 
late sixties and early seventies it was understood that more provenance research would be required to 
form a basis for the delineation of breeding zones. It was equally clear that resources, necessary for 
this work, were not available. As a result tree breeders have adopted a strategy for progeny testing 
which allows for learning more about seed transfer in addition to providing information on family per­
formance. Most progeny tests include families from parent trees originating from outside the planning 
zone concerned as well as local controls, derived from seed originating from natural stands in the vi­
cinity of the test site. Results from these tests indicate that the local sources are not always the best 
performers, e.g. spruce progeny testing in the East Kootenays showed that the high elevation families 
are not the most frost hardy and are outperformed by low elevation families in survival and growth 
(Kiss, personal communication). Provenance test results also have shown that there is a limit to seed 
transfer; e.g. lodgepole pine provenances from the coastal area and from the Yukon did not survive 
and grow well at Prince George. Superior provenances have been identified for spruce and pine in the 
interior. Generally the best sources are located in the transition zone between dry and wet climates in 
the interior. 

2.7.2. Selection 

Initial parent tree selection is based on growing vigour, stem form, crown shape, branching character­
istics and apparent absence of diseases and insects on the tree as compared with other trees in the same 
stand. It is a purely phenotypical selection, which by itself can not be expected to produce much im­
provement (Albricht, 1969). The ranking of parent trees for their general combining ability is based on 
growing vigour of the progeny. The expected genetic gain is largely in volume production, although 
correlations have been found between growing vigour and insect resistance; e.g. high ranking families 
in spruce progeny tests consistently have a low incidence of leader weevil (Pissodes strobi Peck.) dam­
age (Kiss and Yanchuk, 1991). There is concern about the quality of faster grown wood. All wood 
quality characteristics are positively and clearly correlated with wood density. It is expected that the 
shorter rotations of second growth forests will produce wood with a greater component of juvenile 
wood. Wood density is expected to be lower and therefore the quality of lumber will be lower 
(Bendtsen, 1978; Clayton and Kellogg, 1986; Megraw, 1986). Tree improvement will reduce rotations 
even further because the most economical way to profit from faster growing trees is to lower the rota­
tion age. If the rotation age is kept the same for the production of a larger volume of wood the quality 
will not be affected very much; e.g. the strength properties of fast grown trees do not differ signifi­
cantly from those of slower grown trees of the same age, but are significantly different from those of 
trees with the same diameter (Pearson and Gilmore, 1980; Barrett and Kellogg, 1984). The only end 
product which requires a low wood density is pulp for newsprint (Van Buijtenen, 1982). Specific 
gravity has been found to respond well to genetic manipulation (Gonzales and Kellogg, 1978). There is 
a weak but negative correlation between growth and wood density, but exceptions have been found. In 
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all softwood species, for which it has been determined, heritability of wood density is moderate to 
high (Kellogg, 1982). Juvenile density has been included as a selection criterion in second generation 
breeding. The goal is to maintain wood density at the same level as in unimproved plantations. This 
will be done by selecting for growth in the first generation and to include wood density in the second. 

