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JACK PINE GENETICS,
PETAWAWA, 1975-76

C.W. Yeatman

Canadian Fonestry Service
Petawawa Fornest Experiment Station
Chatk River, Ontario

Genetic research in jack pine (Pinus banksiana Lamb.) actively
pursued the objectives outlined in the previous report to the Association
(Yeatman 1976a). Every opportunity has been taken to encourage foresters
to apply research results in jack pine management, particularly for the
long term production, collection, distribution and genetic improvement
of seed.

At the same time, the practical basis for advanced-generation
breeding has been explored by selecting plus trees and establishing
associated progeny tests and clonal archives. A pilot breeding program
conducted with the collaboration of the Ontario Ministry of Natural
Resources is aimed at testing methodology and determining cost and
effectiveness of creating seedling seed orchards in jack pine (Yeatman
1974b). Theoretical studies in jack pine genetics have included creation
of a diallel crossing scheme, and selection and breeding within and
between top ranking provenances at Petawawa.

PROVENANCE

Tree height and infection by scleroderris canker (Gremmeniella
abietina (Lagerb.) Morelet) were recorded for selected seed sources in
four northern range-wide provenance tests located in Ontario and Quebec
(Yeatman 1976c, 1976d). These supplementary data confirmed conclusions
from 1973 (10 year) observations that local or near-local seed sources
of jack pine provide the best guarantee for good growth, winter hardi-
ness and disease resistance. Jack pine found north of Lake Superior and
east of Lake Nipigon appears to be an exception, for in this region
provenances from east and west are superior to the local in height
growth.

_ Pronounced genotype x environment interaction adds further
weight to the argument for strict control over production, collection,
identification, selection and distribution of seed for reforestation.

In some regions, e.g. western Quebec and southeastern Ontario,
large differences (10 to 20%) are evident in mean tree height between
geographically and climatically associated provenances. It is likely
that systematic sampling and testing of major concentrations of jack
pine will identify the better populations for seed collection and
genetic improvement. Such tests will also permit setting of boundaries
of seed zones and breeding districts on the basis of population response
within the species rather than on site regions generalized for all

species.
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Heights were recorded for 16 Lake States provenanées growing
in a replicated test at Petawawa and in large, unreplicated plots near
Grenville, Quebec, when the trees were 23 and 24 years from sowing,
respectively. Seed origin ranged from southern Michigan to northern
Minnesota (King 1966). Although the statistical discrimination in the
test at Petawawa was weak, two southern Michigan provenances were in top
rank and Minnesota provenances occupied the lowest 3 ranks. This is
consistent with the overall clinal trend with latitude and summer
climate found in other jack pine provenance tests (Yeatman 1974a).

The Grenville test site is superficially uniform and the
results are worthy of consideration. The provenance means are based on
the heights of 75 to 100 trees per plot. The ranking of this alluvial
site in the Ottawa Valley is almost the reverse of that at Petawawa,
with Minnesota provenances in top rank and southern Michigan and a
southern Wisconsin source in lowest ranking. The rank correlation
(Steel and Torrie 1960) based on provenance means at Petawawa and
Grenville is negative and non-significant (rS = -0.29). However, the
correlation of rank at Grenville with the order of planting of the
provenances in the plantation is 0.76 (t = 4.38, highly significant).
Each provenance was planted in a long 3-row plot running parallel to an
abandoned railway right-of-way. Provenance mean height increases with
distance from the old railway. The apparent gradient in site quality
over-rides provenance differences in the plantation and the results are
of little value for genetic interpretation.

PROGENY

Two replicated tests were planted of 64 open-pollinated
progenies of trees selected for growth and form from eight stands in the
Upper Ottawa and Bonnechere Valleys in eastern Ontario. In each stand,
four trees were selected for outstanding height and diameter and good
form, i.e. plus trees, and four minus trees were selected as having
extremely poor form. The progenies will be compared in due course to
determine the effect of parental phenotype on growth and tree quality
and a small demonstration seedling seed orchard was established with
progenies of the plus trees. Grafts of selected plus-— and minus-trees
from Petawawa were planted to test the interaction of spacing and
genotype. These clones were also planted side by side with their
progeny for demonstration and to be available for controlled breeding.

SELECTION

The initiation of a trial of mass selection in young jack pine
was reported previously (Yeatman 1976a). Grafts of the 100 plus trees
and 100 control trees are ready for planting in the breeding arboretum
in 1977. The select and control trees were released from immediate
competitors in an attempt to promote flowering and seed production. The
problem may lie with squirrel activity as much as with paucity of
flowering.
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Grafting plus trees selected in the COte Jaune seed production
area in Quebec (Yeatman 1976c) was only partially successful because the
scions had to be stored for long periods (6 to 14 months) before root-
stocks were ready for grafting. Tests are underway to improve methods
of scion storage and for the rapid production of rootstocks.

A pilot jack pine improvement program has been initiated near
Spoor Lake, Algonquin Park, in cooperation with the Ontario Ministry of
Natural Resources. Young stands suitable for seed production have been
surveyed and the first 100 plus trees selected on the basis of 1/4 ha
plots. Assistance in the field operation has been given by Algonquin
College staff and students who use the opportunity as a training exercise.

BREEDING

Collection of seed of provenance hybrids was completed and the
seed extracted, cleaned and counted. A series of field trials will be
planned cooperatively with our colleagues in the Lake States. The first
test using 16 crosses within and between 4 widely separated provenances
is being run in controlled environments to examine photoperiodic response.

A count was made of one-year comelets in 15-year-old jack pine
growing at two spacings, 7 and 14 ft. An equal number of conelets were
found on an area basis, but there was a more consistent and more abundant
cone set on the trees at wider spacing. Replicate thinned plots were
created in ll-year-old natural regeneration to evaluate the effect of
thinning on cone production.

Further pollinations were made to augment the seed required
for a diallel crossing scheme among seven random jack pine trees of
Petawawa origin. A new breeding test was initiated among plus trees
crossed within and between top-ranking provenances at Petawawa.

EXTENSION

A forest genetics exhibit was created by the Canadian Forestry
Service and has been displayed before a number of forestry and public
audiences in eastern Canada ranging from Gander, Newfoundland to Sault
Ste. Marie, Ontario. The assistance of association members in supplying
colour slides is gratefully acknowledged. In addition to a trans-Canada
slide review of tree improvement, the exhibit highlights, by models,
photo-posters and captions, seed production, the effects of photoperiod
on seedling growth of three species in relation to geographic origin,
provenance effects on growth and disease resistance in jack pine, seed
production areas, and genetic improvement by plus tree selection and the
establishment of seed orchards. Packets of cones and seed, a poster on
seed production and plus tree selection, and selected reports for give-
aways were useful adjuncts to the exhibit. Copies of the Proceedings of
the 1l4th and 15th Meeting of the Canadian Tree Improvement Association
were displayed to forestry audiences together with application forms for
corresponding membership in the Association.
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Other activities of a more general nature included running
training courses on tree climbing and the preparation of a manual on
methods and equipment. Over 20 Ontario provincial forestry staff
received instruction to aid them in seed and scion collection from
standing trees. A report to update research and application of genetic
improvement of forest trees in Canada was presented at the 1976 annual
meeting of the Woodlands Section of the Canadian Pulp and Paper Association
(Yeatman 1976b). The paper was based dominantly on recent reports by
.active members to the Canadian Tree Improvement Association.
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WHITE SPRUCE GENETICS,
PETAWAWA 1975-76

Cheng C. Ying

Canadian Forestry Service
Petawawa Forest Experniment Station
: Chatk River, Ontario

I joined the Petawawa Forest Experiment Station on 1 March 1976
and subsequently was put in charge of the genetic program with white
spruce (Picea glauca (Moench) Voss). My priorities are (1) to organize
and carry out the new cooperative range-wide study, and (2) to evaluate
established trials as a basis for the further development of the breeding
strategies. Progress since the last report (Morgenstern 1975) is summarized
here. ~ ~

NEW RANGE-WIDE STUDY

By the end of 1976, seed from over 300 stands had been gathered
for this study. About 80% of the seed had been collected on the basis
of individual trees, and approximately 1500 single-tree seedlots are now
available. Collection in Ontario represents the joint effort of P.F.E.S.
and Ontario Ministry of Natural Resources (Mr. D.A. Skeates). A number
of people including Drs. J.I. Klein and N.K. Dhir in Alberta; Mr.

F.W. Flavelle in Saskatchewan; Mr. R.F. Calvert (now Researcher at
P.F.E.S.) in Manitoba; Dr. A. Corriveau and M. Yves Lamontagne in
Quebec; Dr. S.A.M. Manley in Prince Edward Island; Mr., T. Mullin in Nova
Scotia; and Dr. M.A.K. Khalil in Newfoundland have contributed and will
contribute seeds from outside Ontario.

In the past the original stands of the desired sources often
disappeared after the completion of the provenance tests. To avoid this
problem, 5 to 10 grams of seeds of each seedlot have been designated for
long~term storage under the conditions prescribed by the Seed Centre
(Wang 1975). Those seeds will be available to the cooperators for
establishing seed orchards or other purposes once desired provenances
have been identified.

Eight federal and provincial organizations and the University
of Maine, U.S.A., will participate in this program. Field tests will be
established beginning in 1980.

COMBINATION STAND-PROGENY TEST OF
OTTAWA VALLEY WHITE SPRUCE

In cooperation with the Ontario Ministry of Natural Resources
(Mr. D.A. Skeates), planting stock for three tests in Region 5E, Ontario
are being prepared. Each test will contain about 350 families from 60
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stands. The area sampled is roughly south of latitude 48° and between
longitude 72° and 78°. There is strong evidence that white spruce from
this area may contribute excellent breeding materials for southwestern
Ontario, Maritime provinces, Lake States and Northeastern United States
(Genys 1965, Nienstaedt 1969 and Teich et al., 1975). These experiments
will be designed to estimate (1) the extent of stand differentiation and
(2) variation between families from the same stand.

RESULTS OF SOME CURRENT PROGENY TESTS

Family effect on growth was significant, but no differences
between stands was found in three single-parent progeny trials of Upper
Ottawa origin (Dhir 1976). Results from four 22-year-old progeny tests
indicate that phenotypic selection for growth rate in forests on the
basis of simple comparison is not effective. Family correlation in
height growth between age 22 and 10 was high. Early selection is
feasible. Family selection or combined selection, taking into account
the family average plus individual-tree performance, would likely give
the greatest gain.

White spruce progeny from Menominee County, Wisconsin (Lat.
45°) outgrew the local control by 15% at the age of 12 years on a poor
sandy site. It appears that some of the materials can be incorporated
into our white spruce program.

COMPARISONS AMONG WHITE, SITKA, ENGELMANN SPRUCE
AND THEIR HYBRIDS -

Experiments to compare (1) Sitka spruce and its hybrid with
white spruce were established on the Station in 1960 (Exp. 139) and (2)
Engelmann spruce and hybrids with Engelmann and white spruce in 1967
(Exp. 233). Both tests were measured and evaluated in 1976. The
results clearly indicated that both pure Sitka and Englemann spruce were
not hardy enough and suffered repeated winter injury. The response of
the hybrids was generally intermediate. Two white spruce provenances
from northern Manitoba and Black Hills, South Dakota of the United
States had 80 percent survival and averaged 280 cm in height ten years
after planting. One of them (5.3116) produced a heavy cone crop in 1976
on 75 percent of the living trees.
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FOREST GENETICS AT THE SCHOOL OF FORESTRY
LAKEHEAD UNIVERSITY

G. Murray

School of Forestny
Lakehead University
Thunder Bay, Ontario

, The primary responsibility of the School of Forestry at
Lakehead University is '"to educate young people in preparation for

the challenge of managing and restoring the land based resources of
the boreal forest region" (Science Council of Canada 1973). It is
considered essential that this education should include experience

in the field, laboratory, and classroom that will provide all students
with a basis for an appreciation of the principles, objectives, and
value of tree improvement.

UNDERGRADUATE PROGRAMME

All undergraduate students in the four-year degree programme
study the basic principles of genetic variation and tree improvement
during their silviculture courses. Laboratory and field work completed
by all students includes collection, treatment and germination of tree
seed, vegetative propagation by grafting and cuttings, and evaluation
of a provenance test and seed orchard. Senior students have the option
of attending a course in which forest genetics is studied in greater
depth. Titles of research projects undertaken by some of these students
in 1976-77 are given below.

1. Variation in branch characteristics in a jack pine (Pinus banksiana
Lamb.) provenance test.

2. Provenance-related variation in root regeneration and early growth
of white spruce (Picea glauca (Moench) Voss) seedlings.

3. Infra-red gas analysis as a means of comparing photosynthetic rate
of white spruce seedlings.

Results of these studies will be presented as undergraduate theses in
April 1977.

GRADUATE RESEARCH

In September 1977 the School of Forestry will enroll the first
students in its new Master of Science programme. This programme will have
a strong silvicultural emphasis and will provide opportunities for graduate
research on tree improvement with particular reference to the boreal
forest.
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ARBORETUM

The Lakehead University Arboretum (Day et al. 1976) was
officially opened in July 1976. 1In addition to its educational value it
is expected that this arboretum will serve as a northwestern Ontario
test site for material produced by the Canada Department of Agriculture.
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TREE IMPROVEMENT PROGRAMS CONDUCTED
BY THE PROVINCE OF MANITOBA

S. Segaran

Department 0§ Renewablfe Resowrces
Forest Research Section
Lands and Forests Division
Winnipeg, Manitoba

INTRODUCTION

The basis of tree breeding in Manitoba is genetic diversity
between and within populations of the three main species, white spruce
(Picea glauca (Moench) Voss), jack pine (Pinus banksiana Lamb.) and
black spruce (Picea mariana (Mill.) B.S.P.), though major efforts in the
realm of genetic improvement and seed production would be directed '
towards white spruce and jack pine. Currently at various stages of
nursery and field trials are local and all range provenance studies of
white spruce (Segaran, 1977a), local provenance studies of jack pine
(Segaran and Meseman, 1977a), local and all range studies of black
spruce (Segaran 1977b). Field trials of hybrid Populus Walker (formerly
known as hybrid Populus 44-52) throughout the province on three different
soil types indicate a mean annual increment of 1.76 cm dbh and 2.31
metres total height on triable clayey loam soils of high organic matter
content, a high phosphate supply and a pH greater than or equal to 7
(Segaran, 1976c). Trials of exotic species, namely, Norway spruce
(Picea abies (L.) Karst.), Scots pine (Pinus sylvestris L.), Korean pine
(Pinus koriensis) and larch (Larix gemelini var. olgensis) are also '
underway and the successful provenances would ultimately enhance local
seed sources besides obtaining homoclimal information.

Vegetative propagation techniques of grafting and rooting for
white spruce commenced in 1976 to continue the parental hereditary
superior traits into the asexually regenerated progeny under conditions
of controlled genetic environment (Segaran and Meseman, 1977b). The
scions were collected from phenotypically superior plus trees (Segaran,
1976b) using a multiple selection index criterion. Grafting would con-
tinue to play an important part in the establishment of clonal seed
orchards in the province (Segaran, 1976a) until some light is shed on
the time period between rooting and seed production.

A master plan is now being prepared for the establishment and
management of the first clonal seed orchard in the province (Segaran,
1977¢). Besides selection, progeny testing and genetic crossing,
cultural techniques for precocious flowering, continuous and early,
regular production of abundant quantities of seed would also be in-
corporated. The exogenous application of the plant hormone gibberellin
to terminate the long juvenile phase and consequent promotion of early
and enhanced flowering would also be endeavoured.
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In the :summer *&f. 1977 it  is also:hoped ito;undertake an evalu-
ation of the different container systems used in the commercial plantings
of jack pine in the'Province, during “the last five years.

TREE BREEDING OBJECTIVES

1. To determine. the nature'of thevd;strlhutlon, genetlc diversity,

and jack pine.

