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MOLECULAR GENETICS AND TISSUE CULTURE
AT PNFI

P.J. Charest, R.G. Rutledge, ]J.A. Pitel, L. DeVerno

Forestry Canada
Petawawa National Forestry Institute
P.O. Box 2000
Chalk River, Ontario
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The Molecular Genetics and Tissue Culture Project at PNFI focuses on aspects of
biotechnology that can assist and contribute to the genetic improvement of intensively managed
forests by accelerating certain steps. The project is also increasing its activities in the use of
biotechnology for germplasm preservation and for the characterization of genetic biodiversity
of forest tree species such as by RFLP mapping and fingerprinting.

In the area of Cell and Tissue Culture, research on conifer species is in progress
to identify factors involved in the induction of embryogenic callus of mature and immature
zygotic embryos; to increase the numbers of somatic embryos; to prolong long-term maintenance
of callus and cell lines; to understand the processes involved in somatic embryogenesis; to assess
the genetic stability of plants obtained from somatic embryos; and other studies. Experiments
are also in progress for the in vitro propagation of some economically important deciduous
species. Embryogenic cell lines are maintained for hybrid larch, Japanese larch and European
larch, black spruce, red spruce and white spruce. Conditions for optimal embryogenesis were
defined for each species. Protoplasts recovered from hybrid larch embryogenic cell suspensions
were regenerated to give whole plants. Collaborative studies with INRA are being done to
accelerate the process of somatic embryogenesis in conifers and to develop new protocols for
embryo desiccation. Plants from embryogenic cell lines of black spruce (emblings) are being field
tested in collaboration with the Tree Genetics and Breeding Project. Cryopreservation '
facilities will soon be established. Collaboration with U. of Guelph and ].D. Irving Ltd. is in
progress to upscale somatic embryogenesis of black spruce. Insect feeding experiments have been
initiated with FPMI using poplar cell culture material. '

Some of the newer techniques in biotechnology are being used to establish a
basic understanding of woody plant gene function, expression and function. PCR (polymerase
chain reaction) together with DNA sequencing is being used to isolate and characterize certain
structural genes and novel classes of "regulator” genes that are involved in the control of gene
expression and cellular development. Results with chalcone synthase indicate that for black
spruce it is part of a large multigene family. Results with some of the genes that are involved
in regulating flowering; anthocyanin production; and other processes, also show that they are
part of a large multigene family. Southern and northern hybridizations are in progress.
Further studies will involve promoter structure and function for these genes. In co-operation
with Dr. J. Carlson (UBC), results of one experiment using RAPD, a new PCR-based technique
for rapid genetic mapping, have been sent for publication. Other fingerprinting techniques are
also being used to assess and map genetic variation in the tree populations and somaclonal
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variation during tissue culture. One study has been completed to examine larch tree mitochon-
drial genome (mt DNA) structure and inheritance, and to determine if rearrangement of mt

DNA is occurring during tissue culture and protoplast regeneration of larch. Another study has
been completed together with BC Research that involved determining if genetic variation was -
being induced during somatic embryogenesis. Initial results with isozyme studies have

revealed no variation, and further studies are continuing using RFLP techniques. A

collaborative study with Br. Bong Y. Yoo of UNB has been completed in which changes in
protein patterns by electrophoresis and enzyme activities were monitored during somatic
embryogenesis of hybrid larch.

In the area of Genetic Engineering research, some of the goals include the
developing of reliable protocols for the routine transformation of woody plant species; the
study of gene regulation and expression and for the introduction of new and biologically
valuable traits following transfer of new genetic information; collaboration with other groups;
and to examine various environmental concerns dealing with the release of transgenic trees. In
initial experiments, protoplasts of larch were used in the development of a transient-expression
system using electroporation, for gene expression studies. Transient expression of gene markers
(eg. CAT and GUS) was obtained and optimal conditions established. With the leasing of a
microprojection apparatus from Dupont, gene transformation work was initiated in hybrid larch
and black spruce by Dr. Luc Duchesne. Using the GUS gene marker, conditions for optimal
delivery have been determined. Microprojection work is also being done with hybrid poplar by
a graduate student (Y. Devantier). Genetic engineering of hybrid poplar is continuing using both
Agrobacterium tumefaciens and a. rhizhogenes transformation. Collaborative studies are in
place with INRA in France. Recently Dr. Marie Anne Lelu spent 4 months at PNFI to pursue
tissue culture experiments.

In terms of staff three new members joined the molecular genetics group;
Christopher Kauffeldt, a technician; Glen Sunohara, a biologist; and Dr. R. Rutledge, a
rescarch scientist.
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The Ontario Tree Improvement Council [ OTIC ] is an industrial / government
cooperative responsible for implementing a number of tree improvement projects in Northern
Ontario. The projects are designed to meet the need for improved seed for the reforestation
programs of the future.

Operational black spruce | Piceamariana [Mill.] B.S.P. ] and jack pine [ Pinus
banksiana Lamb. ] trec improvement projects have been established in the four Northern
Regions of the Province. The members have selected over 3000 plus trees, established 144
hectares of seedling seed orchard and planted 26 family tests in various breeding zones. Funding
for the establishment and management of these projects now comes totally from member
agencies. In the past, partial funding came from the Canada-Ontario Forest Resources
Development Agreement. OTIC employs a Regional Tree Improvement Specialist and a Seed
Orchard Manager to provide support to the cooperating members. Progress has been excellent
and has every prospect of continuing.

OTIC MEMBERS, OBJECTIVE AND STRUCTURE

OTIC is an incorporated cooperative composed of Abitibi-Price Inc., Boise
Cascade Canada Ltd., Canadian Pacific Forest Products Ltd., Malette Inc., Quebec and Ontario
Paper Co. Ltd., and the Northwestern, North Central, Northeastern, and Northern Regions and
the Forest Resources Group of the Ontario Ministry of Natural Resources [ OMNR 1.

The objective of OTIC is to increase the supply of roundwood available to the
forest industries of Ontario by fostering the cooperative approach to a tree improvement
program which will shorten rotations, increase yields and improve wood quality. OTIC is
meeting this objective by (1) ensuring that all seed used in the reforestation program is well
adapted and source identified, and (2) providing genetically improved seed through a program
of plus tree selection, testing and seed orchard establishment.

OTIC is structured into two levels of committees. The Board Of Directors,
composed of a senior management representative from cach of the ten agencies, is responsible for
setting policy, providing guidance to the Director and approving a yearly budget. A Regional
Working Group is in place for each treec improvement project and is composed of foresters respon-
sible for trec improvement from the industrial woodlands offices and OMNR Regions and
Districts involved. The Working Groups plan the projects, distribute the tasks, approve a
budget, and are responsible for the implementation of cach project.
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PROGRESS OF PROJECTS

OTIC was formed in 1985, by which time the OMNR had established tree
improvement programs over much of the Province. OTIC projects were designed to complement
thosc of OMNR's in areas or species where OMNR had no program and where OTIC industrial
members had responsibility for forest management.

The strategies for improvement of both black spruce and jack pine are those
outlined in the OMNR document "Tree Improvement Master Plan For Ontario” [1987]. Plus trees
are extensively selected (i.e., sampling the population with the best available treecs); cones
and scions are collected; scedling families produced; and family tests (32 replications of single
tree plots) and seedling seed orchards (x blocks of single tree plots) established. Seed orchards
will be rogued based on family test results. Breeding orchards are also established from grafted
material.

Northwestern Region

Boise Cascade of Fort Frances, Canadian Pacific F.P. of Dryden, the Fort
Frances and Dryden Districts and the NW Region of OMNR are cooperating to improve jack
pine in two breeding zones. In the Fort Frances area, OMNR and Boise Cascade established a 10
ha. seedling seed orchard and three family tests in 1989. Survival has been excellent, manage-
ment has been intensive and growth has been superb. In the Dryden area, Canadian Pacific and
OMNR jointly established a 12 ha. seed orchard and three family tests in 1989. One test was
destroyed by deer browsing the first winter but the other installations are progressing well. The
OMNR Dryden nursery is presently establishing a breeding orchard containing three ramets of
each plus tree from both projects.

The OTIC industrial and government members contributing to both the
Northwestern and North Central Regional projects have pooled resources to employ a full time

Regional Tree Improvement Specialist to provide coordination and support for their programs.

North Central Region

Two cooperative projects, in different stages of development, are ongoing in this
Region. In a large breeding zone to the west of Lake Nipigon, Abitibi-Price, Canadian Pacitic
F.P., both of Thunder Bay, and the Regional and Thunder Bay District offices of OMNR are
cooperating to improve both black spruce and jack pine. Abitibi-Price and OMNR have each
established a 16 ha. black spruce seedling seed orchard while Canadian Pacific has estab-
lished a 14 ha jack pine orchard. The OMNR black spruce orchard has been plagued with
severe grass competition while the C.P.F.P. has suffered from heavy deer browsing, however,
an electric fence with a moat has reduced the problem. Four family tests of each species have
been distributed across the breeding zone although two of the tests have been lost to inimical-
ities. Despite intensive prevention efforts, up to 40 percent of the individuals in the jack pine
tests have been damaged by either the white pine weevil or the jack pine shoot borer. This may
limit the quality of genetic information produced.

In the breeding zone io the west of Thunder Bay, Canadian Pacific F.P. and the
Regional and Atikokan and Thunder Bay Districts of OMNR are cooperating to improve both
black spruce and jack pine. Plus tree selection which began in 1988 has now been completed. The
black spruce orchard and tests were established in the spring of 1991 while the jack pine project.
will be established in 1992. The 14 hectare black spruce seed orchard was planted by OMNR on
a recently purchased farm tract and the three associated family tests were planted by
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Canadian Pacific and OMNR across the zone. Site selection and preparation for the jack pine
orchard and tests has been completed.

Planning for a tree improvement project for both black spruce and jack pine ina
large breeding zone to the east of Lake Nipigon is underway. This breeding zone is fortunate in
that a large number of older black spruce selections [intensively selected between 10 & 30 years
ago] exist in breeding orchards. These selections will be bred to provide families for testing and
seed orchard establishment and will be augmented, if necessary, by new selections. OMNR will
proceed with minimal industrial cooperation in this project.

Northern Region

Abitibi-Price Inc., Malette Inc., Quebec and Ontario Paper Co. and the OMNR
Districts of Cochrane, Kirkland Lake, and Timmins are cooperating to improve black spruce and
jack pine in two breeding zones in the north east portion of the Province. A 16 ha. jack pine seed
orchard and three family tests were established in 1987. All are growing well although the
white pine weevil and the jack pine shoot borer are causing some damage. A 36 ha. Cochrane
breeding zone black spruce orchard was established in 1988 along with four family tests.
Droughty orchard site conditions has caused some mortality but mulching with poplar chips
should ameliorate the problem. A 16 ha. black spruce seed orchard and three family tests were
established in the Timmins breeding zone. All are growing well. OMNR and industry are
employing a full time Seed Orchard Manager to coordinate the management of all tests and
orchards. Funding for the Manager and the cost incurred in managing these orchards and tests is
being shared among the participants based on their forecasted stock requirements.

Supportive Trials

A number of operational studies have been designed and established to support
seed orchard management. Fertilizer trials to determine optimum nutrient levels for enhancing
both early seedling growth and flower production have been established in both black spruce
and jack pine. Crown pruning trials have been established in jack pine to determine the most
appropriate regime for controlling height growth without substantially reducing the quantity
or quality of cones and seeds produced. Droughty black spruce orchard sites led to the estab-
lishment of a mulching trial of poplar chips, straw and pulp mill sludge. All three treatments
reduced soil temperature substantially and reduced soil moisture loss however, poplar chips
were chosen for operational application as they are readily available at a reasonable cost and
are the easiest to handle .

SUMMARY

The Ontario Tree Improvement Council has made significant progress during
the first six years of operation. There has been a superb commitment to the program by both
provincial government and industrial members as witnessed by the successful establishment of
several tree improvement projects and the full time employment of two additional staff to
provide technical support. The focus of OTIC members has now changed from establishment to
managerment to ensure that abundant, genetically improved seed is available from the
orchards.
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The Faculty of Forestry at the University of Toronto offers undergraduate
courses in forest genetics and tree breeding at the second and fourth year level. A graduate
course in forest genetics is offered as well.

Research at the Forest Genetics Laboratory (FGL) is coordinated by L. Zsuffa,
Professor of Forest Genetics. The laboratory currently has a graduate student complement of
three Masters students and three Ph.D. students. During the past two years, two Masters
candidates and two Ph.D. candidates defended their theses. Also contributing to studies are
two research associates (R.L. Gambles and W.A. Kenney), two research assistants (B. Beatson
and B. Vanstone), and a visiting scientist (L. Sennerby-Forsse, Sweden). Another visiting
scientist (Zhang Qiwen, China) and a postdoctoral fellow (K.H. Kim, Korea) completed
research at the FGL during 1989.

Under the direction of Dr. Louis Zsuffa, research in the FGL includes the genetic
improvement, characterization and evolutionary studies of willow, poplar and white pine.

Current research at the FGL, includes: progeny and clonal testing; inter- and
intraspecific hybridization; biomass quality studies; assessment of species and clonal variation
in nutrient requirements and uptake; resistance to diseases; plant regeneration from callus
cultures; isozyme and cp-DNA studies; and linkages and inheritance patterns. Graduate and
postdoctoral studies contribute considerably to this research.

This report outlines some of the research being undertaken at the FGL.

