




























































































Delegates left Gander at 9:00 a.m. by bus and covered the 47
km journey over dusty roads stopping first at the White Spruce Provenance
Trial.

This study was established in the spring of 1963 with 2+ 2
seedlings which had been grown at the Petawawa Forest Experiment Station
(Chalk River, Ontario) and shipped to the Tsland. Thirty-one provenances
from the Great Lakes-St. Lawrence Forest Region and one provenance from
Newfoundland (consisting of 3 to 5-year old wildlings) were planted in
40 seedling plots at a spacing of 1.8 metres. The experimental design
is a six-replicated randomized complete block. Results after 20 years
from seed have shown that a group of provenances from eastern Ontario
and western Quebec have grown best on the site and also have grown 20-
30% faster than the Newfoundland provenance.

Seed has been collected from most of the better provenances.
Collection will continue as seed becomes available, and will be used in
seedling seed orchards. 1In general, it is the better growing provenances
which have flowered.

Leaving the plantation site many delegates were struck by the
proliferation of a local delicacy the partridgeberry (Vaccinum vitisidaea
to non-Newfoundlanders). Unusual but significant site-genotype interactions
were later reported.

The second stop consisted of a visit to a plantation of several
exotic Pinus species. The plantation was established in October 1966 to
test the suitability of planting various species of Pinus under typical
Newfoundland forest conditions. All species had previously been planted
as ornamentals or in small ad hoc trials in various parts of eastern and
central Newfoundland. It was Egged that, if successful, one or more of
these species could be used to supplement the limited number of indigenous
conifers available for reforestation programs.

The plantation consists of 64 plots (15.3 m x 30.6 m) arranged
in a randomized complete block design made up of 8 plots in each of 8
blocks. Each plot contains 128 trees (spaced at 1.8 m) of one seedlot.
Included in the plantation are P. sylvestris, P. banksiana, P. contorta,
P. resinosa, P. albicaulis, P. cembra and P. nigra v. corsicana.

Results 12 years from seed indicate that jack pine and Scots
pine strains would be considered useful for further, more extensive
trials before large scale use as a reforestation species. It was observed
during the last remeasurement that both species compared quite favourably
with growth rates of indigenous black spruce regeneration on the site.

One feature of the plantation area, (typical of many sites in
central Newfoundland), is the variation in site types over a very small
area. The plantation consists of approximately 3 hectares but site
variation within the area has resulted in growth differences of 200 to
300 per cent between plots containing the same species.
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This stop was followed by the long trek back to the bus to go
to the lunch stop. On the road to the lunch stop delegates passed
through an area successfully re-seeded 14 years previously. Black
spruce and jack pine seed was spread using a helicopter fitted with a
seed scattering device. The area is now fully stocked to both species
although the jack pine predominates. The experiment demonstrates the
efficacy of direct seeding methods in Newfoundland where large burned
productive areas are quite common.

At this point the pangs of hunger were assuaged by some Newfie
victuals including fresh salmon, cod, home baked beans and bread with
partridgeberry jam. Some other well-known local products were made
available to keep the dust down to tolerable levels.

Following this splendid repast delegates were once more bundled
aboard the busses and after a creaky start proceeded to the fourth stop
of the day - more species trials and demonstration seed production
areas.

The species trials consisted of small plantings of Larix
laricina, L. kaempferi and L. decidua and of Pinus sylvestris, P.
banksiana, P. contorta, P. resinosa and P. monticola. Results from
these plantings (12-14 yrs. from seed) indicate that the larches and
Pinus sylvestris would be quite suitable for planting under local conditions.
The four different lots of P sylvestris grew at different rates - wide
scale use of this species would require extensive provenance testing.

Also in the immediate area are the Canadian Forestry Service
demonstration seed production areas. Most of the sites in this area
have regenerated to black spruce, aspen, birch, cherry and alder. 1In
October 1977 it was decided to establish three areas as demonstration
seed production areas. All hardwoods were removed, the spruce was
untouched except in places where the density was high. The areas thinned
are typical of the SPA's which we hope to establish and manage in central
Newfoundland over the next few years. Density and percentage stocking
of black spruce was quite variable.

Cones were collected in the SPA's from about 30 trees in
October 1978. This year several more trees have flowerd and have produced
more cones than in 1978. The trees in 1978 yielded about eight viable
seed per cone.

The final stop on the tour consisted of a visit to a provenance
trial of red spruce (P. rubens Sarg.). Red spruce is not native to
Newfoundland but forms a significant component of the productive forests
of the nearby Maritime Provinces. The species is also quite variable
over its natural range and is believed to hybridize with black spruce
where the ranges of the two species overlap., This plantation consists
of 30 provenances and was established with 2 + 2 planting stock in May
1964 in a 10-replicated complete block design. Spacing is 1.8 m with
four trees planted per plot. TUnfortunately, no local source of black
Spruce or white spruce was available at the time for use as a comparison.
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Seed for this trial was obtained from New Brumnswick (10 provenances),
Nova Scotia (16 provenances), Maine (2 provenances) and West Virginia (2
provenances).

Results 13 years from seed indicated that the better provenances
came from central New Brunswick and scattered locations in Nova Scotia.
A noticeable feature of the plantation is the large within provenance
variation and the presence of some obvious 'black spruce phenotypes'
among the red spruce. '

Following this the delegates headed homeward to Gander dustier
and hopefully wiser in the ways of the Newfoundland forest.

J. Peter Hall
Newfoundland Forest Research Centre
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COOPERATIVE TREE IMPROVEMENT IN CANADA
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COOPERATIVE TREE IMPROVEMENT PROGRAMS IN CANADA

Chairman: J. Peter Hall

Newfoundland Forest Research Centre
Canadian Fornestrny Service
St. John's, Newgoundfand
AI1C 5X§

During recent years, the greatly increased emphasis on more
intensive forest management has made many forest managers more aware of
the value of tree improvement as an important tool in forest management.
Most forest managers are aware, in a general sense, of the spectacular
rates of growth and improvements in quality achieved and work undertaken
closer to home. Thus we have a situation with a large bank of knowledge
available and many people wanting to use it. In many situations it has
been felt that the best way to satisfy these needs is through a cooper-
ative effort. These efforts may take the form of Cooperatives, Councils
or Working Groups, which are composed of wood-using organizations and the
forest management and research organizations.

In recognition of this development in tree improvement work the
C.T.I.A. has decided to include in this meeting a discussion on cooper-
ative programs. We have speakers from the forest products industry and
from the provincial and federal governments, from all parts of Canada.
There are discussions on how the various tree improvement organizations
were established, how they function in their particular situations and the
types of problems which have arisen since their establishment. They
reflect different forest managment practices in Canada and the variety of
species being studied which are primarily Douglas-fir, lodgepole pine,
jack pine, Sitka spruce, white spruce and black spruce. The programs
described are in different stages of development from the well-established
programs in B.C. to the recently established program in Newfoundland.

These papers are designed to stimulate discussion between
researchers and management foresters to gain the most for forest improve-
ment from the experiences of those working most actively in this field.
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FIFTEEN YEARS OF DOUGLAS-FIR TREE IMPROVEMENT AT
PACIFIC LOGGING'S SEED ORCHARD AT SAANICHTON,
VANCOUVER TISLAND

B. Devitt

Chief Foresten
Pacific Logging Co. Lid.
Vancouver 1sland

PACIFIC LOGGING COMPANY LIMITED

Pacific Logging is a wholly owned subsidiary of Canadian Pacific
Investments which harvests and tends trees on 121 408 ha of forest land
located in southeastern Vancouver Island. This area is 0.22% of B.C.'s
forested acreage.

Our tree improvement activities are basic to our intensive
forest management program in which 3 ha are treated silviculturally for
each hectare harvested at an annual cost of $7.50 to $8.00 per ha over the
total area.

FOREST SITES AND PLANNING

In planning the total forestry program, emphasis is placed on
biophysical forest site mapping and classifying forest condition. These
two components dictate priorities for required crop tending treatments and
forest site maps have been prepared and data on the forest condition are
being collected.

Soon we will be able to evaluate and adjust our tree improvement
program using these data. At present 60% of our land base is best suited
to growing Douglas-fir at elevations between 150 m and 1 100 m above sea
level (ASL). The remaining land is best suited for western hemlock and
Pacific silver fir at elevations over 600 m.

TREE IMPROVEMENT OBJECTIVES

The first objective is seed supply. Seed is the cornerstone of
our intensive forestry program that includes the prompt reforestation of
600 - 1 200 ha of cutover annually. For the purpose of securing this seed
supply we:

(a) supervise collections and select trees for wild collections. The
species involved include, Douglas-fir, western hemlock, Abies
amabilis, A. grandis, western red cedar and yellow cedar:;



b) have developed over 8 ha in three specific areas as seed production
areas of Douglas-fir. The elevation ranges from 460 m to 1 00C m
ASL;

(c) have developed 11.2 ha for a low and high elevation Douglas-fir seed
orchard on a 26.3 ha property near Saanichton, Vancouver Island.

The second objective is long term and genetic. It includes

increased wood production, maintenance of genetic diversity and preser-
vation of the gene pool.

PACIFIC LOGGING COMPANY DOUGLAS-FIR SEED ORCHARDS

(a) High Elevation - Clonal, open pollinated seedlings 3.4 ha
(b) Low Elevation - Clonal 1.8 ha
(c) High Elevation - Second phase controlled crosses 6.0 ha

TOTAL 11.2 ha

Initial spacing is 3.8 m within rows and 6.7 m between rows or
300-400 trees per ha.

TREE TMPROVEMENT AND SEED ORCHARD COMPONENTS
(a) Plus Tree Selection

Cooperation among agencies commenced in the mid-fifties with the
formation of the Plus Tree Board. 1Its objective was to cruise for Douglas-
fir plus trees. Subsequently, it became the Tree Improvement Board and
655 coastal Douglas-fir plus trees were selected. Cooperation continued
with sharing of pollen, seed, and vegetative material.

For our program we have chosen, from the trees selected, 135
Douglas-fir trees and we are now selecting to increase this number to 300.
We are also now including western hemlock and Abies in our program. We
fully support the cooperative program at the level of both the Tree
Improvement Council and the Tree Improvement Board.

(b) Rooted Cuttings

In order to preserve the clonal option and with the problems of
overgrowth in grafting, we pioneered, with the help of the Saanichton
Agriculture Experiment Station, the rooting of Douglas-fir cuttings.
Presently, using the commercial plant hormone '"Dip-N-Grow' (IBA) we have
obtained the following results:

Diam. of Cutting ppm ''DIP-N-GROW" Cutting Survival
5 mm + 2,000 ppm 39%
3-5 mm 1,000 ppm 33%

0-3 mm 500 ppm 25%
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The cuttings are usually collected in January after some winter
chilling. Bottom heat is also provided.

(c) Pollen Contamination

Water cooling to delay flower bud opening beyond the local
pollen flight period has proven to be effective on 75% of the clones.
This coupled with booster pollination, using within orchard pollen,
minimizes the effects of outside pollen sources and improves seed set. 15
ha of orchard are under solid set irrigation for this purpose.

(d) Orchard Pollen

Through trial and error and much ingenuity, pollen collection,
extraction, and cleaning is no longer a problem.

Timing its collection for the right stage is the most important
factor. However, more research on pollen storage is still required. We
need a five year storage capacity.

Currently our seed set is 29 filled seeds per cone compared to
11-15 in nature.

(e) Controlled Crossing

Our controlled crossing program is similar to that described by
Heaman (1979) in the Members' Report to the 17th meeting. We will have
completed 9 sets and will be able to initiate our first test plantations
shortly.

Many of our trees through sharing of flower crops with the B.C.
Forest Service are already included in Heaman's program, demonstrating
another example of cooperation.

(f) Insect Control

Flower bud delay during good crop years is providing a measure
of insect control (Miller 1978). However, during off years when crops are
light, insects can still destroy the crop. More research is definitely
needed in this field.

(g) Other Research Activities Required

(1) fertilization schedules to stimulate flowering and to feed
developing cone crops.

(ii) Calibration of irrigation system for cooling to cut down on
excessive water use and to cause moisture stress to set up flower
crops.

(iii) Pollen application.

(iv) Cone collection.
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CONE PRODUCTION

Open Pollinated

Seedlings Clonal Total
1976 60,992 12,359 73,351
1977 20,363 1,979 22,3h4e
1978 91,790 16,76k 108,55k
173,145 31,102 20h, 247

SEED PRODUCTION

1971 + 4,000 Kilograms
1976 15.850 Kilograms
1977 2.12Lh Kilograms

1978 23.325 Kilograms

15,299 Xilograms

ANNUAL COST OF PRODUCTION
Equals 1.6 km of road (total capital equals 8 km of road)

Operating $ 1,600/ha

Capital 1,000/ha

$ 2,600/ha
Maintenance h1%
Breeding & Propagation  31%
Records 7%
Pruning 2%
Cone Picking 2%
Extraction 2%

Miscellaneous Services 15%

100%

COST PER 1,000 TREES FPRODUCED

Costs equate to $3.85 per 1,000 trees or about twice that for
wild collections or compared to planting at $200.00 per 1,000 trees.
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FUTURE

In 15 years, we have successfully reached our first objective
which is to produce seed for reforestation projects. The breeding and
selection program is just getting under way, however. Emphasis in the
future will be placed upon evaluation for gain and reselection through
progeny testing. Equally important we need to maintain genetic diversity
and veracity within our program.

PEOPLE AND COOPERATION

I will conclude with a few comments based upon 23 years of
growing up with government and industry tree improvement programs.

The current objective of government, in general, is to get
industry to do the work. Cooperative programs have and are being ini-
tiated. Unfortunately, government gets its regulatory and management
roles mixed and industry is asked to participate in a one-sided partner-
ship with basically a timber-supply-withdrawal gun at their temple.

It is also ironic that government, which relied upon industry to
sell the intensive forestry expansion program to the politicians in the
first place, should now not trust industry to do the tasks they have
already demonstrated they can do. I hope the forestry-cost and regulatory
quarrels do not frustrate a truly cooperative approach to implementing the
needed basic silvicultural programs.

The expansion into intensive forestry across the country is also
going to be deterred through the lack of competent people. Our training
and research sections are at their weakest at a time when they should be
at their strongest. All of us need to request and demand that politicians,
governments, and training institutions coordinate and develop compatible
policies in the funding of research and the development of trained people.

In addition, scientists have a basic responsibility to do
pertinent research on a "need to know'" rather than 'nice to know' basis.
Communication of important findings to user groups should be in a language
and format easily understood,.

The politicians and the general public will also be demanding
the best of scientific advice and your challenge as scientists will be to
provide it.

REFERENCES
Heaman, J.C. 1979. A Breeding Program in Coastal Douglas-fir (P. menziesii
Mill Franco). 17th Meeting Canadian Tree Improvement Association

Members' Reports.

Miller, G. 1978. Management of Cone and Seed Insects. Progress Report,
B.C. Forest Service, Victoria, B.C.
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Kvestich, A. 1978. Reducing Pollen Contamination by Using Water-Cooling
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DISCUSSION

Brown: In your slide you have shown a potential gain of 3 times current
volume. Can you tell us the basis for this?

Devitt: It is based on twenty years of experience, an increment borer and
knowledge of stands. It is not based on any research but I believe that
it's pretty close to what's going to happen.

George Warrack has just published a paper based on 50 years
thinning at the Cowichan Lake Experiment Station in which he indicates
that the gross volume stays the same but you gain by creating larger trees
in a shorter period. He showed from this work that there was a threefold
increase and that is what my data have shown.

B.C. Forest Products has shown that a gain of around 11 to 12
thousand cubic feet is possible; T have indicated that 15 thousand is
possible., We know that in the next rotation we're going to at least
double our production even if we can't triple it and our planning is based
on doubling it.

Fowler: I was surprised to hear that seedlings of Douglas—fir produce
more seed than your grafted Douglas-fir.

Devitt: Orr-Ewing found this too, and attributed it to the amount of
vegetative area. In the early days many plus trees had poor scion material
and grew like branches - not trees.

Fowler: Does this push your program to seedling production?

Devitt: For seed production, yes - but with younger trees you can go to
rooted cuttings and so we're pushing that for our clonal option.

Conkle: Do your comments about seed production in seedlings consider age?
Work from Oregon suggests that clonal material produces seed 3 to 5 years
before seedlings.

Devitt: The clonal material will produce flowers for breeding purposes
early, after 2 to 3 years. For seed production the seedling component in
the orchard began producing at 7 to 8 years and now produces almost 900
cones per individual each year at age 12 to 13.



THE COASTAL TREE IMPROVEMENT cOUNcCIL (c.T.I.C.)
SEED ORCHARD PROGRAM (1979) IN BRITISH COLUMBIA

M. Crown

Forestern
Coastal Seed Ornchands
B.C. Fornest Service
Victonia, B.C.

From 1963 to January 1979 some 25 seed orchards were established
on the coast by Industry and Government (see Appendix 1). These orchards
totalled 65.9 ha and were Douglas—fir1 orchards, with the exception of a
Sitka spruce orchard and a western hemlock orchard established by Tahsis
Company. Based on experience gained by Pacific Logging Company Ltd. and
Tahsis Company, who established orchards on the Saanich Peninsula, the
importance of orchard location in relation to comne production soon became
evident. Areas experiencing summer drought are now considered prime areas
for seed orchard location.

The total production from all orchards to date is 149.750 kg of
seed. Of this 126.168 kg or 84% has been produced from three orchards
located in areas of summer drought. These are:

#10 Pacific 40.70 kg
#11 Tahsis 59.535 kg
14 BCFS-Koksilah 25.923 kg

TOTAL 126.168 kg seed or 9.5 million plantable
seedlings

Many of the existing orchards were located in areas of high
summer rainfall and lacked important criterion for success. In addition,
there was considerable overlap of orchard components and objectives.
Propagation facilities were also being duplicated. In 1973 a B.C. Forest
Service directive stated that no new orchards should be established under
the "forestry cost' system. (Expenditures by Industry for approved manage-
ment activities on Crown lands were claimed as "Forestry Costs" and were
recognized in the pricing of the timber).

