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FOREWORD

The Ontario Ministry of Natural Resources (OMNR) and the Great
Lakes Forest Research Centre CGLFRC13 under the auspices of the Canada-
Ontario Joint Forestry Research Committee CCOJFRC)3 sponsor annual sym
posia designed to provide a forum where forest managers and researchers
can review and discuss various aspects of forest management. The theme
for the 1978 symposium, held in Toronto from 19 to 21 September, was
"The Development of Genetically Improved Trees for Ontario's Future
Forests".

Tree improvement research in Ontario is concentrated at the
Petawawa Forest Experiment Station CPFES) in Chalk River and at the
Ontario Forest Research Centre (OFRC) in Maple. The management of seed
and tree improvement is centred in OMNR's Silviculture Section. All of
OMNR's administrative regions are heavily involved in tree improvement
programs as well as in many of the research programs initiated by PFES
or OFRC. ''

More than 140 delegates attended the Symposium3 representing
OMNR Forest Management (68%) and Forest Research (9%)3 the Canadian
Forestry Service (CFS) (14%), other provincial forest services (5%)3
industry (1%)3 and universities and colleges (3%). Prior to this meet-
ing3 the topic of tree improvement had never been discussed by a large
gathering of local forest managers-; consequently3 the aim was to demon
strate to this audience the important role tree improvement can play in
expanding forest management efforts, and to provide some understanding
of tree improvement programs in Ontario.

Participants were welcomed by A.J. Herridge3 Assistant Deputy
Minister, Policy and Priorities, on behalf of OMNR3 and by J.H. Cayford,
Director of GLFRC. The formal agenda, conducted in two half-day ses
sions, included a keynote address and '24 papers. Of these, 21 papers
were presented in three panels which considered in turn "The development
of sound.genetic material", "Status by species" and "Tree improvement
implementation strategies". With the exception of the keynote speaker,
all contributors were from Ontario,' eight were from PFES, four from
OFRC and seven from OMNR forest management.

The field trips provided the opportunity for participants to
observe various facets of tree improvement work, both during a half-day
visit to the OFRC at Maple and during a full-day field trip to Euronia
District. The Utter included visits to the Kempenfeldt Bay poplar
trials, Glencairn seed orchards and Ontario Tree Seed Plant at Angus,
as well as a tree climbing demonstration at the Midkurst nurseru bu
staff from PFES. a y

The organizing committee expresses its appreciation to those
who presented papers, to session chairmen and panel moderators, and to
those who organized the field tours and contributed in other ways to
the success of this symposium.
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OPENING REMARKS

A.J. Herridge1, Assistant Deputy Minister
Policy and Priorities
Ontario Ministry of Natural Resources
Toronto, Ontario

and

J.H. Cayford, Director
Great Lakes Forest Research Centre

Department of the Environment
Canadian Forestry Service
Sault Ste. Marie, Ontario

A.J. Herridge: nThe responsibilities of COJFRC in sponsoring this type
of symposium go a long way back, but basically, as I

think most of you are well aware, they involve the coordination of the
research resources and efforts of the federal and provincial governments
so that they may be used in the most effective and efficient manner to
deal with the problems of managing Ontario's forests. To be sure, the
federal service has responsibilities outside the boundaries of Ontario
but, by and large, its resources have been allocated to programs con
cerned with the problems of management in Ontario. The COJFRC mechanism,
if you will, has a long tradition of effective cooperation and coordina
tion and it's particularly gratifying for those of us who have been
involved with COJFRC over the years to see this continuing series of
symposia aimed at subjects that are both important and current. From my
point of view tree improvement is particularly significant, and I am
delighted to see it as the subject of this yearfs symposium.

First, as I am sure all of you know, the province has committed
itself to expanding its regeneration program in an attempt, to quote
our previous minister, Mr. Miller, Mto close the gap11. I'm not going
to go into the origins of the gap, or the responsibility for its
existence: suffice it to say that Ontario's regeneration program,
which is of some size now, is going to have to grow and improve consid
erably if we are ever to close that gap. In the process of dealing with
the regeneration challenge that faces the Ministry and the province, a
great deal of money is going to be spent on site preparation, seeding,
planting and a variety of other techniques. These include stand tending,
which will become increasingly important in the years ahead. We will
have to know a great deal more about it than we do at the present time.
The money we spend will be substantial—and there are many of you here
who can quote figures much more accurate than any I can provide—but
in my opinion we will undergo a considerable risk if we do not invest
that money in quality seed and stock. Quality seed and stock, to my

1 now Deputy Minister, Ontario Ministry of Northern Affairs



way of thinking, are the ultimate goals toward which the entire tree
improvement program should be aimed. The incremental cost of a tree
improvement program that has a solid base, in comparison with the total
cost of regeneration, is nickels and dimes alongside thousands of dol
lars. If we neglect this very important element of forest management
we are, in my view, behaving irresponsibly.

The second aspect of this symposium that I find particularly
significant is the large number of forest managers who are present. I
consider this indicative of two commendable traits on the part of tree
improvement workers. I think we've all sounded off—perhaps not always
with justification—at researchers who like to "do their thing" in
ivory towers and labs and pursue interests about which the rest of us,
who do not share their inclinations or qualifications, know very little.
Increasingly, there is evidence that the research community is recog
nizing the importance of ensuring that the practitioners, the users of
the information generated from well planned and properly executed
research programs, know more about what is being done, why it's being
done, and how it may be applied. I think that the researchers and other
professionals associated with our tree improvement program deserve full
marks for organizing this symposium. It will be an important factor in
ensuring that their work is better understood by the managers, who, in
the final analysis, are the people who will have to put their theories
into practice.

On the other side of the coin, we have a large number of mana
gers here today. They are obviously interested in knowing what is going
on, in knowing how they can improve their chances for success in the
investments they make. So I think both groups deserve some credit for
this symposium—one for convening it and the other for turning out and
supporting it. It does not necessarily constitute criticism of the
work that has been carried out in Ontario in the past, in the name of
forest management, to acknowledge that we may have made some unwise
investments—investments we would not have made had we taken full advan
tage of the information available as a result of tree improvement
research. We planted some species that, in retrospect, appear to be
unsuited to conditions in this province. Whether or not the criticism

is valid is irrelevant. The point is that decisions have been made that
were not based on the best information available at the time. I hope
that those of you who represent management in either organization find
the whole exercise worthwhile, and that those of you who are researchers
and professionals associated with tree improvement find an opportunity
to impart your knowledge to the practitioners.

Finally, I'm sure that most of you are aware of the decision
that has been made by the Canadian Forestry Service with respect to the
Petawawa Forest Experiment Station. It is, of course, a matter that
falls within the jurisdiction of the federal government, and my only
rmmnp.ni- at this time is that, as a forester, I hope that those who



made the decision will see to it that everything possible is done to
maintain the competence, resources and experience associated with the
tree improvement program at Petawawa. There is a large body of exper
tise at Petawawa, and a long history of tree improvement work and I
would hope that, in attempting to implement what must have been a very
difficult decision, serious consideration is given to maintaining the
viability of past investments.

Once again, a warm welcome to all of you. I hope the weather
is kind so that you can get as much as possible out of the field trips,
and I hope the sessions provide you with ample opportunity to exchange
views with your colleagues.

I would like to express my appreciation for being given the
opportunity to say a few words of welcome, and to convey my best wishes
for a successful symposium. Thank you."

J.H. Cayford: "It is a pleasure to be with you once again and to share
these opening remarks with Mr. Art Herridge. This is

the third time, I believe, that the two of us have spoken to you at
the beginning of the COJFRC symposium.

Every year since 1973 the Ontario Ministry of Natural Resources
and the Great Lakes Forest Research Centre of the Canadian Forestry
Service have cooperatively sponsored a technical symposium. Previous
symposia dealt with the management of southwestern Ontario hardwoods,
mechanization of silviculture, black spruce, plantation establishment
and white and red pine. The main objective of these symposia is to
provide forest managers with information that has been obtained in
provincial and federal forest research programs. Essentially, the
symposia are directed toward forest managers in the province of
Ontario, but each year we are pleased to have representatives from
most Canadian provinces and also from the United States. This year is
no exception, and we especially welcome all of you from outside Ontario..

The theme of this symposium is "the development of genetically
improved trees for Ontario's future forests" and its specific purpose
is to review and discuss the objectives and status of tree improvement
in Ontario.

It is most appropriate that tree improvement has been selected
as the topic for one of the annual symposia. Forest genetics research
programs have been under way in Ontario for about 40 years. The
Petawawa program dates back to the 1930s, when Carl Heimburger and
John Farrar began a research program. In 1946, following the Second
World War, a tree genetics research program was established by the
Ontario Forest Research Centre at Maple—also by Carl Heimburger, who
must be regarded as the father of forest genetics in Ontario. During



this 40-year period emphasis has been placed on several species and
genera—white and black spruce, white, red and jack pine, and poplar—
and studies have embraced such topics as the delineation of seed zones,
provenance research, breeding, plus-tree and clonal selection, seed
orchard establishment and progeny testing, coupled with ancillary
physiological investigations. It is opportune that these research
results be summarized now for the benefit of forest managers.

Unfortunately, as part of its continuing restraint program, the
federal government has recently announced its intention to close the
Petawawa Forest Experiment Station. All of you are aware of the major
contributions that Petawawa staff members have made to tree improvement
over the past 40 years, and of the serious and lasting implications of
the decision to close Petawawa. I have just been advised by the Director-
General of the Canadian Forestry Service, Dr. R.J. Bourchier, that every

effort will be made to ensure the continuation of the core tree breeding
program, and indeed, various alternatives are now being considered by
members of his staff to meet that objective.

Tree improvement is very closely related to silviculture, and
the practical applications of the results of a tree improvement research
program are implemented by silviculturists. Genetics information is but
one type of information that must be incorporated by the forest manager
into the planning and development of a reforestation program. Over the
past year or two, the Ministry of Natural Resources has repeatedly indi
cated its intention of accelerating the forest regeneration program in
Ontario. Clearly, this will require greatly increased quantities of
improved seed, and it has been suggested that as a long-term objective,
seed for planting should generally come from seed orchards.

As Morgenstern notes in his presentation, there is a challenge
for researchers and managers alike. Researchers must ensure that their
research is relevant to the needs of the managers and that their findings
are communicated to managers as they become available. For their part,
managers must ensure that they use all available information in planning
and developing their programs. It is my view that neither researchers
nor managers have adequately met the challenge in the past. I hope that
this symposium, by bringing managers and researchers together, will play
its part in assisting both groups in their common goal of improving
forest management in Ontario.

For the fifth year in a row, I bid you all welcome to this
Canada-Ontario symposium on behalf of the Canadian Forestry Service and
the Great Lakes Forest Research Centre. I am sure that this symposium,
like the previous five, will be successful."
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INTRODUCTION

In the letter in which Louis Zsuffa asked me to address you, he
wrote that the purpose of this symposium was to review tree improvement
management and research in Ontario, to stimulate interest and disseminate
information to forest managers, to focus attention on current problems
and to discuss future objectives. But the main theme of this symposium
is the development of genetically improved trees for Ontario's future
forests.

My task is to tell you something about tree improvement and
forest management. This is quite a big task, inasmuch as I am neither
a trained geneticist nor a forest manager. You may not agree with some
of my ideas, but we are all here to discuss our views on tree improvement
and forest management. Very often the expression of opposing views
results in a workable compromise satisfactory to all parties concerned.

In the first part of my address I will try to summarize the
impact of forest management on tree genetics in Quebec and Ontario. In
the second part I will tell you what has been accomplished and what must
be accomplished in the near future in tree improvement in Quebec. Finally
I will make some general comments on tree improvement.

THE IMPACT OF FOREST MANAGEMENT ON TREE GENETICS

IN QUEBEC AND ONTARIO

In general, can we say that there is forest management in Canada,
and particularly in Quebec and Ontario, when we look at the statistics
from the National Forest Regeneration Conference (Le Blanc 1977, Waddell
1977) held in October, 1977 in Quebec City?

I will not provide precise figures on the area that has been
inadequately regenerated, because it is difficult to define inadequate



regeneration. Theoretically, sites that are either treeless or that do
not support commercial stands are considered to be inadequately regen
erated. In fact, however, on public and private land in southern Quebec
there are very large areas covered with hardwood stands that are vir
tually useless, and yet, in the statistics, these areas are considered
to be adequately regenerated. Furthermore, they generally occupy sites
that could be very productive, and are readily accessible.

Extensive clearcutting, fire, and diameter limit cuts have
reduced and deteriorated the gene pools of our most valuable species
such as black spruce (Piaea mariana [Mill.] B.S.P.), white spruce ^
(P. glauca [Moench] Voss), white pine (Pinus strobus L.), red pine
(P. resinosa Ait.) yellow birch (Betula alleghaniensis Britton) and
many others. Hence, the immediate need is to establish seed orchards—
not simply with a view to increasing production but to ensure that for
future plantations we have seedlings as good as those that formed the
natural forest before we began to harvest it. For example, extensive *»
clearcutting in black spruce stands has meant that regeneration has come
from a few poor trees that were left on the area because they were too
small to be cut, or from ecotypic stands that very often were small in
area and on poorly or excessively drained soils. This condition was con
ducive to inbreeding. Because hardwood species of no commercial value
were left on the cutover and because generally there was no reforestation ^
with commercial species, very large areas are now covered with useless
species. Balsam fir (Abies balsamea [L.] Mill.) has replaced spruce on
very large areas in Quebec, and now the spruce budworm enjoys "La Belle
Province" as well as the rest of eastern Canada.

Forest management in the past has not generally been concerned ^
with improving the genetic quality of our most valuable species. Con
sequently, these species now have a narrower genetic base, and some
(e.g., yellow birch) have degraded stem quality. Extensive forest man
agement has favored the regeneration to aspen (Populus spp.), white
birch {Betula papyrifera Marsh.), jack pine (Pinus banksiana Lamb.) and
other intolerant species. These species now have a broader genetic
base, and generally they grow very well, but often they are considered
to be of little commercial value.

We have just begun to consider the possibility of using "non
commercial species" for energy and food. Until now we have satisfied ^
only the demand for forest products for the export market and few
efforts have been made to develop markets for the raw material avail
able from our forests.

Forest managers must look at the population of trees with which
they work just as a good farmer looks at the genetic quality of his m
herd of cattle. This does not mean that we have to practise forest man
agement and silviculture as they do in certain European countries; it
means only that we must follow certain fundamental principles that will



permit us to maintain or even increase the quality and quantity of forest
production. As a minimum requirement, forest managers must preserve the
genotypes of tree species as nature is doing. We must remember that a
population of trees growing on a given site is not the same as another
population growing 100 kilometres away, and that the difference between
these populations is the result of a long evolution.

In the future, if we want to protect the gene pool and the
growth potential of our commercial species we will have to ensure their
regeneration. In extensive forest management, seeding of large clear-cut
areas with local seeds or strip cutting to obtain natural regeneration can
be undertaken. In intensive management, planting with seedlings originat
ing from the stand that has been cut (by picking the cones before or
during cutting) might be the best policy.

If forest managers want to improve on nature, they must first
understand how nature behaves. They must know that pollination between
trees is generally done over short distances (+150 metres), and that
natural seeding with winged seeds takes place near the parent trees
(within a radius of about 100 metres). Consequently, after a few genera
tions, a certain amount of inbreeding can occur between trees on any
given site. Nature compensates for this inbreeding by eliminating a high
proportion of seedlings through competition, but nature starts with thou
sands of seedlings per hectare, whereas foresters who plant or seed arti
ficially do not.

In reforestation, forest managers must take care to use seeds
from several good trees that are at least 100 metres apart within a given
stand, or from a variety of stands in the region within a radius of
50 kilometres around the area to be reforested.

Such artificial reforestation can result in an improved seed
source in the future, because it eliminates inbreeding and because cross
ing genotypes from different local sub-populations is conducive to
heterosis.

Selection of the species for reforestation is of prime importance.
The forest manager could plant species with a high fibre yield or species
that produce high-quality timber. But this would not necessarily answer
the needs of industry. For example, jack pine has a higher fibre yield
than black spruce on many sites, but its fibre length is not satisfactory
for newspaper production. There are many factors which can influence the
choice of species, but selecting the right species is the first step in
realizing production gain. This gain may be qualitative or quantitative
but it must be an economic gain for the landowner.

Industries, governments and mill managers must consider the
forest as part of the production process. In the past the forest was
viewed chiefly as a source of income; investment in roads and labor camps



and protection against fire, insects and diseases were minimal. Little
was done to improve the production of stands, or to modernize this pro
duction unit of the forest industry. What happens to a pulp and paper
mill when its owners make no effort to improve production? It is forced
to close its doors. Already there are extensive forest areas in Quebec
and Ontario which are out of production because they are poorly stocked
or because they support noncommercial species. This represents a major
loss to our society—in wood and in jobs. When a mill closes its doors
thousands of workers become unemployed. Imagine the number of jobs lost
because of the vast areas of forest that are of no commercial use! If
an adequate regeneration program had been undertaken 30 years ago in
southern Quebec where sites are readily accessible, there would be no
crisis in our pulp and paper industry today. Wood could be obtained at
a reasonable cost and thousands of jobs could be generated directly in
the forest industry and indirectly in other industries. Instead, the cost
of wood has soared because of the distance it must be hauled to the mill.

As a result of wood shortages, existing mills cannot be extended nor can
new ones be developed, and no new jobs can be created. Besides, it will
cost more now to convert the poorly regenerated stands to production.

Industries, governments and landowners must work together to
improve the production of our forest areas. Industries will have to look
for an optimum profit over the long term instead of a maximum profit over
the short term. Governments will have to invest in forest areas as fathers

and mothers invest in their children, with confidence in the future. Land

owners will have to be convinced that good forests mean money: private
capital must be encouraged to invest in forestry.

TREE IMPROVEMENT IN QUEBEC

It is very difficult to define objectives for tree improvement in
Quebec because of the fluctuation in nursery production and reforestation
programs. In 1972, the Quebec Department of Lands and Forests proposed a
five-year program to increase the annual production of nurseries from
16 million to 68 million trees by 1977. For various reasons production
was limited to 30 million in 1976.

With the new program to aid the pulp and paper industry in Quebec
the Department has proposed a reforestation program of 100 million trees
per year. By 1980, we should know precisely what our reforestation needs
are for the 43 forest management units in the province of Quebec. All of
the management plans for these units will be completed by that time; con
sequently, we should be able to set realistic wood production objectives
to meet the demands of industry. This does not mean that the entire area
which has to be reforested will, in fact, be reforested, since there are
already 2.8 million hectares which should be regenerated, and each year
about 77,000 hectares are added (LeBlanc 1977). There is room to plant
300 million seedlings per year in Quebec if we include the land at present
covered by noncommercial forest.



Without knowing the species or the total number of.seedlings
that will be needed in the future, it is very difficult to plan a tree
improvement program for Quebec. Besides, we do not know if it will be
desirable to attempt to improve all species used for reforestation,
because more profit is possible where a species responds well to silvi-
cultural treatments and intensive management.

In an exploratory report1 on artificial regeneration, the Quebec
Department of Lands and Forests reports that the seed requirement for
the production of 75 million conifer seedlings is as follows:

Quantity of viable seed for 12
conifer species: 1750 kg/year

Necessary area in seed orchard
for 12 conifer species: =1600 ha (trees planted

6 m x 6 m)

The white paper published by the Department of Lands and Forests
in 1972 suggested that the improvement of fast-growing species was a
priority item. For this reason the Research Service has concentrated its
work in tree improvement on hybrid poplars, larch (Larix spp.), and jack
pine. The planting stock requirements for hybrid poplars in the 1980s
have been estimated at.500,000 cuttings annually. However, this figure
can change if the Department places more emphasis on poplar plantations
in view of the fact that they are a good source of lumber over the short
term.

The Research Committee on Forest Genetics, established in 1970,
has published four reports, one of which (Anon. 1976) presents a good
review of the status of tree improvement by species in Quebec. More
recently, Corriveau (1978) has complemented this review in a report pre
sented at the Workshop on Tree Seed Production and Tree Improvement in
Canada held at Petawawa in the spring of 1978.

Hoist (1967), in his index of tree improvement experiments
undertaken at the Petawawa Forest Experiment Station, states that the
oldest provenance trial in Quebec was established in 1954 from 12
Ontario jack pine seed sources. But it was not until the 1960s that
tree breeding began in the province of Ouebec. Dr. Louis Parrot under
took to do research at Laval University and later Lawrence Roche initi
ated a project at the Laurentian Forest Research Centre. Lamontagne2

1 Anon. 1976. Document exploratoire concernant la regeneration arti-
ficielle au Quebec. Min. Terres For. Que. Serv. Restaur. Rap
Interne. 57 p.

2 Lamontagne, Y. 1969. Amelioration des arbres forestiers. Min.
Terres For. Que. Serv. Restaur. Rap. Interne. 50 p.
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suggested a tree improvement program to the staff of the Reforestation
Service of the Department of Lands and Forests and to the manager of
the provincial nurseries. I myself3 proposed a general program for
forest tree improvement in Quebec which was accepted by the Department.
Today there are seven professionals engaged in tree improvement and
involved in the nine principal research and development projects listed
below. The names of the project leaders appear in parentheses.

Improvement of maple, walnut, ash and other hardood
species (L. Parrot)

Improvement of larch (A. Stipanicic)

Improvement of white spruce (A. Corriveau)

Improvement of jack pine (R. Beaudoin)

Improvement of white pine (A. Corriveau)

Improvement of poplar spp. (G. Vallee)

Selection of plus trees and super seedlings for seed
orchards of different species (Y. Lamontagne)

Establishment of seed production areas (Y. Lamontagne)

Introduction of exotic species (A. Stipanicic and
G. Vallee)

Interpretation of the research service provenance trials
of Pioea abies (J). Robert)

In addition, the project leaders listed above follow up many
provenance and progeny trials of different species.

Two other professionals are working on supporting projects,
which are listed below.

Establishment and development of the arboreta system
(C. Chouinard)

Physiology of vegetative reproduction by cutting for
spruce and fir (R. Girouard)

3 Vallee, G. 1969. Suggestion d'un programme general pour 1'ameliora
tion des arbres forestiers au Quebec. Min. Terres For. Que., Serv.
Rech., Rap. Interne No. 40. 57 p.
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f* Tree improvement work undertaken in Quebec to the spring of 1978
by the Reforestation and Research Services in collaboration with the
Regional office of the Department of Lands and Forests is summarized as
follows:

r9^
Map of seed zone utilization

25 seed production areas

System of 21 arboreta comprising 2 populeta and 1 arboretum
for ornamental purposes for highways

15 super seedling seed orchards for 8 coniferous species
fs established in 8 different places

15 improved poplar clones for each of three regions of
Quebec: Gaspesia, Abitibi and the St. Lawrence Valley

5 progeny seedling seed orchards with cottonwood, European
larch and jack pine, and 5 provenance seedling seed

^ orchards with butternut and Norway spruce

5 clonal seed orchards with tamarack, European x Japanese
larch and aspen

1281 selected trees principally in larch, jack pine, and
poplar species

133 provenance trials of more than 5 seed sources each on
22 species established in about 25 different places, but
principally in the arboreta system

19 progeny trials of 8 species or hybrids established in
14 different places, principally in the arboreta system

52 conservatory plantations of 10 exotic species estab
lished principally in the 21 arboreta

25 clonal trials with Populus species including 580 clones

224 introduction plantations of 40 exotic species out of
•*•* 90 tried at the nursery level

Many provenance and progeny trials have been established with
the collaboration of the Petawawa Forest Experiment Station, the
Laurentian Forest Research Centre, and Laval University which have sup
plied seedlings for some of the trials. Poplar breeding work has

•* received good support, and we have exchanged cuttings and seeds with
the tree breeding unit of the Ontario Forest Research Centre. A seed
production area and a seed orchard of jack pine were established in col
laboration with the Canadian International Paper Company.

The major achievements of the.Laurentian Forest Research Centre
^ and the Faculty of Forestry and Geodesy of Laval University, in the area

of tree improvement, are summarized as follows:
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Achievements in tree improvement by the
Laurentian Forest Research Centre

41 provenance trials on 10 species

11 progeny trials on 7 species or hybrids

75 white spruce and white pine trees selected

Achievements in tree improvement by the
Faculty of Forestry and Geodesy of Laval University

13 provenance trials on 10 species

4 progeny trials on 2 species

8 trees of various hardwood species selected

Several trials by the Laurentian Forest Research Centre and
Laval University were established in the arboreta of the Quebec Depart
ment of Lands and Forests. The objectives of this system of arboreta
(Fig. 1), proposed in the program that I presented to the Department in
1969, have been realized. To date, 460 comparative plantations (clonal,
progeny and provenance trials), conservatory plantations and seed
orchards have been established. The concept of arboreta systems has
permitted the grouping of comparative plantations to save money in their
establishment, maintenance and measurement, to create a gene pool, and
to compare performance and phenology between species and provenances
planted in each arboretum. In some cases, experimental sectors for tree
improvement have been created, principally when special site conditions
are necessary for the trials (such as jack pine sites for progeny trials
related to a seed orchard). These experimental sectors are protected by
a special directive of the Department of Lands and Forests.

A total of 35 species are in provenance and/or progeny trials
Csee Table 1). Many of these trials could be transformed in the future
to improved first-generation seed sources similar to those of some of
the conservatory and introduction plantations. This may not result in
genetic improvement, but the seeds of the trees used in these trials, in
comparison with other available seed sources, may increase production.

Nevertheless, we have to face reality and admit that there are
not many improved seed sources or seed orchards in production in Quebec
at the moment.

Three years ago I made a number of proposals (Vallee 1975) for
responding to the demand for seed of good or improved quality and for
protecting our gene pool. I will repeat these proposals, which are still
valid, and will add a few more:

1. We must plan a good system of seed collection, especially for
the species harvested by clearcutting. To do this, however,
we need to know 5 years in advance which stands will be cut.
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Table 1. Species in provenance and progeny trials in Quebec (more than
5 seed lots).

Species

Acer saccharinum
Acer platanoides
Alnus glutinosa
Abies alba
Abies balsamea
Abies lasiocarpa
Fraxinus americana
Juglans cinerea
Juglans nigra
Larix decidua
Larix eurolepis
Larix laricina
Larix leptolepis
Picea abies
Picea glauca
Picea glehnii
Picea jezoensis
Picea mariana
Picea pungens
Picea rubens
Picea sitchensis
Picea sitchensis x glauca
Pinus banksiana
Pinus contorta
Pinus montana
Pinus nigra
Pinus ponderosa
Pinus resinosa
Pinus sylvestris
Populus deltoides
Populus nigra
Populus trichocarpa
Populus x spp-.
Pseudotsuga menziesii
Tilia cordata

Tests of

Provenances

/
/
/
/
/

•
•
/
/
/

/
/
/
/
/
/
/
/
/
/

/
/
/
/
/
/
/
/
/
/

/
/

Progenies

•

•

/
/

•

/

•
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2. We must complete the establishment of seed production areas
in young stands (15 to 30 years old) for certain species used
in reforestation in Quebec. A minimum of 5 to 10 seed produc
tion areas by species in each seed zone is necessary in order
to diversify the genetic basis of the seedling population.

3. We must manage improved seed sources that are readily avail
able (e.g., in old provenance tests), especially for exotic
species like Norway spruce (Picea abies [L.] Karst.), European
larch (Larix decidua Mill.), Japanese larch (Larix leptolepis
[Sieb. & Zucc] Gord.) and Scots pine (Pinus sylvestris L.)
for which the control of seed supply is difficult. The best
trees in those provenance trials are well adapted to our con
ditions and a good selective thinning combined with inter-
provenance breedings can produce valuable progenies.

4. We must establish regional seed orchards for the principal
species used in regional reforestation programs.

5. We must continue to conduct provenance trials with our princi
pal indigenous and exotic species, at a more intensive level
of sampling than was used in previous trials. These provenance
trials will permit us to make recommendations for seed trans
portation, to delimit seed zones for each species studied, to
identify the best provenances and, if the design of the plan
tation trial permits it, to create inter-provenance breeding
seed orchards.

6. In combination with the establishment of seed orchards,
heritability studies must be undertaken on the principal
economic characters such as growth, wood properties, pest
resistance, stem form, and others, depending on species and
needs•

7. Before losing too many gene sources, we must make a seed col
lection of hardwood species whose northern limit of distribu
tion is in the southern part of Quebec. This sampling will
permit us to create gene pools for these hardwood species.

8. We must achieve a more precise delimitation of seed zones
by combined climatic, phytosociological, geomorphological and
phenological studies. For this purpose the mapping of seed
zones by means of Landsat Satellite Imagery can be very useful
for coding the color of flushing and the autumn color of aspen
foliage as well as other commonly occurring species such as
sugar maple (Acer saooharum Marsh.), balsam fir and black
spruce. Aspen is useful in this respect because it is present
throughout the Quebec forest.
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I could continue to list research and development needs in tree
improvement and other supporting activities such as seed physiology,
stimulation of flowering, vegetative propagation, physiology versus
genetics, etc., but I think priorities have to be defined because of
budget and personnel limitations. These eight proposals already imply
a lot of work. In my view the priorities are organization of a good
seed collection, establishment of seed production areas, and management
of improved seed sources and seed orchards using simple but safe methods
to ensure increases in production. With appropriate personnel, an ade
quate budget and proper planning, a long-term program can be secured.
If we want to accelerate the program, we will require additional budget
and personnel and a well defined program.

COMMENTS ON TREE IMPROVEMENT

We are always being told that tree improvement is an expensive and
long-term operation. If the fibre production gain realized from seed
orchards were the only result of tree improvement programs, this might be
true, but other economic gains can be realized even at the beginning of
an improvement program, and valuable information can be gleaned as well.
I will mention only a few of these potential gains:

1. The use of the best natural stands as seed production areas.

2. Information on the distribution, ecotype, site adaptation
and production potential of the species considered.

3. Information on seed production (e.g., number of cones per
tree, variations from tree to tree, influence of environment
on seed production, rhythm of flowering, insect damage, etc.).

4. Information on seed germination (e.g., variation between
trees or different sources in the rate of germination and
full seed, existence of inbreeding or anomalies, etc.).

5. Information on vegetative propagation.

6. Information from phenological and population studies can be
used to determine the seed regions, the best seed source to
use in a given reforestation area, the best nursery for cul
tivating seedlings of a particular origin, etc.

7. Information from studies on wood characteristics such as

fibre length, density, chemical composition, etc., that can
be used immediately. For example, wood density seems to be
a heritable characteristic, and there is a simple technique
now available to estimate the relative density between
trees. If a large variation in density is identified for a
given species, commercial cone collection could be carried
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out in a seed production area or in wild stands, particularly
on trees with the highest wood density.

8. Better planning of seed production through the use of seed
orchards.

9. Greater uniformity in the production of seedlings coming
from seed orchards.

10. Tree improvement programs with good public support will cer
tainly encourage better silviculture. This could also be a
significant gain in Ontario and Quebec.

I could continue with this list of potential gains, but I believe
I have demonstrated more than adequately that tree improvement programs
can give quick results and that they have a positive effect on refores
tation right at the start. Remember that most of our species are flower
ing between the ages of 10 and 15 years and that techniques to stimulate
flowering already exist. For species propagated vegetatively, such as
hybrid poplars, cedars (Thuja spp.), and, to a certain degree, larch and
Norway spruce, improved clones can be selected in less than 10 years
depending on the type of product we are seeking.

What we are after in tree improvement are the best clones or the
best breeding combinations (hybrid or pure) to suit a particular purpose.
Perhaps tree breeders place too much importance on having a broad genetic
base to start with. I have the impression that tree breeders depend too
heavily on certain schemes of tree improvement. They must try to find a
means of obtaining maximum growth rapidly, while keeping in mind that
other genes can be added in the future by another selection in natural
stands. There are several ways to obtain improved seed sources without
making provenance tests, selecting plus trees in the best provenances,
grafting the selected trees, grafting the selected trees, conducting
progeny trials with half sib, controlling pollination, conducting progeny
tests with full sib, or grafting the best parent trees.

I mentioned earlier the clonal method that is now being applied
to coniferous species such as larch and Norway spruce in Germany. It is
well known that maximum gain can be achieved by clonal selection and
cutting may be very useful in producing container seedlings.