2.7.3. Seed orchards 

To have improved stands, genetically improved material must be used, i.e. improved seedlings should 
be planted. This material comes from seed orchards. Genetic gain is produced by selection and testing; 
delivery of genetic gain is done through seed orchards. All interior orchards except one are associated 
with an active breeding program. At present all seed orchards in the interior are clonal (i.e. selected 
parent trees are represented by their clones in the orchard), because the expected initial gains are 
greater (Zobel and McElwee, 1964; Wright, 1972). The orchard trees are grafts made from material 
collected from parent trees. Scion material (twigs) is collected in late winter and kept frozen till 
spring. Rootstock is sown two years prior to grafting. One year before grafting the rootstock is trans­
planted into pots (for pot grafting) or planted in the future seed orchard or a holding area (field graft­
ing). Rootstock is of the same species as the scion and for optimal results should be from the same 
seed planning zone. Rootstock-graft incompatibility is virtually unknown in interior spruce, but some 
is suspected in lodgepole pine. In Douglas fir incompatibility is a serious problem. Special rootstock 
has been developed for this species. Trees, which have shown a general grafting compatibility in tests, 
are crossed and the offspring is used in Douglas fir grafting programs. Depending on the size of the 
orchard, which is determined by the seed requirements for the planning zone, each parent tree is rep­
resented by 10 - 100 ramets (for some reason a graft is called a ramet after it has been planted in a 
seed orchard). In interior spruce and lodgepole pine orchards, established earlier, i.e. 1974 - 1983, all 
selected parent trees are represented. Expected early gains are based on phenotypical selection and the 
elimination of inbreeding, which is known to take place in natural stands (Kleinschmit, 1979). When 
progeny test information becomes available the least desirable clones (parents) can be removed from 
the orchard. This process is known as roguing. These are the parent trees with a low general combin­
ing ability, i.e. they have produced poor offspring when crossed with a large number of male parents. 
Good correlations have been found between progeny performance (mean family height) at ages 5, 10 
and 15, especially for the very low and very high ranked parent trees (Kiss, personal communication). 
Five year measurements are therefore considered adequate to base the removal of the lowest ranked 
clones (parents) on. As progeny test information becomes more reliable more clones can be removed. 
In orchards, which were established later, i.e. 1984 - 1990, only parents from the top 50% of the 
ranking (based on 10 year test results) or from the top 25% of the ranking (based on 15 year test re­
sults) are represented. In the final configuration of a clonal orchard only parent trees of known and su­
perior general combining ability will be represented by their clones. This is known as backward selec­
tion, i.e. the progeny is assessed and the parents are selected. Parent tree ranking and therefore or­
chard roguing can be based on the results of open pollinated, i.e. seed is collected from the parent 
trees, or polycross progeny tests. Cone collection from parent trees must be done in good crop years 
because the amount of selling and inbreeding in natural stands is greater in poor crop years, when 
there is less pollen available (Ying, 1978). Orchard size must be based on seed requirements, which 
are determined by the magnitude of planting programs. In 1995 three surveys had been done to deter­
mine annual seedling requirements in the interior. In 1995 there were eight seed orchard sites and 
three clone bank sites in the interior. A clone bank is a plantation containing grafts of all parent trees 
selected and serves as a backup system. In case of a disaster in the orchard material for replacement 
can be obtained from the clone bank. All breed arboreta are located at the Kalamalka Forestry Center 
near Vernon (figure 2.2). The purpose of these plantations, where clones of selected parent trees are 
maintained, is to allow controlled crossing. Selection of the best individuals in the best families, will 
lead to second generation seed orchards. This is called forward selection. 
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The objectives of the tree improvement programs are: 
e promote the use of appropriate seed sources and superior provenances to ensure adaptability and to 

utilize gains available; 
e provide the greatest possible genetic gain in the shortest possible time; 
© ensure acceptable levels of adaptability; 
s maintain adequate levels of genetic variability in production plantations; 
» ensure preservation of genetic resources; 

Activities carried out to reach these objectives include: 
e defining of seed planning zones and identification of superior provenances; 
«> selecting parent trees and evaluating their breeding values through progeny testing; 
® pairwise crossing of selected parent trees to produce a second generation breeding population; 
« maintaining these breeding populations and preservation of gene resources; 
e providing selected materials for the establishment of seed orchards; 
*> studying genetic variation, genotype by environment interactions, juvenile versus mature relation­

ships, elevational transfer of seed, heritability of desirable characteristics and pest and disease re­
sistance mechanisms; 

« studying phenology, flower enhancement, pollen behaviour and identification, crown management 
in orchards and protection against insects and diseases. 