It was not until January 1979 that a task force report on a
Government/Industry Cooperative Tree Improvement Program was finally
accepted by Industry and the Ministry of Forests, and a Coastal Tree
Improvement Council (C.T.I.C.) was formed.

! Scientific names and symbols on Page 35.
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THE COASTAL TREE IMPROVEMENT PROGRAM
The program objective was stated as follows:
" I. to provide enough seed incorporating the first level of genetic
improvement for all reforestation projects where site quality
and accessibility will allow intensive forest management to be

practised.

IT., to establish programs to increase these levels of gain through
testing and breeding."

To meet the first objective it is estimated that it will be

necessary to produce sufficient orchard seed to permit nursery production
of 40 million seedlings by 1995.

The C.T.I.C. is comprised of Industrial Chief Foresters or their

designates and Branch Directors and/or their designates from the Ministry
of Forests.

The terms of reference of the Council are as follows.

TERMS OF REFERENCE APPROVED FEBRUARY 28, 1979

The Council shall act in an advisory capacity, with the responsi-

bility of making recommendations to the Chief Forester with respect to the
following matters:

1.

Tree Improvement Program objectives, strategies and priorities, for
both seed orchard and tree breeding operations, including progeny
trials.

Plans, programs and budgets for individual orchards.

Standardization of seed orchard working plan format, progress re-
porting and costing.

Identification of research needs - at all levels (for submission to
the Research Council).

Identification of the agency responsible for the establishment and
operation of any given orchard.

Method of financing individual orchards.

Seed orchards for private lands or combination of private and Crown
lands.

Seed extraction, registration, storage and ownership, including the
sale and/or exchange of seed and allocation of improved seed between
agencies.



9. Pollen extraction, registration and storage.
10. Production of orchard stock (propagation).

A technical planning committee with representation from all
agencies is responsible for the technical aspects of program planning. The
program coordinator at the technical level is also secretary to the Council.

PROGRESS TO DATE

1. Planting needs for the south coastal area by species for 1979 and 1994
have been derived (Figure 1). Planning data for the Prince Rupert
region is expected shortly.

2. A program to modify six of the existing orchards, and establish 18 new
orchards by all agencies has been adopted by Council and is now under-
way. These orchards will cover seven different species (F, Hw, Ss,
Se, Ba, Cr and Cy)z. The impact of this program is best appreciated
by reference to the maps showing orchard coverage by species, ele-
vation and planning zone.

3. Working plans following a standard format have been prepared for each
of the 24 orchards in the cooperative program. Four members of the
technical planning committee for each individual orchard.

These working plans are written as working documents, and will be
revised annually. They are expected to be key documents and a letter
of agreement or orchard management contract between the managing
agency and the Ministry of Forests will formalize the management of
the orchards. Expenditures by Industry are expected to be covered by
credit to stumpage via Sec. 88 of the new Forest Act.

4. Propagation for coastal seed orchards and the breeding programs will
be carried out at the Cowichan Lake Experimental Station at Mesachie
Lake, and plans for the extension of the facilities are now on the
drawing boards.

5. Clone banks will be a responsibility of the Research Branch and a plan
for the management of these is now being prepared.

6. Seed allocation rules are currently under study and are expected to be
finalized in the near future.

7. With such a surge in the development of seed orchards, the all impor-
tant task of breeding and progeny testing is now under review and
considerable expansion in this part of the program is anticipated.

’F - Douglas—-fir —-- Pseudotsuga menziesii; Hw - western hemlock ~- Tsuga
heterophylla; Ss - Sitka spruce -- Picea sitchensis; Se - Engelmann
spruce -- Picea engelmannii; Ba - Amabilis fir -- Abies amabilis; Cr -
western red cedar -- Thuja plicata; Cy - Yellow cedar -- Chamaecyparis

nootkatensis.,
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SUMMARY

Seed orchard work in coastal B.C. has never been as challenging
or exciting, and the breeding activity is now tied closely to orchard
development plans. Through coordinated parent tree selection and propa-
gation programs the C.T.I.C.'s priorities and a balanced program are
maintained. Through the technical planning committee and its working plan
review committees a knowledgeable "peer group' ensures that orchard manage-
ment by any cooperator is up to standard. Orchard management practise will
be maintained and improved by good communication between members and by
pertinent technical workshops.

It is indeed good to see that the cooperative atmosphere that has
now developed on the coast is reminiscent of the "plus tree'" weeks and
cooperative scion collection program (see Appendix 2) that marked the
enthusiastic beginnings of tree improvement in B.C. in the 1960's. A
similar cooperative program is just being developed for the B.C. Interior.

DISCUSSION

Bettle: How extensive do you expect summer drought? Have you found a
certain time to be more effective to root prune?

Crown: We have a study underway now to see if there is an optimum time.

At present we prune any time between October and spring but we don't have
any data. Dr. Lorne Ebell is on contract with us and he has started to
measure molisture stress in the orchards and to compare root pruned and non-
root pruned trees and watered areas and non-watered areas. It's a whole
area of applied research that we need because it is quite critical.

If we take Saanich, an ideal situation, we have moisture deficit
in the 3 month period June, July and August of 25.9 whereas at Duncan we
have 24.6. If we consider those marginal orchards where we root prune
we're down to about 18 so you need areas with summer drought if you're
going to get come production.

Devitt: Can I add to what Mike said - at our seed orchards we found that
by watering we could prevent a crop from developing the next year - so if
we don't have a crop in the orchard we have to stress the orchard. We have
two different types of watering regime depending on whether we have a crop.
Normally we stress it in July to the point of wilting before we put the
water on and we actually get the vegetative growth into a wilt condition
before we start watering. Going back to some of Dr. John Owens' earlier
work, I think the bud primordia are laid down sometime late June - early
July and so that's why we stress it then.
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APPENDIX 1
SUMMARY OF COASTAL ORCHARDS (August 1979)
Seed
orchard

Managing planning Estab.
# Spp  Name agency zone Elev. date
001% F Quinsam BCFS EVI Mid 1963
002 F Gold R. "A" Tahsis WVI Low 1962-69
003 F Caycuse BCFP WVI,EVI Mid 1963-64
ook F Courtenay Cz EVI,JS Low 196465
005 F Nanaimo ILks. cz EVI Mid 1964 -65
006 F Gordon River Rayonier WVI,EVI Mid 1964 -65
00T F Gold R. "B" Tahsis WVI Mid 1964 -68
008 F Gold R. Local Tahsis WVI Low/Mid 1968-75
009 F Saanich Pacific Logging EVI Low 1966
010 F Saanich Pacific Logging EVI Mid 1966
011* F Saanich "C" Tahsis WVI Low 1968-75
012 F Jordan River Rayonier WVI,EVI 1968
013 F Port McNeil Rayonier WVI,EVI 1969
0l4* F Koksilah BCFS SCM, CIT Mid/Low 1970
015% F Snowdon BCFS JS Low 1971
016*¥ F Sechelt CFP EVI,JS Mid 1971
017 Hw  Gold River Tahsis WVI Low/Mid 1969-T6
018% Ss  Saanich Tahsis WVl Low 1973
019 F Harmac MB High 1978
020% F Dewdney BCFS CIT High 1975
021 F Saanich Pacific Logging EVI Mid 1976
022 F Harmac MB Dry Mid 1976-78
023 F Harmac MB Wet Mid 1976-78
024 1 Harmac MB Dry Low 1976
025 F Harmac MB Wet Low 1976
026*¥ Hw Lost Lake Rayonier MVI,WCC Low (1979-8k)
027¥ Hw Lost Lake Rayonier MVI,WCC Mid (1979-8k)
028*% Cr Lost Lake Rayonier MVI,WCC Low (1982-85)
029% Bg  Mt.Newton Hts.  BCFP (WwvI),(Js) Low (1985)
030* Hw Mt.Newton Hts.  BCFP WVI Mid (1983)
031*¥ Se Cobble Hill BCFS CIT High (1984-85)
032¥ Hw Yellow Point MB WVI Low (1981)
033*% Hw Sechelt CFP (J8),(SCM) Low (1983)
o3h* T Mt .Newton Hts. CZ JS Low (1983)
035% Ba Yellow Point MB EVI,SCM High 7
036% Hw Saanich Tahsis WVl Low (1977- )
037*¥ Cy  Mt.Newton Hts. CZ SCM,CIT Mid/High (1985)
038% Cy Mt.Newton Hts. C% WVI,EVI Mid/High (1985)
039%¥ Cr Yellow Point MB WVI Low (1983-84)
0k0* Cr Yellow Point MB EVI,SCM Low (1983-84)
O41* Ba  Saanich BCFS SCM,EVI,JS Mid ?
ok2¥  Ss  Lost Lake Rayonier QCT Low (1979-8%4)
Ok3* Hw S. Quinsam BCFS (J8),(sCM)  Mid (1985-86)

¥Orchards in C.T.I.C. Program
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THE ALBERTA TREE IMPROVEMENT PROGRAM

R. Holmes

Fonest Research Managern
Procten & Gambfe Cellulose, Ltd.
Grande Prainie, Alberta

HISTORY

The provincial tree improvement program in Alberta was
conceptualized by the Alberta Forest Service in the early 1970's. 1In
1975 the Forest Service hired a geneticist, and under his guldance embark-
ed on a tree improvement program jointly with the major Forest Management
Agreement holders. Four participating companies are as follows:

North Canadian Forest Industries Ltd.
Procter & Gamble Cellulose, Ltd.

St. Regis (Alberta) Ltd.

Simpson Timber Co. (Alberta) Ltd.

Logging in Alberta is by no means a new industry, but until
recent years, vast hectares of forest land remained intact as virgin
forests. Even though most forests are now included in management plans,
large areas remain in their virgin state. In this we are fortunate,
because the provincial gene pool is largely intact.

Approximately 61% of Alberta is covered with forests. The 115
management units within the green zone are capable of yielding a
coniferous annual allowable cut of 14.1 million cubic metres, but only 39%
is presently allocated. Of this portion, 53% is allocated under several
Forest Management Agreements.

North Canadian Forest Industries controls approximately 363 000
hectares in the region southeast and east of Grande Prairie. The company
has been operating in this region since 1964, harvesting approximately
2 430 hectares per year.

The Procter & Gamble Cellulose' forest management agreement
includes approximately 1 460 000 hectares to the north, south and south-
west of Grande Prairie. The company has been harvesting approximately
4 100 hectares per year since 1973.

The management area of St. Regis covers approximately 770 000
hectares in an area virtually equidistant around Hinton. The majority of
this area lies in the foothills. St. Regis (formerly North Western Pulp &
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Power) has been harvesting approximately 4 400 hectares per year since
1956.

The management area of Simpson Timber Co. lies in the White-
court area in northwest central Alberta. Simpson's management area is
approximately 457 500 hectares, and the company has been harvesting an
area of approximately 1 620 hectares per year since 1975. The management
units of these four companies do not coincide with the provincial forest
boundaries, nor do they include all of the forested area. All of the
provincial forests support a number of smaller companies under the quota
system.

Breeding Regions

To properly organize and manage a tree Iimprovement program of
provincial magnitude, breeding regions (Figure 1) were established, based
on physiographic data and topography. These regions contain approximately
90% of the present timber harvest in Alberta. The formation of these
regions aided in priorizing the areas where the greatest efforts were to
be spent, and the species of prime importance within each region.

Alberta does not have a wide diversity of commercial species.
The two species predominantly utilized in reforestation within the
province are white spruce (Picea glauca (Moench) Voss) and lodgepole pine
(Pinus contorta (Dougl.) var. latifolia (Engelm.). The tree improvement
program is mainly concerned with the improvement of these. Other species
are commercially harvested, but not in large quantities.

LODGEPOLE PINE PROGRAM

Within the lodgepole pine program, our general method for
improvement is as follows:

(1) make individual tree selections from wild stands

(2) from these selections, assemble a base population as open-
pollinated single tree seedlots

(3) test the progeny performance through a series of field trials

(4) through these tests identify the best families (progenies) and
use this information to rogue seed orchard(s)

To examine the workings of our program, let's examine Region B.
Region B is listed as priority rating one, the major species being lodge-
pole pine. This area is one of the largest forested areas and contains
portions of the management areas of North Canadian Forest Industiries and
Procter & Gamble Cellulose, and quota areas of Simpson Timber Co.

Within this region, we attempted to systematically sample
suitable, pure, middle aged (60-80 years old) lodgepole pine stands from
which the best lodgepole pine trees are selected. Selections were done by
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two-man crews consisting of one Company employee, and one Forest Service
employee. Equipment such as helicopters (Bell 206B) and ATV's (Ferret)
were supplied by the companies. Considerable selections were made along
roadways. (We feel justified in this due to substantial new access to
remote areas opened by booming oil activity.)

The selected trees were felled and the cones picked. The
individual tree seedlots were extracted separately and stored in the seed
bank maintained by the Alberta Forest Service along with a description of
the parent trees, stands, and the area. We have attempted to collect seed
by shooting tops of trees, but found that this method was not effective
due to inadeguate seed yields. Generally, 25 to 30 grams of seed are
obtained per tree by harvesting all of the cones. Because we are actively
building a seed inventory, and no reason prevailed to save parent trees,
we decided to fell trees to satisfy our seed needs.

To date, 771 lodgepole pine have been selected within Region B
based on the following selection criteria:

(1) excellent stem form

(2) narrcw cylindrical crown

(3) superior natural pruning characteristics

(4) 1low taper

(5) short and thin branches attached to the stem at nearly
90 degree angle

(6) no visible signs of defect, damage or disease

(7) height superiority to any dominant tree growing within

approximately 100 metre distance
(8) above average diameter
(9) above average cone production

Our effective selection intensity for field selection of
superior trees is crudely estimated to be better than approximately 1:500.
Selected trees on average have shown approximately 17% superior height and
13% superior diameter, when compared to better dominant trees within the
same stand.

An excellent lodgepole pine tree selected for the program was
described as follows. The selected tree was 69 years old (bh age) versus
73 to 77 yearc age for random trees within the same stand. Its height was
22 metres as opposed to 18 metres for other dominant trees growing in the
close proximity. The diameter at breast height was 26 cm as opposed to 20
cm for these same dominants.

Our next step is to establish half-sib family tests within the
region. Due to variability in elevation (800 m - 1 500 m) we feel six or
more progeny tests will be necessary. The tests will be separated into
two series, an upper elevation series and a lower elevation series. Fach
series will contain approximately 400 families per test site. Test sites
of approximately 6 hectares will be planted in 1981 and 1982 with one year
old stock reared in 60 cc containers. Measurement of field survival,
height growth, and vigor is scheduled at 5 year intervals.



Three family test sites were seiected last year. Two of the
sites prepared by Procter & Gamble Cellulose were winter logged to minimize
ground disturbance. No further sitc treatment is planned. The third site
prepared by Simpson Timber Co. was lightly scarified to break up the
residual logging slash which was then piled to produce a relatively clean
site.

In conjunction with the progeny tests within Region B, Procter
& Gamble Cellulose and the Alberta Forest Service are establishing a 12 ha
seed orchard based on bulking portions of 206 individual tree seedlots
collected from selected trees. This particular orchard is being establish-
ed with the purpose of producing low cost genetically improved seed which
would be mostly used for direct seeding. The seed orchard site was
recently site-prepared. The planting would be doneatl m spacing within
rows and 3 m spacing between rows. At 5 year intervals the orchard will
be progressively thinned to retain 20% of the best trees for seed
production. These trees may eventually be felled for commercial cone
collection when collection from the ground is no lcnger possible. Based on
experience with this seed orchard planting, similar additional orchards may
be established as part of an expanded program designed to spe01f10a11y
provide improved seed for direct seeding programs.

A second seedling seed orchard is to be established and will be
fenced. We are now actively seeking a location for this orchard. We
expect it will be located on suitable farm land near Grande Prairie.
Families will be grouped in independent sets of 16 families each with
spacing of approximately 1.5 m x 1.5 m among individual trees within sets.
Each set will be successively rogued (based on family test results) to
retain the following approximate complement of seed trees:

4 trees at age 10
2 trees at age 15
1l tree at age 20

The orchard will be managed to maximize cone production, and we
expect sizeable quantities of improved seed to be available by the mid
1990's

A second cycle orchard will be established about this time
through vegetative propagation of the best trees in the best familics tc
preduce a clonal seed orchard. In the clonal orchard, controlled breeding
will be carried out. Full-sib family tests will be conducted to determine
the best matches for advanced breeding schemes. Our goal is to increase
future productivity in the region by 20-30%.

WHITE SPRUCE PROGRAM

The white spruce portion of our program is somewhat different.
Due to substantial site variability and unevenaged stands, the field
evaluation and selection is very intensive. The selection intensity may
be as high as 1 in 5,000. We are currently using the comparison tree
method, but would like to develop a baseline approach for future work. In
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the baseline approach, the best candidate trees will be selected on the
basis of acceptable relative superiority levels established for key traits.
Our goal is to increase productivity by 20-25% in breeding Region D and 15-
25% in Regions E through H. In these latter regions we expect to produce
operational quantities of seed by the mid 1990's. In Region D the improve-
ment strategy is to proceed as we did for lodgepole pine. We have
collected open-pollinated seedlots from 83 selected trees. <These will be
used to establish half-sib family trials. Further collections are planned
this year with the advent of good white spruce cone crops in Alberta.

In Regions E through H the improvement strategy is to collect
scion material to develop clonal orchards. Seed is also collected for
establishing open-pollinated progeny trials. With the aid of a 2 - 22 or
a 25 - 06 rifle (using hollow-point or expanding point shell), scion
material is shot from the distal ends of the top whorls. The scions are
grafted to 3 year old potted rootstock which will spend approximately 1
year in the Alberta Forest Service greenhouse and 2 years in the nursery
beds. Finally, it will be outplanted in respective seed orchards. Clone
banks will also be established. We expect improved seed to be available
approximately 8 to 10 years following planting of seed orchards. To date
we have completed 49 individual tree selections in these regions.

A second cyecle orchard will be established by using propagules
from select clones of exceptional breeding value, as evaluated by open-
pollinated progeny testing.