2. To discover, segregate and evaluate the promising provenances for
more intensive trials. . ... .. ...

3. . ..To obtain fundamental quantitative cr1terra for_seed movement and

: seed transfer, and thus establlsh the m . of . seed boundarles.

“»ﬁ;possess exte hal superlor manifest g
haracterlstlcs for obta1n1ng sclons for”grafting an

~,k834;~To draw up a-management report for the ‘establishment of clonal

u~,forest seed orchards of whlte spruce 1ncorporat1ng management ’

'ﬂand consequen.ly enhanc1ng of Seed yleld

Seeds from'17wsoﬁrces“throughoﬁtbthe”ProhincéhﬁereMcoilected
. in. the winter of.: 1972—73 and sown. at. the. Pineland Research Nursery in
,the Spring of 1973, year old nursery stock was f‘eld planted on
five. scarlfled locatlons in the spring of 1975. Growth corded
annually, (At the end of one year from seedlng three provenanf X:] appeared
promising, as asce Qained from a 81ng1e env1ronment (Se ] "Meseman,
“;91977b). . S : '
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2. Black Spruce

. Seeds, collected from 17 stands in the Province, in the

winter of 1973-74, were sown in #313 paperpot containers in flats at the
nursery. The seedlings were given an 18-20 hour photoperiod with a
regular schedule of fertilizer application. The material was field
planted on five different locations in the spring of 1976. Annual
growth measurements will be taken.

3. White Spruce

From 15 stands distributed throughout the Province, seeds were
collected in August 1973 and sown in #313 paperpots in the spring of
1974. Weekly applications of liquid fertilizer (15-15-30 at the rate of
2 teaspoons per double row) were applied in 1975 and 1976, They will be
planted in nursery seed beds in 1977 and field planted in the spring of
1978.

ALL RANGE PROVENANCE TRIALS
4. ° Black Spruce

Surplus nursery stock was procured from the Canadian Forestry
Service, Edmonton, in 1975. The stock from 12 eastern seed sources was
planted on a moist site in the vicinity of Marchand.

5. White Spruce

Seeds, from 65 seed sources were procured from Petawawa Forest
Experiment Station, and were sown in flats of peat moss in July 1974.
Weekly applications of liquid fertilizer were applied in 1975 and 1976.
Due to frost damage on some of the provenances only 42 provenances would
be planted on nursery seed beds in 1977 and field planted in 1978
(Segaran, 1977a).

A further trial from 100 seed sources would be undertaken in
a cooperative genetic white spruce study with the Canadian Forestry
Service from the summer of 1978. '

PLUS TREES AND SEED ORCHARDS

In the fall of 1976, plus trees of white spruce with a broad
genetic base have been located in the Pine Falls - Wallace Lake region.
Scions have been taken in February 1977 and would be grafted on to
compatible rootstock of the same species in April 1977. These materials
would form the base of the first population of clonal forest seed
orchards to be established in the Province (Segaran; 1976a, 1976b). A
master plan incorporating the establishment, management and cultural
treatments are being drawn up for the first clonal seed orchard in the
Province (Segaran, 1977c).
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VEGETATIVE PROPAGATION TECHNIQUES

In 1976 grafting and rooting trials were carried out at the
Research Nursery, mainly to attain the finer aspects in the mastery of
grafting and to gain an insight into the physiological problems affecting
rooting. A report on these has to be published (Segaran and Meseman,
1977b). 1In 1977 grafting of 200 scions of white spruce would be under-
taken, as well as the inducing of rooting of 200 cuttings.

TRIALS OF HYBRID POPULUS WALKER (FORMERLY KNOWN AS POPULUS 44-52)

These trials were commenced in 1968 and are currently at
varying stages of growth. Growth statistics up to the fall of 1976 have
been written up as an Information Report No. 3 (Segaran, 1976c). In
1978, it is hoped to extend these trials on a broader basis.

SEED PRODUCTION AREAS

In the late summer of 1977, it is expected to locate 2 areas
of white spruce as temporary sources of seed until seed orchards attain
commercial production of certified, high quality seeds.

TRIALS OF EXOTIC GENERA

Four exotic species are now under test, Scots pine, Korean
pine, Norway spruce and larch. Requests for seeds of other exotic
genera have been made and are expected to arrive later this year.
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TREE IMPROVEMENT IN ALBERTA, 1976-77

N.K. Dhir

Deparntment of Energy and Natwwal Resowrces
Albenta Fornest Service
Edmonton, Alberta

and
R.K. Vincent

Proctorn & Gamble Cellulose, Lid.
Grande Prnainie, Albernta

Approximately 24,000 ha of forests are logged annually in
Alberta. Much of the cutover area is site prepared and regenerated
through direct seeding or planting by the Alberta Forest Service and
forest industries. In fall 1975, the Alberta Forest Service embarked
upon a systematic tree improvement program in order to provide gen-
etically superior seed for reforestation programs of the province.
Shortly thereafter, North Western Pulp & Power Ltd. and Proctor &
Gamble Cellulose, Ltd. also initiated their own tree improvement programs
to cover their extensive lease areas located respectively in the forests
of Edson and Grande Prairie regions. This report briefly describes
progress on forest genetics and tree improvement work carried out by the
Alberta Forest Service and Proctor & Gamble Cellulose, Ltd. during the
past one and a half years.

CONE COLLECTIONS

In 1976, cone crop in most areas of Alberta was fair to
moderate. Extensive cone collections were made across the province to
build up seed inventory for tree breeding and related experimental work.

A total of 735 cone collections were made from ten species (Table 1)

with most emphasis being placed on collection of cones from phenotypically
desirable trees of white spruce and lodgepole pine. Seed extraction and
processing work was completed with the assistance of Petawawa Forest
Experiment Station which kindly processed a sizeable portion of our cone
collections.

SEED PRODUCTION AREAS

Two seed production areas were developed in the province in
1976. Proctor & Gamble Cellulose, Ltd. initiated the development of a
9.7 ha white spruce seed production area in the Grande Prairie Forest.
This project will be completed in spring 1977. Alberta Forest Service
developed a 1.2 ha black spruce seed production area at Nipisi in the
Slave Lake Forest.



-162-

Work was initiated on a project aimed at screening and testing
seed production area trees to identify parents possessing excellent seed
production capacity as well as superior progeny performance potential
for nursery stock production. Seed production areas located at Weberville
(Peace River Forest) and Mitsue South (Slave Lake Forest) were chosen
and trees with phenotypically more desirable attributes marked and
described. A total of seventy trees were selected for initial testing
and the project will be expanded to include more trees in later years.
Cone crop rating and seed yield per cone of individual trees varied
substantially. Seed quality evaluations and germination tests on the
selected trees have been completed. Short term nursery testing of this
material is planned for spring 1977. These trials will evaluate open
pollinated progeny performance of seed trees in containers and nursery
beds.

Table 1. Summary of cone collections made during 1976.

Number of Collections

Species Single tree Bulk
White spruce 318 6
Lodgepole pine 231 2
Tamaréck 61 13
Black spruce 60 19
Alpine larch 9 2
Alpine fir - 1
Douglas-fir _ 5 1
Limber pine - 4
Whitebark pine ' 1 -
Engelmann spruce Co- 2

TOTAL 685 50

SELECTION AND BREEDING

It was decided that tree breeding work in the province will be
initially restricted to white spruce and lodgepole pine with most
emphasis on the former species. Target area for tree breeding projects
covers the forests located in the central and northern portion of western
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Alberta which produces approximately 90 percent of the timber cut in the
province. This area was divided into six Breeding Regions (Figure 1).
Each region is to be covered by a separate and independent breeding
program restricted initially to the most important tree species of the
region. Regions A and B were earmarked for lodgepole pine improvement
and regions C, D, E and F for white spruce improvement.

During 1976, field work was started on a number of breeding
programs. Alberta Forest Service and Procter & Gamble Cellulose, Ltd.
jointly initiated a lodgepole pine improvement program for breeding in
region B. Natural stands in the central part of this region were
surveyed and 201 superior tree selections made to provide genetic stock
for further selection and breeding. Selected trees on an average showed
17 percent height superiority and 33 percent diameter superiority over
random trees (excluding suppressed trees). Further selections will be
made over the next two years to complete assembly of base material for
lodgepole pine breeding in region B. Prescribed breeding strategy
consists of establishing seedling seed orchards based on simple re-
current selection of half-sib selection schemes.

Selection of white spruce superior trees was confined to
breeding regions C and E. A total of 143 selections were made and cones
collected from the individual trees. The selection criteria emphasized
stem form and branching characteristics along with a requirement of
above average height and didmeter growth. Supplemented with additional
selections in later years, this material will be used to establish
seedling seed orchards which will be rogued on the basis of half-sib
progeny tests.

A large number of white spruce seedlings were potted to
provide steady supply of rootstock material for grafting plus tree
scions to establish clonal seed orchards of this species. White spruce
plus tree selection and grafting program at operational level is planned
to be initiated in 1979.

PROVENANCE STUDIES

In 1974, Alberta Forest Service started a series of white
spruce and lodgepole pine seed source trials to assess the effect of
seed source movements over relatively longer distances in Alberta. Two
experimental plantations were established at Nojack (Latitude 53° 36',
Longitude 115°32') and Mile-250 north of High Level (Latitude 59°16',
Longitude 117°32'). Every spring since 1974, three to eighteen pro-
venances of each species were outplanted at each of the two sites.

Field planting on these trials was continued in 1976 when 3 lodgepole
pine and 16 white spruce seed sources were outplanted at each site. The
plantations were also assessed for survival in fall 1976. Significant
differences in field survival attributable to planting years, locations,
seed sources and species were observed. However, poor experimental
design of these field tests limits the value of information that can be
obtained from these trials. Therefore, a new series of white spruce
provenance trials was initiated in 1976.
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A number of seedlots representing the geographic range of
white spruce in Alberta were obtained for establishing a number of seed
source test plantations across the province. A total of fifteen field
tests are planned. Each test will compare the performance of a set of
20 seed sources common to all tests with varying set of 5 to 10 local
seed sources. Nursery sowing of the first three tests of this series
was completed in spring 1976.

OTHER STUDIES

Two research studies were initiated in cooperation with The
National Tree Seed Centre of Petawawa Forest Experiment Station. These
are:

1. Evaluation of geographic variability in cone size, and
seed yield, size and quality of lodgepole pine in Alberta.

2. Seed germination requirements and behaviour of white
spruce seed sources originating from sites of diverse
moisture regimes.

Collection of cones to provide seed material for these studies was
completed and sent to Petawawa Forest Experiment Station which is
conducting the laboratory investigations.

The Alberta Forest Development Research Trust Fund admini-
stered by the Department of Energy and Natural Resources is providing a
grant to develop a system of biogeoclimatic classification for the
forests of Alberta. This study is being conducted by Dr. S. Kojima of
The Canadian Forestry Service and expected to be completed in 1980. The
results of biogeoclimatic classification will provide a sound basis for
developing tree seed zones for Alberta.
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JACK PINE BREEDING AND PROVENANCE EXPERIMENTS WITH
CONIFER SPECIES IN THE PRAIRIE PROVINCES, 1975-77

J.I. Klein

Canadian Forestrny Service
Nonthern Fornest Research Centre
Edmonton, Alberta

The jack pine (Pinus banksiana Lamb.) breeding program
initiated in 1967 passed a milestone with the planting in 1976 of
the third family test, the last one planned for the first selection
cycle. A site was selected and prepared for the regional clone bank.
At 15 and 14 years from planting, red pine (Pinus resinosa Ait.) from
Regina Bay, Ontario and Norway spruce (Picea abies (L.) Karst.) from
Bashkir A.S.S.R. had survived and grown better than other introduced
populations in their respective tests, but were not good enough to be
recommended for operational use (Klein 1976a, 1977). The range-wide
black spruce (Picea mariana (Mill.) B.S.P.) geographic variation study
was planted in three locations in 1975.

JACK PINE BREEDING PROGRAM

Family Test Establishment

The central breeding district family test was planted in
 spring 1976. This test, the third and last planned for the program,
contains 48 trees in each of 214 open-pollinated progenies and two
stand collections. Each of the test's four plantations has one cubic
lattice unit of three replicates. Parent trees were selected in and
around the morainic uplands of western Manitoba and eastern Saskatchewan,
roughly between Dauphin and Carrot River. The four plantations are in
representative locations within this area, on soils ranging in texture
from sandy loam to clay. A slightly coarser group of soils might have
been preferable, but relatively fine-textured parent materials seem to
be more characteristic of this breeding district.

Rearing of planting stock for the family test was done in 40
x 40 x 100 mm containers, beginning in June 1975. Beginning in December,
photoperiod was shortened, greenhouse temperatures were reduced, and
nitrogen feeding was stopped. The container strips were then rearranged
from three sowing replicates into four plantation groups of three
replicates with 36 pre-determined 6-plot blocks in each replicate. The
seedlings were kept in a cold room at +2°C for slightly longer than a
month before being removed in early May, 1976, for transfer to a staging
area near one of the sites. This regime appeared to suit the seedlings.
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Clone Bank

A 5 ha site has been prepared for the regional clone bank at
the Chip Lake Research Planting Area, 120 km west of Edmonton. Climate
and soil of this area were described previously (Klein 1976b). Parts of
the area lack the layer of till between the loess cap and the weathered
sandstone, but the requisite digging was done to ensure that the entire
clone bank planting site has the till layer. Poplar and conifer trees
of commercial size were cut and removed, then all residual woody material
was chopped into mulch and left on the ground. Stumps were cut low and
left in place. No scarification other than spot scalping will be done
prior to planting of the grafted ramets.

Over 1200 ramets grafted from 1974 to 1976 were wintered in
pots under wood shavings inside a wall 0.6 m high. These will be
planted in 1977. Ramets to be grafted in 1977 may also be planted in
1977. 1If they are, they will require a lot of tending in their early
years, but would sustain less root deformation than if kept in pots
longer. Facilities for lining out grafted ramets are not available to
this program.

Grafting Technique

For greenhouse grafting of jack pine, we built a light wood
frame over the benches to hold 2-mil vapour barrier. Results seem to be
best when the bench covers are kept closed tight for two months after
grafting, and the grafts taken outside as soon as the covers are opened.
Many apparently successful grafts died in the greenhouse during or after
gradual opening of covers.

A new method of obtaining rootstocks is being tried this year.
Instead of potting-up bare-root nursery stock, 40 x 40 x 100 mm con-
tainers were seeded in May 1976. The seedlings were chilled outdoors,
potted-up in peat in November, then maintained in the greenhouse under
growth-stimulating conditions. At the beginning of March, about 10% of
the trees appear to be large enough for grafting. There should be
enough good-sized rootstocks by May, when grafting begins.

PROVENANCE EXPERIMENTS

Red Pine and Norway Spruce

A red pine experiment in southeastern Manitoba, and a Norway
spruce experiment in Riding Mountain National Park in western Manitoba
both showed significant differences among populations in survival and
height growth at 15 and 14 years after planting, respectively (Klein
1976a, 1977). Neither experiment's results would justify introduction
of any non-native populations into operational planting. There was no
clear indication from the results that new provenance tests with red
pine or Norway spruce would or would not reveal populations genetically
superior to species and populations now in use.
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The red pine experiment has a local population of red pine
(Sandilands) planted between plots of the other populations. This
arrangement allowed reasonably valid comparison with Sandilands.
Sandilands trees were near bottom rank in height in earlier measure-
ments, but were only slightly behind the tallest population, Regina Bay,
in total height and current periodic height growth rate at this measure-—
ment. The slight advantage of Regina Bay was considered inadequate to
recommend its use in view of its poor performance in a plantation near
Dryden, Ontario, and other factors. Survival differences could not be
clearly attributed to genetic adaptation, because nearly all of the
mortality or recorded injury occurred before the first examination, two
months after planting.