Tree improvement in the interior involves the following species: 
e Interior spruce. The two main commercial species, white and Engelman spruce, and their hybrids 

are collectively known as interior spruce; in the coast-interior transition zone there is evidence of 
introgression between white and Sitka spruce (Sutton et al., 1993), but these are not included in 
the interior spruce program; 

e Lodgepole pine. The coastal form, known as shore pine, is not included in this program; 
e Interior Douglas fir. This species is described by some taxonomists as a species different from 

coastal Douglas fir or at least a subspecies. In the arid climates of the interior a different form is 
recognized as dryland fir. This program is focused on the moist and wet climates; 

e Western larch. The boreal and subalpine larches are not included; 
e Western white pine. Selection in the white pine program is not aimed at volume gains, as is the 

case in all other programs, but the objective is to obtain resistance to the white pine blister rust 
(Cronartium ribicola J.C. Fish). 

2.7.4. Interior spruce 

Tree breeding in the interior started in 1966 with spruce. Parent tree selection was undertaken in 1968 
and the first series of progeny tests, based on open pollinated seed collected from the original parent 
trees, were established in 1974. All selected parent trees were preserved in clone banks at Prince 
George and at Barnes Creek near Vernon (figure 2.1). The breeding plan includes selection of the best 
parents on the basis of progeny test results. The selected parent trees will be crossed with each other in 
a disconnected half diallel in order to generate material for second generation seed orchards (Kiss, 
1966). Since little or no flower production was encountered at Prince George the breed arboretum was 
established at Kalamalka in 1976. It was (justifiably) anticipated that flower production would be more 
abundant in the warm and dry climate of the Okanagan. This represented a move of four degrees in 
latitude to the south so that the trees were also exposed to a shorter daylength during the growing sea­
son. In 1973 an additional parent tree selection program was started to provide material for seed or­
chards to ensure a steady supply of seed for reforestation. To date 4194 parent trees have been selected 
in 15 seed planning zones. In 1975 a number of planning zones, based on biogeoclimatic classification, 
were delineated (figure 2.2). Zone boundaries were revised a number of times because of refinements 
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of the ecological mapping. In 1979 the first interior spruce seed orchard was established at Skimikin. 
As information on parent tree ranking in order of their general combining ability becomes available 
less desirable clones are removed from the orchards. Three types of seed orchards are recognized in 
this program. The first generation untested orchard, the first generation rogued orchard and the second 
generation orchard. In 1995 there were 12 spruce orchards producing, 4 established but not yet in pro­
duction, 2 planned and 1 abandoned. With all spruce orchards in full production the average annual 
amount of seed delivered will be sufficient for the growing of about 64 million seedlings. For the 
planning zones included the total requirement is 76 million. Genetic gain predictions, based on prog­
eny test results, must be substantiated by realized gain trials. Establishment of realized gain trials and 
demonstration plantations for spruce is underway. 

2.7.5. Lodgepole pine 

Until the late sixties lodgepole pine had been considered as a non commercial species. The introduc­
tion of close utilization standards led to a change in attitude. The range wide provenance test (section 
2.7.1), started the breeding program. At the same time parent tree selection was undertaken in north­
ern British Columbia and the Yukon in cooperation with the Swedish Cellulose Company (Fries and 
Lindgren, 1985). These selections were grafted to establish a breed population in Sweden and a clone 
bank at the Prince George Tree Improvement Station. Grafts in excess of these needs were made avail­
able for the establishment, in 1974 and 1978, of the first two lodgepole pine orchards at the Prince 
George Tree Improvement Station. There was concern about the validity of the Swedish progeny test 
results because these tests were established at higher latitudes than the planning zone of intended use 
for the orchard in British Columbia. A progeny test was established in the vicinity of Prince George, 
using open pollinated seed from the orchards. Parent tree selection continued till 1985. To date 1828 
parent trees have been selected in seven seed planning zones. Open pollinated progeny testing com­
menced in 1984. The plan includes the following elements. Four test sites in each zone, 250 - 300 
families from the zone, some from adjacent zones, some from superior provenances and some local 
controls from natural stand seed collections (Carlson, 1982). There are four types of seed orchard in 
this program, all of them clonal. First generation untested orchards, orchards based on the selection of 
the best individuals in the best families from identified superior provenances, orchards based on the 
selection of the best 15% of all parent trees tested and second generation orchards, which will include 
selections made in full sib progenies from the controlled crossing program. Currently there are 12 pine 
orchards producing, 5 established but not yet producing and 1 planned. With all pine orchards in full 
production the average annual amount of seed delivered will be sufficient for the growing of about 58 
million seedlings. For the planning zones included the total requirement is 51 million. Genetic gain 
predictions, based on progeny test results, must be substantiated by realized gain trials. Establishment 
of realized gain trials and demonstration plantations for pine is underway. 