RELATED RESEARCH

In addition to our activities in the tree Improvement program,
the Alberta Forest Service is conducting a number of species trials.
Presently we are testing sources of tamarack (Larix laricina (Du Roi) K.
Koch), black spruce (Picea mariana (Mill.) B.S.P.), ponderosa pine (Pinus
ponderosa laws.), alpine larch (L. lyallii Parl.), whitebark pine (P.
albicaulis Engelm.), Douglas fir (Pseudotsuga menziesii (Mirb.) Franco)
and Siberian larch (L. sibirica Ledeb.).

Provenance Trials

Provenance trials are being established throughout the Province,
for the purpose of determining tolerance limits for geographic movement of
sources of major tree species such as white spruce, black spruce and
tamarack. The information gained from these trials will:

(1) assist us in objectively establishing breeding region
boundaries

(2) assist us with the final revision of the provincial seed
zone map

(3) assist us in identifying superior seed sources that may be
prescribed for reforestation, particularly in black spruce
and tamarack (no breeding program is currently planned for
these species)



-47-

Seed Production Tests

Because of the periodicity problem with white spruce, we are
attempting to enhance seed production through three methods. The first
involves the application of fertilizers to thinned stands. The second
involves a number of physical stress treatments to trees such as topping,
girdling, root pruning, etc. The third involves the movement of grafted
stock to more stressful climates. At present we are surveying the warmer,
drier areas of Alberta to locate possible sites to establish these tests.
We already have some grafted material represented in interior B.C. through
the kindness of Gyula Kiss of the B.C. Forest Service.

Cone Crop Protection

Another important aspect of white spruce seed production is the
problem of yield. At present we can expect to looge out of any given crop
30-90% of our seed due to insect damage (spruce seed worm, spruce cone
borer, and cone worms). Procter & Gamble Cellulose is presently conduct-
ing tests with the chemical furadan (a systemic insecticide) to attempt to
reduce the seed loss. The chemical has been applied directly to mineral
soil in two field trials, and is dissolved and leached into the soll by
rain. Uptake of the chemical is being monitored by liquid ~ gas chromato-
graphy of cone and foliage samples. Results are expected to be avallable
this fall.

Fertilization

Fertilization experiments in lodgepole pine and white spruce
plantations have also been established by Procter & Gamble Cellulose. The
pine have shown an excellent response to 100 lbs. per acre of 34-0-0
applied to 2 year old plantations.

SUMMARY

In summary, the first operational benefits from the tree
improvement program will be realized in the mid 1990's with adequate
quantities of seed expected to be available from most of the lodgepole
pine and white spruce seed orchards. Our estimates of productivity gains
are presumed to be conservative, but we expect they should be on the order
of 15-25% in spruce and 20-25% in pine.

DISCUSSION

Crown: With the evidence you have from those shelterbelts in souther
Alberta why would you even consider Grande Prairie as a location for seed
orchards?

Holmes: Because of its proximity, it is useful to have your orchard close
to where you're going to use the seed. For our main lodgepole pine

program we're buying land for a seed orchard near Grande Prairie now. For
white spruce, we are planning to establish tests in Grande Prairie as well



48—

as in southern Alberta to obtain information on seed production potential
of grafted stock in both regions.

Stipanicic: Have you many provenances of Siberian larch?

Holmes: That particular stock illustrated is from an unknown source.
The larch program is mainly undertaken by the Alberta Forest Service.

Dhir: Much of the Siberian larch growing in Alberta is found in small
amenity plantings. Only recently we recognized potential usefulness of
this species for reforestation. The earliest plantings of Siberian larch
in Alberta date back to around 1925. We have considerable interest in
this species and are trying to procure a collection of seedlots from the
U.S.5.R. through the Petawawa National Seed Centre; it is almost 3 years
since our request was passed on. Also, we have procured Siberian larch
seed from a seed orchard in Finland.
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GENETIC IMPROVEMENT OF JACK PINE IN
NORTHWESTERN QUEBEC

Yves Lamontagne

Service de La Restauwration
Quebec, Ministere des Ternes et Fonets
2008 Chemin, Ste. Foy
Quebec, Quebec
GIR 4X7

The latest objectives of the Quebec Department of Lands & Forests
artificial regeneration program will require a total of about 1 900 kilo-
grams of jack pine seeds annually, beginning in 1983. Of this amount, 947%
will be used for direct seeding and the rest for planting. It is expected
that improved seeds from seed orchards will be used only for plantations.
With such a large amount of seed needed, it is imperative that the best
stock be used to ensure the highest fibre yields in the future forests
grown in short rotations.

The object of this paper is to present a practical program for
the genetic improvement of a population of jack pine from Northwestern
Quebec, the goal being to produce improved seed to meet a part of the needs
of this region of the province.

STRATEGIES FOR THE IMPROVEMENT OF JACK PINE

Results of a provenance test conducted in western Quebec by the
Petawawa Forest Experiment Station identified a superior stand of natural
origin growing along the Cote Jaune Creek, to the west of Lake Baskatong
(Fig. 1). Seeds from this source could be used roughly within the limits
of forest section L.4B and the northern part of L.4C in Quebec (Yeatman
1976).

It was decided that about 120 hectares of this stand would be
reserved as a seed production area. In this area, access strips 6 m wide
were cut every 40 metres. Cones were collected during logging operations.
The stand between the lanes was thinned to encourage crown development and
cone production on the remaining dominant and co-dominant trees. When
cones are required from this particular area, a portion of the stand will
be cut and the site regenerated from this seed.

Selection of Trees

During the summer of 1974 and 1975, 325 plus trees were selected
in the Cote Jaune area according to the guide prepared by the Quebec
Department of Lands & Forests (Lamontagne 1973). For each plus tree, 3
comparison trees were identified in order to provide some measure of
superiority of the selected tree to other dominant trees nearby. A total
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of 1 300 trees were then selected, marked, measured and recorded. The
selection was made by students, both girls and boys, working in a crew of
3. They were trained and supervised by C.I.P.'s personnel under provincial
government financing. Each crew was instructed to select the best in-
dividual tree per 0.4 hectare (acre). The whole stand was thus systema-
tically surveyed except for some areas where the general quality of the
stand was low.

Plan for Orchard and Progeny Tests

In order to further upgrade the genetic quality of the stand, a
meeting was called with interested organizations to plan an improvement
program in order to best utilize the trees already selected. Represen-
tatives of the Petawawa Forest Experiment Station, the Canadian Inter-
national Paper Company and the Quebec Department of Lands & Forests then
met in Maniwaki in the fall of 1975. The proposed scheme was further
accepted by authorities of the Quebec Department of Lands & Forests. The
program includes the creation of a 40 ha seedling seed orchard, the esta-
blishment of two progeny tests and two clone banks for further controlled
breeding (Fig. 2).

Collection of Cones and Scions

The collection of cones and scions began in December 1975 with a
crew composed of C.I.P. and Lands & Forests personnel., Each selected tree
was felled in order to ease the job of collection. The cones (kept separate
by trees) were shipped to the extraction plant located at Berthierville.

The scions were placed in plastic bags with snow, identified by tree and
shipped to the Research Branch of the Quebec Department of Lands & Forests
and to Petawawa Forest Experiment Station where they were kept frozen until
grafted.

Cone and Seed Characteristics

All the cones in each tree were collected. Upon their arrival at
the extraction plant, they were separated into two groups: current year
(vellow cones) and those more than one-year-old (grey cones). Seed was
extracted separately for these two groups. The results are presented in
Table 1. Seed extracted from current year comes is generally bigger than
that from cones aged more than one year, as shown by the weight of 1,000
filled seeds and the number of filled seeds per kilogram. This information
might be useful in planning future jack pine cone collections.

TABLE 1. Cone and seed characteristics of the selected jack pine trees.

Observations
(mean of 325 trees) Yellow cones Grey cones Total
Mean number of cones/tree 64 191 255

Mean number of filled seed
per cone 20.7 18.4 19.5

Mean weight of 1,000 seed (gm) 281,000 301,000 291,000
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Seedling Production

It was orginally planned to extend the plantation over four years
at a rate of ten ha a year. Since the orchard site was ready earlier than
expected and since a greenhouse was available for seedling production, it
was decided to make two productions of seedlings to accelerate the program:
one bareroot production at the Berthierville nursery and a container pro-
duction at the East-Angus greenhouse complex.

At the Berthierville forest tree nursery, seed from 302 families
was sown in the fall of 1976. Germination was very good but unfortunately,
a number of seed from some 70 families was lost due to a partial flooding
of one seedbed during the spring of 1977. At age 2-0 (1979), the seedlings
were lifted, culled, packed in bundles of 30 and shipped to the planting
site,

For the production in containers, seed of 272 families was sown
during the winter 1977-78 in Japanese paperpots (FH 508) in order to get
about 200 seedlings from each family. These seedlings were packed accor-
ding to the orchard design before shipping and were ready for planting in
the spring of 1978.

All the seedlings needed for the orchard were then produced
within two years instead of four.

Planting Sites

The seed orchard is established on two large areas about 3.2 km
apart in the same stand where the selection of trees was made. One area is
about 30 ha and the other about 22 ha.

Both areas were cleared and seed was collected from felled trees.
The sites are located on a sandy-loam soil with a good drainage. The
original stand in which the selections were made surrounds the orchard
providing an effective barrier to possible outside lower quality pollen
which might contaminate the orchard.

The sites are accessible by a good forest road system and are
located near a river which provides water for fire protection and for other
uses like pesticide application.

Orchard Design and Plantation

One part of the orchard (Part 1) was planted in the spring of
1978 with the seedlings grown in containers. It was divided in three
blocks. 1In block one, five seedlings of 261 families were planted in 20
replications for a total of 26 100 seedlings. In block two, four seed-
lings, 211 families replicated 20 times were used for a total of 16 880
seedlings. In block three, 5 976 seedlings were planted without any design
and identification as to which family they belong. A total of 48 956
seedlings were planted in Part 1 of the orchard. Spacing was 1.5 m in the
row and 3.0 m between rows. This spacing allows for further thinning and
mechanical cultivation between rows. The distribution of families within
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each replication was done by a computer. During planting the seedlings
were kept in their shipping boxes and watered every day. Each family is
identified in the field and the whole plantation is mapped. Planting was
done with planting guns and the paper around the roots was taken off before
putting the seedlings into the ground.

The second part of the orchard (Part 2) was planted in the spring
of 1979 using the bareroot stock. This area was also divided in three
blocks. Thirty seedlings per family were used instead of five., This has
proved to accelerate the planting time but permits some inbreeding among
progenies of the same family left after thinning.

In block one, 179 families were replicated five times for a total
of 26 850 seedlings used. Only two replications for each of the 179
families were used in block two. In block three, 13 060 non-identified
seedlings were planted. A total of 50 650 seedlings were thus planted in
orchard two. Spacing was identical to that in orchard one, i.e. 1.5 m on
the row and 3.0 m between rows. The total number of seedlings in both
orchards was close to the 100 000 that was previously planned,

Survival in Plantations

An evaluation of the plantation was done by officers of the
Department of Lands & Forests according to a standard procedure in order to
estimate survival percent. Four months after planting, survival in the
1978 plantation (container seedlings), was 72%. The other seedlings were
either dead, missing or strongly deficient. Survival may have been higher
if the seedlings had been bigger at time of planting. For the bareroot
stock plantation in 1979, survival was close to 90%. Other survival data
are to be collected next year.

Future Plans

According to the original plan, the seedling seed orchard will be
rogued 10 years after establishment. It will be rogued following the
results of the progeny test conducted on the same site by the Research
Branch of the Department of Lands & Forests. Up to 507 of the poorest
families could then be eliminated. The best individuals within the best
families will be kept in the orchard.

Other Aspects of the Program

Five progeny tests were originally planned to be established by
the Research Branch of the Department of Lands & Forests. O0f these, only
two have been established. One is adjacent to the orchard at Cote Jaune
and was established in 1977. There are 282 progenies, 6 seedlings per
progeny and 9 replications for a total of 15 228 seedlings in this test.
First year survival was 667%. In the second test established near Mattawin
(Lat., 47°07'40", Long. 73°12'45") in 1978, 242 progenies, 6 seedlings per
progeny and 10 replications for a total of 14 520 seedlings are repre-
sented, Survival after one year is much better and is about 90%. The
results of these tests, particularly from the one from COte Jaune will
provide valuable information for roguing the orchard.
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Scions were also collected form the selected trees in order to
retain them in clone banks. Both the Quebec, Lands & Forests Research
Branch and Petawawa Forest Experiment Station agreed to establish these
banks. Unfortunately, due to poor rootstock and the long period of scion
storage, success was very poor by both organizations.

Of the two banks anticipated by the Quebec Lands & Forests
Research Branch, one has been established near Quebec City and another
small one is planned near Mont-Laurier when more material is available.
They will serve future breeding purposes. The two clone banks anticipated
by the P.F.E.S. had to be abandoned for the reasons mentioned above.

CONCLUSIONS

This seedling seed orchard is a good example of government-
industry cooperation for the improvement of forest trees. It is alsc a
good example of how research results can be applied for large scale seed
production.

It is hoped that future improvement or other forestry work will
be conducted the same way by all interested organizations.

T wish here to extend my sincere thanks to all cooperators in
this program.
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DISCUSSION

A member: When you planted the orchard with container stock, you used five
seedlings per family and so many replications and so on, using a computer-
ized design; how many man-days did it take you to plant that orchard and
what types of problems did you have arranging the families?

Lamontagne: When you're dealing with close to three hundred families with
five trees per plot you get all sorts of problems - such as how to identify
the plots, how to get the trees planted in a day and so on. Can someone
from the Research Branch give us an idea how to plant so many seedlings and
keep track of them?

Rauter: Our field people don't like to handle these complicated designs
either. We're going to have to get into large volumes of jack pine and
black spruce in the future. :
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Yeatman: The main approach that I've taken is to divide the orchard
program into two parts. Firstly, an A-class orchard, relatively small

and densely stocked when planted, but with families identified so it

can be subjected to intensive family and individual tree selection. The
seed from this orchard will be used to grow planting stock for prime

sites and to establish the next generation of mass selection, or B-class
orchard. The first generation B-class orchard is created from bulked
open-pollinated seed of plus trees and on a relatively large scale. Close
initial spacing will permit mass selection for growth, form and absence

of disease. It should be designed to produce seed in quantities sufficient
for direct seeding. Thus there are two levels of improvement carried

on simultaneously and interdependently. The genetic gain from the
intensively managed A-class orchard will be reflected within half a
generation in the mass-production B-class orchard. In view of the
difficulties related to size and numbers of seedlots and trees, I
congratulate Mr. Lamontagne on the remarkable job of seedling orchard
establishment at Cote Jaune.

Rauter: One alternative is to label it in the nursery instead of worrying
about computer designs and trying to place them in the field. If they're
packaged by replication you can randomize as the trees are planted in the
field. The critical time is the amount of time it takes to plant in the
field.

Lamontagne: We intend to do something similar to this next time.

Rauter: 1In a couple of years we'll be getting into large sizes of progeny
tests consisting of thousands of trees. We plan to site prepare the land,
to furrow it to give you one line so you wouldn't have to go in and pre-
stake an area. With the small test plantings it was fine for us to go in
and pre-stake because we didn't have many trees to deal with. With
thousands of trees you can go in and line up, plant it randomly and map
after planting. This is a quick way of getting around these massive
planting problems. \

Lamontagne: We have to do this in the future because the current way of
doing the work causes tremendous problems.

Klein: We have established progeny test plantations with 216 entries and
about 10 000 trees using Spencer-LeMaire trays and just labelling the trays
with block numbers - they get planted in the order they're arranged in
trays - so that all the arranging is done in the greenhouse.
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THE NEW BRUNSWICK TREE IMPROVEMENT COUNCIL

J.F. Coles

Canadian Fornestrny Service
Maritimes Forest Research Centre
Fredernicton, New Brunswick
E3B 5P7

Keywords: Applied tree improvement, tree improvement cooperatives, black
spruce, white spruce, jack pine, tamarack.

ABSTRACT

The New Brunswick Tree Improvement Council is composed of nine
pulp and paper companies, the University and the provincial and federal
governments., The Council's objectives are: (1) to provide well adapted
seed initially, (2) to provide sufficient quantities of genetically im~-
proved seed. The organization and operation of the Council is discussed.
The program and progress to date are outlined with reference to the ob-
jectives. Black spruce and jack pine are being improved through the
seedling seed orchard and half-sib progeny test approach, while with white
spruce and tamarack we use an intensive individual tree selection and
clonal orchard approach. The problem of disparities in the tree improve-
ment efforts of the individual agencies are discussed and possible solutions
mentioned.

ORGANIZATION AND OPERATION

In response to requests for tree improvement information from
individual agencies within New Brunswick during the early 1970's, the
Maritimes Forest Research Centre suggested that a cooperative be formed to
foster and undertake the improvement of stock used in reforestation pro-
grams within the Province. By the fall of 1976, nine pulp and paper
companies and the provincial and federal governments had agreed to the
principles of a cooperative effort to provide genetically improved seed.
In January 1977, the first meeting of the New Brunswick Tree Improvement
Council was held, terms of reference, objectives and species' priorities
were established.

Member's participating in the Council are:

Acadia Forest Products Ltd.
Boise-Cascade Canada Ltd.
Consolidated Bathurst Ltd,
Fraser Companies Ltd.
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Georgia-Pacific Corp.

J.D. Irving Ltd.

MacMillan Rothesay Ltd.

New Brunswick International Paper Co. Ltd.

Valley Forest Products Ltd.

Faculty of Forestry, University of New Brunswick
New Brunswick Department of Natural Resources (DNR)
Maritimes Forest Research Centre (MFRC)

Objectives
The two main objectives of the Council are:

1. to provide an adequate supply of seed of good quality from known local
sources until such time as seed orchards satisfy demand;

2. to provide sufficient quantities of genetically improved seed to meet
the demands of reforestation in the Province.