Another possible method is the identification, initially, of the
best parent trees in a seed production area for cone production and wood
density and afterwards for growth in nurseries and comparative planta
tions. The best trees will have produced seeds already: one doesn't have
to wait for the seed orchard, and, as I said before, selection for cone
production, wood density and fast juvenile growth are already economic
gains. These "best trees" can also be treated to produce more cones, and
can be grafted on other trees nearby.



f$$S

18

Improved seed sources already exist in Quebec and Ontario, and
need only to be managed. I am thinking especially of the many prove
nance trials which can be transformed in multiprovenance seed production
areas by a selective thinning, with only the best trees of the best
provenances being kept. Short-term and medium-term provenance trials
with small plots of 4 to 10 trees can be very useful for that. The gain ^
is based on provenance selection, which can go to 50%, and on heterosis
of provenance hybrids.

These last few examples of methods to obtain improved seed are
perhaps unorthodox but I think tree breeders must try to take advantage
of all possible ways of developing improved seed sources, especially for ^
immediate use. These improved seed sources may not be the best, but if
they are better than natural stands, they represent a gain, and this is
what we are seeking.
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ONTARIO TREE IMPROVEMENT PROGRAM—AN OVERVIEW

E.K. Morgenstern

Project Leader, Genetics and Tree Breeding
Petawawa Forest Experiment Station
Canadian Forestry Service
Chalk River, Ontario

Forest genetics and tree breeding activities in
Ontario cure concerned with the genera Picea, Pinus, Larix,
Populus, Acer, Fraxinus, Juglans, Robinia, and Liriodendron,
and cere cccrried out by the Ontario Ministry of Natural
Resources^ the Canadian Forestry Service^ universities and
industries working in close cooperation.

Des itudes sur la g&netique forestiere et Vameliora
tion g&n&tique en Ontario s 'interessent aux genres Picea,
Pinus, Larix, Populus, Acer, Fraxinus, Juglans, Robinia et
Liriodendron. Files se poursuivent en etroite collaboration
entre le ministere des ressources naturelles de I'Ontario>
le Service canadien des forits^ les universitis et les
industries.

INTRODUCTION

The tree improvement program to be discussed during this sym
posium involves both forest genetics research and operational tree
breeding, and the joint and cooperative activities of the Ontario

m Ministry of Natural Resources (OMNR), the Canadian Forestry Service
(CFS), as well as universities and forest industries. Many of these
activities will be fully effective only if they are regarded as closely
related to silviculture rather than as the separate work of specialists.
For this reason this paper will first relate tree improvement to
silviculture. Secondly, it will present a brief review to indicate

.^ how the program has developed and where we stand today. In the final
section it will take a look at program needs of the near future.
The aim of this paper is to provide a broad outline; specific problems,
needs and opportunities will be described by individual speakers during
the various sessions and field trips.
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TREE IMPROVEMENT AND SILVICULTURE

Genetic and Environmental Factors

The relationship of tree improvement and silviculture is a very
close one. Historically forest genetics arose as a branch of silvi-
cultural research in the 18th and 19th century when Duhamel du Monceau,
Cieslar and Engler found that their results could not be explained on
the basis of environment alone. The consistent appearance of certain
patterns in form and growth reflected the presence of genetic differ
ences (Larsen 1956). In many areas of the world where intensive man
agement is practised, genetic improvement is considered an integral
part of silviculture and this viewpoint has many advantages.

A diagram of the relationship of genetic and environmental
factors to silviculture is shown in Figure 1. The purpose of the
diagram is to simplify this relationship greatly so as to make general
ideas clear rather than to explain all possible variations.

First of all there is a need for genetic research to study
genetic variation in the common tree species and the degree of genetic
control of the characters to be improved, and to obtain estimates of
genetic gain. At the same time, ecological research must explore the
environment to describe and relate climates, soils, and biotic com
munities. This will then lead to certain approaches in tree breeding
and a system of site classification with a description of ecological
regions as the most important result. Thereafter the genetic and
ecological factors cannot be treated separately but should be inte
grated through silviculture. Silviculture controls seed production,
nursery activities, site preparation, and tree establishment. In this
way the new forest is developed systematically and consciously on the
basis of its primary building blocks.

Stages in a Tree Improvement Program

We can develop these thoughts further when looking at tree
improvement in more detail (Fig. 2).

At the beginning we have the natural forest made up of wild
populations and this is subdivided on the basis of ecological informa
tion into ecological regions which in turn can be accepted as prelim
inary seed zones. Hills (1955) defined Ontario site regions, which he
developed, as areas "within which plant communities, plant succession,
and soil development indicate a moderately narrow range of environment".
Comparisons with climatic maps indicate that site region boundaries are
closely related to isotherms. When site region boundaries are used as
seed zones, the intention is to grow new forests from adapted native
populations. These populations are in harmony with their environment,
and possess a relatively high level of resistance to local insects and
diseases.
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The earliest experiments initiated should be provenance experi
ments and information from them is applied to delineate revised seed
zones and breeding regions.1 In the ideal situation, these should be
identical, but there are differences between species. For example,
zones for Norway spruce (Picea abies [L.] Karst.) are wider than for
Scots pine (Pinus sylvestris L.) in Sweden (Anon. 1963). On the basis
of provenance experiments, regulations for seed transfer beyond seed
zone boundaries can also be developed.

The information from provenance and other genetic experiments
can then be used together with data from other disciplines to formulate
a breeding plan.1 When it is implemented, the first and simplest step
is the selection of seed stands, known as "seed collection11 and "seed
production" areas in Ontario. This work can be integrated with gene
conservation by regenerating these areas with their own seed to create
natural genetic reserves. The selection of plus trees can begin at the
same time. The plus trees will yield seeds, scions or cuttings for a
clone and seed bank from which the first-generation seed orchard is
established. The seed orchard will produce improved seed and is the
starting point for progeny testing and the next selection cycle.

PAST AND PRESENT PROGRAMS

Historical Background

Some early genetic research was started by Carl Heimburger and
John Farrar at Petawawa Forest Experiment Station (PFES) during the
latter half of the 1930s, a development favored by the prevailing policy
of planting old farmland and initiating silvicultural research. Two
scientists from the National Research Council, L.V.P. Johnson, geneticist,
and N.H. Grace, physiologist, participated in work at PFES at that time.
Emphasis was on interspecific hybridization of poplars and spruces,
provenance work in white spruce (Picea glauca [Moench] Voss), selection
for weevil and frost resistance in Norway spruce, and vegetative propaga
tion. Much of this promising work was interrupted by the Second World
War in 1939 (Farrar 1969).

1 A breeding region is an area of limited variation in soils and climates
where selected genotypes can be pooled to make up one common seed
orchard. This presupposes good survival and hardiness of all native
populations.

2 The breeding plan specifies the strategy to be used for the improvement
of a species within a breeding region, such as the breeding methods
(selection, hybridization), the traits considered, and the methods of
seed production.



POPULATION

Natural Forest

l
Preliminary
Seed Zones

Revised Seed Zones

Breeding Regions

Selection

Seed

Stands

Natural

Genetic

Reserve

First-generation
Seed Orchard

Progeny testing, etc.

23

Fig. 2. Steps in tree improvement.

INFORMATION INPUT



24

After the war the Ontario Department of Lands and Forests
decided to initiate tree breeding at Maple and hired Carl Heimburger
in 1946. In 1950 there was a similar development at the federal level
and Mark Hoist was appointed forest geneticist at Petawawa but with
responsibility for a national program. These two men were personal
friends, worked very closely together, and developed complementary
programs. Heimburger was to concentrate on white pine (Pinus strobus
L.) and on introduced species with which it can be hybridized such as
P. griffithii McClelland and P. peuce Grieseb., red pine (P. resinosa
Ait.) and related hard pines such as P. densiflora Sieb. & Zucc.,
P. nigra Arnold and Scots pine, and on hybrids in the genus Populus.
Hoist was to investigate the spruces and jack pine (Pinus banksiana Lamb.),
that is, primarily northern species. Heimburger was joined during the
the 1950s by Donald P. Fowler and during the 1960s by Rose Marie Rauter
and Louis Zsuffa, and Hoist by Christopher W. Yeatman in 1953 and by
the writer in 1961. Programs have changed and expanded since that time
and Maple is now as much concerned with the spruces as Petawawa, but
other elements of the original division of functions persist to the
present day, simply because they are based on practical considerations
such as species hardiness and distribution.

Present Programs

Gene conservation: The need for finding and preserving rare
species such as red spruce (Picea rubens

Sarg.) was recognized early by Alan Gordon of the Ontario Ministry of
Natural Resources Research Unit at Sault Ste. Marie. His main interest

now is the contribution of genetic variation to productivity in spruce
ecosystems (Gordon 1978). Fowler (1971) has summarized problems with
gene conservation in southern Ontario hardwoods in particular. However
there are also problems with gene conservation of conifers in southern
Ontario, such as white pine, white spruce and black spruce (Picea
mariana {Mill.] B.S.P.).

In many instances, practical steps to achieve gene conservation
are hampered by fears of restrictions on management and development of
inflexible rules. In response to this problem, Yeatman (1972) has
pointed out that in many species, gene conservation can effectively be
achieved by integration with seed collection in seed collection and
production areas and by subsequent regeneration of the same areas with
seed from the previous stand.

Seed zones: Site classification was strongly advanced in Ontario
through the work of G.A. Hills and his associates

at Maple (Hills 1961). The site regions delineated by Hills constituted
a first basis for seed zones and have been used as such since the late

1950s. They were also considered breeding regions when plus-tree
selection was initiated in 1958 (Carmichael 1960) . So far our seed
zones have not been tested adequately through provenance experiments
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but preliminary results indicate that sufficient genetic variation
exists within seed zones to make distinctions of larger stands and
seed collections worthwhile. As an interim solution, therefore, seed
collections have been identified since 1977 by forest districts and
seed zones in northern Ontario. In southern Ontario identification is

by seed zone and administrative region. In seed stands (seed collection
and production areas), collections are always identified separately.

Provenance research; Long-term, cooperative studies dealing
with jack pine, red pine, Scots pine,

white pine, white spruce, red spruce, black spruce, Norway spruce and
larches (Larix spp.) are undertaken by OMNR at Maple and/or by the CFS
at Petawawa with support from many districts of OMNR, the forest industry,
Lakehead University, and the University of Toronto. During the last two
years the studies were extended to black walnut (Juglans nigra L.),
green ash (Fraxinus pennsylvanica Marsh.), and white ash (F. americana
L.). Numerous interesting and valuable results related to hardiness,
insect and disease resistance, growth and wood quality have been
obtained. Interpretations given in terms of variation patterns (clinal
and ecotypic variation)3 and variation within and between regions will
greatly assist the planning and execution of breeding programs.

Breeding programs: Each species has unique genetic character
istics, plays a different role in silvi

culture, and requires a special breeding program (Morgenstern et al.
1975). Since all of these programs will be reviewed by the individual
breeders concerned, they will only be summarized in Table 1. In general,
the tree breeding units at Maple and Petawawa develop basic information
and start pilot programs. Most of this work is done in close coopera
tion with OMNR administrative regions and districts. Field staff in
these regions and districts carry out operational breeding and are
responsible for seed production. The unit at Maple is part of the
OMNR Forest Resources Branch which coordinates the OMNR program. The
Canada-Ontario Joint Forestry Research Committee (COJFRC) supervises
the federal-provincial cooperative activities.

Seed stands selection: Seed stands (seed collection and pro
duction areas) have been selected in

many districts. This work has progressed particularly well in jack pine
because large, fairly pure stands of this species are easy to find.
Present efforts are directed toward achieving a better distribution of
seed stands across all seed zones and thereby avoiding a narrowing of
the gene pool.

Clinal variation is defined as a gradual change in a trait, usually
reflecting natural selection by such environmental factors as photo-
period and temperature at the place of seed origin. Ecotypic variation
is discontinuous, reflecting abrupt changes such as those imposed by
soil, moisture, nutrient or temperature boundaries.
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Table 1. Summary of principal breeding programs.

Species

Pinus strobus L.

P. resinosa Ait.

P. nigra Arnold
P. rigida Mill.
P. densiflora

Sieb. et Zucc.

P. banksiana Lamb,

P. sylvestris L,

Larix spp. and hybrids

Breeding method

interspecific hybridiza
tion and selection

interspecific hybridiza
tion and selection

selection

introduction and

selection

introduction and

selection

Picea glauca selection
(Moench) Voss ..

P. mariana (Mill.) B.S.P. selection

P. abies (L.) Karst.

Populus hybrids

Juglans nigra L.
Fraxinus spp.
Robinia pseudoacacia L.
Acer saccharinum L.

Liriodendron tulipifera L,

introduction and

selection

interspecific hybridiza
tion and selection

selection (program in
early stages of develop
ment, with new species
being added with time)

Organizations

involved

,a
OFRC , Districts

OFRC. Districts,

PFES^

OFRC, Districts,
PFES

PFES, OFRC,
Districts

PFES, OFRC,

Districts

Districts, OFRC,

PFES

Districts, OFRC,

PFES

PFES, Districts,
Indus tries

OFRC, Districts,
Industries

OFRC, PFES,
Districts

a
Ontario Ministry of Natural Resources, Forest Resources Branch, Forest
Research Centre, Tree Breeding Unit, Maple, Ontario

Canadian Forestry Service, Petawawa Forest Experiment Station,
Chalk River, Ontario
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Plus-tree selection: Plus-tree selection is now carried out by
all OMNR districts and emphasis is on

black spruce, white spruce, white pine and jack pine* The two principal
centres for grafting of scions needed for the establishment of clonal
seed orchards are Angus and Thunder Bay (Dyer 1967, Kokocinski 1975).
Several local programs for jack pine and black spruce are also under way
with seed collection areas as starting points to be followed by open-
pollinated progeny testing and establishment of seedling seed orchards.
Smaller and more specialized programs deal with exotics in southern
Ontario and include European and hybrid larches and Norway spruce. In
general, plus-tree selection has been greatly accelerated in recent
years.

Clonal selection: The work with poplar hybrids depends upon
clonal propagation and testing as shown in

Table 1. This is a large program* and more advanced than all others
(Zsuffa 1978). Clonal selection is also promising in other species
because it is based directly upon the genotype itself rather than its
progeny, and offers several advantages such as economical testing.
Thus a separate program for black spruce and white spruce is aimed at
early selection of superseedlings in nursery beds, which will subse
quently be multiplied by rooting of cuttings and tested in replicated
experiments (Rauter 1974).

Seed orchard establishment: Early selection programs were very
small and were carried out by a

few enthusiastic pioneer tree breeders, such as foresters working with
Spruce Falls Power and Paper Co. Ltd., Kimberly-Clark of Canada Ltd.,
and OMNR foresters in several districts. For this reason most of the

orchards now producing seed are located in a few major areas (Kapuskas-
ing, Longlac, Thunder Bay, and Angus) but this is now changing with a
larger program covering the whole province.

Progeny testing1*: Many of the first progeny tests, particularly
those at Petawawa, were established from a

research viewpoint, to estimate heritabilities5, obtain early estimates
of genetic gain, and develop suitable experimental designs. Other
tests, such as those established in the early stages of the white pine
blister rust resistance program at Maple, were more practice-oriented.
In recent years, with the emergence of more systematic selection programs

t+ Progeny testing - the evaluation of parents on the basis of their
progeny, e.g., following open or controlled pollination.

5 Heritability - the degree to which a trait is influenced by heredity
as compared with environment.
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for the major species in all regions, progeny testing has become more
comprehensive and is tied more closely to existing or planned seed
orchards. It now includes open-pollinated testing and testing based
on controlled crosses in seed orchards, with emphasis on jack pine,
white pine, white spruce and black spruce (Rauter 1975, Morgenstern
19 78, Yeatman 1978, Zsuffa 1978).

Studies of seed production: Knowledge of seed production is
very limited and most of the

available information comes from natural stands (Anon. 1966). The first
specific data on seed production in seedling and grafted clonal orchards
were contributed by Spruce Falls Power and Paper Co. Ltd. and Kimberly-
Clark of Canada Ltd. The clonal white spruce and black spruce orchards
of Kimberly-Clark at Longlac have been monitored by PFES in cooperation
with the Company since 1970 when seed production began. Similar efforts
were made by OMNR in their orchards at Angus and Thunder Bay. So far
little of this information has been published.

The seed unit at Maple is concerned with problems of seed pro
duction in general. It has investigated effects of seed sorting6 and is
now engaged in a long-term study of individual trees in a white spruce
seed production area at Orono.

A scientist responsible for research into seed production was
appointed by PFES in March 19 78, and the Great Lakes Forest Research
Centre (GLFRC) is studying seed production in black spruce as part of
its silvicultural program. The Centre is also investigating the pos
sibilities of mechanical cone collection from slash.

Since seed production is seriously impaired by seed and cone
insects, one recently established study at PFES is concerned with the
principal cone insects in the major species and with possibilities of
chemical control.

Physiology: A number of problems in flowering and seed produc
tion, seed certification, early screening, detailed

genetic analyses and chemotaxonomy, frost resistance, etc., can benefit
from basic research by utilizing specialized physiological and biochemi
cal methods (e.g., isoenzyme analysis). Capabilities in this field
exist both at the Ontario Forest Research Centre at Maple and at the.
Petawawa Forest Experiment Station, but need to be expanded, possibly
through cooperation with universities. PFES will engage a post-doctorate
fellow for isoenzyme analysis in 1978-1979.

Skeates, D.A. 1972. Size and weight of tubed seedlings related to
size, density, and weight of seed in jack pine (Pinus banksiana
Lamb.), black spruce (Picea mariana [Mill.] B.S*P.) and white spruce
(Picea glauca [Moench] Voss.). M.Sc. thesis, Univ. Toronto. 88 p.
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Results Achieved

Areas of seed stands (seed collection and production areas) and
seed orchards are given in Table 2. The table reflects that operational
tree improvement has been practised on a moderate scale. The figure for
jack pine seed collection areas (19,950 ha) is large, but for other
species corresponding figures are small, when one considers the forest
areas of the province and increased seed requirements for larger refores
tation programs. So far only about 20% of the present seed requirements
come from such seed stands and seed orchards. This situation reflects

the fact that what has often been called "tree breeding" was actually
research to develop basic genetic information. Actual breeding depended
mostly on local and regional interest and initiatives and did not expand
at the same rate as the regeneration program. Professor K.A. Armsonfs
(1976) study indicated that provincial tree breeding expenditures
amounted to only 1.7% of the total forest management budget in the 1974-
1975 period, a percentage which he found inadequate.

Table 2. Seed collection areas, seed production areas and seed orchards
established by 1977 (W.G. Dyer, pers. comm.).

Seed collection Seed production Seed

areas areas orchards

Species (ha) (ha) (ha)

White pine 40 11
>

Red pine - 72

Jack pine

White spruce

19 ,950

320

12

115

ALL

SPECIES

^ 120 ha
Capprox. ]

Black spruce 120 54

Other species - -

>

Total 2C1,430 264 120
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FUTURE NEEDS

Expansion of Regeneration Program

A discussion of present tree improvement programs is incomplete
without consideration of their relationship to present and future
silvicultural requirements. Not only species priorities, but also
methods of seed production and quantities of improved seed must be
related to silviculture. As mentioned earlier, the development of
breeding plans depends upon input from several disciplines, but silvi
cultural methods and production targets are definitely among the most
important considerations.

A study entitled "Forest production policy options for Ontario"
was prepared by the Ontario government in 1972. It discussed silvi
cultural decisions and expected results ranging from 0 input (Option
No. 1) to an estimated annual expenditure of $44.5 million (Option No. 5),
to allow a range of corresponding volumes of wood to be harvested in the
year 2020. Subsequently it was announced that the Ontario government
was planning to implement a policy above the Option No. 3 level. This
level anticipated an annual harvest of 26 million m3 of wood (Reynolds
1975). On the basis of extrapolation from the policy papery an area
of 20 million ha would be required under management.

The implementation of the policy would require annual cutting on
237,000 ha (Table 3). Of this area, 52,000 ha are listed as regenerating
without assistance in conformity with assumptions in the Policy Options
and 40,000 ha are only partially cut and require no treatment. Natural
regeneration following modified harvest cutting and application of simi
lar methods would cover 21,000 ha. This could possibly be higher accord
ing to current figures given by Heeney (1977). About 124,000 ha are
then left to be regenerated from selected seed.

An expected annual harvest of 26 million m3 of wood 42 years
from now requires the regeneration of the areas mentioned. Fortunately
in 1975-1976 the area cut was only 197,000 ha including partially cut
areas, so that 157,000 ha had to be regenerated. Of this area, 51,000
ha regenerated naturally and 69,000 ha were regenerated artificially,
leaving about 37,000 ha without treatment. Possible means of catching
up with this backlog have been suggested by Heeney (19 77).

Breeding and Seed Production

Ontario reforestation policy is still in development and definite
breeding targets have not been officially announced but planning is
progressing and larger areas will be regenerated with improved seed in
future years. A paper by Rauter (1973) indicated that by the year 2000
perhaps more than 2 billion seed will be required annually. A comparison
with 1975 seed requirements is given in Table 4.
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Table 3. A possible way of regenerating an annual cut-over area
of 237,000 ha in Ontarioa, based largely on figures
extrapolated from Heeney (1977).

Area

(ha)

40,000.

52,000

21,000

124,000

237,000

Regeneration method

Partially cut—no treatment needed

Regenerating without assistance

Seed-tree method, modified harvest cut

Seeding and planting from selected seed

Total area

aThe area requiring treatment is 145,000 ha (47% higher than the
figure given for the Option No. 3 level).

Table 4. Quantities of seed used by the Ontario Ministry of
Natural Resources in 1975 and predicted for the
year 2000 (1975 figures from C.H. Lane [pers. comm.];
figures for 2000 from Rauter 11973J.

Species

White pine

Red pine

Jack pine

White spruce

Black spruce

Other

a.
Estimated

Millions of seeds

1975

25

30

873

117

154

56

1,255

2000

77

100

785

425

626

87a

2,100
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Table 4 shows that seed requirements are expected to increase
from 1.3 billion in 1975 to 2.1 billion in 2000. If all of the seed is
to be obtained from seed stands (seed collection and production areas),
their total area would amount to about 11,000 ha (calculations on the
basis of figures given by Rudolf [1959]). This goal should not be
difficult to reach in view of the fact that area requirements for jack
pine have already been exceeded (Table 2). However, it can only be
considered a short-term objective and one that would result in no more
than a moderate genetic improvement.

A more appropriate long-term goal would be to produce all seed
for direct seeding as listed by Rauter (1973) in seed production areas
(including collection areas) and, generally, seed for planting in seed
orchards. (The exception is red pine.) This then would require about
5,800 ha of seed production areas and 3,100 ha of seed orchards (Table 5)
The total area that can be regenerated from seed improved in this manner
is approximately 124,000 ha (Table 6). It would thus fit in with the
requirements given in Table 3.

Table 5. Seed use and possible production in seed production areas (SPA) and seed
orchards (SO) in Ontario in the year 2000 (seed requirements for the
first five species based on Rauter [1973]).

Species

For direct

seeding
(millions
of seeds)

SPA for

•1 million

seeds (ha)

Total

SPA

Cha)

For nursery
stock

(millions
of seeds)

SO for

1 million

seeds (ha)e

Total

so

(ha)

White pine 29 6 174 48 6 288

Red pined (100) 12 1,200 - - -

Jack pine 713 2 1,426 72 2 144

White spruce - - - 425 3 1,275

Black spruce 332 9 2,988 294 4 1,176

Other species
(incl. hardwoods)

— — — 87 2 174

Total 1,174 5,788 926 3,057

a Includes seed collection areas

Figures based on Rudolf (1959)

° Figures based on Rudolf (1959), Nienstaedt and Jeffers (1970), and Morgenstern
et al. (1975)

Red pine seed will be used for nursery stock production but most of the seed will
come from seed production areas*
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Table 6. Potential areas regenerated by direct seeding and planting of
nursery stock.a

% Species

Seeds used

for direct

seeding
(millions)

Total

area

(ha)

Seeds used

for nursery
stock

(millions)

Area

planted
(ha)

White pine 29 580 48 4,800

Red pine - - 100 10,000

Jack pine 713 14,260 72 7,200

White spruce - - 425 42,500

Black spruce 332 6,640 294 29,400

Other species
(incl. hardwoods)

— — 87 8,700

Overall totals 21,480 102,600

a
It is assumed that 50,000 seeds are sown per ha in direct seeding and
10,000 in nurseries to plant 1 ha.

In conclusion, it is evident that tree improvement in Ontario is
at a critical stage. It presents a challenge to all of us.

First, forest managers at the regional and district levels face
the challenge of applying knowledge which is already available. The
adherence to seedzone regulations and designation of seed stands in all
districts and management units should be possible. Forest management
supervisors and unit managers are capable of conducting sustained genetic
improvement programs with the advice and guidance of specialists, and
this involves more than plus-tree selection. Once foresters are familiar
with the general principles and practices, they can go ahead within the
context of their own opportunities.

Second, forest geneticists and tree breeders face the challenge
of improving currently applied breeding methods. Experience with our
native species is still limited. For example, designs for seedling seed
orchards and the wider application of clonal tests are two important
issues. The most important objective is to increase test efficiency so
as to keep the area needed for testing to a manageable size.

Finally, senior managers and policy makers face the challenge of
adjusting the size of the tree improvement program to the level of silvi
cultural activity. Genetically improved seed should be used for planting
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programs in intensively managed areas to make the best use of the avail
able land base. Economic analysis can provide critical threshold values
here (Bergman 1969, Carlisle and Teich 1971). Probably the rate of seed
orchard establishment will have to be increased. Organizational problems,
such as closer involvement of the administrative regions and districts,
and of industry and universities, have been mentioned by Armson (1976)
in this respect. Decisions at this level will play a large role in
determining what Ontario foresters will have achieved in tree improvement
when the twenty-first century begins.
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QUALITY CONTROL IN TREE SEED PROCUREMENT

B.S.P. Wang and W.H. Fogal
Research Scientists

Petawawa Forest Experiment Station

Canadian Forestry Service
Chalk River, Ontario

This paper reviews human* mechanical* physiological*
entomological and pathological factors affecting yield and
quality of forest tree seed during various phases of pro
curement* including preharvest planning* harvesting and

<* processing* testing* storage and treatment prior to sowing.

Ce document passe en revue les facteurs humains*
mecaniques* physiologiques* entomologiques et pathologiques
qui affectent le rendement et la qualite des semences

^ provenant des arbres forestiers au cours des diverses
phases d'approvisionnement* y compris la planification
d'avant recolte* la recolte proprement dite* ainsi que le
traitement* les tests* Ventreposage et enfin la prepara
tion pr&cidant V ensemencement.

INTRODUCTION

Of the elements required for regenerating and improving forests,
tree seed is the most important. Research has demonstrated that seed

^ with improved genetic quality can be produced (Morgenstern et al. 1975).
In the long term, the production and use of such seed depend upon the
establishment and intensive management of seed orchards. This will take
time, but when such seed becomes available we will have to ensure that
it is not wasted. In the meantime seed must be obtained from conven

tional sources such as general collections and seed production areas,
with emphasis on quality control to ensure that seed is collected from
healthy, vigorous trees and that it is not lost because of improper
harvesting, processing, storage or treatment prior to sowing. Seeds
reach their highest quality at physiological maturity, and they degen
erate from then until planting, with the rate depending upon the degree
of deviation from optimum conditions in the subsequent phases from
harvesting to seeding.

i^

•rW\

In this paper we consider human, mechanical, physiological, path
ological and entomological factors which affect yield and qualityf and
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point out measures to achieve quality control in seed procurement, pri
marily with seed of conifers and, where appropriate, hardwoods.

INSECTS AND FUNGAL PESTS

During cone development, numerous insects and a few fungal pests
cause physiological and mechanical damage that results in complete
destruction of seed or serious losses in yield of viable seeds. Some
of the major pests are shown in Table 1. During stages of procurement,
seeds may be exposed to damaging fungal parasites which can cause regen
eration failures in the field. Some fungi found on seed and known to
cause such problems are shown in Table 2.

HARVESTING

Preharvest Planning

Many factors have to be considered in planning and organizing
for seed collection. First, we must have good estimates of the quantity
of seed required for the species being regenerated. Second, we must
know where abundant seed crops are available. Third, we must plan care
fully for manpower and equipment requirements. Collectability is gov
erned by shortage of seed of a given species, value of the crop (ordinary
or improved), accessibility of stands, manner of collection, and insect
damage. Cone crop reconnaissance should be undertaken prior to collec
tion, according to a standard crop grading system.

Selection of Stands and Trees

The genetic constitution and physiological condition of trees
from which seed is collected affect the quality of seed. Seed should be
collected from healthy, mature trees that show good form and growth and
are free of damage by insects and diseases. They should be growing in
stands on good sites or in plantations of known seed origin because of
environment and seed source variation in such characters as growth,
hardiness and susceptibility to disease (Morgenstern 1975, Yeatman
1976). To provide a wide genetic base, seed should be collected from
a representative sample of the tree population.

Crop Year

Cone crop production is irregular in forest trees; when crops
are poor, seed yields and quality are low because of incomplete pollina
tion (Sarvas 1955) and high frequency of selfing through inbreeding
(Wang 1976) and insect attack (Tripp and Hedlin 1956, Lester 1963,
Mattson 1971). As a general rule cone collections should be undertaken
only in a good crop year to avoid wasted effort and to bridge the gap of
poor seed years, provided that the seed can be stored for sufficient
periods of time.
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Table 1. Cone and seed insects and fungi reducing seed yield in forest trees
of eastern Canada.

Coneworms: Attack spruces (Picea spp.), pines (Pinus spp.), fir (Abies spp.)
and tamarack (Larix laricina [Du Roi] K. KoclO. Cones are

excavated internally and may have a fine mass of webbed frass over larval
entry hole. Adults usually leave cones in late summer or fall to lay eggs.
Young larvae overwinter beneath bark scales.

Coneborers: Attack pines. Cones are totally riddled internally with no
obvious tunnel system. Fine chewings and frass may be evident

on cone surface where larvae break through while feeding. Mature larvae
leave cones in July and overwinter as pupae in soil.

Cone beetles: Attack pines. Larvae completely destroy interior of cones
which may fall off the tree. •Entrance and exit holes are

visible on cone surface. Adults may overwinter in fallen cones, or leave the
cones in June or July to overwinter at other sites.

Cone midges: Attack spruces and pines. Larvae feed in cone axis and/or
between cone scales, and produce resin-soaked tissue between

scales. Damage often causes distortion and decrease in size of cones. These
insects overwinter within puparium in cone or leave the cones in midsummer
to overwinter in duff.

Seedworms: Attack spruces and pines. Young larvae feed within seeds; older
larvae excavate the cone axis and feed on seeds. Most damaged

and undamaged seeds remain stuck in the open cone. Mature larvae overwinter
within tunnel in cone.

Seed chaloids: Attack spruces and tamarack. Adult females lay eggs within
developing seed by inserting long ovipositor through cone

scales. Larvae consume entire contents of seed and overwinter within the
seed. Difficult to distinguish sound from infested seed except by dissection
or radiography.

Seed midges: Attack spruces. Young larvae enter ovule through the micropyle
and consume entire contents of seed. Larvae overwinter within

the seed and can be detected by dissection or radiography.

Seedbugs: Attack pines. Feed upon developing cones by puncturing cone scales
and extracting nutrients from individual seeds. Cause conelet

abortion or reduce yield of filled seed.

Weevils: Attack hardwoods. Adults lay eggs in seeds or developing nuts in
summer. Larvae develop and consume contents of seed or nuts and

usually leave to overwinter in duff.

Cone rusts: A problem on spruces and hemlock (Tsuga spp.). They reduce
viability or cause complete loss of seed.
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Table 2. Some genera of fungi found in or on seed and known to cause significant
reductions in germination or high mortality of seedlings.

Fusarium: Some species penetrate seed, causing decay and reduction in germina
tion while others cause radicle decay of germinated seed or attack

seedlings at the stem base. Chemical control is not very effective for prevent
ing growth of mycelia within seed but treatment does hamper disease spread on
emerging seedlings and plants.

Botrytis: Species are frequently found on conifer seeds and can reduce germina
tion. They do not appear to cause radicle decay but some may attack

seedling stems.

Rhizootonia: Some species cause reductions in germination in some conifer
species and/or death of seedlings.

Pythium: Some species are highly pathogenic in nurseries and losses are par
ticularly evident on seedlings from poor quality seed. They kill seed

before germination or kill the growing radicle soon after sprouting.

Rhizopus: Some species are found frequently on surface of seed but have little
influence on germination. Others cause reductions in germination

but have little influence on radicle decay following germination. Chemical
treatments of seed are reported to be effective in control.

Penicillium: Species of this genera make up a large part of surface microflora
of seed. They are capable of reducing germination, particularly

if seeds are damaged mechanically or otherwise and may cause radicle decay.
Many species show resistance against commonly used chemical treatments.

Aspergillus: Widespread occurrence in nature and on seeds. They can cause
some reduction in germination and may cause radicle decay but

are not as damaging as Peniaillium.

