
















































































































































































































































































































































































































































































-144-

Papers presented at the workshop on Breeding Strategies of Important Tree Species in Canada

Fredericton, New Brunswick, August 18, 1993
Compiled by Y.S. Park and G.W. Adams
Natural Resources Canada Information Report M-X 186E

ISSN 1195-3799
ISBN 0-662-20872-2
Catalogue No. Fo46-19/186E

Additional copies of this publication are available in limited quantities at no charge from:

Natural Resources Canada
P.O. Box 4000

Fredericton, New Brunswick
Canada E3B 5P7

(506) 452-3500

Copies or microfiches of this publication may also be purchased from:

Micromedia Ltd.
Place du Portage

165, rue Hotel-de-Ville
Hull (Québec)

J8X 3X2

Une copie francaise de ce rapport est disponible sur demande.






S B e T e B e e A L LI MR T e i S R S R SR
e . : : 3 NENEVTES

il
ok




-145-

C.T.LA.-TREE SEED WORKING GROUP IS TEN YEARS OLD
Hugh O. Schooley

Editor, CTIA/TSWG Newsbulletin and Research Scientist
Petawawa National Forestry Institute
P.O.Box 2000
Chalk River, Ontario
Ko0J 1J0

The Canadian Tree Improvement Association's Tree Seed Working Group is
celebrating its tenth anniversary this year. Since the group was formed at the 1983 CTIA meeting
its membership has increased from 93 to 250. Between 1984 and 1992 the proportion of members
working in research and pest control has increased while the proportion working in the seed
industry and in tree improvement has decreased. Currently 21% are involved in tree
improvement, 18% in seed orchard management, 17% in seed research, 12% in using seed, and
11% are involved in pest control. The balance, in proportionally smaller numbers, work in the
seed industry, seed testing or certification, or in seed procurement/ processing. Most members
are also interested in a variety of seed biology and technology subject areas that are outside the
sphere of their employment.

» The Group has arranged for tree seed-related subjects to be the tbpic of
workshops or sessions at each CTIA meeting, has twice yearly issued a Newsbulletin, and has, as
a Group and as individuals, continually voiced support for tree seed research and technology
activities.
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CONIFERYL ALCOHOL OXIDASE - A KEY ENZYME OF
LIGNIFICATION IN CONIFERS

P.V. Udagama-Randeniya and R.A. Savidge

Department of Forest Resources
University of New Brunswick
Fredericton, New Brunswick
E3B 6C2

The appearance of Coniferyl Alcohol Oxidase (CAO) firmly bound to walls of
lignifying tracheids, has been reported to bear a perfect correlation with the occurrence of
lignification during wood formation in Pinus strobus, Abies balsamea, Larix laricina, Picea rubens and
Pinus banksiana (Savidge & Randeniya, 1992). As confirmed by combined gas chromatography -
mass spectrometry analysis, this enzyme catalyses the oxidation of coniferyl alcohol to
dehydrodiconiferyl alcohol and pinoresinol. Under aerobic in vitro conditions, CAO converts
coniferyl alcohol into hydrophobic globules that are identical in emission color to guaiacyl lignin
" under UV microscopy (Savidge & Udagama-Randeniya, 1992).

Extraction of a semi-purified solubilized oxidizing factor ("SL PP SOF")
containing CAO activity by enzymic digestion of lignifying tissue of Pinus strobus was previously
reported (Savidge & Udagama-Randeniya, 1992). Isolation and biochemical characterization of
CAO, a glycoprotein, is reported here. CAO was purified to homogeneity by buffer precipitation
of "SL PP SOF" followed by gel filtration. The purified native enzyme had an approximate
molecular weight of 105,000 £ 3,000 Daltons, and deglycosylated CAO was 67,000 £ 1,000 as
estimated by SDS-PAGE, hence the enzyme contains 36% carbohydrate. The pH optimum of the
enzyme was 6.3 while the isoelectric point defined by isoelectric focussing was 7.45.

Purified CAO possesses a characteristic brown tinge as opposed to the classical
blue color of laccases. Attempts at confirming the presence of copper in the protein have not been
successful so far. However, extensive substrate specificity studies suggest CAO could be a
laccase. The UV /Vis profile of CAO showed absorption maxima at 210 and 258 nm and appeared
to be identical to that of Pyricularea oryzae laccase (Sigma Chemical Co.) and an in-house purified
laccase from Rhus typhina latex. The Rhus typhina laccase is identical to CAO in both its molecular
weight and isoelectric point. :

REFERENCES
Savidge, R.A. and Randeniya, P.V. 1992. Biochem. Soc. Trans. 20: 229-230S.