SHORT ROTATION INTENSIVE CULTURE (SRIC) AND BIOENERGY RESEARCH

Willows are important in forest genetics research because of their fast growth,
wide distribution, richness in genetic diversity (almost untouched natural gene pool), adapt-
ability, and ease of propagation by stem cuttings. The advent of short rotation, intensively
managed biomass plantations has resulted in an intcrest in the potential of willows to supply
part of the world's future demand for wood fibre, energy, chemicals, and food. The lack of
genetic information on willows impedes progress in an advanced breeding programme.
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The FGL has been very active within the International Energy Agency (IEA).
The Bioenergy Agreement of the IEA was developed to coordinate an international cooperative
research programme aimed at the improvement of biomass growth and production technology in
short rotation forestry. Ten cooperative research projects have been completed to date. A new
agreement was initiated in 1989, and includes a task entitled Improvement of Energy-Dedicated
Biomass Production Systems. Task 5 of the Bioenergy Agreement deals with eight cooperative
research projects; production systems, ecophysiology, agricultural/herbaceous crops,
pest/disease management, feedstock qualities, tree ideotypes, exchange of genetic material and
joint testing of stock. Dr. Zsuffa is the Operating Agent of this Task, and Dr. R. Gambles is the
Scientific Secretary. The FGL has led the activity on feedstock quality, has played an active
role in all other activities dealing with tree crops, and has maintained close contact with IEA
tasks dealing with biomass conversions.

The FGL has also been active with [UFRO working groups on integrated
research into biomass, poplar breeding and provenances, and white pine breeding and prove-
nances. Also, we have contributed significantly to: the work of the Poplar Council of Canada,
and the International Poplar Commission of the FAO.

IMPROVEMENT OF NORTH AMERICAN SALIX FOR BIOMASS PRODUCTION BY
HYBRIDIZATION AND CLONAL SELECTION

The main objective of this research is to develop superior clonal varieties of
North American willow species for woody biomass plantations via hybridization. The species
under study are: Salix amygdaloides Marsh., S. exigua Nutt., S. discolor Muhl., S. eriocephala
Michx., S. bebbiana Sarg., S. lucida Muhl., S. pellita Anderss. and S. petiolaris J.E. Smith.
Selections have been made over the ranges of these species. In cooperation with the Ontario
Ministry of Natural Resources, Forestry Canada, and the State University of New York at
Syracuse, we have established and maintained several family and clonal trials.

A series of four clonal screening trials were established in 1987 using material
selected from family trials. The family and clonal trials, planted in Maple, Kemptville and
Petawawa, Ontario and in Tully, New York, have yielded information on variation in biomass
production, growth habit, disease resistance, frost hardiness and the presence of
genetic x environmental interaction. In the fall of 1990, these trials were harvested and
measured for biomass production. The yields produced by the best of these North American
clones surpass those produced by willows in Swedish and United Kingdom programmes (where
willows have been cultivated for several hundred years). This information has led to a delin-
eation of clones promising superior biomass yield. These clones are now being propagated for
large scale production trials.

Parents with good combining ability were identified in all species under exami-
nation. Further breeding work, using the most promising families, has produced material for
the establishment of new family trials. Hybridization of good North American clones of S.
eriocephala with highly productive European clones of S. viminalis is on-going and has
yielded some promising results. A trial planted at Orono, Ontario in 1990 suggests that some of
these European x North American species hybrids exhibit equal or superior growth to their
parents and indicate pest resistance not found in the European parents.
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TREE-FORM WILLOW

Although research at the FGL has traditionally focused on willow species
which exhibit shrub-like growth characteristics, new research has been initiated using tree-
form willows. Tree-form willows are fast-growing and promising for a variety of industrial
products. They are easily harvested and processed using current industrial technology. Domtar
Inc. has demonstrated its interest in this research by offering land and maintenance assistance
for tree-form willow trials.

The two major goals of the project are to study tree-form willows by:
1) establishing a demonstration trial (on Domtar Inc. land) of cloned plus trees from a natural
stand and trees selected from arboreta (Ontario and European clones); and 2) by studying the
maintenance of soil quality through mycorrhizal inoculation of willow.

A demonstration trial was established in the spring of 1991 on Domtar land. A
study, entitled "The effect of ectomycorrhizae on the growth and macronutrient uptake of some
clones of Salix alba and S. nigra" was completed in 1991. During 1991, natural willow stands in
south and central Ontario will be surveyed in order to select superior trees. Seed will be
collected from arboreta and also from international breeding programmes.

QUANTITATIVE GENETIC ASPECTS OF CHEMICAL TRAITS OF
NORTH AMERICAN WILLOW

The suitability of biomass as feedstock for energy conversion and/or specialty
chemicals will be affected by its cost, availability and quality. While efforts have begun to
increase biomass yields through the short rotation intensive culture of poplars and willows,
little work has been done to examine the feasibility of improving the chemical quality of such
feedstocks.

A study, undertaken by W.A. Kenney as his Ph.D. thesis, assessed the feasi-
bility of genetically manipulating chemical traits which are important to the efficiency of
conversion of feedstocks to solid, liquid or gaseous fuels.

The components of variation in biomass chemical characteristics attributable to
species, families, and clones within Salix were assessed. The broad-sense heritabilities and
genotype x environment interaction were quantified for the traits, and phenotypic and geno-
typic correlations between the traits examined.

The results indicated that improvements to the chemical characteristics of
willow may be possible through the selection of species, families and clones. S. eriocephala
exhibits characteristics favourable to biochemical conversion. It is likely that significant
gains can be achieved through manipulation of bark content. The potential to exploit this
variation genetically depends upon the heritabilitics, genetic correlation among traits, and
levels of variation among and within families and clones for such characteristics as number of
sprouts, sprout diameter and height, bark thickness, bark and wood specific gravity and pith
volume.
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DISEASE SURVEYS

Resistance to discase is an important characteristic to observe in any plant
breeding programme. In North America, willow breeding for increased biomass production is in
its carly stages, and it is important to establish the degree of susceptibility, and the vari-
ability in that susceptibility, to particular diseases.

Disease surveys, carried out on our field trials, included observations of
Melampscra leaf rust. Rust can become a serious problem in willow biomass plantations, causing
premature leaf fall, reducing growth and weakening the host. This study, undertaken by B.
Beatson as her M.Sc. thesis, investigates genetic resistance to disease by establishing the
degree of variability in willow species, family and clonal response to attack by the pathogen.

GROWTH RESPONSE OF NORTH AMERICAN WILLOW TO FERTILIZATION

The objective of this study was to compare growth and nutrition of willows
raised on inorganic and organic (sewage sludge) fertilizers. This work was carried out by M.
Simon as his M.Sc. thesis.

The results of this study show that biomass production was greatly improved
through fertilization on nutrient-poor soils. The municipal sludge treatment increased biomass
production by an average of 613% compared to the control, while chemical fertilization
increased production by an average of 342%. The results indicated that species and clones can be
selected which utilize the nutrients in sludge more efficiently and produce a larger amount of
biomass.

In a second experiment, three levels of chemical fertilizer were applied in
exponentially increasing doses. It was found that species and clones could be selected to remove
smaller amounts of nutrients per unit of biomass. The optimum nitrogen addition was found to be
125 kg/ha for most species and clones. Optimal nitrogen addition increased biomass production
by 255-484%. :

GENETIC CHARACTERIZATION OF SALIX

Two Ph.D. students in the FGL are working on the genetic characterization of
Salix.

Dynamics of isozyme electrophoretic spectra in families of Salix exigua and S. eriocephala and
their implementation in willow breeding

This study is being undertaken as a Ph.D. thesis by F.A. Aravanopoulos. The
objectives of this research are: to study inheritance and linkage of isozymes in Salix exigua and
S. eriocephala; to investigate tissue differentiation in these species by comparing isozymes of
root tips and fresh leaves; and to compare their allozyme heterozygosity with growth
parameters and biomass production. In S. exigua, variation in parental genotypes exists in 10
enzyme systems, and Mendelian inheritance has been confirmed at 8 loci. In S. eriocephala,
variation in parental genotypes exists in 7 enzyme systems, and Mendelian inheritance has been
verified at 5 loci.

Phylogenetic relationships of willow species based on allozyme variation and chloroplast
DNA diversity
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This study, being carried out by K. Chong as a Ph.D. thesis, investigates:
genetic structure, similarity and diversity of congeneric Salix species based on allozyme
variation and chloroplast DNA (cpDNA) diversity; phylogenetic relations and evolution of
willows using isozymes and cpDNA markers; and the identification of isozymes and cpDNA as
genetic markers for the species used.

Promising results are emerging from the chloroplast DNA diversity study.
Non-radioactive labelling techniques were developed for the study and are now being used by
other laboratories.

INDUCTION AND EVALUATION OF HAPLOID AND DIHAPLOID LINES
IN POPLAR SPECIES

The goals of this project were to produce haploid lines of selected willow and
poplar species through anther culture and to develop and evaluate haploid and dihaploid
clonal lines. Plantlets were obtained in one clone of Populus maximowiczii. The majority of
these plants were haploid as determined by chromosome counts. Aneuploids and putative
dihaploids were also observed. Clonal lines have been established by vegetative propagation
of anther-derived plantlets. A Ph.D. thesis, based on this work, was conducted by M.U. Stoehr.

GENETIC CHARACTERIZATION, USING ISOZYMES, OF SOME WHITE PINE SPECIES
AND HYBRIDS AND ITS RELATIONSHIP TO BLISTER RUST RESISTANCE

This research was undertaken by E. Chagala as her Ph.D. thesis. The results of
this study enables the proper identification of breeding stock, combination of desired traits and
certification of controlled crosses. They lead to a better understanding of the genetics of white
pine, and may divulge information on the genetic control of blister rust resistance and other
important silvicultural traits.

The genetic structure, linkage relationships and genetic variation of P. strobus,
P. griffithii, P. monticola, P. peuce and P. koraiensis were investigated by isozyme analysis
using starch gel electrophoresis. Methods for using isozyme analysis for the identification of
these species and interspecific hybrids were also investigated.

Most enzyme systems analyzed were shown to be under multiple gene control.
Thirty-six loci coded for the 13 enzyme systems in each of the species. Determination of
linkage relationships among the 36 gene loci revealed up to three linkage blocks in each
species. Further observations indicated that most of the linked genes were on the same chromo-
some. Substantial genetic variation was evident in all the species. The mean values of average
heterozygosity, proportion of polymorphic loci, and number of alleles per locus were calculated
and found to be comparable to those of other conifer species. Genetic similarities and distances,
and divergence times, based on allele frequencies, were calculated. These results, along with
results from a cluster analysis, showed that P. strobus, P. monticola and P. griffithii were
genctically the closest species while P. peuce and P. koraiensis each formed separate clusters.
Several alleles were identified as markers for all of these species and their interspecific
hybrids. »
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PROVENANCE VARIATION IN PINUS STROBUS L.

This research was initiated in order to define genetic and environmental
components of phenotypic variation associated with geographic sources; patterns of genetic
variation; juvenile/mature correlations; and provenance-environment interaction. Provenance
variation in eastern white pine was investigated on the basis of 12 range-wide geographic
sources. Thirteen growth and morphological characteristics of the provenances were measured
and scored. Statistical analysis consisting of univariate, multivariate and non-parametric
methods was used for these data.

Results showed that eastern white pine is highly variable and displays well-
defined patterns of variation. An east-to-west clustering of provenances was found, possibly
caused by adaptation of the species to moisture distribution (there is significant correlation
between longitude and rainfall). In addition to environmental effects, variation was
discovered as the consequence of restricted gene flow, genetic drift and natural selection.
Juvenile-mature correlations for ages above 7 years were high, thus evaluations at age 7 or
higher would be useful in selecting the best provenances. A M.Sc. thesis, based on this research,
was completed by H. Ibrahim.

PUBLICATIONS AND REFERENCES

Aravanopoulos, F.A. and L. Zsuffa. 1991. Biochemical genetics criteria for early selection of
high yielding willows (Salix L.). Proc. EEC Biomass for Energy and Industry, Athens,
Greece, April 21-27, 1991 (in print).

Beatson, B. and L. Zsuffa. 1990. Some results of discase surveys of energy plantation willows in
Ontario, Canada. In: Proc. [UFRO XIX World Congress, Vol. 2. Poster Abstract,
Montreal 5-11, August 1990. p. 449.

Beatson, B., R.L. Gambles, B. Vanstone and L. Zsuffa. 1989. Forest genetics research at the
University of Toronto 1987-89. In: Proc. 22nd Meeting CTIA Part 1, Edmonton, Alberta,
Aug. 14-18, 1989. pp. 99-106.

Chong, K. and L. Zsuffa. 1990. Chloroplast DNA polymorphism and species relationship of -
willows. TUFRO Working Parties on Biochemical Genetics and Population and
Ecological Genetics, International Symposium on Population Genetics of Forest Trees
July 31 - August 2, 1990, Corvallis, Oregon (abstract p. 21).

Farmer, R.E. Jr., C. Lynn Palmer, H.W. Anderson, L. Zsuffa and G. O'Reilly. 1991. Nine year
results from a test of cottonwood and hybrid poplar clones in Northwestern Ontario.
Northern Journal of Applied Forestry (in print).

Gambles, R. and L. Zsuffa. 1990. Improvement of biomass growth and production - the I[EA
bioenergy agreement programme. In: Proc. IUFRO XIX World Congress, Vol. 2.
Voluntary Paper Summary, Montreal 5-11, August 1990. p. 374.

Kenney, W.A_, R.L. Gambles and L. Zsuffa. 1991. Energy plantation yields and economics In:
Proc. Energy from Biomass and Wastes XV, IGT Washington, D.C., March 25-26, 1991,

31 pp.

Kenney, W.A,, R.L. Gambles and L. Zsuffa (Eds.). 1989a. Improvement of feedstock quality.
Proc. IEA/BA Task 5 Workshop, University of Toronto, Faculty of Forestry, Information
Report 89:2. 158 pp.