White spruce (Picea glauca (Moench) Voss) trees of Riding
Mountain origin were planted around the margin of the four separate
areas cleared and scarified for the Norway spruce experiment, but they
were not planted between the plots. Consequently, the better growth of
the white spruce trees may be partly the result of growing in a habitat
less degraded than that of the Norway spruce trees. Results to date
indicate that Norway spruce from Bashkir A.S.S.R. survives and grows
better than Norway spruce from milder source areas on sites scraped with
a straight blade in Riding Mountain National Park.

Black Spruce

The Northern Region component of the range-wide black spruce
study was planted in spring 1975. Planting sites are located in western
Manitoba (52.7°N, 101.4°W, elevation 760 m), in central Saskatchewan
(54.2°N, 104.4°W, 640 m), and near Peace River, Alberta (56.0°N, 116.6°W,
750 m). The Saskatchewan plantation has 49 populations of virtually
' range-wide provenance, the Manitoba plantation 49 with few from north of
55°N, and the Alberta plantation 30 with few from south of 50°N. One
northern population in the Alberta plantation, and another in the
Saskatchewan plantation, both short of trees when planted, were replaced
in July 1976 with seedlings of a population collected in fall 1975 north
of Watson Lake by the Yukon Forest Service. The seedlings were grown
in 50 x 50 x 200 mm containers from immediately after seed extraction
until they were planted. All three plantations were measured in late
summer and fall of 1975. Documentation of the plantations is in progress.
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NORTH WESTERN PULP & POWER TREE IMPROVEMENT PROGRAM

Peter Sziklai

Forestny Department
Nonth Western Pulp & Powern Litd.
Hinton, Alberta

North Western Pulp & Power Ltd. is based in Hinton, Alberta,
180 miles west of Edmonton, and operates on a lease area of 3,000 square
miles, .The main species harvested are lodgepole pine and white spruce,
with some black spruce and subalpine fir. Only lodgepole pine and white
spruce are used in our planting program. The pulp mill has a capacity
of 550 tons of high grade Kraft pulp per day. In 1973 a stud mill, with
a production rate of 50 million fbm per year, was added.

The position of tree improvement forester was filled in July
of 1976. Tree improvement work had not been carried out on a continuing
basis before this time, and the improvement program is still at a
planning stage.

Short term objectives, which are primarily aimed at increasing
control over wild seed collections, and providing some genetic gain,
will be met through a program which has already been started. This
short term program involves: one white spruce seed production area at
present, pre-commercial thinning in 15 to 20 year-old lodgepole pine
stands, and careful matching of seed source to planting site for both
species. The pre-commercial thinning allows some phenotypic selection
and an improvement in genetic quality is expected. Seeds produced in
these blocks will be of higher quality as a result.

The short term program can be extended over more of the lease
area each year, and could eventually result in an upgrading over the
entire lease, with an anticipated genetic gain of 2 to 57%.

A long term program, to provide material and information for
efficient breeding, is presently at a conceptual stage. Testing of
local populations, within our lease area, for seed zonation has the
main priority, with planting planned for 1978 and 1979. Beyond that
the program will likely be based on selection of plus trees and progeny
testing, seed orchards and controlled breeding. Preliminary scheduling
provides for sufficient information to select plus trees by 1979 or
1980, establishment of progeny tests and seed orchards by 1981 or 1982,
initial breeding by 1990 and efficient, reliable breeding by about
2025. Research to provide information to this program will include
studies of future product requirements, markets, technological change,
and land use, as well as research of biological aspects.

This program will involve cooperation with other agencies.
Preliminary discussions have been held with geneticists at the Alberta
Forest Service, Canadian Forestry Service Northern Forest Research
Centre, and the University of Alberta.
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North Western Pulp & Power Ltd. will be also involved in a
cooperative selection project with the Alberta Forest Service in 1977.
This project is described by Dhir and Vinmcent in their member's report.
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NATURAL VARIATION AND GENECOLOGY OF SPRUCE,
BIRCH, AND ASPEN IN ALBERTA

Bruce P. Dancik

Department of Forest Science
The University of Alberta
Edmonton, ALberta

Key words: Provenance tests, chromatography, genetic differentiationm,
Picea glauca, Betula papyrifera, Populus tremuloides.

Tree improvement activities at The University of Alberta have
been concentrated in the areas of natural variation and genecology.
Over the past two years, three projects involving native species have
been initiated. The overall objectives of these studies are: 1) to
determine patterns of genetic variation of several traits of these
species and any relationship of these patterns with environmental
variables, 2) to clarify some confusing taxonomic and genetic relation-
ships among two reported taxa (birches), and 3) to provide guidelines
for seed collection and a framework for later selection and breeding.

NATURAL GENETIC VARIATION OF WHITE SPRUCE

Seed from 27 seed sources of white spruce (Picea glauca
(Moench) Voss) was obtained from the Alberta Forest Service seed bank.
The sources were selected along latitudinal gradients in eastern and
western Alberta; in addition, in the foothills of western Alberta, the
populations were selected along four elevational transects. The seed
was germinated and the seedlings grown in Spencer-Lemaire Ferdinand
containers in each of two controlled environments simulating the photo-
period, temperatures, and humidity during a growing season in northern
and southern Alberta. Seedling heights were measured every two weeks
during the growing season. After one simulated season, the seedlings
were placed in a cold room (4°C) for 12 weeks. After this chilling
period, they were again placed into their respective growth chambers for
a second simulated growing season. During both growing seasons, all
seedlings were fertilized every two weeks. At the time of writing,
final measurements have been made. Some seedlings of each source have
been destructively sampled for dry weight, and others have been sampled
for needle extracts. Separations of the needle terpenes are being
conducted using thin-layer and gas-liquid chromatography. First-year
results are presented below. Mr. Glen Dunsworth will report on the
final results of these studies in his M.Sc. thesis this summer.

In addition to this material, open-pollinated seed was collected
in 1975 and 1976 from 243 white spruces in 29 populations systematically
selected to sample the various spruce sites and environments across
Alberta. Progeny from most of these populations was sown in containers



174~

in the greenhouse last spring. The remaining populations, collected in
1976, will be sown in March. Material for this provenance-progeny test
will be outplanted at two locations. This study has been supported by

the Alberta Forest Development Research Trust Fund.

The following results and conclusions have been obtained
from one year height growth data from the 27 Alberta Forest Service
sources of white spruce. Height growth data was analyzed by analysis
of variance. After one year there are indications of some genetic
differentiation among the populations. There were significant (P
"< .01) differences among sources in each environment. In the southern
environment, there was an inverse relationship between height of the
provenances and latitude corrected for elevation (Wiersma, 1963).
Northern sources generally grew more slowly than southern sources.

The provenances representing elevational transects in the foothills
exhibited the most direct relationship between height and corrected
latitude. 1In three of the elevational transects (at latitudes of
Pincher Creek, Calgary, and Hinton), sources from low elevations grew
better than the high elevation source at each latitude. Only in the
Grande Prairie area, with a relatively narrow elevational gradient,
did the middle elevation source out-perform the low and high elevation
populations.

In the northern environment, the latitudinal trend was not
so apparent. Here, southern sources still tended to do better, but
a source from extreme northwestern Alberta grew the tallest. Sources
along the elevational transects exhibited almost the same relationships
as they did in the southern environment, with the exception that the
high elevation sources from the Hinton and Calgary latitudes grew
taller than the middle elevation sources at the same latitudes. All
of these results should be viewed with some caution; analyses of the
second-year data should result in a clearer picture of the pattern
of variation in height growth, along with other characters.

GENECOLOGY OF THE PAPER BIRCH COMPLEX IN ALBERTA

During 1975 and 1976, 20 populations of paper birch (Betula
papyrifera Marsh.) and Alaska paper birch (B. neoalaskana Sarg.) were
located and examined in an attempt to clarify the genetic, ecological,
and morphological relationships between, and the validity of, these
two confusing taxa. Various characteristics of the leaves, fruits,
and pollen from 183 birches have been measured, and the data are being
analyzed. Open-pollinated progeny from these birches have been raised
in a uniform greenhouse environment and in controlled environments.
Periodic height measurements and leaf measurements have been made.
Mitotic and meiotic material was collected in an attempt to determine
chromosome numbers of some of these trees. Leaf extracts of some
of the birches will be analyzed this summer by gas chromatography.
This study has been supported by a grant from the National Research
Council.
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NATURAL VARTATION OF TREMBLING ASPEN IN ALBERTA

In 1976, we collected root sections from 115 clones in 23
populations of trembling aspen (Populus tremuloides Michx.) across much
of its forest range in Alberta. The province was divided into physio-
graphic units and the populations selected to sample the different types
of aspen sites in those units. Suckers from these root sections have V
been rooted, and the ramets grown in the greenhouse. As soon as we have
sufficient material from all clones, some will be outplanted and tested
at two to four locations and the remainder used for experiments in the
greenhouse, growth chamber, and gas chromatograph. We have had serious
problems with mortality during the propagation and rooting stages and
hope to minimize these losses this year. This study has been supported
by the Alberta Forest Development Research Trust Fund.
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FLOWERING PROMOTION IN THE PINACEAE

R.P. Pharis

Department of Biology
Univernsity of Calgary
Calgary, Alberta

In the last four years promotion of early and enhanced flower-
ing in a number of Pinaceae species has become a reality through the use
of certain of the less polar gibberellins, especially when applied with
an auxin and with other cultural treatments such as water stress, non-
destructive cambial girdling and nitrate fertilization. Especially
effective are the mixture of gibberellin A4/7, gibberellin A9, alone, in
combination with each other, and in combination with an auxin, nap-
thalene-acetic acid. These successes with Pinaceae species follow two
decades of steady progress by a number of workers (especially in Japan)
whereby early and enhanced flowering in the Cupressaceae and Taxodiaceae
could be readily induced by gibberellin A3 (the most readily available
gibberellin), as well as the less polar gibberellins (i.e. GA4/7 and
GA9). However, for reasons not yet clear, Pinaceae species did not
respond readily to GA3 application by flowering -- in fact with few
exceptions, GA3 has been rather ineffective in Pinaceae species with
regard to vegetative growth phenomena.

Research beginning some ten years ago with Drs. Lorne Ebell,
John Rediske, S. Cade, S. Ross, and others began to correlate the
flowering situation in several Pinaceae species with enhanced endogenous
concentrations of '"less polar gibberellins" (i.e. gibberellins with few
or no hydroxyl groups which exhibit a non-polar chromatographic mobility),
whereas a strictly vegetative situation in these same species was cor-
related with reduced levels of the less polar gibberellins and elevated
levels of gibberellin A3 (Douglas fir) and other "more polar gibberellins".

Field testing of certain of the less polar gibberellins began
some five years ago, and collaborative experiments with various scientists
throughout the world have shown success in flowering by gibberellin A4/7
mixture in Pseudotsuga menziesii, Picea abies and P. glauca, and Pinus
contorta. Independent studies by other workers have extended this
success to Picea sitchensis, Pinus sylvestris, P. taeda and P. radiata.
Gibberellin A4/7 mixture has proven the most effective, especially in
combination with an auxin (NAA), or in combination with gibberellin Ag.

Although flowering promotion in the Pinaceae by the use of
certain plant hormones is now a reality, the technique is not a simple
one. Additional cultural treatments (i.e. girdling, nitrate fertili-
zation, water stress, root pruning, etc.) may be necessary on certain
sites to enhance the effect of hormone treatment. Timing of application
is important, and will vary with species and location. Mode of appli-
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cation can involve spray or injection techniques, but again will vary
with site and species. A standard "cookbook" approach does not appear
feasible at the present time, and each geneticist and seed orchard
manager may have to design, with a physiologist collaborating, a
sequence of trials to test the best hormone/cultural treatment com-
binations for each species on each site.
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A BREEDING PROGRAM IN COASTAL DOUGLAS FIR
(P. MENZIESII MIRB. (FRANCO))

J.C. Heaman

B.C. Fonest Senvdice
Reseanch Divisdion
Victornia, B.C.

Plus tree selection in a program for improvement in Coastal
Douglas fir was started for the B.C. Forest Service in 1957 by Dr.
Alan Orr-Ewing and was continued until 1966 by which time a workable
breeding population had been collected. Help was provided by the forest
companies and the University of B.C. The selected trees were grafted
into first level seed orchards and into the breeding clone bank at the
Cowichan Lake Experiment Station. As male and female strobili appear it
is possible to move into the more advanced phases of the program.

Although some buds appeared in 1966 and 1968 at Cowichan it
was not until 1971 that enough clones produced strobili to make a start
on the more applied side of the program. Some crosses were made in that
year but following consultation with Dr. Gene Namkoong in 1972 when the
options available for a long term program were discussed, a double-
pronged approach has been adopted. Since then some pollinations have
been possible in each year and the breeding program is moving ahead.

RECURRENT SELECTION PROGRAM

First priority has been given to a recurrent selection program
in a population of selected trees from Coastal British Columbia and
Northern Washington. Eventually about 350 trees will be involved and
the project is designed to provide material and information from which
future, reconstituted seed orchards may be developed. 1Its chief impact
will be on the lower to middle elevation zones.

The objectives are:

(a) the production of progenies by crossing between selected plus trees
and their establishment in test plantations for second generation
selection.

(b) the estimation of genetic parameters to guide future breeding
decisions.,

(¢) the study of the occurrence and importance of genotype by environ-
ment interactions so that the populations may be grouped
effectively.

(d) the testing of the parents to permit some culling of the first
seed orchards through a ranking of general combining ability.
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A disconnected modified diallel mating design is being used and five

crosses per parent should provide adequate information and yet represent

a feasible project. Each cross will be represented in the field tests -
by almost 200 seedlings and the sites will be distributed to sample the

range of coastal environments.

Each modified diallel comprises six parent trees taken in
theory at random from the population and as reciprocal effects are
being ignored for the present, the allocation of parents will depend
on the available numbers of reproductive buds. In this way a completed
diallel will contain 15 crosses. Groups of 5-10 of these diallels are
being used in a single year of field testing and overlapping crosses
will provide some control between years of planting.

RECIPROCAL RECURRENT SELECTION PROGRAM

The second approach has been loosely termed Reciprocal
Recurrent Selection and is designed to follow up some of the en-
couraging results of Dr. Orr-Ewing's interracial crossing studies
reported elsewhere. Here an incomplete factorial mating design is
being used with two populations designated "Local" and "Exotic";
five crosses will be made with each parent brought into the program. -
The parents for the local population have been taken from Lower '
Coastal B.C. and Northern Washington as in the recurrent selection
program while the "exotic" population is being drawn from some trees -
from the Northern British Columbia Coast (e.g. Bella Coola) and trees
from Southern Washington, Oregon and Coastal California. The first
crosses for this program were made in 1975.

PROGRESS

Since this project was outlined in the previous biennial
report to the C.T.I.A., two series of plantations have been established:
in the field and stock for a third series is now growing in the green-
house at Cowichan Lake.

In February, 1975, 177 crosses from ten diallels were sown
in the greenhouse and raised as long-season styro-8 plugs for planting
in the fall 1975 and spring 1976. (E.P. 708.03). The sites are spread
from Harrison Lake to Gold River on the western side of Vancouver Island.
Eleven sites have been used and although the original plan called for
two replications of nine tree row plots per entry per site, the design
has been changed to give four replications of four tree row plots per
site. This design requires approximately 3 1/2 hectares per site and
with the difficulties experienced in finding uniform areas of this
size, a change to increase replications at the expense of plot size
became desirable. '

Crossing was continued where suitable buds were found and
in 1976 a further 156 crosses were sown at Cowichan (E.P. 708.05).
These consisted of five new diallels of the recurrent program, with
which two, five by five factorials of the wider crossing program were
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included as although the analyses of the two programs will differ, the
need to sample a full range of environments applies to both and the
stock can be treated in the same field designs. This sowing also
included a 10% sample of the crosses sown in 1975 to provide a tie
between sites and years. A further eleven sites have been used for
these crosses and while ten have been planted, the eleventh is in a
heavily browsed area and 1+1 stock will have to be used. In this
series, all sites have four replications of four tree plots.