Savidge, R. and Udagama-Randeniya, P. 1992. Phytochem. 31: 2959-2966.
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EFFECTS OF EXOGENOUS INDOLE-3-ACETIC ACID AND
GIBBERELLIC ACID ON IN VITRO WOOD FORMATION
IN "CHIPS" FROM WHITE ASH STEM

Y. Zhong & R.A. Savidge

Department of Forest Resources
University of New Brunswick
Fredericton, New Brunswick
E3B 6C2

This research attempted to simulate in vivo wood formation. Twenty-year old
’ chxps containing cambia sandwiched between mature phloem and xylem were cut from large-
diameter (7 cm) stem regions of a healthy white ash tree shortly before bud-break, and cultured
on modified Wolter and Skoog (1966) media. Exogenous IAA and GA3 (10 mg/L each, both filter-
sterilized) were applied individually or in combination to the media. Transverse and radial
sections from central parts of chips were stained by the Maule reaction and the Wiesner reaction.

The medium without growth hormones supported cambial cell-division activity,
but not dlfferentlatxon of xylem cell types or lignification. Exogenous IAA and GAj individually
or in combination promoted cambial cell division, differentiation and lignification of derivatives. "
IAA typically stimulated vessel differentiation and lignification. GA3 typically promoted
formation of sclerenchyma. IAA and GA3 in combination promoted differentiation and
lignification of vessel elements and also formation of sclerenchyma. With few exceptions, IAA
and GAj individually stimulated abnormal cambial growth, while together they promoted
relatively normal cambial growth. The Maule reaction indicated that exogenous IAA and GA3
individually or in combination promoted the production of syringyl lignin among both vessel
elements and sclerenchyma in newly formed xylem (Srivastava 1966; Sarkanan and Ludwig
1971), and the amount was about the same between these two types of cells. The amount of -
syringyl lignin appeared to be lower than that of previous-year latewood fibres, but higher than
that of previous-year latewood vessel elements.

REFERENCES
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ANTI-IAA MONOCLONAL ANTIBODY FOR SCREENING AND
EARLY SELECTION

Yijun Xu and R.A. Savidge

Department of Forest Resources
University of New Brunswick
Fredericton, New Brunswick
E3B 6C2

Monoclonal antibody (McAb, IgG,) raised against indol-3-ylacetic acid (IAA)-
linked through to bovine serum-albumin had a high specificity for both acetic acid and imine
moities on IAA, and cross reacted with neither the C'1 (carboxyl) nor the C3 (indole nucleus)
position of related indole derivatives. Enzyme-linked immunosorbent assay based competitive
inhibition of anti-IAA McAb combined specificity and sensitivity to a high degree, providing the
potential for analysing impure biological samples, such as the vascular cambium. The anti-IAA
McAD thoroughly inhibited in vitro aerobic oxidation of IAA by both horseradish peroxidase and
crude peroxidase preparations from the cambium of jack pine (Pinus banksiana). Binding between
paratope and IAA epitope inhibited the transition of peroxidase and related IAA* radical
formation. No IA A-degradation products could be identified by GC-MS or spectrophotometry
when IAA was incubated with peroxidase + anti-IAA McAb. These results indicate that the anti-
TAA McAD will be a useful probe in understanding the effects of biosynthesis and catabolism of
IAA in tree growth and development, and in employing ELISA for screening and early selection
in tree improvement programmes.
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THE USEFULNESS OF ANTI-IAA MONOCLONAL ANTIBODIES FOR
TREE IMPROVEMENT STUDIES

K.H. Rensing and R.A. Savidge

Department of Forest Resources
University of New Brunswick
Fredericton, New Brunswick
E3B 6C2

Phytohormones are thought to act as agents of integration in growth and
morphogenesis. Research over many decades has characterized the effects of exogenous auxin
but the involvement of endogenous auxin in these processes has been less than adequately
ascertained. Evidence shows that indole-3-acetic acid (IAA) is involved primarily in radial
enlargement of cambial derivatives but also affects cellular division and secondary cell wall
production to varying degrees while its polar transport is necessary for maintenance of the
orientation of the cambial fusiform cells (Little and Savidge, 1987. Plant Growth Regul. 6: 137-
169). Antibodies raised to specifically recognize IAA could permit experimentation to focus on
the distribution and function of endogenous IAA through immuno-cytochemical techniques such
as immunoaffinity purification, immunoassays and immuno-localization. As preliminary steps to
such work, anti-IAA monoclonal antibodies were tested for affinity to endogenous IAA as well as
for cross-reactivity with other substances native to the cambium of Pinus strobus. Through GS-MS
analysis of the endogenous substances isolated by immuno-affinity purification, most anti-IAA
monoclonal antibodies were found to have significant cross-reactivity but one demonstrated
significant binding to only IAA. This antibody is being further characterized and tested for
immuno-localization.
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REGULATION OF BORDERED PIT DEVELOPMENT IN
‘ LARIX LARICINA (DU ROD K. KOCH

"~ ML.A. Leitch and R.A. Savidge

University of New Brunswick
Faculty of Forestry
Fredericton, New Brunswick
E3B 6C2

Keywords: Bordered-pit, auxin, cambial development, phytohormones, xylogenesis.

The presence of bordered-pits on the cell walls of vascular land plants has been
dated back nearly four hundred million years to the late Silurian period. Bordered-pits can be
found in varying degrees throughout the plant kingdom. Variability existing both within and
between species exhibits the adaptability of species to better survive and compete in their
environment.