2.7.6. Interior Douglas fir 

Douglas fir breeding in the Interior was initiated in 1982 with selection of parent trees. This program 
concentrates on the more productive areas and aims to provide genetically superior planting stock for 
these areas. There will be no establishment of untested orchards. Seed orchard establishment will be 
done on the basis of progeny test results and will utilize the top 25% or better of the tested parent 
trees. No further roguing of these orchards is contemplated (Jaquish, 1982). Parent tree selection and 
progeny test establishment has been completed. To date 1794 parent trees have been selected in seven 
seed planning zones. In 1995 there were 4 orchards established and 2 planned. With all fir orchards in 
full production the average annual amount of seed delivered will be sufficient for the growing of about 
7 million seedlings. For the planning zones included the total requirement is 8 million. 
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2.7.7. Western larch. 

A larch program was initiated in 1987. It is considered a desirable species because of its rapid early 
growth, its relative resistance to root diseases and its high value wood. A chronic lack of sufficient 
amounts of quality seed, caused by spring frosts, insects and inadequate pollination, has reduced the 
larch planting program (Jaquish, 1987). Selection of parent trees was carried out in three seed plan­
ning zones. To date 383 parent trees have been selected. Progeny testing started in 1991. Field graft­
ing started at Kalamalka in 1988 and two seed orchards were established in 1990 before selections 
were completed. This was done because the fast growth of the grafts made it impossible to keep them 
in the holding area much longer and because of the urgent need for seed. New crown management 
techniques, borrowed from the fruit growing industry, will keep orchard trees from becoming much 
taller than four meters. With all larch orchards in full production the average annual amount of seed 
delivered will be sufficient for the growing of about 7 million seedlings. For the planning zones in­
cluded the total requirement is 5 million. More research will be necessary to establish protocols for 
pollen collection, extraction, storing and application. The study of flower enhancement techniques for 
larch will be continued. 

2.7.8. Western white pine 

White pine is a very desirable species, which has fast growth, good form, more than average resis­
tance to root diseases and produces very valuable wood. Planting is minimal because of the widespread 
occurrence of the white pine blister rust (Cronartium ribicola J.C. Fisch), which was introduced in 
British Columbia in 1925 and had reached the Interior by 1930. The rust requires an alternate host 
(Ribes spp.), for the completion of its life cycle (Hunt, 1981). In the sugar pine and white pine areas 
of Oregon a Ribes eradication program was carried out with little success (Franc, 1988; Hoff, 1988). 
It was abandoned in 1966 (Thiesen, 1979). In 1983 a program was started for the genetic improvement 
of white pine. The objective of this program is to provide seed for rust resistant trees. A number of re­
sistance mechanisms has been identified. Seed orchards will include parent trees, which carry resis­
tance based on these mechanisms. Tolerance to the rust, especially bark reaction (Heybroek, 1980) 
will be included as well. Complete resistance, based on one mechanism (e.g. premature needle drop) 
has been found to be unsuccessful because the rust population appears to be able to adjust by changing 
through mutations and the obviously strong selection pressure (Franc, 1988). Surveys were carried out 
in Britisch Columbia to determine the location of natural stands where parent trees could be selected. 
Selection is aimed at finding apparently rust free trees in infected stands. Open pollinated seed is col­
lected from the selected trees and progenies are inoculated with the rust. The seedlings are monitored 
for four years and those displaying rust resistance will be included in seed orchards (Meagher et al., 
1993). Individual trees with the same type of resistance will be grouped together in order to reduce the 
possibility of losing the mechanism through cross breeding (Hunt and Meagher, 1990). To date 286 
parent trees have been selected in the southern interior and seed for progeny screening has been col­
lected from 234. Currently seed for reforestation is produced in two 19 year old plantations at the 
Skimikin seed orchard site. One of these plantations originates from seed obtained from the Idaho 
white pine blister rust resistance breeding program and the other from seed collected from apparently 
rust free trees in infected natural stands. An interim seed orchard, using material obtained from the 
Idaho rust resistance breeding program (Franc et al., 1992), has been established in 1994. The esti­
mated annual production from these three orchards will be sufficient for the growing of 8 million 
seedlings. The annual requirement for the zones involved is 2 million seedlings. This requirement is 
expected to increase when rust resistant trees can be planted. 
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3. DROUGHT STRESS TO ENHANCE FLOWERING 
IN AN INTERIOR SPRUCE SEED ORCHARD 