Initial survival has been good with first year mortality about
3%. Locally severe browsing by rabbits, grouse and deer has increased
this figure but all the dead trees have been replaced from spare stock.
The small numbers of trees per cross makes this "beating up' desirable.

1976 proved a good year for reproductive buds on the clone
banks at Cowichan Lake and a larger crossing program was carried out.
It was then possible to sow another 165 crosses of the recurrent sel-
ection program in February 1977 and a further series of sites is being
prepared.

Although early differences in growth may not be useful on
their own, a contract has been given to Mr. Chio Woon to study and
record variation of the crosses in the greenhouse and a report will be
prepared. A record of early growth may prove useful for later studies
of juvenile - mature correlation when field measurements are tabulated.

The aim of the program is to include about 350 trees in the
parent population, and so the project will be continuing on a similar
scale for several years yet. At present 144 selected parents are
represented by growing seedlings.

A PROGENY TEST OF COASTAL DOUGLAS FIR

'Before the long term program was drawn up, a balanced fac-
torial progeny test involving four tester males and 26 selected plus
trees was in process of establishment. A change of priorities led to a
reduction in the effort that could be put into this project and the
trees were only planted out in two test sites near Victoria and Cowichan.
The trees were planted in fall 1973 and spring 1974 and are now esta-
blished. Early measurements of height growth have been taken and are
presently being analysed. These results will give experience in data.
handling and analysis procedures. '
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PROVENANCE RESEARCH BY THE BRITISH COLUMIBA FOREST SERVICE,
1975-76

K. Illingworth

British Columbia Fornest Service
Reseanch Division
Victonia, B.C.

The broad objectives of provenance research in British Columbia
are to guide seed transfer in reforestation, and to facilitate and com-
plement tree improvement programs. Concomitantly, gene pool samples are
being conserved in situ, in seed storage and in plantation archives (ar-
boreta) for future genetic, educational and other scientific uses.

Genecological and seed source studies date from the mid-
sixties and deal mainly with coniferous species of prime economic
importance, viz. Douglas fir, Sitka spruce, lodgepole pine, white and
Engelmann spruce and, more recently, western hemlock. The objectives,
methods, extent and progress made in the most advanced of these studies,
i.e. with the first three of these species, have been described (Illingworth,
1976a). A summary of activities and highlights of the past two years
follows. , '

SITKA SPRUCE

Provenance research with this species includes participation
in the International Ten Provenance Experiment, a study coordinated
through the International Union of Forest Research Organizations (I.U.F.R.0.).
On the basis of seed and seedling traits, the ten provenances fell into
two main groups, within each of which trait variability was clinal and
habitat-correlated. Significantly, the apparent discontinuity between
groups coincides with the southern limit of late-Pleistocene glaciation
and a physiographic barrier (Juan de Fuca Strait) restricting gene
interchange. This coincidence should be considered when interpreting
the pattern of geographic variation in Sitka spruce (Illingworth, 1976b).

Field trials of the Ten Provenance Experiment have been esta-
blished at eight locations on Vancouver Island, the Queen Charlotte
archipelago and in north coastal valleys. Phenological observations in
these trials indicate that planted Sitka spruce commence shoot elongation
early in May at northern locations, and that northern and inland provenances
flush somewhat earlier, although less uniformly, then southern and
littoral provenances.

Two years after planting, provenances differed significantly
in height and suceptibility to cold injury. Predictably, the incidence
and severity of cold injury increased sharply with elevation and with
distance of test site from the open ocean, being most severe at 46 Mile,
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Nass Valley (32 percent) and at 6200 m, Maroon Creek, near Kitsumkalum
Lake. At these locations, the geographic pattern of injury was strongly
clinal with respect to latitude and distance of seed source from the
ccean. Thus, the hardiest provenances were from Yakutat, Alaska, and
the near-local Kitwanga, Skeena River (6 percent injured). An Oregon

. provenance suffered 100 percent severely to lethally injured. Damage to
the Queen Charlotte provenance was only 14.8 percent, but among the
Vancouver Island sources it ranged from 25 to 50 percent. Clearly,
despite their attractive vigour, the unsuitability of these and American
seedlots for reforestation in north mainland valleys is already apparent.

Thirty eight provenances, planted at five locations on the
Queen Charlotte Islands, were assessed in 1976, three years after
planting (six from seed). Still apparent is a tendency for height to
vary inversely with latitude, altitude and distance of seed source from
the outer coast, a pattern which was established in the nursery.
However, regional groups of provenances show significant differences in
vigour which, if continued, will substantially alter earlier rankings
for height growth. For example, the three provenances from the Sechelt
and lower Fraser Valley region, although initially tall, have grown
significantly less than any other group. The Vancouver Island pro-
venances continue to be the tallest, most vigorous group, closely
followed by those from the Queen Charlotte Islands. The mid-Skeena and
Nass River provenances have not continued their initial promise of high
vigour (Illingworth 1976a) and, together with the Alaskan group, fall
below average in height and growth. Examples of within-group variation
are the consistently outstanding performance of the Usk Ferry (mid-
Skeena) provenance and, within the Q.C.I. group, the significantly poor
performance at all five test sites of the Copper River provenance.

DOUGLAS FIR

Test plantations ranging in area from one to ten ha have been
established within the coastal Douglas fir zone. Completion of scheduled
assessments during 1975 and 1976 bring to 27 the total number of plantations
for which six year data (eight years from seed) are now available.

Fifteen of these plantations are part of a series specifically designed
to probe genotype x environment interactions and to delineate hardiness
zones for Douglas fir. Each trial incorporates an identical set of five
provenances from contrasting climatic zones, together with one or more
local provenances. They were planted in a randomized complete block
design with 35-tree line-plots in four blocks at each location.

In general, mortality has been low and differences among
provenances were statistically significant at only one test location.
Although consistent they were small (10 percent) and are not at present
explainable. Mean tree heights and volumes varied markedly between test
sites. However, substantial within-plot variation was encountered, and
statistically significant differences among provenances were detectable
at only 10 of the 15 test sites. Although the Hoh Valley (Wash.)
provenance ranked first or among the best at nine of these 10 sites,
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the 'local' provenance was not statistically inferior to the best
'standard' provenance in seven out of ten cases. Indeed, at Chehalis
ar.d Quadra Island, the local provenances were outstanding. Exceptions
were at Gold River, and Coal Harbour (Vancouver Island), where the local
sources ranked below the plantation mean. In general, however, these
early data provide little justification to depart from the current,
conservative practice of using local seed when this is available.

LODGEPOLE PINE

In 1971, three-year old trees of 30 seed sources grown at two
nurseries, Cowichan Lake and Red Rock, were planted in a split, randomized
complete block design at two locations; Cluculz Lake in central British
Columbia, and Negro Creek in the southeast part of the province (Illingworth
1975). ~

Six years after planting, these provenances differed very
substantially in height and height increment, but not in mortality which
was negligible. It is of particular interest to find that the effects
due to nursery of origin, which initially had actually exceeded pro-
venance effects, were no longer statistically apparent. Thus, pro-
venance performance can be discussed without reference to nursery
source.

Average height and growth at the two sites did not differ
appreciably, although sites had a major influence in interaction with
provenances. At Cluculz Lake, the most vigorous provenances appear to
be the relatively local Ft. St. James, Puntchesakut Lake, Burns Lake and
Punchaw Lake. At Negro Creek, the most promising are the mainly southern
Cherryville, Trapping Creek and Marl Creek, also Kersley and Strathmaver
although these and a few other more northerly sources performed rel-
atively well at both locatioms.

In a more comprehensive experiment, third year data for 10
provenances planted at 60 test sites, which represent 12 broad lati-
tudinal and climatic regions, are currently being analyzed. Despite
extensive damage at some sites by rodents and ungulates, mean survival
exceeds 90 percent. Regions differed substantially in mean plantation
growth, the most vigorous plantations being in the Upper Fraser, followed
by the Takla Lake, McKenzie and East Kootenay regions - regions for
which 'plus' tree selections for clonal propagation and breeding have
and are being made (c.f. Wheeler, N.C. in Proc. l6th Meeting, Can. Tree
Imp. Assoc. 1977). The phenotypic stability of the provenances varied
markedly; some, such as Fly Hills, Nechako and Purden Lake ranked
consistently high; others, such as ZigZag and Petersburg were consis-—
tently poor, while others varied strongly with site, e.g. Lower Post
(Yukon - B.C. border) and Horne Lake (Chilcotin plateau). Similar
patterns are also evident among overlapping sets of 50 provenances
planted at these sites.
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In coastal trials, geographic variation in the susceptibility
of lodgepole pine to an unknown disorder was first observed in 1970, on
2-0 seedlings at Cowichan Lake. The damage comprises the chlorosis,
distortion and stunting of needles and shoots. An investigation of its
cause by R. Bowden-Green (B.C.F.S.) and Dr. R. Hunt (C.F.S.) showed it
to be associated with an eriophyid mite Trisetacus campnodus, n. sp.
(Keifer and Saunders, 1972). The problem has since been observed to
occur widely in lodgepole pine plantations throughout coastal British
Columbia, reaching serious levels among certain inland provenances.
There is little doubt that it will necessitate a modification of plans
to utilize the inland form of contorta pine on difficult sites in this
region.
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COWICHAN LAKE EXPERIMENT STATION

Ingemar Karlsson

B.C. Fonest Service
Researnch Division
Cowichan Lake, B.C.

Routine work at the Station includes the raising of 100,000
seedlings annually for a variety of research projects and maintaining 75
hectares of clone banks and breeding arboreta.

The 1975-76 report on research projects follows.
GROWING MEDIA FOR CONTAINER STOCK (E.P. 779.01)

The effect of different types of peatmoss for raising con-
tainer seedlings has been studied. Seedlings in this study were stored
outside in the Styroblocks from late January until transplanting in mid
May. Assessment in November revealed that seedlings raised in Queen
Charlotte Island peat, a coarse peat with low degree of decomposition,
were the best. These seedlings had superior root development and had
significantly better height growth in the second growing season than
other lots, such as Fraser Valley. After transplanting, seedlings on
the coarse peat had developed roots from the whole plug, while on the
finer peats, the root development had been largely restricted to the
upper half or one third of the plug.

The conclusion is that seedlings raised on Q.C.I. peat had
much less root dieback during winter storage.

ROOTED CUTTINGS IN YELLOW CEDAR (E.P. 750)
(Chamaecyparis nootkatensis (D. Don) Spach)

A plantation was established at the Mission Tree Farm in
October 1976 to compare the survival and growth rate of yellow cedar
plants originating from seed and from rooted cuttings. Included in the
test are (a) one year old seedlings which are compared with (b) one year
old rooted cuttings established from material taken from trees of three
different age groups. The seedlings and two of the cutting lots origi-
nate from the same seedlot and the plantation is located in the area
where that seed was collected. This test is designed to compare growth
performance of rooted cuttings and seedlings and indicate the best
material for the reforestation of this species. '
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COMPATIBILITY TESTING OF ROOTSTOCKS (E.P. 648.02)

In March of 1976, 260 greenhouse grafts were made on one
year old rootstocks from the more compatible families in the Douglas
fir breeding program (E.P. 708). Following grafting however, the
mortality of the rootstocks was high, probably due to drainage problems
in the pots. Only 50% had survived in the fall. In November of 1976,
200 1+1 rootstocks from the same crosses were potted. Grafting on these
took place in March 1977. An additional 300 grafts were made on 140
stock originating from a crossing program in 1975 which used clones then
considered to be the most compatible in the Experiment Station clone
banks. The graft unions of these three lots will be tested in the
fall of 1978 or 1979 by the use of the micro-technique method.
(Copes, 1967).

In 1976, following the compatibility screening of clones
using the micro-technique method (E.P. 648.01), 38 successful crosses
were made on the 10 best. Seed from these crosses and four seedlots
obtained from Cornvallis, Oregon from Dr. Copes' most compatible
crosses were sown in the greenhouse in February 1977. These seedlings
will be transplanted in the fall of 1977 and grafted onto in the spring
of 1979. The graft unions from these rootstocks will be tested for
compatibility in the fall of 1980.

GROWTH RATE OF DOUGLAS FIR GRAFTS ON DIFFERENT UNDERSTOCK (E.P. 648.03)

In March of 1976, a study of the effects of rootstock origin
on scion growth was started. Twenty-five rootstocks from each of nine
provenances were grafted onto with scions from 25 different coastal
plus tree clones. The rootstock provenances were selected to cover
coastal, transition and dry interior types. The grafting was successful
with 94% survival after one year. Height growth assessment of the scion
in the fall of 1976 showed significant differences between the rootstock
sources, with grafts on Colorado understock being the shortest and
on Vancouver Island stock the tallest. Some of the grafts produced
reproductive buds in the spring of 1977. Grafts on stock from the dry
interior zone had significantly more flower buds than other rootstock
sources. Should these grafts, particularly on Colorado understock
prove to be compatible, and not affected by Rhabdocline, they may in
time offer an alternative type of graft for the coastal Douglas fir
which is slow growing and early cone producing.

FLOWER STIMULATION (E.P. 780.02)

Various treatments have been used in an attempt to increase
cone production in the Douglas fir clone banks. The treatments employed
were: root pruning, root pruning + potting, girdling and enclosing
ramets in plastic tents. The root pruning of 7 to 12 year old grafts
using a Vermeer Tree Spade was the most promising, since this treatment
caused no mortality during the first year following treatment. In
addition, it gave the highest percentage of cone producing ramets.
Lifting the ramets and placing them in pots gave a response similar to
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root pruning by itself. However, some mortality occurred the first year
in this treatment. Different types of girdling produced relatively more
male buds per tree than any other treatment. Girdling however, weakens
the stem, and some breakage from wind and snow has occurred. In mid May
of 1975, some ramets were enclosed in plastic tents in order to increase
the temperature during the period when reproductive bud initiation
occurs. There was no response to this treatment.

At time of cone collection in. the fall of 1976 it was found
that the cones were generally smaller on the root pruned trees than on
the control. This also was true for the cones produced on girdled
trees. As shown in the table, root pruning and girdling increased cone
production, but had very little affect on filled seed per cone.

Treatment No. of Percent . Comes Filled
ramets cone » per seeds
treated producing = ramet per cone

ramets

Root pruned

Oct. 1974 88 70 135 29
Control 88 2 24 32
Girdled

May 1975 47 51 . 188 30
Control 47 13 39 32
Plastic

tent 6 0 - -
Control 6 0o - -

SUPPLEMENTAL POLLINATION IN DOUGLAS FIR (E.P. 780.04)

Supplemental pollination or pollen boosting on an operational
scale was done on 16 clones in the clone banks at Cowichan Lake Experiment
Station in 1976. Large quantities of pollen were obtained by raking off
the buds using a vacuum cleaner and then extracting the pollen in a
heated room. The pollen was blown over the trees with a power sprayer
equipped with a dusting attachment. On the average, the seed yield was
increased by 21%, and the seed estimated to originate from boosting
pollen averaged 61% for low elevation clones and 29% for the high
elevation ones. Phenological differences and time of application
account for this contrast. This increase in seed set is satisfactory,
particularly since seed yield from open pollination was generally high
in the area in 1976. Figures of seed originating from boosting pollen
are encouraging, but could be improved by closer monitoring of boosting
in relation to receptivity of flower buds.
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IMPROVEMENT OF WHITE AND ENGELMANN SPRUCE
COMPLEXES OF BRITISH COLUMBIA

PROGRESS REPORT*

Gyula Kiss

Reseanch Division
Baitish Columbia Forest Service
Vernon, British Columbia

The objective of this project is the production of genetically
improved seed of white - and - engelmann spruces (Picea glauca (Moench)
Voss and P. engelmanii Parry respectively).