As the cambium develops through the grthh season, bordered-pits develop to
eventually mature and serve as a pathway for water movement up the stem.

Stem "chips” containing dormant cambium sandwiched between mature xylem
and phloem from merchantable stem regions of Larix laricina (Du Roi) K. Koch were grown as in
vitro cultures on the surface of an agar medium that has been shown to support normal cambial
cell division and xylogenesis. Using 1-naphthalene acetic acid (NA A), an auxin, fusiform cambial
cells underwent periclinal divisions to produce enlarged, bordered-pitted, secondary walled,
lignified and autolysed earlywood tracheids. The presence of bordered-pits in both tangential
(uncommon in earlywood) and radial (normal in earlywood) cell walls suggests a missing factor
that controls orientation and localization of the bordered-pit.

Using light and electron microscopy to aid in data collections, different
phytohormones alone and in combination and also variations in the medium components will be
tested to see how this affects bordered-pit regulation and development.
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MULTIPLE-TRAIT COMBINED SELECTION OF JACK PINE FAMILY
TEST USING BEST LINEAR PREDICTION

Jerome I. Klein

Forestry Canada, Manitoba District Office
200-180 Main Street
Winnipeg, Manitoba
R3C 1A6

Best linear prediction or BLP, is a method of estimating breeding values that
makes efficient use of unbalanced data. The procedure has some similarities with selection index
but differs in providing more precise breeding value estimates to entries with more data.

BLP was used to estimate breeding values for 5 traits, of jack pine trees growing
in family test plantations at three locations. Height and diameter of each tree were adjusted for
microsite effects by subtracting average within-family deviation of neighboring trees. Variation
among families was partitioned into portions due to source areas, stands in source areas, and
families in stands. The analysis of variance used locations as the blocking variable, ignoring
replications, since the neighbor adjustment effectively reduced within-family variation. Variance
components were estimated using the restricted maximum likelihood method, and method of
- moments height x diameter covariance components were estimated using type Il sums of cross
products. A file was created with a record for each tree, and variables for tree identity, tree and
multi-level family effects for both traits, and family structure values (trees/family-in-location,
family, stand, and area, families/stand and area, stands/area) for the tree. :

Values were calculated for each element of the matrices required by BLP for each
tree, using the tree's family structure values along with the test's variance and covariance
components. The matrix algebra expression characteristic of BLP then generated the height and
diameter breeding value estimates for each tree.

Observations or scores on stem quality, western gall rust incidence, and wood
density were taken on trees chosen subjectively for average or better height and height growth. A
procedure similar to that for height and diameter was followed to estimate breeding values of
these traits, and of height and diameter in the shorter list of trees to reflect inter-trait
relationships. The analysis was simplified by ignoring stands. The two sets of trait breeding
values were merged for the short list of trees, then ported to a spreadsheet for more convenient
weighting of trait values to calculate total score, followed by sorting and ranking to complete
selection.
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DENSITE DU BOIS ET PRODUCTION VOLUMIQUE DE
22 PROVENANCES D'EPINETTE DE NORVEGE

Donald Blouin, Jean Beaulieu, Gaetan Daoust
Foréts Canada - Région du Québec

et

Jean Poliquin
Département des Sciences du bois, Université Laval

L'étude des caractéristiques de I'épinette de Norvege (Picea abies [L] Karst) a été
faite sur 22 provenances d'Europe Centrale établit en 1969 a Valcartier, Québec. Le diametre a
hauteur de poitrine et la hauteur totale ont été mesurés pour estimer le volume moyen par arbre.
Des carottes de sondage de 12 mm de diametre, prélevées a hauteur de poitrine, sur 20 arbres par
provenance, ont servi a évaluer la densité du bois et la largeur des cernes annuels. Les résultats
ont démontré la présence de liens négatifs modérés entre le taux de croissance radiale et la
densité du bois. Aucune différence significative entre les valeurs moyennes de densité du bois
juvénile n'a été détectée entre les provenances. D A la présence d'une interaction provenance-
bloc significative, il n'est pas possible de conclure sur les différences entre les provenances au
niveau de la croissance en hauteur et du patron de variation radiale de la densité. Ces deux
caractéres sont fortement corrélés avec le lieu d'origine des provenances. Les provenances du
Nord-Est ont généralement une plus forte croissance en hauteur et un bois plus homogene que les
provenances du Sud-Ouest. Il reste tout de méme une forte variabilité individuelle chez ces
caractéristiques, 60 4 88 % de la variation totale étant expliquée par les différences entre les arbres
d'une méme parcelle. Ainsi, la sélection des meilleures provenances suivie d'une sélection
massale en deux étapes permettrait de maintenir la densité moyenne du bois, d'améliorer
I'homogénéité de la densité du bois juvénile et de doubler la production en volume. Ces résultats
confirment le potentiel pour la sélection de provenances d'épinette de Norvege a croissance
rapide avec un bois d'une excellente qualité et une bonne adaptation aux conditions
pédoclimatiques du Québec.