(113)

Kenney, W.A., R.L. Gambles and L. Zsuffa. 1989b. The effect of woody feedstock quality on its
suitability for conversion to energy. In: Proc. [EA/BA Workshop Improvement of
feedstock quality. IEA/BA Task 5 Info. Rep. 89:2:1-26.

Kim, K.H., L. Zsuffa, W.A. Kenney, and A.]. Mosseler. 1990. Interspecific and intraspecific
variation in pollen morphology in four species of Salix L. Can. J. Bot. 68:1497-1501.

Kim, Kae-Hwan and L. Zsuffa. 1989. A contribution to the pollen morphology of subgenus Salix
L. (Salicaceae). J. Kor. For. Soc. 78(2):132-142.

Kim, Kae-Hwan, Dae Sikkoh and L. Zsuffa. 1989. A contribution to the pollen morphology of
Korean Salix L. (Salicaceae). J. Kor. For. Soc. 78(1):3541.

Mitchell, C.P., L. Zsuffa, S. Andersson, and D.]. Stevens (Eds.). 1990. Forestry, forest biomass
and biomass conversion: the IEA Bioenergy Agreement (1986-1989) Summary reports.
Biomass 22: 1-351.

Mitchell, C.P., L. Sennerby-Forsse and L. Zsuffa (Eds). 1989. Multipurpose tree production
systems. Proc. Joint IUFRO P.1.09.00 and International Poplar Commission, FAO. Ad-
hoc Committee on Biomass Production Systems Workshop, Beijing, China, Sept. 5-7,
1988. Swedish Univ. Agricult. Sci. Sept. Ecology Environmental Research, Section
Short Rotation Forestry Publ. Rep. No. 46. 223 pp.

Mosseler, A. and L. Zsuffa. 1989. Sex expression and sex ratios in intra- and interspecific
families of Salix L. Silvae Genetica 38 (1):12-17.

Rajora, O.P. and L. Zsuffa. 1991. Screening Populus deltoides Marsh. clones to assure and correct
identity. Scan. ]. For. Res. (in print).

Rajora, O.P., L. Zsuffa and B.P. Dancik. 1991. AHozyme and leaf morphological variation of
eastern cottonwood in Ontario. For. Sci. 37(2) (in print).

Rajora, O.P. and L. Zsuffa. 1990. Allozyme divergence and evolutionary relationships among P.
deltoides, P. nigra, and P. maximowiczii. Genome 33:44-49.

Simon, M. L. Zsuffa and D. Burgéss. 1990a. Variation in N, P, K status and nitrogen efficiency in
some North American willows. Can.J.For.Res. Vol. 20(12):1888-1893.

Simon, M., L. Zsuffa and D. Burgess. 1990b. Sludge and fertilizer treatment effects on willows.
In: Proc. IUFRO XIX World Congress, Vol. 2. Poster Abstract, Montreal 5-11, August
1990. p. 475.

Stoehr, M.U. and L. Zsuffa. 1990a. Genetic evaluation of haploid clonal lines of a single donor
plant of Populus maximowiczii. Theoretical and Applied Genetics. 80:470-474.

Stoehr, M.U. and L. Zsuffa. 1990b. Induction of haploids in Populus maximowiczii via embryo-
genic callus. Plant Cell Tissue and Organ Culture. 23:49-58.

Stoehr, M.U., Mantang Cai and L. Zsuffa. 1989. In vitro plant regeneration via callus culture of
mature Salix exigua. Can. J. For. Res. (19):1634-1638.



OREY

White, E.H., L.P. Abrahamson, R. Kopp, C.A. Nowak, L. Zsuffa and R.L. Gambles. ’1991.
Biocnergy plantations in Northeastern North America. In: Proc. Energy from Biomass
and Wastes XV, IGT, Washington, D.C., March 25-26, 1991, 11 pp.

White, E.H., L.P. Abrahamson, R. Kopp, C.A. Nowak, L. Zsuffa and R.L. Gambles. 1990.
Increased willow biomass yields by breeding, fertilization and irrigation. In: Energy
from Biomass and Wastes X1V, IGT. 17 pp.

Zsuffa, L. 1991. Multipurpose tree production systems - needs and considerations. World
Resource Review 2(2) (in print). .

Zsuffa, L. 1991. Pest resistance by ideotype breeding. Abstract. North American Forest Insect
Conference, March 25-28, 1991, Denver, Colorado.

Zsuffa, L. 1990. Experiences in vegetative propagation of populus and Salix and problems
related to clonal strategies., In: Proc. Symp. on Rapid and Mass Propagation of Trees.
CASAFA/ICSU, Paris, November 29 - December 1, 1989.

Zsuffa, L. 1990. Multipurpose tree production systems - needs and considerations. International
Conference on global warming, Chicago, April 9-12, 1990.

Zsuffa, L. 1990. Genetic improvement of willows for energy plantations. Biomass 22(1-4):35-47.

Zsuffa, L. 1989. Northern mixedwood research - implications of genetic improvement (Invited
paper). Northern mixedwood 89 - Fort St. John, B.C., Canada. Sept. 12-14, 1989.
Forestry Canada. 15 pp. :

Zsuffa, L. 1989. Ideotype trees for multipurpose agroforestry systems. In: Multipurpose tree
production systems, Proc. IUFRO P.1.09.00 Workshop, Beijing, China, September 5-7,
1988. Swed. Univ. Agr. Sci., Dept. Ecol., Report 46: 78-92.

Zsuffa, L. and F.A. Aravanopoulos. 1989. Genetics and breeding of Salicaceae at the University
of Toronto. In: Proc. IUFRO 5.2.02.10, Hann. Munden, Germany, Oct. 2-6, 1989: 1-11.

Zsuffa, L. and R.L. Gambles. 1989. The biomass production task of the International Energy
Agency Bioenergy Agreement 7th Canadian Bioenergy R&D Seminar, Ottawa, April
24-26,1989. Canada Dept. Energy Mines and Resources. Invited paper. 11 pp.

Zsuffa, L., L. Sennerby-Forsse, H. Weisgerber and R. Hall. 1990. Strategies for clonal forestry
with poplars, aspens and willows. In: Ahuja, M.R. and W ]. Libby, Eds. Clonal
Forestry: Genetics, biotechnology and application. Springer Verlag. (In print).

Zsuffa, L., B. Beatson and B. Vanstone. 1990. The genetic improvement of North American
willows for energy plantations. In: Proc. IUFRO XIX World Congress, Vol. 2. Voluntary
Paper Summary, Montreal 5-11, August 1990. p.446.



(115)

MANITOBA'S TREE IMPROVEMENT PROGRAM,
PROGRESS REPORT

J. Dojack
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The provincial tree improvement strategy was published in 1991. Tree
improvement programs have now been established for the primary species in the most active
breeding zones of Manitoba. The jack pine (Pinus banksiana Lamb.) improvement program was
initiated in 1967 by Forestry Canada. Black spruce (Picea mariana (Mill.)B.S.P.) and white
spruce (Picea glauca (Moench) Voss) programs have been established by the Manitoba Forestry
Branch (M.F.B.) and through the Manitoba Tree Improvement Co-operative with Abitibi-Price
Inc., Repap Manitoba Inc. and M.F.B. This report highlights the progress which has occurred
from the summer of 1989 to 1991.

JACK PINE

The 15-year measurements of the Eastern Breeding District family test were
analyzed in 1990. Due to changes in family rankings, from the 10-year measurements, and the
need to expand the pedigreed seed orchard to 10.0 hectares, additional crosses were conducted
within the family test in 1990 and 1991. Seed from these crosses is also being used by Forestry
Canada in a Western gall rust (Endocronartium harknessii) resistance study. The 20-year
measurements of the family test will be completed in the fall of 1991 and used to identify the
single-pair matings to establish the second generation improvement program.

Survival and growth of the mass selection seed orchards established in the
Northern (1986) and Interlake (1987) Regions of Manitoba has been exceptional. The first
roguing of the Northern Region orchard will occur in the fall of 1991 with 50% of the trees
removed based on their performance on the orchard
site.

BLACK SPRUCE

A lack of precipitation in Southern Manitoba during the period of July 1989 to
January 1990 resulted in severe desiccation damage to the Southeast Breeding Zone family test
plantations. Survival dropped from 98% after two years to 68%. To offset the damage,
replications were refilled from on-site spares and ten new replications will be established in
1992. The need for strict vegetation control in family tests is now balanced against the benefits
of initial shading during carly establishment, particularly in the southern half of Manitoba.
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The 7.5 hectare black spruce seedling seed orchard for the Abitibi-Price: M.F.B.
co-operative program was planted in 1990. Survival rates for the orchard and three family test
plantations remain above 90%. In addition, dead trees are refilled for the first two years from
spares planted on site. '

Two - 2 hectare mass selection seed orchards have been established in the
Interlake Region of Manitoba in the spring of 1991. This lower cost improvement program has a
single tree from each of 400 families planted in a replication, with 32 replications per site.
Each replication is divided into 4 blocks which are planted at a 1 metre X 1 metre initial
spacing and surrounded by a 3 metre access corridor. Every 4-6 years 50% of the trees are rogued
based on their performance on the orchard site.

Three black spruce family test plantations were established in 1990 as a part of
the Repap: M.F.B. co-operative program. A fourth site has been planted in 1991 to offset initial
losses on two of the original sites, resulting from inappropriate site preparation and stressed
planting stock. A 7.5 hectare seedling seed orchard was also planted in 1991 completing the
establishment phase of the co-operative program for the Saskatchewan River Breeding Zone.

WHITE SPRUCE

An open-pollinated progeny test was established on four sites in the Mountain
Breeding Zone in the fall of 1989. There are 15 replications per site using single tree plots from
cach of 336 families. Each site is fenced to prevent browsing damage. Scions from the plus trees
have been grafted with the aim of establishing a 4.5 hectare clonal orchard in 1993.

SUMMARY

The first phase of the provincial tree improvement strategy has been
established. The sécond phase involves establishing co-operative programs for the second
priority species and breeding zones, as well as supportive research. The supportive research is
expected to be completed by Forestry Canada through the Canada- Manitoba Partnership
Agreement in Forestry. However, implementation of the second priority improvement programs
is expected to be delayed until new co-operative programs are approved.
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After 12 years of jack pine (Pinus banksiana Lamb.) tree improvement
operational seed requirements are being met, a phase of breeding work has been completed, and
initial 10 year results indicate a 7.5% volume gain and significant genotype/environment
interaction. After 8 years of white spruce (Picea glauca (Moench) Voss) tree improvement most
operational seed needs are being met and progeny tests of 1st generation selections are still being
established. A low key aspen program is being evaluated.

JACK PINE PROGRAM

Operational injections of GA4 /7 in an 8 ha clonal orchard are being used to boost
cone production, and the 1992 orchard harvest should meet all operational seed needs. In the
meantime seeds are collected from both selected stands and trees to supplement orchard
production.

A set of tests to evaluate the performance of clones in the orchard over the sites
found in our operating area was started in 1991.

A breeding program among orchard clones was completed in 1991, and the first
full-sib seedlings resulting from that work have been outplanted.

The oldest of a series of progeny tests of 200 other selections were measured at
10 years. On a family basis the correlation between 5 and 10 year volume was strong (r?=.88),
but the sclected individuals within those families changed greatly. Volume gain of select
verses non-select trees was 7.5%. There was a significant family genotype/environment
interaction shown over the sites tested on. An average of 2 pilodyn readings correlated well
with the relative density of wood discs taken at the same height on an individual tree basis
(r?=.735), and relative density was taken into consideration when making 10 year selections.
Ten year selections have been grafted, and breeding among them to get 3rd generation seed to
test will begin as soon as the grafts are large enough.

WHITE SPRUCE PROGRAM

Early cone production in a 7.2 ha clonal orchard is supplemented by collections
from an cstablished seed production area and sclect trees, so that most operational seed needs
are being met through the tree improvement program.

Three sets of progeny tests from over 200 other selections have been established,
and a 4th set of tests will be established as soon as the required cones are produced on the select
trees.
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ASPEN

A low level of participation in aspen tree improvement has been ongoing for 3
years, and is being cvaluated in light of foreseeable silvicultural practices.
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The primary objectives of the tree improvement program at the PFRA
Shelterbelt Centre is to develop genetically superior tree and shrub species for shelterbelt
planting in the prairic provinces of western Canada. From 1989 to 1991 this program has
focused on Pinus sylvestris, Larix sibirica, Fraxinus pennsylvanica, Quercus macrocarpa and
Celtis occidentalis.

PINUS SYLVESTRIS

Two full-sib, and three half-sib progeny tests as well as a clonal seed orchard
were established in 1990. The seed orchard includes twenty clones arranged in a systematic
design. In 1991 a half-sib progeny test of ten families from seed collections in the USSR was
planted.

LARIX SIBIRICA

Five year assessment of a Siberian larch provenance test was completed in 1989.
Mean height of the planting was 214 cm. The best source originated from Ivanovskaya oblast
(Lat. 57.00°N, Long. 42.30E). Height of this source exceeded the plantation mean by 18
percent. Range wide provenance tests were established at four sites in Manitoba,
Saskatchewan and Alberta in 1991.

FRAXINUS PENNSYLVANICA

Provenance testing of green ash is underway at six locations in the prairie
provinces. Detailed studies are underway investigating water relations of green ash. The
objective is to investigate genetic variation in seasonal stomatal conductance, leaf water
potential and dehydration tolerance of five green ash populations.