Initial emphasis will be placed on black spruce (Picea mariana
(Mill.) B.S.P.), white spruce (P. glauca (Moench) Voss), jack pine (Pinus
banksiana Lamb.) and tamarack (Larix laricina (Du Roi) K. Koch) with
likely expansion to other species as the need arises.

Structure and Organization

The structure of the Council is informal and is not incorporated.
It is organized and coordinated by a management committee chaired by the
Department of Natural Resources. Each participating agency has one repre-
sentative on this committee who, for industrial agencies, is usually at the
chief forester level. Maritimes Forest Research Centre provides the
technical planning and assistance through the services of a tree breeder
who acts as technical coordinator and secretary to the management committee.

At present there are four separate projects, each dealing with a
particular tree species (black and white spruce, jack pine, and tamarack).
The Department of Natural Resources participates in all ventures while the
industrial agencies take part in, or contribute to, those cooperative pro-
jects of direct concern to them. For each species project, the technical
coordinator establishes and presents to the management committee, for
approval, the work-, cost~, and benefit-sharing arrangements for each year.

Agencies are not required to make a financial contribution, per
se, to the Council. Rather, each agency involved in a species project is
asked to contribute to the pool from their respective landholdings, plus
tree selections, cone and scion collections, and the outplanting of stand
and progeny tests. Orchard establishment is an option if the individual
agency's reforestation program warrants it. The Department of Natural
Resources assumes the responsibility for producing the seedlings for the
tests and orchards in their tree improvement complex. When this capacity
is insufficient, as was the case in 1979, one or more of the industrial
cooperators may assist in seedling production.
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PROGRAM AND PROGRESS

Seed Production Areas

To meet the first objective, that of supplying an initial source
of well-adapted seed, the Council has concentrated on black spruce and jack
pine, the preferred species of the present reforestation program. Both
species occur in large even-aged stands which lend themselves to develop-
ment as seed collection areas. Forty-three good black spruce stands and 44
good jack pine stands have been selected and reserved by cooperators through-
out the Province. In the fall of 1977, seeds were collected from 20 or
more individual dominant trees well spaced throughout each stand. Green-
house production of seedlings was completed in DNR facilities by mid-June.
Six black spruce and eight jack pine stand tests were established by Fraser
Co., Georgia-Pacific, J.D. Irving, MacMillan Rothesay, New Brunswick
International Paper, Valley Forest Products, and DNR on their respective
lands. Early results will indicate which of the original stands are the
best sources of seed for particular areas of the province. These stands,
if young enough to respond to treatment, may be thinned and fertilized for
conversion to seed production areas and a portion will be cut during seed
years. These seed production stands will provide quality seed which will
be well adapted to local conditions. Limited genetic improvement is
anticipated once the best stands have been identified in the stand tests.

Breeding

To meet the second objective of providing genetically improved
seed we have employed breeding methods to match the species. For black
spruce and jack pine we are using low-intensity selection, half-sib progeny
tests, and seedling seed orchards. For white spruce and tamarack we employ
high-intensity selection with clonal orchard establishment which will be
followed by full-sib progeny tests.

Black Spruce and Jack Pine

Both black spruce and jack pine occur in fairly large, relatively
even-aged stands often of fire origin and both species are capable of early
cone production with proper management. Our selected individuals must
exhibit superior height growth. Black spruce usually has an acceptably
straight bole and compact efficient crown while in jack pine we are placing
more emphasis on selecting for straight stem and fine branching habit.

This necessitates a different selection method in the field for the two
species. For black spruce we are evaluating height and diameter growth
against other stand dominants while for jack pine we are comparing height
growth, stem straightness, and crown form with five nearby comparison
trees. To date we have selected approximately 200 individuals of each
species for our progeny tests and orchards. Progress, particularly in
black spruce, has been hampered by a lack of cone crops. Our black spruce
plus trees have approximately a 12.8 percent height advantage over the
stand dominants, while in jack pine we have found an 8.3 percent height
advantage over the comparison trees. Four agencies have now established a
total of 20 ha of black spruce seedling seed orchard and two agencies have
established with 2 m spacing between the rows, 1 m spacing within the rows
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and every 10th row is left unplanted for road location., The Council has
about 30 ha of half-sib progeny test in the ground. Design of the tests is
10 randomized-block replications of 4~tree row plots planted at 2 m
spacing. We expect to expand our black spruce selections by about 400
individuals this fall as we have a reasonably good cone crop.

White Spruce and Tamarack

A different approach to improving white spruce and tamarack is
desirable because of the suspected higher heritabilities of the most
important selected traits. Emphasis is on locating a small number of
phenotypically superior individuals followed by the establishment of clonal
seed orchards. White spruce crown form and stem straightness vary con-
siderably between individuals and can be improved through selection.
Tamarack has a notoriously crooked bole, so great gains can be expected in
stem straightness. The selected individuals must also exhibit excellent
volume growth. We are employing the comparison tree selection method for
white spruce and tamarack. Because of the scattered location of both
species it is often difficult to find five comparison trees on a similar
site and in a competitive situation. Our white spruce selections have
averaged 9.7 percent height advantage over the comparison trees while for
tamarack we have found only a 3.9 percent height advantage but many of our
individuals are almost straight. To date, about 40 white spruce and 30
tamarack have been selected. Scions have been collected and grafted at
MFRC's Acadia Forest Experiment Station. By 1982, small clonal orchards of
both white spruce and tamarack should be established and will be expanded
as new selections become available. Extensive controlled breeding programs
within these orchards and the resulting progeny tests will provide in-
formation with which to rogue the orchard and will provide seedlings of
known parentage for future generation orchards.

The consistently good performance of white spruce provenances
from the Ottawa Valley region of Ontario over much of eastern Canada has
prompted the establishment of "local" sources of Ottawa Valley seed. 1In
1978, DNR planted an 8-ha seedling seed orchard composed of approximately
75 individual tree families from the Ottawa Valley region. This was
expanded this spring to include an additional 40 families. At the same
time, we have outplanted four progeny tests of this material.

It appears from local plantations of Japanese and European larch
and their hybrids that they may have a place in reforestation in the more
temperate areas of New Brunswick., Therefore, the Maritimes Forest Research
Centre is actively conducting a breeding, selection, and grafting program
with the material that is available, and two small clonal seed orchards
have been established.

An establishment report for each orchard test is published by the
Maritimes Forest Research Centre for the cooperators under a New Brunswick
Tree Improvement Council cover. The report contains information on seed
sources, seedling production and test establishment and is in loose-leaf
form so that results may be added as they become available.
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COSTS

Council members keep a precise record of costs and time required
for each specific task. From this, we are able to accurately establish a
budget for the coming year which is distributed to the agencies for fin-
ancial planning.

Plus tree selection costs which include wages, transporation,
lodging, and equipment, vary with species. For black spruce and jack pine
our cost per tree is between $175 and $225, while for white spruce and
tamarack the cost is approximately $500 per tree. Costs of establishing
seedling seed orchards and progeny tests are about $1500 per hectare.
Progeny tests require a large proportion of time for the layout while for
orchards considerable time is needed for tagging the individual seedlings
and mapping.

PROBLEMS

There is a great diversity between the agencies in land control,
both freehold and lease, and hence disparities in the reforestation and
tree breeding efforts. This is unfortunate and is the cause for the
Council's rather tenuous or fragile existence. The Province controls about
50 percent of the land and is very active in tree improvement. Among the
three industrial agencies with substantial freehold land there is some
variation in effort but two have now budgeted money for tree improvement.
The three industrial agencies with smaller amounts of freehold land are
contributing proportionately. The problem arises with the remaining three
companies which have virtually no freehold land. As they operate solely on
crown land, they feel that the Province should be responsible for tree
improvement and therefore they contribute very little. Because tree
improvement work in the Province is not tied to the terms of a crown
license nor is there a contractual commitment to the Council, there is
little that can be done. No one wields a big stick. Another disadvantage
of an informal cooperative with no financial commitment is the lack of
funds available for applied research projects such as specific gravity
determinations and enhancing seed production. However, there are options
for changing this situation and these are being discussed. The Council may
perhaps become incorporated, with firm monetary commitments from each
agency. Also, the system of tenure on crown lease is currently being
reviewed and there is a possibility that intensive management will be a
condition of receiving a crown license.

Efforts are currently being made to establish a New Brunswick
Forest Research Committee, which would be composed of senior management of
all major forestry agencies in the Province and which would function as a
steering committee for the Tree Improvement Council as well as examining
other forestry Resource and Development needs. Hopefully, this committee
will be able to exert some influence on non-active members of the NBTIC.

An initial problem was lack of knowledge among the cooperators of
even basic tree improvement techniques and terminology. This stems par-
tially from the almost total lack of tree breeding courses offered by
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universities. This problem is being overcome as more forest genetics
courses become available at the University of New Brumswick and agency
personnel attend tree improvement workshops and conferences.

Despite these problems the Council has made excellent progress in
planning a coordinated program and in initiating work on the first phases
of that program. Cooperation and participation by member agencies have, in
most cases, been good and we are now confident that this undertaking will
benefit the reforestation effort in New Brunswick.

DISCUSSION
Burry: This Upper Ottawa Valley source of white spruce seed that you were
using in New Brunswick to establish your seedling seed orchards; have they
run out of that yet?
Fowler: It's always been rather difficult to get seed. The Ottawa Valley
has been identified as a very promising seed source of white spruce for use
over a very wide part of its range and in most tests it has shown up very
well; in the northern Lake States, almost up to Manitoba, Ontario, the
province of Quebec and in the Maritimes.

Burry: It has here as well (i.e. Newfoundland).

Fowler: Yes; and everyone wants seed of course and I think Lands and
Forests (OMNR) is getting all the seed they can get.

Rauter: We aren't getting a lot because of budworm damage.

Fowler: It is difficult to get seed. We ended up with a hundred and
seventy-five different families in an eight hectare orchard.

Swan: Can you tell me if that considerable sum of money, some four hundred
thousand, was that all put up by Fraser?

Fowler: No, most of the companies in the region are contributors.



THE TREE IMPROVEMENT PROGRAM IN
NEWFOUNDLAND AND LABRADOR

W. Burry

Fornesten
Dept. Fonest Resources and Lands
Province of Newgoundland and Labrador

In 1979 the Forest Improvement Steering Committee approved the
Terms of Reference for the Newfoundland and Labrador Tree Improvement
Working Group (N.L.T.I.W.G.). Along with the formation of this group it
is the first time that the Forest Service has been involved with tree
improvement programs. All previous tree improvement work has been under-
taken by the Canadian Forestry Service.

TERMS OF REFERENCE

Objectives

The Tree Improvement Working Group will plan, organize and
conduct a research and development program in support of Provincial
Programs to produce, at the earliest possible time, adequate quantities of
genetically improved tree seed. As an interim step, the Group will also
advise the Province on measures necessary to improve the source of seed
used in current reforestation programs.

Program

Within the framework of the above, the Tree Improvement Working
Group will:

1. Identify genetically superior individuals and populations of in-
digenous species.

2. Establish seed zones and seedlot registration systems.

3. Evaluate and advise on the potential of exotic species for refor-
estation in Newfoundland.

4, Develop criteria for the establishment and treatment of seed pro-
duction areas.

5. Develop methods to enhance seed production.

6. Identify and advise on the research and technological development
necessary for the establishment of seed orchards.
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Organization

The Tree Improvement Working Group will report to the lorest
[mprovement Steering Committee and willl consist of four members; two to be
appointed by the Canadian Forestry Service for two year terms, and two to
be appointed by the Department of Forestry and Agriculture for two year
terms. The Steering Committee, from time to time, may appoint additional
members. Since the implementation of the program is a Provincial respon-
sibility, the Chairman of the Working Group will be one of the Province's
representatives.

GENETICALLY UNIMPROVED SEED

Included in this categroy are all native species to be used in
reforestation. Although it may be disputed, we have included sesed pro-
duction areas in this category of "unimproved" seed.

The main emphasis will be towards the selection of phenotypi-
cally superior stands of black spruce and white spruce in major commercial
forest areas as seed production areas and seed collection areas.

As 1is the case across Canada, genetically unimproved seed from
natural stands will provide the bulk of seed to be used in this Province's
reforestation program in the immediate future.

Because of the difficulty of collecting cones from older stands
of black spruce, it will be more economical to patch-cut a designated seed
production area. As the original stands are felled for come collection,
the cleared areas will be replanted with progenies of local trees, thus
maintaining the seed origin. Such a program will be spread over a decade
or two by which time these stands will be producing seed in quantity.

Because of the scarcity of white spruce in certain regions of
the island, it may be necessary in certain instances to reserve some
mature stands indefinitely for systematic seed procurement. Normally,
such stands would be reserved for cutting only until they produce a good
seed crop.

GENETICALLY IMPROVED SEED

Black spruce will be the major species used in this Province's
reforestation program and as such will require the bulk of tree improve-
ment funding. The Department of Forestry and Agriculture has identified
the black spruce forests as being in greatest need of regeneration assis-—
tance following logging.

The status of white spruce, in terms of being part of a Tree
Improvement Program, has not as yet been clarified. It is generally felt
that white spruce would out-perform black spruce on the very high capa-
bility sites. However, the fact that it is a favoured host of spruce
budworm (Choristoneura fumiferana Clem.) seriously reduces its potential
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4, Seed orchard location and site preparation will begin in 1980.
We are suggesting, to minimize contamination from background pollen, to
establish seed orchards in areas where the existing forest is comprised of
a different species. It was considered that although physical isolation
is often stressed, it would appear to be impractical for our purposes.

The establishment of sites for clone and seedling banks will also begin in
1980.

There are two points of which I would appreciate further
clarification:
a) What is the present status of the "superseedling' approach in the
Nursery to establish seed orchards in black and white spruce?

b) We are recently informed that white spruce rootstock proved superior
for grafting, even for black spruce. 1Is this statement accurate?

DISCUSSION

Gordon: Tt always excites me listening to the enthusiasm of the competing
industries on the West Coast and it seems to me that it might be worth-
while for your working group to enquire into the possibility that industry
may want to take a different look. It seems that in the long run forest
industries will want their own nurseries and you should encourage their
cooperation.

Burry: Well, the position of the Forest Improvement Steering Committee is
that they had no objection to the idea of industry being involved - they
just don't like the idea of a cooperative.

Gordon: Yes, but what you call it is semantic - you called it a working
group for instance. It may be worthwhile in having someone go out West
and see how things are being done there.

Fowler: Has anyone ever approached Bowater or Price to see if they are
really interested in it?

Burry: Anything that involves a cooperative won't be a decision of our
working group - it will be a decision of the Forest Improvement Steering
Committee. If T report to them that a cooperative should be formed, they
either say, yes or no, and in this case they said no.

Gordon: Well, I can think of many ways to put a so-called co-op together.
It seems to me to be within the bounds of human imagination that one can
get an organization, let's say call it a council, which doesn't act like a
cooperative. 1It's apparent that in the West they have a march on the East
in tree improvement and almost every company has a good record in it.

Devitt: Part of it grew from a restricted funding and the fact that there
was just no way that two people could go out and survey all the fir stands
that were available and select good plus trees. It was from the need for
continuous funding that everybody got together and decided to act. I
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don't know how many species you're talking about here but even now the
list of species that we have to deal with is large. Everybody puts
priorities, and you can start listing them off - white pine, Abies
grandis, Abies amabilis. From Mike Crown's presentation, including
overlays, it's obvious that no one agency can cover it all.

Rauter: There's one thing that should be brought up and that's the Land
Tenure System. If a company owns land then it's a lot easier to get into
the system. You will have to have new laws instituted and some changes
made if you want a company which is strictly on a tenure system and is
leasing the land to cooperate. The companies will have to be reimbursed
or an acceptable system must be set up so the program can be justified to
the stockholders.

Devitt: It's not without its problems but these problems are being
overcome.

Rauter: This is when you have to approach your administrators to overcome
gsome of these problems.

Devitt: That is why I made the comment about the need for the team to be
all working in the same direction. It's all very well for the research
group and the management group to decide to have a seed orchard and get
everybody involved and go out and do it. But then someone in a regulatory
role says you can't do it,

Just one last comment; one of the big needs in my regeneration
program is seed and I don't know how nature provides your seed crops here
but 1966 was the last Douglas-fir seed crop that was really collectable
and before that it was 1959 and before that, 1945. We have some huge gaps
and you can't wait 15 years for a seed crop. Thus, a lot of the company
effort is strictly seed supply so you can carry out reforestation programs
and if you are successful in that area you can sell it and then the
genetics part of it comes later.

Yeh: I think one of the problems is that as foresters we have been
working backwards; the researcher has been going to the administrator and
saying that we are predicting so much gain. They reply "how are you going
to prove that". The case in B.C. has changed recently because the manage-
ment has come to the researcher and said "we would like to have that much
gain in the approximate year' and now we can make plans and state "that is
the amount of gain we can obtain providing you fund us at that level"., I
think that's the case now and it's much easier for us to justify tree
improvement that way.

Chairman: Yes, there is a very subtle change here in the approach taken
but it's a very important one,

Kellison: One thing that Don Fowler sald that would concern me and it was
that with the selection and the progeny testing the correlation wasn't
very good and if that's so then you may need a whole different breeding
system. Because, if you're not getting that correlation then you're not
operating on additive genetic variance and that creates problems.
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Fowler: I think that was more for black spruce than the jack pine.

Kellison: It was black spruce.

Fowler: Yes, but the reason that we're not very effective is the type of
landscape in which we're selecting black spruce, in the intermediate areas
we're on this hummock/hollow topography so the environment forms a major
component. On the basis of progeny tests we're getting good heritability
estimates but we don't have the parent progeny correlation indicating that
we're not very efficient in our selections in the wild.

Kellison: If environmental effect is that strong you're just as well
going out collecting seed from trees at random.

Fowler: Just picking out a thousand trees, yes, I suppose it's a level of
confidence you're willing to put in your selections. I'm sure we're
making some gains but whether you're willing to put the effort into very
high intensity selection, and I'm not, I think we're going to make more
progress relying primarily on progeny tests to identify best growing
families and go on from there.

Kellison: I would agree under your situation.

Fowler: 1In jack pine I think the main improvement one is going to make
during the first cycle of selections is in stem form and crown form and
branching rather than growth. Would you agree with that?