RELATIVE DENSITY AND VOLUME YIELD OF
22 NORWAY SPRUCE PROVENANCES

A study of Norway spruce (Picea abies [L] Karst) characteristics was done on 22
Central European provenances planted in 1969 at Valcartier, Quebec. Diameter at breast height
and total height were measured to estimate average volume yield per tree. Increment cores of
12 mm diameter, taken at breast height, on 20 trees per provenance, were sampled to estimate
relative density and radial growth. Results indicate a moderate negative correlation between
radial growth and relative density. There was no significant difference of average values of
juvenile wood relative density between provenances. Due to a significant provenance-bloc
interaction, we can not conclude on the differences between provenances for the radial variation
of relative wood density and height growth. These two characteristics were strongly correlated
with the geographic coordinates of the origin of the provenances. Even though significant
differences between provenances exist, 60 to 88% of the total variation is explained by the
variation between trees in the same plot. Thus, selection of the best provenances followed by a
two-step massal selection should make it possible to maintain the average relative density, to
decrease the radial variation of relative density and to double the volume yield. These results
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confirm the potential for selecting fast growth Norway spruce provenances with excellent wood
quality and good adaptation to Quebec's soil and climatic conditions.

MODIFIED AUGMENTED DESIGN ADAPTED TO NORWAY SPRUCE
PROGENY TEST ‘

Gaétan Daoust, Jean Beauliéu, Ariane Plourde
Forestry Canada - Quebec Region

and

Ante Stipanicic
Direction de la recherche, Ministére des Foréts du Québec

Within the Norway spruce genetic improvement program, progeny tests have

been planned for each breeding zone. A randomized complete block design adapted from the
modified augmented design was developed with respect to our constraints: more than 250

~ progenies to test, block of a maximum size of 0.2 ha and reasonable establishment and follow-up
costs. This type of design uses whole plots comprising control plots and subplots to investigate
the general pattern of soil variation. It will make it possible, through ANOVA, to answer such
important questions as: (i) is soil variation in the field homogeneous? (ii) is soil variation in one or
two directions? (iii) if it is two-directional, are these effects additive? If soil variation is shown to
be heterogeneous, we could use three different methods to adjust the data. Three tests were
established in 1992 in the Appalachian breeding zone and the tests for the Laurentian breeding
zone are presently in the nurseries. We feel that this type of design will be more accurate for
analysing the data as we control soil variation.

- LE DISPOSITIF ENRICHI MODIFIE ADAPTE POUR LES TESTS
DE DESCENDANCES D'EPINETTE DE NORVEGE

Dans le cadre du programme de génétique et d'amélioration de I'épinette de
Norvége, nous avons planifié des tests de descendances pour chacune des zones d'amélioration.
Un dispositif de type blocs complets aléatoires a été adapté du dispositif enrichi modifié afin de
respecter nos exigences: plus de 250 descendances doivent étre testées, le bloc doit avoir une
superficie maximale de 0,2 ha et les cofits pour l'établissement et le suivi du dispositif doivent
étre raisonnables. Ce type de dispositif utilise le principe des grandes parcelles qui comprennent
des parcelles témoins principales et secondaires pour vérifier 'homogénéité du sol a I'intérieur
des blocs. Il permettra par 'ANOV A de répondre a des questions importantes: (i) est-ce que les
variations du sol sont homogenes dans le bloc? (ii) est-ce que les variations du sol sont dans une
ou deux directions? et (iii) si elles se produisent dans deux directions, est-ce que leurs effets
s'additionnent? Si les variations du sol sont hétérogénes, nous pourrons utiliser trois méthodes
différentes pour ajuster les données. Trois tests ont été établis en 1992 dans la zone d'amélioration
des Appalaches et les tests pour la zone des Laurentides sont actuellement en cours en
pépinieres. Comme ce dispositif tient compte des variations du sol, nous croyons qu'il permettra
d'améliorer la précision des analyses. :
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UTILISATION DU CHARANCON DU PIN BLANC DANS LE PROCESSUS
DE SELECTION DE L'EPINETTE DE NORVEGE

Francois Larochelle, Robert Lavallée, Gaétan Daoust et Ariane Plourde

Foréts Canada - Région du Québec
1055 du PEPS,; C.P. 3800
Sainte-Foy, Québec
G1v 4C7

Le charangon du pin blanc (Pissodes strobi Peck) peut s'attaquer a la plupart de
nos épinettes et pins. Essence a haut potentiel ligneux, I'épinette de Norvege (Picea abies L. Karst)
est une des especes de prédilection du charangon. Les dommages observés en plantation sont, a
ce jour, si important, que ce probléme remet en question l'utilisation de I'espece dans le
programme de reboisement au Québec. Toutefois, on observe des variations de susceptibilité au
sein des provenances. Il apparait donc possible d'améliorer cette espece afin d'augmenter sa
résistance a l'insecte; I'amélioration génétique pourrait ainsi offrir une solution viable a long
terme. Il a été vérifié que l'insecte peut démontrer des préférences alimentaires lors de tests de
phagostimulation. L'utilisation de I'insecte comme "bio-indicateur” de la résistance serait un outil
précieux de sélection. Afin de vérifier si I'insecte était en mesure de faire une discrimination, sur
la base de ses préférences alimentaires, nous avons effectué des tests de phagostimulation au