Muooy: Species of this genus have little influence on germination of sound
seed but they reduce germination of seed damaged by insects or seeds

damaged during extraction, dewinging or prolonged unsuitable storage.

Pullularia: Some species can be highly pathogenic, attacking seeds and
reducing germination.

Geniculodendron: A single species, G. pyriforme, commonly called cold fungus
or seed fungus, causes pre-emergence seed losses of spruces

and pines. It survives for years on stored seed or in dead seed in nurseries,
and grows during stratification or in seedbeds during cool, moist weather.
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Seed Maturity

Maturity is an important factor affecting seed quality. Imma
ture cones give poor seed yields, lead to damage of seeds in handling
and processing, poor germinability and storability of seed (Wang 1974),
and unripe seeds are more prone to attack by mold than are their ripe
counterparts (Bloomberg 1969). Fortunately, seed maturity indices have
been developed for different species and these can be applied to trees
in Ontario. For white pine (JPinus strobus L.) and red pine (P. resinosa
Ait.), specific gravity indices have been used successfully (Schopmeyer
1974); spruces and larches (Larix spp.) can be judged by their cone
color and embryo development (Dobbs et al. 1976). However, judgments
based on cone color or specific gravity may be confounded by insect
damage. The degree-day summation criterion suggested for white spruce
(Picea glauca [Moench] Voss) by Zasada (1973) may be worthy of opera
tional evaluation. Most hardwood seed maturity can be judged by the
color change of the micropylar end (oaks [Quercus spp.]) or samaras
(ashes [Fraxinus spp.], maples [Acer spp.]) from green to brown (Bonner
1970, Carl and Snow 1971).

Cone Picking

Cone picking should be done from designated areas where cone
crops are known to be collectable. Since seed yield and quality are
directly related to cone size and quality, it*±3 important that, when
possible, undersized, aborted, insect- and disease-infested cones should
not be picked in manual operation. However, such discriminative cone
picking would not be economical in mechanized operations.

Insect-damaged cones can be identified by larval entry or exit
holes, cone disfiguration, browning, excess of resin, and profusion of
webbing and frass on the cone surface. Since some insects show no exter
nal signs of attack, cones should be examined internally by longitudi
nally slicing them down the cone axis with a sharp pocket knife to deter
mine the extent of damage. Insects may or may not be present but signs
of feeding will be evident as brown tunnelling around the axis, missing
seeds, or an excavated axis. Evidence of fungal damage will be seen as
shrivelled brown cones.

To extend the collection period, cones and fruits can be picked
early and ripened artificially (Schopmeyer 1974).

Collecting squirrel-cut cones from the ground may be considered
easy and economical but risky because such cones may not be fully
ripened (Rudolf 1961). Acorns are commonly gathered from the ground,
although it is wise to avoid picking the early falling acorns as they
are -usually unripe or damaged by insects (Bonner 1970).

It is very important that each cone container be labelled
clearly by species, seedlot, location, date of collection, etc., both
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inside and outside. Cone containers should be made of a material that
allows air circulation, although this is not required for serotinous
cones (e.g., jack pine (Pinus banksiana Lamb.) cones).

HANDLING AND PROCESSING

Cone Handling and Storage

Freshly harvested cones with a high moisture content should be
shipped from collection points to seed extraction plants as quickly as
possible. This is especially important for species such as balsam fir,
(Abies balsamea [L.] Mill.), white spruce and fleshy fruits of some hard
woods. If it cannot be done, temporary storage shelves can be built to
provide proper air-drying to prevent moist cones from molding or heating.
Mold growth frequently develops on insect-damaged or improperly stored
cones, and may reduce seed yield. In extreme instances it may invade the
seedcoat and grow on deteriorating endosperm (Bloomberg 1969).

Although mature cones of most tree species (red pine and jack
pine) can be processed immediately or shortly after harvesting, some
species, notably white pine, require a period of air-drying or curing to
set their resinous coating (Ritz and Kimball 1940). This is also true
of white spruce cones, which have a relatively short collection season of
2-3 weeks and are often harvested when the cones are still green. These
cones have to be properly air-dried before processing in order to gain
maximum seed yield and seed quality (Crossley 1953) . Storage of red pine
cones C4 months) in piled sacks renders the seeds more sensitive to kiln-
drying temperatures (54a-66°C), whereas seed stored on trays can tolerate
drying temperatures of 77°C without seed injury (Ritz and Kimball 1940) .

When handling freshly collected cones and fruits, it is impor
tant (1) to maintain the original identity of seed source location;
(2) to extract seeds from fleshy fruits as soon as possible; (3) to
spread cones on screened trays in thin layers in cool, well-ventilated
environments; and (4) to separate those requiring immediate processing
from those requiring a period of air-drying before processing.

Seed Processing

Hardwood fruits require little processing whereas coniferous cones
and seeds require seed extraction, dewinging, cleaning and conditioning.
In general, cone opening and seed release are enhanced by kiln drying;
this is not true for cones damaged by some insects (e.g., midges and seed-
worms) . Seeds may be injured by high kiln temperatures and relative
humidity, harsh dewinging, and inadequate conditioning, and they are
exposed to large numbers of fungi that cause later problems; injury
facilitates invasion by molds which inhibit germination (Allen 1958,
Gibson 1957).
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Injury varies among species, so it is important to establish
standard safety limits of the kiln schedule by species. Dewinging injury
can be prevented by using wet dewinging for conifer species. Following
extraction, seeds have to be cleaned to separate detached wings, broken
twigs, scales, empty seeds and other foreign matter from filled seeds.
This can be achieved by various types of aspirators, gravity separators,
or combine cleaners. Before seeds are stored they need to be conditioned
and dried to the proper moisture content. Research has demonstrated that
4-8% of fresh weight appears to be the safest range for most conifers and
small-seed hardwoods (Wang 1974).

TESTING FOR SEED GERMINABILITY

Immediately following processing and prior to sowing of stored
seed, tests for germination should be made to predict field planting
value, and to ensure optimum sowing rates and minimize waste of seed. In
practice there is considerable discrepancy between laboratory germination
tests and nursery performance (Heit 1969). This is due to improper test
ing and interpretation but tests demonstrating a high degree of correla
tion with greenhouse or nursery emergence have been devised (Wang 1973).

Testing of deeply dormant seed such as western white pine and
many hardwoods is inefficient because of the long time required for pre-
treatment and germination. Germination potential of such seed can be
estimated by rapid testing methods such as tetrazolium staining, excised
embryo germination, x-ray contrast, or exudate analysis.

Many seeds in a seedlot are immature, underdeveloped, dead,
injured by insects or seed processing, or contaminated with various fungi,
and these problems can be assessed adequately in testing. However, some
pathogens, such as cold fungus, develop during cold, moist stratification
(Gordon et al. 1976) and thus are difficult to detect in unstratified
seed. Fungal contamination can affect the accuracy of germination tests
and the standard procedure is to remove contaminated seeds and change the
medium as often as possible or to sterilize seeds with chemicals such as
hydrogen peroxide, chlorine, etc., before testing.

STORAGE

The main objective of seed storage is to ensure an adequate sup
ply of seed for reforestation between good seed years. During storage
the seeds must be maintained in good physiological condition. The most
critical factors affecting the physiological state of seeds in storage
are initial state of seed (ripeness, injuries), seed moisture content,
storage temperature and types of storage containers. Because of differ
ences in degrees of tolerance to drying, temperature, and oxygen, the
effect of each of the above factors on seed storability varies with tree
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species. Most conifer and small hardwood seeds which can tolerate drying,
subfreezing temperatures and sealed conditions can be effectively stored
for 10-40 years. On the other hand, large hardwood seeds which cannot
tolerate drying, subfreezing temperatures and sealing can be stored for
only a few years (Holmes and Buszewicz 1958).

Most losses in viability of stored seeds are attributed to exhaus
tion of food reserves (Holmes and Buszewicz 1958), and mold has been
relegated to a secondary status because forest tree seeds are usually
stored at temperatures and moisture contents which prevent mold growth.
However, mold does grow on seed stored at low temperatures (Schubert 1961).
Thus seed fungi may be responsible for unaccountable losses during storage.
For the most part, however, mold problems probably occur before seed is
stored or after storage when conditions are favorable for fungus develop
ment. The important point to remember in this regard is that a large
number of fungal spores keep their viability for several years (Shea 1960,
Rosnev et al. 1975).

To minimize losses during storage the following measures should
be adopted: (1) ensure that seed has proper moisture content; (2) dis
infect packaging in storage localities and maintain standard temperature
and humidity for species being stored; (3) equilibrate containers with
room temperature before opening for withdrawal to avoid water condensation
within the containers and on the seed; and, (4) return seed to storage as
soon as possible to avoid exposure to higher ambient temperatures.

SEED TREATMENT

In order to obtain maximum germination, seeds are treated before
sowing to overcome dormancy and to control fungus attack during germina
tion and seedling development.

Stratification

Stratification is a well established practice for overcoming seed
dormancy by placing seeds in moist sand or peat or other suitable media,
with some aeration. The term is often used loosely as a synonym for pre-
chilling, although the latter term refers only to moist, cold stratifica
tion.

Four essential conditions for effective stratification are:

(1) adequate moisture; (2) adequate temperature; (3) adequate aeration;
and, (4) adequate time. These vary with tree species. When all require
ments are met, many types of physical and physiological dormancy in seed
will be effectively overcome, and vigorous and uniform germination will
be obtained. It is obviously a useful tool for increasing efficiency in
the supply of seeds for planting programs. However, excessive moisture
favors the growth of some molds which alter germination rates and capacity
(Schubert 1961, Heit 1969, Gordon et al. 1976).
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Fungus Control

Seed-borne fungi have post-sowing effects on seeds. Fungi that
occur in or on seeds produce molds that cause a partial or total loss in
germination ability, death of seeds, or seed rot, and damping-off of
seedlings; losses may be as high as 10-23% (Rosnev et al. 1975). Factors
tending to favor the development of damping-off in nurseries are heavy
fertilizing, shading, and watering (Vaartaja 1956), and the cold fungus
may kill 100% of conifer seeds in infested soil in a long, cold spring
(Gordon et al. 1976).

There is a need to develop control strategies for seed-borne
fungi which cause post-sowing mortality. Control of the micororganisms
infesting seeds may be accomplished by coating them with a fungicide or
by sterilizing the seedcoat. However, most fungicides evaluated for for
estry have shown considerable seed toxicity and treatments have tended to
be ineffectual (Sutherland et al. 1975). Failure to achieve control of
pre-emergence seed losses in the nursery by fungicide seed dressings may
be explained by the fact that microorganisms are already within the seeds
and thus are not affected by externally applied chemicals. However,
Barnett (1976) has been able to control disease by sterilizing seed with
hydrogen peroxide. •
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SEED SOURCE VARIATION

C.W. Yeatman and E.K. Morgenstern
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Chalk River, Ontario

The variation among seed sources is a major factor
in regeneration programs* and must be taken into account in
seed collection* distribution* and tree breeding. Current
results indicate that* with very few exceptions* local seed
is best to obtain good survival* hardiness* growth* and
resistance to insects and diseases of native tree species.

La variation parmi les sources de semences constitue
un important facteur lors des programmes de regeneration; il
faut done en tenir compte lors de la recolte et de la distri
bution des graines et pour Vamelioration genetique des arbres.
Les resultats actuels indiquent que* & peu d*exceptions pr&s*
les semences locales sont les meilleures pour obtenir une
survie raisonnable* la vigueur* la croissance et la resistance
aux insectes et maladies propres aux esp&ces drarbres indigenes.

INTRODUCTION

Every living organism, from the simplest to the most complex, is
the expression of the interaction of its genetic, or hereditary, consti
tution and the environment in which it functions. This interaction gives
rise to the astounding richness and balance of the earth's biological
community, which must be respected and treated with care by all resource
managers. In forestry, as we move from exploitation of wild forests to
management of more closely controlled stands, we are well advised to
understand how natural variation develops and how to retain the balance
and stability of forest species growing in diverse environments. The
objective of this paper is to review some of the basic factors involved
in natural genetic variation, to describe some common patterns in economic
characters, and to indicate how this knowledge can be used to advantage
in forest management and for genetic improvement.

^
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GENES, ENVIRONMENT AND MAN

Factors in General

Each species has specific silvical characteristics that are
reflected in its broad geographic range and site-related areal distribu
tion within the forests. Important characteristics include tolerance to
shade, flooding, drought, frost and exposure, demands for nutrients and
nutrient balance, resistance to fire, rate of juvenile growth and longev
ity. These and other factors determine the successional roles from the
pioneer to the climax species.

These characteristics have evolved over millions of years as a
result of the interplay of genetic processes (mutation, selection, migra
tion and isolation) with environments. Genetic processes have fitted
species to distinct ecological niches, and continue to change and adapt
them to ever changing environments. In managed forests, the actions of
man affect tree populations as well, primarily by seed collection and
redistribution, nursery culture, site preparation, regeneration methods,
and tending. Thus artificial selection is practised on a large scale,
inbreeding is increased or reduced, and new gene combinations are brought
about by mixing of populations. These human influences are very far
reaching, with effects that may ultimately be positive or negative.
Informed foresters will direct their efforts to achieving positive effects.

Environmental Factors

Environment plays a dominant role in the development of geographic
variation observed in natural stands of native tree species with which we
are working today. Several environmental factors will therefore be dis
cussed in more detail.

Regional climate is the primary, overriding influence directing
genetic adaptation of tree species. The climate of Ontario has a well
defined seasonal pattern ranging from warm temperatures and adequate mois
ture during the summer growing season to sub-freezing conditions in the
depth of winter. There are, however, steep environmental gradients from
south to north as the climate changes from cool-temperate in the Deciduous
Forest Region (Rowe 1972) in southwestern Ontario to subarctic in the
Forest-Tundra (ibid.) on the south shore of Hudson Bay, 1200 km and 14
degrees of latitude to the north. Including the southern hardwoods, the
commercial forests of Ontario lie between latitude 42°N in the southeast
and 52°N in the northwest. The values of seasonal means given in Table 1
for five locations spanning this range are indicative of contrasts found
in climate. The greatest differences lie in winter minimum temperatures
and lengths of the growing season, and these differences reflect the lower
winter temperatures and shorter growing seasons of northern latitudes.

Local climate and soils, conditioned by topography, aspect, soil
texture, nutrients and water relations, are next in importance. They
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influence the natural distribution and association of species, population
size and degree of isolation. Local climate and soils can introduce
important modifications into broad regional trends, and must be taken
into account. Climatic changes and trends of past millenia have also
left their mark. Occurrences of species in isolated or outlier commun
ities constitute the most obvious examples of these historic and local
influences.

Table 1. Climatic summaries at five locations in Ontario

Unit

Locations

Chatham Huntsville Sudbury Chapleau Fickle Lake

Forest section D.l L.4d L.4e B.7 B.22a

Latitude °N 42 45 47 48 51

Longitude °W 82 79 81 83 90

Elevation m 180 290 340 430 370

Max. photoperiod hr:min 16:15 16:50 17:10 17:20 18:00

Jan. avg daily
min• temp• °C -4 -15 -17 -23 -27

July avg daily
max• temp • °C 30 26 24 24 23

Length of growing
season >5.6°C days 220 190 174 158 148

Mean annual

precipitation rnn^ -780 940 810 790 690

Photoperiod (sunrise to sunset plus civil twilight) at the summer solstice
interpolated from Robak (1962). Remaining values taken from Rowe (1972).

GEOGRAPHIC VARIATION

Survival and Hardiness

Genetic variation in survival and hardiness generally parallels
that of climate, as illustrated by provenance tests of the major spruce
and pine species in Ontario. Imprinted growth responses to temperature
and photoperiod must keep pace with the environmental cycle if a tree
is to progress from growth initiation to bud formation and quiescence
(dormancy) without injury and is to remain competitive with other trees
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and shrubs with which it is associated. Trees of continental northern

origin, in comparison with those of southern origin, respond more rapidly
and to lower temperatures in spring, initiate buds sooner in summer and
enter dormancy earlier in fall. When planted in milder climates, northern
sources are susceptible to spring frost because of early flushing and
they are reduced in height growth because of early bud formation. Trees
of southern origin planted in a more stringent northern climate grow
rapidly as long as they are protected by snow in winter. However, delayed
bud formation in summer and inadequate maturation of tissue in the fall
induce susceptibility of southern sources to injury from extreme low
temperatures and exposure to sun and wind in winter. The resulting winter
desiccation kills exposed needles, buds and shoots and leads to reduced
growth, deformation and susceptibility to disease. Trees subject to a
very wide environmental transfer in the direction of a more severe climate
suffer winter damage every year. Less extreme transfers may increase the
incidence of disease or critical injury and may be evident only in years
of extreme climatic stress. The result of using trees genetically out of
step with the seasons inevitably leads to reduced productivity and a
smaller return on management investment, and consequently to increased
wood cost.

For black spruce (Picea mariana [Mill.] B.S.P.), white spruce
(P. glauca [Moench] Voss), jack pine (Pinus banksiana Lamb.), and white
pine (P. strobus L.) the general pattern of variation has been found to
be clinal and associated with gradients in photoperiod and temperature,
i.e., generally arranged south to north (e.g., Yeatman 1964, 1974; Fowler
and Heimburger 1969; Morgenstern 1969b, 1975; Teich et al. 1975). But in
red spruce (Picea rubens Sarg.) it was not well correlated with climatic
factors but rather the degree of introgressive hybridization with black
spruce (Morgenstern 1969a, 1969c).

Insect and Disease Susceptibility

Patterns of susceptibility to insects and diseases often follow
the normal gradients associated with general vigor and hardiness just
described. Thus at northern test sites of range-wide jack pine prove
nances, infection and mortality from Gremmeniella canker (Gremmeniella
dbietina [Lagerb.] Morelet) was greater within sources with climates and
latitudes dissimilar to those of the planting sites, and southern sources
were most strongly affected (Yeatman 1975, 1976a, 1976b). These results
are consistent with those recorded earlier in a very heavily infected
provenance planting in a nursery at Longlac. Here the largest percentage
of surviving trees was found in three sources from Quebec (Teich 1967).
Teich and Smerlis (1969) subsequently demonstrated that a level of resis
tance to Scleroderris inoculum existed in trees of the same sources

grown at Chalk River, Ontario. This situation was not predictable and
was only weakly associated with other patterns of growth and hardiness.
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A similarly unpredictable trend was discovered in a black spruce
provenance test at Petawawa Forest Experiment Station. Here the northern
provenances were more strongly attacked by the shoestring root rot
(Armillaria mellea [Vahl ex Fr.] Rummer) than southern provenances,
perhaps because their root growth was out of phase with the test environ
ment. In the northern test site at Kirkland Lake the disease was absent

(Morgenstern 1975).

Provenance variation in attack by insects has been observed infre
quently in Ontario. In one population of Norway spruce (Picea abies [L.]
Karst.), resistance to (or the ability to recover from) attack by the
white pine weevil (Pissodes strobi Peck) was usually associated with the
narrow crown types more frequently found in higher elevations (Hoist 1955).
In European larch (Larix decidua Mill.) the provenance least affected by
the larch sawfly (Pristiphora erichsonii iHtg.]) was of Austrian alpine
origin (R.F. Calvert and W.H. Fogal 1978, pers. comm.).

Growth

Variation patterns in growth usually follow those of survival and
hardiness in the sense that they are clinal and reflect natural selection
along gradients of photoperiod and temperature. Results of this kind have
been obtained for black spruce, white spruce, jack pine, white pine, red
pine (Pinus resinosa Ait.) and tamarack (Larix laricina [Du Roi] K. Koch).
Hence, the admonition to use local sources is sound silvicultural advice
unless strong and consistent evidence indicates that a clear gain in sur
vival and growth can be realized by selecting another source of seed.

Populations may vary widely around these broad climatic trends,
depending on species and region. For example, provenance tests of white
spruce have consistently shown trees from parts of southeastern Ontario
to be superior in the milder regions of eastern Canada and the Lake States.
In contrast, jack pine from the area east of Lake Nipigon and north of
Lake Superior are relatively slow-growing wherever they have been tested.
Differences among stands within regions may also be substantial. Seed
collection and plus-tree selection can be concentrated in the better pop
ulations once they have been identified in test plantations.

APPLICATION

General Principles

An understanding of seed source variation in genetic quality finds
its obvious application in artificial reforestation. Money spent on site
preparation, planting, seeding and tending cannot be effective unless not
only the right species and methods but also the most responsive sources
of seed are used. The silvicultural significance of seed source lies
first in survival which demands cold-hardiness and tolerance to endemic
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diseases and insects, and secondly in growth sustained throughout a
normal rotation to harvest. All other aspects of genetic improvement,
e.g., early growth rate, average form, exceptional disease resistance,
stand uniformity, etc., are subsidiary to the essential foundation of
environmental adaptation.

Requirements for seed of each species must be anticipated for
the decades ahead and provision made now to ensure that seed of appropri
ate sources will be available when and where needed. An understanding of
seed source variation must guide the distribution of seed within and
between seed zones on the basis of ecological criteria. These adapta-
tional patterns must also form the basic fabric of breeding programs
designed to upgrade genetic quality. A conservative approach is clearly
safer than one of expediency.

Seed Zones

Seed zones (site regions) constitute the first provision designed
to obtain good survival, hardiness and predictable growth responses as
mentioned above. Even though weaknesses can be found in the seed-zone
principle (e.g., the arbitrary nature of the lines delineating bound
aries, or the application of the same zones to all species), the overall
effect of adhering to these regulations is positive. The recent intro
duction of the procedure of identifying seed collections by districts in
northern Ontario is another step in the right direction and can lead to
greater rather than diminished flexibility in the distribution of seed.

Seed zone regulations apply only to the place of establishment.
Nursery stock can be produced in other seed zones, but this should be
done in a systematic manner to avoid losses resulting from unequal prove
nance reaction to photoperiod and temperature (Morgenstern 1976).

Species* Silvias and Provenance Selection

Patterns of genetic differentiation of populations within Ontario
tree species are variations on the general theme of environmental adapta
tion. Provenance selection can be practised effectively when results are
in from well designed, long-term experiments. So far, most of our results
are based on exploratory studies with inadequate sampling but more com
prehensive data are being accumulated at a considerable rate. Neverthe
less what is known should be applied without delay.

For each species, particular factors appear dominant in relation
to seed source variation and the need and opportunity for genetic improve
ment.

Black spruce occupies moderately dry to wet sites, dominantly in
the boreal forest. It is often found in densely stocked pure stands and
may occupy huge areas of interconnected lowlands. Black spruce is also
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found on the better drained soils in mixture with other species, commonly
jack pine and poplar (Populus spp.). It regenerates prolifically follow
ing fire, yet is long-lived and persistent on typical black spruce sites.
Black spruce accounted for 12% (6.2 million seedlings) of the total
planting stock used in Ontario in 1975 (Anon. 1976). Planting is con
centrated on the upland sites (Fowler and Mullin 1977) and there is an
urgent need to perfect the techniques of direct seeding in black spruce
(Brown 1974).

Black spruce exhibits a well defined pattern of geographic varia
tion in growth related directly to latitude and climate of origin
(Morgenstern 1975). Genetic variation in many characters is continuous
(clinal); hence, abrupt boundaries do not exist. In boreal regions, seed
from adjacent swamps and uplands can be pooled (Morgenstern 1969b, Fowler
and Mullin 1977). Evidence so far indicates that local populations are
superior for reforestation and wide displacement of seed and seedlings
should be avoided (Morgenstern 1975). Recently established trials may
identify specific seed transfers that are advantageous, but such evidence
is not yet in hand. There is evidence of stand differences within eco-
climatic regions that can be used to advantage once the better sources
are known (Fowler and Mullin 1977). This points to a need to identify
and keep separate seed collections from large stands within regions and
districts.

White spruce is a moderately shade-tolerant species, commonly
found growing in mixture with other coniferous and hardwood species on
well drained soils of moderate to good fertility. It ranks first as a
plantation species in Ontario, accounting for 30%, or 15.6 million seed
lings, of the total stock planted in 1975 (Anon. 1976).

White spruce has a broad but poorly defined pattern of geographic
variation in which populations from particular regions stand out as
having high genetic value over a wide range. Populations from south
eastern Ontario (Cobourg, Beachburg, Douglas) have grown very well in a
wide longitudinal belt across the Lake States and eastern Canada.
Northern sources do best in boreal environments (Nienstaedt 1969; Teich
et al. 1975). Accurate genetic evaluation of white spruce seed sources
is greatly complicated by the variable effects of microsite and brush
competition commonly encountered on typical white spruce sites. New
intensive studies of white spruce populations in Ontario are designed
to provide better guidance in source selection and transfer.

Jack pine is an intolerant species closely adapted to fire, fre
quently growing naturally in well stocked pure stands. It has a short
life span relative to other Ontario pines and spruces. Although found
on a wide range of sites, reflecting localized fire history, jack pine
dominates coarse-textured, dry, well drained soils of moderate to low
fertility. As a consequence, maj,or populations and stands are commonly
separate one from another with little or no continuity between them.
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Jack pine has a high success rate in artificial regeneration and
with 24% of total stock used In 1975 it was second only to white spruce.
In the same year, 23,000 ha were direct seeded in Ontario (Anon. 1976),
some 90% or more to jack pine (Brown 1974).

Jack pine has strong geographic differentiation that is broadly
associated with latitude and climate. Local and near-local populations
are among the best seed sources in most range-wide and Ontario tests
located from Red Lake in northwestern Ontario to Turkey Point on the
north shore of Lake Erie. The exception is a large area north of Lake
Superior, as previously noted. Considerable variation in survival and
growth is found among stands within eco-regions, and calls for regional
stand tests to identify the better populations for seed collection and
selection (Yeatman 1974, 1976b, Buchert 1978, Skeates1).

Northward movement of seed should be avoided because of the haz

ards of winter injury and/or Gremmeniella canker (Yeatman 1976b). Concern
for the latter may increase dramatically should the virulent European
race of Gremmeniella spread into Canada from adjacent northeastern United
States where it is well established in red pine (Dorworth et al. 1977,
Anon. 1978).

Red pine is an ancient species that apparently has changed lit
tle over the past 100 million years. It is predominantly a fire species
and in the absence of disturbance it persists only where competition
from tree and ground vegetation is at a minimum, such as on rock outcrops
and coarse, acidic, well drained soils. Red pine is a long-lived
species and mature trees are protected from ground fire by the charac
teristic thick bark. Natural regeneration commonly arises from a few
scattered trees that may survive repeated fires. Red pine rarely forms
pure stands and population boundaries are seldom defined clearly. Its
present distribution is much reduced from that of some 5,000 years ago
when the general climate was warmer. In contrast, red pine has been
planted extensively in Ontario because of ease of nursery culture, rela
tive freedom from insects and disease and high productivity on suitable
sites (Fowler and Lester 1970, Stiell 1978). In 1975 some 8 million
red pine seedlings were used in Ontario, 16% of the total for all species
(Anon. 1976).

Clinal variation in response to environmental gradients is weaker
than in most other common native tree species, but long-distance movement
of seed should be avoided (Fowler and Lester 1970). Frost sensitivity
of northern sources is less than that of southern sources. It is recom

mended that local seed be collected for current reforestation, especially
in the northern part of the range. Because of less variation, provenance

Skeates, D.A. 1978. Discontinuity in development of jack pine in
Ontario, a 20 year provenance assessment. Ont. Min. Nat. Resour.,
Ont. For. Res. Centre, Maple, Ont. 19 is p.
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selection alone is not promising for genetic improvement and must always
be coupled with family testing and selection (Fowler and Lester 1970,
Hoist 1975a).

White pine has a similar distribution to red pine in Ontario,
but south of the Great Lakes white pine extends as far as Illinois and
Iowa in the west and Georgia and Tennessee in the east (Critchfield and
Little 1966). It grows on a wider range of site conditions and is more
tolerant of shade than is red pine. White pine grows best on fresh sites
with deep soils of moderate to high fertility. Management favors natural
regeneration for perpetuation of white pine (Stiell 1978, Heeney 1978)
although its importance in planting in Ontario is on the increase (Coons
1978). White pine has not been favored for open-land planting because of
severe damage by white pine weevil under these conditions, although early
devastation by the insect does not preclude the eventual growth of usable
timber. UnderpIanting is now more widely practised with the objective of
reducing levels of early infestation. The exotic disease white pine
blister rust (Cronartium ribicola [J.C. Fisch.]) also discouraged the use
of white pine in reforestation, but experience has shown that in many
areas of Ontario the disease is not a serious limitation.

Numerous provenance trials initiated in the United States and
Canada during the late 1950s and early 1960s (Fowler and Heimburger 1969,
King and Nienstaedt 1968, Wright 1970, Zsuffa 1975, Sprackling and Read
1976) have illustrated broad adaptational gradients between climatic
extremes. Provenances vary considerably, and at southern and central
locations in the United States trees of the same origin tend to grow
fastest or slowest over a wide range of test sites. At two plantations
in southern Ontario, Turkey Point and Ganaraska, provenances from the
southern Appalachians, Pennsylvania and Ohio grew best. Unfortunately,
local sources were not represented, the only Ontario provenance being
that from Algoma, three degrees of latitude to the north. In three
trials ranging from northern Michigan to Minnesota, northern sources
from the Lake States, Ontario (Algoma) and Quebec (Pontiac) were super
ior to those from milder climates to the south. Provenance, by location
interactions evident between Turkey Point and Ganaraska (Fowler and
Heimburger 1969, Zsuffa 1975) and between southern Michigan and the
northern Lake States (King and Nienstaedt 1968, Wright 1970) supports
the earlier advice of King and Nienstaedt (1968) that "...foresters in
the (northern) Lake States would be well advised to use seed from stands
no more than 100 miles from the planting site". Even this limit of dis
tance may be too generous along steep climatic gradients in Ontario
extending north and east of the shores of the Great Lakes.

Tamarack has one of the widest ranges of all American conifers,
extending from the east coast (New England to Newfoundland) to the northern
limit of tree growth in the Yukon Territory. It tolerates a wide range of
soil conditions and is most commonly found on moist organic soils where
light competition is minimal. Best growth is made on more favorable sites.
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Tamarack grows in pure and mixed stands, and commonly in mixture with
black spruce (Fowells 1965). It has been practically ignored in refor
estation programs in Ontario because of the difficulty of collecting
quantities of seed and for fear of periodic devastation by the larch
sawfly (Pristiphora erichsonii iHtg.]) (Webb and Drooz 1967). A total
of 414 tamarack trees was reported to be used in Ontario in 1975, 320
of these for "education and science" (Anon. 1976). Interest in the
species as a possible candidate for short rotation management has recently
been renewed (Calvert and Rauter 1979).

Tamarack has grown as well as introduced larches when planted on
upland sites at Petawawa Forest Experiment Station and survival has been
superior (Hoist 1975b). However, comprehensive provenance experiments
are still lacking in Canada. Geographic variation among tamarack seed
lings grown in Wisconsin was mostly gradual (clinal) and the gene pool
was described as highly variable and unsegmented (Rehfeldt 1970).
Results at 8 and 9 years of age from two test plantations in northern
Wisconsin demonstrated considerable variability within Lake States
sources that was greater than the extremes from Maine to Manitoba. A
source from central Alberta grew the least. In general, trees from
stands nearest the planting sites—Wisconsin and Minnesota—grew best
(Jeffers 1975). The apparent stand-to-stand variation and great vari?-
ability within sources is indicative of the need for carefully conducted
stand tests to identify the better sources.

Exotics. Non-native species present genetic situations and
opportunities fundamentally different from those presented by the indig
enous tree species. The requirement for satisfactory climatic adapta
tion remains, but complex interactions between exotic provenances and
their new environments, including the total biota, can be expected.
Systematic exploration and long-term operational trials are necessary
before novel species can be recommended for widespread use in reforesta
tion. The development of local strains (land races) through one or more
generations of intense selection in the nursery and plantation may be
highly beneficial. For example, a population of Norway spruce selected
at Petawawa has proven to be hardy and weevil resistant in several tests
in eastern Canada. Several seed sources from Poland, Romania and Germany
have also shown promise (Hoist 1975b). In Scots pine (Pinus sylvestris
L.), sources from southern Russia and the Ukraine have been best (Teich
and Hoist 1970). European larch from Poland has shown promising growth
and is hardy but usually needs to be subjected to selection for stem
straightness (Hoist 1975b).