CELTIS OCCIDENTALIS

A provenance test which sampled the native range of hackberry in the northern
Great Plains of North America was established in southern Manitoba. The objectives of the
test are to: (1) identify the extent and patterns of genetic variability in hackberry; and (2)
identify the seed sources of hackberry best adapted for planting in southern Manitoba.
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QUERCUS MACROCARPA

A provenance test which samples the native range of bur oak in the North
American Great Plains is being co-ordinated by the Shelterbelt Centre. The co-operative study
will include two provinces and eight states. Objectives of the test are: (1) to determine the
nature and extent of genetic variation present among open-pollinated progenies of bur oak from
selected sources in the Great Plains; (2) to identify best adapted sources of bur oak for planting
in the Great Plains; and (3) to provide germplasm that can be used for selection and trait
improvement as well as advanced generation breeding. Seed collection areas have been identi-
fied and collection will be initiated in fall 1991.
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MATING SYSTEM, POPULATION STRUCTURE, SPECIATION, AND SYSTEMATICS

Isozyme Genetics: Agnes Vanede completed her Ph.D studies, "Analysis of Gene Flow in
Populus Species Using Flavonoids and Isoenzyme Markers”, under the joint supervision of Bruce
Dancik and Keith Denford (Botany). Hong Zhu completed his Ph.D studies, "Extracellular
Acid Proteinase of an Ectomycorrhizal Fungus Hebeloma crustuliniforme: Characterization,
Regulation and Function”, under the joint supervision of Bruce Dancik and Ken Higginbotham.
PDF Yang Rong-Cai and Francis Yeh developed the algorithm that considered repulsion and
coupling phase gametic disequilibrium to analyze multilocus association in natural popu-
lations. Yang Rong-Cai is also studing mating system and multilocus population structure in
Cunninghamia lanceolata.

Molecular Genetics: Graydon Smith is continuing his M.Sc studies of phylogenetic relationships
in the Pinus contorta Dougl. complex using chloroplast DNA. John Barrett under the joint super-
vision of Bruce Dancik and Curtis Strobeck is continuing his Ph.D studies on the organization
and structure of light-harvesting chlorophyll a/b binding genes in P. contorta Dougl. complex.
PDF Om Rajora completed his studies on inheritance and variation of mitochondria and
chloroplast DNA in Populus.- PDF Jane Sampson completed introgression studies of Picea glauca
(Moench) Voss with P. engelmannii Parry using chloroplast DNA. Research Associate Ken
Egger continued studies on population variation of rDNA intergenic spacer length in Populus
tremuloides. Technologist Mary Aleksiuk, Dancik, and Yeh completed a systemtic study in
conifers using non-radioactive labelled chloroplast DNA. Chloroplast DNA studies of

P. contorta Dougl. and P. banksiana Lamb. with Dave Wagner, University of Kentucky,
continue.

Funds for these studies have been provided by NSERC operating and Forestry
PDF grants, and Forestry Canada.

TREE IMPROVEMENT

Very Early Evaluation: Bruce Dancik, Richard Pharis (Calgary), Francis Yeh, and PDF Israel
Jiang completed studics of very early (90-180 day) genetic evaluation of several Pinus spp.
Ph.D student Wu Xiaming completed the experimental phase of his early genetic evaluation in
Pinus contorta spp. latifolia (120 open-pollinated families). He is continuing with the
statistical analyses and interpretation.
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Breeding: Wu Xiaming is developing theoretical components for early selection in Pinus
contorta spp. latifolia. lsracl Jiang and Francis Yeh completed a study of genotype-environ-
ment interaction useful for advanced-generation breeding of Pseudotsuga menziesii (Mirb.)
Franco. Luiz Kulchetscki under the joint supervision of Francis Yeh, Vic Lieffers, and Trevor
Thorpe (Calgary) is continuing his Ph.D studies of micro-propagation in Abies amabilis
(Dougl.).

Tree Improvement Specialist Sally John is continuing a collaborative project
with forest industries in Populus tremuloides and is continuing studies of phenology and pollen
dynamics to monitor how much outside pollen enters the Alberta Tree Improvement
Cooperative seed orchard at Huallen.

Funds for these studies have been provided by NSERC strategic grant, Alberta
Forest Development Research Trust, and Alberta Forest Products Association and Alberta Forest
Service under the NSERC University-Industry Program.
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Analysis of 15-year jack pine family test data, multiple-trait combined
selection, and pair mating of selected family test trees to produce seed orchard progenies have
been the main focus of the program for the past two years.

Measurement data to 15 years from planting have been analyzed for the eastern
breeding district (EBD), in southeastern Manitoba, and the western breeding district (WBD), in
central and western Saskatchewan. In addition to height and diameter, data were analyzed for
stem quality, infection by western gall rust (gall counts provided by Dr. Y. Hiratsuka), and
wood density estimated from Pilodyn determinations. Gall counts were transformed to propor-
tionate ranks prior to analysis, to reduce the departure from normality. Heritability of family
means, of mass selection of individual trees, and of within-family selection, were calculated for
height, diameter, stem quality, and rust gall rank. Only family heritability was calculated
for wood density.

A scoring system was developed and applied to the trees in the two family
tests. Family means and individual values for the various traits were expressed as deviations
from a mean divided by a standard deviation. Each such standardized effect was multiplied by
the applicable heritability to produce a score component. Fractional weights were applied
subjectively to achieve appropriate proportions of trait contributions to total score. Score
records for trees with promising scores were sorted and ranked, excess records deleted, and a list
of 48 selected trees produced. Only one trec was selected in any family, but back-up trees in the
same families were also listed, for use when a selected tree was found to be dead, damaged, or
not really as good as described.

Different versions of the scoring system were applied to select seed orchard
parents in the western (1990) and central (1991) Saskatchewan plantations of the WBD family
test, and in the EBD plantations in 1991. For the EBD, more gain was available from a combined
select list from two neighboring southerly locations (Lones and and Marchand) than from the
northern (Stead) plantation select list. Selected trees were paired assortatively in 1990 and for
the EBD. For the 1991 WBD mating, the 1990 pairing was used for trees of families selected
both times.

The two years' crosses in Saskatchewan should yield sufficient seed from an
adequate number of unrelated parent pairs for planting a pedigreed seedling seed orchard in
1992. Related progenies will be treated as though they were ramets of the same clone. Another
year of mating may be needed to provide seed from enough matings to plant the last 4 ha of
castern breeding district seed orchard. The first 6 ha were planted in 1988 with progenies of
family test trees selected on 10-ycar performance. Genetic gain was 11-14% for volume at 15
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years, 7-9% for stem quality rating (on a 1-5 scale) and 6-32% for rust gall rank, depending upon
the level of infection. Wood density was virtually unchanged.
PUBLICATIONS
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This report summarizes the progress of the Alberta Forest Service (A.F.S.)
genetics and tree improvement programme for the period 1989-1991.

PROGRAMME DEVELOPMENT

A comprehensive review of breeding regions delineated in the late 70's was
carried out in order to update technical planning and to accommodate new Forest industry in the
cooperative trec improvement program. The program was finalized into ten breeding regions
which were designated to various genetic improvement projects in the following manner: five
for white spruce (Picea glauca), four for lodgepole pine (Pinus contorta var. latifolia) and one
for Douglas-fir (Pseudotsuga menziesii var. glauca) . In addition, two more breeding regions
were identified for possible future projects. Discussions are continuing with concerned new
industry (ANC Timber Ltd., Alberta Pacific Forest Industries Inc., Daishowa Canada Co.,
Millar Western Industries Ltd., and Weyerhacueser Canada Ltd.) to finalize cooperative cost
and work sharing arrangements for various projects.

Due to rapid forest industry development in Alberta and enhanced forest
regeneration standards implemented earlier this year, provincial nursery production needs are
expected to increase from 30 million seedlings to 103 million seedlings annually by 1995. In view
of this, tree improvement program emphasis was shifted from establishing additional new
seed orchards to expansion of existing seed orchards in order to meet revised seed production
requirements. A new project was established for selection and breeding of trembling aspen
(Populus tremuloides) and poplar hardwoods. The work will focus on specific regions of Alberta
with more emphasis on aspen.

GENETIC IMPROVEMENT

Assembly of Breeding Stock

Field selection of superior trees to provide base material for Alberta Forest
Service (A.F.S.) as well as A.F.S./Industry cooperative genetic improvement projects continued.
As part of A.F.S. responsibility projects, a total of 70 trees were selected in Douglas-fir ,
lodgepole pine , black spruce (Picea mariana), western larch (Larix occidentalis), white spruce,
and tamarack (Larix laricina). As part of the A.F.S./Industry cooperative projects, a total of 55
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white spruce and 25 lodgepole pine trees were selected jointly with Blue Ridge Lumber,
Canadian Forest Products, and Weldwood Canada.

Superior tree selections are invariably evaluated for wood density and fibre
length. Results of wood quality evaluations carried out during the 1989-91 period are
summarized in Table 1.

Table 1.  Summary of Wood Density and Fibre Length by Species for Period 1989-91.

NUMBER OF DENSITY FIBRE LENGTH (mm)
SPECIES TREES Mean + SE Mean + SE
TESTED (Range) (Range)
White Spruce 52 0.328 + 0.003 3.09+0.01
(0.280 - 0.374) (2.70 - 3.57)
Lodgepole Pine 44 0.408 + 0.004 2.66+0.04
(0.360 - 0.467) (2.17 - 3.06)
Douglas-fir 14 0.423 £ 0.007 2.76 + 0.08
(0.381 - 0.480) (2.09 - 3.18)
Black Spruce 3 0.375 + 0.011 2.63+0.25
(0.356 - 0.402) (2.03 - 3.04)
Trembling Aspen 29 : 0.380 + 0.003 N/A
(0.345 - 0.412)

Genetic Testing

As part of lodgepole pine genetic improvement for breeding region "B2", two
open-pollinated half-sib family field trials were cstablished jointly with Procter and Gamble
Cellulose in spring 1990. The trials contained 453 - 455 families. Experimental design is sets in
reps randomized complete blocks using single tree plots.

Field measurements and data analysis were carried out on two sets of lodgepole
pine half-sib family field trials. Each set contains four test sites corresponding to breeding
regions "B1" and "C" which were outplanted in 1981 and 1982 respectively. The results from
"B1" trials will be used to carry out a first rogueing in the seedling seed orchard established by
Canadian Forest Products and Procter and Gamble near Grande Prairie. Region "C" trial results
will be used to cull about half of the poorest performing seedlots. The remaining seedlots will
be used to produce planting stock for a seed orchard to be established by Blue Ridge Lumber in
1993.

Seed Orchards

Fill-in planting of grafts continued for regions "E", “G" and "H" seed orchards
which were started in 1988-1989. Stock production has commenced for a region "D" white spruce
sced orchard to be established by Blue Ridge Lumber in 1993. Douglas-fir and western larch
seed orchards established in 1989 suffered severe winter damage and mortality. These
orchards were established as part of the Jumping Pound Demonstration Forest in Kananaskis
Country. Upon review, it was decided to drop the production seed orchard from the
Demonstration Forest concept and re-establish them at a climatically and edaphically more
suitable location. For this, a new site was chosen at Brooks in southeastern Alberta and new
grafting to produce orchard planting stock is in progress.

Detailed site evaluations were carried out on several land parcels in order to
find suitable sites for two regional seed orchard developments. One land parcel near
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Whitecourt was selected for the cooperative seed orchard to be developed by Blue Ridge
Lumber. A soil survey of the site was completed and site development is in progress.

Flowering and cone production monitoring continued on one lodgepole pine and
four white spruce seed orchards. A stratified randomized sampling design with six percent
intensity is being used at present. Flowering and cone production during 1990-1991 were very
light.

GENETICS AND TREE IMPROVEMENT RESEARCH

Species Testing

As part of the Alberta tree improvement program, species testing has been in
progress for nearly 13 years. Results so far have provided several promising leads which will
be pursued with more detailed testing. It was decided that further work on exotics will
concentrate on Siberian larch (Larix sibirica), Scots pine (Pinus sylvestris) and red pine (Pinus
resinosa).

The native species testing program is primarily focusing on interior Douglas-fir
to probe the possibility of extending its planting range northward to central Alberta.

Three Scots pine field trials were established with selected seed origins from
the U.S.S.R. The seedlots in these trials correspond primarily to geographic origins that
performed well in earlier Alberta field trials. Individual open-pollinated single tree seedlot
identity was maintained in these trials to provide the opportunity for selection and breeding.
Three additional Scots pine trials were established with seedlots from Sweden and Poland.
Many of these seedlots are from seed orchard seed collections. All trials contain local
lodgepole pine or jack pine as ‘check’ seedlots.

Red pine testing was narrowed to three seed sources from north western Ontario
and northern Minnesota. A nursery trial was established in 1990 to screen out less winter hardy
trees prior to field outplanting.

Triploid hybrid aspen trials were established at four sites in northern Alberta.
Planting stock for these trials was obtained from Blandin Paper Company in Minnesota. The
northern most trial was located near Peace River and was established cooperatively with
Daishowa Canada.

Douglas-fir scedlings grown with seed collected from more northern stands in
Alberta was cstablished at Pine Ridge Nursery in central Alberta for winter hardiness
screening.

Provenance Studies

Twelve year assessment of a Canada range-wide white spruce provenance trials
established in central Alberta was completed. Results showed that the top ten fastest growing
provenances originated from southern Manitoba, Ontario, or Quebec. These were significantly
taller than the best local provenance in the test. Best height growth was shown by a
southeastern Manitoba seed source which was 20% taller than the best local provenance. There
were no significant differences in survival among provenances. In light of these interesting
findings, white spruce provenance testing with promising non-local seed sources was expanded.
A new series of provenance trials were planned and nursery sowing is completed for the first set
of trials to be field planted in 1993. In addition, several operational white spruce seedlots were
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oblained from southcastern Manitoba. These were sown in the nursery to produce planting stock
for large block plantings to be established on a number of operational reforestation sites in 1992.