" choix et forcés. Le matériel végétal utilisé au cours de ces tests provenait de 45 paires d'arbres
jugeés résistants et susceptibles a l'intérieur de 23 plantations. Par la suite, des tests de ponte ont
été réalisés afin de vérifier si la résistance observée en milieu naturel s'explique par une réduction
de la ponte. Lors des tests de phagostimulation, le charangon n'a démontré aucune préférence
alimentaire. De plus, a I'analyse des résultats des tests de ponte, nous avons observé la méme
tendance a savoir que le niveau de ponte est équivalent pour les deux classes d'arbres. Les tests
effectués jusqu'a maintenant ne laissent ressortir aucune tendance significative d'une résistance
passive de la part des arbres sélectionnés comme étant résistants. L'absence de différences
significatives dans les tests de laboratoire suggerent que 1) ces tests ne reproduisent pas
fidelement les conditions naturelles permettant aux insectes de faire leur choix ou que 2) la
résistance observée devrait davantage étre considérée comme de la tolérance puisqu'il y a
développement de tiges de qualité malgré les attaques de l'insecte.
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GENETIC-INDUCED VARIATION OF CONTAINER NURSERY-CULTURED
INTERIOR SPRUCE IN BRITISH COLUMBIA

C.D.B. Hawkins

Research Scientist
Red Rock Research Station
R.R. #7, RMD #6
Prince George, British Columbia
V2N 2J5

Field foresters in British Columbia have expressed concern about the
morphology, physiology and logistics of seedlings derived from seed orchard seed collections
compared to that of stock obtained from wild seed collections for interior spruce. Most of the
perceived problems can be related to nursery culture. A decade ago, similar concerns were voiced
about Douglas-fir stock derived from the seed orchard program, albeit, the stock was mainly
bareroot (Mueller et al. 1981). Hawkins (1993) described greater nursery morphological and
physiological variation for seed orchard seedlots than that observed for a limited number of wild
collection seedlots. Overall, it is difficult to assess the extent of the spruce, seed orchard issue
because of the paucity of information on expected variation (morphological and physiological) of
wild seedlot ('natural’) collections grown in container nurseries. ' \

A pilot project was established at Red Rock Research Station in February 1993 to
assess genetic-induced variation of 50 interior spruce seedlots from different sources (a, wild
collections ranging from the U.S. to the Yukon borders and from the Alberta border to the
western boundary of the Central Plateau; b, seed orchard collections from the Prince George and
Shuswap Adams zones; and ¢, full-sib collections from the Prince George breeding zone (grown
in pure and mixed-sib blocks)). Variation will be assessed for the: i) germination period (nursery
and laboratory); ii) nursery growth and bud development stages (under 'control' and 'blackout’
conditions for selected seedlots); iii) frost hardiness and dormancy induction phases (a wide .
range of seedlots grown under different photoperiod treatments); and iv) field phenology and
growth stages of the nursery-cultured stock (in a common garden at Red Rock). Variation
observed during germination and early nursery growth was considerable. It was least in the full- -
sib collections and greater but of similar extent for the wild and seed orchard seed collections. At
this very preliminary stage, the data suggests that seed orchard seedlot nursery variation is not
- outside the range observed for wild seedlot collections. '
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DEVELOPING PROVISIONAL SEED TRANSFER GUIDELINES FOR
WHITE SPRUCE IN QUEBEC

Peng Lil, Jean Beaulieu? and Jean Bousquet!

1Centre de recherche en biologie forestiere =~ 2Laurentian Forestry Centre

Faculté de foresterie et de géomatique Forestry Canada
Université Laval Québec Region
Sainte-Foy, Québec - Sainte-Foy, Québec
G1K 7P4 G1V 4C7

‘Ecological regions are currently used to guide seed transfer in Québec because no
information is available on patterns of genetic variation and the degree of their relationships with
the patterns of environmental variation. Our objectives in this study are: 1) to determine the
patterns of genetic variation among seed sources and their relationships with environmental
variation for white spruce in Québec and Ontario, and 2) to develop provisional seed zones to
. guide seed transfer for white spruce in Québec. Seventy-nine seed sources of white spruce were
sampled in Québec and Ontario, with each source containing one to five separate open-pollinated
families (a total of 342 families). Data were collected on total seedling heights (1-, 2- and 3-year)
and 3-year budburst and budset in the greenhouse and nursery as well as 8- and 13-year heights
in three field test sites. All traits differed significantly among seed sources and families within
seed sources, and they were intercorrelated at both seed source and family levels. Principal
component analysis was used to summarize genetic variation in all traits among seed sources into
a few principal components. Two principal components accounted for about 87% of the total
seed-source variation in all traits, with the first component having high loadings from field traits
and the second from seedling traits. Factor scores derived from the two principal components
were related to geographical variables: latitude, longitude, and elevation. The regression models
accounted for about 50% of the seed-source variation for the two principal components. We will
also test the validity of the models by examining the significance of lack of fit to the models by
using families as repeats as well as by using different seed sources in other field tests. Provisional
seed zones will be developed from the models describing the patterns of genetic variation among
seed sources.
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Greg Adams