Yeatman: Yes, also there is some heritability for growth but this is best
covered through the progeny test (family petrformance). 1 believe that the
form characteristics do have quite a high heritability so that the selection
you're exercising in the forest will be effective for these traits.
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TREE IMPROVEMENT IN NEWFOUNDLAND 1977-1979

J. Peter Hall

Newgoundland Forest Research Centre
Canadian Forestny Servdice
St. John's, Newfoundland
A1C 5X8

I. TRIALS OF EXOTIC SPECIES (J.P. Hall)
1. Plantation Trial of larix Species

Results three growing seasons after planting show that the
indigenous_&. laricina (Du Roi) K. Koch and two provenances of the
exotic hybrid L. x eurolepis (Henry) had better survival than the other
three exotic species tested - L. sibirica (Ledeb.), L. russica Endl. and
L. kaempferi (Lam.) Carr. Vegetative competition from Ribes spp., Rubus
spp., and various herbaceous plants is heavy on this typical site, and
the seedlings have been able to overcome this competition during the
first three years following planting. (Hall, J. Peter, 1978. Survival
and growth of planted native and exotic Larix species after three growing
seasons., NFRC File Report No. 3, Study 5-3, 4 pages.)

2. Plantation Trial of Exotic Abies Species

Veitch's silver fir (A. veitchii Lindl.) has been shown to be
suitable for planting under Newfoundland conditions and is resistant to
the balsam woolly aphid (Adelges piceae Ratz.) (Hall et al. 1971). The
rate of height growth is approximately the same for both Veitch's fir
and balsam fir (A. balsamea (L.) Mill). Since 1975 both species were
damaged extensively by the spruce budworm (Choristoneura fumiferana
Clem.) and the trees lost up to 90% of their total foliage. In general,
damage was greater on balsam fir than on Veitch's fir and since the
cessation of budworm attack in 1977, the Veitch's fir have recovered
from the attack more rapidly than has the balsam fir (Hall, J. Peter,
1978. Plantation of exotic Abies species: Degree of recovery after
spruce budworm attack. NFRC File Report No. L, Study 5-5, 2 pages.)
Work is continuing on this study to explain more fully this apparent
greater resistance to budworm attack.

3. Plantation Trials of Exotic Picea Species

In 1970 and 1971 two plantations were established in central
and western Newfoundland to compare survival and growth of local and
exotic spruces. The following species were planted:
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Picea mariana (Mill.) B.S.P. Badger, Newfoundland
Picea sitchensis (Bong.) Carr. Bella Coolla, B.C.
Picea sitchensis (Bong.) Carr. Kitimat, B.C.

Picea abies (L.) Karst. Vilppula, Finland
Picea abies (L.) Karst. Region VIII/16, Germany
Picea omorika (Panc.) Purk. Knuthenborg, Denmark
Picea omorika (Panc.) Purk. Region VIII/16, Germany
Picea jezoensis Sieb. & Zucc. Hokkaido, Japan

Picea orientalis (L.) Link. Jutland, Denmark

Results five years after planting show that P. mariana was
most successful in both locations followed by P. ables and P. sitchensis.
The remaining species, at this stage, show little promise due largely to
slow rates of growth (Hall, 1977(a)).

4., Plantation Trial of Exotic Pinus Species
In 1966 a plantation of exotic Pinus species was established

in central Newfoundland, to test the suitability of a number of exotics
for reforestation purposes. The following species were planted:

Pinus banksiana (Lamb) Newcastle, New Brunswick
Pinus contorta (Dougl.) Long Beach, Wash., U.S.A.
Pinus sylvestris (L.) Morayshire, U.K.
Pinus syvlestris (L.) Kuorevesi, Finland
Pinus resinosa (Ait.) Petawawa F.E.S., Ontario
Pinus nigra (Arn.) v.

corsicana (Loud.) Nottingham, U.K.
Pinus cembra (L.) St. John's, Newfoundland
Pinus albicaulis (Engelm.) Cranbrook, B.C.

Results 10 years after planting showed the following species to
be suitable for planting: P. sylvestris (both seed sources), P. banksiana,
P. contorta and P. resinosa. Best growth in the plantation was achieved
by P. banksiana followed by P. sylvestris (U.K.)(Hall, 1977(b)). In 1976
P. banksiana flowered and the cones were ccllected but only about one
viable seed per cone was obtained.

II. THE GENETIC IMPROVEMENT OF LARCH IN NEWFOUNDLAND (J.P. Hall)
In 1977 the NFRC initiated a program for the genetic improvement
of larch. Since then, several studies have been established under this

program.

1. All-Range Provenance Trial of Larix laricina

The NFRC is cooperating with PNFI on an all-range provenance
trial of L. laricina. Five locations in Newfoundland and Labrador have
been selected in which to make collections of seed. Cone crops were poor
during the 1977 and 1978 seasons and no collections were made; however,
indications are that the 1979 crop is better. It 1s hoped to establish
one or more of the all-range trials in Newfoundland and possibly to combine
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2. Provenance Trial of L. kaempferi

The NFRC has received from PNFT 79 seedlots of L. kaempferi
which are scheduled to be sown in a provenance trial in 1979. In 1977
and 1978 collections of L. kaempferi seed were made from plantations in
Newfoundland and this seed will be used in the experiment. In addition,
three provenances of L. laricina seed collected between 1976 and 1978
will form part of the study.

3. Development of Criteria for the Selection of Plus Trees

This study is aimed at the development of objective criteria
for selection of plus trees which can be used to begin a seed orchard.
The rate of growth of L. laricina varies on different forest sites on
the island of Newfoundland and there is considerable variation in growth
rate among and within sites, indicating the need for careful attention
to selection procedures. The data collected on stem form, crown size
and branching habit showed no relation between these phenotypic characters
and growth rate. Any selection program at this stage will emphasize
rapid growth rate and desirable stem and branch characteristics. Work
is also beginning on the heritability of branch and stem characteristics
in the species.

L. Yield of Seed in L. laricina

The yield of seed in L. laricina has been examined in planted
and natural stands. Yields of seed vary annually among regions and
among trees and indications are that, except in very good seed years
(1976 was a good example), the proportion of sound seed in the cones
will be very low. Total seed/cone is usually in the range 8-16; but
full seed per cone is much less, 0-6 is common.

5. Relationship Between Temperature and Pollen Development

The relationship between pollen development and temperature is
being studied in L. laricina. Tt is known that freezing temperatures
during active stages of cell division may cause the formation of non-
viable pollen and if this occurs on a large scale within a seed orchard,
the seed crop can be adversely affected. In Newfoundland it has been
shown that the active stages of pollen formation occur in late March to
early April when below freezing temperatures are a common occurrence
(Hall, 1979). Within that period, however, there is a wide tree to tree
variation in date of occurrence of active cell division and, also, in
the length of time that trees are in active stages of cell division.
Detailed knowledge of these variables would enable selections to be made
on the basis of stability of the pollen formation process and emphasize
selection of trees which go through the pollen formation process later
in the spring when freezing temperatures occur less frequently.
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III. THE TREE IMPROVEMENT COOPERATIVE PROGRAM IN NEWFOUNDLAND
(J.P. Hall and M.A.K. Khalil)

In the proceedings of the sixteenth CTIA meeting, a description
of the establishment of the Forest Improvement Steering Commitee was
presented. The Committee was established to act as a policy advisory
group between the two levels of govermment and industry. The Committee
was also empowered to appoint sub-committees to achieve particular
defined objectives. From one of these committees (the Regeneration and
Tree Improvement Sub-Committee) eventually emerged the Newfoundland and
Labrador Tree Improvement Working Group. It was felt by all interested
parties that a working group would be the best vehicle to implement the
policies in the tree improvement field which are necessary in the overall
forest improvement plan for the Province. The working group held its
first meeting in March 1979 in St. John's.

The Tree Improvement Working Group is to plan, organize and
conduct a Research and Development Program in support of Provincial
programs to produce, at the earliest possible time, adequate quantities
of genetically improved tree seed. As an interim step, the Group will
also advise the Province on measures necessary to improve the source of
seed used in current reforestation programs. Within the framework the
working group has several specific tasks. These are:

(i) To identify genetically superior individuals and populations
of indigenous species.

(ii) To establish seed zones and seed lot registration systems.

(iii) To evaluate and advise on the potential of exotic species for
reforestation in Newfoundland.

(iv) To develop criteria for the establishment and treatment of seed
production areas.

(v) To develop methods to enhance seed production.

(vi) To identify and advise on the research and technological
development necessary for the establishment of seed orchards.

The working group will report to the Forest Improvement Steering

Committee and is to consist of four members; two appointed by the Canadian
Forestry Service for two year terms and two appointed by the Newfoundland
Department of Forestry and Agriculture for two year terms. The Steering
Committee is expected to appoint additional members representing the
forest industry in Newfoundland. Since the implementation of the program
is a Provincial responsibility, the Chairman of the Working Group is a
Provincial representative.

The working group had already begun work in some of the above
topics prior to the actual formation of the group. Procedures have been
established to select black spruce plus trees for use in seed orchards.
These procedures are being refined by further experimental work but
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superior trees are being selected in the field at the same time. Work is
still in progress on the introduction of exotic species to Newfoundland
and several promising species have been identified. Several seed
production areas have been identified and located and management methods
are now being developed to treat these areas.

Cooperation among the participants has been excellent to
date - an encouragement to the implementation of tree improvement
programs in the Province.
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FTorest genetics research had started in Newfoundland in a small
way in 1964 in an era of complacency in forest management in the Province.
The potential of forest genetics in improving forest productivity and in
ameliorating forest and urban environments had not been appreciated. Even
at the time of revision and expansion of this program by the writer in 1972
(Khalil 1972) the need for intensive forest management had not been fully
realized and large scale afforestation or reforestation was neither in
progress nor planned. Thus, the stage had not been set for extensive ap-
plication of the results of forest genetics research to forest management.
Consequently, only a modest program had been proposed. Even implementation
of this program was seriously hampered by the growing financial restraints.
However, as a result of the deliberations of the Forest Improvement Work-
shop at Gander in February 1976 (Richardson 19T76), realization dawned that
Newfoundland required bold new forest management strategies to effectively
enable forest industry to compete in future world markets. An ambitious
forest improvement program has now been initiated to increase fibre and wood
production for lumber, pulp, cattle feed and energy. The program is funded
by the Department of Regional Economic Expansion. Tree breeding is an
essential element of this program. The Newfoundland Forest Research Centre
has been urged by the provincial authorities, the Forest Improvement Steer-
ing Committee and by its Research Advisory Committee to expand research
efforts in tree breeding. However, financial restraints are even increas-
ing with consequent operational difficultures. The work summarized in
this and the other report from Newfoundland has proceeded under these
restraints. This report summarizes the last two years research on the
genetic improvement of spruce and fir species and poplars.

BLACK SPRUCE [PICEA MARIANA (MILL.) B.S.P.]

Regional Provenance Studies

The data of the nursery phase were analysed by regression analysis
to study the effect of selected environmental factors of the sites of the
provenances on Jjuvenile height growth in an attempt to identify those which
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contributed most to height growth and to assess the usefulness of the sub-
set as a prediction., The four variables found statistically significant,
out of the 54 tested, are: (1) square of the latitude, (2) interaction of
the longitude and mean precipitation during the period May-September, (3)
interaction of mean number of frost-free days and mean number of days
during the growing period, and (4) interaction of the mean number of frost-
free days during the annual growing period and the day length on June 21.
The results have been published (Khalil and Douglas 1979). The seven field
experiments have been maintained and will be measured this yeat at the age
of 10 years from seed.

The All-Range Provenance Studies

The three field experiments have been maintained and will be
measured next year at the age of 10 years from seed.

The Regional Progeny Studies

The data on the characters of cone morphology and seed weight
have been collected and statistically analysed. A paper on the genetics of
cone morphology and seed weight of black spruce in Newfoundland is under
preparation. Anatomical and physical properties of wood of the parent
trees have been determined and the data are being analysed. Chemical
analysis of the wood and isozyme analysis of seed is planned for this year.

WHITE SPRUCE [PICEA GLAUCA (MOENCH) VO0SS]

The Great Lakes-St. Lawrence Region Provenance Study

The results of the 20th year measurements of the experiment in
the North Pond area have been published this year (Khalil 1979a). Eight
best provenances have been identified on the basis of growth. They are
279-309 cm (105-117% of mean) in height and 35-42 cm (112-133% of mean) in
D.B.H. They are similar to each other in taper and have not suffered from
frost or winter damage. Consequently, they are being recommended for use
in Newfoundland. There is a highly significant replication X provenances
interaction which indicates the possibility of enhancing growth by com-
bining good provenances and cultural treatments like fertilizers., Signifi-
cant within provenances genetic variation exists, which can be used for
obtaining additional genetic gains by individual tree selection within
superior provenances. There is a strong juvenile~late correlation in
growth which makes early identification of superior provenances possible.
Further research to verify and use the above conclusions is in progress.

The All-Range Provenance Studies

These studies have been started in the provincial Forest Nursery
at Wooddale in cooperation with the Newfoundland Department of Forestry and
Agriculture. Seeds of 116 provenances (including 44 provenances with
single tree seed) were sown in the greenhouse in April 1978 and transplanted
into nursery beds in September of the same year. Three field provenances -
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progeny experiments in the lattice design will be planted in the spring of
1980. A three-replicated greenhouse-cum-nursery experiment was also started
simultaneously for collection of information on germination, infantile
growth and phenology. Collection and analysis of data are in progress.

The Exploits Valley Progeny Studies

The paper referred to in the previous report has been published
(Khalil 1979b). Results of progeny tests on plus trees conducted in
growth chamber have been analysed and a publication is under preparation
Comprehensive research is planned on terpene and isozyme analyses of "plus",
"ordinary" and "minus" trees.

BALSAM FIR [ABIES BALSAMEA (L.) MILL.]

Two experiments were laid out in 1961 to determine the relative
role of genetic and environmental factors in the premature retardation of
growth in balsam fir on the Avalon Peninsula and in the adjoining area of
southeastern Newfoundland These experiments were located in the Salmonier
(lat 47°1L'N, long. 53°20'W) and Cormack regions (lat. 49°19'N, long.

57 23'W) in southeastern and western Newfoundland respecitvely. Both
experiments were laid out in the four-replicated randomized complete

block design with lll-tree square plots. Four provenances were used, one
originating from the problem area on the Avalon Peninsula, and the rest
from normal areas in central Newfoundland and New Brunswick. The Salmonier
experiment was abandoned in 1970 due to extensive damage from squatters.
Height and DBH measurements were made in the fall of 1976 in the Cormack
experiment. Statistical analyses of these data did not show significant
differences between any two provenances. The results have been published
(Knalil 1977).

EXOTIC FIR AND SPRUCE PROVENANCES

The provenance experiment on red spruce (Picea rubens Sarg.) and
the nine experiments sitka spruce [Picea sitcheusis (Bong.) Carr.] in
insular Newfoundland were maintained. The former is due for 20th year
and the latter for 15th year measurements this year., The results on the 10-
year measurement of sitka spruce in 1974 were reported to the IUFRO Working
Parties joint meeting at Vancouver, British Columbia in August-September
1978 (Khalil 1979c).

EXOTIC AND HYBRID POPLARS

Four replicated field experiments and the archive were planted
again in June-July 1978. The competing vegetation was removed and the
areas were scarified and limed at the rate of 7.4 metric tons/ha. Rooted
cuttings were used 1n all cases. The four field experiments were located
at_Wooddale (1at. h9 09'N, long 55°36'W), Millertown Junction Road (1at.
18° 58'N, long. 56°18'W), Goose Arm (lat h9 09'N, long. 57 ©311W) and
Robinson River (lat. 48 14'N, long 58°38'W). The archive was located at
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Wocddale. The results of the survival count made in September 1978 are
summarized in Table 1.

Table 1. Results of survival count of poplars in field experiments
in September 1978.

Survival
Location % No. of cleones lost
Goose Arm 53.2 Several in each replication.
Millertown Junction Road 98.6 None in any replication.
Robinson River 90.0 Three clones lost in one or two
replications.
Wooddale 08.6 None in any replication.

The survival in the archive was almost complete. These results support the
earlier indication that planting of rooted cuttings, removal of com~
peting vegetation, and scarification and liming of the planting site
are essential for success in field plantation of poplars under Newfoundland
conditions. Casulties were replaced in June-July 1979. Results to date
have been published (Khalil 19794).

Thimann and Delisle (1939) found most conifers and many hardwoods
unaffected by the root-promoting effects of auxins although these proper-
ties were recognized in 1934 and the technology had been steadily refined.
Trembling aspen (Populus tremuloids Michx.) is one such species (Snow 1938;
Afanasiev 1939). These negative results and the subsequent success in
vegetative propagation from root sections (Farmer 1963; Zufa 1971) discour-
aged research on the use of auxins on branch cuttings. In recent years
trials of exotic and hybrid poplars in Newfoundland necessitated vegetative
propagation of the local trembling aspen. Discouraging results of veget-
ative propagation from root sections prompted the use of branch cuttings
with auxin treatment. An exploratory test was conducted in 1975. The
auxins used were "Turtox Hormone Powder" and "Turtox Hormone Salve"

(o = naphthalene acetic acid 10 ppn and vitamins B. and C each 5 ppm in
inert medium of tale and lanolin respectively), "Hormodin 3" (0.8% 3-
indole butyric acid), 3-indole acetic acid, 3-indole butyric acid, 3-
indole propionic acid and a - naphthalene acetic acid. The last four were
used in four concentrations of 50, 100, 200 and 400 mg/l. The preliminary
indications available from this exploratory experiment are that (1) root-
ing of branch cuttings of trembling aspen with auxins is possible, (2)
"Turtox Hormone Powder" and 3-indole-acetic and o - naphthalene acetic
acid in concentrations of 100 and 50 mg/l respectively seem to offer most
promise. The results have been published (Khalil 1979%e).
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It is estimated that almost 100 million trees will be planted
annually in the Maritimes by 1987. An opportunity exists to substantially
increase forest growth in the Region by utilizing genetically superior
seeds and seedlings in these reforestation programs. The objectives of the
tree breeding work at the Maritimes Forest Research Centre (MFRC) are to
determine the amount of genetic improvement attainable within promising
tree genera and to provide resource managers of the region with the
information and breeding materials required to obtain a realistic genetic
improvement of trees used in reforestation.