Progress of our project is proceeding reasonably close on
schedule. In anticipation of our large-scale controlled crossing
program we commenced establishing two breeding arboreta in the Okanagan
Valley. One of these breeding arboreta, which eventually will contain
our permanent breeding centre with offices, laboratories, and green-
houses, is in the city of Vernon established in a 10 hectare plot. At
this site four ramets will represent each of our selected families. In
addition to these families we are establishing another Picetum for
eventual use in interspecific crosses. It will also be invaluable for
educational purposes.

The second breeding arboretum is established east of Enderby
on a Research reserve near Trinity Creek. Six additional ramets of the
same families that were planted at the Vernon site will eventually be
established in this breeding arboretum. Presently only a fraction of
the total number of grafts is planted due to shortages of grafts in many
families. Grafting for the arboreta is going to continue until both
arboreta are filled.

Spacing at both sites is 5.5 x 5.5 meters. The Vernon ar-
boretum is at a lower elevation (about 460 metres above sea level) and
in a drier climatic regime than that of the Trinity Creek one. For this
reason irrigation of the Vernon arboretum will be necessary. We are
planning on using treated sewage water supplied by the city of Vermon
for this purpose. We assume that no irrigation will be necessary for
our Trinity Creek arboretum. Since this site is about 570 metres a.s.l.
and in a much higher snow fall area we anticipate that trees in this
arboretum will commence bud burst at a later date in the season than
trees on the Vernon site. This will permit us to stagger our workload
in the busy spring season and increase the amount of crossings that can
be done each year. :

*
Previously reported in: Proceedings of 12th, 13th, 1l4th, and 15th meeting
of CTIA (and CFTBC).
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The clone banks established at The Red Rock Research Centre
near Prince George will be maintained for extra protection against
losses. During the summer of 1975 a small scale experiment employing
various hormone treatments to induce flowering was carried out on
selected families of this clone bank by Dr. R.P. Pharis with encouraging
results.

Seven replications of the open pollinated progeny trials for
the Smithers selection unit families (about 12,000 seedlings) have been
measured during the fall of 1976 after three growing seasons in the
field. The rest of the seedlings are slated for measurement in the
spring of 1977 before active growth commences.

The Piceta at Chilliwack and Red Rock continue making ex-
cellent progress. Some individuals of Sitka and Norway spruces at
Chilliwack surpassed 4 meters in height.
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SEED PRODUCTION PROGRAM

J. Konishi, R.P.F.

Ministrny of Forests
B.C. Forest Service
Refonrestation Division
Victornia, B.C.

INTRODUCTION

Since the Crown controls 93 percent of the productive forest
land in British Columbia, the Forest Service has an overriding respons-
ibility to see that adequate supplies of quality seed are maintained.
With the recent expansion in artificial regeneration mainly by planting,
this need has become critical. To meet this need a seed production
section has been set up in the Reforestation Division with the following
objectives:

1. to ensure procurement of sufficient seed from natural stands and to
provide technical guidance and training assistance to enable
improvement on the overall quality of seed from natural stands,

2. to process, test, register, store, and maintain an inventory of all
seed and prepare for use in nurseries, direct seeding, and other
purposes,

3. to establish first phase seed production orchards either by grafting
of scions or use of seedlings from selected high quality parent
trees to produce regular supplies of seed with higher germinative
vigor and wide adaptability,

4. to review, integrate and control, and provide technical guidance to
company programs which are on an approved forestry cost basisl ,

5. to establish second-phase seed orchards from progeny tested breeds
of proven superior genetic quality produced by the tree improvement
program of the Research Division.

Currently a proposal requesting support for an expanded and
cooperative Government-Forest Industry Tree Improvement Program is
underway. The proposal will be submitted to Government in order to
obtain the much needed financial commitment and support for a long-term
Tree Improvement Program.

1/
Forestry Costs - on certain forest tenures or licences to harvest
timber on Crown lands management functions such as reforestation
(e.g. seed procurement and seed production) have been delegated to
the licensee. The term "forestry costs" refers to specific forestry
projects approved (by the Forest Service) and the costs incurred for
undertaking such projects are reimbursed to the licensee. Forestry
costs do not include operational costs involved in timber extraction.
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The following is a very brief summary of seed production
nrogram activities in 1975 and 1976.

1975 SEED PRODUCTION ACTIVITIES

A total of 1216 kg of seed was withdrawn from storage and sown
in forest nurseries throughout the province. This sowing should produce
77,400,000 trees for replanting logged-over lands.

4868 hectolitres of cones were processed at the Duncan Seed
Extraction plant. A light-medium spruce cone crop occurred throughout
the central interior regions.

The tree seed register data was placed in computer and the
resulting variety of listings are valuable for planning and operations
purposes.

Seed production orchard activities continued during 1975. On
the coast a 7.2 hectare Douglas fir orchard was established in Saanich.
In the central and southern interior zones, selection of parent trees
and propagation of stock was continued for development of orchards.

1976 SEED PRODUCTION ACTIVITIES

Seed Centre Activities

A total of 1106 kg of seed was withdrawn from seed storage for
use in forest nursery sowings. These sowings will produce approximately
80,000,000 trees.

The extraction plant at Duncan processed 4587 hectolitres
(12,614 bushels) of cones which yielded 3040 kg of seed. A mobile seed
extraction unit, to regionalize seed extraction capability, is scheduled
for delivery early in 1977.

Seed Orchards

Development activities were continued which include parent
and/or plus tree selection, collection of propagating materials from
selected trees and propagation of stock for orchard and clone bank
establishment. The major species included in the program currently are:
coastal Douglas fir and hemlock and Interior spruce and lodgepole pine.

In the interior, spruce orchard development activities were
continued to establish orchards to produce seed for the Smithers area
and the Thompson-Okanagan area.

A total of 8320 grafts were completed at the Skimikin Nursery
to produce orchard stock for the above areas.

A safety plan in the use of helicopters to collect propagating
material has been prepared through inputs of various agencies, including
the Workers' Compensation Board. This procedure should expedite this
particular phase of seed orchard operations.
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The coastal Douglas fir seed orchards have begun to produce
significant amounts of improved seed for use in the reforestation
program. A total of 104 hectolitres (290 bushels) of cones were co-
llected from four seed orchards (two Forest Company and two B.C. Forest
Service) located on the southeast coast of Vancouver Island. This
amount represents enough seed to produce 2,900,000 trees. The 1976 cone
crop on seed orchards was heaviest in the Saanich Peninsula, confirming
the importance of orchard location in seed production management.
Selection and propagation of western hemlock plus trees for the coastal
area was continued and further planning for seed orchard development was
done.

SUMMARY OF SEED ORCHARDS

- A summary of the seed orchards established as of July 1976 is
shown in Table 1. The seed orchard seed utilization area can be de-
lineated on the Forest Tree Seed Zones map of British Columbia in
Figure 1.

To achieve objective (3) stated previously, three admini-
strative zones have been established to date. A seed orchard forester
is assigned to plan and supervise developments and manage seed orchards
in each zone. One is located at the Koksilah Nursery at Duncan on
Vancouver Island to serve the south coastal area, another at the Skimikin
Nursery near Salmon Arm to serve the southern interior regions and the
third at the Red Rock Nursery near Prince George to serve the Central
Interior Regions.
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TABLE 1 - SUMMARY OF SEED ORCHARDS

ESTABLISHED IN PROVINCE OF B.C. (as of June, 1977)

Seed Date(s) Est, Seed Orchard Present
Orchard Agency i.e. Gratt'd Orchard Seed Utillzation Area Type of Orchard
No. or planted Location Spp.* Seed Zone Elev. Band (m) Orchard Size/ha
1 B.C.F.S. 1963 Campbeli R, Df 1020 450-610 Clonal 6.6
; ‘+
Seed| ings(O.P,+C,P.)**
2 Tahsis "A" 1962-69 Gold R. Df 1010 0-450 Clonal 2.2
3 B.C,.F.P. 1963-64 Caycuse Df 1010-1020 400~660 Clonal 1.8
4 c.Z. 1964-65 Courtenay Df 1020-1030 0-450 Clonal 1.8
5 c.2. 1964-65 Nanali!lo L. Df 1020-1030 450+ Clonal 1.8
6 Rayonier 1964-65 Gordop R. Df 1010-1020 450 Clonal 4,1
7 Tahsis "8" 1964-68 Gold R, Dt 1010 450+ Clonal 1.8
[} Tahsis Local 1968-75 Gold R, Df 1010 0-910 Clonal 2.3
* . Nootka PSYU
only.
9 Paclific Log. 1966 Saanich ' Df 1020 0~450 Ctlonal 1.8
+
Seed| ings(0.P.)
10 Pacific tog. 1966 Saanich Df 1020 550 Clonal 3.4
. . 4+
) Seedl ings(0.P.)
1" Tahsis "C" 1968-75 Saanich Df 1010 0-450 Clonal 4,9
Low Coastal +
Seedl ings(C.P.+0.P.)
12 Rayonlier 1968 Jordan R. Df 1010-1020 Seed| Ings(0.P.} 0.4
13 Rayenier 1969 Pt. McNelll Df 1010-1020 Seed!ings(0.P.) 0.4
14 B8.C.F.S. 1970 Duncan Df 1040, 1050 450-640 Seed | ings(0,P,) 4.5
. , 1060 ‘
15 B.C.F.S. 197 Campbel|.R. Df 1030 0~300 Seedl ings(0.P.) 4.9
4 +
Cional
16 C.F.P. 1971 Seche L+ Dt 1020 450-610 Clonat 8.2
17 Tahsis 1969-70 Gold R. Hw 1010 0-910 Cional
1970-75 Gotd R, Hw 1010 0-910 and 3.7
' Seed| ings(0.P.)
18 Tahsis 1973 Saanich Ss 1010 0-450 Clonal 0.8
19 B.C.F.S. 1974 Red Rock 4] 6050-6060 Clonal 4,1
20 B8.C.F.S. 1975 Saanich Df 1050, 1060 760-1070 Seed| Ings(0.P.) 7.4
. 1070 +
) , Clonal
21 Pacific Log. 1976 Saanich Df 1020 550 SeediIng(C.P.) 6.0
TOTAL 72.9 ha
L ]
Df = Douglas fir ** 0,P, = seed!Ings resulting from
Hw = Western Hemlock open poliination
S§s = Sitka Spruce C.P. = seedlings resulting from

Pl = Lodgepole pine
Note: Paclfic Logging Seed Orchards are for reforestation In Private Lands.

control led pollination
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C.T.I.A., BIENNIAL PROGRESS REPORT

M. Meagher

Reseanrch Divisdion
B.C. Fonest Service
Victornia, B.C.

Following identification of western hemlock as a major

species for coastal reforestation in 1975 a B.C. Forest Service position
to plan and direct a breeding program in that species was created in
1976. Selection of good phenotypes began many years ago, but most of
the 313 trees selected to date have been chosen and propagated since
1966. Further selections are planned from both industrial and Crown
lands and all trees, including some from the northern U.S., will be
candidates in the breeding program. Provenance studies will be included.

Close cooperation will be maintained with the hemlock genetics
programs of the Canadian Forestry Service, Victoria and of other Canadian
and U.S. Agencies. '
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BREEDING PSEUDOTSUGA IN COASTAL BRITISH COLUMBIA

A.L. Orr-Ewing

B.C. Fonest Service
Reseanch Divdsion
Victornia, British Columbia

RACIAL CROSSES WITH DOUGLAS FIR

It is hoped that the results to date of the racial crossing
program will be published shortly. The last measurements were completed
in early spring 1976 and the analyses are now being made. The calcu-
lations for volume have been changed from the 1965 report as a more
accurate method developed by Kovats (1977) has been devised. In brief,
the results have been variable but it is already evident that the best
of the racial crosses exhibit both superior height and diameter growth
on the more productive test sites. Survival has varied widely from test
site to test site, the major cause for mortality being from such pathogens
as Rhizina undulata Fr., Armillaria mellea (Vahl ex Fr.) Kummer and
Phellinus weerii (Murr.) Gilb. These pathogens which attack the root
systems of both young and older trees are a serious problem in second
growth Douglas fir and the situation is aggravated by the monocultural
system practiced in the Douglas fir region. There have been some
problems with defoliation by the needle cast disease, Rhabdocline
pseudotsugae Syd. but these have been specific for certain crosses. The
major problem is undoubtedly the root rot fungi which appear to be non-
specific in attack and worse on some test sites than on others. There .
is an urgent need for much more research on these fungi as they can
completely disorganize progeny testing. It is indeed possible that
resistance to their attacks may have to be included in future breeding.
on the coast.

INBREEDING STUDIES WITH DOUGLAS FIR

A summary of the inbreeding arboretum at Lake Cowichan is
being prepared. Two papers "Inbreeding Douglas Fir to the 53 Generation"
and "Female Sterility in Douglas Fir" have been accepted for publication
in Silvae Genetica and should appear shortly.

REFERENCES

Kovats, M. 1977. Estimating juvenile tree volumes for provenance and
progeny testing. In press Canad. Jour. For. Res.
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THE LODGEPOLE PINE IMPROVEMENT PROGRAM
IN BRITISH COLUMBIA

N.C. Wheeler

Reseanch Division
- B.C. Fonest Service
Prince George, Brnitish Cofumbia

 Keywords: Lodgepole pine, selection, flower induction
INTRODUCTION

Since the assignment, in 1975, of a full-time breeder to
lodgepole pine, considerable effort has been made to formulate a com—
prehensive working plan for a long-range, tree-breeding program. Ex-—
tensive field operations during the last 2 years have provided the
initial parent-tree selections for the establishment of a breeding
population. Three related support studies intended to elucidate the
effect of cultural treatments on flower induction and enhancement are
presently underway.

The natural range of lodgepole pine includes almost the
entire province of British Columbia. The species grows across a wide
gradient of environments, from xeric interior plateau to hydric, coastal
muskegs. Lodgepole from the interior of B.C. (Pinus contorta ssp.
latifolia (Englemann ex Watson)) is by far the most economically im—-
portant pine in the province. 1In 1975, lodgepole pine ranked third in
B.C. in total volume harvested, just behind the spruces and hemlocks and
ahead of Douglas fir. Almost 3 million cunits of lodgepole are being
cut annually.

SELECTION UNITS

Four selection units, or geographical regions in which parent-
tree selections are concentrated, have been delineated within the
province (Figure 1). In general, these selection units represent semi-
mountainous, wet transition zones with relatively high site productiv-
ities. In contrast to the dry plateau country of B.C. where natural
regeneration of pine is normally abundant after harvest, these areas
often require planting for proper reforestation. In addition to meeting
certain bio-geo-climatic restrictions, the selection units represent
areas in which economic development of the forest resource is relatively
advanced.

PARENT-TREE SELECTIONS

Over 300 parent-tree selections have been made in the 2
northern selection units. A relaxed, roadside selection method has been
employed. Work was concentrated in uniform, even-age stands of pine to .
eliminate environmental bias as much as possible. The majority of
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Figure 1. Lodgepole pine selection units delineated
within British Columbia. ‘
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selections have been made in stands of rotation age and younger (40 to
120 years). Under these conditions, the identification of superior
phenotypes is remarkably easy.

Selection criteria are weighted with emphasis on volume
production. Height superiority is our first consideration. Diameter
superiority, although closely correlated with height, is not given
equal importance because of our inability to quantify the historic
influence of stand density on stem diameter. This influence can be
considerable in stands with 2500-5000 stems per hectare at esta-
blishment. Relatively narrow crowns with fine branches are favored
although a wide variety of crown forms have been incorporated in the
selections to maintain a broad genetic base. Observations indicate
that variation within stands of lodgepole pine is substantial., If
heritabilities for growth characteristics are even moderate, considerable
genetic gain should be obtainable in the first generation of selection.

Selection in the 2 southern areas of the province will commence
this field season and should be completed by early 1978. It is antic-
ipated that the working breed population will number between 600 and
1000 by 1980.