Sussex Tree Nursery

J. D. Irving Ltd.

-RR. #4

Sussex, New Brunswick
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Jean-Yves Arsenault
Stone-Consolidated Inc.
891 Main Street
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Chris Atack

Ministry of Natural Resources
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Timber Management Branch
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Fac. de foresterie
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Dept. Forest Resources
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Ecole de sciences forestieres
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N. B. Dept. of Natural Resources
Tree Improvement Centre
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Dr. Pierre Charest

Natural Resources Canada
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ASEAN-Canada For. Tree Seed Centre

Muak Lek
Saraburi 18180
Thailand

Mr. Jim Coles

ASEAN-Canada For. Tree Seed Centre

Muak Lek
Saraburi 18180
Thailand

Mr. Peter Copis

Natural Resources Canada
Petawawa National Forestry Inst.
P. O. Box 2000

Chalk River, Ontario

Ko0J 1J0

Mr. Daryl Currie

N.B. Dept. of Natural Resources
Tree Improvement Centre
Kingsclear Tree Nursery, RR. # 6
Fredericton, New Brunswick
E3B 4X7

Dr. Bruce Dancik
University of Alberta
Dept. of Forest Science
855 General Services Bldg.
Edmonton, Alberta

T6G 2H1

Gaetan Daoust

Ressources naturelles Canada
1055 Rue du PEPS

C.P.3800 .

Ste. Foy, Quebec

" G1vVaCc7z

Peter de Groot

Forest Pest Management Institute
P.O.Box 490

Sault Ste. Marie, Ontario

P6A 5M7

Blair DeGrace
Fraser Inc.
* 27 Rice St.
Edmundston, New Brunswick
E3V 156

Marie Deslauriers

Ressources naturelles Canada
Region du Quebec

1055 Du PEPS, C.P. 3800

Ste. Foy, Quebec

G1vV4C7

John Dojack

Manitoba Forestry Branch
300-530 Kenaston Blvd.
Winnipeg, Manitoba

R3N 124

Tony Elders '
Ministry of Natural Resources
190 Cherry Street

Chapleau, Ontario

POM 1KO0

Mr. Peter Etheridge
Sussex Tree Nursery

J. D. Irving Ltd.

RR. #4

Sussex, New Brunswick
EOE 1P0

Stephen Fawcett

N. B. Dept. of Natural Resources
Tree Improvement Centre
Kingsclear Tree Nursery R.R.#6
Fredericton, New Brunswick

E3B 4X7

Randy Ford

Zone 4 Tree Improvement Assoc.
P.O. Box 329

Swastika, Ontario

POK 1TO

Dr. G.S. Foster

Assistant Director _
Southern Forest Experiment Station
P.O. Box 1328

Huntsville, Alabama 35762-1328
US.A.

Dr. D. P. Fowler

Natural Resources Canada
P. O. Box 4000

Fredericton, New Brunswick
E3B 5P7



Howard M. Frame

Dept. of Natural Resources
Tree Breeding Centre

P. O. Box 190

Debert, Nova Scotia

BOM 1G0

Michele Fullarton _

N. B. Dept. of Natural Resources
Tree Improvement Centre
Kingsclear Tree Nursery, RR. # 6
Fredericton, New Brunswick
E3B 4X7

Roland Gagnon

Sussex Tree Nursery

J. D. Irving Ltd.

RR.#4 _

Sussex, New Brunswick
EOE 1P0

Peter Goodine

N. B. Dept. of Natural Resources
Tree Improvement Centre
Kingsclear Tree Nursery, RR. # 6
Fredericton, New Brunswick
E3B 4X7

Dr. Alan G. Gordon

Ontario Ministry of Natural Res.
Ontario Forest Research Institute
P. O. Box 969

Sault Ste. Marie, Ontario

P6A 5N5

John Green

Miramichi Pulp & Paper Inc.
P.O. Box 5040

Newcastle, N.B.

E1V 3N3

Dr. M.S. Greenwood
College of Forest Resources
University of Maine
Orono, Maine 04469
US.A.

Christine Hansen
P.O. Box 103

Smoky Lake, Alberta
TOA 3C0
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Chris Hawkins

B.C. Ministry of Forests
Red Rock Research Station
R.R. #7, RMD #6 '
Prince George, B.C.

V2N 2J5

Nathalie Isabel
CRBF ‘
Faculty of Forestry
Laval University
Ste. Foy, Québec
G1K 7P4

Dr. Kurt Johnsen

Natural Resources Canada
Petawawa National Forestry Inst.
P. O. Box 2000

Chalk River, Ontario

KO0J 1J0

Dennis Joyce

Ontario Ministry of Natural Res.
1235 Queen Street '

Sault Ste. Marie, Ontario

P6A 5N5

"Dr. Jerome I. Klein

Natural Resources Canada
Northwest Region, Manitoba District
200, 180 Main Street

Winnipeg, Manitoba

R3C 1A6

David Kolotelo

B. C. Ministry of Forests
Tree Seed Centre

18793 32nd Avenue
Surrey, B.C.