Field measurements and data analysis continued on a series of white spruce
provenance trials established across the province from an Alberta-wide collection made during
1980-83. A research contract was established with Dr. E.K. Morgenstern of the University of
New Brunswick to review provenance work in Alberta and to assist with developing seed zones
and new seed movement guidelines for operational reforestation in the province.

Field outplantings were done for four black spruce, 5 Douglas-fir and three
lodgepole-jack pine (Pinus banksiana) provenance trials. These trials contain a collection
varying from 8 to 36 Alberta wide seedlots.

Seed Production and Wood Quality Studies

A study was carried out to assess suitability of the pilodyn in evaluating wood
density of trembling aspen ortets prior to ficld selection. A total of 29 mature aspen trees spread
over 25 square kilometres in central Alberta were sampled. The trees ranged in age from 36 to 79
with an average of 57 years. Pilodyn pin penetration measurements were taken from individual
trees with a 12 joule unit. Wood discs were also collected from the same trees at dbh for lab
evaluation of wood density. The results showed a strong relationship ( r = 0.87 ) between
pilodyn pin penetration readings and relative wood density. The predictive regression
equation was Y = 0.5615 - 0.0063X , where Y = relative density and X = pilodyn pin penetration

in mm. The R? value for the model was 0.76.

An earlier experiment on supplemental pollination of lodgepole pine in a
rescarch seedling seed orchard was repeated. The results showed that supplemental
pollination increased the average number of seeds per cone by 56 percent over wind pollination
alone. These results were consistent with results from the first experiment which showed 44
percent increase in number of seeds per cone due to supplemental pollination. However, in both
experiments, seed produced by wind pollination alone was slightly (7 percent) heavier than
supplemental pollinated seed.

Due to space required for construction to expand the greenhouse complex at Pinc
Ridge Forest Nursery, a large part of the research seed orchards and several other seed
production research trials had to be moved to a new area. This was done in September, 1990
with large tree spades. All trees survived the move and a new study was set up to monitor any
effect transplanting may have on flowering and seed production.

RARE AND EXCEPTIONAL STANDS

A pilot Rare and Exceptional stand project to identify stands exhibiting
exceptional phenotypic traits or rare characteristics was initiated in 1986 in Slave Lake Forest
asa C.A.FR.D.A. project. The purpose was to develop a methodology that could be expanded
to other Forests and used to designate rare and exceptional stands to be protected as gene pool
reserves for long term conservation. Under this program five exceptional white spruce stands,
one rare black spruce and one rare tamarack stand were identified and reserved in Slave Lake
Forest.

Since this initial project, the program has been conducted on a less ambitious
scale with the designation of three exceptional and one rare Douglas-fir stands for the period
1988-1991.
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The intent is to try and streamline the stand survey process and integrate the
project as part of operational superior stand identification projects within Forests.

PLANT PROPAGATION AND SEED TECHNOLOGY

During the report period stock production consisted of 74,022 seedlings, 4907
grafts, 6560 potted rootstock trees, and 160 stecklings. The grafting program consisted mainly of
white spruce and lodgepole pine with a total of 2521 grafts and 1560 grafts respectively being
completed over the report period. A 65% success rate was achieved with white spruce, and a
90% success rate with lodgepole pine. Other species grafted were Douglas-fir, western and
Siberian larch, black spruce and Scots pine.

A total of 382 seedlots were added to the genetics seed bank. A large percentage
of these seedlots were deciduous (aspen, balsam poplar (Populus balsamifera) and plains
cottonwood (Populus deltoides var. occidentalis). The seedbank presently contains 3349
scedlots.

Quality of scedbank seedlots continues to be monitored annually by testing a set
of reference seedlots representing about 2% of scedbank entries. White spruce mean germination
has declined from 91% in 1981 to 86% in 1991; lodgepole pine mean germination has declined
from 87% in 1981 to 80% in 1991. New seedlots are added to the testing program every five years
to replace depleted seedlots and to keep the sampling level at about 2% of total seedbank
entries. Trembling aspen and white birch (Betula papyrifera) seedlots were also added this
year to reflect thexr growing importance in the seedbank.

The ultra-low temperature seed storage study, started cooperatively with the
National Tree Seed Centre at Petawawa, is now in its third year. Average germination for
white spruce after 3 years at - 80° C is 80% compared to a "baseline" average germination of
82%. For lodgepole pine, average germination is 82% compared to an average "baseline”
germination of 84% However, after an artificial aging treatment, average germination of
white spruce was reduced to 42% and that of lodgepole pine to 19%. Notably, lodgepole pine
germination was better for the non-stratified control (41%). The study will be continued for one
more year although from results to date it is evident that -80° C storage temperature does not
offer any advantage over conventional -20° C storage and may in fact be detrimental to white
spruce and lodgepole pine.

Another cooperative research study was carried out with the National Tree
Seed Centre on the effects of cone scorching on germinability, vigour and seed extraction
cfficiency of lodgepole pine seeds in Alberta. Results indicated that a 1.5 minute scorching
treatment at 220° C was the most desirable relative to other treatments. High extraction
cfficiency and high overall germinability were shown. It was also found that kilns which do
not allow for immediate removal of released seeds from the high temperature environment
(such as the kilns at the Genetics and Tree Improvement Centre in Alberta and at Petawawa
National Forestry Institute) cause significantly lower sced vigour in comparison to kilns which
allow released seeds to drop out of the kiln immediately. In view of these results,
modifications of our extraction system are being considered.
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FIRST GENERATION BREEDING PROGRAM

The primary test group of the first generation Douglas-fir (Pseudotsuga
menziesii (Mirb.) Franco) breeding program consists of 372 parents mated in 62 six-tree modified
half-diallels and tested across 11 sites per series, for a total of 88 sites established between
1975 and 1985. Sclections are 75% complete for an advanced generation seed orchard which is
currently being established near Bowser on Vancouver Island. A selection index approach using
volume and pilodyn wood density, followed by field assessments of form on a selected group, is
being used.

Maintenance and periodic assessment of other tests continues. These include
wide crosses (28 sites), factorial (2 sites), open-pollinated tests (10 sites), polycross tests (2
sites) as well as a material such as inbreds and provenance collections. This material will
continue to provide information to guide the program, be used for associated research projects
and, in combination with the diallel program, generate material for advanced generation
breeding.

ADVANCED GENERATION BREEDING PROGRAM

To date, most advanced generation selections are from the diallel program, and
are based on a selection index procedure using 12-year volume and pilodyn wood density. Stem,
branch and top form traits are assessed on a select group prior to making the final breeding
population selections.

The advanced generation program will incorporate a complimentary mating
design, with polycross tests to estimate parental GCA values and family blocks for selection
forward to the next generation. Sublines are being used to control coancestry. A potted breeding
arboretum and cone induction techniques will be used to shorten the breeding phase.

SUPPORT RESEARCH

In addition to the main breeding program, a support research program continues.
Projects include early selection, age-age correlations (cooperation with S. Magnussen, Forestry
Canada), wood quality assessment, harvest index and propagation/rootstock incompatibility.
Superior clones in the cloncbanks are also being mated on a large scale for operational seed
production.
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Compiletion of the seed transfer guidelines for both the coastal and interior
species (British Columbia Ministry of Forests 1989/90) represents one of the major contributions
from the provenance research program. Silviculture staff need these guidelines to ensure the
use of adapted and productive seed sources in reforestation. '

We have identified provenances highly resistant to the white pine weevil
(Pissodes strobi) from Haney, near Malcolm Knapp Rescarch Forest of University of British
Columbia, Big Qualicum of eastern Vancouver Island, and also those from the Sitka-white
spruce hybridication zone. Trees from Haney and Big Qualicum are also fast growing,.
Provenance differences in weevil resistance have been verified in a clonal trial suggesting a
strong genetic component (Ying 1991). Use of source materials resistant to the white pine
weevil, the most damaging pest to Sitka spruce plantations, may help renew the planting of
this magnificent and valuable timber species in the coastal region of British Columbia.

Six year results of a range-wide provenance testing of noble fir (Abies procera)
showed no discernable pattern of geographic variation. But a north-south latitudinal and low-
high elevational pattern was evident in ten year results of a grand fir (Abies grandis)
provenance testing; north and low elevation provenances grew faster and less susceptlble to the
needle disease (Uredinopsis longimucronaia). ‘

Opportunity arose last year for genetic research in hardwood species which
saw the initiation of the red alder (Alnus rubra) provenance study.

Emphasis on provenance rescarch will gradually shift to hardwood and other
‘minor’ species, and problem-solving research. But we will continue to monitor the long-term
provenance tests which is extremely important to the uncertain future about climate change.
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YELLOW-CEDAR

A tree improvement strategy involving clonal forestry has been developed for
yellow-cedar (Chamaecyparis nootkatensis). Genetic tests, using offspring from parent trees
mated in 8-clone disconnected, partial, circular diallels, will be clonally replicated and will
serve the dual purpose of providing selections for an advanced generation breeding population
and information for selection of improved clones for production. Parent trees were selected in
the late 1970's and are currently represented in two seed orchards and a breeding orchard. Six
diallels were completed in 1991 (out of a total of 24 proposed) and the first genetic test will be
planted in 1994/95. Two years of physiological and morphological data from the yellow-cedar
short-term genetic architecture and adaptability study has been collected and preliminary
seed transfer guidelines should be developed by early 1992. Seed has been sown for six long-
term provenance field tests to be planted in 1991/92.

RED CEDAR

Past research has indicated that redcedar (Thuja plicata) has minimal
isozyme variability (Yeh 1988), a low outcrossing rate in seed orchards (El Kassaby unpubl.
data), and no inbreeding depression in seed traits (Owens et al 1990). Studies have been
initiated to address the above findings using a larger genetic base and measuring seedling
growth and adaptability. Field trials have been established with 100 open-pollinated
families from a clonal seed orchard. These trials will be periodically measured for growth,
form, and survival. Forty of the above clones were both selfed and mated with a 10-clone
polymix. Seed has been collected and sown for an adaptability study (growth rhythms, frost
hardiness, water relations) and field trials (growth and survival). It is anticipated that early
information from both trials, as well as that from supporting research, will determine if genetic
improvement is feasible, and if so, the appropriate strategy.

REFERENCES
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PACIFIC NORTHWEST COOP FOR WESTERN HEMLOCK IMPROVEMENT

Commercial activity for western hemlock is concentrated mainly in coastal
areas of the Pacific Northwest where natural regeneration is often prolific. In order to make a
plantation hemlock program worthwhile, genetic gain will have to be pursued aggressively but
economically. This can be accomplished by capitalizing on extensive past investments in
western hemlock progeny testing. Because this past investment is spread throughout Oregon,
Washington and British Columbia it is proposed that a western hemlock tree improvement
coop (HEMTIC) is formed under the umbrella of the Northwest Tree Improvement Cooperative
(NWTIC). Major initiators in this effort have been John King (BCMoF, Victoria BC) and Jess
Daniels (DNA, Centralia WA) and members will include most of the major industry and
government agencies in the Pacific Northwest. This coop has a genetic resource comprising over
2000 progeny tested families from northern Oregon to Northern Vancouver Island which are
from one to twenty years of age.

An advanced generation program for western hemiock is currently being
initiated and incorporates two phases: the first is the use of this current extensive progeny
testing for a broad based family screening, and the second is the use of this first phase to
construct an advanced phase breeding population for recurrent selection. These two phases are
not necessarily sequential; advanced phase selections and crossings are currently being made at
the same time as new first phase parents are being established for screening in progeny tests.
Until more information is available on juvenile mature correlations, the work of the breeding
program is spread out over a breeding cycle generation of 15 years.

One of the important initial considerations in planning the development of this
advanced generation brecding program for western hemlock has included investigations of
natural genetic variation and the determination of regional boundaries to ensure the breeding
population is based on genotypes adapted to local growing conditions.

GEOGRAPHIC VARIATION

An investigation of most available information on geographic variation
patterns for western hemlock has been made (King 1990). Of available information
investigated, including the three open pollinated (OP) progeny test series of the BC Ministry of
Forestry (BCMoF), and published material from Oregon and Washington (Foster and Lester
1983), only one of these series of experiments showed significant site x family interaction
indicating genotype x environment interaction (GEI). Significant GEI was present in the first
series OP test (BCMoF) and this was due to strong clevational contrasts between sites (150-
1100m) (King 1990). Significant and strong positive family mean correlations existed between
the low clevation sites in this series (<600m) as well as between high elevation sites (>600m).
But there were non-significant (P<.05) or significant negative family mean correlations betwcen
high and low elevation sites. Conclusions reached were that altitude above 600m might be a
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deciding factor for breeding zone delineation but latitude in the broadly defined region of South
Coastal BC is not a factor.

The other information that has helped in decision making in regards to
defining breeding zones is research by Kuser and Ching (1980, 1981). This was a common garden
experiment of seedling growth and frost tolerance from a wide range of provenance sources. In
summarizing the data presented, no trends were observed for a broadly based region defined as
low elevation (<600 m) from North Vancouver Island (51°) to the Columbia River (46°) (King
1990). This is the area where most commercial interest for intensive silviculture (includes
planting) with western hemlock is centred and where most of the past selections and progeny
testing has occurred.

Although this preliminary investigation would indicate breeding regions can
be defined large, the advanced generation plan is to structure the advanced phase program into
local population 'sublines' but have also have the ‘elite’ or top parents from each subline in an
overcrossing structure. Evidence from demonstration trials incorporating selected material and
unselected provenance material should help in defining regions for future rounds of breeding.