Collection and Distribution Practices

The significance of attention to seed source lies in its poten
tial to affect large forest areas for a long time. Poor seed collection
practices such as cone purchases from unknown sources or from unsuper
vised local residents, purchases of uncertified seed from commercial
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dealers, collection from easily accessible low-quality trees or groups
of inbred trees or in poor crop years are all dangerous. Similar
genetic hazards are posed by inadequate seed registration, failure to
identify seed and stock in the nursery or at field establishment, and
wholesale transfer to other regions in response to local shortages.
Such practices can easily outweigh genetic gains made by selection pro
grams, particularly in the initial years when breeding material is
being assembled and production of improved seed is limited.

Relation to Breeding Programs

Seed source variation and interaction following seed transfer
will dictate for each species the division of commercial ranges into
breeding zones within which individual programs of genetic improvement
can be pursued effectively. The best populations need to be identified
within eco-regions and positively managed for seed production. Until the
best can be identified, a number of good stands in a district or region
need to be designated and managed to retain the natural gene pools by
ensuring regeneration with essentially local seed. The introduction of
inferior seed sources into the forests not only affects the current
generation but has the potential through natural breeding to reduce the
average productivity of subsequent generations of trees that may be
derived in whole or in part from them.

Through knowledge of seed source identity and an understanding of
its importance to reforestation, foresters and breeders can maintain the
essential adaptational background of our commercial tree species while
substantially improving economic traits in order to increase productivity
in future generations.
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SEED COLLECTION AND PRODUCTION AREAS

Wilfred G. Dyer
Provincial Tree Improvement Specialist
Ontario Ministry of Natural Resources
Toronto, Ontario

Seed collection areas provide source-identified
seed for current regeneration programs. They fulfil the
gene pool preservation aspect of tree improvement and
maintain, a wide base of genetic variability for future
tree breeding. Seed production areas provide improved seed
from superior stands managed for early and abundant seed
production.

Les regions de cueillette de graines foumissent—
lors de programmes aatuels de regeneration—des graines dont
la source est bien identifiie. Elles sont gardiennes de
I9ensemble genetique requis pour Iramelioration des arbres
et maintiennent une vaste base de variabilite genetique qui
servira plus tard a llamelioration genetique des arbres.
Les regions productrices foumissent les graines ameiiorees
provenant de peuplements superieurs spedalement amenages en
vue de la production h&tive et abondante.

INTRODUCTION

When first looking at the title of this paper one can see that
there could be a problem with semantics in talking about or envisaging a
"seed collection area" or a "seed production area". Certainly a seed col
lection area "produces" seed and most certainly one expects to "collect"
seed from a seed production area. Nevertheless, there is a definite
distinction between the terms which must be recognized and understood.
A seed collection area provides "source-identified" seed. A seed pro
duction area provides "improved" seed.

SEED COLLECTION AREAS

Within the Ministry's tree improvement program there is a com
mitment to provide seed for its regeneration program, in at least the
"source-identified" category, for the five major species: white pine
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(Pinus strobus L.), red pine (P. resinosa Ait.), jack pine (P. banksiana
Lamb.), white spruce (Picea glauca [Moench] Voss) and black spruce
(P. mariana [Mill.] B.S.P.).

The term "seed collection area" refers to an area from which

source-identified seed can be obtained. Seed source numbers are assigned
to each stand, group of stands or population, according to the four-digit
numbering system currently In use for all seed collection areas, seed
production areas and seed orchards. Stands are selected which exhibit
good growth rate, form and other desirable characteristics. They are
included in the operating plan for cutting in the immediate future or
within a 5- to 10-year operating period. Whenever possible the area
should be regenerated with its own seed source to preserve the gene pool
in situ. In areas where modified harvest cutting, such as strip cutting
or seed tree cutting for natural regeneration, is conducted, another
opportunity is provided for genetic gain in the future. Provided that
regeneration is successful and stocking is good in terms of number of
stems per hectare, portions of the regenerated area can be rogued, thinned
and managed as young seed production areas for the future.

Source-identified seed lots also permit gene pool preservation
ex situ. Source identification is maintained from collection through
extraction and stock production to outplanting. Although this occurs in
all regeneration projects, the opportunity is provided to establish
plantations for seed production which are more accessible, are closer to
labor supply and are on more uniform, open and manageable sites. They
would be rogued, thinned and managed as seed production areas. In addi
tion, for potential genetic gain, superior or super seedlings can be
selected in the nursery beds and only that stock used to establish such
plantations.

Because of the large demand for seed, jack pine was the first
species for which seed collection areas were designated. With its serot
inous cones, more or less year-round logging operations and extensive
pure stands, the species lends itself well to the seed collection area
concept. Originally the areas designated were comparatively small and
arrangements were made with the operators to cut only a small portion of
the area each year. However, we soon realized that this was still not
providing the large volumes of cones required. Jack pine seed collection
areas up to several thousand hectares in size are now designated, pro
vided that they are more or less contiguous stands where cutting will
take place for a 5- to 10-year period. There may be a range of age
classes and site classes within each area. In other words, we are con
sidering populations rather than stands. A population is difficult to
define and delimit, so it may be necessary to use topographic features
rather than stands as limits.

For the other four major species, seed crop periodicity and time
of cone maturation must be considered in determining how large seed col
lection areas should be and where they should be located. Presumably
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they should be quite large, should include a number of stands, and should
be considered as a population. Even in a good crop year, with a possible
collection period of 2 weeks to 2 months, the cooperation of local oper
ators with respect to time of cutting will be necessary in order to have
a worthwhile collection.

Cone collection from seed collection areas thus far described is

dependent on current logging operations, since it is conducted at the
time of seed maturation, and on a local labor supply to pick from the
tops and slash of felled trees. A number of seed collection areas have
been designated where the trees will not be felled. Here climbing the
trees for collection will be required. The quantity of cones collected
by climbing is currently quite small. However, the increasing number of
capable and willing climbers, properly trained, will permit collection of
significant volumes of cones from such areas in the future.

The field staff of foresters and technicians are the ones most

familiar with the location and extent of good quality stands within their
respective management units and districts. If the local demand for seed
and planting stock is known and current operating plans are checked, it
is possible for each district to designate a number and total size of
seed collection area sufficient to meet the requirement of 100% source-
identified seed in its collection program.

Seed collection areas do not provide genetically improved seed,
which is probably their only disadvantage, if one can call it that. But
collection of seed from definable and describable stands or specific areas
is certainly better than that obtained from unknown sources and from trees
of unknown quality. They provide a simple and inexpensive method of
obtaining large quantities of source-identified seed for current regenera
tion programs. Portions of source-identified seed or planting stock can
be used for stand, population or provenance testing and the future selec
tion of superior sources for expanded use. Most important, the designa
tion and use of seed collection areas fulfils the gene pool preservation
aspect of tree improvement and maintains the wide base of genetic vari
ability inherent in natural stands upon which future tree breeding and
improvement programs can be built.

SEED PRODUCTION AREAS

Seed production areas are stands of above-average quality which
can be upgraded by removing trees with undesirable growth characteristics
and treated for early and abundant seed production. Natural stands or
plantations of known source should be selected. They should be accessible,
on reasonably level terrain, and capable of being thinned to optimize
crown development and promote increased flower and cone production.
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Development of seed production areas depends on the species,
age and location of the stand. Jack pine and black spruce do not lend
themselves to thinning. There is significant mortality due to sunscald,
windthrow, snow bending and breakage. Red pine, white spruce and white
pine respond well to thinning for crown development. Jack pine and
black spruce flower at a very early age, but the flowering and cone
production habit of jack pine almost precludes collection from standing
trees and therefore the development of seed production areas. Black
spruce in young stands or plantations can be thinned and significant
quantities of cones can be collected from standing trees. The crowns
expand only slightly and maintain their narrow, conical shape. Cone
production, though increased, is still confined to the top one metre of
the crown.

Red pine and white spruce cone production increases significantly
following thinning in young stands and plantations. Worthwhile volumes
of cones of these two species have been collected in the past 10 to 15
years. Our experience with white pine is limited, but it appears that
it takes longer for white pine to respond to thinning, in terms of number
of cones produced, than it does for red pine and white spruce.

In some districts, in the absence of suitable young stands or
plantations, seed production areas have been established in semi-mature
and mature stands. Here the problems of development and seed collection
are quite different and each area must be assessed on its merits. It
may be necessary to remove unwanted species. Usually only light thinning
and roguing are required to leave sufficient seed crop trees. Soil and
ground conditions often do not permit the extensive use of mechanized
equipment and one must rely on climbing the trees for collection. In a
good crop year small quantities of cones can be picked up from squirrel
cuttings and caches. Cone production and seed quality decrease as trees
age beyond optimum seed production age. In some cases it is necessary
to consider cutting a portion of the area in each good crop year and
regenerating the cut area with seed or planting stock of the same source
to develop a series of age classes in stands more suitable for management
and collection.

Seed production areas provide genetically improved seed: this
seed is the first step up in the scale of improvement. Confining pol
lination, seed production and seed collection to a group of selected
superior trees in a stand can result in genetic gain in the range of 2%
to 5%. The value of a seed production area needs to be assessed and
comparative stand testing should be undertaken to compare seed production
areas among themselves within a site region or seed zone. Seed produc
tion areas provide convenient, accessible locations for seed collection
and improved seed in larger quantities than would be possible in unrogued
and unthinned natural stands. They should be inspected at the time of
cone crop forecasting. If a potentially good cone crop is developing,
labor and equipment can be organized to make the collection. The return
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on the investment in development and management of seed production areas
is obtained through a well organized and complete collection in good
crop years.

Ideally each district will have a minimum of 4 to 8 ha of seed
production area for each of the major species for which seed is required
for its regeneration program. District proposals recommending establish
ment should include the following items:

1. Location: Lot, concession, township, lake or river name.
Accessibility and distance to the nearest headequarters.
Supporting map.

2. Size.

3. Ownership: Crown or agreement property. Licensed or
unlicensed. Licensed or agreement forest property should
include a letter from the licensee or property owner
agreeing to the use of the area for seed production
purposes.

4. Site and topography: A short description of the soil
type and topographic features.

5. Stand history: If a natural stand, a statement of any
previous disturbances, such as settlement, fire or

logging. For plantations, information on seed source,
planting stock age, nursery, survival and any subsequent
treatment.

6. Future program: A statement of the thinning and roguing
scheme planned. Removal of unwanted species. Final
spacing desired. Time schedule.

Recommendations for approval are processed on an SE.054 and land
and cutting reservation are included.

Seed production areas constitute a first step in tree improve
ment. They provide seed with a significant degree of genetic improve
ment, and combined with collection of source-identified seed from seed

collection areas, they can make an important contribution to the total
tree improvement program.
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PLUS-TREE SELECTION

G.H. Kokocinski

Tree Improvement Specialist
North Central Region
Ontario Ministry of Natural Resources
Thunder Bay, Ontario

This paper presents a brief historical background
of tree improvement and some theories and principles of
plus-tree selection in forest stands. In addition it
describes a practical application of these principles to

^ the selection of coniferous trees in Ontario.

L'auteur fournit un bref apergu historique de
Ifamelioration des arbres et quelques theories et prin-
cipes gouvemant le choix des arbres sup&rieurs en

m peuplements forestiers. En outre* il decrit I'utilisa
tion de ces principes pour le choix des arbres resineux
en Ontario.

INTRODUCTION

Plus-tree selection is only one part of the overall tree improve
ment program with which it shares a common objective, namely the improve
ment of the growth rate and quality of forest trees and stands, and,
consequently, the increased value, volume and frequency of future timber
harvests.

Traditionally the selection of superior trees has seldom been
discussed as a separate topic but mainly in conjunction with other aspects
of tree improvement, notably seed orchards, and then rather superficially.
However, since some type of tree selection serves as the basis for most
other forms of tree improvement, it was thought appropriate to describe
it in more detail.

HISTORICAL BACKGROUND

Forest tree improvement, in one form or another, has been prac
tised for many years. However, systematic application of the principles
of tree improvement was introduced only 50 years ago, in Scandinavia
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(Armitage 1976). It spread slowly in North America, gaining momentum
after the Second World War, particularly in the last two decades. Stim
ulated by the great potential of such programs and by the early results
obtained overseas, government and private industry began to establish
tree improvement programs. The initial programs were patterned on
European experience, particularly in the Scandinavian countries where
this work was the most advanced. Although the classical approach to
tree improvement was followed it was often modified to suit the native
tree species as well as the local climatic and site conditions.

At present, there is some form of tree improvement being car
ried out in all Canadian provinces in which forests are of prime economic
importance. In view of the forecasts of an ever increasing demand for
wood and of its potential shortage, it is likely that tree improvement
programs are here to stay and will be intensified and enlarged in the
near future. Fortunately, they are proving to be economically viable
(Carlisle and Teich 1971).

TREE IMPROVEMENT ALTERNATIVES

There are several methods of tree improvement. However, the com
monest and most often quoted methods are the following: 1) mutation
breeding, 2) use of exotics, 3) hybridization between species, 4) selec
tion of the best individuals from native stands, and 5) application of
proper silvicultural treatment.

Mutation breeding, though successful in some plant breeding
programs, has not developed sufficiently yet to be of consequence in
forest tree breeding. Much more research is needed to convert it into a
predictable tree improvement tool.

The use of exotics, on the other hand, shows potential in the
field of forest tree improvement, as has been proven by the number of suc
cessful plantations established with exotics. According to Wright et al.
(1958) the greater part of forest tree planting carried out throughout
the world today is done with exotics. However, to avoid failures, one
should test non-indigenous species carefully to determine their adaptabil
ity to new sites before setting up any large-scale planting programs.

Hybridization between species is another potential method of
tree improvement. The objective of this method is to combine in the new
hybrid good vigor and some desirable traits from its parents. However,
hybridization between species is most successful with hardwoods (especially
poplar [Populus spp.]) and southern pines (Pinus spp.); Its use with
other conifers is limited at the present time.

The selection of the best individuals, or stands, from native
species is one of the most commonly used improvement alternatives.
Actually it is considered to be the simplest and most promising method
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of producing early improvements. Basically it assumes that native species
went through the process of natural selection for several generations and
are well adapted to local environmental conditions. For this reason it
is felt that with the least chance of failure the greatest gains may be
achieved by the selection of the best individuals from our native tree
populations. Such selections entail three basic steps: a) selection
of the best stand, b) selection of the best individual trees within the
stand, and c) testing progenies of the selected material.

TECHNICAL CONCEPTS IN PLUS-TREE SELECTION

Although much has been written about tree;.improvement as a whole,
literature dealing exclusively with the selection of plus trees is rather
skimpy. Among the available publications, perhaps the most comprehensive
is that by Morgenstern et al. (1975). It reviews the work that has
been done in selecting plus trees and gives some background in genetics
and tree breeding. Of somewhat similar scope is a paper published by
Van Buijtenen et al. (1971) on the improvement of southern pines. In
addition, a limited number of scientific and technical reports dealing
with some aspects of plus tree selection appear from time to time in
professional journals or are published by the various agencies.

The following is a brief description of the major concepts em
ployed in the selection of plus trees.

Selection Alternatives

There are two basic approaches to selecting plus trees: high-
intensity selection and low-intensity selection.

In the former a greater effort is made during the initial selec
tion and less emphasis is placed on subsequent progeny testing. Theo
retically, therefore, it should result in the selection of the best
phenotypes. In the latter approach, on the other hand, greater emphasis
is placed on progeny tests than on initial selection of parental trees.
(Parental trees may be selected systematically, or randomly, by ocular
appraisal.)

Because cost data are limited it is not known whether greater
benefits can be derived from spending the available funds on intensive
selections and testing fewer progenies, or on testing a greater number
of progenies obtained from less rigorously selected parents. Morgenstern
et al. (1975) compared the cost of the two approaches for black spruce
(Picea mariana [Mill.] B.S.P.), from the initial selection to the
establishment of test plantations. They concluded that high-intensity
selection is usually more costly and requires greater skills and testing
facilities than does low-intensity selection. Consequently, the choice
of selection method will depend on the goals of a given organization.
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Generally, high-intensity selection of phenotypes is associated
with clonal seed orchard establishment and less intensive selection is

used for setting up seedling seed orchards.

Eeritability

According to selection theories, the gain to be realized from
selecting superior trees may be calculated for each characteristic. How
ever, to do that one must know the selection differential for a given
trait and its heritability. The gain for a given trait may then be cal
culated easily by multiplying the selection differential for that trait
by its heritability, e.g., gain = SD x h2.

Selection differential (SD) is the difference between the trait
average of the selected trees and the trait average of the stand from
which the trees were selected. This is a simple but rather time-consuming
operation as many trees have to be measured to obtain the means.

Heritability (h2) of a given trait is the genetic portion inherited
by a tree from its parents. The calculation of heritability factors,
unlike that of selection differential, is a long and complicated process
requiring test plantations of progenies based on sound statistical design.
Heritability factor equals one, e.g., for height growth, when the height
of the offspring equals that of its parents at a corresponding age.
Although there are some variations, generally in forest trees the parent-
offspring heritability factors are less than 0.5 (Van Buijtenen et al.
1971).

From the foregoing, it is evident that genetic gain is a function
of selection differential and heritability and, consequently, may be
manipulated by adjusting the magnitude of either of these factors. How
ever, it should be kept in mind that greater genetic gain may be realized
by increasing the selection differential, e.g., by selecting the tallest
trees, than by trying to increase the heritability factor. The latter
procedure involves complex procedures and is much harder to achieve.

Number of Trees to be Selected

There is no magic formula for deciding how many plus trees to
select for a given tree improvement program. Because of the lack of
long-term experience and scientific data on whcih to base such a decision,
usually educated estimates are made after a number of factors have been
taken into consideration. Of these, the most important are the overall
intensity of the program, the need for seed to carry on regeneration
work, the diversity of the forest area and the availability of staff and
funds. In addition, there are genetic considerations demanding a suf
ficient number of plus trees to establish an adequate genetic base and
prevent inbreeding in a seed orchard. Twenty to thirty clones per seed
orchard are considered by many researchers to be the minimum requirement.
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Selection Criteria and Desirable Traits

A selection of desirable trees in the forest may be made for
various reasons; the objective of a program will determine the traits

that are important and desirable. Generally, however, trees are selected
for wood and wood fibre production.

Some of the desirable characteristics are easily recognizable,
e.g., height growth or branching habit. Others require special tests
to determine their presence in a standing tree, e.g., wood quality and
pulping. Although the various tree species exhibit somewhat different
characteristics many traits are common to all species:

1) better.than average height growth rate

2) better than average diameter growth rate

3) straight, cylindrical stem without excessive taper or
spiral grain and forking

4) root firmness

5) uniform and well developed narrow crown (full but not
dense)

6) flat, 90° branch angle

7) small, fine branches

8) early self-pruning producing clean bole

9) at least average seed production

10) resistance to insects and diseases

11) resistance to detrimental climatic influences such as
drought, heat, frost, wind

12) desirable wood quality for a given end product, e.g.,
wood density, fibre length.

Since tree improvement takes time, the selection of desirable
traits with long-term economic values, e.g., growth rates, should be
stressed. It would be wise to include in plus-tree selection as many of
the desirable characters as possible. However, one should be aware of
the subsequent selection cost which increases rapidly with the addition
of more traits. For it is much harder and more time consuming to find
a superior tree with 10 desirable traits than to find one with only
two desirable traits. For this reason many selection programs concen
trate on a few desirable characteristics which are most likely to achieve
their objectives, such as exceptional vigor, growth efficiency, and
superior stem form.

However, the final decision as to how many and which traits are
to be considered in any given tree improvement program depends on the
short-term and long-term objectives of the agency concerned.
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Stand Selection

Plus-tree selection begins with the location of above-average
stands within ecological regions. Stands should be selected on various
sites throughout an area to broaden the genetic base and cover a wider
range of growing conditions. Selection on better sites should be
favored because there the expression of variability in desirable traits
is more pronounced and the subsequent plus-tree selection will be made
easier.

Cut-over stands, particularly those which were selectively cut,
should be avoided as they are unlikely to contain superior trees.
Usually in such cutting operations the best and most desirable trees are
removed, and only small or suppressed trees, which often are genetically
inferior, are left.

Pure, even-aged and uniformly dense stands are the most likely to
contain plus trees. Such stands are ideal for the selection of superior
trees by the comparison tree method. However, it may be difficult to
find such ideal situations for some boreal tree species that do not grow
in pure stands, e.g., white spruce (Picea glauca [Moench] Voss) and white
pine (]?inus strobus L.). Consequently, these species have to be selected
on a given site according to the individual tree selection method.

Some geneticists believe that plus-tree selection should be car
ried out in mature stands. They reason that any plus trees selected in
such stands are really superior trees as they have lived through the
entire rotation, were subjected to various internal and external influ
ences for a longer period than were younger trees, and still retained
their superiority. Others would rather carry out plus-tree selection in
middle-aged stands. They point to the ever-increasing demand for wood
and the beneficial effect of forest management practices which tend to
lower the traditional rotation age of stands. The latter approach is
becoming more and more acceptable today. Hence tree selection in middle-
aged stands ranging in age from 60 to 80 years appears to be both practical
and logical as in all probability this will be the future rotation age
of our stands.

It should be pointed out that in some improvement programs it is
desirable to concentrate plus-tree selection in younger stands. This
may be of particular benefit in programs that depend on grafting and
clonal seed orchard establishment, for scions from younger trees take
better following grafting than do scions obtained from older or mature
trees.

Although selection of plus trees is preferred in natural stands,
plantations of known origin also provide an acceptable source. Rudolf
(1956) considers them an ideal selection area. Occasionally the selection
of plus trees in plantations of unknown origin is also permitted. This,
however, should be done only when selection success in natural stands or
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plantations of known origin is limited and when such plantations have
demonstrated their adaptability to the local conditions and have exhib
ited growth comparable to, or better than, that of local native stands
of similar age.

The emphasis on locating good.stands for plus trees does not
preclude the use of stands growing on poorer sites. However, in these
stands any selection is made more difficult because the genetic domi
nance of plus trees is somewhat masked by the site. Consequently, any
selection made there may cost more per tree than one of similar intensity
carried out in stands growing on better sites. In addition, selections
on poor sites are less rewarding to those doing the selecting and may
discourage them, especially in the initial stages of a new program.

Selection Methods

Although several approaches may be taken, according to Ledig
(1974) there are basically two methods of selecting superior phenotypes:
the comparison tree (check tree) and the individual tree (baseline)
selection methods.

In the comparison tree method, a chosen plus-tree candidate is
compared with three or more check trees growing close by. If it sur
passes the check trees in its number of desirable traits it is accepted
and approved. Occasionally, in more intensive selection, such a tree
must exceed its neighbors in desirable traits by an arbitrarily set
value, e.g., percentage or number, before it qualifies as a superior
tree. The comparison method is particularly useful when selection of
plus trees is carried out in fairly uniform, even-aged stands.

In the individual tree method, the value of the selected candi
date is compared, not to that of neighboring trees but rather to a
regional or local average. Thus it is compared to a baseline which was
previously calculated, such as site index, yield curves, or regression
equation relating height or diameter to age or other factors. If a
given candidate meets or exceeds such a baseline standard it is auto
matically accepted without being compared to neighboring trees. This
method is useful when single traits are considered but it may be
designed to encompass more than one desirable character. It finds its
main application when plus-tree selections are carried out in uneven-
aged or mixed stands, or among species that exhibit characteristically
scattered distribution.

Recording Plus Trees

After it has been selected and approved a plus tree should be
recorded carefully. This is usually done on a specially designed form
often referred to as a clone card. Depending on the intensity of a
given tree improvement program these records may contain only basic
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data or may encompass a greater spectrum of pertinent information.
Usually such records contain, in addition to the description of physi
cal attributes of the tree, a brief description and history of the
stand and site in which it developed as well as its exact geographic
location. These data should be retained permanently for reference in
controlled breeding and progeny testing.

THE ONTARIO PLUS-TREE PROGRAM

Having described the principles of plus-tree selection I will
show how they can be applied on an operational scale by outlining the
Ontario plus-tree program.

The Ontario coniferous tree improvement program has been in
existence for many years (Carmichael 1960, Dyer 1967). In its early
stages Cap to the 1970s) it was a low key program (Kokocinski 1976,
Rauter 1976). In 1973 the program was intensified with the issuing of
a 10-year plus-tree target (Table 1) for white spruce, black spruce and
white pine. Table 1 gives the number of plus trees to be selected in
the various site regions of Ontario (Fig. 1). The targets are allocated
to the administrative regions which in turn divide them among the appro
priate forest districts.

Specific Plus-tree Requirements

The Ontario approach to plus-tree selection is basically
individual tree selection. Nonetheless, it contains some elements

of the comparison tree system, for the candidate is also compared
ocularly to neighboring trees without specific measurements being
taken.

Basically, any tree over 35 years of age qualifies, and may
be approved as a plus tree provided that it:

a) meets or exceeds the present site index requirements for
a given species and site region;

b) is a desirable phenotype, e.g., has a good straight bole
and a narrow crown with fine branches and good self-
pruning;

c) has at least the minimum required number of good-quality,
graftable scions;

d) has produced cones before;

e) exhibits reasonable resistance to insects, diseases and
other destructive environmental forces.
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Table 1. Annual and total number of plus trees to be selected over the 10-year
period from 1973-74 to 1983-84.

Site Region

Administrative

region
3200

(3Ei
3400

C3W1
4200

(4E)
4300

(4S)
4400 5200

(4W) (5E)
5300

C5S)
6200

C6E)
7200

(7E)
Annual

tocal

10-Year

total

White Sp

Northwestern 10 20

ruce ••

20 50 500

North Central 5 30 20 55 550

Northern 70 30 100 1000

Northeastern 10 5 15 150

Algonquin 15 15 150

Eastern 15 15 150

Central 5 5 50

Annual total 75 40 40 20 20 20 20 20 255

10-Year total 750 400 400 200 200 200 200 200 2550

Northwestern
•

5 20 20 45 450

North Central 5 30 20 55 550

Northern 30 15 45 450

Northeas tern 5 5 50

Annual total 35 35 20 20 20 20 150

10-Year total 350 350 200 200 200 200 1500

Northern 10

'""— WUltC *

10 100

Northeastern 10 5 15 150

Algonquin 30 30 300

Eastern 15 15 150

Central 5 5 10 100

Southwestern 15 15 150

Annual total 20 35 20 20 95

10-Year total 200 350 200 200 950
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Fig. 1. Map of the province of Ontario showing site regions.
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Site Index Requirements

Of the various standards employed in the selection of super
trees, Ontario adopted for its program a site index requirement as the
main selection criterion. The site index requirement is an arbitrarily
set standard (baseline) to which each plus-tree candidate is compared.
If a given candidate meets or exceeds the basic requirements it qual
ifies, and is checked for other desirable attributes. If a tree fails
to meet the minimum site index requirement it is automatically rejected.

In the absence of our own local or regional site index curves,
a decision was made to use curves prepared elsewhere but to assign site
index requirements which would reflect local growing conditions within
each site region (Table 2).

Table 2. Site index requirements, by species and site regions

3200

(3E)
3400

(3W)
4200

(4E)
4300

(4S)
4400

(4W)
5200

(5E)
5300

(5S)
6200

(6E)
7200

(7E)

White spruce 75 75 70 65 70 65 65 - -

Black spruce
(upland)

50 ' 50 50 50 50 50 50 - -

IHhite pine - - 55 - - 55 - 50 50

Black spruce
(lowland)

Class 1 or better for all site regions

For upland species we use site index curves prepared by
Gevorkiantz (1957a,b,c) for white spruce, black spruce and white pine,
respectively. For lowland black spruce, on the other hand, Plonski's
(1956) yield tables should be used.

Phenotypic Requirements

The major desirable phenotypic characteristics considered in
the selection of plus trees in our program are described briefly on
the following page. The more of such traits that are possessed by a
candidate the more valuable will be the selected plus tree.
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1. Height: By design, height is important in our program because
it determines the site index and volume of the selected tree.
Generally, the selected tree should be taller than the other
trees in the stand. However, height alone is not necessarily
a foolproof indicator of a plus tree unless it is exhibited by
a relatively young tree. Thus a 45 m giant spruce which is
200 years old would not qualify as a plus tree in our program
but we would be very much interested in a white spruce which at
the age of 50 years reached 25 m.

2. DBH: Although diajneter determines the actual volume of wood it
is not used as the main factor in our plus-tree selection.
However, when two candidates exhibit similarities in site index
and other desirable characteristics but one has a greater
diameter, the one with the larger diameter should be selected.

3. Stem Form: The stem of the tree should be vertical and as straight
as possible. Occasionally some sweep or lean is acceptable in
trees which tower over the surrounding stand canopy or are exposed
constantly to the force of the prevailing winds. The bole should
be regular in shape with little or no taper and should be as free
of branches as possible. Forked trees with double or multiple
tops should be rejected.

4. Root Firmness or Wind Firmness: Trees lacking this trait are
prone to windthrow or they exhibit excessive leaning. In either
case, they should be avoided. Some lean, however, is acceptable
as explained above.

5. Crown Shape and Branches: Here we are looking for trees which
have smaller than average crowns. A desirable crown is narrow,
uniform and full but not excessively dense. The upper portion of
the crown should be wedge-shaped with a vigorous leader and lat
eral branch tips. Branches should be short, fine and uniformly
spaced along the main stem.

6. Branch Angle: The average branch angle or the angle made by a
branch and the main stem above it should be as close as possible
to 90° and should not deviate more than ± 20° from it. Such an
angle is desirable because it produces the shortest knots.

7. Natural Pruning: Trees exhibiting good natural pruning and good,
healing around limb scars are favored during selection; those
that retain living or dead branches right down to the ground are*
discarded. A well pruned tree in a stand is good, but a clean
stem on a tree grown in the open is better.
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Quality of Scion Material

Since each plus tree in our program has to be reproduced vegeta-
tively for a clonal seed orchard, it must have an active branch growth
in the upper crown. Such growth should be qualitatively and quantita
tively sufficient to produce graftable scion material for the establish
ment of 25-30 grafts.

A good graftable scion is a healthy, dormant leader or a branch
tip with current growth of at least 7 cm containing living buds. Scions
should be obtained from within the perimeter of the upper 25% of the
tree's crown. Although plantations of known origin provide an excellent
source of good scion material they should not be used until they reach
at least 35 years of age and meet the other requirements.

Regardless of how good a plus tree may be, if it does not have
graftable scions it will be rejected because our plus-tree program is
based on reproducing the desirable specimen vegetatively by grafting.
However, plus-tree candidates which fail to meet the scion requirements
may be used as seed source for the establishment of seedling seed orchards
or seed production areas as they no doubt will provide better than
average seed.

Seed Production Capability Requirements

Another important prerequisite of a plus tree is its sexual
maturity or ability to produce flowers, cones and seed. Since, by design,
the grafted ramets from a given plus tree (ortet) will be placed in a
seed orchard, one has to be certain that they are capable of producing
seed as soon as possible following outplanting. Consequently, plus-tree
candidates should be checked for the evidence of past or present cone
crops. Selecting plus trees during a cone crop year makes such determina
tion much easier.

Resistance to Insects* Diseases and Climatic Factors

A plus tree should exhibit a reasonably high degree of resistance
to disease and insect attacks as well as to frost damage, winter injuries
and other climatic and environmental factors. Such attributes, however,
are very difficult to ascertain without careful testing by specialists.
Generally speaking, trees completely unaffected, or damaged the least,
by any malady should be favored. However, some resistance to these fac
tors is obtained automatically in the process of screening plus-tree
candidates for other attributes. Usually the healthy and relatively resis
tant individuals exhibit good overall shape and growth habits and conse
quently they are the ones which are finally selected.
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CONCLUSION

With the ever-increasing demand for wood, greater and greater
emphasis will be placed on tree improvement techniques to maintain and
increase the diminishing forest resources. Since the selection of best ^
individuals, or plus trees, from native stands is considered to be the
simplest and most promising tree improvement method it will be used
quite extensively to achieve this goal. The Ontario plus-tree selection
program, since it has been in existence for several years, proves that
genetic theories and selection principles may be successfully employed
on a large scale in an operational program. «*

However, tree selection programs must be well designed, must
receive financial backing and moral support from top management, and
must have the loyalty and dedication of the staff carrying them out.
If these conditions are met, plus-tree selection will become a powerful
and useful tool in the arsenal of forest managers. **
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THE DEVELOPMENT OF SOUND GENETIC MATERIAL - SEED ORCHARDS

R. Marie Rauter

Research Scientist

Ontario Forest Research Centre

Ontario Ministry of Natural Resources
Maple, Ontario

Stages of development for seed orchards from
initial planning to actual establishment* management*
testing and roguing are described with particular refer
ence to the current status of orchards in Ontario.

L'auteur dicrit les etapes de mise sur pied des
vergers a graines a partir de la planification jusqu'a
I1etablissement proprement dit* en passant par ltamenage-
ment* les essais et le triage; elle se refere particuliere-
ment au statut actuel des vergers en Ontario.