V4P IM5

Ms. Joy Lavereau

Natural Resources Canada
Petawawa National Forestry Inst.
P. O. Box 2000

Chalk River, Ontario

KO0 1J0 -



. Marie-France Lamarche
Natural Resources Canada

20th Floor, 351 St. Joseph Blvd.
Hull, Québec
K1A 1G5

Wi Young Lee

Institute of Forest Genetics
" Sanong-Dong 663-1
Chunchon City
Kangwon-Do 200-140
Republic of Korea

Ray LeBlanc

Fraser Inc.

27 Rice Street

Edmundston, New Brunswick
EOL 1L0

Mathew Leitch

Dept. Forest Resources

Bag Service 44555

University of New Brunswick
Fredericton, New Brunswick
E3B 6C2

Peng Li

CRBF

Faculty of Forestry
Laval University
Ste. Foy, Québec
G1K 7P4

Dr. Judy Loo-Dinkins
Natural Resources Canada
P. O. Box 4000

Fredericton, New Brunswick
E3E 5P7

Wade MacKinnon

Dept. Agric., Fish., & Forestry
P.O. Box 2000

Charlottetown, P.E.L

C1A 7N8

John E. Major
Natural Resources Canada

Petawawa National Forestry Inst.

P.O. Box 2000
Chalk River, Ontario
Ko0j 1J0

Tom Matheson

Scott Worldwide Inc.
P.O. Box 2140
Springhill, Nova Scotia
BOX 1X0

Stéphan Mercier

Min. Energie et Ressources

Service de L'Amelioration des Arbes
2700 Rue Einstein

Ste. Foy, Quebec

G1P 3W8

Donna Messer

N. B. Dept. of Natural Resources
Kingsclear Tree Nursery R.R.#6
Fredericton, New Brunswick

E3B 4X7

~ Dr. EK. Morgenstern

University of New Brunswick
Faculty of Forestry

Bag No. 44555

Fredericton, New Brunswick
E3B 6C2

Dr. Alexander Mosseler

Natural Resources Canada
Petawawa National Forestry Inst.
P. O. Box 2000

Chalk River, Ontario

K0J 1J0

Dr. Tim J. Mullin
P. O. Box 1321

Truro, Nova Scotia
B2N 5N2

Dr. Gordon Murray

Natural Resources Canada
Petawawa National Forestry Inst.
P. O. Box 2000

Chalk River, Ontario

KoJ 1J0

Sara Namiriembe

Dept. Forest Resources

Bag Service 44555

University of New Brunswick
Fredericton, New Brunswick
E3B 6C2



Stephanie Nicholas

Dept. Forest Resources

Bag Service 44555

University of New Brunswick
Fredericton, New Brunswick
E3B 6C2

Peter Nitschke

Ontario Tree Improvement Board
70 Foster Drive, Suite 400

Sault Ste. Marie, Ontario

P6A 6V5

Norma Pablo

Research Development Branch
College Laguna

Phillipines -

Dr. Yill Sung Park

Natural Resources Canada
P. O. Box 4000

Fredericton, New Brunswick
E3B 5P7

- Chong Phang Fee

Forest Research Institute
Kepong, 52109

Kala Lumpur

Malaysia

Dr. Graham R. Powell
University of New Brunswick
Dept. of Forest Resources
Bag Service No. 44555
Fredericton, New Brunswick
E3B 6C2

Preethi Randeniya

Dept. Forest Resources

Bag Service 44555

University of New Brunswick
Fredericton, New Brunswick
E3B 6C2

Kim Rensing

Dept. Forest Resources

Bag Service 44555

University of New Brunswick
Fredericton, New Brunswick
E3B 6C2
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Diane M. Roddy
Weyerhaeuser Canada Ltd.
P. O. Box 1720

Prince Albert, Saskatchewan
S6V 5T3

Carla Hogan Rufelds

_ Forestry Consultant

361 University Ave.
Fredericton, New Brunswick
E3B 4]1

John Russell

B. C. Ministry of Forests
Cowichan Lake Research Station
P. O. Box 335 '
Mesachie Lake, British Columbia
VOR 2NO

Garry Scheer

Natural Resources Canada :
Petawawa National Forestry Inst. '
P.O. Box 2000

Chalk River, Ontario
K0J 1j0

Frank Schnekenburger

Ontario Ministry of Natural Resources

OFRIL

- 258 Queen Street East

Sault Ste. Marie, Ontario
P6A 5N5

Hugh O. Schooley

Natural Resources Canada
Petawawa National Forestry Inst.
P. O. Box 2000

Chalk River, Ontario

KO0J 1J0

Sherman Sherrard
Miramichi Pulp & Paper Inc.
P.O. Box 5040

Newcastle, New Brunswick
E1V 3N3

Emanuel Sildor
Ecole de sciences forestieres

" Univ. de Moncton

165 Boulevard Hebert _
Edmundston, New Brunswick

E3V 258



Dale Simpson

Natural Resources Canada
P. O. Box 4000

Fredericton, New Brunswick
E3B 5P7

Ron F. Smith

Natural Resources Canada
P. O. Box 4000 }
Fredericton, New Brunswick
E3E 5P7

Victor Steel

N. B. Tree Improvement Council
P.O. Box 4000

Fredericton, New Brunswick
E3B 5P7 :