3 .1 . Introduction 

The delivery of genetic gain in tree improvement is traditionally achieved through the establishment of 
seed orchards, management of these for maximum seed production and the encouragement of random 
mating. Immediate utilization of early gains can be achieved through vegetative propagation; e.g. 
rooted cuttings, tissue culture and somatic embryogenesis. Seed orchards can be clonal; i.e. the trees 
in the orchard are grafts from selected parent trees, or consist of seedlings. In the interior of British 
Columbia all seed orchards are clonal. The time lapse between inception of a program and full seed 
production is considerable. Assuming that provenance testing and ecological studies have led to the 
delineation of seed planning zones, the steps involved are as follows: 

year 1 - 2 Phenological selection of parent trees and collection of open pollinated seed for progeny testing 
as well as scion material for grafting. 

year 3 -4 Sowing for progeny testing and grafting for clone banks as well as selection and preparation of 
test sites. 

year 4 Establishment of progeny test. 
year 8 Sowing rootstock for grafting. 
year 9 Measurement and assessment of progeny tests as well as ranking of parent trees and preparing 

for grafting in year 10. 
year 10 - 11 Grafting of selected parent trees (e.g. top 50% of the ranking) and preparation of orchard site. 
year 14 Re-assessment of progeny test. 
year 15 Adjustment of selected parents (e.g. top 25% of the ranking) and establishment of seed or­

chard. 
year 21 First cone crop worth harvesting. 
year 27 Full production. 

In 1995 there were 16 interior spruce seed orchards established and 2 more under development in the 
interior of British Columbia. The required annual production from the total of approximately 60 ha of 
orchards is 292 kilograms of seed, which is sufficient to produce about 76 million seedlings. Flower 
enhancement, also referred to as cone induction, can speed up the delivery of genetic gain, lower the 
cost of seed production and improve panmixia. 

Flowering in forest trees is affected by temperature, soil moisture, light intensity and daylength (Grif­
fin et al., 1984). Since temperature, light intensity and daylength can not be manipulated it is obvious 
that the selection of the location is the most important factor in seed orchard establishment. Cone pro­
duction can be enhanced by locating the seed orchard in a climate, where temperatures during the 
growing season are higher and the days are shorter than those of the area, where the parent trees have 
been selected and where the orchard seed will be deployed. A difference of 830 -1100 in accumulated 
degree days (based on 6° C) over the growing season is generally considered sufficient. The desired 
difference in accumulated degree days can be accomplished by locating the orchard two to three de­
grees latitude south of the seed planning zone or 600 to 700 m. lower in elevation. Climate has a pro­
found effect on cone production of interior spruce (Kiss, 1979), but no clear relationship has been 
found between parent tree origin and flowering in lodgepole pine (Fleetham, 1981) and in interior 
spruce (Hewson, 1989). Cone production can also be enhanced by cultural practices, such as girdling, 
strangulation, rootpruning and manipulation of the water supply. 
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Girdling or banding by various means have long been practiced with success by horticulturists to re­
duce vegetative growth and to enhance production in fruit trees and has increased cone production in 
Corsican pine (Holmes and Matthews, 1951), loblolly pine (Bilan, 1960), Scots pine (Wesoly, 1985), 
radiata pine (Sweet and Hong, 1978) and Douglas fir (Ebell, 1971; Wheeler et al., 1985; Woods, 
1989). Girdling may consist of one continuous or two overlapping semicircular incisions. Both gir­
dling and strangulation result in accumulation of carbohydrates above the point of treatment (Bilan, 
1960; Doorenbos, 1965) and may induce fruit production by altering the carbohydrate/nitrogen ratio in 
the crown of the tree (Pond, 1936), although sugar and starch content of shoots during bud develop­
ment following girdling are not always consistently related to flower production (Ebell, 1971). Gir­
dling increased the level of endogenous gibberellins in Scots pine (Wesoly, 1985) but not in Douglas 
fir (Ross and Pharis, 1976). This treatment should be done prior to bud differentiation and above at 
least one whorl (Ebell, 1971; Melchior 1960; Woods, 1989). Flowering response to girdling can be 
observed in the year following treatment. Some effect may be expected during the year of treatment as 
a result of improved nutrition of flower buds rather than a stimulation of flower bud initiation (Holmes 
and Matthews, 1951). Branch strangulation increases male flowering (Hare et al., 1977; Hare, 1979, 
Albricht and Walsh, unpublished). 