INTRODUCTION

Seed orchards are plantations of selected trees that are man
aged, tested and rogued to produce genetically improved seed. These
plantations are established by planting selected clones or seedling
progenies in a predetermined pattern and managing them intensively for
optimal growth and seed production. The benefits derived from a well
planned seed orchard are great, although the cost of establishment and
management is high and several years are required for.an orchard to
reach full seed production capacity. Genetic gains of up to 40% in
volime have been recorded from orchard material (Wright 1976). Carlisle
and Teich (1971) showed that for as little as 2-5% gain, intensive
improvement programs such as seed orchard development could be justi
fied.

Several factors must be considered before a seed orchard

program is established. The most important is the determination of
the annual seed requirement for an artificial regeneration program. If
the seed requirement is sufficient to justify the establishment of a
program, then additional factors must be taken into account: (1) the
economic and biological importance of the properties to be improved,
(2) the genetic gain expected through selection and orchard establish
ment, and (3) alternative methods such as improved silvicultural tech
niques that may provide the desired improvements more economically.
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Planning for a seed orchard can begin only after these factors have been
considered.

Planning must take into account the long-term nature of seed
orchard programs and the high costs involved. Thus questions that must
be answered when one is planning a program for any species are* (1) What
is the most effective approach for selecting parent material? (2) What
type of seed orchard is best suited to the species? (3) What is the
best design for the orchard? and (4) What is the most efficient type of
progeny testing?

SELECTION OF PARENT MATERIAL

The effort expended in selecting parent material for an orchard
directly determines the value of the seed to be obtained from first-
generation orchards and those of all subsequent generations. In Ontario,
the selection of these trees is carried out by field staff of the
Ontario Ministry of Natural Resources (OMNR) in the various districts
throughout the province. The targets for selection are assigned by the
Tree Improvement Group of the Forest Resources Branch.

The material for each seed orchard is selected from within a

given geographical range known as the site region or seed zone. The
most important criterion for selection is rate of growth. If the trees
are to form the basis of a clonal seed orchard, their performance is
compared to a site-index curve (intensive plus-tree selection). With
this method, a high selection differential is used and only a few trees
are selected. This method can be used for any species in either even-
aged or uneven-aged stands and in pure or mixedwood stands. Scions,
and when possible seeds, are collected from each tree selected. This
is the primary method of selection in current use in Ontario.

Recently, another method of selection was introduced for black
spruce (Picea mariana [Mill.] B.S.P.) in northwestern Ontario and for
jack pine (Pinus banksiana Lamb.) in northern Ontario. In this method,
seed is collected only from trees that have been selected on the basis
of their being the single best tree over a relatively small area
(approximately 1 to 4 ha). I have termed this 'extensive plus-tree
selection1. The object of this method is to develop seedling seed
orchards with the best progeny. The method is best suited to species
that occur in even-aged, relatively pure stands.

SELECTION OF ORCHARD TYPE - CLONAL VERSUS SEEDLING

Clonal orchards and seedling orchards are the two types of
orchards that can be established. The clonal orchard consists of vege-
tatively propagated clones. Most orchards are established by grafting
clonal scion material onto rootstock. Every graft of a clone is genetic
ally identical to the parent from which the material originated. The
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seedling orchard consists of seedling progeny from a number of selected
parent trees. The initial seedling orchard often consists of wind-
pollinated progenies from trees selected in the native population.
Advanced-generation seedling orchards are often the result of controlled
crosses of superior parents from a clonal orchard.

Clonal orchards are preferable to seedling orchards since maxi
mum genetic gain is realized through vegetative propagation rather than
through the use of wind-pollinated seed collections. This is particu
larly important if the heritability of the selected characteristic is
low. Although the cost of establishing a clonal orchard is much greater,
this cost is offset by the increase in genetic gain and the reduced time
required to obtain improved seed. A major problem in clonal orchard
establishment by grafting for species such as red pine (Pinus resinosa
Ait.) is the incompatibility of scion and rootstock. Death of the root-
stock may occur within a year, or it may be delayed for 15 or 20 years.
The problem is sufficiently serious in some species that alternative
techniques for vegetative reproduction, such as the rooting of cuttings,
must be improved if the clonal seed orchard concept is to be used.

Several characteristics of white pine (Pinus strobus L.) and
white spruce (Picea glauca [Moench] Voss) render them suitable for the
clonal seed orchard approach. First, both of these species normally
grow in uneven-aged, mixedwood stands so that the intensive plus-tree
selection method must be used. Since the selection cost per tree is
high and the number of selections is relatively low, and since Tnavf-rninn
genetic gain can be obtained through clonal propagation, clonal seed
orchards are favored. Second, there is often a period of several years
between good cone crops, and if the selected trees are in a mature stand
scheduled for harvesting, they may be destroyed before the next cone
crop appears. Third, there are only a few days from cone maturation to
seed drop; therefore, the time of cone collections is critical and very
easy to miss, particularly if the selections are distant from the work
centre. Fourth, and perhaps most important in a production program, these
species do not reach flowering maturity until approximately 15 to 20
years from seed. Grafts will start to flower within 5 to 7 years after
grafting.

Although the gains realized with seedling seed orchards are
smaller, a number of points favor this approach for some species. Jack
pine and black spruce seem to be well suited to the seedling seed orchard
concept for several reasons. Both species occur over large areas as
relatively uniform, pure, even-aged stands; hence, the extensive plus-
tree selection method can be used. A large number of trees can be
selected at a relatively low selection cost per tree. The large numbers
of selections can be more easily handled with seedlings than with grafts.
Periodicity of cone crops is not as important for these two species
because jack pine has serotinous cones that can be picked at any time,
and black spruce has semi-serotinous cones that should be picked between
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the time of maturation and the end of December, but can be picked a
year after a cone crop and still contain many viable seeds. Both
species will flower within 10 years from seed whereas grafts will take
approximately 5 years to flower.

At present, clonal orchards are being established for white
spruce, white pine and black spruce. The emphasis in black spruce will
be shifting to seedling seed orchards. Seedling seed orchards will also
be started for jack pine and tamarack (Larix laricina [Du Roi] K. Koch).

SITE SELECTION

Favorable growing conditions are essential to the continuous
production of large volumes of seed. Normally, the geographical loca
tion of a seed orchard is within its own seed zone. Here the environ

mental growing conditions are similar to those from which the selections
came. A shift to a slightly warmer climate is sometimes advantageous
if better maturation of seed can be achieved, if seed crops can be pro
duced in fewer years from time of establishment, and if damage by late
spring frosts can be avoided. Some of Ontario's orchards have been
shifted southward. For example, the material from site region 3E has
been established near Angus in site region 6E and the 3W material has
been established near Kakabeka Falls in site region 4W (Table 1).

The local site that is selected should also meet certain stan

dards. It should be well drained, yet it should retain moisture.
Excessively drained sands should be avoided. Sandy loams or clay loams
are preferred textures. Low-lying areas with standing water at any
time of the year should be avoided. Soil fertility is not normally a
major factor as soil and foliar analysis can determine the fertilization
requirement to bring the soil to the desired level. A site that is too
fertile will have a tendency to produce excessive vegetative growth and
reduce flower production. Frost pockets should be avoided. Old hard
wood sites which may harbor Armillaria mellea should also be avoided.

The site must be accessible throughout the year and must be
located near a work centre. Since the orchard is an intensively man
aged, constantly monitored plantation, staff and equipment must be
available. Travel time to and from an orchard should be minimal. Hence,
an ideal location is on or near a nursery. The site should be level so
that machinery can be used easily. An irrigation system should also be
installed, but if this is not practical, there should be a nearby water
source.

The orchard should be isolated from trees of the same species or
from trees of other species that cross readily with the orchard species.
Any outside pollen contamination reduces the effectiveness of the
orchard. This isolation is particularly crucial if the orchard is
located outside its own seed zone.
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Clonal seed orchards of major coniferous species currently
planted in Ontario.

Seed zone

of parent
material

Selection of seed orchard

Size

Cha)

Date of

first

plantingSpecies Seed zone Location

White spruce 3E 6E Angus 1.82 1966

3E 6E Glencairn 5.26 1973

3W 4W Mattawin 3.64 1966

3W 4W 0'Connor 1.01 1973

4S 4S Dryden 1.21 1975

4W 4W Pearson 1.21 1971

Black spruce 3E 6E Glencairn 3.85 1972

3W 4W Mattawin 3.64 1966

3W 4W O'Connor 1.01 1973

4S 4S Dryden 1.42 1975

Red pine 3E 3E Kirkland

Lake

9.31 1959

3W 4W Thunder

Bay
0.81 1964

4E 5E Gurd 5.67 1964

White pine Rust resistant

selections

: 6E Orono 7.45 1963

4E 5E Gurd 3.04 1964

5E 6E Huron!a 0.40 1978

SEED ORCHARD ESTABLISHMENT

A sufficient number of plus trees must be represented in the
orchard to minimize the chance of narrowing the genetic base. In Ontario,
we have decided that a minimum of 50 clones or 50 families will be repre
sented in any one orchard. Since approximately 75% of the clones or
families will be removed on the basis of progeny test results, at least
200 plus trees must be selected per seed orchard. Within any seed zone,
the search for plus trees is a continuing one. As plus trees are removed
from the seed orchard program, new material should be added.
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The size of the orchard is dependent upon the volume of seed
required. Most orchards are 8 to 20 ha in size. This size range can
normally produce the amount of seed required for any one seed zone,
and is most economical to operate with respect to management, protec
tion and cone collection.

The spacing in an orchard should be wide enough to allow for
full crown development—this will encourage the maximum production of
both male and female flowers—and to permit equipment such as tractors
and trucks to move within the orchard without damaging the trees.
Initial spacing of most orchards is relatively close so that the orchards
can be selectively thinned as progeny test results become available. The
spacing in seedling seed orchards is normally less than in clonal or
chards to allow for more intensive roguing, particularly if the progeny
resulted from wind-pollinated seed. At present our clonal orchards
are established at 3.7 x 3.7 m spacing and will be rogued to approxi
mately 7.4 x 7.4 m. I propose that our seedling seed orchards be
established at approximately 2.5 x 2.5 m with final spacing of approx
imately 7.5 x 7.5 m. This spacing would vary slightly depending upon
the species.

Although several designs are available for both seedling and
clonal orchards, most agencies have used either a completely random or
random complete-block design. The latter is the design currently used
in the clonal orchard program for Ontario. For this design, the
orchard is divided into blocks of equal size. The positions within
each block are then randomly assigned to one or more ramets from a
selected number of clones and each block contains a different combina

tion of clones. At present our orchards have 144 positions per block,
and each block contains 12 ramets of 12 clones. In the future I antic

ipate that the blocks will contain fewer ramets per clone and more
clones, so that we will be better able to rogue selectively on the
basis of progeny performance while still keeping the danger of inbreed
ing to a minimum.

The seedling seed orchard design that I propose originated in
Australia and was suggested to me by Dr. William Libby of Berkeley,
California (pers. comm. 1974). According to this design, the orchard
is staked at a predetermined spacing—in our case, 2.5 m. Around each
stake, four individuals from four randomly selected families are
planted equidistant from each other at about 0.5 m spacing (Fig. 1).
When these seedlings start to crowd each other, an initial roguing will
be made on the basis of family performance from progeny test results.
Three of the four seedlings in each square will be removed (Fig. 2).
When the crowns of the remaining trees start to close once more, a
second thinning will be carried out, again on the basis of family
performance from the progeny tests. The great advantage of this design
is that it allows for 75% removal of the poorest material in the first
thinning without substantially altering the desired spatial arrange
ment of the orchard (2.5 m x 2.5 m).



k— 2.5 m_^|

/s . . . .

2.5 a

i

88

x x' -x* -x* -x* -x* -x*
.. .. .. •• •• • • • •

V x# x- x# x#

Fig. 1. Illustration of initial planting layout for seedling
seed orchard.
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Fig. 2. Illustration of possible spatial arrangement in seedling
seed orchard after first thinning with 75% removal of
trees based on early progeny test results.
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SEED ORCHARD MANAGEMENT

Seed orchards must be managed intensively for optimal growth and
flower production and protected against pests such as insects and disease
in order to obtain ma-yrimTm return for the invested time and money. The
area to be planted should be completely cultivated the year prior to
planting. During the first two or three years following planting, the
area should be kept free of weeds, through either cultivation or herbi
cide application. This will not only conserve the moisture the trees
require during establishment, but will also assist in keeping the area
free of rodents. The trees should be watered for approximately two
years following planting whenever drought periods occur. On the basis
of soil and foliar analysis, fertilizers should be applied to keep soil
fertility at a desired level. The area must be protected against all
pests, insects and diseases. A wide fireguard should surround the
orchard. Windbreaks should be established to protect the orchard from
prevailing winds.

Management should aim at greater flower initiation and cone access
ibility. Application of gibberelin on trees may be an effective means of
increasing crop production and reducing flowering periodicity. Experi
ments in the 3E white spruce clonal orchard near Angus have shown promis
ing results. Topping of some species will encourage better crown develop
ment and keep the cone-producing area of the tree closer to the ground.
Irrigation just prior to cone maturation can delay seed dispersal on
species such as white spruce. If some parts of the orchard are watered
and others are kept dry, the time for collecting cones can be increased
substantially.

PROGENY TESTING OF SEED ORCHARDS

Only through progeny testing can the ability of selected plus
trees to produce good offspring be determined. An orchard which contains
untested plus trees has minimal value. If the plus-tree characters to
be evaluated have high heritabilities, then testing can be quite simple.
If, however, they have moderate or low heritabilities then testing
becomes more complex. For example, evaluation of a population for form,
a character of high heritability, can be done with a small number of
seedlings and a minimum number of replications, and the seedlings can be
judged in the juvenile stage. However, the rate of growth, normally the
basis of selection, has a relatively low heritability. To evaluate this
character, larger numbers of seedlings are required, more replications
are needed per experiment and the experiment should be duplicated on more
than one site. It will also take several years before the final results
can be obtained.

The two principal types of progeny tests are half-sib or one-
parent progeny, and full-sib or two-parent progeny tests. The first
usually consists of wind-pollinated seed collected from superior parents
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in the natural stand or from selections already established in a seed
orchard. Half-sib tests can also result from controlled pollinations
when a pollen mixture from several trees is used. The primary purpose of
half-sib tests is to evaluate the capability of selected individuals to
produce good offspring. The orchards can be rogued on the basis of the
tests. In some instances, the best individuals from the best families
can be selected for a second-generation orchard. The selected material
is normally cloned and the resultant orchard is a clonal orchard rather
than a seedling orchard.

Full-sib tests result from controlled pollinations where pollen
from only one tree is used to pollinate the flowers from another tree.
Several mating designs are available for controlled pollinations. The
advantages and disadvantages of each must be evaluated to determine the
most efficient design for any particular program. Figure 3 shows the
crossing pattern for a complete diallel. Every clone is crossed with
every other clone once as a male and once as a female. Each clone is
also crossed with itself. Thus, for 10 clones there are 100 crosses.
The maximum amount of information can be obtained from this design, but
the obvious disadvantage is the number of crosses required to complete
the pattern.

Several incomplete mating designs have been developed in attempts
to obtain max-fminn information on the parent trees with a reduced number
of crosses. Figure 4 shows the crossing pattern for an incomplete or
partial diallel. Every clone is crossed with every other clone either as
a male or as a female. The selfed crosses are eliminated. Thus, for 10
clones there are 45 crosses. The number of crosses has been reduced con

siderably. One of the disadvantages is that there is an uneven representa
tion of any one clone either as a female or as a male parent. For example,
clone A is used nine times as a female parent and never as a male; con
versely, clone J is used nine times as a male and never as a female.
This design does not tell us whether clone A can produce viable pollen or
whether clone J can set viable seed. Figure 5 shows another incomplete
mating design. This is the one that is currently being used in Ontario
for the black and white clonal seed orchards and is termed the 'modified

bi-parental crossing pattern'. This design gives us the maximum amount
of information with the minimum number of crosses. To complete the
crossing pattern for 10 clones, only 30 crosses are required. Each clone
is represented three times as a female and three times as a male. The
average performance of the crosses for each clone will determine what is
rogued from the original orchard and what remains. The best individuals
from the best crosses can be selected to form the basis of an advanced
generation orchard.

CURRENT STATUS OF SEED ORCHARDS IN ONTARIO

Clonal seed orchards have been established for our major conifer
ous species Cexcept for jack pine) in several seed zones across the
province. Table 1 indicates the orchards that have been established to
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date (W,G. Dyer 1978 pers. comm.). The expansion of these orchards is
an ongoing program except in the case of red pine. The program for
this species was curtailed in the 1960s when evidence showed that
genetic variability was small and did not merit an intensive improve
ment program (Fowler 1964). Small specialty orchards have been estab
lished for such introduced species as Scots pine (JPinus sylvestris L.)
and Norway spruce (Picea dbies [L.] Karst.). In addition to the clonal
orchards, material is now being collected and grown so that seedling
seed orchards of jack pine, black spruce and tamarack can be started.

Progeny testing of the 3E and the 3W white spruce and black
spruce orchards is actively under way under the direction of the Tree
Breeding Unit of the OFRC. As the seedling seed orchards are estab
lished, progeny tests will be carried out simultaneously in cooperation
with the districts across the province.

The size and types of seed orchards for each species and the
tests either under way or proposed will be discussed in greater detail
later in the program.

SUMMARY

Every step in the development of an orchard from the initial
planning stages to the actual management, testing and roguing is impor
tant in order to provide the large quantities of genetically improved
seed for a regeneration program. Only with the proper knowledge,
manpower, facilities, and funding can a program of this intensity be
successful.
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VEGETATIVE PROPAGATION OF FOREST TREES:

PROBLEMS AND PROGRAMS IN ONTARIO

L. Zsuffa

Research Scientist

Ontario Forest Research Centre

Ontario Ministry of Natural Resources
Maple, Ontario

The significance and the application of vegetative
propagation and clones in forest tree improvement are
outlined. Problem areas in vegetative propagation are
summarized by species* technique and physiology. The
Ontario programs in grafting* rooting of cuttings* and
clonal stools are reviewed.

Well planned and coordinated research is needed if
large-scale clonal propagation of genetically improved
forest tree species is to be achieved within the nexrt
10 to 20 years.

L'auteur souligne lfimportance et lfapplication de
la propagation vegetative et des clones dans Vameliora
tion des arbres forestiers. Les secteurs qui causent des
probl&mes de propagation vegetative sont resumes par les
differentes esp&ces* les techniques et la physiologie.
Lrauteur passe en revue les programmes ontariens de gref-
fage* dfenracinement des boutures et de souches clonales.

II faudra plantfier et coordonner la recherche le
mieux possible si Von veut etablir a grande echelle la
propagation de clones genetiquement ameliores au cours
des 10 a 20 prochaines armees.

INTRODUCTION

Vegetative propagation allows the tree breeder to capitalize
fully on superior plants which owe their outstanding value to a desirable
combination of genes. Clones are the result of vegetative propagation
and represent plants derived from one tree; hence, all members of a
clone are of the same genotype, maintaining the gene combination. In
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contrast, the process of sexual reproduction breaks up the combinations
of genes, probably never again to be reconstituted.

Clones have several uses in tree improvement. First, selected
genotypes, such as plus trees and elite trees, can be replicated as
clones and planted in arboreta and seed orchards for breeding and seed
production. Second, clones are useful in studying genetic traits.
Finally, clones, as genetically improved forest tree varieties, offer
attractive possibilities for tree breeding and for the establishment of
forest plantations, because of the likelihood of an early and maximum
genetic improvement, and because of their uniform and very predictable
performance.

The most common means of vegetative propagation are grafting and
rooting of cuttings. Other methods, such as propagation by runners or
air-layers, are of less use in forestry practice. Propagation by cell
and tissue culture and apomixis Creproduction by seed without fertiliza
tion) are still in the research phase and may become significant in the
future.

In this paper, I will discuss (a) the main problem areas, (b) the
Ontario programs, and (c) our prospects in vegetative propagation of
forest tree species by grafting and rooting of cuttings.

MAIN PROBLEM AREAS

The research and management problems associated with vegetative
propagation are many. They are dealt with here under the headings of
species, technique and physiology.

Species

Most tree species can be grafted without much difficulty. Some
times, the grafting stock is of a different species than that of the
scion. Caution is needed because incompatibility problems may develop.

Few species propagate easily by rooting of the cuttings (branch
or stem pieces of last year's growth). For example, many of the willow
(Salix L.) and poplar (Populus L.) species are good rooters. Most of
the hardwood and coniferous species are difficult to root. Variation in
rooting ability occurs between species and also within trees of a species.

Technique

The techniques for grafting hardwoods generally follow those
used for multiplication of fruit trees (Hartmann and Kester 1975). In
conifers, top-clefts and side-grafts are used most commonly. The results
are influenced by selection, collection and handling of the scions and
root stock, grafting technique and time, and graft maintenance (Nienstaedt
et al. 1958, Rauter 1977).
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The cuttings of easy-to-root poplar and willow species can be
planted in regular nursery beds, and even in fields, and do not require
special treatments for rooting. The cuttings of difficult-to-root
species require special environmental regimes, which can be secured in
greenhouses and misthouses (Doran 1957, Girouard 1971, Rauter 1977).
The main factors influencing rooting are: rooting medium, humidity,
temperature, light and photoperiod (Nienstaedt et al. 1958).

Physiology

The physiological conditions of the ortet (mother-plant) and of
the propagule (scion or cutting) greatly influence rooting ability.
Internal and environmental factors, and their interaction, develop and
change these conditions (Schreiner 1967; Hyun 1967, 1968; Fielding 1970;
Libby 1974; Wright 1976; Franclet 1977).

Internal factors in the ortet influencing rooting include age
(cuttings of juvenile plants root best), the age and position of the
shoots Ctaken for propagules) in the crown, heavy flowering and seed
production. The ortet age and the position of the shoots taken may also
affect the growth of the rooted or grafted tree Ctopophysis, Schaffalitsky
de Muckadell 1959): propagules taken from lower horizontal branches may
continue to grow horizontally for several years.

Examples of environmental factors and internal-environmental
interactions which influence rooting are the growth period (season)
during which the propagules are taken, the site conditions, nutritional
status, and methods of trimming the ortet.

Growth-regulating substances, such as auxins and auxin syner
gists, may increase the rooting ability of cuttings (Haissig 1974).

Intensive research and management studies related to these prob
lem areas are being carried out in many countries. These will undoubtedly
result in better and more efficient vegetative propagation of forest
trees.

ONTARIO PROGRAMS

Several research- and management-oriented forestry programs in
Ontario deal with grafting and rooting of the cuttings. The latter pro
grams can be divided into rooting of poplar cuttings and rooting of
cuttings of difficult-to-root forest tree species. The development and
management of clonal stools is part of this program as well. Research
has also been done on vegetative propagation by cell and tissue culture
(Durzan 1976).
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Grafting

Scions from selected plus trees of white spruce (Picea glauca
iMoench] Voss), black spruce (P. mariana [Mill.] B.S.P.I and white pine
CPinus strobus L.) are being grafted by the Ontario Ministry of Natural
Resources (OMNR) Tree Improvement Group at Angus and Thunder Bay and
the grafts are raised for seed orchard establishment. Approximately
5000 to 6000 scions coming from 200 to 300 pins trees have been grafted
annually during the last 5 years CDyer and Eng 1976, Eng 1978). Bench
grafting Cveneer or side-grafts) on potted stock is the accepted prac
tice tRauter 1977).

Grafts of selected native, exotic and hybrid specimens of a
large variety of coniferous and hardwood species are being made at the
Ontario Forest Research Centre (OFRC) at Maple and at the Petawawa Forest
Experiment Station (PFES) to produce breeding arboreta and clonal stools
for flower, seed and vegetative propagule production.

Limited research has been done to improve graft survival, extend
the grafting season, and overcome scion-stock incompatibility. A summer
field-grafting technique for pine was reported by Fowler (1959). OMNR's
Tree Improvement research and management groups have tried fall grafting
and over-winter storage of scions of black spruce, white spruce and white
pine with varying success. These methods would allow for a simultaneous
scion and cone collection and thereby facilitate the important progeny
testing of plus trees. Graft mortality may occur in seed orchards and
arboreta because of growing scion-stock incompatibility. Fowler (1967)
found that low grafting and deep planting of young red pine (Pinus
resinosa Ait.) grafts encouraged the scions to produce their own roots
and thereby prevented mortality.

Rooting of Poplar Cuttings

Cuttings of Carolina poplar (Populus x euramericana CDode) Guinier
cl. "Eugenii" Simon Louis) have been propagated in our nurseries without
difficulty for many years. Recently, several new clonal selections of
similar species parentage and of cottonwood Csection Aigeiros Duby) x
balsam poplar (section Tacamahaca Spach.) hybrid origin, which possess
reliable rooting ability, have been added to the list. The annual pro
duction of cuttings and rooted cutting stock is approaching the one
million mark.

Research originally concentrated on improving the rooting ability
of aspens (section Leuce Duby). Breeding resulted in clones of silver
poplar (Populus alba L.) hybrids, such as P. alba x grandidentata Michx.,
of good rooting ability and vigorous growth (Heimburger 1968). However,
the rooting was unpredictable; sometimes poor rooting was obtained even
with clones that had propagated easily in other tests. Therefore,
different ways of handling and rooting cuttings are being tried (Zsuffa
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and Saul 1976, Farrar 1978) in order to establish guidelines for reli
able propagation.

A rapid method for vegetative propagation of aspens by rooting
cuttings of sucker origin was described by Znfa C1971). Mass propaga
tion of selected aspen clones was successfully attempted in mirsery
sucker compartments, from which sucker-grown stock was removed annually,
and new suckers were subsequently developed from the roots left in the
soil.

Small (2-8 cm long) "mini" cuttings have been tried by OMNR
research and management to speed up the propagation of desirable new
clones and to develop inexpensive stock for the establishment of dense
poplar plantations of coppice growth harvested on short cycles. Rapid
propagation of new clones with small container-grown cuttings raised in
greenhouses has been successful. Rooting occurred within 2 weeks,
growth was fast, and new, green cuttings could be taken immediately
from the rooted plants for further propagation. This way, a single
tree produced several hundred individual plants within one winter green
house period. Unsorted small cuttings cut en masse from bundles of
whips have recently been tried in a possible system of inexpensive,
mechanical ditch planting of dense poplar plantations. The results are
still inconclusive, but encouraging.

Propagation of Difficult to Root Species by Cuttings

Experimental work has concentrated on coniferous species. Pio
neering work on vegetative propagation and the use of hormones to stim
ulate the rooting of stem cuttings was done in the 1930s at PFES
(Farrar 1969). Cuttings of spruces and pines and some difficult to
root hardwoods were propagated at OFRC.

Hardwood species cuttings have been collected from selected
trees and propagated to establish clonal stools and orchards. The root
ing was with green cuttings, in misting beds. Species propagated
included silver maple (Acer saccharinum L.), black locust CRobinia
pseudoacacia L.), red ash (Fraxinus pennsylvanica Marsh.), green ash
(F. pennsylvanica var. subintegerrima CVahl) Fern.) and black ash
(F. nigra Marsh.) (Larsson 1976, 1978).

Several spruce species have been successfully propagated by
rooting of cuttings (Rauter 1971). The cuttings were collected from
young trees Cup to 20 years of age) made from the latest year's growth
and maintained under intermittent mist. Differences in rooting were
observed by species, by individual trees, and by different rooting
environments and techniques. The experiments showed that rooting cut
tings was a feasible means of reproducing large quantities of geneti
cally improved stock; therefore, larger-scale propagation trials were
started in a mist house in the Orono nursery. Although initial dif
ficulties have been encountered with maintaining proper greenhouse
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conditions and with rooted cutting transplants, the results are con
stantly improving CRauter 1978). Also, a program was started for vege-
tatively reproducing and testing superior seedlings of white spruce and
black spruce Qteuter 1974).

Juvenile seedlings of black spruce, jack pine (Pinus banksiana
Lamb.l and of several larch species were successfully and repeatedly
propagated by green cuttings, in high-humidity rooting chambers at the
Faculty of Forestry and Landscape Architecture, University of Toronto
CDe La Garza 19771, Fung 19782). Growth was excellent and the multipli
cation rates were very high: within one year, up to 100 rooted cuttings
were propagated from one ortet. This method offers possibilities for
reproducing the often limited number of superior progenies, and for
developing clones for various testing and research purposes.

The white pine vegetative propagation trials by rooting cuttings
and needle fascicles were initiated at OFRC to preserve the genetic gain
achieved in the selection of blister rust resistant trees. Methods for

rooting cuttings in tented, high-humidity rooting beds and under inter
mittent mist were developed CZufa 1972). Large variation in rooting of
individual eastern white pine and Himalayan white pine x eastern white
pine (Pinus griffithii McClelland x P. strobus) hybrid trees was observed
and easily rootable types were selected (Zsuffa 1973). Clonal stools of
these types were initiated to produce cuttings for large-scale propaga
tion.

Less experience has been accumulated with other coniferous
species. In a rooting trial, jack pine cuttings collected from 6- to
10-year old trees were successfully rooted under intermittent mist
CZsuffa 1974). At OFRC, trials are under way to root cuttings of larch
species•

Clonal Stools

Cutting propagules are mass-produced in clonal stools. These
are specially established and intensively managed nursery plantations.
The two types are for poplars and for coniferous species.

1 De La Garza, J.L.P. 1977. Vegetative propagation of black spruce
and jack pine juvenile seedlings. M.ScF. Thesis, Faculty of Forestry
and Landscape Architecture, University of Toronto, 60 p.

2 Fung, M.Y.P. 1978. Vegetative propagation of larch seedlings.
M.ScF. Thesis, Facility of Forestry and Landscape Architecture,
University of Toronto, 113 p.
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The clonal stools of poplars, which recoppice easily, are man
aged for the production of juvenile, vigorous whips, suitable for cutting
production. This is achieved by using closely spaced stools (30 x 100 cm)
from which the whips are harvested annually by cutting, almost to ground
level, and irrigating, fertilizing and cultivating the stool area (Zsuffa
1977).

Two types of poplar clonal stools are being maintained at OFRC
and in several forestry nurseries. Production stools propagate large
quantities of cuttings of certified clones for regular plantings, and
collection stools contain larger numbers of clones of potential for
future plantings. Large-scale production of desirable clones can start
from collection stools when necessary.

Clonal stools of coniferous species are of recent origin and
experience in managing them is still accumulating. Trees are top-pruned
to hold them in the juvenile stage. It appears that the maturation of
clones can be arrested by repeatedly pruning back all new growth above
a specific height (Libby 1974). The hedging and trimming technique also
provides a convenient way to produce and harvest many cuttings from a
tree. The method lends itself to mechanization. In the stools the

trees are relatively widely spaced (approx. 3 x 3 m), and the area is
cultivated, fertilized and irrigated, when necessary, for vigorous vege
tative growth. The initial clonal stools of white pine and spruce estab
lished at Midhurst and Orono nurseries are being managed according to
these principles.

PROSPECTS

The clonal propagation of easy to root species, such as poplar,
and the routine grafting of most forest tree species represent less of
a problem and are already working in practice. The prospects of having
reliable large-scale clonal propagation programs for the difficult to
root species in the near future are dim. The problems involved in
vegetative propagation are many, and well planned and coordinated
research is needed in almost all significant problem areas. These are:

1. Grafting - incompatibility

- growth response

- maturation

2. Rooting of Cuttings - age; rejuvenation and holding of
the juvenile stage

- characteristics and position of
the propagule on the ortet

- physiological conditions and
nutrition
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2. Rooting of Cuttings Ccontinued)

- growth-regulating substances

- root initiation

- techniques of rooting and maintenance

- containerization and mechanization

With difficult to root species research is also needed on inher
ent differences in rooting ability between species and within individuals
of the same species.

Large-scale clonal propagation of genetically improved forest
tree species, such as white spruce, white pine or larch, could be
achieved in Ontario within the next 10 to 20 years if well concentrated
fundamental and empirical research and management efforts are initiated
soon. In Germany CKleinschmit 1974) and Finland (LepistS 1974) we
already have examples of large-scale spruce clonal propagation for oper
ational reforestation. We should intensify our efforts to catch up with
these developments for the sake of Ontario's future fast-growing, inten
sively managed timber plantations.
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GENETIC IMPROVEMENT OF WHITE SPRUCE

R. Marie Rauter
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Ontario Forest Research Centre

Ontario Ministry of Natural Resources
Maple, Ontario

Cheng C. Ying
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Petawawa Forest Experiment Station
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Chalk River, Ontario

Highlights of research of both the federal and
provincial governments at Petawawa and Maple respectively
are summarized. Results have shown that there is siqnifi-
cant variation in the species and that through selection*
breeding and propagation* significant gains in growth
can be achieved.

m Cette etude resume les faits saillants de la
recherche des gouvemements federal et provincial tant
a Petawawa qu'a Maple. Les resultats ont demontre qu'il
existe une variation significative chez les especes et
que par la selection* les croisements et la multiplica
tion* il est possible d'atteindre des gains de croissance

m importants.