CURRENT ACTIVITIES

* 60 advanced generation selections per year based on height and volume from current tests.

* Measurements for wood density and pulpmg components from the ﬁrst series of hemlock
OP tests.

* Advanced phase crossing on re-selected parents. The first series of diallel crosses is about
2/3 complete. : :

* Establishment of 90 polycrossed first phase families
* Sowmg of more polycross families and re-selected full- 51b crosses for testmg and genetic
gain demonstration.
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GENETIC IMPROVEMENT OF WHITE AND ENGELMANN SPRUCE
Gyula K. Kiss

B.C. Ministry of Forests

The objective of this project is to produce genetically improved planting stock of
white and Engelmann spruce (Picea glauca (Moench) Voss and Picea engelmannii Parry).

PROGENY TRIALS

Six-year height measurements of 550 interior spruce progenies were completed
and evaluated (Kiss 1984). Results are utilized to screen seed orchards and establish advanced
generation breed populations.

We have started to process the information from the comprehensive controlled-
crossing program (entitled: Studies of white-Engelmann spruce genetics. Kiss 1984). The first
set of data confirmed and quantified previous observations regarding the deleterious effects of
inbreeding in white and Engelmann spruce (Kiss 1986). Outcrosses averaged three times more
filled seeds per cone than those of selfs. Outcrosses were 33% taller than selfs of the same
families at the time of outplanting. Surprisingly, there were no clear-cut differences in average
seed weight and germination percentages. In some families the selfs exhibited substantially
poorer germination percentages than the outcrosses but in others the reverse was true. This
inconsistency might be the result of the small sample used for germination tests. However, on
the average, the overall germination of the forty selfs was 6% lower than the average of the
outcrosses. Seed weight exhibited similar trends and the overall average seed weight of the
outcrosses was 7% greater than the corresponding scifs. In conclusion, the data demonstrated
that selfing significantly reduced the reproductive fitness in spruce and also reduced the first
years growth rate very significantly.

CONTROLLED CROSSING PROGRAM
Second generation matings are nearing completion for the Prince George
Selection Unit. 1991 was a poor year for cone production, thus only a minimal number of crosses
was made.
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FOREST GENETICS ACTIVITIES AT
THE UNIVERSITY OF BRITISH COLUMBIA

John Carlson, Judy A. Loo-Dinkins and Donald T. Lester

Faculty of Forestry, Vancouver, B.C.

JOHN CARLSON

My group is involved in several biotechnology projects related to tree improve-
ment. The group presently includes two post-doctoral research associates (Dr. Lomas Tulsieram
and Dr. Vidhya Amarasinghe), one research technician (Victor Luk) and five graduate
students.

Genetic diversity at the DNA level

Jeff Glaubitz, PhD student, is using the molecular techniques of Polymerase
Chain Reaction for DNA amplification and sequencing to study genetic diversity in conifers. A
wide range of western red cedar populations is currently emphasized. The study will be
extended to white, Engelmann and Sitka spruce, lodgepole pine, dawn redwood and gingko.

Bundit Ponoy, PhD student, is using Restriction Fragment Length
Polymorphisms (RFLPs) to determine the extent of genetic variability in the mitochondrial
genome of Douglas-fir. These data are being collected from 100 families representing a wide
range of provenances in B.C. The molecular data are being compared with data on tree height,
diameter and volume to determine if traits that are strongly uniparentally inherited derive
from diverse cytoplasms.

Genetic maps for interior spruce

Dr. Tulsieram is responsible for our project on DNA markers for weevil resis-
tance in spruce. The first genctic linkage maps for interior spruce will be produced. When these
maps arc complete, we will have molecular genetic markers covering all 12 chromosomes. We
have taken the unusual approach of constructing genctic maps for each parent tree by analyzing
haploid DNA. We are distributing kits of oligonucleotide primers to other labs across North
America for use in the "RAPD" approach to genome mapping.

Garth Brown, PhD student, is constructing a molecular karyotype for white
spruce and related spruce species and hybrids. Thekaryotypes are constructed by the physical
mapping of DNA sequences onto white spruce chromosomes via fluorescence in situ
hybridization.

Genetic diversity in white pine weevil

In collaboration with John McLean, forest entomologist at UBC, we are
measuring the level of genetic variability between and among provenance collections of
Pissodes strobi from three populations of Sitka, Engelmann, and white spruce and their hybrids
using "RAPD" genetic markers. Dr. Aileen Wardle, a post-doctoral fellow with Dr. McLean,
has cstablished the technique with insects. The data will have implications for development
of pest resistant planting stock.
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Genetic engineering of Douglas-fir

Liwen Jiang, recent MSc graduate, has established a protocol for somatic
embryogenesis from callus cultures of Douglas-fir. He also has demonstrated direct DNA trans-
formation and is presently optimizing gene transfer via microparticle bombardment.

Confocal laser scanning microscopy (CLSM)

Dr. Amarasinghe will manage our CLSM facility as a community resource. We
will use CLSM, which reveals internal structure without physical manipulation, in molecular

karyotyping.
Lignin biosynthesis

Palitha Dharmawardhana, PhD student, is using CSLM to dissect the
pathway for lignin formation. Mutants of Arabidopsis will be used to identify important regu-
latory genes. This information will be used in parallel studies on lignin biosynthesis in popular
and spruce.

DONALD T. LESTER

Dr. Oscar Sziklai retired in December, 1989 and his position was filled by a
wildlife biologist. Dr. Judy Loo-Dinkins joined Forsetry Canada (Maritimes) in 1991. The
NSERC/ Industrial Chair in Forest Genetics and Tree Improvement will end in September, 1991.
At present, there are intentions to re-establish two positions in forest genetics but no formal
plans.

Program empbhasis of the Chair has been on inheritance of wood quality,
geographic variation in growth and physiological traits in genetically lesser known species,
wide crossing in spruce and issues of genetic quality in seed orchards.

Wood Quality

A study was completed on pith-to-bark profiles of relative density in young
Douglas-fir at 3 sampling heights. The objective was to determine whether increment cores
taken below the traditional 1.3 m would accurately reflect genetic relationships at d.b.h.
while producing higher juvenile-mature correlations as a consequence of more annual rings.

Data from cores collected at 0.7 m in the profile study were analysed for early-
wood and latewood components of relative density. Genetic correlations were used to classify
some trait pairs as compensatory (i.c. negatively correlated) while others were complimentary
(positively correlated). Correlations were interpreted in terms of demands for carbon during
different growth phases in the tree. Age trends were pronounced for some trait pairs.

Inheritance of shrinkage (longitudinal, radial, tangential), fibril angle, and
grain angle is the PhD topic of Mathew Koshy. For Douglas-fir, he has found rapid decline in
longitudinal shrinkage, and rapid increase in radial and tangential shrinkage as age from pith
increases. Genetic effects at the clonal and family level are strong but decline with age for most
traits. '
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Provenance and family variation

An MSc. thesis by Barbara Thomas covered cold tolerance in provenances and
families from western white pine seed collected in coastal and in interior U.S. and B.C.
Geographic variation in yellow cypress with emphasis on growth, and response to cold and
drought stress is the topic for a PhD project by John Russell. Marilyn Cherry's PhD topic is
geographic variation in western red cedar with emphasis on growth, morphology and cold
hardiness.

Wide crossing in spruce

David Kolotelo's MSc. thesis reported on crosses between coastal and interior
spruces in B.C. Height, phenology and cold hardiness were studied.

Genetic quality of orchard seed

Assistance was given to a team effort to develop a system for rating the
expected genetic quality of orchard seed based on expected genetic gain and effective
population size.
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PACIFIC FORESTRY CENTRE
F.T. Portlock
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Keywords: Official seed certification and testing,

The seed testing and certification programs at the Pacific Forestry Centre are
outlined. As a result of reorganization at the Pacific Forestry Centre, the seed research program
has been discontinued.

OFFICIAL CERTIFICATION AND TESTING OF TREE SEEDS

As the Certifying Authority under the OECD scheme for the Pacific and Yukon
Region, 127 certificates of provenance for 1354 kg of seeds in the source-identified category were
issued in 1989. The majority of the seed certificd was Abies grandis (Dougl.) Lindl. (951 Kg.)
together with small amounts of Picea sitchensis (Bong.) Carr (56 kg.) and Thuja plicata Donn.
(25 Kg.). In addition, 187 kg of Pseudotsuga menziesii (Moench.) Franco seeds were certified.
Under the ISTA seed testing rules, 21 certificates of seed quality were issued in 1989; these
represented over 750 kg of seeds from 10 species, with Abies grandis accountmg for 60% of the
total weight.

In 1990, 495 kg of source-identified category seeds were certified. This included
Picea sitchensis (350 kg) and two other species. In addition 45 kg of Pseudotsuga menziesii were
also certified. Concurrently, 31 ISTA certificates of seed quality, for 1752 kg of seeds of 9 species
were issucd; Pinus contorta Dougl., Abies grandis, Pinus ponderosa Laws., Picea sitchensis and
Pseudotsuga menziesii were the major species.

The registration of seed orchards in the untested seed orchard category of
OECD was continued with seven additional orchards registered in 1990 bringing the total in
British Columbia to ten.
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WESTERN WHITE PINE IMPROVEMENT PROGRAM
FOR BRITISH COLUMBIA

M.D. Meagher, R.S. Hunt, E.E. White, A.K. Ekramoddoullah

Forestry Canada
Pacific Forestry Centre
506 West Burnside Road
Victoria, B.C.

V8Z 1IM5

"OPERATIONAL" PROGRAM OF SELECTION AND TESTING

Following review of our program after four years of Provincial support, we have
added "bark reaction” and "tolerant” categories to the criteria for parent trees. Selection of
parent trees has continued in both planning zones, bringing the totals of selections to 332 on the
coast and 225 from the interior zone. In addition, seeds from 51 U.S. coastal and 56 U.S. inland
parents have been received; some families have been inoculated already. Support for tree
selection, seed collection and extraction, and stock rearing is provided by the B.C. Forest
Service.

Inoculation of open-pollination family stock has succeeded each year since
1987. Inoculation percentage ranges from 79% to 97%, based on all live seedlings. All families
and all replications were inoculated successfully, with the yearly mean number of rust spots per
seedling ranging from 10 to 51. Family means ranged from 2.1 to 78.3 spots per seedling.
Healthy or rusted seedlings exhibiting abnormal reactions are transplanted for further
observation and possible selection for the sced orchards. Losses to rust continue up to the age of
6, four years after inoculation.

Both the cultivated and wild Ribes groves are inoculated with rust annually to
supply rust spores. Although mildew invaded the cultivated Ribes garden in 1990, we obtained
enough inoculum from the wild groves.

Results of inoculations from 1986-1988 were summarized and used by Canadian
Forest Products to plan an interim seed orchard for the coastal zone. Field agencies will be
informed of inoculation results so that they can collect cones from the better trees.

RESEARCH PROGRAMME

Replacement of mortality and needed site maintenance were carried out on the
plantations established in 1987-88. Assessment of these will start in 1992. Two other
plantations, one containing widespread, unselected, populations, and the other to compare
families alrcady deemed poor to good from inoculation tests, were established on the coast in
spring, 1991. Preliminary examination of some plantations established earlier by the B.C.
Forest Service, Cariboo Region, indicated that winter damage may be more severe on Idaho
sources than on local stock. More such plantations will be examined systematically in 1991.
Rescarch at U.B.C. found more fall frost damage to coastal than to interior seedlings, through
the cffects of latitude and clevation in zone were generally not important.
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Preliminary analysis of the rust races trial found good inoculation success among,
families and replicates. Mean rust spots per seedling was highest for the "coastal mix" rust,
whereas trees from the B.C. interior, not selected for rust resistance, gave a higher mean of
spots per seedling than did the other sources, which contained some rust-resistant parents. The
final assessment will be conducted in 1991.

Partial analysis of three seed crops from 15 parents in a single stand indicates
inconsistent influence of parental outcrossing rate on seedling dimensions or total weight.
Further analysis is required to determine the effects of estimated inbreeding on parental
ranking.

Cloned DNA fragments suitable for use as probes to detect DNA variation in
blister rust spore samples have been selected. Initial results indicate considerable
heterokaryosis within individual aecial cankers. Variation among cankers on one tree appears
similar to variation among cankers on different trees in a sampling area. Survey of variation
among different sampling areas is continuing,

Resistance of white pine to Endocronartium harknessii is associated with
cytological changes indicating an active response. Endocronartium spores germinate on white
pine stems, and penetrate below the epidermis, accompanied by phenolic accumulation and
wound periderm formation. The molecular basis of the response is being investigated.

Methods to extract needle proteins and to detect nanogram quantities of proteins
have been developed. Sugar pine, whose genetics of resistance to this fungus is known, is being
used in attempts to develop a molecular marker of resistance to the rust, based on proteins
produced after rust inoculation of susceptible and resistant seedlings. An 18-kDa protein was
detected in uninoculated sugar pine sampled in late October to November. Since this protein
could not be detected in the samples collected in the following summer, it might be related to
dormancy, e.g., frost hardiness. Trials are underway to produce monoclonal antibodies to the
basidiospores of the rust fungus. These will be used primarily in immunocytochemical studies to
elucidate the host-pathogen interaction. Monoclonal antibodies will be used also to study rust
variation.
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RESEARCH AT FORINTEK CANADA CORP.
RELATING TO TREE IMPROVEMENT

R.]J. Barbour, ].S. Gonzalez, C.T. Keith, R.M. Kellogg

Forintek Canada Corporation

Western Laboratory Eastern Laboratory
2665 East Mall, U.B.C. 800 Montreal Road
Vancouver, B.C. Ottawa, Ontario
V6T 1W5 K1G 375

Under the new organizational structure of Forintek, the Wood Science
Department is now part of the Resource Utilization group in the Lumber Manufacturing
Department. Two of our scientist members of CTIA have retired: Bob Kellogg and Clayton
Keith. Forintek continues to work on studies related to tree improvement and a summary of
these studies is presented.