Rootpruning has increased cone production in Douglas fir (Crown, personal communication) and in 
interior spruce (Cox, personal communication) and enhances the effect of girdling, but will affect tree 
health (Lindgren et al., 1977). Fertilizer application has increased cone production in loblolly pine 
(Wenger, 1952), slash pine (Barnes et al., 1968), eastern white pine (Schmidtling, 1983), radiata pine 
(Griffin et al., 1984; Sweet and Hong, 1985) and lodgepole pine (Ebell, personal communication). 
The effect of fertilizer application to enhance seed production to ensure natural regeneration after par­
tial harvest is dependent on rainfall and is not likely to be effective on younger stands (Wenger, 1952). 
Response to fertilizer application in seed orchards is particularly effective when the trees have not 
been fertilized for a number of years prior to treatment. The effect of fertilizer can be direct nutri­
tional or because of improved development of foliage. The role of nitrogen fertilizer is probably to in­
crease crown size. This would only happen on sites where growth rate and crown size have been lim­
ited by a nitrogen deficiency (Sweet and Hong, 1985). Where extremely high amounts of fertilizer 
have been successful in enhancing flowering the treatment may be comparable to a chemical root-
pruning. Fertilizing doubled female flowering in a slash pine orchard, but did not affect male flower­
ing. The amount of nitrogen in the twigs was increased by the treatment and 60% of the increase was 
in arginine. Increase of arginine as a result of fertilizing has been reported earlier but is not indicative 
of flowering (Barnes et al., 1968). Timing of fertilizer application is important and may depend on 
species and location. 

Large cone crops in natural stands are usually preceded by a dry and warm summer (pine) or a dry and 
warm spring (spruce). In Sweden the location of seed orchards for Norway spruce is based on the 
highest percentage of days with a maximum temperature of more than 15 °C during the second half of 
June because this correlates well with a high probability of heavy cone crops (Lindgren et al., 1977). 
A period of soil water deficiency prior to bud differentiation is conducive to flowering in loblolly pine 
(Dewers and Moehring, 1970). Pinus species generally flower abundantly following a year with a wet 
spring (or irrigation) and a dry summer. In radiata pine in Australia heavy flowering and high rainfall 
in the previous summer are related (Griffin et al. 1984). In shortleaf pine in Arkansas irrigation early 
in the growing season increased the flower and cone crops dramatically (Schmidtling, 1985). The suc­
cess or failure to promote flowering by the application of drought stress is dependent on timing 
(Owens and Simpson, 1988). Flower production of potted Engelmann spruce was increased by with­
holding irrigation during the period of rapid shoot elongation (Ross, 1985). This study was initiated to 
determine if drought stress could result in increased flower initiation in interior spruce seed orchards 
and what the optimal timing is for treatment. The experiment was prompted by the discovery that re-
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