INTRODUCTION

<m White spruce (Picea glauca [Moench] Voss) is an important conifer
in Canadian reforestation programs and is one of the leading species cur
rently being planted in Ontario. However, the establishment and manage
ment costs of planting are high. To get the maximum return on the
investment, one should use seed of high genetic quality. The use of
genetically superior seed can reduce the risk of losses in the plantation,

•-* reduce the rotation age of the stand, and increase the potential yield of
timber.

A cost-benefit analysis showed that there is a sound economic
basis for tree improvement in white spruce CCarlisle and Teich 1971).
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Systematic genetic investigations and improvement programs were started
in the 1950s at the Petawawa Forest Experiment Station (PFES), Canadian
Forestry Service (CFS) and in the 1960s at what is now the Ontario
Ministry of Natural Resources COMNR) . Close cooperation is maintained
between these two agencies as well as with the Tree Improvement Group
of the Forest Resources Branch and the various districts and regions
of OMNR.

PROVENANCE STUDIES

Provenance studies initiated by Mark Hoist at PFES in 1953 have
shown that improvement in height growth of about 20% can be achieved by
provenance selection CTeich et al. 1975). These studies (Table 1) have
provided information on the broad genetic variation pattern, and have
shown that there are fast-growing sources in southeastern Ontario and in
the St. Lawrence Valley, Quebec (Nienstaedt and Teich 1971). Trees from
these areas have demonstrated outstanding growth rates under a wide range
of environmental conditions in eastern Canada and through the north
central and northeastern United States. Scions from selected trees have

been collected and used to establish clonal orchards in Ontario as well

as in many other parts of Canada and the United States. Seed has also
been collected to establish a seedling seed orchard in the Maritimes
(Fowler and Coles 1977).

Ecotypic differences appear to exist for this species. Teich and
Hoist C1974) showed that provenances from limestone sites grew better
on a test site with limestone parent material and provenances from gran
itic areas performed better on granitic sites. These results indicate
the need for greater separation of seed lots within seed zones.

These early provenance studies, as valuable as they were, were
exploratory in nature and limited in scope. The majority of the prove
nances included were from southern Ontario. The large areas with native
populations in northern Ontario were inadequately sampled. The number
of field tests was also inadequate, particularly in the northern and
northwestern part of the province (Table 1).

In 1971 a comprehensive cooperative study was initiated by the
CFS and OMNR to determine the best provenances within the major seed
regions. Seed collections were planned and supervised by OFRC personnel
in cooperation with staff from PFES. To date seed has been collected
from 164 stands (provenances) across Ontario ranging from 6 in Site
Region 5S to about 40 in 5E. There is still a large area in 3E and 4E
where no collections have been made because of poor cone crops.

This new cooperative provenance study has two components: all-
range and regional provenance tests. It is proposed that a total of
18 tests be established across the province. Six will be all-range
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provenance tests, the Ontario contribution to a national range-wide
study. The all-range and regional tests will be integrated into the
field experiments on the basis of site regions. Suggested locations for
these tests are given in Figure 1.

Table 1. Existing white spruce provenance experiments in Ontario.

Exp.
Year

planted
Seed

lots Trees

Area

Oia) Location Remarks

93B 1956 25 13,464 1.93 PFES Good

93C 1958 25 13,464 1.94 Owen Sound Good

93D 1957 25 13,464 1.94 Kapuskasing Very poor because
of fire and lack

of proper main
tenance

194-A 1963 25 4,800 2.60 Port Frances Partially destroyed
by fire

194-B 1962 25 7,500 3.21 Kapuskasing Fair

194-D-l 1963 25 10,800 4.46 PFES Good

194-D-2 1963 13 6,048 1.11 Lake Dore Fair

194-E 1963 25 3,750 1.92 Oven Sound Good

194-F 1964 25 5,400 2.60 Dorset Fair

194-11 1965 54 7,660 2.47 PFES Good

194-H-l 196*5 49 16,621 5.48 Thunder Bay Good

PROVENANCE HYBRIDIZATION

Experiments have shown that increased rates of growth can be
obtained through provenance hybridization. White spruce progenies
derived from provenances of the Boreal and Great Lakes—St. Lawrence
Forest Regions, pollinated by native stands at PFES, were evaluated in
field tests. Early results have shown a definite advantage of provenance
hybrids over local progenies. At 10 years of age, the hybrids were
from 5% to 30% taller (Average of 17% taller) than progenies originating
from seed of local stands (PFES unpublished data). This increase could
be due to a reduction of inbreeding through provenance hybridization.

Caution must be taken when parent provenances from distant areas
are involved in the hybridization. Trees grown under different environ
mental conditions may have evolved well balanced gene complexes which
provide for mayf-mum adaptation. Hybridization may upset this system and
reduce the ability of the hybrids to withstand environmental stress.
Hybridization should be confined initially to stands within the same
site region.
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Fig. 1. Suggested locations for the cooperative white spruce provenance
study.

PLUS-TREE SELECTION AND CLONAL SEED ORCHARD ESTABLISHMENT

Since 1956, OMNR field staff have been involved in the selection
of white spruce plus trees for grafting and subsequent establishment of
clonal seed orchards. In 1972, Rauter and Dyer set plus-tree targets
for each site region based on current and proposed seed needs (Table 2) .
Grafting of scions collected from the selected trees was initially
carried out at Angus and then expanded in 1972 to include the Thunder
Bay nursery. Table 3 shows the location and size of the orchards
established to date (W.G. Dyer 1978 pers. comm.).
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Table 2. Annual target for white spruce plus-tree selection for years
1973-1983.

Site region

Administrative 3200 3400 4200 4300 4400 5700 5300 6250

region C3E) C3W) C4E) C4S) C4W) C5E) (5S) (6E)

Northwestern 10 20 20

North Central 5 30 20

Northern 70 30

Northeastern 10 5

Algonquin 15

Eastern 15

Central 5

Table 3. Size and location of white spruce seed orchards established
in Ontario.

Seed zone of

parent material

Location of seed orchard

Size

(ha)
Date of first

plantingSeed zone Locale

3E 6E Angus 1.82 1966

3E 6E Glencairn 5.26 1973

3W 4W Mattawin 3.64 1966

3W 4W O'Connor 1.01 1973

4S 4S Dryden 1.21 1975

4W 4W Pearson 1.21 1971

5E 5E Gurd 0.80 1975
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TESTING OF CLONAL SEED ORCHARDS

In order to evaluate the combining ability of the selected clones
within a seed orchard, it is necessary to conduct progeny tests. Results
from these tests will provide information on which clones should be
removed from the orchards. Also, the best individuals from the best
families in the progeny tests would be selected as base material for
advanced generation orchards. A modified bi-parental mating scheme has
been selected to test these orchards as this design provides the maximum
amount of information with the minimum number of controlled crosses

CRauter 1975, 1979).

The first crosses using this design were carried out at the
Angus orchard in 1972 and at the Glencairn orchard in 1974. To date 96
of the required 174 crosses have been either totally or partially com
pleted; this year 19 crosses were repeated and seven new crosses were
made. In 1978, material from many of the completed crosses were germin
ated and will be available for field testing in 1981. Sufficient
material should be available to germinate another test in 1980. Cross
ing will start in the Mattawin and O'Connor orchards during the first
spring in which there is sufficient flower production.

Preliminary evaluation of controlled pollinations at PFES shows
that additive variance is the most important component (Yeatman and
Venkatesh 1974). These results support the approach used to improve
white spruce in Ontario as improvement can be obtained by the accumula
tion of favorable genes in the breeding population through continuous
selection, testing and roguing.

SPECIES HYBRIDIZATION

White spruce has been crossed successfully with a number of
other spruce species, both at OFRC and at PFES. The varying degrees
of heterosis exhibited by the crosses are dependent upon the selection
of the individual parents as well as the individual cross. For example,
nursery results (Rauter 1974a) and preliminary field observation show
that some combinations of white spruce and Sitka spruce (P. sitchensis
[Bong.] Carr.) have a favorable rate of growth. Hybrids which may have
importance in Ontario's regeneration program are P. glauca x engelmannii
(Parry) Engelm., P. glauca x omorika (Panic) Purkyne, P. glauca x dbies
(L.) Karst., and P. glauca x pungens Engelm. A new hybrid which has
been recently confirmed, P. rubens Sarg. x glauca (Gordon 1978), may
also play a role in future programs. Some hybrids can be made easily;
others are very difficult. Once a good hybrid combination is identi
fied it can be reproduced, either sexually by seed or vegetatively
through the rooting of cuttings.
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VEGETATIVE PROPAGATION THROUGH THE ROOTING OF CUTTINGS

In the late 1960s, trials were established to determine whether
it was feasible to root cuttings of spruce for mass propagation. By the
early 1970s results showed that spruce cuttings could be rooted by means
of relatively simple techniques (Rauter 1971, 1978). In 1972 a program
was initiated at six nurseries to select superseedlings from the nursery
beds and to outplant them into a stool area where cuttings would be
taken subsequently and tested for rooting ability and growth performance
(Rauter 1974b). Until these seedlings were of sufficient size that the
required cuttings could be obtained, material was collected from plan
tations throughout the province. Table 4 shows ome of the earlier
rooting results at Orono. The rooting percentages indicate the varia
bility in the performance from clone to clone and the need to select
only the best rooters for mass propagation. The best clones can be mass
produced and incorporated into the artifical regeneration program.

Table 4. White spruce material propagated at Orono mist house 1973

Clonal

Age No. of No. No. Rooting rooting
Origin (yr) clones set rooted average

CO

variation

(%)

Orono 7-9 25 2500 950 38 4-90

Orono 25 38 4050 630 16 0-73

Kemptville 14 54 4900 1600 34 7-92

Swastika 8-13 9 780 195 25 7-60

CONCLUSION

Considerable genetic information, based on research at PFES and
OFRC, and accumulated over the past two decades, shows that white spruce
can be improved significantly through selection, breeding and propagation.
Some genetically improved material is now being produced for use in
Ontario's artificial regeneration program. As the success of obtaining
improved stock is dependent upon how effectively the research results
can be transferred to practical use, close cooperation between researchers
and forest management staff is essential.



112

LITERATURE CITED

Carlisle, A. and Teich, A.H. 1971. The cost and benefits of tree
improvement. Can. For. Serv., Ottawa, Ont. Publ. 1302. 34 p.

Fowler, D.P. and Coles, J.F. 1977. Seedling seed orchards of Ottawa
Valley white spruce for the Maritimes. Can. For. Serv.,
Fredericton, N.B. Inf. Rep. M-X-73. 46 p.

Gordon, A.G. 1978. Hybridization of various spruces, on p. 21-22
in Forest Research 77. Ont. Min. Nat. Resour., Ont. For. Res.
Centre, Maple, Ont.

Nienstaedt, H. and Teich, A.H. 1971. The genetics of white spruce.
USDA For. Serv. Res. Pap. W0-15. 24 p.

Rauter, R. Marie. 1971. Rooting of Picea cuttings in plastic tubes.
Can. J. For. Res. 1:125-129.

Rauter, R. Marie. 1974a. Spruce breeding, on p. 20-23 in Forest
Research 73. Ont. Min. Nat. Resour., For. Res. Br., Maple, Ont.

Rauter, R. Marie. 1974b. A short term tree improvement programme
through vegetative propagation. N.Z.. J. For. Sci. (4):373-377.

Rauter, R. Marie. 1975. Ontario's approach to the genetic improvement
of black and white spruce - a brief summary, p. 158-162 in
Proc. 22nd Northeast. For. Tree Improv. Conf., Syracuse, N.Y.
Aug. 7-9, 1974.

Rauter, R. Marie. 1978. Vegetative propagation, p. 25-38 in Proc.
Tree Improv. Workshop for Field Foresters. Sponsored by USDA
For. Serv.; Sch. For. Resour., Univ. Maine; and Northeast. For.
Tree Improv. Conf.

Rauter, R. Marie. 1979. The development of sound genetic material -
seed orchards, p. 82-94 in Tree Improvement Symposium. Can.
For. Serv., Sault Ste. Marie, Ont. COJFRC Symp. Proc. 0-P-7.

Teich, A.H. and Hoist, M.J. 1974. White spruce limestone ecotypes.
For. Chron. 50:1-2.

Teich, A.H., Skeates, D.A. and Morgenstern, E.K. 1975. Performance of
white spruce provenances in Ontario. Can. For. Serv. and Ont.
Min. Nat. Resour. Special Joint Rep. 1. 31 p.

Yeatman, C.W. and Venkatesh, C.S. 1974. Parent-progeny correlation of
bud break in white spruce at Petawawa, Ontario, p. 58-68 in
Proc. 21st Northeast. For. Tree Improv. Conf., Fredericton, N.B.
Aug. 27-30, 1973.



113
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Black spruce (Picea mariana [Mill.] B.S.P.) tree
improvement in Ontario is reviewed. Genetic research has
been concerned with provenance* genetic control of indi
vidual traits* and inheritance mechanisms. Increased
fibre production is the major improvement objective.
Among the breeding methods applied* clonal testing and
seedling seed orchards deserve greater emphasis.

L'quteur prisente une etude concemant I'ameliora
tion de lrEpinette noire (Picea mariana [Mill.] B.S.P.) en
Ontario. La recherche genetique s'est interessee h la
provenance* au contrdle genetique de caract&res individuals*
et aux mecanismes d'heredite. L'objeatif majeur visant
I'amelioration est la production accrue de fibres. Due
nombre des methodes dfamelioration genetique appliquees*
les tests clonaux et les vergers h graines de families
meritent la plus grande attention.

INTRODUCTION

Black spruce (Picea mariana [Mill.] B.S.P.) is the most important
tree species in Ontario (Dixon 1963). In 1975, 5.6 million m3 or 39% of
the total volume of wood cut on Crown land was black spruce (Anon. 1976).
Together with white spruce (P. glauca [Moench] Voss), it is so heavily
utilized that the total volume of allowable cut may be reached within a
few years (Tucker and Ketcheson 1973). Artificial regeneration, too,
has been substantial: it has accounted for 12-19% of the total number

of trees planted during the current decade and this percentage will
likely increase, particularly if direct seeding becomes operational on
a larger scale (Rauter 1973).

There has been some work in black spruce genetics and breeding—
not as much as one might expect—but definite progress has been made.
This paper reviews the results obtained during the last 25 years, with
emphasis on the cooperative work of the Ontario Ministry of Natural
Resources (OMNR) and the Canadian Forestry Service, Petawawa Forest Exper
iment Station (PFES).
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GENETIC RESEARCH

Provenance Effects

Growth: Black spruce grows on a wide range of sites, from moder
ately dry, shallow rocky uplands to wet swamps, and this

has given rise to speculation about soil ecotypes (Heinselman 1975).
However, two studies specifically designed to test the hypothesis of soil
ecotypes found little support for it (Morgenstern 1968, Fowler and Mullin
1977). Differences in germination and early survival of seedlings
appeared to be linked to availability of nutrients during seed develop
ment, but these differences disappeared rapidly. Most of the variation
in growth observed when provenances from boreal regions were grown in
experiments was related to natural selection at the places of seed origin.
There was a gradual (clinal) change in tree responses that was parallel
to the gradients in photoperiod and temperature.

A certain amount of variation remains unexplained after one has
accounted for the clinal pattern; this variation is found primarily within
regions. It is particularly evident in southern Ontario where isolation
and inbreeding are common (Morgenstern 1972a). Khalil (1973) has shown
that such discontinuous or ecotypic variation is also found in Newfoundland
where the climate does not follow simple north-south gradients.

Survival, hardiness, disease resistance: In nursery experiments,
southern provenances

grow rapidly when displaced into the long photoperiods of northern
environments as long as they are hardy or protected by snow (Morgenstern
1976), but in field tests the results are different. In a test at Kirkland
Lake measured at the age of 11 years from seed, the southernmost provenance
(moved 5 degrees of latitude from its origin to the north) was 35% lower
in survival and grew 25% less in height than the local provenance
(Morgenstern 1975a).

Movement to the south was also detrimental. In a test at Petawawa,

northern provenances suffered more severely than local or southern prove
nances from the shoestring root rot (Armillaria mellea [Vahl ex Fr.] Kummer) .
Northern provenances were also more susceptible to late frosts (Morgenstern
1975a).

The conclusion from these early experiments is that, in Ontario,
local seed is best. Seed zone regulations allowing transfers only within
zones or site regions and providing for registration of seed by districts
are important and should be observed. Whether provenance selection and
movement beyond zone boundaries are possible will be determined by the
more comprehensive experiments established in recent years (Morgenstern
and Kokocinski 1976).
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Genetic Control of Individual Traits

Both genes and environments influence the expression of any
trait. Their proportionate effects must be estimated if breeding pro
grams are to be planned rationally (Morgenstern et al. 1975). In
greenhouse and nursery experiments, it was found that genes controlled
17 and 18% of height growth. Even in a small experiment undertaken to
demonstrate methods rather than to select trees for operational use, a
genetic gain of 8.5% could be made if 1% of the best trees had been
taken (Morgenstern 1973). This gain would probably be greater in a real
selection program with more material.

Inheritance Mechanisms

The next step in genetic studies is to find out what kind of
genes are at work. To obtain this kind of information, a diallel cross
was made by crossing seven trees in all possible combinations. Subse
quently several greenhouse, nursery and field experiments were estab
lished. The early results indicated that: (1) for traits related to
growth, small additive gene effects are important; and (2) for traits
related to reproductive fitness, such as germination and survival, large
genes acting in dominance-recessiveness fashion play a role. The results
therefore supported a tree improvement approach by selection and accumu
lation of genes controlling growth which is in agreement with current
procedures. These findings were also well correlated with information
on genetic systems of pioneer species in general (Morgenstern 1974).

IMPROVEMENT OBJECTIVES

Seed Quality

Black spruce is unique among the native conifers in its ability
to reproduce vegetatively from layerings. Stanek (1975) has shown that
in the Ontario Clay Belt many trees within some stands on peatland
sites have originated from layering. Layering influences the genetic
structure of a stand and consequently its seed production. All the
trees derived by layering from one parent constitute a clone which is
genetically identical. When these trees pollinate each other the
result can be expected to be the same as in the diallel cross mentioned
earlier: seed set is about one-third of that in open or controlled
pollination (reduced from about 17 to 6 seeds per cone) and germination
17% less (reduced from 67% to 50%) (Morgenstern 1971, 1974) . This means
that cone collection procedures in such stands are very inefficient
because only a small number of seeds per cone are procured, and these
germinate poorly, producing seedlings of low vigor. Control of seed pro
duction through genetic means, therefore, has considerable scope in this
species. Stand selection (seed production and collection areas) and
ultimately seed orchards would improve the situation.
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Growth

Black spruce is primarily a pulp and paper species and improve
ment of fibre yield per unit area is the major objective of breeding
(Carmichael 1960, Morgenstern 1975b].. Yield tables from planted stands
are not available but maximum annual height increments of 40-60 cm per
year can be obtained in boreal forests on upland sites (Armson 1975).
Through control of stocking and spacing, the same volumes now harvested
in natural stands 80-100 years old can probably be obtained 20 years
earlier (Payandeh and Ek 1974, Beare 1975). The use of genetically
improved seed will likely increase total yields by at least 10% over
those obtained from ordinary seed during the whole rotation period, or
it will reduce rotation periods correspondingly.

STATUS OF PRESENT PROGRAMS

Seed Collection and Production Areas

Seed collection and production areas provide a mechanism for the
first level of improvement, and an interim solution until seed is avail
able from seed orchards. The development of these areas has not progressed
at a rapid rate and only about 200 ha have been designated so far. Seed
production areas should be in young stands to make cone collection easy
and investment for access, thinning, fertilizing, pest control, etc.,
worthwhile. The expected increase in direct seeding will depend much
upon greater seed yields from these areas (Rauter 1973, Fraser 1975).

Plus-tree Selection and Clonal Seed Orchards

Plus-tree selection was initiated in 1958 (Carmichael 1960) in
Region 3W and was carried out particularly in the Geraldton District in
cooperation with Kimberly-Clark of Canada Ltd., and in the Thunder Bay
District. Subsequently Kimberly-Clark established a clonal orchard near
its nursery at Longlac and OMNR established a clonal orchard in the
Matawin River area of Thunder Bay District. Region 3E selections were
moved to the Glencairn orchard in Region 6E near the tree seed plant at
Angus (now Huronia District) for ease of management and perhaps in hopes
of increased seed production in a warmer, more southerly climate (Dyer
1967, 1971). Other orchards have been established more recently in
Thunder Bay and Dryden districts.

As indicated by the few orchards established in almost 20 years,
this has been a small program. Recently the selection targets have been
raised to 145 black spruce trees per year in all six regions concerned
(W.G, Dyer 1978, pers. comm.), and grafting is now done both at Angus and
at Thunder Bay.
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Early Selection and Clonal Testing

An early selection and clonal testing program was initiated to
establish seed orchards rapidly with tested material (Rauter 1974). The
program also offers great economy of testing since clonal tests require
small areas. It consists of high-intensity selection of best seedlings
or transplants in their final year in the nurseries at Swastika, Thunder
Bay and Dryden, and is designed to cover Regions 3E, 3W, and 4S. Cut
tings from these trees are rooted and tested in replicated environ
ments which will be established by the end of this decade. The program
should be very actively developed and possibly be given higher priority.

Seedling Seed Orchards

Seedling seed orchards constitute another promising approach
because black spruce begins to flower at the age of 6 years and large
quantities of seed can be produced rapidly (Morgenstern and Fowler
1969). This is well illustrated by the only seedling seed orchard devel
oped so far, namely the orchard planted in 1952 by Spruce Falls Power and
Paper Co. Ltd. in their nursery at Moonbeam (now managed by Kapuskasing
District). Seedlings were selected in seed and transplant beds and
established in a 2 ha plantation. The orchard has produced much of the
seed sown by the Company during the 1960s. Although cone collections
were not always made throughout the entire area, they ranged from 1 to 5
hi per year and produced from 0.3 to 4.5 kg of seed (R.H. Armstrong 1978,
pers. comm.l. Since OMNR took over the area, it has been thinned to
maintain seed production.

This example demonstrates the potential of seedling seed or
chards. They can be even more useful if rogued on the basis of affili
ated progeny tests (Morgenstern et al. 1975). The Northwestern adminis
trative region of OMNR has initiated work with seedling seed orchards.

Progeny Tests

A systematic progeny test series based on controlled crosses
in the clonal seed orchards is being developed (Dyer 1971, Rauter 1975).
So far crosses have been made in the Region 3E Glencairn orchard near
Angus and the Region 3W Matawin orchard near Thunder Bay. Because the
orchards were established over a number of years and individual clones
begin flowering at different ages, it will take several more years
until all crosses can be made.

PFES and 16 OMNR districts have started cooperative progeny
tests based on open pollination. There are seven tests in Region 3E Cin
Kirkland Lake, Chapleau, White River, Hearst, Kapuskasing and Cochrane
districts); six in Region 3W (Geraldton, Terrace Bay, Nipigon, Thunder
Bay and Ignace); and six in Regions 4S (Fort Frances, Kenora, Red Lake,
Dryden, Sioux Lookout, and Ignace). The objective of these tests is to
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determine the genetic control of individual traits from larger samples
of populations and environments and to select promising individuals for
seed production and breeding (Morgenstern 1972b, 1975b, 1978). Such
material could be incorporated into second generation seed orchards,
together with the best material from the controlled crosses in the
grafted clonal orchards, and the clones selected in the nursery. In
this way various programs can be integrated and more rapid progress made.

CONCLUSIONS

Forest genetics research in black spruce has indicated that the
species is variable and improvement by selection is promising. There is
an urgent need to select more seed collection and production areas.
Perhaps manuals, practice-oriented demonstrations and seminars will assist
managers to do so. So far, high-density plus-tree selection in natural
stands and grafted clonal orchards have been emphasized but other methods
including nursery selection, clonal testing, and open-pollinated progeny
testing in conjunction with seedling seed orchards should be given more
weight, in spite of our limited experience with designs for seedling seed
orchards and their management. There is also a need for more decentral
ization and direct involvement of districts in individual programs for
each site or breeding region to increase effectiveness of current pro
grams and encourage activity on an operational scale.
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THE GENETIC IMPROVEMENT OF EASTERN WHITE PINE IN ONTARIO

L. Zsuffa
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Maple, Ontario

Past work on white pine tree improvement concen
trated on developing varieties resistant to blister rust.
The most significant result was the breeding of rust
resistant and vigorous eastern white pine x Himalayan
white pine hybrids. Current work concentrates on progeny
testing of eastern white pine plus trees* on breeding
and field testing of eastern white pine x Himalayan
white pine hybrids and on developing and testing clonal
varieties.

Les travaux anterieurs touchant I'amelioration
du Pin blanc ont converge vers le developpement de
varietes de Pins pouvant resister h la rouille vesicu-
leuse. Le resultat le plus significatif fut obtenu par
le croisement du Pin blanc vigoureux et resistant to, la
rouille avec le Pin blanc de lfHimalaya. Les travaux
actuels se concentrent sur les tests de descendance de
Pins blancs* sur lramelioration genetique et les essais
sur le terrain d'hybrides avec le Pin blanc de I'Himalaya*
puis sur le developpement et le testage des varietes
clonales.

INTRODUCTION

The first European explorers of North America were awed by the
great forests of white pine that covered vast areas of the land. Trees
45 m tall were fairly common; some were reported as tall as 72 m, some
as large as 3.6 m in diameter (Wilson and McQuilkin 1963).

By the end of the 19th century Ontario had nearly exhausted its
finest stands of white pine. Around 1900 reforestation of the waste
lands in the older agricultural parts of southern Ontario was begun.
To satisfy the demand for stock, considerable white pine was imported
from Germany. These trees were an early source of blister rust. The
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weevil problem has also been present during the entire reforestation era
and indeed much before it. This insect poses the greatest threat to
Ontario's white pine plantations.

Planting of white, pine in Ontario has been carried out on a
rather small scale since the 1960s because of the threats posed by wee
vils and blister rust. However, in recent years examples of successful
plantations have brought about renewed interest in white pine reforesta
tion. In addition to suitable planting sites and plantation management
genetically improved strains are required to ensure the success of
plantations.

OUTLINE OF EASTERN WHITE PINE GENETICS

Eastern white pine (Pinus strobus L.) exhibits considerable
variation in appearance in different parts of its range, a fact which
suggests that as yet unidentified ecological or geographical races may
exist (Heimburger and Hoist 1955). Variation in certain characteristics,
such as stratification requirements of seed, height and diameter growth,
and response to day length, have been related to geographic origin of the
seed, and this indicates the possibility of improvement by seed source
selection (Wright 1970).

Trees immune to white pine blister rust (Cronartium ribicola
J.C. Fisch.) and white pine weevil (Pissodes strobi Peck) occur. This
suggests the feasibility of selection, propagation and breeding of resis
tant varieties (Wright 1970).

Eastern white pine crosses fairly easily with most of the other
five-needle pines in the series Strobi. This ability provides scope for
introducing various desirable traits, including resistance to specific
pests, through interspecific hybridization (Heimburger 1972).

White pine does not propagate vegetatively under natural con
ditions. However, scions from the crowns of mature trees can be grafted
readily on young stock (Heimburger 1955). Small cuttings of the last
season's twigs from young trees will root fairly readily. This allows
development of clones, providing genetically identical material for
testing and, eventually, planting (Zsuffa 1972).

ONTARIO1S WHITE PINE BREEDING PROGRAM

History

White pine breeding research in Ontario was initiated in 1946
and was conducted by C. Heimburger until his retirement in 1968.
Throughout the 1950s and early 1960s it was the major breeding program.
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The main goal was the development of varieties resistant to blis
ter rust. It was hoped to achieve this goal by selecting and propagating
eastern white pine trees free of disease symptoms, by crossing resistant
trees and producing their progenies, and by producing hybrids with white
pine species resistant to blister rust (such as Himalayan pine, P. grif-
fithii McClelland). Rich arboreta of exotic white pine species were
developed for this purpose at Maple Research Station and at Turkey Point.

No real plus-tree selection was conducted, as blister rust resis
tance was the major objective. The absence of disease symptoms was the
major selection criterion, and less attention was paid to other silvi-
culturally important traits, such as growth rate and habit. Also, the
enrolled genetic base was incomplete. In 1960, 89 selected- eastern
white pine clones were on register. While half of these were from Point
Platon, Quebec (trees originally imported from Germany) and Petawawa
Forest Experiment Station, many significant white pine regions were not
represented at all. In addition many of the selections proved susceptible
to blister rust when they were inoculated artificially with the disease.
By 1971 fewer than 30 clones, half of them from Point Platon, Quebec,
remained free of blister rust. These trees were insufficient in number

and their sources were poorly distributed; consequently they were inade
quate as a base for improved seed production.

The progenies of healthy eastern white pines, when inoculated
with blister rust, did not express significant resistance. In fact, the
percentage of disease-free trees in progenies of both healthy and dis
eased parent trees was similar (very low) (Zufa 1971). No major genes
for resistance were found. The resistance was evidently polygenic, with
slow buildup in progenies. Two or three breeding generations (50 or more
years) would be needed to bring the resistance to a practically accept
able level (Heimburger 1972).

The breeding of interspecific white pine hybrids, resistant to
blister rust, has been successful. In particular, hybrids between
eastern white pine and Himalayan white pine show vigorous growth and a
"practical level" of resistance to blister rust, with advanced genera
tions seeming to maintain these characteristics (Heimburger 1972, Zsuffa
1976).

The breeding for weevil resistance started early as well. East
ern white pine trees with narrow crowns and slender leaders were found
to be more immune to weevil attacks than were those with thick leaders.
While the selection of the former type is possible, the thickness of the
leader and the width of the crown may vary greatly with environment,
especially with stand density and shading. The resistance to weevil is
also influenced by resin flow. However, environmental factors, such as
climate and day length, may change the intensity of resin flow and thus
break down the resistance. For such reasons, experiments with weevil*-
free selections of eastern white pine, propagated by grafting and
planted at Thessalon, ended with few results (Heimburger and Sullivan
1972a).
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Some exotic white pine species, such as Balkan pine tPinus peuce
Griseb) and western white pine (P. monticola Lamb.), show weevil resis
tance and could be considered for hybridization (Heimburger and Sullivan
1972a, 1972b). Unfortunately, the introduced western white pine sources
and their hybrids are poorly adapted to Ontario's conditions. Balkan
pine is of very variable resistance, and in several hybrids with eastern
white pine the resistance broke down.

Provenance testing of eastern white pine started in the early
1950s. The trials contained incomplete and fragmented Ontario sources,
and gave no conclusive results. A range-wide study of eastern white
pine, in cooperation with the United States Forest Service, was started
in 19-55. Only one Ontario source (Algoma) is represented and only two
plantations have been established (Ganaraska and Turkey Point), each with
12 range-wide seed sources. The 7-year and 12-year results were reported
(Fowler and Heimburger 1969, Zsuffa 1975a). The Pennsylvania, Nova Scotia
and New York sources showed better height and diameter growth in southern
Ontario than did the Algoma source.

Present Status

An assessment of progress was made in the early 1970s and new
objectives were set in view of the research results and current needs.

The main objective of the present work is to develop genetically
improved seed sources to satisfy the needs of the expanding reforestation
program.

The natural white pine stands are being depleted rapidly and our
first task is to intensify stand selection and plus-tree selection in all
important white pine regions. The goal is to develop seed production
areas and to secure parents for seed orchard establishment. This is a
cooperative program with forest managers throughout the Ministry.

Progeny testing is in progress to establish the genetic quality
of selected phenotypes and to single out the best combiner parents for
seed orchards. The early (5-year) height growth varies up to 100%
between the progenies, a fact which suggests that this approach has great
potential for genetic improvement (Zsuffa 1978).

Haddow's (1969) surveys show that blister rust does not present a
great threat to white pine plantations in all regions. In many areas the
disease causes only insignificant damage. For these areas resistant
strains of white pine are not essential.