CLONAL ORCHARDS

Preparations have been made to establish the first breeding
orchard in May, 1977. A first-phase clonal seed orchard of the same
materials will be established the following year on a nearby site.
Both orchards will be maintained at the Red Rock Forest Reserve near
Prince George, B.C. Additions will be made to the breed orchard
every year until the projected date of completion around 1980.

Clones will be represented in the orchard by 10 ramet, line plots,
designed to facilitate ease of access and location. Additional
grafted materials will be maintained in separate clone banks to
ensure against natural and man-caused disasters.

RELATED SUPPORT STUDIES

Two studies have been initiated, with the cooperation of
Dr. Richard Pharis, to determine the influence of exogenous appli-
cations of gibberellins on flower induction and enhancement in grafts
and seedlings of lodgepole pine. Applications of GA 4/7 to expanding
terminal buds of grafts at 10 day intervals between May and August
were made to determine whether flower production on mature grafts
could be enhanced. Although statistical analyses are not completed,
large differences in flower production existed between treated and
control ramets and among treated clones. A second study, using 7
year-old seedlings, commenced in 1976. Girdled branches were treated
with auxins and gibberellins throughout the summer. Applications were
made with an atomizer to terminal branch buds. Results will be gathered
in the spring of 1977.
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A third study, designed to shorten the juvenile period of
growth and promote precocious flowering in lodgepole pine seedlings,
is presently underway. The inspiration for the study came from the
varied success of Young and Hanover (1976) working with Picea species.

Wind-pollinated seed from 8 selected trees were sown in
January of 1976 and grown under 24-hour photoperiods for 6 months.
Artificial lighting was supplied by several banks of VHO fluorescent
tubes, providing 700 to 1,000 foot-candles of light. Control repli-
cations of the same experiment were established in the nursery the
following spring. Grafted materials from the 8 selections were grown
under the lights and under control conditions during the same period.
Seedling growth rates were dramatic, averaging 30 cm after 6 months
of growth. The tallest seedlings were nearly 50 cm in height, having
set buds and flushed several times. The most important practical
result, however, was obtained not with seedlings but with grafted
materials. Grafting success was nearly 257 greater for material grown
under lights than for control-grown plants. In addition, accelerated
grafts grew, on the average, 3 cm longer than control grafts. A
number of newly-grafted scions grew over 15 cm in length in 6 months
under continuous light. Performed on a large scale (1,000 grafts),
a success differential similar to the one experienced in our trial
would mean a savings of around $2,500 per year. Consequently, a pro-
duction grafting program has been set up under lights at Red Rock this
winter. -

REFERENCES AND PUBLICATIONS
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seedlings. Acta Horticulturae 56, 105-114. ’
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POPULATION AND QUANTITATIVE FOREST GENETIC STUDIES
IN BRITISH COLUMBIA
1975-76

F.C. Yeh

B.C. Fonest Service
Researrch Divdsion
Victoria, B.C.

This report describes recent tree improvement activities
that served to supplement the established genetic programme of conifer
species in the Province of British Columbia. Aspects related to juvenile-
mature relationship and to population structure in Douglas fir (Pseudotsuga
menziesii (Mirb) Franco) are being examined.

EXPECTED GENETIC GAINS UNDER EARLY AND LATE
SELECTION

In tree improvement programmes, if costs are to be reduced,
and if improved breeds are urgently needed to increase the economic
potential of production forests on a practical scale, it is worth in-
vestigating procedures which can reduce the duration of field testing.

Theoretical consideration on genetic gains, using the concept
of direct to indirect selection (Falconer 1960), indicated that sub-
stantial genetic gains could be experienced in late stages of a testing
programme even when selection was practised at the early stage. The
necessary and sufficient conditions were: - (1) that the genotypic
heritability estimates at early stage (hél) was much greater than late
stage (héz) and/or (2) that the genotypic correlation (rGlz) between
early and late performance was high. Gains for the ratio of early to
late selection for varying combinations of h(z;l/hcz;2 and rs,, were sim-
ulated (Table 1).

Table 1. Ratio of expected genetic gain at early to late selection
when the selection intensity at the two stages are identical.

2 2
r hGl / th
Gi2

2 3 4 5
1.00 1.41 1.73 2.00 2.24
0.80 1.13 1.39 1.60 1.79
0.60 0.85 1.04 1.20 1.34
0.40 0.57 0.70 0.80 0.90

0.20 - 0.29 0.35 0.40 0.45
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In practice, most traits in testing populations experienced a
reduction in genotypic heritability as they become older due to in-
creasing field experimental error. Thus, the practical values of early
selection should be thoroughly evaluated, especially when considering
genetic gains per unit time. ‘

Estimates of genotypic heritability and correlation in early
and late stages are being collected for testing populations in British
Columbia. The implication and bearing of these estimates on future
breeding alternatives and designs will be evaluated.

APPLICATION OF GEL ELECTROPHORESIS IN FOREST GENETICS RESEARCH

The study of genetic variations at the enzyme level provides
an option in identifying and using population subdivisions for present
and future breeding alternatives, and provides the opportunity for wider
use of correlated trait breeding and for quantifying population and ‘
trait architecture (Yeh 1976).

To date, several enzyme loci have been identified and their
inheritance pattern determined in Douglas fir (Pseudotsuga menziesii
(Mirb) Franco.). Results of a study from 2,400 genotypes to estimate
population parameters such as inbreeding and random genetic drift in
natural population of coastal Douglas fir has been reported (0'Malley
and Yeh 1976). Further analyses based on 4,800 samples and descriptions
of enzyme systems used in Douglas fir will be published shortly.

Other continuing activities in gel electrophoretic research
included (1) studies on the possible association between enzyme loci and
quantitative traits of economic value and (2) studies to provide data
for use at the provenance taxonomic level.

REFERENCES

Falconer, D.S. 1960. Introduction to Quantitative Genetics. Ronald
Press, New York.
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TREE SEED RESEARCH, PACIFIC FOREST RESEARCH CENTRE, B.C.

D.G.W. Edwards

Canadian Forestny Service
Pacific Forest Research Centre
Victoria, B.C.

Keywords: germination, prechilling and compound stratification, cone
crops, cone collection and handling, seed sorting.

- The program of seed research at the Pacific Forest Research
Centre has expanded since 1969, to 12 on-going seed studies involving
10 scientists; problems ranging from enhancing cone crops to improving
the use-efficiency of seedlots, of cone and seed insects and major
diseases, are covered. In 1970 the OECD Seed Certification scheme
was implemented in B.C. under the leadership of R.F. Piesch whose
detailed progress report can be found elsewhere in these proceedings.
Since several reports have already been published only highlights will
be presented here.

WESTERN HEMLOCK

With the advent of container nurseries, additional information
on the germination requirements of western hemlock (Tsuga heterophylla)
was required, and studies were begun in 1969. Although western hemlock
seeds cannot be considered dormant, they respond to prechilling (stratifi-
cation) and this pretreatment is almost obligatory for nursery sowing.
Prechilling increases germination rate but has not been found to affect
germination capacity in B.C. seedlots; germination of prechilled seeds
is not only more rapid, but is also more dependable and uniform.

Western hemlock is also light sensitive, although the re-
sponses are smaller than those brought about by prechilling. Similarly,
light is not essential for hemlock germination, but there is a slight
stimulatory effect on rate when photoperiods of less than 8-h duration
are used. Photoperiods longer than 8-h depress germination rate, and
under continuous light germination is incomplete after 4 weeks. Ger-
mination is better under fluorescent, rathern than fluorescent-incan-
descent sources, especially at intensities of 1000 lux. Higher light
intensities, even from fluorescent lamps, tend to slow germination down.
All the earlier work was conducted at a constant 20°C, as recommended in
the international seed testing rules, but our latest results indicate
faster germination in prechilled seeds at 25°C. Below 20°C, germination
rate is approximately halved for each 5° drop in temperature, i.e. it
takes twice as long to reach 50% germination at 15°C than it does at
20°cC.
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YELLOW CEDAR (OR CYPRESS)

Pretreatment requirements for yellow cedar (Chamaecyparis

nootkatensis (D. Don) Spach) have been under investigation since 1972.

In a first series of tests, unpretreated seeds germinated 31% after 15
months, while seeds prechilled for 4 months gave the "best" germination

of 387 after 12 months.

More than 30 combinations of warm and cold

treatments have since been tested; some of the results, based on a 16-

week germination test period, are shown in Table 1.

Table 1

Seed

Pretreatment—

Unstratified

2MC
4MC
6MC
8MC
10MC

1MW

MW +
IMW +
IMW +
1MW +
MW + 1

2MC
4MC
6MC
8MC
oMC

. . 1
Germination Percentage—

Effect of prechilling and compound stratification on yellow
cedar germination.

-—weeks of germination test—- Total 3/
4 8 12 16 germination™—
0 0 0 0 0
0 0 0 0 0
0.5 0.75 1.25 2,75 3.25
0.25 0.25 0.75 0.75 2.5
0.75 1.0 1.50 1.50 2,5
0 0 4.0 10.0 30.25
0 0 0 0 0
6.5 8.0 8.25 10.25 24.75
6.0 6.75 7.75 7.75 65.25
77.25 77.75 78.5 78.75 79.75
28.75 30.5 33.75 33.75 72.75
3.5 4,75 5.25 5.25 69.0

1/ Normal germinants only.

2/

MC ~ months' of cold (1-4°C) stratification.

MW - months' of warm (30°C) stratification.

3/

Seed Testing Rules, 1976).

=/ Includes abnormal germinants (as defined by the International

Combined treatments greatly stimulated germination in all

instances although a considerable quantity of abnormal germinants

occurred after prechilling for shorter and longer than 6 mo.

Work is

continuing to determine the optimum combination of treatments and the
retention of viability in stored seeds.
4°C showed a 5% loss in germination after 1 year.

Seeds stored at approximately
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Studies have also been conducted on the feasibility of pro-
ducing reforestation stock from rooted cuttings. Using 2 to 5 year—-old
seedlings, cuttings have rooted well without hormone treatment; the time
of year (January, August or December) of taking the cuttings has not
been found to be critical.

WHITE SPRUCE

In 1973, a good cone crop year, a study was initiated (con-
jointly with Dr. R.C. Dobbs) to study the effects — on both seed ger-
minability and seedling growth - of time of cone collection, cone
storage conditions and seed pretreatment for B.C. sources of white
spruce (Picea glauca (Moench) Voss). Collections were made (by climbing)
from 4 study trees, on August 1, 15 and 29, and September 12 and 26 (by
which time natural seedfall had begun). Cones were shipped in ice to
the laboratory where they were processed promptly and germination tests
initiated. All trees responded to date of collection and to cone
handling in an almost identical manner. The responses for one study
tree are shown in Figure 1. Manual extraction (ME) of seeds from green
cones was used as a base-line for comparison of other cone handling
procedures since it represented, as near as possible, germinability at
the time of collection. Prechilled (3 wk at 2-4°C) seeds collected on
the 1st and 15th of August germinated, 35% and 79%, respectively.
Progressively later collections produced increasing germination with
prechilled seeds germinating 10 - 13% higher than their unprechilled
counterparts. Prechilled seeds from air dried cones (2 wk at room
temperature) germinated 94 - 977% irrespective of collection date. When
green cones were placed in a 40°C oven for 2 wk, then refrigerated at
1°C for 5 wk, unprechilled seeds from cones collected on August 29
survived the treatment relatively well and germinated 477%. Prechilled
seeds from heated-refrigerated cones germinated over 95% for the last
four collection dates. Storing cones under cool (10°C) ventilated
conditions for 7 wk produced large increases in germination with un-
prechilled seeds from cones collected on August lst germinating 58%;
prechilled seeds of this collection date germinated 85%, while pre-
chilled seeds from the last 4 collection dates germinated 96 - 98%.

The results indicate that white spruce seeds may be collected
up to 4 wk prior to natural seedfall and that good germination can be
obtained regardless of cone handling procedure provided the seeds are
prechilled. Later cone collections are less sensitive to cone handling
treatments but continue to benefit from cool cone storage.

Normal germinants from unprechilled seeds from one study tree
were potted-up into a 3:1 peat: vermiculite medium and cultured under
16-h "days" at 24°C and "nights" at 16°C. Light intensity (incandescent
and fluorescent) totalled 20k lux. After 17 wk, seedling sizes varied
significantly among collection dates and cone storage treatments. In
general, the largest seedlings were obtained from seeds collected mid-
August to mid-September. Seeds manually extracted (ME) immediately upon
cone collection produced significantly larger seedlings in terms of all
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Figure 1. Effect of cone collection date, cone handling treatment and
prechilling on white spruce germination. 1. Manual extraction of seeds
from fresh cones. 2. Cones air dried 2 wk. 3. Cones oven dried 2 wk
then refrigerated 5 wk. 4. Cones stored under well ventilated conditions
at 10°C for 7 wk.
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measured parameters; differences between seedlings derived from cones
that were heated and refrigerated, and those stored under cool, ven-
tilated conditions were not significant.

In 1974, attempts to repeat the experiment were thwarted by
poor cone and seed development due to cool, wet spring weather, and
insect depredations further reduced seed numbers so that no germination
was obtained until the collection of August 20. The relative effects
of collection dates (August 20, September 3 and 17) on seed quality
were almost identical with those observed in 1973; judging from the
levels of germinable seeds, it was estimated that the August 20 co-
llection corresponded with the August 1 collection in 1973. However,
natural seedfall began almost a week earlier in 1974. Effects of cone
handling treatment were studied on four trees, two at 700 m and two at
1000 m elevation, for a single collection date (September 3) approxi-
mately 2 wk prior to natural seedfall. No differences due to elevation
were observed. Cool, ventilated cone storage (7 wk) produced the best
germination in both prechilled and unprechilled seeds.

Seedling development was again studied in 1974. Numerous
significant interactions between collection date and study tree were
recorded, making generalized conclusions impossible. However, oven
dry masses of seedlings from prechilled seeds were consistently signifi-
cantly (P = 0.01) lower than seedlings from unprechilled seeds. When
cone handling treatments were compared prechilled seeds were tallest,
but had the smallest stem diameter. Seedlings from manually extracted
or air dried cones had greater mass if the seeds had been prechilled,
while seedlings from stored cones had reduced mass if the seeds were
prechilled.

In 1975 cones were collected from six trees on a single
collection date some 2 to 3 wk prior to seedfall, and subjected to
handling treatments similar to those used in 1973 and 1974 as well as
storage under cool (10°C) ventilated conditions for 4 wk, unventilated
cool storage for 7 wk and unventilated storage at room temperature for
7 wk. Seeds were tested immediately upon extraction from the cone (as
in 1973 and 1974) and retested after cold storage for 8 to 9 mo. The
1975 data confirmed that cool, ventilated storage (for 7 wk) greatly
improved seed quality compared to other forms of storage, or no
storage. Seeds from properly stored cones germinated readily, gaining
slight benefit (germination rate and capacity) from prechilling. Con-
versely, prechilling produced significant benefits when cones were not
properly stored.