H. G. MacGillivray retired from the Canadian Forestry Service in
December 1976 after more than 20 years service in tree improvement research
at MFRC. The vacant position was finally filled in June 1978 by Dr. Y. S.
Park. Mr. R. F. Smith also joined the tree improvement group at MFRC in
September 1978. The addition of these men to the MFRC staff has made it
possible to reorganize the tree improvement program to serve better the
expanding cooperative improvement programs of the Region and to maintain a
strong research capability.

’ Dr. Park, a recent graduate of Pennsylvania State University, has
a strong background in quantitative genetics and is providing much needed
expertise in this field. He is responsible for population studies of im-—
portant tree species, and with Dr. Fowler is responsible for the provenance
studies established by H. G. MacGillivray. Mr. Smith, University of New
Brunswick, 1978, will be assisting Mr. Coles with various aspects of the
cooperative tree improvement program especially in relation to cone and
seed production problems in seed orchards.

HYBRIDIZATION IN PICEA AND LARIX

The objectives of this program are to produce and test inter~- and
intraspecific hybrids, to develop methods of mass producing promising hy-—
brids, and to provide information and breeding materials to forest managers.
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Interspecific crossing work was continued in 1977 and 1978. In
1977, a total of 64 tree x pollen combinations was attempted using white,
(Picea glauca (Moench) Voss.) black (P. mariana (Mill.) B.S.P.) and red
spruce (P. rubens Sarg.) as female parents for crosses with white, black,
red, and a Mexican spruce, P. chihuahuana Martinez. Of these, only the
crosses with red x black and the reciprocal could be considered successful.
A few putative hybrids were obtained from other crosses but as yet have not
been verified. Crossing of white and black spruce has proven to be very
difficult. However, attempts in 1974 to cross black spruce with Sitka (P.
sitchensis (Bong.) Carr.) and Engelmann (P. engelmannii (Parry) Engelm.)
spruces, both of which cross readily with white spruce, were reasonably
successful. This suggests that barriers to crossing western "white” spruces
with black spruce may be less well developed. In 1978, to test this hypoth-
esis, local white, black, and red spruces were crossed with local white
spruce, and white and Engelmann spruces from British Columbia. Some puta-
tive black x white and red x white hybrids were obtained but as vet have not
been verified.

Two of the most promising hybrids to emerge from the crossing pro-
gram in recent years are white x Sitka and black x Sitka. The cross black x
Sitka is new and was successful on all three black spruces tested. These
three trees crossed with a Sitka spruce pollen mix from Denmark, yielded 432
cones with 191 full seeds which produced 156 seedlings. In the winter of
1977-78, 10 cuttings from each of the 27 "best"” white x Sitka hybrids and 31
"best"” black x Sitka hybirds were struck. Of these, 857 rooted and survived
transplanting to a nursery.

Flowering of Larix species in the Maritimes was poor in 1977 and
1978. Work on Larix was thus restricted to establishing tests with hybrids
produced in 1975 and 1976 and to measuring existing trials. In addition, a
small clonal orchard of selected Larix leptolepis (Sieb. and Zucc.) Gord.
was field planted in cooperation with Valley Forest Products Ltd.

POPULATION STUDIES

Population work was consolidated under a single study in 1978 and
is now the responsibility of Y. S. Park. The objectives of this work are
to elucidate the genetic structure of populations of tree species used for
reforestation in the Maritimes, to estimate and interpret genetic parameters
of important growth and quality attributes, and to utilize this information
to assist in the development of tree improvement strategies.

An understanding of relationships among trees within a stand is
necessary to correctly estimate potential genetic gain and to determine the
most effective selection practices for improving tree species. Studies de-
signed to determine the amount of inbreeding in natural stands of white and
black spruce and native larch were continued in 1977 and 1978.

A white spruce progeny test representing progenies from almost
150 trees in two natural stands was started in a greenhouse and transplanted
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into the nursery. Detailed information on the parent trees, including phys-
ical location within the stands, is available for each progeny. Seeds and
individual tree data were collected in the fall of 1978 from 130 plantation-
grown black spruce and will be used for progeny tests designed to provide
estimates of important genetic parameters.

SPECIES AND PROVENANCE TRIALS

The objective of this work is to improve forest production in the
Maritimes by determining the best adapted and productive species and the
best provenances within these species for use in various locations in the
Region.

Starting in the late 1950's, MFRC embarked as a long-term program
of provenance testing of Norway spruce under the direction of H.G. MacGill-
ivray. Between 1961 and 1972, 10 separate Norway spruce trials, including
the 1100-source IUFRO 1964-68 test, were established. One complete planting
of each trial was established at or near the Acadia Forest Experiment
Station with other replicated trials and observation plots established
throughout the Region. Native species were included as "controls™ in all
but one of the trials.

Results of this work are being prepared for publication. In sum-
mary, average survival of Norway spruce is the same as that of black spruce
in 13 tests where comparisons can be made, and better than that of white
spruce (15 comparisons) and red spruce (12 comparisons). Black spruce is
taller than Norway spruce in all but one trial while Norway is taller than
white or red spruce in most trials. With few exceptions, the best prove-—
nances of Norway spruce for use in the Region are from mid-elevations in
the Sudetan and Carpathian Mountains of Poland and from eastern Poland.
Provenances from east of the Baltic Sea in northeastern Poland, Latvia,
Lithuania, White Russia and western Russia also do well and are recommended
for northern New Brunswick.

TECHNICAL ASSISTANCE PROGRAM

The Nova Scotia Tree Improvement Working Group (NSTIWG) and the
New Brunswick Tree Improvement Council (NBTIC) (Coles 1979), were formed in
late 1976 to coordinate the tree improvement efforts of industry and the
provincial governments. The Maritimes Forest Research Centre provides
technical assistance for the operational programs of these cooperatives.

The NSTIWG is concentrating on the improvement of white, red,
black, and Norway spruce and white pine. An intensive selection program for
all species is well underway. Large grafting programs have been conducted
for the past two years and a holding area was established at the Lawrence-
town nursery. The cooperative is presently selecting and preparing sites



for orchard establishment. Large acreages of red and white pine have been
designated and treated as seed production areas. MFRC has had a substantial
input in planning the new tree improvement complex at Debert funded by DREE.

To meet its first objective of supplying a source of well-adapted
local seed, the NBTIC selected and reserved 43 black spruce (NBTIC 1978a)
and 44 jack pine (NBTIC 1978b) stands. During 1978, seven stand tests of
each species were established throughout the province to determine the best
seed sources.

To improve black spruce and jack pine, a program of individual
plus tree selection was begun in 1977. A 7-ha black spruce seedling seed
orchard and three progeny tests (NBTIC 1978c) were established by Fraser Co.
in 1978. 1In the summer of 1979, the cooperative will establish three 8-ha
black spruce seedling seed orchards and seven progeny tests containing about
160 families along with two 8-ha jack pine seedling seed orchavds and six
progeny tests with 170 families.

The cooperative is practicing intensive selection on white spruce
and tamarack, and a grafting program and holding area have been established
at Acadia Forest Experiment Station. In 1978, an 8-~ha seedling seed orchard
and four progeny tests of Ottawa Valley white spruce were established; these
will be expanded in 1979. This will provide New Brunswick with a "local”
seed source of rapid growing Ottawa Valley provenance (Fowler and Coles
1977).

Tree improvement in the Maritimes is well underway, and MFRC in-
put into these two cooperatives has expanded, such that two professional
foresters are now employed full time providing the technical leadership and
coordination.

TISSUE AND ORGAN CULTURE

Tissue Culture

The production of homozygous lines and the subsequent crossing of
these lines to produce heterotic hybrids has been successfully used as a
breeding technique with several agricultural crops (e.g. hybrid corn). The
development of near homozygous lines requires several generations of
inbreeding (usually self-fertilization). Because of the long period between
generations, this technique has generally been avoided by tree breeders. If
haploid plants could be located or produced, their chromosome complement
could be doubled to produce homozygous diploids and the long period required

to produce such trees by inbreeding could be avoided.

The gametophyte stage (haploid) in gymnosperms, although greatly
reduced in comparison to the sporophyte, undergoes several cell divisions.
If the gametophyte could be induced to undergo further divisions and subse-
quently to differentiate into a functional plant, the production of hap-
loids and homozygous diploids would be feasible.
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Recent developments in the culture of the gametophyte of Ginkgo
biloba L., indicate that this approach is plausible. Male and female
gametophytes and gametophyte pieces have been cultured in vitro and the

effects of various nutrients, growth regulators, etc., on cell division and
differentiation have been studied.

The studies at MFRC have been mainly with red pine gametophytes.
This species has been selected because of its genetic uniformity and low
frequency of deleterious genes. Once techniques have been successfully
developed for red pine they will be used with other coniferous species.

To grow conifer tissues in culture requires about 20 different
nutrient chemicals, each of which has to be present in specific amounts to
assure growth. Similarly, the requirements for such physical factors as pH,
light and temperature cycles, ion exchange capacity of the nutrient medium,
gas exchange, etc., have to be correctly determined. Furthermore, once
growth has been satisfactorily obtained, the chemical-physical environment
has to be manipulated in such a manner that the growth pattern changes from
an unorganized to an organized pattern. Each stage of organization
generally requires adjustments in the environment (Bonga 1977a).

By manipulating the growth hormones in the media, embryo-like
structures were induced in the initially unorganized callus tissue (Bonga
1977a). The tissues derived from the male gametophyte grow faster and
generally form embryo-like structures more easily than the tissue derived
from female gametophytes. However, in the tissues derived from the male
gametophyte, there often is a high ratio of diploid over haploid cells.
There are strong indications that these diploid cells have arisen from
fusion of haploid cells within single pollen grains, and thus would be
homozygous diploid, i.e. the desired condition, and did not originate from
the heterozygous diploid cells of the anther walls or from fusion of
different pollen grains.

It is important to have good cytological techniques to determine:
(1) if cells are haploid or diploid; and (2) if diploid cells arise from
fusion of haploid pollen cells or from the diploid anther wall cells. The
techniques commonly used in conifer cytology were tested but none of them
were satisfactory. Therefore, efforts were made to develop new techniques
to (1) intensely stain chromosomes in callus and pollen tissues; (2) prop-
erly separate cells, so that large numbers of cells can be studied; (3)
accumulate metaphases in the highest numbers possible; and (4) shorten and
separate chromosomes, as much as possible, for easier counting. With regard
to callus tissues, the first three of these objectives have now been
achieved (Bonga 1978 a, b); the new stains for pollen are much better than
the original ones, but the possibility of further improvement is still being
investigated.

It is intended to continue the study along much the same lines
over the next 2-3 years. To obtain haploid, and eventually homozygous
plantlets, the interactions of the various physical-chemical factors that
will induce haploid tissue proliferation and differentiation will have to be
more precisely defined.
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Organ Culture

Conifers are usually propagated sexually because vegetative propa-
gation of trees old enough to have demonstrated their superior characteris-
tics is often difficult. However, where vegetative clonal propagation is
economically feasible, it is often preferred to sexual propagation because
it allows fixing of selected genetic characteristics. Consequently, it is
important to develop methods to vegetatively propagate older trees.

To date, the most common method of vegetative propagation of coni-
fers has been rooting of cuttings. However, cuttings often fail to root
properly and in these cases tissue and organ culture could be a more promis-
ing approach (Bonga 1977a). Complete or partial vegetative regeneration of
conifers from tissue or organ cultures has been achieved by other research-
ers for several species using explants taken from either embyros or young
seedlings, but not from explants from older trees.

In our attempts to obtain vegetative propagation from tissues of
older trees of Abies balsamea L. (balsam fir), dormant buds minus bud scales
were used as explants. Buds were chosen because they or their callus often
form adventitious embryos or organs more easily than explants from other
parts of the plant. In spite of extensive efforts, the balsam fir buds
have, so far, failed to root. However, specific short-term hormone treat-
ments were developed which induced the formation of adventitious embryos
from tissues of the needles of the buds (Bonga 1977b). Some of these em—
bryos germinated and formed small seedlings. Unfortunately, germination was
abnormal and, consequently, the developing seedlings were severely stunted.
Methods to obtain normal germination of the adventitious embryos remain to
be developed.
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TREE IMPROVEMENT AT N,B. INTERNATIONAL PAPER CO.
DALHOUSIE, N.B.

Doug Matthews

N.B.I.P. Co.
Woodlands Division
Dathousdie, New Brunmswick

EOK 1B0

Keywords: plus tree selection, stand tests, progeny tests, seedling seed
orchard.

Tree improvement work at New Brunswick International Paper Co.
has been directed at fullfilling our commitment as a member agency in the
~ New Brunswick Tree Improvement Council cooperative program. Since the
summer of 1977, we have participated in the Council's recommended program
for selection and testing of black spruce, white spruce and jack pine.

A brief summary of our activities follows.

PLUS TREE SELECTION AND BREEDING

To date we have selected 54 black spruce, 7 jack pine and
6 white spruce superior individuals from our lands in northern and central
N.B. Plans call for 120 black spruce, 40 jack pine and 20 white spruce
selections by 1982. Indications are that this year is a good cone crop
year for black spruce and jack pine and we will be collecting seed this
fall for expansion of our existing seedling seed orchards.

Last March, 50 scions collected from our white spruce selections
were grafted at the provincial forest experiment station. We are looking
into setting up our own grafting facility at the local company greenhouse.

STAND TESTS

Three good black spruce stands and two good jack pine stands
have been selected and reserved on our crown lease for development as seed
collection areas. A black spruce area is being thinned to remove species
other than black spruce and red pine.

Forty three good black spruce stands and 44 jack pine stands
have been selected by council members throughout the province. In the
fall of 1977, seeds were collected from individual dominants within each

stand. Five ha of replicated stand tests using progeny from the selected
N.B. sources have been established by us, and by six other cooperators in
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N.B. The best natural seed sources will be identified in the stand tests.

PROGENY TESTS

Last spring, two ha of Ottawa Valley white spruce progeny test,
composed of 72 replicated families, was outplanted and will provide infor-
mation towards rogueing of the 8 ha of provincial Ottawa Valley white
spruce seed orchard.

Presently we are outplanting a black spruce progeny test com-
posed of seedlings from 130 plus tree individuals selected by council
cooperators which will also provide rogueing information for black spruce
orchards established with the same material.

SEEDLING SEED ORCHARD

Last fall, we selected and prepared a black spruce seedling seed
orchard site which appears to meet most of the requirements for good seed
production despite a drainage problem which will require some ditching.
Four ha composed of 16,000 individuals from the 130 plus tree selections
has just been outplanted. The proposed 1980 program calls for an expan-
sion of our present orchard site by an additional 10 ha, which we are
working on now.
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FOREST GENETICS AND RELATED WORK AT THE

UNIVERSITY OF NEW BRUNSWICK
1977-1979

G.R. Powell

University of New Brumswick
Deparntment of Fornest Resounces
Fredenicton, New Brunswick
E38 5A3

All undergraduate students in the Department of Forest Resources
take a series of common, or core. courses during their five-year B.Sec.F.
program and elect other courses according to the students's area of concen-—
tration. Among the core courses are 'Tree Development and Variation'
(formerly part of 'Forest Botany') in the second year and 'Silviculture 1'
in the fourth year. 1In the former, students are exposed to variation in,
and between, trees —-- the basis for forest tree improvement. They deal not
only with within~tree variation and between-species variation, but also
with between-tree, within-population (within-species) variation. Through
this exposure they become aware of ecotypic and clinal variation, of pro-
venance and seed-zone considerations, and also of problems and possibil-
ities associated with hybridization. Introgressive hybridization is dealt
with especially as it relates to Picea in the natural forests of the
central New Brunswick area.

In the Silviculture course, about three weeks is spent in deal-
ing with principles of forest tree improvement, both in the classroom and
in the field. In the past two years this section of material has been
taught by a forest geneticist, C.M. Harrison, who has been a member of the
department as a Post Doctoral Assistant. He has also led small groups of
students in field studies of forest genetics during Fall Camp, but more
importantly, has given a course in Forest Genetics as an elective. Seven-—
teen students took the course in 1977-78 and ten in 1978-79. As a course
project, each student was required to seed and select a plus tree, and
then to defend his selection. Selected trees which proved to meet the
criteria used by the New Brunswick Tree Improvement Council (NBTIC) were
added to the tree-improvement program within the province.

Students opting for concentration in the Tree Biology field have
also had the opportunity to take a course in Genetics in the Department of
Biology. Many also take a forestry course in their final year labelled
"Tree Development in Relation to Reproduction'. That course deals in depth
with morphogenesis of the seed-producing process and with intrinsic and
extrinsic factors affecting it and its outcome. All students engage in a
Project involving crown analysis, cone analysis and seed analysis. In the
past two years, projects have involved jack pine (Pinus banksiana Lamb.)
cones of different ages from the same trees and red pine (Pinus resinosa
Ait.) cones from different crown positions. Students also havé>bractiég
in strobilus-bud analysis using all North American genera of the Pinaceae.
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All students are required to write a thesis in their final year.
Undergraduate theses on topics related to forest genetics or tree improve-
ment in the past two years were:

Loo, J. 1979. Geographic variation in specific gravity among
Japanese larch provenances.

Manley, A.L. 1978. Seed yield of immature black spruce (Picea
mariana (Mill.) B.S.P.) plantations in south-central New
Brunswick.

White, B.F. 1979. Progeny, statistical ranking and genetic
gain and heritability of Norway spruce.

There have been no graduate students working in forest genetics
at the University of New Brunswick during the past two years. Mr, Harrison
has been involved in completing his Ph.D. requirements for the University
of Idaho. He has produced (Harrison, 1979) a paper on tree improvement in
the Atlantic Provinces, has been heard on a CBC radio spot during Forestry
Week and, with G.R. Powell, has been involved in the NBTIC.