In southern Ontario, eastern white pine x Himalayan white pine
hybrids show promise because of their rust resistance and vigorous growth.
In a replicated field trial at 6 years of age the hybrid white pine outgrew
the eastern white pine control by 61% (Zsuffa 1976). More experimental
plantations of this type have been established across Ontario to gather
information on site tolerance.
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Cloning, by rooting of cuttings, offers a solution for the
fast development of strains of eastern white pine resistant to blister
rust. Methods for vegetative propagation of white pine by rooting cut
tings have been developed and clones of reliable rooting ability have
been established (Zsuffa 1972, 1973). Nursery stools, for mass propa
gation of cutting propagules, have been planted. Every year, the
rooting ability of newly selected trees is being assessed and the good
rooters are set aside.

Cloning, by preserving and copying outstanding and desired
genetic combinations, also provides a shortcut in breeding and can
secure large, immediate genetic gains. A study of eight clones belong
ing to a single progeny showed clonal variation which amounted to 52%
in tree height, 109% in diameter (DBH), 61% in branch length and 37%
in branch angle, indicating potential genetic gains which could be
achieved with clonal propagation (Zsuffa 1975b).

The present program concentrates also on interspecific breed
ing. Most attention is being focussed on crosses with Himalayan pine.
More complete gene pools of this species have been obtained and are
being grown in Ontario. Further crosses with Balkan pine and western
white pine are being attempted as well, with the goal of producing
fast-growing, weevil-resistant hybrids (Zufa 1970, 1971, Zsuffa 1975a).

New provenance trials of eastern white pine have not been
planned. It is believed that newly initiated stand trials, in which
quality stands with seed production potential are represented, will
also supply some of the information and material on eastern white pine
variation needed for genetic improvement in Ontario.
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Jack pine (Pinus banksiana Lamb.) ranks second
in wood harvested in Ontario and first in quantity of
seed used in reforestation. Provenance research has
shown that local seed is best in most instances. Seed
ling seed orchards can be developed progressively within
seed production areas to supply genetically improved
seed in quantities required for both planting and direct
seeding.

Le Pin gris (Pinus banksiana Lamb.) se classe
au deuxi&me rang des esp&ces recoltees en Ontario et au
premier rang quant h la quantiti de graines quril fournit
au reboisement. Des recherches sur la provenance ont
d&montre que la semence locale est la meilleure dans la
plupart des cas. II est possible de divelopper progres-
sivement des vergers & graines de families h Vinterieur
dues regions de production afin de fournir des graines
genetiquement ameliorees en quantites necessaires tant
au plantage qu'au semis direct.

INTRODUCTION

Jack pine (Pinus banksiana Lamb.) combines economic and bio
logical features that make it a natural for genetic improvement. The
objectives of this paper are to examine the opportunity for genetic
improvement of jack pine in Ontario and to propose a strategy for
integrating a genetic improvement program into current management
programs.

Jack pine is a major source of industrial wood in Ontario.
The harvest of pulpwood, poles, ties and lumber from jack pine exceeds
4 million m3 annually—one third of all softwood cut on Crown lands.
Jack pine ranks second to black spruce in volume harvested in the
province (Anon. 1976). Major jack pine stands are consolidated in
large areas of flat to rolling topography where they can be utilized
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efficiently and managed year-round. Operations within these areas are
seldom in conflict with recreational uses of the forest. Rather,
multiple-use values are enhanced by road building, which provides
access to adjacent lakes and rivers, and by harvesting and regeneration
of old-growth stands, which provide a varied habitat for wildlife,
including game animals.

Jack pine possesses a number of silvical characteristics that
make it an attractive species for regeneration management. These
include: rapid juvenile growth that is sustained to an early maturity
(50-70 years) (Plonski 1960); a natural tendency to grow in the open
in pure, even-aged stands; relatively low demand for soil nutrients;
tolerance of drought; high buffering against outbreaks of disastrous
diseases or insect pests; exceptionally early seed production; and
serotinous (persistent, closed) cones. The two last features provide
assurance of regeneration and perpetuation of the gene pool in the event
of fire* a necessary component of the natural jack pine ecosystem and
a constant threat to commercial forests of northern Ontario.

The silvicultural management of jack pine is well understood
(Armson 1978), relatively simple and inexpensive to implement, and
highly effective in maintaining the productivity of this renewable
resource. Large numbers of seed are required each year for regenera
tion: some 12 million seedlings are planted annually (Anon. 1976) and
it is expected that 16,000 ha will be regenerated by means of direct
seeding by 1987 (Rauter 1973, Morgenstern and Wang 1978). With an
assumed requirement of four seeds to yield each plantable seedling and
sowing rates of 50,000 seeds per ha, in excess of three quarters of a
billion seeds will be required each year within the next decade. This
is equivalent to collecting all the recent C4- to 7-year) cones from
some 350 ha of mature forest. Cone collection targets of this order
are in fact being met or exceeded today. The collection and redistri
bution of this seed in relation to seed origin and environment are
vital genetic, silvicultural and economic concerns (Yeatman 1977). The
challenge is to apply the principles of genetics and our present know
ledge of the species to increase future yields of wood and fibre on a
realistic scale and at a cost that is affordable.

GENETIC VARIATION AS A BASIS FOR IMPROVEMENT

Disease Resistance

Failure of jack pine regeneration attributable to Gremmeniella
canker (Gremmeniella dbietina [Lagerb.] Morelet) has been a major concern
in Ontario (Dorworth 1970). Both environmental and genetic factors influ
ence disease susceptibility (Dorworth 1974). Provenances vary widely in
susceptibility when planted in environments conducive to the disease
(Teich 1967, Yeatman 1976a). Some from Quebec and New Brunswick have
shown exceptionally low levels of infection when planted in northern
Ontario (Yeatman 1976b, 1978 data on file) and genetic resistance by
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individual jack pine trees was shown by direct inoculation (Teich and
Smerlis 1969).

Other diseases and pests of jack pine create particular silvi
cultural problems from time to time but the solutions do not appear to
be genetic apart from the generally greater tolerance and recovery
exhibited by vigorous, healthy trees genetically adapted to their cli
mate and site.

Regional Variation

The importance of seed origin in relation to climate is clearly
demonstrated in jack pine tested over a range of sites from Lake Erie to
Red Lake (Yeatman 1974a, 1976b; Skeates 1979). Local or near-local
sources rank among the best in survival, height and diameter at most
locations, along with other provenances with similar to somewhat milder
climates of origin. Populations from the area north and east of Lake
Nipigon and north of Lake Superior may be exceptions: they have exhib
ited reduced growth potential when tested within the region (Yeatman
1976b) and outside it (Skeates (1979). According to the map prepared by
Skeates, the area includes the eastern portion of Site Region 3W and the
western end of 3E (Hills 1960). However, the climate in this section of
central Ontario is also appreciably more severe than that to the east or
west (Boughner 1964) and the provenance samples may simply be reflecting
a genetic response to the extremely continental nature of the climate
here, both past and present.

Southern and coastal sources suffer severely from winter injury
if moved to more demanding climates at higher latitude (Yeatman 1976a).
Northern sources moved south tend to grow more slowly than local sources
adapted to a longer, warmer growing season. In general, the greater the
environmental difference between seed origin and planting site, the less
reliable the outcome (Morgenstern and Teich 1969).

Population (Stand) Variation

Provenance differences also occur within eco-climatic regions
such as the Ontario site regions that currently form the basis for con
trolling the distribution of forest seed. Systematic sampling and test
ing have been inadequate to date to identify with assurance either the
best or the poorest populations, but provincial and range-wide provenance
tests indicate potential differences of 5 to 15% in tree height at 10 to
20 years of age within some regions (Yeatman 1976b, Skeates 1979). The
poorer samples can in some cases be explained in terms of small outlier
populations and may reflect high levels of inbreeding, but such is not
always the case.

Tree-to-tree Variation

Open-grown jack pine is notorious for its rough and irregular
stem and crown form, features not as evident in densely stocked stands
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that have arisen from fire. Such dense stocking is not the objective in
managed forests where time is of the essence and fibre loss through sup
pression must be minimized. Fully stocked stands at moderate spacing
exhibit a wide variation from tree to tree in stem straightness, branch
angle, size, number and uniformity of branches, tree height and basal
diameter. At Petawawa Forest Experiment Station, clones of jack pine
grafted 25 years ago illustrate the highly heritable (genetic) character
of tree form, and breeding studies demonstrate modest heritability in
tree growth (Yeatman 1974b).

Potential for Gain

The potential for genetic improvement of jack pine seed used in
Ontario is very good. Immediate benefits are being realized in the form
of closer control of the collection and distribution of seed, and longer-
term gains through breeding can be predicted with confidence. To be
effective, seed control and breeding must be organized on a regional
basis that respects and retains the unique genetic balances that have
evolved over past generations in response to environmental norms. The
first priority of genetic management must be to maintain a stability
that will ensure high survival to economic maturity, tolerance to dis
eases and pests, and satisfactory growth over a range of micro-environments
within a general climatic and edaphic context. The second goal of genetic
improvement must be to create new and more productive breeding populations
from plus trees selected in designated natural populations. The aim is
to grow trees with consistently good stem (wood) quality and increased
growth rate.

CURRENT STATUS

At present, genetic management of jack pine in Ontario is con
fined largely to identifying seed sources more closely and to setting
limits to geographic (environmental) transfer of seed and seedlings.
In many districts, sections of mature forest have been designated as
seed collection areas (S.C.A.s) where harvest is to be regulated accord
ing to the demand for seed (Dyer and Eng 1976). These stands will be
regenerated with seed or seedlings of local origin to retain the origi
nal gene pools. Such local source-identified populations will be an
important asset to future breeders seeking to increase the genetic
base of their breeding populations and will serve as sources of seed
that will provide standards for gauging progress in breeding.

Seed production areas have been established in two districts
in Ontario. A seed production area (S.P.A.) is created when silvi
cultural work in terms of stand improvement is undertaken to increase
seed yield of the growing stock. In a jack pine S.P.A., mature trees
are cut for cone collection, to be replaced by planting with stock of
local origin. The Gogama District S.P.A. is described by Oldford et al.
(1979) elsewhere in these proceedings. In the Algonquin District, an
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S.P.A. has been established in a pilot scheme conducted jointly by the
author (Canadian Forestry Service), and Mr. John Wilson (Petawawa Manage
ment Unit, Ontario Ministry of Natural Resources) to examine logistics,
determine costs and record the benefits of a practical breeding program
applied to a single j"ack pine population. Some 300 plus trees have
been selected. Seed has been sown to establish a progeny test and to
initiate a seedling seed orchard. Half the plus trees were grafted in
1978 and scions will be collected from the remainder for grafting in
1979. Portions of the seed production area have been thinned and fur
ther work is planned in collaboration with the staff and students of *
the Forestry Technician course at Algonquin College, Pembroke.

Research is well advanced in exploratory studies of seed origin
both within Ontario and throughout the range of jack pine, as discussed
above. Current work is concentrating on the delineation and systematic
sampling of natural populations with site regions1 and in quantifying
genetic gains to be achieved through plus-tree selection and advanced
generation breeding as applied to jack pine (Yeatman 1975, 1978).

PROGRAM DEVELOPMENT

The genetic improvement of jack pine in Ontario will develop
logically by stages as personnel are technically trained and gain prac
tical experience and as resources are allocated for the purpose. Much
can be done with resources now available once the opportunities are
recognized. First priority for attention can be claimed by those
regions and districts of central and northern Ontario where jack pine
is a large component of the growing stock.

Relationship to Planting and Direct Seeding

Genetic improvement of jack pine must be developed in conjunc
tion with present and projected needs for seed for direct seeding and
planting. In comparison to planting, direct seeding calls for ten
to twenty times the number of seed to regenerate a unit area of land.
Furthermore, direct seeding is expected to account for three times the
area planted to jack pine (Rauter 1973; Morgenstern and Wang 1978).
It is anticipated that planting will continue to be employed on acces
sible land of good site quality where the higher establishment costs
may be expected to yield the best returns. Direct seeding will be
used to regenerate the bulk of harvested land and to rehabilitate old
cutovers and burns following scarification. In the event of wildfires,
districts also require large reserves of seed for direct seeding of
areas not expected to regenerate satisfactorily by natural means.

1

Buchert, G.P. 1978. Mapping jack pine distribution by satellite.
Pap. presented at Northeast. For. Tree Improv. Conf., July 1978.
6 ms p.
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The cost of seed is a small part of the overall cost of regenera
tion. Investment in seed quality is equally justified for both planting
and direct seeding. Jack pine lends itself particularly well to seed
production in quantity at a reasonable cost. The additional cost to
upgrade genetic quality is that required to develop genetically superior
parental stock for seed orchards. This cost by itself is a small propor
tion of the fixed costs of establishment, tending and cone collection in
a seed production stand. Means must be found to apply the gains made in
genetic improvement to mass production of seed for direct seeding as
well as for planting.

An outline of a plan for progressive genetic improvement of
regionally adapted jack pine is presented in Figure 1. Two cycles of
advanced-generation breeding are included (generations 2 and 3). In
addition, a portion of the original seed collection area may be regen
erated with bulk seed from unselected trees and managed for wood produc
tion. This will form the local gene pool preserve for future selection
and it will maintain a standard population for estimating genetic gain
in the pedigreed breeding population.

Seedling Seed Orchards

Early sexual maturity, consistent flowering year after year and
cone serotiny are attributes of jack pine that favor establishment of
seed orchards (plantations of genetically superior trees managed for
seed production) from seedling stock derived from plus trees. Relatively
expensive arid slow-growing grafted stock has no genetic advantages in
this case where rapid turnover of generations can be achieved economic
ally. Two levels of seed orchard management may best satisfy the
separate requirements of planting and seeding. I shall refer to these
as types "A11 and "B", respectively.

Relatively large areas can be planted with bulked progeny of
plus trees to create type "B" orchards for mass production of seed for
direct seeding. No attempt is made to identify the planted trees by
family (parental origin). Low levels of phenotypic selection may be
applied subsequently in the orchard to remove the weakest trees and
those of poor form and to maximize seed production by maintaining wide
spacing. In this simple application of mass selection, no record need
be maintained of the individual parents and no attempt is made to retain
their genotypes by grafting or other means of vegetative propagation.

Intensive management of type uAff seedling seed orchards (Fig. 1)
can be confined to smaller numbers of orchard trees to supply seed for
planting and material for advanced generation breeding. This level
improvement requires substantially greater commitments of resources in
terms of personnel, records and facilities for propagation and breed
ing. More attention is given to the selection of plus trees and
progeny tests are an essential component of the system. Retention of
the parental genotypes in clone banks for later controlled breeding
will accelerate progress (Yeatman 1974c, 1975) . In type "A" orchards
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the progenies of individual plus trees are identified and replicated.
Family (genetic) selection (R in Fig. 1) can then be exercised on the
basis of the results of regional progeny tests and combined with pheno
typic selection within progeny plots in the orchard to maximize genetic
gain per generation (Yeatman 1974b). Seed from second generation plus
trees selected within the type "A" orchard can be bulked to create the
next generation of type "B" orchard. The larger direct seeding regen
eration programs will thereby benefit in successive generations from the
genetic gains made in the breeding populations developed in conjunction
with smaller, intensively managed type "A" orchards.

Improved* Pedigreed Populations

The seed production areas form the logical bases for develop
ing seed orchards of both types side by side. As the original stand
of a seed production area is harvested for seed and wood it is replanted
with orchard stock. The pollen of the remaining and surrounding natural
population, the gene pool, will ensure full seed set and matched genetic
background in the early years of flowering when pollen production is low
in the young orchard trees. As they reach full flowering maturity the
orchard pollen will dominate cross-breeding within the plantation. Year
by year and decade by decade, successive plantings and generations of
orchard trees will replace the original stand and subsequently the
earlier orchard trees in a continuing program of management for seed
production and genetic upgrading. In this way, pedigreed breeding
populations can be created district by district, high quality seed will
be produced in quantities directly related to local need, and a sound
genetic base can be maintained indefinitely for continued improvement
and exchange of material among unit programs.

CONCLUSION

Jack pine is a prime candidate for genetic improvement in
Ontario because of the scale and success of reforestation, the great
variability evident among populations and between trees, and the tech
nical advantages presented by the exceptional fecundity of the species.
To be effective, genetic improvement of jack pine needs to be integrated
with silvicultural operations at the district level. Seed production
areas established originally in large natural stands can be regenerated
by planting with superior breeding stock to create seedling seed or
chards. The process can be repeated as time and generations advance.

Initially, type flBfl seedling seed orchards designed for produc
tion of seed in quantity for direct seeding can be established by mass
selection of plus trees from the original population and planting of
the bulked progenies. As personnel and resources become available,
more demanding type flAn seedling seed orchards designed to produce seed
to meet planting targets can be established in conjunction with progeny
tests and clone banks. The latter serve to retain the genotypes of
the potential plus trees for later controlled breeding. The smaller
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type "A11 orchards will accelerate the rate of genetic improvement by
incorporating family selection as well as phenotypic selection into the
program. They will also provide second-generation pins-tree seed for
the next level of type !lBn orchard. In this way the genetic quality of

m seed used for direct seeing will keep pace with that of the breeding
population. District seed production and improvement programs will
ensure future supplies of jack pine of high quality at reasonable cost
and in the quantities called for. Rates of genetic improvement can be
made consistent with local priorities. Such a broad regional base of
pedigreed populations will ensure genetic stability and the long-term

^ success of progressive and integrated breeding programs.
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BREEDING OF "OTHER" HARD PINES

George P. Buchert
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Maple, Ontario

Genetic variation in red -pine CPinus resinosa Ait.)
is less than in other pine species, and efforts to increase
this variation through interspecific hybridization are
frustrated by crossing barriers. Potential genetic gains
from the use of selected sources and individuals of Scots
pine (P. sylvestris L.) and Austrian pine (P. nigra Arnold)
appear promising. -Improvement of these species by hybrid
ization with Japanese red pine (P. densiflora Sieb. and
Zucc.) shows promise. Pitch pine (P. rigida Mill.) x lob
lolly pine (P. taeda L.) progenies show great promisej but
effort must be concentrated on finding the best parental
combinations for Ontario. The threat of Gremmeniella die-
back disease is discussed in relation to hard pine breeding.

La variation genetique chez le Pin rouge est moindre
que chez les autres espkces de Pins et les efforts en vue
draugmenter cette variation via I^hybridation interspeci-
fique sont inhibes par diverses barri&res. Des ameliora
tions genetiques dues a lrutilisation de Pins sylvestres
(P. sylvestris L.) et de Pins dfAutriche (P. nigra Arnold)
pris individuellement ou issus de provenances choisies
semblent prometteuses. Lramelioration de ces esp&ces par
le croisement avec des Pins rouges japonais (P. densiflora
Sieb. and Zucc.) est aussi prometteuse. Le croisement du
Pin des corbeccux (P. rigida Mill.) avec le Pin a encens
(P. taeda L.) est tres prometteur, mais il faut concentrer
tous les efforts pour decouvrir les meilleures combinaisons
parentales convenant a IfOntario. Lfauteur traite de la
menace du chancre gremmenielleen qui affecte les croise-
ments effectues avec les Pins durs.

INTRODUCTION

Hard pine breeding in Ontario is the joint responsibility of
the Ontario Forest Research Centre (OFRC) at Maple and the Petawawa
Forest Experiment Station CPFES) at Chalk River. Cooperative work
initiated at one location draws upon the expertise and skills of person
nel from both facilities. Much of the earlier work begun by
C.C. Heimburger at PFES was continued by M.J. Hoist when Heimburger
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went to Maple. As a result, a free exchange of materials and informa
tion between Heimburger and D.P. Fowler at Maple and Hoist at PFES
became the rule. Hard pine work at PFES concentrated on the study of
geographic variation, while research at Maple concentrated on genetic
systems, production of inter- and intraspecific hybrids and selection of
promising individuals of many exotic hard pine species. This paper
highlights some of these accomplishments, and considers priorities for
future work. Since jack pine (Pinus banksiana Lamb.) is being discussed
in more detail elsewhere in this symposium, the "other" hard pines under
consideration here are the remaining native and exotic pines of the sub
genus Pinus, particularly those species represented in subsections
Sylvestres and Australes9 as defined by Critchfield and Little (1966).

RED PINE

Red pine (Pinus resinosa Ait.) is generally assumed to have very
little genetic variation; indeed, it is one of the most homogeneous pine
species that has been studied extensively (Fowler and Lester 1970). In
Ontario, a series of provenance tests was established by Hoist at PFES.
Results from these tests showed that selected provenances from the Lake
States and Ontario grew better than the local seed source at a number of
planting sites. For example, a Trout Lake, Wisconsin source grew 22%
taller than local red pine at a plantation near Dryden (Hoist 1975).
Although Hoist reported that it was not possible to pick out seed sources
which grew consistently better at all plantations, some provenance from
northern Wisconsin and northern Minnesota grew as well as or better than
local seed sources in northwestern and northeastern Ontario, while in
central and southern Ontario, certain sources from Michigan and Wisconsin
grew well. Hoist and Fowler (1975) cited additional interprovenance var-?
iation and concluded that more intensive provenance testing would lead
to increased growth and yield in red pine.

Normally, heterosis or hybrid vigor results from intraspecific
hybridization (Wright 1964); that is, the hybrid has a faster growth
rate than either parent. Fowler (1965) crossed various Lake States and
Ontario red pine provenances with a Maine seed source, but found no such
hybrid vigor. Subsequent field tests of these hybrid seedlings along
with suitable control seedlings indicated that, after nine years, heights
of interprovenance hybrids were intermediate between those of the parental
provenances (Hoist and Fowler 1975). However, Hoist (1975) pointed out
that the Maine provenances used as the male parent may have been unsuited
to Ontario climates; in both Hoist's experiment and subsequent ones
established by OFRC, crosses between parents of more continental origins
grew better than local red pine controls.

Attempts to introduce variability into red pine by crossing it
with other species have led to the conclusion that very strong genetic
and/or biochemical crossing barriers exist in red pine. Critchfield
(1963) obtained several Austrian pine (Pinus nigra Arnold) x red pine
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hybrid seedlings, but could not repeat the cross successfully; the
Austrian x red pine hybrids failed to backcross with red pine. Using
irradiated red pine mentor pollen in combination with other pollen,
Zufa (1971) produced two red x Austrian pine hybrid seedlings and one
red x Japanese red pine (P. densiflora Sieb. and Zucc). Subsequent
paper chromatographic analysis of foliar phenolics verified the hybrid
nature of these seedlings (Anderson 1974, Zsuffa 1976).

In a more recent attempt at interspecific hybridization, Hall
et al. (1976) failed to produce any hybrid progeny by pollinating red
pine flowers with tropical pine (Pinus tropicalis Morelet) pollen.
Tropical pine, which is restricted in range to several areas in the
Caribbean, has been classified by Critchfield and Little (1966) as
belonging to the same subsection of Pinus as red pine and Austrian
pine; workers had hoped to be able to introduce more genetic variation
into red pine by such hybridization, but the crossing barriers in red
pine have thus far made this extremely difficult.

The results of these various studies in red pine breeding
indicate a low level of genetic variation. For this and other reasons
red pine has a rather low priority in tree improvement in Ontario.
However, the existing' provenance trials and clonal and progeny collec
tions are being maintained for future use. Should the need arise,
subsequent work may be initiated with these studies used as a base.

SCOTS PINE

Scots pine (Pinus sylvestris L.) has the broadest distribution
of any pine species (Critchfield and Little 1966). Hence, different
provenances exhibit much geographic variation (Wright and Bull 1963).
Introduced into Canada early in the twentieth century, Scots pine
gained notoriety by displaying very poor form and variable growth.
It is now generally recognized that this undesirable performance is
due to the introduction of provenances that have poor form and/or are
not adapted to Ontario's climatic conditions. Since these early intro
ductions, several experiments comparing Scots pine with native species
have been reported. Generally, jack pine and red pine have outgrown the
Scots pine sources being compared (MacArthur 1959, Teich and OfNeill
1969, Teich and Hoist 1970). However, severe damage by porcupines and
weevils in some of these trials makes height data suspect, and conse
quently the trials are a poor assessment of Scots pine performance
under Ontario conditions. Both OFRC and PFES have extensive collec
tions of Scots pine provenances and selections which could provide
valuable parental materials for testing in the future. In addition,
A.J. Carmichael of the Ontario Ministry of Natural Resources established
several provenance experiments in 1954 and 1956. Heavy mortality in
plantations with a small number of provenances makes interpretation of
present data risky; however, of the provenances included, those from
the Baltic region grew best. Certainly we have not yet fully exploited
the genetic variation available in Scots pine.
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AUSTRIAN PINE

Austrian pine, native to southern and eastern Europe (Critchfield
and Little 1966), is a highly variable species, with several races and
varieties recognized in Europe (Vidakovic 1974). Many selections from
these different races are in arboreta at Petawawa, Maple and Turkey Point,
In addition, Austrian pine is easily hybridized with Japanese red pine
and the hybrid, at least in the juvenile stage, has demonstrated hybrid
vigor (Wright et al. 1969, Zsuffa 1976). Furthermore, selected Scots
pines have been crossed with Austrian x Japanese red pine hybrids to pro
duce trihybrid combinations (Zsuffa 1975, 1976) which, it is hoped, will
have the desirable characteristics of the contributing parental species.
Such materials are now being field tested; as expected, results indicate
much variability in form among progeny. Although the hybrid combinations
are vigorous, poor form results in poorer overall height growth than is
found in red pine. However, the rich diversity of genetic material,
both in the established plantations and in recently acquired collections
of Austrian and Japanese hard pines (Japanese red and Japanese black pine
[P. thunbergiana Franco]), will assure steady progress in the development
and selection of types for use on sites to which red pine is not well
adapted (Hoist and Heimburger 1969).

PITCH PINE

Of the Ontario hard pines, pitch pine (Pinus rigida Mill.) is
the least promising as a reforestation species. Pitch pine is found on
acid, rocky or sandy soils from northern Georgia to central Maine. It
occurs naturally in Canada in only two locations, southern Quebec and
the Thousand Islands, near Kingston, Ontario. Poor in form, pitch pine
has value as a parental type in combination with loblolly pine (P. taeda
L.) and perhaps other southern pines (Heimburger 1969). Indeed, at
Turkey Point, pitch x loblolly, pitch x slash (P. elliottii Engelm.) and
pitch x Monterey pine (P. radiata D. Don) hybrids are growing quite well
(Zsuffa 1974, 1975). A more desirable form and faster growth are inher
ited from the southern pine parents, while pitch pine contributes its
ability to withstand the cold Ontario winters. Recently a series of
experimental plantings was established using wind-pollinated seedlings
from hybrid trees (Buchert 1978). Results after the first winter and
second growing season indicate that the pitch x loblolly hybrid is fast-
growing and fairly winter-hardy. A series of controlled crosses has
been made to produce several hybrid combinations as well as backcrosses
to pure pitch pine parents with the intent of increasing variation in
important traits, and selecting superior individuals for further test
ing. Clearly, this hybrid has promise in southern Ontario, and gains in
both winter-hardiness and growth can be expected if pitch and loblolly
genetic material from more diverse sources are incorporated into the
breeding effort.
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FUTURE DIRECTIONS FOR ONTARIO HARD PINE BREEDING

The hard pine breeding program in Ontario and in all of eastern
Canada could go on indefinitely at the present pace, with varying prior
ity given to different species and species combinations on the basis of
historical needs and expected future trends. In this manner, red pine
would continue to have low priority, jack pine high priority and the
development of exotic hybrids would fall somewhere in between. However,
there is a new development which could very well put unforeseen urgency
into all aspects of the program.

Setliff et al. (1975) reported that the fungal disease Gremmen
iella abietina (Lagerb.) Morelet was killing mature red and Scots pine
trees in the Adirondack region of New York state. Previously, Gremmen
iella had caused mortality in young red pine and jack pine plantations
in central Ontario and the Lake States (Dorworth 1970a). However, dam
age was restricted to trees less than 2 m in height and subsequent
studies indicated that fungicide treatment in the nursery kept the dis
ease under control (Dorworth 1970b). Now, however, it appears that the
disease constitutes a threat to existing plantations throughout their
rotation.

After comparing isolates of the disease from New York, Europe,
central Ontario and the Lake States, Dorworth et al. (1977) and Skilling
(1977) reported that the New York outbreaks were caused by a different,
more virulent race of the organism than that affecting northern Ontario
and Lake States hard pines. The New York isolates were identical to the
European race of Gremmeniella, which causes the disease commonly known
as Soleroderris or Gremmeniella dieback, while those from the Great Lakes
region were typical of the North American race, which is responsible for
Soleroderris or Gremmeniella canker.

Dorworth (.1974) reviewed the efforts of European and North
American tree breeders to assess genetic variation in resistance to the
disease, and suggested continuation of selection and breeding for resis
tance to the North. American race in jack pine. Recently, Skilling
(1978) reviewed his studies on the host-range of the European race and
expressed the view that genetic resistance offers the only hope in com
batting the disease.

Although it has not yet been identified in Ontario, the virulent
European race has been collected from locations in New York, Vermont and
Quebec. Red and Scots pines are highly susceptible, and death occurs
within three years of infection. The fact that other native conifers
are susceptible to the disease as well increases the likelihood of a
widespread epidemic. In inoculation tests conducted in New York,
seedlings of Austrian pine, red pine, Scots pine, Douglas-fir (Pseudo-
tsuga menziesii [Mirb.] Franco), Japanese larch (Larix leptolepis [Sieb.
and Zucc] Gord.), white spruce (Picea glauca [Moench] Voss) and Norway
spruce (Picea dbies Karst.) all showed symptoms of the disease. Under
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medium inoculum loads, white pine (JPinus strobus L.) and white spruce
were highly resistant. Balsam fir (Abies balsamea IL.] Mill.) appears
to be immune to the disease (Skilling 1977, 1978).

How long it will take the disease to enter Ontario is an open
question; however, the threat to the reforestation effort in Ontario
should be considered real rather than imagined. Resistance breeding is
an expensive, time-consuming effort, and the end must justify the means.
Fortunately, in the hard pine program, we have a good start in that we
have collected a diverse assortment of genetic material. Basic informa
tion on genetic variability is available; however, information on possible
intraspecific resistance to the European race of Gremmeniella is very
limited. Dietrichson (1968) reported differential resistance to
(presumably) the European race. Skilling (1978) indicated that selected
jack pine and Scots pine sources show differential resistance to the
European race. Teich and Smerlis (1969) reported resistance (presxnnably
to the North American race) in three provenances of Quebec jack pine;
perhaps similar resistance to the European race can be found.

The challenge facing the tree breeding establishment in Ontario
and Quebec seems clear-cut. How much time we have before an action pro
gram becomes a necessity is an interesting question.
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STATUS OF LARCH IMPROVEMENT
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Native and introduced larch (Larix spp.) species
and hybrids have silvioultural potential in southeastern
Ontario. Introduction and selection work dates back to
1926 but most of it was initiated after 1950. The coop
erative programs of the Ontario Ministry of Natural
Resources and the Canadian Forestry Service are reviewed.

Les esp&ces de m£l&zes (Larix spp.) indigenes et
introduits et leurs hybrides ont un potentiel de sylvi
culture dans le sud-est de I'Ontario. Les travaux drintro
duction et de selection dfarbres remontent h 1926 mais la
plus grande partie a ete initiee apres 1950. Les auteurs
font une revue des programmes conjoints du Minist&re des
ressouroes naturelles de I'Ontario et du Service canadien
des for£ts.

INTRODUCTION

Although tree improvement of the larch (Larix spp.) genus has
been under way in Ontario for many years, only recently have additional
programs been introduced and old ones given renewed impetus. The primary
reason for this increased interest is the ability of many of the species
to produce large quantities of wood in relatively short rotations. This
interest has centred in the eastern part of Ontario where much abandoned
farmland and shallow, poorly drained land are available for forest pro
duction. Some of this area is currently being reforested with poplars
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(Populus spp.) (Zsuffa et al. 1977), but areas unsuitable for poplars
are ideal for some of the larch species. Throughout Ontario's pro
ductive forest zone, one or more larch species have potential as
plantation trees. This report summarizes current information on larch
and gives the history and present status of improvement in the genus.

POTENTIAL AND PROBLEMS

The taxonomy of the larch genus is somewhat confused, but 11
species are now recognized (Dallimore and Jackson 1948, Simak 1964).
All species are intolerant and generally easy to establish in planta
tions, and many have rapid juvenile growth rates. Trees 12.5 to 15 cm
DBH or larger can be harvested at 20 to 40 years of age provided that
the proper seed source and establishment techniques are used (Fowells
1965, Wright 1978, Calvert, unpublished data). These stands can yield
volumes of over 100 cunits per hectare (Stone 1957, Cook 1969). Tamar
ack (L. larioina [Du Roi] K. Koch) is the only species native to Ontario,
and it occurs throughout the province.