RELATIVE DENSITY OF INTERIOR DOUGLAS-FIR AND WESTERN LARCH PARENT
TREES IN BRITISH COLUMBIA TREE IMPROVEMENT PROGRAM

(1) Breast-height increment cores from 199 interior Douglas-fir parent trees located in the
east Kootenay region of B.C. were assessed for wood density. The cores were cut at half
the distance between the pitch and the bark, making two pieces of equal length. The
mean density of the pieces closer to the bark was 0.428 with a standard deviation of
0.037; the mean density of the pieces closer to the pith was 0.405 with a standard
deviation of 0.032. The first gives an estimate of the mature wood density; the second, of
the juvenile wood density. When compared to other parent trees of the same species
located in other interior seed zones, the mature wood of these east Kootenay trees had a
lower density. '

(2)  Breast-height cores from 39 western larch parent trees were extracted sequentially with
cyclohexane-ethyl alcohol and hot water and analyzed for wood density. The mean
density of the first 15 rings (juvenile wood) from the pith was 0.447 with a standard
deviation of 0.034. The mean density of the core from the 16th ring to the bark (mature
wood) was 0.464 with a standard deviation of 0.025. The juvenile-mature wood boundary
was made on the basis of an x-ray analysis of breast-height cores from 34 western larch
parent trees which showed wood density to level out generally after the 10th-15th
growth ring from the pith.

(3)  Forintek is continuing to provide density assessment of western larch parent tree cores for
the B.C. Ministry of Forests.
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WOOD DENSITY OF CANADIAN TREE SPECIES

The result of this project is available from Forintek (Western Laboratory) under
the publication name "Wood Density of Canadian Tree Species” by J.S. Gonzalez. The rept
compiles wood density data of Canadian tree species grown in Canada and abroad, with a brief
description of the geographic source and method of analysis of the test materials.

CORRELATION BETWEEN STEM GROWTH AND WOOD DENSITY IN
YOUNG INTERIOR SPRUCE

This was a collaborative effort between Forintek and the B.C. Ministry of
Forests. The objective was to assess the correlation between stem growth (diameter and height)
at age 15 and core density (at about 30 cm above ground) of young interior spruce. Phenotypic
correlation between wood density and stem diameter and height was generally negative and
weak. Diameter and height were strongly and positively correlated.

GENETIC CONTROL OF DENSITY PROFILE IN YOUNG, DOUGLAS-FIR

This was a collaborative effort between Judy Loo-Dinkins (UBC Associate
Professor) and Gonzalez (Forintek). The results of this work has been accepted for publication
at the Canadian Journal of Forest Research. Preliminary results of this work were presented at
the Wood Quality Working Group Session at the 22nd CTIA meeting in Edmonton, Alberta in
1989. ‘

The trees representing 22 half-sib families at two progeny test locations were
evaluated for relative density profile at 1.3 m (breast height), at 0.7 m and at 0.4 m above the
ground. The profile was different for the first six or seven years from the pith at the different
sampling heights, but the difference decreased with cambial age. Genetic correlation
estimates were sufficiently high to indicate identical genetic control at the three heights, at
least after age five, but heritability estimates were higher at the 1.3 m and 0.7 m heights than
at the 0.4 m. The best sampling height of those tested was 0.7 m.

WOOD QUALITY AND HERITABILITY STUDIES IN A JACK PINE PROGENY TEST

Fifty half-sib families of jack pine from a 20-year old progeny test in the
Ottawa Valley region were examined for wood quality characteristics. The characteristics
included growth rate (height and diameter), stem taper, heartwood and compression wood
content, wood density, extractives, and longitudinal shrinkage.

Results from a single plantation at Chalk River showed that the trees
contained about 15 growth rings at breast height. Statistical tests for family association were
not significant for tree height, diameter or total volume. Significant family associations were
indicated for stem taper, heartwood content and wood density.
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TREE IMPROVEMENT PROGRAM AND FOREST GENETICS ACTIVITIES
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The Saanich Forestry Centre has been involved in several tree
improvement/forest genetics activities during the period covered by this report. These
activities include seed orchard management, progeny testing, and various research activities.

Personnel changes occurred during 1989/91 with the retirement of both V.J.
Korelus and W.J.B. Devitt. Bruce Devitt is currently Executive Vice-President of the
Association of British Columbia Professional Foresters.

SEED ORCHARDS

Two new clonal orchards are in the establishment phase. These include a 2nd
generation Douglas-fir [ Pseudotsuga menziesii (Mirb.) Franco] and a 1st generation western
hemlock [Tsuga heterophylla (Raf.) Sarg.] seed orchard. In addition, all the Douglas-fir
orchards are being rouged based on progeny test information supplied by the B.C. Ministry of
Forests. Currently we are managing nine seed orchards of six different species: Douglas-fir,
western hemlock, Sitka spruce [Picea sitchensis (Bong.) Carr.], yellow-cedar [Chamaecyparis
nootkatensis (D. Don) Spachl, and Pacific silver fir [Abies amabilis (Dougl.) Forbes] and one
hedge orchard of western redcedar (Thuja plicata Donn). Crop management includes: supple-
mental-mass-pollination (SMP) and/or bloom delay for Douglas-fir and SMP for all other
species. In 19912, an clite Douglas-fir seed crop was produced through controlled crosses among
the high breeding value clones.

PROGENY TESTING

The high and low elevation Douglas-fir breeding populations are being tested
by conventional methods complemented with early testing trials. Sitka spruce and western
hemlock are being tested using wind-pollinated families. Polymix crosses for western hemlock
were produced for the Ministry for their testing program. Breeding activities for all species are
co-ordinated with the B.C. Ministry of Forests breeders to avoid duplication.
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RESEARCH

Several research projects were completed during the period covered by this
report (sec Publications). These include: seed orchard genetics, early testing, seed biology,
molecular genetics, mating systems, and fertilization of Douglas-fir families. Currently, the
impact of domestication on the genetic diversity is under investigation. These research projects
are funded in part by the B.C. Ministry of Forests, Canadian Pacific Forest Products Limited,
CIDA, and the Science Council of B.C.

PUBLICATIONS
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C.T.LA/A.C.AA.
23rd BUSINESS MEETING
MINUTES

Gordon Murray chaired the 23rd Business Meeting of the CTIA/ACAA held in
the Delta Inn, Ottawa, Ontario on Wednesday August 21, 1991.

The meeting started with a minute's silence in memory of Dr. Armand
Corriveau, Dr. Carl C. Heimburger and Jack Pitel, who will be sorrowfully missed.

1.0 Adoption of the minutes of the previous meeting
(as printed in the proceedings from the 22nd meeting (Part I))

Motion: The Minutes of the 22nd Business Meeting be approved as published.

Moved by: Jerry Klein
Seconded by:  Francis Yeh
Carried.

2.0 Membership

21 Honourary Membership
A letter was submitted to Chairman Gordon Murray from Steen Magnussen, Ben Wang,
Peter Copis and Gordon Murray requesting nomination of Dr. C.W. Yeatman for a
honorary membership of the Canadian Tree Improvement Association as an appreciation
of his tireless efforts to promote the concept of sound genetic practices and tree
improvement in Canadian Forestry and his never failing support for this association.
Moved by: Dr. Don Fowler
Seconded by:  Dr. Alex Mosseler
Carried.

2.2 New Active Members

Nomination of new Active Members are as follows:

Jean Bousquet Universite Laval
Ste.. Foy, Quebec
Franco Di-Giovanni Canadian Climate Center

Egbert, Ontario

Gordon Folk Dept of Natural Resources
Dugald, Manitoba

Michele Fullarton N.B. Dept. of Natural Resources
Fredericton, N. B.

Doug Hunt Repap Manitoba Inc.
The Pas, Manitoba
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Kurt johnsen

Dennis Joyce

C.H.A. Little

Harold Peacock

D. G. Steeves
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Forestry Canada
Chalk River, Ontario

Ontario Ministry of Natural Resources
Sault St. Marie, Ontario,

Foréstry Canada
Fredericton, N. B.

Abitibi-Price Inc.
Pine Falls, Manitoba

N.B. Tree Improvement Council
Fredericton, N.B.

Katherine Yakimchuk Pine Ridge Forest Nursery

Smoky Lake, Alberta
Motion: That the nominated new active members be elected.
Moved by: Francis Yeh

Seconded by:  Steen Magnussen

Carried.

New Corresponding Members

The following were recorded.

Corrine Andriuk

Nathan Antoniuk

Greg Branton

Brian Carnell

Christine Hansen

Gordon Lehn

Steve Luchkow

Bruce MacMillan

Luc Masse

Pine Ridge Forest Nursery
Smoky Lake, Alberta

Pine Ridge Forest Nursery
Smoky Lake, Alberta

AN.C. Timber Ltd.
Whitecourt, Alberta

High Level Forest Products Ltd.
High Level, Alberta

Pine Ridge Forest Nursery
Smoky Lake, Alberta

Millar Western Industries Ltd.
Cochrane, Alberta

Daishowa Canada Co. Ltd.
Peace River, Alberta

Weyerhaeuser Canada Ltd.
Edmonton, Alberta

Gouvernement du Quebec
Charlesbourg, Quebec
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Picrre Perinct Min. Energie ct Ressources Service de L'Amelioration des
Arbres
Ste. Foy, Quebec

Diane Renaud Miller Western Industries Ltd.
Whitecourt, Alberta

Bill Rugg Weldwood of Canada Ltd.
Hinton, Alberta

Doug Sklar Alberta Pacific Forest Ind. Ltd.
Edmonton, Alberta

Business arising from the minutes

Tree Crown Research

The executive was asked (by the Tree Seed Working Group) to send suitable letters to
federal, provincial, and other appropriate research-management agencies, stressing the

urgent need for research on management of tree crowns in seed orchards.

Action: A suitable letter was sent by Steen Magnussen, to all forestry faculties in Canada,
all provincial governments and all Forestry Canada establishments.

Response: Few, containing only general support for the idea. Nothing concrete.
Educational Committee
All forestry faculties were encouraged to nominated a student for participation of the

23rd CTIA/ACAA meeting. Meeting costs and travel funds were provided to the
following students.

Carmelle Beaulieu (Universite Laval)

David Allen Kollotello (Univ. of British Columbia)
Cynthia Carswell (Univ. of New Brunswick)
A. van Niejenhuis (Lakehead University)
Lance Ollenberger (University of Alberta)
Beth Beatson (University of Toronto)
Philippe Thériault (University of Moncton)

Chairperson's Report

My term as Chairperson has been made relatively easy by virtue of the excellent work
done by the other committee members, Steen Magnussen, Tim Boyle and Ron Evers. Also,
we have received outstanding support from Joy Lavereau and Bill Selkirk at Petawawa
National Forestry Institute, and Cathy Nielson, Ontario Ministry of Natural Resources,
Brockville.

To all who worked so hard and so effectively to make this meeting a success, 1 offer my
sincere thanks.

Thanks are also due to Forestry Canada and the Ontario Ministry of Natural Resources
for their support of this meeting and the associated CTIA activities.
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Jim Coles, CTIA seeretary for many years, has tendered his resignation, and will be

taking up a challenging new assignment in the ASEAN-Canada Forest Tree Seed Centre
in Thailand. On your behalf T will write Jim a letter of appreciation for all that he has
done for the CTIA. The issue of a replacement for Jim will be raised later in the meeting.

I am pleased to see that the United States were well represented at this meeting, and [
appreciate the fact that the North American Quantitative Genetics Association agreed
to have its meeting at the same time and place as the CTIA. There is certainly the
recognition within the CTIA and the Society of American Foresters of the benefits of cross
border participation in these meetings, and I hope that future meetings will encourage
this.

Treasurer's Report

The financial statement, as of June 30, 1991, was prepared by Treasurer Steen Magnussen
and was tabled for membership information and acceptance by the Treasurer.

Financial statement for the period of May 10/89 - June 30/91*

Asscts (Cash: $4,317.78, GIS: $18,597.78 - May 10, 1989: $14,280.00
Income:
Interest earnings (GIC, Account) $4,008.32
Surplus from 22nd meeting $1,231.06
Back pay of advance to 22nd meeting $1,000.00
. ibuti
Canadian Pacific Products Ltd. ' $500.00
Ont. Forest Industries Association $200.00
Weyerhaueser Canada Ltd. $250.00
Total Income $7,189.38
Expenditures:
Bought GIC (net & addition) $2,500.00
Printing of stationary $368.88
Printing cost of announcement and programme . $119.94
Service charges for safety deposit box $61.54
Total expenditures $3,050.36
Assets: (Cash + GIC) June 30, 1991: $22,736.80

*. excluding expenditures and registration fees for the 23rd meeting

Motion: That the financial statement be accepted as presented.
Moved by: Yoursy El-Kassaby

Seconded by:  Francis Yeh

Carried.
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Editor's Report

The 1989 membership reports and proceedings from the 22nd meeting in Edmonton were
printed and distributed to our members during the first months of 1990. The Science and
Sustainable Development Directorate and the Petawawa National Forestry Institute of
Forestry Canada paid all costs of printing and distribution of the two volumes. Over 400
copies of each were mailed.

This year's membership reports have been submitted by all of you and we expect to
publish them by the end of 1991.

Our current agreement with Forestry Canada regarding support for printing proceedings
and membership reports ($5,000 annually) expires with the fiscal year 1992/93.
Negotiations to obtain a renewed commitment will commence in the first half of 1992.
Our membership list has been purged of members who did not confirm their desire to
remain on our membership list. We now have a membership of 375 in Canada, 94 in the
U.S.A. and 123 in other countries (total: 592). Active members count is 131.