Morphogenetic investigations relating to seed production of
Pinaceae have continued at a low intensity, but results of some earlier
work have been published (Powell 1977a, b, ¢, 1978). Work in this area is
currently increasing with impetus from the needs of NBTIC in relation to
stimulation of abundant and annual strobilus production in young trees of
jack pine and black spruce.

Forest tree improvement activity is rapidly increasing in the
Maritime Provinces. The University of New Brunswick is involved, and is
seeking ways to foster this activity. It is, thus, good to be able to end
this report on a note of optimism with a quotation, dated 12 June 1979, of
the Dean of the Faculty of Forestry, Dr. J.W. Ker.

"In the near future the Faculty of Forestry expects to receive
confirmation of funding of an industry-sponsored chair in
Forest Tree Improvement. A well-qualified and experienced
forest scientist would thereby be added to the Department of
Forest Resources to accelerate the application of advanced
technology to reforestation and stand-improvement activities
in order to assure a continuing and improving supply of
economic roundwood for future harvesting'.
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AMELIORATION DES ARBRES FORESTIERS AU SERVICE DE LA RECHERCHE
DU MINISTERE DES TERRES ET FORETS DU QUEBEC
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Complexe scientifique
Sainte-Foy, Québec
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PROJET G 68-1. SELECTION DE CLONES ET AMELIORATION DU PEUPLIER
(POPULUS L.), PAR G. VALLEE

Mots-clés: test de provenances, test clonal, sélection de clones,
croisements.

Plantations Comparatives

Deux plantations comparatives de clones de peupliers ont été
réalisées en 1977 et 1978 avec des plants ou plancons provenant d'éclair-
cies faites dans des tests clonaux réalisés en 1973 et 1974. L'arrachage
de plants dans un dispositif clonal au populetum de Matane, a permis de
constater une forte attaque d'une hépiale perceuse de racine dont le nom
est Sthenopis quadriguttattus Gr.l. Cet insecte creuse des galeries dans
la racine principale des peupliers ce qui peut favoriser le bris des plants
et le développement d'une pourriture du pied. Quelque 24 p. cent des tiges
étaient infestées et aucun des 12 hybrides ou espéces de peuplier présents
dans le dispositif n'a montré une résistance compléte.

Acquisitions

La collection de clones du Service s'est enrichie de 49 nouveaux
clones dont 20 ont été expédiés par M. Franclet de 1'AFOCEL, France, et
29 par le Dr. Zsuffa du Centre de recherche forestiére du Gouvernement
de 1'Ontario. Avec les nouveaux clones exotiques recus depuis 1975 et
ceux sélectionnés au Québec, ainsi que les meilleurs clones déterminés
par les tests clonaux de 2° génération réalisés en 1973 et 1974, un quar-
tier de pieds-méres a été réalisé en 1977 pour la production de boutures
destinées aux tests clonaux de 3° génération.

! Vallée, G. et R. Béique, 1979. Dégats d'une hépiale et susceptibilité
des peupliers. Société de Protection des Plantes du Québec.
Revue Phytoprotection 60 (1) (page 23-30).
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Croisements

Les croisements réalisés en 1971 et 1973 ont permis de constater
la grande sensibilité des hybrides P. X jackii Sarg. aux rouilles des
feuilles. Cependant, les croisements P. balsamifera Duroi X P. nigra L.
cv. italica ont donné des descendants trés résistants aux rouilles comme
c'est aussi le cas de la plupart des croisements ou P. balsamifera est
1'arbre mére. Les descendances pures de P. deltoides Marsh obtenues des
croisements de 1971 ont montré un comportement exceptionnel sur le plan
croissance, méme dans des conditions de sols acides, et une assez bonne
résistance aux maladies foliaires. Malheureusement 1'aptitude au boutu-
rage de P. deltoides est trés variable et inférieure a celle des hybrides
ayant du sang de P. balsamifera.

Dans les croisements réalisés en 1978 on a cherché a obtenir des
descendances dont les sujets auraient une plus grande résistance aux
rouilles des feuilles et une bonne aptitude au bouturage. Parmi les croi-
sements réussis il y a:

P. deltoides X P. X jackii

(P. balsamifera X P. nigra cv. italica) X P. X euramericana (Dode) Guinier
P. X jackii x (P. balsamifera X P. nigra cv. italica)

P. X euramericana X P. balsamifera

P. X euramericana X P. X jackii (et le réciproque).

C'est durant 1'été 1979 que 1'on pourra constater si ces descen-
dances présentent une bonne résistance aux rouilles des feuilles.

Quelques Résultats

Les hauteurs a 1'dge de 5 ans, a partir de la bouture, des 15
meilleurs clones de trois tests clonaux réalisés en 1973 et 1974 a
Trécesson, Lotbiniére et Matane (tableau 1), et qui comprenaient respecti-
vement 113, 180 et 140 clones, sont présentées au tableau 2.

Méme si la fertilité des sols n'est pas identique aux trois
endroits de plantation et compte tenu de la fertilisation réalisée lors de
1'installation des dispositifs, il est permis de supposer que le principal
facteur limitant pour le développement des clones est le climat. On peut
d'ailleurs constater qu'aux deux endroits les plus nordiques ce sont les
clones balsamifera, X jackii, et X berolinensis que l'on retrouve en majo-
rité parmi les 15 premiers clones, tandis qu'au sud (Lotbiniére), ce sont
les X euramericana, deltoides et X interamericana (dont P. cv. Donk et P.
cv. Rap). A Matane et Trécesson, les clones deltoides, euraméricains et
certains interaméricains subissent des gels des pousses presque tous les
ans.

Les clones n° 70, 1014, 3052 montrent un bon comportement aux
trois endroits, ce qui signifie qu'ils possédent une aptitude d'adaptation
trés étendue compte tenu des différences écologiques (tableau 1) entre les
trois sites expérimentaux. Pour des conditions climatiques qui se rap-
prochent comme c'est le cas pour Trécesson et Matane, on retrouve des



-97-

clones qui ressortent aux deux endroits comme les n® 45, 70, 1009, 1012,
1014, 1016, 3052 et 3176. Cela laisse présager une certaine amplitude
d'adaptation de ces clones aux différences pédologiques.

Malgré leur potentiel de production, les P. X jackii montrent en
général une trés grande sensibilité aux rouilles ce qui les rend douteux 2
utiliser pour les plantations industrielles, méme dans les régions boréales.

Tableau 1. Localisation et quelques facteurs climatiques
des endroits de plantation des 3 tests.

Endroits Trécesson Lotbiniere Matane

Latitude 48°41'N 46°30'N 48°40'N
Longitude 78°30'0 71°55'0 67°15'0
Altitude 76 m 305 m 91 m
Température moyenne

de juin-juillet-aoiit, °C 15 17 14
Saison sans gel, jours 80-100 120-140 80-100

PROJET G 69-5. TESTS DE PROVENANCES SUR L'EPINETTE DE NORVEGE
(PICEA ABIES KARST.), PAR D. ROBERT

Mots-clés: sélection, essais et amélioration des arbres forestiers,
tests de descendances et de provenances, introduction
d'espeéces.

L'expérience débuta en 1969 avec 1l'installation des premiers
dispositifs sur le terrain. Au cours des années qui suivirent, d'autres
dispositifs furent également installés; maintenant, les premiers résul-
tats sont obtenus quant a 1'évolution des provenances introduites dans
les principales régions climatiques du Québec susceptibles d'étre
favorables a 1'épinette de Norvege.

Buts de 1l'Expérience
Les principaux buts 3 atteindre sont les suivants:

1- déterminer parmi les provenances expérimentées, celles qui
sont les plus aptes au reboisement des régions concernées;

2- étudier les variations phénologiques de cette espéce;

3- sélectionner des arbres de belle venue parmi les meil-
leures provenances pour le développement de variétés multiclonales et
de vergers a graines;

4- créer des hybrides infraspécifiques présentant des carac-
teres propres a différentes fins.
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Hauteur des 15 meilleurs clones de trois dispositifs

de comparaison de clones comprenant de 113 a 180
clones.

NO

clone

2

14
22
36
45
70
201
205
206
1009
1012
1015
1016
1017
1036
1079
1080
1083
2002
2045
2068
3021
3026
3027
3031
3050
3051
3052
3053
3055
3116
3176

Trécesson Lotbiniere

Hauteur

(cm)

201

215
236
197

235
209
216
205

218
206

207

198

230
210

212

Hauteur

(cm)

502
459
510
446

432

432

439
530
500
516
432

463
464

470
462

Matane
Hauteur

(cm)
315

313
332
325
337

333
346
312
368
344

342
268

276

315

304

Rl
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Hybride ou
espece

. X jackii

balsamifera

X jackii

X euramericana

X jackii

X jackii

interamericana Van Brock.

euramericana cv. Robusta
igra X P. trichocarpa
jackii

jackii

jackii

jackii

jackii

jackii

jackii

jackii

jackii

deltoides

8 X X

X X X X X X X X X

. X jackii
. deltoides

X euramericana cv. Dorskamp
X interamericana cv. Donk

X interamericana cv. Rap
tacamahaca

X interamericana
interamericana
interamericana
interamericana
interamericana

deltoides

X X X X

. X berolinensis

Sensibilité aux rouilles a la pépiniére de Duchesnay a la mi-aoilit lors
d'une année de forte infestation.
trés sensible avec nécrose des feuilles

0: aucune tache,
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Méthode

Outre les 19 dispositifs déja établis, le tableau 3 présente
les six nouveaux dispositifs installés au printemps de 1978.

Tableau 3. Dispositifs établis en 1978.

Arboretum Expérience*® Dispositif Nombre et origine des
provenances

Iles-de-la- 384-B-6 D519-78 19 Pologne

Madeleine :

Labrieville 550 D521-78 3 Finlande

La Patrie 384-B-4 D524-78 17 Pologne

Lotbiniere 384-B-5 D527-78 17 Pologne

Mont-Laurier 384-B-2 D532-78 19 Pologne

Vercheres 384-B-3 D535-78 19 Pologne

* N° d'expérience du Service canadien des foréts.

La collecte des données fut complétée au cours de 1'été 1977
pour les dispositifs indiqués au tableau 4, afin de procéder a leur
analyse:

Tableau 4. Dispositifs faisant 1'objet d'une analyse complete

Arboretum Dispositifs
Duchesnay D77-72
Gaspé D43-71, D110-72, D113-72
Guigues D6-69, D1-69
Lac~Saint-Ignace D8-69, D14-69, D31-71, D98-72
Parke D35-71
Trécesson D4-69

Toutes les données recueillies sur ces dispositifs depuis leur
installation ont donc été entrées en mémoire pour étre ensuite traitées
a 1l'aide d'ordinateur.
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Résultats

Quelques résultats préliminaires sont disponibles actuellement;
bien que 1'analyse comme telle de ces résultats n'ait pas encore été
complétée, les tableaux 5 et 6 présentent un classement cumulatif sur les
pousses moyennes de 1972 a 1976 et un autre sur la pousse de 1976 et ce,
respectivement pour les dispositifs D8-69 et D14-69 de 1'arboretum de
Lac-Saint-Ignace.

Le tableau 5 permet d'observer que parmi les provenances de
Pologne, ce sont celles de Sadlowo et de Kowary qui se distinguent par
leurs accroissements supérieurs. Bien que les résultats de ces deux
provenances soient comparables, leurs origines sont toutefois différen-
tes, Kowary étant davantage une provenance de 1'intérieur et de moyenne
altitude (50°48' lat. N., 15°52' long. E, 625 m) que Sadlowo qui est
plutét de basse altitude et prés de la cdte de la mer Baltique (53°55'
lat. N., 21°06' long. E., 140 m).

Tableau 5. C(Classement des provenances quant a l'accroissement
moyen de 1972 a 1976 et quant a la pousse de 1976.

ARBORETUM DE LAC ST-IGNACE
Dispositif 8-69

Epinette de Norvege (provenances de Pologne)

Provenance Accroissement moyen, Pousse de 1976

de 1972 a 1976 en cm en cm
Numéro Origine Valeur Rang Valeur Rang
5420 Sadlowo 81,68 1 24,01 2
5410 Kowary 81,63 2 24,85 1
5431 Stronie 73,88 3 22,64 3
5412 Wisla 73,68 4 19,54 8
5417 Kanstancjewo 71,58 5 19,19 10
5425 Goldap 69,65 6 22,20 4
5413 Rycerka 69,23 7 19,81 7
5430 Miedzyrzec 68,95 8 18,51 13
5414 Wetlina 67,95 9 20,72 5
5426 Suwalki 67,50 10 18,01 14
5411 Istebna 67,25 11 19,87 6
5422 Slaski 67,23 12 16,94 17
5424 Przerwanki 66,35 13 19,18 11
5419 Nowe Ramuki - 65,48 14 18,53 12
5416 Blizyn 63,58 15 17,17 16
5418 Ilowa 63,15 16 19,25 9
5423 Borki 62,50 17 16,89 18
5428 Bialowieza 62,50 18 16,14 22
5427 Augustow 61,60 19 17,32 15
5409 Brody 59,80 20 16,45 19
5429 Zwierzyniec 59,38 21 16,23 21

]
<o

5421 Myszyniec 57,00 22 16,32
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La moyenne de 1'accroissement de ces deux meilleures prove-
nances présente un écart de 21 pour-cent avec la moyenne générale de
S'il est tenu compte des quatre meilleures

provenances, le méme écart est de 15 pour-cent.

des autres provenances.

Le tableau 6 permet également de voir que les deux
provenances du dispositif 14-69 se détachent passablement de
Dans ce cas, en tenant compte de la
1'accroissement moyen de 1972 & 1976 de ces deux provenances
a celle de 1'ensemble du dispositif, 1'écart correspond a un
25 pour-cent; cet écart passe i 15 pour-cent s'il est tenu compte de

la moyenne des quatres meilleures provenances.

premieres

1'ensemble
moyenne de
par rapport

gain de

Tableau 6. Classement des provenances quant 2 1'accroissement
moyen de 1972 a 1976 et quant & la pousse de 1976.
ARBORETUM DE LAC ST-IGNACE
Dispositif 14-69
Epinette de Norvége (provenances d'Europe)
Provenance Accroissement moyen, Pousse moyenne
de 1972 a 1976 en cm de 1976 en cm
Numéro Origine Valeur Rang Valeur Rang
5400 Latvie R.S.S. (Skede) 108,2 1 34,12 1
5404  Russie blanche (Gorodokski) 106,3 2 31,43 2
5399  Latvie R.S.S. (Jelgava) 99,3 3 29,41 4
5401 Latvie R.S.S. (Tukums) 93,6 4 27,18 8
4027  Québec (plantation, Proulx) 93,3 5 29,94 3
4076  Québec (plantation, Proulx) 93,0 6 28,91 5
4028  Québec (plantation, Proulx) 92,7 7 28,19 6
5394  Roumanie (Turda) 89,9 8 27,27 7
5407 Allemagne de 1'Est (Carlsfeld) 89,0 9 24,53 12
5398  Latvie R.S.S. (Daugavpils) 84,1 10 26,34 9
5408 Allemagne (Frankenwald) 83,4 11 24,86 10
5390  Roumanie (Marginea) 82,6 12 23,19 16
5403 Lithuanie R.S.S. (Wilno) 82,5 13 24,73 11
5391  Roumanie (Dorna cindreni) 80,7 14 23,03 17
5395  Roumanie (Cimpeni) 79,5 15 23,96 14
5393  Roumanie (Comanesti) 77,6 16 22,72 19
5397 Latvie R.S.S. (Auce) 77,3 17 24,50 13
3154  Pologne (Rycerka) 77,1 18 22,91 18
3153 Allemagne (Tannesberg) 76,2 19 21,37 21
5405 Russie blanche (Glubokski) 74,6 20 23,25 15
5406  Russie blanche (Minsk) 72,1 21 21,16 22
5392  Roumanie (Bicaz) 68,0 22 21,80 20
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Pour ce méme dispositif, le comportement de certaines prove-
nances d'une méme région est passablement différent; c'est le cas qui se
présente entre Gorodokski de Russie blanche (55°30' lat. N., 30°10'
long. E., 200 m) et Glubokski (55°15' lat. N., 30°10' long. E., 200 m).

Quant a 1l'accroissement moyen de 1972 a 1976, leur rang respectif est le
deuxiéme et le vingtiéme.

La variation est donc importante a l'intérieur des deux dispo-
sitifs au niveau de la croissance et 1'analyse des autres variables
observées permettra de mieux juger la valeur générale de chacune des
provenances.

PROJET G 70-3. AMELIORATION DU MELEZE (LARIX, MILL.)
PAR A. STIPANICIC

Durant les deux derniéres années nous avons poursuivi les travaux
prévus dans notre projet d'amélioration du méléze. L'accent a été mis
surtout sur 1'espece indigéne - L. laricina (Du Roi) K. Koch, mais en méme
temps nous avons mis en marche qﬁglques expériences avec les especes exo-
tiques, tel que L. decidua Mill. leptolepis Gord. et L. sibirica
Lebed., avec le matériel que nous possedlons déja ou que nous avons
récolté nous-mémes ou regu des autres organismes.

Plantations Expérimentales

Au mois de février 1977 nous avons semé dans la serre, 87 prove-
nances de L. laricina ce qui nous a permis de former deux tests de prove-
nances, représentant une assez grande partie du sud-est de 1'aire de dis-
tribution du méléze laricin. La germination des semences n'était pas
homogeéne et certains lots n'ont pas germé du tout, ainsi les deux tests
ne sont pas exactement pareils. Le plus grand, comprenant 79 provenances,
a été installé dans 1l'arboretum de Lotbiniére et l'autre avec 66 prove-
nances, sur le terrain d'un secteur expérimental situé a environ 60 km au
nord de New Richmond en Gaspésie. Les premiéres observations sur la mor-
talité et la hauteur de la premiére année ont été faites, mais il est
encore trop tot pour donner une appréciation plus exacte sur les prove-
nances.