Following approximately 9 mo. of refrigerated storage, seed
quality was found to be slightly lower than before storage, in most
instances. Differences due to cone handling treatments were still
apparent. Germinants were again potted up, but heavy mortality caused
this part of the study to be abandoned. Further cone collections are
- planned for 1977.
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GRAND FIR, AMABILIS FIR

A study was initiated late in 1976 to find means of improving
the use efficiency of conifer seedlots, by identifying and separating
germinable from non-germinable seeds. During measurements on the rate
of water uptake by seeds of Abies amabilis (Dougl.) Forbes and A.
grandis (Dougl.) Lindl., it was observed that filled seeds (previously
sorted by x-ray procedure) usually sank at a faster rate than empty
seeds. An experiment was initiated to test (i) the extent to which
filled and empty seeds could be separated by removing the floating seeds
from the container after a given period of time; and (ii) if there were
differences in germinability among the seeds that sank after various
time periods. Paired samples of seeds from each of one seedlot of A.
amabilis and three lots of A. grandis were placed in distilled water at
approximately 25°C and at 5°C. One sample was continuously stirred
while the other was stirred briefly, by hand, just before sunken seeds
were removed. Seeds that sank were separated from those still floating

50 . - 50
L ABIES GRANDIS s5c
N STIRRED n i
25¢C ' 7]
- STIRRED -
40 |- o 4 a0
5¢C 7
- NOT STIRRED -

\ .
| |

25¢C
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20 |- -1 20
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o ____\i _____ ® . o 1'e

Lo 11?1 L] gempeee —L 11
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SEED FRACTION (SUNK AFTER TIME IN HOURS)

RATIO GERMINABLE : UNGERMINABLE

3

Figure 2. Ratio of germinable: non-germinable seeds of Abies grandis
after immersion in water at 25C and 5C, with and without continuous
stirring. Dashed line indicates ratio of germinable: non-germinable
seeds for unsorted seedlot. '
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after 6, 12, 24, 36 and 48 h, then replaced in water so that all seeds
were imbibed for 48 h. After 48 h, water was drained off and the seeds
were prechilled for 4 wk prior to a germination test,

To examine what gains in seed quality might have been achieved,
the ratios of germinable: non-germinable seeds for each temperature -
stirring combination were compared. Results for one A. grandis, lot are
illustrated in Fig. 2. In relation to the ratio for the original
(unsorted) seedlot, indicated by the broken line, gains in seed quality
were limited to certain time periods. For example, at 25C without
continuous stirring, a substantial gain was made in seeds that sank
between 12 and 36 h. When stirred, a large gain was noted at 6 h and
again at 12 h; at 24 h, since most of the germinable seeds had already
sunk, little further gain was found. When stirred at 5C, an increase of
more than 5-fold in seed quality was observed in those than sank in the
final 12 h. From a practical point of view, the proportion of the
original seedlot represented in the different time periods must be taken
into account. At the time of writing the practical, economic signifi-
cance, if any, was still under study.

In association with this sorting work on Abies seeds, Mr.
E. Van Eerden undertook an appraisal of the MSS-110 Electronic Seed
Germination and Vigor Analyser developed and manufactured by Agro-
Sciences, Inc., Ann Arbor, Michigan. This instrument computes an
electronic current through the seed when an individual seed is momen-
tarily held in forcep-electrodes; according to Agro-Sciences, a high
current flow indicates a seed of low vigor and, conversely, a low
current flow indicates high vigor. The tested seeds are electronically
assigned to one of eight possible classification levels. Various tests
have been conducted to determine whether sort categories of Douglas fir
(Pseudotsuga menziesii (Mirb.) Franco) seeds exhibited different ger-
mination capacities and whether these varied with seedlot or length of
prechill. So far no direct correspondence between current category and
germination capacity although seeds giving reading less than 2ua usually
have germinated better than seeds with readings above 2ua. The dis-
tribution of sorted seeds shifts towards higher current categories after
prechilling. Attempts to sort Abies seeds by this method have failed;
it is believed that the resinous exudate from the seedcoat, which leaves
a gummy deposit on the electrodes after only a few seeds have been
tested, eliminates any meaningful reading.
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PROGRESS TOWARDS UNDERSTANDING DEFENSE REACTIONS AND ITS
SIGNIFICANCE IN SELECTION AND BREEDING PROGRAMS

D.B. Mullick

Canadian Forestrny Service
Pacigic Fornest Research Centre
Victornia, British Columbia

Keywords: Criteria for stock selection, non-specific defense reactionms,
characterization of host-components in defense, reduction in
wood defects, increased resistance to pathogens.

Since 1907, when Biffen first demonstrated that the suscepti-
bility and resistance to disease is under genetic control, we have
sought to develop criteria associated with resistance to aid selection
of disease resistant stocks. In spite of extensive correlative studies
at ecological, morphological, histological and molecular levels, our
knowledge of selection criteria directly associated with resistance
remains vague. The inadequacy results largely from the lack of knowledge
of the nature of host response when attacked by a pathogen*. This
report presents a conceptual overview of the significance to tree
improvement of the progress we have made over the last 10 years towards
understanding the nature of host response in pathogenesis.

Although, health is the norm, diseases and epidemics do occur
under certain environmental conditions. We want to know therefore, what
in the plants defensive capabilities is affected by environmental con-
ditions that predisposes it to pathogenesis.

If a house fire is analogus to disease then the fire brigade
would be the host defence reaction. If the house fire is not contained
(susceptibility) then, because we know from start to finish what the
successful fire-fighting should be, we can analyze what went wrong with
the defense reaction in susceptibility. Further, on the basis of this
knowledge we can examine other houses and assess their potential "re-
sistance" to the fire (disease) and possibly take preventive steps to
strengthen them.

The knowledge of plant's defensive capabilities is necessary
to the development of sound criteria for selection of resistant geno-
types. The need is much greater in tree improvement programs than in
agricultural crops since the generation time is much greater and errors
in selection may show up years after the fact and invalidate much, or
all of the work done in the intervening years.

Pathogen is defined as any agent (insect, microbe, parasitic plant)
which causes chronic physiological disorder (pathogensis) in the
host.
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OQur studies have shown that plants respond in non-specific
ways to the entry of any pathogen and that there may only be a few such
non-specific responses. For example, phellogen (cork cambium) is the
first living tissue interacted with during penetration of any pathogen.
Phellogen is vital for maintaining skin-like epidermis or periderm.
Regeneration of lost skin tissue as occurs in animals by in-growth of
existing skin cells from the wound edges does not occur in plants.
Damaged epidermis or periderm is invariably replaced through a process
of phellogen restoration involving dynamic metabolic and anatomical
alterations over a period of several weeks. The process of phellogen
restoration constitutes a non-specific host response which is activated
whenever phellogen becomes non-functional, regardless of the cause.
Pathogens must either avoid triggering or must successfully interfere
with it to complete their life cycle. Failure to successfully interfere
should result in resistance. Penetration without interfering the
phellogen function would prevent triggering the process and should
frequently lead to susceptibility. Our studies show that environmental
fluctuations promoting pathogenesis adversely affect this restorative
process. Specific interactions of a pathogen with this non-specific
dynamic physiological process under varying environments may produce
specific disease symptoms and syndromes.

When a pathogen penetrates deeper in the bark, the non-specific
process of vascular cambium restoration is triggered. 1In order to avoid
systemic spread of pathogens, the non-specific process of blocking
sapwood conduction occurs when a pathogen reaches still deeper in the
bark. A detailed account of these appears in Volume 11 of the Recent
Advances in Phytochemistry (1977).

My work has centered on interactions of the balsam woolly

aphid (BWA) (Adelges picea Ratz.) with members of the genus Abies (true
firs). Having delineated the non-specific host processes (Mullick 1977)

I am currently involved in an intensive study of BWA interactions which
should provide a firm understanding of BWA - Abies interactions from
which criteria for selection resistant Abies should be possible. I feel
similar studies on other host-pathogen interactions should yield results
allowing selection and testing of stocks for breeding and outplanting
respectively, providing added surety of successful reforestation programs.
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Tree improvement activities at the Pacific Forest Research
Centre emphasize genetic improvement of western hemlock (Tsuga heterophylla
(Raf.) Sarg.), development of rooting techniques for important conifers
of British Columbia, and certification of forest tree seeds collected
for export under the OECD (Organization for Economic Cooperation and
Development) Scheme. Several other studies, conducted both in-house and
through grants and contract research, support tree improvement in
general. Detailed reports of two areas of related research are given
elsewhere in these Proceedings by Drs. D.G.W. Edwards (tree seed re-
search) and B. Mullick (fundamental research delineating the nature of
resistance of trees to insects or pathogens, to aid selection and
breeding programs).

WESTERN HEMLOCK TREE IMPROVEMENT

Population study

Assessment of height growth and survival, identification and
retagging of all planted trees and the cleaning and removal of natural
regeneration within plots has continued in the four 25-acre plantations
comprising the population study. Six-year height data (4 years after
outplanting) were collected and preliminary results were reported
(Piesch 1977a). Considerable variation in mean heights was apparent
among populations within plantation locations. The most vigorous
population in each of the four plantations averaged 92, 85, 61 and 53%
taller than the least wvigorous, and 15, 32, 26 and 287% taller than the
mean for each plantation, respectively. Several populations consis-
tently ranked above average for all plantations, while others consis-
tently ranked below. Formal analysis of the data should be completed
this summer.

Breeding studies/seed yields

Over the past 2 years, further studies have been conducted on
determining appropriate controlled pollination procedures and breeding
techniques. The syringe-technique for controlled pollinations have been
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very effective in western hemlock, with average yields of 20-25 filled
seeds per cone, compared to 3-5 filled seeds per cone following wind
pollination (Piesch 1977a). Terylene and kraft pollination bags are
being used to isolate the female flowers, although a slight chance for
contamination (penetration by foreign pollen) has been shown to exist
with the terylene bags. The semi-rigid acetate tubes proved unsuitable
as isolation chambers because of excessive condensation within the
tubes.,

A feasibility study, using detached branches for controlled
pollinations in the laboratory, was undertaken in 1975. Control-poll-
inated seeds were successfully produced on branches which were detached
from the ortets prior to pollination and subsequently cultured in '
aqueous solutions. Although seed set was considerably reduced and the
mature seeds were only half normal size, the resulting seedlings grew
vigorously. While seedlings from the detached branches were initially
two to three times smaller than those from intact branches, height
differences decreased with age, so that at 6 months, mean heights
differed by only 20%. A detailed report on this study will be published
in Bi-Monthly Research Notes in the near future (Piesch, 1977b).

Cone production of rooted cuttings

Cone production of outplanted rooted cuttings, derived from
sexually mature trees, continues to increase each year. In 1976, 7
years after rooting, 727 of the 102 clones bore seed cones and 10% bore
pollen cones. A total of 2600 seed cones were produced, averaging more
than 3 cones per ramet (all ramets included) or 10 cones per producing
ramet.

The potential for cone production of potted rooted cuttings
was recently indicated by three rooted cuttings which had been retained
in pots in the shadehouse since being rooted 9 years ago. While all
three have borne moderate crops in past years, they bore 'bumper" crops
of pollen and seed cones in 1976; one produced over 300 seed cones,
i.e., a potential seed crop of 8000 seeds.

Flowering enhancement studies

In 1976, a study designed to enhance cone production in
sexually mature clones of western hemlock was initiated in cooperation
with Dr. S. Ross, Weyerhaeuser Company, Western Forestry Research
Centre, Centralia, Washington. About 175 6-year-old rooted cuttings
were given, intravascularly, various treatments of gibberellins (GA's)
or auxin, in combination with a soil fertilizer treatment. Female and
male flower counts were made in April 1977. Pronounced treatment
effects were observed, with a highly significant promotion of female
flowers resulting from the exogenous application of GA's. The flowers
were hand pollinated to determine whether the GA treatments affect
subsequent cone and seed development. Reports will be written for
publication. Further studies will investigate what effects time of GA
application and age of the tree material have on promotion of flowering.
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Flower enhancement has also been successful in Douglas-fir
(Pseudotsuga menziesii (Mirb.) Franco). In 1975, Dr. G. Puritch and
Mrs. E. McMullen, PFRC, and Dr. M. Meagher, B.C. Forest Service, esta-
blished a test of the effectiveness of GA's and auxin, alone and in
combination, with and without girdling, on cone enhancement in two
clonal and two seedling seed orchards. Results showed a highly sig-
nificant enhancement of male and female flowers by GA at one clonal and
one seedling seed orchard, but not at the other two. Girdling and/or
auxin did not affect flower production. GA was effective at enhancing
flower production in already productive orchards, but was ineffective in
nonproductive orchards. Results of this study will be published when
seed germination tests have been completed.

Review paper

A paper covering the status and potential of tree improvement
in western hemlock was presented to the Western Hemlock Management
Conference in May, 1976, at Union, Washington (Piesch 1977a). A general
overview of programs in the region was presented, as well as a review of
several genetic studies conducted at the PFRC. The paper will be
included in the Proceedings being published by the University of Washington,
College of Forest Resources.

ROOTING OF CUTTINGS FROM CONIFERS

Studies were undertaken by Dr. H. Brix on the rooting of
cuttings from young and old trees, particularly of western hemlock, in
relation to fungicide and hormone treatments, size of cuttings, retention
of basal leaves and time requirement for rooting. While past studies
concentrated primarily on effecting root development in cuttings from
mature trees, current work includes studying the subsequent growth
performance and characteristics of rooted cuttings, derived from both
juvenile and mature trees. Two papers on rooting have been published
since 1975, one summarizing rooting studies of western hemlock (Brix and
Barker 1975), and the other, a joint report with the B.C. Forest Service,
reviewing the use of rooted cuttings in reforestation (Brix and van den
Driessche 1977).

A feasibility study for producing reforestation stock from
rooted cuttings of yellow cedar (Chamaecyparis nootkatensis (D. Don)
Spach) seedlings was undertaken by Dr. D.G.W. Edwards. Cuttings rooted
well with or without hormone treatment. The time of year during which
cuttings were removed from the seedlings (January, August or December)
was not critical.

CERTIFICATION OF FOREST TREE SEED
UNDER THE OECD SCHEME

The Canadian Forestry Service is respohsible for certifying
forest tree seeds collected in Canada for export under the OECD scheme.
The PFRC, as certifying agency for B.C. and the Yukon, certified 36



-224-

"source—identified" seedlots during 1975-76, bringing to 155 the total
number of seedlots certified in B.C. and the Yukon since the scheme was
implemented in 1970. Total weight of seeds certified during that
period was approximately 9000 kg, representing 11 conifer species.

In 1976, PFRC staff were involved in several meetings with
other participants of the scheme. Designated Authorities responsible
for the scheme met in Paris, France in February, and the CFS (Designated
Authority for Canada) was represented by R. Piesch, project leader for
the scheme in B.C. and the Yukon. Renewed interest was generated for
implementing seed certification programs and several OECD countries in-
dicated that they planned to require, in the near future, that forest
tree seeds be imported only in compliance with the scheme. As a result,
representatives of the European Economic Community (Common Market) and
several European countries visited the PFRC during the summer to discuss
the operation of the scheme and the availability of certified seeds from
B.C. and the Yukon.

Regulations pertaining to certification of Canadian source-
identified forest tree seed under the OECD scheme have been updated and
published in both English and French editions (Piesch and Stevenson
1976a, b). A report was also prepared, summarizing the operation of the
scheme in B.C. and the Yukon since its implementation in 1970 (Piesch
1977¢).

RELATED STUDIES

Cone and seed insects

Further studies were conducted by Mr. A. Hedlin on the nature,
extent of damage, and species involved of graft-mining Dioryctria in
Douglas—fir seed orchards. Also, cones collected from 165 Douglas-fir
clones were examined for insect-caused seed losses. Studies on sex
pheromones of the Douglas-fir cone moth (Barbara colfaxiana) and the
spruce seed worm (Laspeyresia youngana) were continued, and a report was
written (Weatherston, et al. 1977). Primary attractants of the Douglas- ¢
fir cone moth have recently been studied by attempting to isolate
volatile materials from female flowers which attract female moths.

Grant- and contract—supported research

The following studies were supported through departmental
grants or contracts:

Studies Grant or contract recipient
Phenology of bud development in white and Dr. J. Owens
Sitka spruce (Picea glauca (Moench) Voss University of Victoria

and P. sitchensis (Bong.) Carr. respectively).

Precocious flowering of Douglas-fir and Dr. R. Pharis
lodgepole pine (Pinus contorta Dougl.) University of Calgary
through the application of gibberellins.
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The influence of competition from nearby MacMillan Bloedel Limited
trees on the selection of western hemlock Nanaimo, B.C.
plus trees.

Inspection services in the administration Mr. V. Phelps
of the OECD seed certification scheme. Victoria, B.C.
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PROGRESS REPORT 1977

R.D. Stevens

MacMitlan Bloedel
Nanaimo, B.C.