Education sub-committee report

Motion: Policy of support for Student Attendance at CTIA Meetings

Whereas it is the objective of the Canadian Tree Improvement Association to promote the
use of scientifically and technically sound genetic practices in Canadian forestry,

and

Whereas the membership of the CTIA has expressed its wish to encourage studies and
rescarch in forest genetics and tree improvement in schools of forestry at Canadian
Universities, and in other departments in Canadian Universities with programs relevant
to the objectives of the C.T.LA.

be it resolved that

That Executive Committee of the C.T.I.A. will make sufficient funds available to cover
the costs of attending each C.T.I.A. meeting for at least seven students from schools of
forestry in Canadian Universities, or from other departments with programs relevant to
the objectives of the C.T.L. A.

and that

These awards should be made subject to the following guidelines:

The procedure for selection of recipients of these awards will be determined for each
meeting by the Executive Committee in consultation with the Education Sub-Committee

of the C.T.LA.

Awards will be made to students at the graduate or undergraduate level whose interests
and activities most closely meet the objectives of the C.T.LA.

Students supported will be from as many universities as possible.
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Students supported will be encouraged to present a poster or paper at the meeting.

Invitations to apply for support to attend the meeting will be sent to a faculty
representative at each of the schools of forestry at Canadian Universities, and to other
university departments identified by the Executive Committee.

Invitations to apply for support should be sent well in advance of each meeting to leave
ample time for completion of the selection process and for making the economical travel
arrangements.

The Executive Committee is expected to raise funds to cover the cost of this program for
each meeting.

In the event that there is a shortage of applicants who meet the selection standards set
by the Executive Committee or financial constraints, the Committee may opt to withhold
some awards.

Moved by: Francis Yeh
Seconded by:  Alvin Yanchuk
Carried.

Working Group Reports
Tree Seed Working Group

The Tree Seed Working Group held its Biennial Business meeting yesterday, 20th of
August, with 17 present.

The Working Group has continued its regular activities during the past two years. The
Newsbulletin has been issued each fall and spring. The issues have run to about 15 pages
each, and have been distributed to 185 addressees. This publication is proving to be an
excellent means of disseminating information and of keeping membership informed of
many aspects of seed-related activity. I wish to pay tribute to the work of the Editor,
Hugh Schooley: his is doing a first-class job of coordination, and says that the job is now
easier as many items are being submitted voluntarily. The Working Group expresses its
thanks to Forestry Canada for its assistance in production and distribution of the
Newsletter. The Working Group organized and conducted, at this CTIA/ACAA meeting,
a workshop. The theme was on the topic brought to the attention of CTIA/ACAA atits
last meeting, '‘Crown Management for sustained, easy to reach, cone production’. Despite
having the number of designated speakers cut in one-half because of economic constraints,
the workshop was well-received and successful.

A new initiative was to accept, under the umbrella of the Tree Seed Working Group, a
second Working Party, this one on Seed Processing and Testing. The idea for sucha
national body was instigated by provincial personnel. Its formation followed a letter
poll I conducted of 25 persons, and a meeting, yesterday, of 20 interested persons. The
Chairman of this Working Party is Dave Bewick, Atlantic Forest Seed Centre. He has a
core of six others who will work with him to formulate objectives and an organizational
framework. The Working Party will use the Working Group's Newsletter as one means of
interaction among its members.

It is a concern of the Working Group that all its members become fully aware of the
purpose, thrust, and details of the proposed Canadian Tree Seed Regulations, and have
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opportunity to provide input for this development, as appropriate. Tim Boyle is the
person to contact on this issue.

Finally, I must report that the new Chairperson of the Tree Seed Working Group is Dr.
Guy E. Caron.

Respectfully submitted,
Graham R. Powell
Chairperson 1987-1991

Wood Quality Working Group

Dr. Clayton Keith, retired in early 1990 from his position as Research Scientist with
Forintek Canada Corporation. He also decided to step down as Chair of the Wood
Quality Working Group (1989-1991). Josefina Gonzalez, the Vice-Chair, assumed the
position. The Secretary, Rod Savidge, also had to resign in June, 1991 to go on sabbatical
lcave in England. On behalf of the Group, I would like to express our thanks and
appreciation to Rod for his support and contribution in the preparation of the News
Bulletin.

Two issues of the News Bulletin were mailed out to about 100 people.

A one-half day session on wood quality was held during the 23rd biennial conference in
Ottawa. Five papers were presented: four on wood density and one on branch diameter
heritability. Two volunteered papers had to be cancelled due to illness of the author.

New officers (1991-1993) for the group are Chair: Josefina S. Gonzalez; Vice-Chair:
Yousry El-Kassaby; Secretary: Alvin Yanchuk. The group discussed possibilities for
increasing member participation. The group will try to increase the News Bulletin issues
and attract more papers for the next biennial conference.

Election of new executive
The following slate of officers for election to the 1991/93 CTIA/ACAA exccutive:

Chairperson: Kathy Tosh
N.B. Dept. of Natural Resources & Energy

Vice-Chairperson:  Dale Simpson
Forestry Canada

Vice-Chairperson Arrangements: Greg Adams
J.D. Irving Ltd.

Moved by: Ron Smith
Seconded by:  Kurt Johnsen
Carried.
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Treasurer: Steen Magnussen
Forestry Canada

Moved by: Yousry El-Kassaby
Seconded by:  Alvin Yanchuk
Carried.

Editor: "~ Joy Lavereau
Forestry Canada

Moved by: Jerry Klein
Seconded by:  Yousry El-Kassaby
Carried.

Executive Secretary: Joy Lavereau
Forestry Canada

Moved by: Francis' Yeh
Seconded by:  Gordon Murray
Carried.

Future meetings

Location of the 1993 meeting

Kathy Tosh confirmed that New Brunswick Department of Natural Resources & Energy
will host the 24th biennial meeting in Fredericton.

Location of the 1995 meeting

Motion: That the 1995 CTIA/ACAA meeting be hosted jointly by British Columbia
Ministry of Forests and W.F.G.A., and will be held in Victoria.

Location of the 1997 meeting

Motion:Tentative support from Ariane Plourde and Gaetan Daoust to hold the 1997
meeting in Quebec City.

Other Business (None)
Adjournment

Motion: That the CTIA/ACAA members would like to thank the 1989/1991 executive for
their efforts over the past two years and for an exciting and successful meeting.

Motion: That the 23rd business meeting of the CTIA /ACAA be adjourned.

Moved by: Francis Yeh.
Carried.
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PHOTO-OPS
THE CONFERENCE

CAN&D&"N TREE iMPROVEMFNT ASbOC!A

TA*N!NG BIODIVERSITY,
MA*N - CONCERNED"

C.TI.A/s BIO-CHOIR...1 and ah 2 and a 3

Don Fowler, Bill Libby, Gene Namkoong, Stan Krugman,
Brad Fraleigh, Steen Magnussen, Gordon Murray

D.I.V.E.R.S.I.T.Y.
Get It??

Tim Boyle
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LA CRUISE

OK, WHO BROUGHT THE
FISHING RODS? IS ANYBODY WATCHING US?

Kathy Tosh and Cathy Nielsen
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THIS DIVERSITY STUFF REALLY WEARS A GUY OUT!!

IF YOU DIDN'T TALK
SO MUCH PETE, YOUR
FOOD WOULDN'T GET COLD! }

Gordon Murray
and Peter Hall

Jim Roberds, Gene Namkoong and Frank Di-Giovanni
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HOW MUCH DIVERSITY CAN YOU GENERATE FROM A, G, T AND U?
THEY KNOW, BUT WILL THEY TELL????

Ben Sutton, Philippe Theriault & Pierre Charest

And, this year’s
BIO-KING

and
BIO-QUEEN...

Don Fowler
and Linda Gordon
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I'M NOT BELIEVING
ANY OF THIS (bs).

Kurt Johnsen
and Michele Fullerton

WHICH WAY NOW?
(DIVERSITY WHICHEVER WAY YOU GO)




Danny Haines
David Kollotello
Steen Magnussen
Chris Atack

DRAW!

Graham Powell
with nervous onlookers.
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Alex Mosseler

BIO-DIVERSITY-LET'S ALL TAKE A MOMENT AND PONDER.
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OTTAWA VALLEY CHARM

DUELLING DANCERS FULL
BLAST AT P.N.F.IL

GOOD FOOD, GOOD FRIENDS, GOOD FUN.




PARTICIPANTS OF THE
CANADIAN TREE IMPROVEMENT ASSOCIATION
TWENTY-THIRD MEETING - OTTAWA, AUGUST 1991

Greg Adams

]J.D. Irving Ltd.

Sussex Tree Nursery, R.R. #4
Sussex, New Brunswick
EOE 1P0

Mo Anderson

Forestry Canada

Petawawa National Forestry Institute
Chalk River, Ontario ’
KO0J 1j0

Filipos Aravanopoulos

University of Toronto

Fac. of Forestry, 33 Willcocks Street
Toronto, Ontario

M5S 3B3

Chris Atack

Ontario Tree Improvement council
10 Harold Ave., Box 1210

South Porcupine, Ont.

PON 1HO -

Ken Baldwin

Forestry Canada

Box 490, 1219 Queen St. E.
Sault Ste. Marie, Ontario
P6A 5M7 :

Leonard Barnhardt

Alberta Forest Service

Pine Ridge Forest Nursery, Box 750
Smokey Lake, Alberta

TOA 3CO

Beth C. Beatson

University of Toronto

Fac. of Forestry, 33 Willcocks Street
Toronto, Ontario

‘M55 3B3

Carmelle Beaulieu
Universite Laval
Faculte de Forestry
Ste Foy, Quebec
G1K 7P4

Tannis Berry

Forestry Canada

Petawawa National Forestry Institute
Chalk River, Ontario

KO0J 1JO

Jutitep Bhodthipuks
ACFTSC/CIDA
Muak Lek, Saraburi
Thailand

18180

Clark Binkley

University of British Columbia
Vancouver, British Columbia
V6T 174

-Gary Blundell

Canadian Wildlife Federation
2740 Queensview Drive
Ottawa, Ontario

K2B 1A2

Pathum Boonarutee
Royal Forest Department
Chatuchuk

Bangkok, Thailand
10900

Jean Bousquet

Laval University
C.R.B'F. Fac. of Forestry
Ste-Foy, Quebec

GIK 7P4

Rob Bowden-Green

British Columbia Forest Service .
18793 32nd Ave. :
Surrey, B.C.

V3S 4N8

Tim Boyle

Forestry Canada

Science Directorate, 21st Fir.,, PVM
Hull, PQ '
K1A 1G5



Brenda Brown

Ont. Min. of Natural Resources
Swastika Nursery, P.O. Box 129
Swastika, Ontario

POK 1TO

George Buchert

Ontario Ministry of Natural Resources
Box 969, 1235 Queen St. E.

Sault Ste. Marie, Ontario

P6A 5N5

Guy E. Caron
University of Moncton
165 Blvd. Hebert
Edmundston, N.B.
E3V 2S8

Cynthia Carswell

University of New Brunswick
Bag Service #4

Fredericton, N.B.

E3B 6C2

Katherine Carter

University of Maine

Dept. of For. Biol., 104 Nutting Hall
Orono, Maine

04469-0125

Boyd Case

Forestry Canada

Petawawa National Forestry Institute
Chalk River, Ontario

KoJ 1j0

James Cayford

The Forestry Chronicle
25 Burnetts Grove Circle
Nepean, Ontario

K2J 1W1

Kowit Chaisurisri
Asean-Canada Tree Seed Centre
¢/o Univ. of B.C., 1874 East Mall
Vancouver, B.C.

V6T 1W5

Pierre J. Charest

Forestry Canada

Petawawa National Forestry Institute
Chalk River, Ontario

K0j 1J0
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Paul Charrette

- 'Ontario Tree Improvement Council

Lakehead Univ., School of Forestry
Thunder Bay, Ontario
P7B 5E1

Daniel Chong

University of Toronto

Fac. of Forestry, 33 Willcocks Street
Toronto, Ontario

M5S 3B3

David Coleman-

Ontario Ministry of Natural Resources -
P.O. Box 605

Brockville, Ontario

K6V 5Y8

Roxanne Comeau

Canadian Forestry Association
185 Somerset St. West, Suite 203
Ottawa, Ontario

K2P 0j2

Peter Copis

Forestry Canada ‘
Petawawa National Forestry Institute
Chalk River, Ontario

K0J 1J0

Carl Corbett

Algonquin Forestry Authority
P.O. Box 1198, 222 Main Street W.
Huntsville, Ontario

POH 1K0O

Kathy Crawford

Ontario Ministry of Natural Resources
Thessalon Tree Nursery, Box 310
Thessalon, Ontario

POR 1LO

Kim Creasey

Ontario Ministry of Natural Resources
Ont. Tree Seed Plant, P.O. Box 70
Angus, Ontario

LOM 1BO

Bruce P. Dancik
University of Alberta
Dept. of Forest Science
Edmonton, Alberta
T6G 2H1



Gaetan Daoust

Foret Canada - Region du Quebec
1055 Ave. de P.E.P.S., CP 3800
Sainte-Foy, Quebec

G1v 4C7

Peter de Marsh

N.B. Federation of Woodlot Owners Inc.

P.O. Box 424, Station "A"
Fredericton, N.B.
E3B 479

Linda DeVerno

Forestry Canada

Petawawa National Forestry Institute
Chalk River, Ontario

KO0J 1J0

John deWitt

Northern Clonal Forestry Centre
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