David G. Steeves

Dept. of Natural Resources
Tree Breeding Centre

P.O. Box 190

Debert, Nova Scotia

BOM 1GO

Ante Stipanicic
Gouvernement du Quebec
Ministere des Forets

2700 Rue Einstein

Ste. Foy, Quebec

G1P 3W8

Ben Sutton

B.C. Research

3650 Wesbrook Mall
Vancouver, B.C.
Ve6S 2L2

Jon Sweeney

Natural Resources Canada
P. O. Box 4000

Fredericton, New Brunswick
E3B 5P7

Dr. Cheryl Talbert
Weyerhaeuser Company
Technology Centre 1A3
Tacoma, Washington 98477
US.A.
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S. David Todd

Champion International Corp.
37 Villa Road, Suite 319

B-141 '
Greenville, SC 29615

USA.

Kathleen Tosh

N. B. Dept. of Natural Resources
Tree Improvement Unit
Kingsclear Forest Nursery RR. #6
Fredericton, New Brunswick
E3B4X7

Dr. Gilles Vallée
Gouvernement du Quebec
Ministere des Forets

2700 Rue Einstein

Ste. Foy, Quebec

G1P 3W8

Dr. ].P. van Buijtenen

Texas Forest Service

Texas A & M University
Reforestation Department

Forest Genetics Laboratory
College Station, Texas 77843-2131

"USA.

Brenda Vanstone
Faculty of Forestry
University of Toronto
33 Willcocks St.
Toronto, Ontario
MS5S 3B3

Kristjan Vitols
Faculty of Forestry
University of Toronto
33 Willcocks St.
Toronto, Ontario

‘M55 3B3

Ben S. P. Wang

Natural Resources Canada
Petawawa National Forestry Inst..
P. O. Box 2000

. Chalk River, Ontario

K0J1Jo



Dr. R.J. Weir

North Carolina State University
Department of Forestry

School of Forest Resources

Box 8002

Raleigh, NC 27695-8002

US.A. -

J. H. Woods

B. C. Ministry of Forests
Cowichan Lake Research Station
P. O. Box 335

Mesachie Lake, British Columbia
VOR 2NO

Yijun Xu

Dept. Forest Resources

Bag Service 44555

University of New Brunswick
Fredericton, New Brunswick
- E3B 6C2
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Katherine Yakimchuk

Pine Ridge Forest Nursery
Genetics & Tree Improvement
P. O. Box 750

Smoky Lake, Alberta

TOA 3C0

Bill Yeates

N. B. Dept. of Natural Resources
Tree Improvement Unit
Kingclear Forest Nursery RR. # 6
Fredericton, New Brunswick
E3B 4X7 '

Zhong Yuan

Dept. Forest Resources

Bag Service 44555

University of New Brunswick
Fredericton, New Brunswick
E3B 6C2
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CTIA/ACAA Sponsored Students

Marilyn Cherry (UBC)
Nathalie Isabel (Laval)
Christine Hansen (U of A)
Kristjen Cameron Vitols (U of T)
Stephanie Nicholas (UNB)
Emanuel Sildor (U de M)




RS :
‘“” When I clap my hands, you'll wake up in utter amazement!!!!

Gordon, Look at the
camera and smile
they're taking our picture.

Yill Sung Park and Gordon Murray
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Mike Greenwood

Caught going for seconds.

Onlookers: Stephan Mercier, Jean Beaulieu and Ante Stipanicic (anxiously waiting)
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I told you to meet me under the apple tree!!

Greg Adams advising
controlled pollination
techniques:

We squeeze them till
their buds pop!




-168-

We don’t mean to preach, but
if you will turn to spruce:6 and recite...

Diane Roddy...
wondering ...

what will happen when 1
push this button?
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Kingsclear Banquet
3rd degree Complex situation’s need food for thought...

Howard and Nancy Frame "Lobster Attack" Score: Lobster =3
Howard =1
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A HISTORIC DATE

These members attended the
Fourteenth meeting held in Fredericton, N.B. August 28-30, 1973

Thanks, for the history...
of Meetings long ago and friendships that have grown.

Don Fowler, Ante Stipanicic, Bruce Dancik, Jim Coles, Al Gordon,
Kris Morgenstern, Gilles Vallée, Jerry Klein, Graham Powell
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The Band

The Jig

The Happy Observer’s

Jon Sweeney
Dale Simpson
Yill Sung Park
Ben Sutton
John Russell
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And last, but certainly not least,
Sharon Moreau
of the Petawawa National Forestry Institute

Without Sharons excellent computer manipulation skills,
the proceedings of the 24th meeting could never have been published.