Development of MacMillan Bloedel Ltd.'s Tree Improvement
Centre near Nanaimo included final clearing and preparation of our
50 acre site, construction of a field office, greenhouse and other
propagation facilities, and expansion of Douglas—-fir, Sitka spruce,
and western hemlock clonebanks. Breeding strategies have been pre-
pared for these species and plans are also being developed for Amabilis
fir, lodgepole pine, western white pine, western red cedar and yellow
cypress. Initial clonal Douglas fir and western hemlock seed orchards
were planted in the spring of 1977.

A study of the effects of varied competition from nearby
trees on the selection of western hemlock plus tree candidates was
begun in 1976 under funding by the Department of Supply and Services,
Canada. Charles Thomas, a University of British Columbia graduate
student, has collected considerable phenotypic data to supplement the
existing data base from long term, stem—mapped permanent sample plots.
Phenotypes with greater than expected growth rates identified by con-
fidence limits of regressions of competition index on actual growth
rates, are generally not the same as those chosen by classical pheno-
typic selection methods. Additional field work and computer simulations
are continuing in 1977. The Pacific Forest Research Centre, C.F.S.,
Victoria is currently rooting cuttings and growing half-sib seedlings
from several tentative selections and standard, phenotypically-selected
"controls". Clonal tests on variable spaced plots are contemplated.

A test of rooted cuttings from one- and four-year old ortets
from 20, full-sib Douglas-fir families provided by the B.C. Forest
Service (E.P. 707) was planted on a cultivated test site this spring.
The test also includes seedling progenies from all families.
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Un&veﬂA&ty oﬁ British Columb&a
Faculty of Forestny
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UNDERGRADUATE PROGRAM

Forest genetics as an elective course for undergraduate
students has been offered at U.B.C. since 1950 as Biol. 331, For. 352,
and For. 302. The objectives of the course are to provide students
with: ~ o

a) the fundamental principles of variation and inheritance as mainly
applied to trees;

b) the most frequently used methods and techniques in forest genetics
and forest tree breeding;

c) the role of forest genetics in relation to intensive forestry
practice.

During these 27 years, approximately 600 students have been
exposed to forest genetics principles. During the last five years the
student enrollment has fluctuated as follows. 17, 18, 25, 32 and ‘15
students per year.

GRADUATE PROGRAM

. Graduate programs are concentrated on studies related to
variation and heritabilities of western conifers. M.F., M.Sc. and Ph.D.
programs are offered in close cooperation with other Faculties. There
has been a total of eight Ph.D., eight M.F. and two M.Sc. degrees ‘
awarded to date. Since the last report, Meagher (1976) completed his
Ph.D. program ("Studies of variation in hemlock (Tsuga) populations and
individuals from southern B.C." 381 pp.). Cam Bartram is close to
completing his M.F. program and his thesis deals with "Early results of
Douglas~-fir cooperative progeny tests.'" Galloway is finishing up his
first year course work and looking for a suitable thesis topic for his
M.F. degree.

RESEARCH PROGRAM
Research concentrates mainly on "Study of variations and

heritabilities of progenies and provenances of selected western North
American conifers in Pinaceae family'", founded by NRC.
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Douglas—fir

l.

Open-pollinated seed samples were collected from 1,823 trees in
1966 and in 1968 by I.U.F.R.0., Section 22, representing 132
provenances from the entire range of the species. Seedlings from
a few selective provenances were planted out at U.B.C. Research
Forest in 1971, and after five growing seasons, the height growth
was measured and analyzed (Kvestich, A. 1976, "Studies in height
growth of selected Douglas-fir provenances and progenies'". Faculty
of Forestry, U.B.C. B.S.F. Thesis. 55 pp.). ‘

The variation in percent gains and percent losses in the maximum or
minimum family of the best or poorest provenances was substantially
larger (Table 1) to reconfirm the importance of individual tree
selection.

Table 1. Percent Gains and Percent Losses in 1975 Total Height Possible

by Selection of the Maximum Family Within the Best Provenance
or the Minimum Family Within the Poorest Provenance.

Percent Gain Percent Loss
Maximum Family Minimum Family
Seed Zone in Best Provenance in Poorest Provenance
1 47.4 48.2
2 25.3 58.3
3 34.7 : 72.0
5 37.3 45.4
7 47.8 31.0
2. The 1968 cooperative pollination program provided enough seed to

establish a pilot, single tree progeny test (t = 98, k = 16,
spacing 10' x 10') in three different locations on Vancouver
Island.

35 full-sibs crosses (1+1)
15 half-sibs from clone banks (1+1)
21 half-sibs from original plus trees (1+1) and
7 "run-of-the-mill" control seedlings (240) were planted
in spring, 1971.

Cam Bartram analyzed the data in his thesis and the following Table
2 indicates the height differences after five growing seasons.
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Average Growth of the Different Progeny Types after Five
Growing Seasons (in cm).

PLANTATTION

Progeny Types Caycuse - B.C.F.P. | Courtenay - C.Z. | Gold River - Tahsis [ Mean
Half-sibs ' 127.8 94,2 106.2 109.4
(clone bank)

Full-sibs 111.9 90.4 101.7 101.3
Half-sib 108.7 75.6 80.2 88.2
Plus Trees

Control 102.6 69.0 80.8 84.1
Mean 112.7 82.3 92.2 95.7

Contorta Pine

3. Selection of contorta pine plus trees (Sziklai 1970) located one tree
(#88) outside the previously reported range (Fig. 1) and two trees
exhibited few three-needle fascicles.

Fig. 1. Location of Selected Contorta Pine Plus Trees Between 56°

and 64° Latitude.
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FIG.1. LOCATION OF LODGEPOLE PINE PLUS TREES SELECTED IN 1970.

Further selections in 1974 revealed more about these marginal populatioms.
The needle characteristics (Fig. 2) and isozyme indicated that these trees
are different from the southerly samples and may exhibit larger variation
than the more adapted populatiomns.

Not fully developed embryos were 23 times more frequent and polyembryos
13 times more frequent in the northerly samples than the southerly ones.

Presently, seedlings are growing in the nursery and growth characteristics
will be studied in a few year's time.
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Fig. 2. Ratio of the total number of stomata from the dorsal and from the
ventral side (TD/TV) (1 to 24 number and location of plus trees. 1.51 to
2.04 TD/TV).

13890 136°

43
- 75055
L

O N PO —
P -
afy8782 S

Mountain

14 Pt

(e s \f‘
! L[)r!ews Crossimy

' Gb;dorv
[o] Vruqdlng TR
2

) 3 \féWs )
B\ R
" 2000 4 @  Granite ] N

v Ganydh ]

[ b
N

-TATCHUQ.

(77

0 10 20 30 40 50 60
[ ! i

Kilometers



-233-

PROCEEDINGS, PART 2/COMPTES RENDUS, PARTIE 2

Symposium:

THE CONTRIBUTION OF FOREST GENETICS
TO THE URBAN ENVIRONMENT

LA CONTRIBUTION DE LA GENETIQUE FORESTIERE

A.G. Corriveau
B.P. Dancik

W.G. Ronald

M.A.K. Khalil

R.S. Foster
A.M. Townsend
J.W. Andresen
and J. Brown

Appendices

Proceedings, Part 1
Comptes rendus, Partie 1

AU MILIEU URBAIN

CONTENTS/CONTENU

Page
Word of welcome/Mot de bienvenue ...cceeceeveces 1-2
Introductory remarks ...cececossassscccsroosans 3
Evaluating and breeding urban trees
for the Prairies .cieevccesesceccssccscccsscnses 4
Genetics improvement of trees for the
urban environment: challenges and
OpPOrtunities .cececevscceccccecscinscncncncens 9
Desirable traits for city trees ....escseceecss 20
Improving the adaptation of mapies and
elms to the urban environment ....eecececocacss 26
Woody plant improvement and testing
programmes for canadian urban environments .... 31
..........'.'.......l........I.l............... 41
Contents/CONLENU «oceevsosasssosossossascsoosss 41

C.T.1.A./A.C.A.A. Active Members ...cceevscresscccccccccnrocsccconcccnns 46



-234-

FIELD TRIPS
JUNE 28, 30

'EXCURSIONS SUR LE TERRAIN
LE 28 ET 30 JuIN



~235-

MORDEN RESEARCH STATION - June 28

The Agriculture Canada Research Station at Morden, Manitoba is
situated about 100 km southwest of Winnipeg. The horticultural section
of the Station has been involved with tree breeding and species intro-
duction for many years and is Canada's main centre for improvement of
woody ornamentals. The Station plantings consist of a test area, a 25
hectare arboretum and a 5 hectare nursery. Many of the specimens are
also used in a demonstration of hedges in the well kept gardens and
lawns that beautify the Station headquarters making it a most attractive
place to visit.

Dr. Eric Patt, Director of the Station, welcomed us and gave
us a brief talk about Morden. Following this Dr. Wilbert Ronald led the
morning tour through the arboretum. This collection of over 2,000 woody
plant taxa is recognized as the most extensive in the northern plains.
The arrangement of plants in generic blocks facilitates evaluation and
taxonomic comparisons which are a major part of the Morden program.
Outstanding among the more than 50 poplar clones were the fast growing
P. euramericana 'Serotina de Selys', the columnar P. tremula 'Erecta’
from Sweden, two complex aspen — white poplar hybrids from Maple,
Ontario and native large toothed aspen (P. grandidentata) and cottonwood
(P. deltoides). Provenance plantings of cottonwood demonstrated that
only those clones from the northern plains of the U.S. and the prairie
provinces withstand the winter stresses of low temperatures and dessication.

The tour of shade tree production nursery and testing facili-
ties was of special interest in view of the spread of Dutch elm disease
(D.E.D.) to the prairies. Boulevard tree alternatives to white (American)
elm included seedles 'Patmore' green ash and 'Fallgold' black ash
cultivars, Japanese elm, Manchurian ash, and several linden (basswood)
species. Other genera and species growing at Morden include Acer
(maples), Crataegus (hawthorns), Quercus (oaks), Juglans (walnuts),
Phellodendron amurense (Amur cork tree), Celtis occidentalis (hackberry)
and Ostrya virginiana (ironwood). Particular interest was shown in
hardy specimens of Juglans nigra (black walnut), Acer saccharum (sugar
maple) and D.E.D. resistant Ulmus japonica (Japanese elm) which rivals
U. americana in appearance. The production and growing area for 60
entries in the Prairie Regional Shade Tree Evaluation program demon-
strated propagation and production practices needed for alternative
shade trees.

Several breeding projects were viewed, including that with
poplar. Columnar selections with potential as shelterbelts and "living
screens'" were among the 3,000 seedlings under test. Recently produced
intersectional hybrids of aspens with balsam and cottonwood types were
seen.
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Tour participants enjoyed a noon meal in the picnic grove and
then moved to view seed introduction frames, mist propagation facilities
and landscaped grounds. Several older conifer plantings of particular
interest included swiss stone pine, ponderosa pine, mugo pine and
Austrian pine. Following the grounds tour, participants met for a brief
business meeting and coffee break before embarking on buses for the

return to Winnipeg.

Members and guests of the C.T.I.A. expressed their appreci-
ation for the generous hospitality shown by Dr. Patt and his staff.

The trip and luncheon were sponsored by:
Abitibi Paper Co. Ltd.
Manitoba Paper Division

Pine Falls, Manitoba

Manitoba Forest Resources Ltd.
The Pas, Manitoba

Morden Nurseries Ltd.
Morden, Manitoba

Their support is greatly appreciated.

R.F. Calvert
W. Ronald
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MANITOBA SNAPSHOTS

MORDEN RESEARCH STATION - JUNE 28, 1977

Selections of green ash ready for prairie city test Wilbert Ronald demonstrating the green and
sites. albino leaves of a poplar chimera.

Disease-resistant Japanese elm growing in the Ron Calvert addresses the business meeting of
Morden Arboretum. the C.T.1.A/A.C.A.A. held in the picnic grove.

Bruce Dancik and Cheng Ying express their
appreciation of the generous western hospitality
extended to C.T.l.LA. members.
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GENETIC IMPROVEMENT OF JACK PINE - SANDILANDS ~ June 30

An experimental seedling seed orchard, an interim clone bank,
a family test plantation, and a provenance experiment were visited. All
but the clone bank were planted in spring of 1972. Field trip notes
including maps, source lists, design information, and extracts from
results were distributed to participants.

Birds Hill Research Nursery

This property, located about 40 km northeast of the University
of Manitoba, was intended to serve as a rearing and planting area for
the federal forestry research establishment which was then in Winnipeg.
Apart from the genetics materials, there is little activity at the
Nursery now.

Seedling Seed Orchard

Genetic improvement is being sought in this plantation by
phenotypic selection of one tree out of 20 planted on a 2.4 m by 3.0 m
plot. Each tree on a plot is from a different open-pollinated progeny,
but all are from the same general source area. The 11 plots in a block
contain trees from 11 eastern Manitoba source areas. The first thinning
in 1976-77 left five trees per plot and increased mean height from 190
to 217 cm. Following the final thinning, probably by 1983, cone stimu-
lation treatments can be applied, and genetic gain can be measured using
comparison plantations with seed from the orchard. It is hoped that the
design features will promote effective selection and a reasonably
tractable tree distribution, while ensuring genetic diversity among
neighbouring trees in the final stand.

Interim Clone Bank

Ramets grafted in 1967-68 were lined out in the seedbed area
in 1969 and are now from 40 cm to more than 3 m in height. Scions are
collected here and grafted in Edmonton for planting in the regional

clone bank in Alberta. The larger ramets have substantial cone production.

Sandilands Provincial Forest

The trip from Birds Hill Research Nursery to Sundown Research
Planting Area was routed through part of Sandilands Provincial Forest to
allow viewing of jack pine stands typical of this area. A fried chicken
lunch provided by the Northern Forest Research Centre was served in the
picnic area at the Marchand forestry office.
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Sundown Research Planting Area

The plantations examined here are on a quarter section of
Crown land reserved by the province for federal forestry research. Both
plantations are on an orthic eutric brunisol developed on rapidly
drained calcareous sand and gravel deposits. Native vegetation of
scattered pine, grasses, and low shrubs reflects a history of repeated
fire. The pines were removed and furrows made with shark-finned barrels
in summer of 1971 to prepare the site for planting.

Family Test Plantation

This plantation, with three replicates, is one of four in the
test. All have the same 209 open—-pollinated progenies from eastern
Manitoba plus seven other entries, four-tree row plots, and cubic
lattice design. Results will be used to select superior source stands
for immediate seed collection, and superior parental and progeny geno-
types for propagation of seed orchard trees.

Analysis of height at five years from planting, for this
plantation only, showed a significant F-ratio, 16% reduction in error
variance due to removal of inter-block effects within replicates, and
197 mean height superiority of the tallest decile of progenies over the
78 cm plantation mean. Except for the poor performance of progenies
from north of the Winnipeg River, no clear geographic pattern is evident
in the results.

All-range Provenance Experiment

This plantation included 78 populations from the Petawawa
series plus three western populations composited from single-tree
progenies. Design is lattice square with five replicates and four-tree
row plots. After the fifth growing season from planting, mean heights
ranged from 50 cm (Nova Scotia) to 109 cm (Minnesota). Other high-
ranking populations originated 0.2° to 1.4° north of the planting site,
as far east as Quebec. The shortest trees are from near the eastern,
southern, and northwestern limits of the species' range.

J.I. Klein
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C.F.S. JACK PINE GENETICS PROGRAM
SANDILANDS - JUNE 20, 1977

Jerry Klein, centre, and Chris Heaman, right,
walking from the eastern Manitoba regional
provenance/progeny test planted

Drs. Khalil, Heimburger, Gordon and Dancik
inspect the jack pine seedling seed orchard,
Birds Hill Research Nursery.

Dr. Klein explains the design and management of
the jack pine seedling seed orchard planted in
1972 with 3-0 seedling stock.
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