Au printemps 1977 et 1978, nous avons installé sur le terrain
10 tests de provenances avec 22 provenances de L. X eurolepis, 13 prove-
nances de L. decidua, 10 provenances de L. 1eptolepls et 12 provenances
de L. sibirica et des hybrides L. 51b1rlca x L. leEtolepls et X L. decidua.
Ce matériel fait partie des expériences n° 377 et n° 378 de la Station
forestiére expérimentale de Petawawa. Nous 1'avons réparti dans 10 arbo-
retums a travers la province, en essayant de couvrir le plus possible les
différentes régions écologiques du Québec.

Présentement, nous possédons dans la pépiniére des semis 2-0 de
3 provenances de méleze d'Europe et 9 provenances de méleze du Japon.
Ce matériel provient de plantations connues au Québec et fournira des
informatidns sur la valeur de ces plantations comme source de graines.
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Récolte des Graines

Dans nos régions, 1977 et 1978 n'étaient pas des années de bonne
fructification. Cependant, dans deux jeunes plantations de L. laricina
dgées de 7 ans (un test de provenances et un test de descendances) instal-
lées dans 1'arboretum de Lotbiniére, les arbres ont commencé a produire
en 1978. Etant donné que ces plantations seront éventuellement trans-
formées en verger a graines, nous avons récolté tous les cénes, arbre par
arbre, en vue d'une évaluation de la qualité des graines. Ainsi nous
avons présentement une collection de 175 descendances de L. laricina,
et un test de descendances sera mis en marche vraisemblablement 1'année
prochaine.

A 1'automne 1978, en collaboration avec la compagnie CIP ltée,
nous avons effectué une récolte de cones sur tous les arbres en production
dans la plantation «Avoca» de la Ferme forestiere de Harrington. De
cette plantation, nous possédons maintenant 100 descendances de L. decidua.
Comme dans le cas précédent, cette collection servira a faire une évalua-
tion de la qualité des graines que cette plantation peut produire.

Propagation Végétative: Greffage

En janvier 1979, en collaboration avec PFES et la compagnie CIP
ltée, nous avons récolté des greffons sur 76 arbres sélectionnés dans la
plantation de L. leptolepis a Harrington. A la méme époque, nous avons
recu de PFES des greffons de 60 arbres sélectionnés dans les plantations
de L. decidua {(provenances de Pologne et des Sudétes). Une partie de ce
matériel a été greffé au mois de mars de cette année dans la serre et
le reste est présentement en cours de greffage dans la pépiniére. Les
résultats obtenus, jusqu'ad maintenant sont satisfaisants et les greffes
réussies seront utilisées pour la formation de vergers 3 graines clonaux.
Le schéma de ces vergers prévoit l'introduction d'un clone de L. decidua
entre plusieurs clones de L. leptolepis de facon a pouvoir récolter les
graines provenant des arbres sélectionnés de L. leptolepis et les graines
produites par L. decidua sur lesquels nous espérons obtenir des croise-
ments L. X eurolegls I1 est bien évident qu'un test de descendances sera
nécessaire pour vérifier la qualité de ces hybrides.

En vue des travaux sur la pollinisation contrdlée de mélezes,
nous sommes en train de former un parc a clones dans lequel nous possédons
présentement 175 clones différents provenant des arbres sélectionnés de
L. laricina, L. dec1dua, L. leptolepis et autres. Quelques floraisons ont
déja été remarquées l'année derniére et ce printemps.

PROJET G 74-1. AMELIORATION DU PIN GRIS (PINUS BANKSIANA LAMB.),
PAR R. BEAUDOIN

Mots-clés: test de descendances, test de provenances-descendances, verger
a graines.
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Un programme d'amélioration du pin gris a débuté en 1974 au
Service de la recherche. La phase de 1'établissement des tests de descen-
dances pour l'amélioration de la provenance Baskatong a été complétée en
1978. Deux tests de provenances-descendances seront installés au prin-
temps 1979 dans le nord-ouest afin de trouver les meilleures sources de
graines et poursuivre 1'amélioration de cette espéce. L'installation des
vergers a graines de production dans la province demeure la responsabilité
du Service de la restauration du M.T.F.

Amélioration de la Provenance Baskatong

Un test de descendances a été établi en 1978 dans le canton
Normand aux coordonnées suivantes: 73°12'45'' de longitude ouest et
47°08'40"'"' de latitude nord. Ce test comprend 242 familles de la prove-
nance Baskatong issues des arbres sélectionnés en 1976 et 18 familles pro-
venant d'arbres sélectionnés d'une trés bonne provenance preés du canton
Normand. Les 2 provenances sont sensiblement situées a la méme latitude
sauf que la provenance Baskatong va étre déplacée d'environ 2° de longi-
tude vers l'est. La provenance Baskatong ayant été classée comme une des
meilleures au Québec, il sera intéressant de la comparer a celle du canton
Normand sur le plan rendement en volume et qualité des tiges.

Le verger a graines de 40 hectares établi a partir des descen-
dances de Baskatong va étre complété en 1979 par le Service de la restau-
ration. Le test de descendances du canton Normand fournira des informa-
tions sur le transfert des semences de la provenance Baskatong.

Test de Provenances-Descendances dans le Nord-Ouest

A 1'automne de 1974 et 1978, 530 arbres ont été échantillonnés
dans le Nord-ouest en vue de trouver les meilleures sources de graines
pour les reboisements de cette région. Le Nord-ouest est une région prio-
ritaire pour l'amélioration du pin gris puisque 43 pourcent du volume
total de cette essence coupé a travers la province provient de cette
région et qu'une grande partie de ces bois est destinée au sciage.

Afin de faire un échantillonnage complet et mieux distribué de
tous les peuplements de pin gris, chacun d'eux a été délimité sur une
carte forestiere a 1'échelle 1/50 000 puis retranscrit sur une carte
1/500 000 pour visualiser 1'ensemble des peuplements. Les tests de des-
cendances sont congus de fagon a étre convertis en vergers a graines aussi-
tot qu'on aura les informations nécessaires sur la qualité des familles.

A chaque année, de nouveaux tests seront implantés dans d'autres
secteurs par ordre de priorité pour trouver les meilleures sources de
graines et constituer des vergers a graines de semis. Le choix des sec-
teurs a améliorer est établi avec la participation du Service de la res-
tauration.
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AMELIORATION DES ARBRES FORESTIERS AU SERVICE DE LA
RESTAURATION DU MINISTERE DES TERRES ET FORETS

Yves Lamontagne

ministene des Ternes et Fornets
Senvdce de La Restauration
Québec, P.Q.
GIR 4X7

Mots-clés: semences forestiéres, peuplement semencier, verger d graines,
sélection.

Pour réaliser le programme de régénération artificielle prévu
dans la politique de développement de 1'industrie des pAtes et papiers,
le ministére des Terres et For@ts du Québec doit accentuer les efforts
au niveau de la récolte des semences, afin de se constituer une réserve
adéquate de toutes les essences requises dans chacune des zones ou 1l'on
prévoit de la régénération artificielle.

Environ 10 mille hectolitres de cBnes sont requis annuellement
pour répondre aux besoins du programme de régénération artificielle. Le
service de la Restauration du ministére des Terres et Foréts a mis sur
pied un programme d'amélioration des arbres forestiers qui devrait permet-
tre dans le futur, l'utilisation de semences améliorées génétiquement dans
la régénération artificielle.

RECOLTE DE CONES

Au cours de 1977, 3,475.7 hl de cOnes furent cueillis alors
qu'en 1978, ce volume a été porté a 6715.2 hl (tableau 1). Des varia-
tions naturelles sont notées entre les régions dues & la fructification
et la distribution des essences. L'année 1978 fut trés bonne pour le pin
gris, le pin rouge et moyenne pour le pin blanc et le pin sylvestre. La
récolte chez les autres essences fut pratiquement nulle.

AMELIORATION DES ARBRES
Peuplements semenciers

Durant les deux derniéres années, des travaux ont été réalisés
sur une superficie moyenne de 285 ha. Les travaux ont surtout consisté
d nettoyer les peuplements déja &tablis, A& dégager les arbres choisis
comme semenciers, & tailler quelques fléches terminales et 3 arroser cer-
tains peuplements contre la tordeuse des bourgeons de 1'@pinette.
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Tableau 1. Quantité de cOnes récoltés, par
essence, en 1977 et 1978 au Québec.

Cdnes récoltés en

Essence
1977 1978
. . « « . . h1 . .. .. ..

Larix decidua —_ 8.1
Larix laricina _ 1.6
Larix leptolepis - 9.4
Picea abies 677.9 8.2
Picea glauca - 0.6
Picea mariana — 22.6
Pinus banksiana 1006.7 4652.8
Pinus resinosa 233.4 1210.1
Pinus strobus 1489.7 375.7
Pinus sylvestris 53.4 422.1
Autres essences 14.6 4.0
Total 3475.7 6715.2

Un programme d'établissement de peuplements semenciers a été préparé pour
chacune des régions mais n'a pu 8tre réalisé au cours de la derniére année.
Seulement deux nouveaux peuplements ont &té ajoutés au réseau déjad exis-
tant. Une amplification marquée de ce programme est & prévoir pour les
prochaines années.

Vergers & graines

L'établissement de vergers 3 graines avec des semis-plus sélec-
tionnés en pépiniéres s'est poursuivi au cours des deux derniéres années
avec la sélection et la plantation d'environ 2,900 semis sélectionnés dans
les pépiniéres du Québec. Les essences impliquées étaient surtout Picea
glauca, Picea mariana, Picea abies, Pinus banksiana et Larix laricina.

Dés que les installations nécessaires seront en place, nous procéderons a
la multiplication végétative des plants & floraison précoce et des plants
a4 croissance exceptionnelle mais 3 floraison plus tardive.

Un verger 3 graines de semis de Pinus banksiana a &té mis sur
pied dans la région du Lac Baskatong, dans 1'Ouest du Québec, avec la col-
laboration du service canadien des foréts, de la Compagnie Internationale
de Papier du Canada et du ministére des Terres et Foréts du Québec. Au
printemps de 1978, 47,500 semis produits dans des Paperpots ont é&té mis
en terre. La plantation des autres semis est prévue pour le printemps
1979 afin de compléter les 40 ha suggérés dans ce programme d'amélioration

du pin gris. Il est & noter qu'environ 300 familles sont représentées
dans ce verger.
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Sélection d'arbres

Le programme de sélection d'arbres-plus a démarré lentement au
cours des deux derniéres années. Un grand total de 334 arbres ont été
sélectionnés dans la province en 1977 et 1978. TLes principales essences
impliquées étaient Picea glauca, Picea abies, Picea rubens, Larix laricina,
Pinus strobus, Pinus banksiana et Pinus sylvestris.

Ces arbres seront reproduits dans des vergers d graines clonaux
ou de semis dépendant des espéces.

Au cours des prochaines années, ce programme de sélection d'ar-
bres prendra de 1'ampleur et sera conduit dans les unités de gestion ot
les besoins en régénération artificielle sont les plus urgents.
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FOREST GENETICS AND BREEDING AT THE
LAURENTIAN FOREST RESEARCH CENTRE,
1977-1978

Armand G. Corriveau

Lawrentian Forest Research Centre
Canadian Forestry Service
Sainte-Foy, Québec
G1V 4C7

Key words: genetics, tree breeding, provenance research, white spruce,
black spruce, Norway spruce, eastern white pine.

The increasing demand for forest products and by-products
results in growing pressure on the wood resources. World needs will have
increased by 30 and 60 percent for the years 1985 and 2000 respectively.

In Québec the global productive potential of the forest has not
yet been reached, however some regions in the southern portion of the
province are already over exploited. The overall softwood potential of
fiber production is depleting. Two million hectares of forest are
inadequately regenerated after cutting and/or fire on public lands and
more than eighty thousand hectares are added each year. At the actual
rhythm of harvesting a shortage is expected before the turn of the
century, in both public and private lands.

Québec needs to intensify its reforestation programme. The
present objective is to plant 30 million seedlings annually starting in
1979 increasing to 70 million in 1984. Beginning in 1980, direct seeding
is expected to be done on twelve thousand hectares of public lands each
year. Management of seed production areas and establishment of seed
orchards are urgent. Gene conservation and seed movement criteria are
mandatory. Important gains are possible through breeding of selected
trees. Additional knowledge of genetic population structures of our main
forest species is necessary. More research is needed.

RESEARCH OF PROVENANCES OF CONIFEROUS SPECIES

The first experiments set up to search for the most suitable
seed sources of indigenous and exotic trees species for reforestation in
Québec were established in 1955 by the Canadian Forestry Service. From
1967 to 1977, some fifty additional tests were established in different
forest sections of Québec. They included more than five hundred
geographic souces and 350 individual trees {(spruces, pines, larch, fir
and Douglas). During the last two years trials of Polish, Russian and
Finish provenances of Norway spruce were initiated concluding the
expansion of our provenance research programme.



-110-

From 1976 to 1978, all observations collected in the trials since
the beginning of the studies were punched on cards, verified, and mounted
on a magnetic tape according to a Fortran subfile system. Some 325,000
card-like-records are now readily available for reference or analysis.

Last summer, a student in programming was hired to work on programmes
suitable for the statistical and genetic analysis of the data. Analyses
have been performed on more than ninety percent of the bank content. New
information is entered into the bank every year.

Our efforts to contribute to the formation of future forest
engineers were continued during the last two years by providing directives,
experimental material or data for undergraduate thesis of Laval University
students. Research subjects were related to the production of accelerated
growth seedlings in containers for genetic improvement purposes and to the
study of geographically correlated genetic variations of black spruce.
Early variation in growth and phenology of black spruce appeared to be
clinal throughout its natural range. Nursery results indicate that the
best growing sources are from the southeastern portion of the range.

GENETICS AND BREEDING OF WHITE SPRUCE

Initiated in 1976, the combined research and breeding programme
of white spruce is partly based on results obtained from provenance trials
conducted in the Great Lakes-St. Lawrence Forest Region. From those tests,
seven populations superior for their growth performance and adaptability
were identified. Fifty superior trees were selected within the original
wild stands or on the provenance test sites for growth and form character-
istics. When the selection was made in the provenance trials only one tree
per provenance and site was selected in order to avoid possible loss of
vigor in the succeeding generations due to inbreeding. Selected trees were
grafted in the winters of 1977 and 1978 to constitute the basic material
for a breeding arboretum and a seed orchard that will be established with
the collaboration of the Ministére des Terres et Foré@ts of Québec. By
using genotypes from populations separated by large geographical distances
additional gains are expected due to the reconstitution of the hetero-
geneity lost within each small and homogeneous subpopulation.

To increase our knowledge of the genetic variation of white
spruce and to constitute a second generation for further selection and
breeding, in 1976, two hundred and fifty open pollinated families were sown
and raised in Japanese paper pots. Seedlings were transplanted in the
Valcartier Research Nursery to allow additional growth before field planting
scheduled for the spring 1979. Observations of early development were
taken each year. Partitioning of total variance for growth showed that
populations and families are equally important sources of variation,
Narrow sense heritability, on an individual seedling basis, was estimated
to 0.22 and 0.19 at 4 months and 19 months respectively.

Seeds were exchanged with the Petawawa National Forestry
Institute, Chalk River, and the wide range genecological study of white
spruce was initiated last year. The study includes a total of 446 seed-
lots representing 100 provenances or populations and 420 mother trees.
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The distribution of the seed sources between the provinces is as follows:

British Columbia 2 Québec 45
Alberta 2 New Brunswick 2
Saskatchewan 2 Nova Scotia 2
Manitoba 2 Newfoundland 2
Ontario ‘ 40 Prince Edward Island 1

In Québec, the early phase of the study is being conducted over two con-
secutive years because of the work load and of the restriction in staff and
the physical facilities available. Seventy percent of the seedlots are
sown each year under a plastic greenhouse in Spencer-Lemaire containers.
Seedlings are grown in the greenhouse during six months and field planted
the next spring in six different forest sections of Québec. In addition to
providing information on the genetic structures of white spruce through its
range the experimental stock will be used as basic material for population,
family, and individual tree selection for producing improved white spruce
varieties for Québec's reforestation needs.

GENETICS AND BREEDING OF WHITE PINE

At the beginning of the 20th century eastern white pine stands
occupied over 95,000 kmZ of Québec territory. Because of intensive cut-
tings and lack of adequate natural regeneration, important populations are
restricted to the valleys of the Ottawa River and its main tributaries.
Whatever its economical importance white pine has not been planted as much
as it should have been in the past because of the risk of blister rust
infection and the difficulty in obtaining necessary seeds.

A recent re-evaluation of the situation of blister rust in
Québec revealed that the natural range of eastern white pine could be
divided into four susceptibility zones. In two of these zones, white pine
can be grown with less than fifteen percent loss due to Cronartium ribicola
(Lavallée, 1974). These zones cover the most favorable climatic and
edaphic regions for fast growth. With site selection and minimum silvi-
cultural practices to reduce weevil damages quality white pine can be grown
in Québec.

It was urgent that genetic sampling of white pine populations be
initiated before a too severe depletion of the gene pool occurred. Much
progress has been done in the combined research and breeding programme of
white pine initiated in 1976. 1In 1977 and 1978, more than one hundred
populations were sampled and seeds were collected on 265 trees selected for
apparent phenotypic resistance to blister rust, superior growth and form.
During the fall of 1978, scions were collected on thirty plus-trees and
grafted to establish one breeding clone park and clonal seed orchards.

White pine seeds were exchanged with Dr. L. Zsuffa of the
Ontario Ministry of Natural Resources and Mr. C.M. Hunt of the U.S.D.A.
Seeds of Eurasian white pines from the Working Party on Breeding White
Pines collection were obtained from Dr. H.B. Kriebel of the Ohio Agri-
cultural Research and Development Centre. This material will be tested



for rust resistance in Québec and could be used as a gene source for
hybridization and transfer of resistant genes within the eastern white pine
genome. Scions from blister rust resistant Pinus strobus x P. griffithii
hybrid clones were obtained from Dr. L. Zsuffa and grafted on eastern white
pine seedlings.

Genetic sampling, plus~tree selection and grafting will be
continued this year. Testing will be started in 1980 according to the
established programme.
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