The industrial utilization of larch in Ontario has been slight,
primarily because of low available volumes (Manning and Grinnell 1971)
and the relative abundance of other coniferous species. Its wood char
acteristics make it valuable for several different uses. All species
have a moderate to high resistance to decay (Brown et al. 1949, Genys
1960) and tamarack is one of the strongest of all softwoods in eastern
Canada (Anon. 1951). Common products include lumber, fence posts,
railroad ties, pulp, and paper. The liquor residue from chemical pulp
ing contains extractives such as arabinogalactan which is used as a
binder in particle boards, a deflocculant in papermaking, and an addi
tive in animal glues, as well as in the production of dulcitol (a hexa-
hydric alcohol) (Kubes and Swan 1974).

Although volumes are low, short rotations make the growing of
larch attractive. Management foresters have neglected the species
largely because of the threat posed by the larch sawfly (Pristiphora
eriohsonii [Htg.]). This insect was blamed for the mortality of most of
the mature tamarack in North America at the turn of the century (Muldrew
1956) but many of the reports were apparently exaggerated (Turnock 1960).
Larch species, including tamarack, are able to withstand severe defolia
tion by the sawfly (Graham 1956, Webb and Drooz 1967) and it is normal
for this species to experience many attacks through a rotation (Graham
1956). In addition, a parasite, Olesioampe benefactor Hinz, shows
promise in controlling the sawfly (Ives 1976, J. Muldrew 1978, pers.
coram.). Experimental releases are under way in Ontario (K.J. Griffiths
1978, pers. coram.), and if they are successful, they will make the plant
ing of larch more plausible.
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HISTORY OF LARCH IMPROVEMENT IN ONTARIO

Early tree improvement studies in larch at the Petawawa Forest
Experiment Station (PFES) concentrated on European larch (Larix decidua
Mill.) with a minor interest in Japanese larch (L. leptolepis [Sieb. &
Zucc] Gord.). The first introductions in 1926 were Japanese larch
from Dunkeld House in Scotland. These trees were partially pollinated
with European larch and the resultant seed produced both Japanese larch
seedlings and hybrids between Japanese and European larch. Hybrids
from this origin are known as Dunkeld larch. The cross in general has
been given the scientific name of L. eurolepis Henry. Several of these
hybrids are still surviving at PFES and have good growth rates (Table 1).

Table 1. Height and diameter of 43-year-old Japanese and Dunkeld larch
growing at the Petawawa Forest Experiment Station (Hoist 1974).

No. of

trees

Height (m) Diameter (cm)
Species Mean Range Mean Range

Japanese larch

Dunkeld larch

4

11

15

W.9

14.3 - 16.5

16.2 - 23.2

31.8 26.4 - 37.6

37.0 31.8 - 42.7

From 1950 to 1975 more than 20 trials were established by
Mark Hoist at PFES and many more with cooperators throughout eastern
Canada and the United States. Most species and varieties were incorpor
ated into the tests. Some of the experiments established in the late
1950s and early 1960s contained several sources of European larch and
many hybrids. Although some of the seed came from unimproved sources,
much came from plantations which had resulted from selection over several
generations for trees of better stem form and branching habit. The
results from these and other experiments demonstrate the importance of
seed source (Table 2). Recent 20-year measurements indicated that
height growth of seedlots varied from 72% to 113% of the plantation
mean. This confirms that only seed from proven sources should be used
if we are to establish plantations of exotic larches in Ontario.

The Ontario Ministry of Natural Resources (OMNR) has over the
years made occasional plantings of both European and Japanese larch.
Some of these stands are impressive but they are not well documented and
seed origins for most are unknown. They do, however, have some value in
an improvement program.
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CURRENT ACTIVITY

The Canadian Forestry Service and OMNR's Ontario Forest Research
Centre (OFRC) have active tree improvement programs in larch. The
Eastern Region of OMNR also has a specialist who concentrates on both
silvicultural management and improvement of larch species. All have
multi-species interests.

Exotics

European larch has performed well in the southern part of Ontario.
On the basis of the results of experiments to date, plus trees from the
best provenances have been selected by PFES and a cooperative program is
currently under way with OMNR to establish orchards for large-scale seed
production. Plus trees from plantations scattered around Ontario will
also be selected and included in the orchards.

Although the performance of European larch in Ontario is well
documented, relatively little is known about the performance of Japanese
larch here. For this reason PFES has imported more than 80 different
seedlots. This seed will be germinated and grown at 0MNRrs Kemptville
nursery in 1978 and 1979. Replicated tests will be established throughout
southern Ontario to determine which provenances are the best performers
and the most resistant to frost damage. Super-seedlings will be selected
in the nursery beds for establishment of a seed production area. The
remaining seedlings will be used in operational plantings and their per
formance monitored. A seed orchard containing plus-tree material of
Japanese larch from New Brunswick is being established to supply seed for
wide-scale progeny testing in Ontario.

OFRC has received selected seedlots not only of European and
Japanese larch, but also of Siberian larch (L. sibirica Ledeb.), Dahurian
larch (L. gmelini [Rupr.] Litvin), western larch (L. oooidentalis Nutt.)
and many hybrids from Finland, Denmark, Japan, Canada and the United
States. Some of this seed will be used for progeny testing in various
parts of the province. The remainder will be used as breeding material
for selective hybridization.

Tamarack

Tamarack is usually restricted to wet sites in Ontario but it
obtains its best growth on moist, well drained, loamy soils (Rudolf
1966). Its growth rate has been comparable to that of European larch
whenever the two species were planted together at PFES. Tamarack has
more improvement potential than exotic larches because it is native and
the number of individuals from which selection can be made is virtually
unlimited.

To date only one seed production area, a 1971 plantation in the
Cornwall District, has been established in Ontario. As of July 1978,
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Table. 2. General comments on some larch species growing at the Petawawa Forest
Experiment Station (Hoist 1970, 1973; Teich and Hoist 1974; Calvert,
unpublished data)•

Species

European larch
{Larix decidua Mill.)

Japanese larch
(L. leptolepis [Sieb. & Zucc]

Gord.)

Hybrid larch
(L. eurolepis Henry)

Siberian larch

(L. sibirica Ledeb.)

£• sibirica (Finland) x
L. decidua (Alps)

L. sibirica (Finland) x
L. decidua (Sudeten)

Dahurian larch, olga variety
I. gmelirri var. olgensis

Dahurian larch

L. gmelirti var. japoniea

Western larch

(L. occidentalis Nutt.)

Tamarack

(L. laricina {Du Roi] K. Koch)

Seed source

Alps

Alps improved, via
Denmark and Germany

Slovakian mountains

Sudeten mountains

Sudeten improved, via
Denmark (Rundforbi)

Polish lowlands

Japan

Improved, Finland

Local source

Remarks

Unsuitable, poor growth.

Good to fair form,
intermediate to good
growth.

Cannot be recommended.

Rapid growth but basal
sweep •

Good growth and form.

Fast growth, poor form.

Not hardy.

Tendency for basal sweep;
good to fair growth
depending on the parents
involved in the crosses.

Poor growth, better in
Boreal Forest.

Poor growth.

Good growth.

Poor growth, low survival.

Poor growth.

Poor survival and growth.

Good growth, fair form.
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height and DBH of sample trees averaged 5.5 m and 4.48 cm, respectively.
This year's current height growth is 0.62 m.

As the production of seed is important in seed production areas
and seed orchards of all species, a trial was started by OFRC in coopera
tion with the Eastern Region in the spring of 1978. In an attempt to
increase the flowering capacity of the tamarack seed production area,
various types of gibberellins were sprayed onto a select number of trees
at weekly intervals throughout the spring and summer. Assessment in the
spring of 1979 will determine whether gibberellin treatment has increased
flower production.

OFRC started to work with tamarack in 1975. Initially the program
concentrated on identifying stands throughout southern and central Ontario
that were potential cone producers. Whenever there is a good seed year,
cones will be collected and stand tests started to determine which have

the greatest growth potential. Material from the best will be used to
establish seed production areas and ultimately seed orchards. Several of
the stands had a seed crop in 1976, and in 1977 a trial was started to
test the areas. Seedlings will be available for outplanting in the spring
of 1979.

Mark Hoist established PFES!s first replicated experiment in the
species in 1971 but no subsequent planting has been made. In 1977 PFES
started to collect seed from across Ontario for the establishment of an

all-range provenance trial and collections are continuing as cone crops
become available.

Vegetative Propagation

Rooting trials with larch species were started by OFRC in 1976.
Dormant cuttings of tamarack were first collected from the tamarack seed
production area in the spring of 1976, but rooting was poor. Greenwood
cuttings were collected from the same plantation in 1977 and the success
rate increased significantly. In July 1978, 10,000 greenwood cuttings
were collected by the staff of the Eastern Region and set at a mist house
built at 0MNRfs Orono Nursery. Rooting success will be determined early
in the spring of 1979. One trial was established in 1976 with cuttings
of European larch taken at weekly intervals throughout the spring and
summer. Cuttings taken the first week in July rooted best. In the spring
of 1978, cuttings were taken from actively growing 3-month-old seedlings
of European, Japanese, and Siberian larch as well as tamarack. Roots
were observed on many of these cuttings within three weeks of being set.
Vegetative propagation of selected material may prove to be an effective
way of mass propagation for our artificial regeneration program.

CONCLUSION

Although it is only in the last few years that efforts to improve
larch have been increased, many programs are well under way. The rapid
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juvenile growth of several species, combined with extreme variation in
growth rate and form, makes larch suitable for intensive tree improve
ment programs. As the need increases for fibre production, either for
forest products or for energy consumption, the advantages of working
with larch will become even more apparent.
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In the past* great emphasis was placed on breeding
silver poplar (Populus alba L.) with various aspen species.
Vigorous hybrids were developed. Difficulties occurred
because of diebaok* susceptibility to frost and unpredict
able rooting from cuttings.

At present* work is concentrated on developing
clones of cottonwood (P. deltoides Bartr.) and balsam
poplar species (section Tacamahaca Spach) hybrids for a
variety of needs in an intensive poplar plantation program.
The prospects are good3 and several certified new clones
can be expected within the next 5 to 10 years.

Auparavantj on a accorde beaucoup dfimportance au
croisement du Peuplier argente (Populus alba L.) aveo dif-
ferentes esp&ces de Tremble, de vigoureux hybrides furent
developpes. Certains problemes sont apparus* a cause du
dipirissement terminal* de la vulnerability au gel et da
I'enracinement imprivisible des boutures.

Aujourdrhui3 les travaux convergent vers la mise
sur pied de clones d'hybrides de Peupliers deltoides
(P. deltoides Bartr.) et de Peupliers baumiers (section
Tacamahaca Spaoh) qui satisfont aux nombreux besoins que
suppose vn programme intensif de plantation de Peupliers.
Les perspectives de succ&s sont enoourageantes et on peut
srattendre & I'&tablissement de plusieurs nouveaux clones
certifies au oours des cinq & dix proohaines annees.

INTRODUCTION

Poplar species account for 49% of Ontario's hardwood timber
(Flowers 1970). Most are easy to regenerate and grow rapidly. Never
theless, they are among the most neglected forest species in Ontario.
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Poplar timber has various uses. However, because most wood
industries are set up to handle coniferous species, poplar has been
under-utilized. Some new industrial installations recognize the poplar

resource and its utilization is on the increase. According to predic
tions, poplar-based industrial expansion in northern Ontario could
consume all of our harvestable timber within 20 to 30 years.

Where extensive hardwood-using industries have operated for
some time, regional hardwood deficiencies have already developed. Such
is the situation in southeastern Ontario. Other areas may face local
shortages of poplar timber in the near future; much will depend on the
type of industries they support and the extent to which these industries
expand.

In the near future, timber-based industries may expand into new
fields of utilization and production, and may place enormous demands
on the forest biomass. New chip- and fibre-based products, and their
combinations with cement, plastic, etc., are replacing the traditional
lumber and plywood in construction and wood manufacturing all over the
world. In addition, the wood and foliage, as "complete above-ground
biomass", are considered renewable raw material for the many needs of
the chemical and food industries. Most of all, the advancement of
forest biomass to the status of an energy source for use in complete
combustion systems or for conversion to liquid and gaseous fuels, may
place the highest demand on the tree resource, especially on poplar.

To satisfy these rapidly growing needs for tree biomass, inten
sive, industrially managed plantation systems are being studied in many
countries, including Canada. "Silvicultural biomass farms", "energy
plantation", and "agri-forestry" are only some of the terms that have
been applied to the same concept: that of growing large quantities of
tree biomass in the shortest possible time, on good-quality, accessible
sites, and applying intensive management. Because poplars have many of
the management and utilization prerequisites for such production, much
of the work on biomass is concentrated on this species.

Industrial, short-rotation plantations require good management
and genetically improved poplar stock of known reactivity and quality.
Ontario's poplar breeding concentrates on development of such stock.

OUTLINE OF POPLAR GENETICS

Several poplar species grow in Ontario and across Canada. Trem
bling aspen (Populus tremuloides Michx.) occurs throughout Ontario, but
forms large stands in the boreal forest; largetooth aspen (P. grandid-
entata Michx.) thrives in central and southern Ontario; balsam poplar
(P. balsamifera L.) occurs across Ontario; and eastern cottonwood
(P. deltoides Bartr.) grows only in the southernmost part of the prov
ince. In southern and central Ontario a spontaneous eastern cottonwood
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x balsam poplar hybrid occurs, the Jackii poplar (P. x Jackii Sarg.).
Planted poplar cultivars are few: the Carolina poplar (P. x eurameri-
oanada (Dode) Guinier cv. fEugeniir Simon Louis), the Lombardy poplar
(P. nigra L. cv. 'Italica1 Muenchh.),.Balm-of-Gilead (P. x oandioans
Ait.) and a silver poplar (P. alba L.I.

The ease of vegetative propagation and the occurrence of clones
are characteristic of poplar. Cottonwood and balsam poplar can be
propagated easily by rooting stem cuttings of the previous year's
growth; they also re-coppice from stumps. Stem cuttings of trembling
aspen and largetooth aspen will not root; however, they, along with
balsam poplar, sucker abundantly from roots and may be propagated by
root cuttings.

Poplar species exhibit wide genetic variation (Ying 1974, Barnes
1975); many studies on trembling aspen and largetooth aspen have con
centrated on natural clones (Barnes 1966, Kemperman 1977).

Poplars fruit abundantly and breed freely. Species within sec
tion Leuoe Duby (aspens) hybridize readily and are fertile. The same
is true of hybrids within and between sections of cottonwoods (Aigeiros
Duby) and balsam poplars (Tacamahaca Spach). The interspecific hybrids
in many cases express heterosis and can combine desired traits (Zsuffa
1975a).

Poplar breeders have utilized crossing and cloning abilities,
and, as a result, a large number of hybrid combinations and clones are
available.

POPLAR BREEDING IN ONTARIO

History

Poplar breeding in Ontario was initiated by C. Heimburger in
1935 at the Petawawa Forest Experiment Station and was conducted by
him from 1946 until his retirement in 1968 at Maple Research Station.
The objective of the breeding program was to develop aspen hybrids
with good rooting ability from stem cuttings and with other desired
characteristics for planting in southern and central Ontario.

Silver poplar is the only species in the aspen section capable
of rooting from stem cuttings. Therefore, great emphasis was placed
on breeding silver poplar with various aspen species. Vigorous hybrid
progenies were produced, tested in the nursery and outplanted in the
field. The rooting ability, growth rate and form of the hybrids varied,
depending on parentage. Good hybrids were produced especially in
Populus alba x grandidentata9 P. alba x davidiana (Dode) Schneid. and
P. alba x sieboldii Miq. combinations (Heimburger 1968). The best of
the hybrid progenies grew to an average of 15.2 cm in diameter (DBH),
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and 16.5 m in height in just 10 years, and produced a mean annual
increment (MAI) of 20 m3/ha at this age CZsuffa 1973). In mini-
rotation systems, a P. grandidentata x alba clone outgrew clones of
cottonwood origin by 100% (Anderson and Zsuffa 1977). However, some
test plantations also failed and the growth performance of the clones
remained generally unpredictable, mainly because of their unstable
rooting ability.

Many of the silver poplar hybrids showed rooting ability from
stem cuttings. However, sometimes poor rooting was obtained even with
clones which had propagated easily in other tests. Therefore, without
reliable methods for handling and rooting of cuttings, the high growth
potential of several hybrid aspen clones could not be used in practice
(Zsuffa and Saul 1976).

Many of the silver poplar hybrids, when field planted, became
diseased and suffered blight and dieback. The pathogen was identified
as Plagiostoma populi sp. nova (Heimburger 1966). The breeding of sec
ond generation (F2) hybrids, such as Populus (alba x grandidentata) x
(alba x davidiana), was started with the hope of encountering more
resistance. The F2 hybrid progenies were very heterogeneous, with some
outstanding individuals that could be cloned by rooting cuttings
(Heimburger 1968, Zufa 1969).

Most of the silver poplar hybrids proved to be susceptible to
frost in northern Ontario. Trembling aspen selection and hybridization
with Populus tremula L., P. davidiana and P. sieboldii has been done to
create aspen varieties for boreal sites. Unfortunately, the initial
test plantations failed because of difficulties in establishing and
managing poplar plantations on forest sites (Zsuffa et al. 1977).

In the course of breeding, rich collections of native and exotic
poplar selections were established at Maple and in several clonal plan
tations in southern Ontario, in order to satisfy the need for parent
material. In addition to pure species selections, hybrid clonal vari
eties in use in other countries were imported and test planted. Several
of the Populus x euramericana (P. deltoides x nigra) clones grew very
well and produced yields similar to those of the best hybrid aspen
varieties (approximately 20 m3/ha MAI at 10 years of age). These clones
also propagated easily when stem cuttings were rooted and thus showed
promise as stock for a plantation program.

In the late 1960s a good market for hardwood pulp in eastern
Ontario combined with the availability of land resulted in demand for
hybrid poplar planting stock, but proven clones of Ontario origin were
not yet available. To take advantage of the opportunity that this de
mand offered, a number of recognized Populus x euramerioana clones were
imported from Europe and, after comparative testing for frosthardiness,
were released for planting trials. Management methods are now being
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developed with these clones. In the meantime poplar breeding has
intensified to produce clones of Ontario origin completely suited to
our needs (Zsuffa 1975b).

Current Objectives

Our main objective is to produce clonal stock that will serve
a variety of needs in an intensive poplar plantation program. Work is
concentrated on cottonwoods and their hybrids with black poplar (Populus
nigra L.) and different balsam poplar species (such as P. balsamifera
L., P. trichocarpa Hook., P. maximowiczii Henry, P. laurifolia Ledeb.,
and P. simonii Carr). These hybrids are generally easy to clone and
propagate by rooting of stem cuttings. They establish readily in
plantations, grow vigorously, and respond to intensive management with
increased growth. Their biomass is valued for various uses.

Less attention is being paid to the genetic improvement of
trembling aspen. It is believed that in most cases, on good aspen
sites, stand improvement can be achieved by proper regeneration and
management, and that new stock for forest-type poplar plantings will
rarely be needed.

To satisfy the eventual needs of a future intensive poplar plan
tation program in northern Ontario, clones of plains cottonwood (Populus
sargentii Dode) selections and of balsam poplar hybrids are being
developed. The hybrids are being created by crossing balsam poplar
selections from northern Ontario with either cottonwood, black poplar,
or another balsam poplar species of good timber quality.

Methodology

The breeding and clonal development for all conditions and needs
follows the same basic outline: (1) selections of native species are
made, seed is collected and gene pools of progenies are established;
(2) scions and seeds of desired exotic species are obtained and estab
lished in gene-pool plantations; (3) parent trees with desired traits
are selected and hybridized; (4) the hybrid progenies are established
in gene-pool plantations; (5) specimens possessing desired traits are
selected from gene-pool plantations and cloned; (6) initial clonal
trials are established (with large numbers of clones and small plots)
in important planting areas; and (7) the best clones observed in
initial trials are studied further and some are recommended for planta
tion trials.

The gene pool plantations of native and exotic poplar species
and hybrid progenies are important sources of new parent trees and
clones. The breeder can draw from these sources continuously, as the
need arises for clones of new and different qualities (e.g., resistance
to new pests, different biomass qualities, etc.).
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The criteria of clonal selection are manifold and changing. In
general, though, they include: (1) good rooting ability; (2) resistance
to frost; (3) resistance to diseases and insects; (4) fast growth;
(5) desired site tolerance; C6) positive reaction to intensive manage
ment; (7) tolerance to certain management techniques; and (8) desired
biomass quality (Zsuffa 1978).

The tree breeder must cooperate with experts in various fields
(such as physiology, pathology, entomology, soil science, wood science,
etc.) in order to test and select the clones properly. Additional
difficulties in clonal selection are encountered because of the time

element and the effect of environment (Zsuffa 1975b).

We are pressed by time to judge the clones on the basis of
early performance. Some important characteristics are obvious in the
juvenile stage, while others may change with the age of trees, such as
the growth rate, disease resistance and wood qualities. Early criteria
for testing, e.g., chemical indicators of resistance and juvenile-mature
correlations, are being developed in cooperation with other scientists
to facilitate and shorten the time of testing.

The effect of environment may influence and change characteris
tics that are not under complete genetic control. Many of the important
characteristics, such as growth, frost and pest resistance, and wood
quality, are under greater environmental influence. Clonal testing is
being done under various site conditions to establish the possible
reactions. Laboratory treatments of potted stock (e.g., with different
moisture regimes) are undertaken for this purpose.

The best clones observed are preserved in clonal banks (nursery
stools) from which large-scale propagation can be begun rapidly.

Prospects

Numerous hybrid progenies have been created in the past decade.
New clones are continually being chosen and tested from these pools.
The early performance of some Csuch as Populus deltoides, Ontario x
nigra, Hungary cl. DN55; P. x Jackii> Ontario x nigra, Hungary cl. JacN5)
(Fig. 1) is very promising. These clones are being propagated on a
larger scale and tested in production trials. Many qualities of the new
clones, such as resistance to pests and suitability of the biomass, are
being studied. Information is fast accumulating, and several certified
new clones can be expected for stock production within the next 5 to 10
years.

Breeding continues at the same time. Studies and selections of
eastern cottonwood are in progress. Selected progenies are being estab
lished in increasing numbers. Every year new progenies are being
hybridized. This way rich gene pools for breeding and selection are
being created, from which new clonal varieties can be selected continually
to satisfy the needs of a growing and diversifying poplar plantation
program.



Figure 1

Two-year-old trees of clone

Populus deltoides, D39,
Ontario x P. nigra, Hungary,
cl. DN55 in Brockville Dis

trict, Eastern Forest Region

plantation. The planting

stock was 25 cm long unrooted
stem cuttings, the spacing
3 x 3 m.
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STATUS OF HARDWOOD TREE IMPROVEMENT

R.F. Calvert

Research Scientist

Petawawa Forest Experiment Station
Canadian Forestry Service
Chalk River, Ontario

Hardwood tree improvement is being carried out by
both the Ontario Ministry of Natural Resources and the
Canadian Forestry Service. Research by the former began
as part of a lowlands silvioultural program; research by
the latter was initiated primarily to service an industry
located in southeastern Canada. Selection will be carried
out mainly to increase the yield of quality products.
Provenance-progeny trials are under way with five species,
and seed orchards have been established in southwestern
Ontario for three of these. Recommendations will be made
to improve hardiness, apical dominance, juvenile growth
rate and stem straightness.

Le Minist&re des ressouroes naturelles de IfOntario
ainsi que le Service canadien des forSts prooedent a
Iramelioration genetique des hois durs. Les reoherohes
ont debute au ministere dans le oadre d'un programme de
sylviculture des basses terres, et au Service canadien des
forets surtout comme service a une industrie situee dans le
sud-est du Canada. La selection s'effectuera prinoipale-
ment en vue d'acoroitre le rendement des produits de
qualite. Des tests de descendance des provenances sont
en cours relativement a cinq essences, et des vergers a
graines ont ete etablis dans le sud-ouest de IfOntario pour
trois d'entre elles. Des recommendations seront faites pour,
pour ameliorer la durete, la dominance apicale, la vitesse
de oroissance juvenile et la rectitude de la tige.

INTRODUCTION

Hardwood genetics and breeding programs in Ontario are being
carried out by both the Ontario Ministry of Natural Resources at its
Forest Research Centre (OFRC) in Maple and the Canadian Forestry Service
at its Petawawa Forest Experiment Station (PFES) in Chalk River. The
OFRC studies were begun in 1959 to discover ways of managing southwestern
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Ontario swamps in which the American elm (JJlmus americana L.) was being
killed by Dutch elm disease QCeratooystis ulmi [Buism.] C. Moreau)
(Larsson 1973). The inception of the PFES program in 1975 followed a
flurry of interest in hardwood management (Anon. 1973, Stiell 1974) and
a comprehensive study of the productivity of land for hardwoods south
of the Canadian Shield (Love et al. 1972). Important also was the
development of cultural techniques for several species to permit the
successful establishment of plantations on abandoned farmland (von Althen
1972, Jaciw 1973). These techniques are required for the testing of
material and are prerequisite to the establishment of a genetics and
breeding program. This paper will deal briefly with the progress that
has been made by both agencies.

THE IMPORTANCE OF HARDWOODS AND SPECIES SELECTION

Hardwoods occur in merchantable quantities in Site Regions 5E,
6E and 7E, a land area roughly equal to the size of England. The rela
tive position of the hardwood industry in the province is low in com
parison with that based on conifers. Its importance cannot, however, be
ignored. Over 17,000 people in southern Ontario owe their livelihood to
the hardwood resource. These people earn over $200 million in wages and
manufacture products worth over $300 million (J.H. Smyth 1978, pers.
comm.). At present the land is producing less than its potential (Love
et al. 1972); hence there is a possibility of improving the position of
the industry by increasing the level of forest management. Expenditures
on management and research are justified and in the long run these
efforts will result in a significant benefit to the province.

Tree improvement can have an impact on forest management in the
south. Most of the hardwood stands have been cut over several times

and it is likely that only the best material was removed. Such prac
tices result in stands that are phenotypically and probably genetically
degraded and in which the proportion of desirable species has been
reduced. Good management practices can do much to recoup genetic poten
tial if the species in question are relatively abundant in the woodlot
(i.e., if a large interbreeding population exists) and if they regener
ate naturally. Where the breeding population is small, inbreeding will
be high and regeneration will often be of poor quality. Such stocks
can be enriched most efficiently by interplanting material of proven
genetic quality. The use of high-quality planting stock is equally
important when species are being introduced into woodlots from which
they have been eliminated. The bulk of future planting will be for
these purposes and tree improvement programs are needed to provide
better-than-average material to management foresters.

The species chosen to be improved in the OFRC program were sil
ver maple (Acer saccharinum L.), red (green) ash {Fraxinus pennsylvanioa
Marsh.), both associates of elm and native through the area, and
European alder (Alnus glutinosa IL.]). The main candidate species for
the PF'ES program were the high-value furniture woods. For the most part,
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these grow on upland sites in species mixtures. In an analysis of the
potential of different species for improvement research, the following
were considered: white ash (Fraxinus amerioana L.), red ash, basswood
(Tilia amerioana L.), beech (Fagus grandifolia Ehrh.), black walnut
(Juglans nigra L.), white birch (Betula papyrifera Marsh.), yellow
birch (B. alleghaniensis Britton), butternut (Juglans cinerea L.),
black cherry (Prunus serotina Ehrh.), elm (Ulmus spp.), sugar maple
(Acer saccharum Marsh.), red maple (A. rubrum L.), silver maple, red
oak (Quercus rubra L.) and white oak (Q. alba L.). A "chance of success"
index, based on the following criteria, was developed:

1. Current seedling production

2. Availability of techniques for plantation establishment

3. Site requirements

4. Position in forest succession

5. Utilization possibilities

6. Relative wood values

7. Age of first flowering

8. Operational seed supply possibilities, i.e., interval
between seed crops and storability of seed

9. Relative ease of artificial pollination

10. Relative ease of vegetative propagation

11. Major insect and disease problems

12. Need for research.

The species that received the highest ratings were white ash,
red ash and black walnut. In addition to tree improvement, gene pool
conservation measures are urgently needed in black walnut.

INITIAL APPROACH TO IMPROVEMENT

All species that are being improved are used to produce lumber
and veneer, whereas red ash, silver maple and European alder also have
potential for fibre production. Improvement goals for hardwoods are
basically the same for all industrial uses but there are minor differ
ences. Generally, improvement for lumber species is concentrated on
increasing the quality of individual trees rather than gross volume,
whereas fibre production is aimed mainly at per hectare yields.
Selection for lumber and veneer will therefore be directed toward

producing straight, large-diameter, defect-free butt logs with small
knots. The improvement of trees suitable for interplanting should be
directed primarily toward determining the proper seed source and
developing within it individuals which will maintain apical dominance
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and grow rapidly to approximately the length of the first butt log
(6-10 m). Secondary selection criteria are diameter growth rate and
tree form under low stand density conditions, i.e., environments which
favor a maximum rate of diameter growth. First-generation improvement
goals for fibre production are the same as for lumber species, i.e.,
selecting the proper seed seed source and improving early growth rate.
Tree form is also important because straight trees produce higher
quality pulp yields than do leaning and crooked trees (Zobel 1964).
Secondary selection criteria would be for wood density and other pulp
ing qualities.

The OFRC studies have been local in nature and generally
restricted to southwestern Ontario (Larsson 1973), but recently they
have expanded into more northern areas (Larsson 1977). The PFES pro
gram considers species over their entire range. Larsson (1973) is
selecting plus trees throughout his area and is including some material
from other seed sources (Larsson 1977). In its initial experimentation,
PFES will be collecting seed from open-pollinated trees in several
stands in Canada and the United States and establishing combined
provenance-progeny tests to determine genetic variation among regions,
among stands within regions, and within stands. This type of informa
tion is basic to applied and theoretical improvement programs (Wright
1975).

Gains through improvement in terms of value for uses other
than fibre will be the difference in price between low-grade and high-
grade logs. On the basis of prices quoted by Love et al. (1972) each
unit increase in average log grade would increase log value by 60% to
136%, depending on grade; in black walnut gains could be even greater.

PROGRESS

Considerable progress has been made in all species and is sum
marized below.

Silver Maple

Three seed orchards have been established with clones of six

timber selections from three different southern areas. Two provenance
trials have also been established with southern and northern seed

sources (Larsson 1977). Plus trees growing in the provenance trials
have been selected and are being cloned for a future orchard.

Red Ash

Larsson (1977) is in the process of establishing two seed
orchards with 14 plus trees selected from three different areas. Two
provenance trials with seed from five areas in southwestern Ontario
have been established in southwestern and eastern Ontario.
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In 1977 PFES made a major seed collection from stands in
Regions 6E and 7E. The bulk of. the seed was sown this spring. Out-
planting is scheduled for the spring of 1979 and will be restricted to
eastern Ontario. A further experiment containing material from a wider
range of sources is scheduled for sowing in the fall of 1979 and out-
planting in 1982.

White Ash

Extensive seed collections were completed by PFES in Regions 7E
and 6E in 1977. Further collections in 5E, which had a crop failure in
1977, and in Quebec are scheduled for.this fall. Seed for the experi
ment will be sown in October. It is planned to outplant the seedlings
in the spring of 1981. This experiment will complement an all-range
progeny test in which trees were planted at three locations in the
province in 1976 in cooperation with the North Central Forest Experi
ment Station, USDA Forest Service, Carbondale, Illinois.

Black Walnut

An all-Canadian range (Regions 7E and 6E) seed collection was
completed by PFES in the fall of 1976. Planting experiments with seed
lings produced from this seed were conducted in Niagara and Aylmer
districts in April 1978. A second collection was made in 7E in the
fall of 1977 and was combined with selected United States sources.

Seedlings from this material will be grouped with the second year
germinants from the 1976 collection and outplanted in Niagara and pos
sibly one or two other districts.

European Alder

OFRC has established a clonal seed orchard with material of

German origin grown in Ontario. Three provenance-progeny trials with
seed from German sources have been undertaken.

APPLICATION

Tree improvement is a long-term business and it will be some
time before a supply of certified improved hardwood seed is available
for operational use. The seed orchards established by Larsson (1977)
will come into production relatively soon but the breeding value of
the clones will have to be determined before.guarantees can be made
concerning the seed. However, it will be superior to that obtained in
general collections.

Plus-tree selection and the establishment of clonal orchards

are not a present part of the PFES program. The test established by
this agency will provide information concerning hardiness, apical domi
nance, juvenile growth rate and stem straightness within 5 to 10 years
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from planting. These early indicators will, it is hoped, identify the
best locations to collect seed for planting in a given area. The
intensive search for plus trees would be made most efficiently in
these better seed source areas. Because black walnut and red ash begin
to produce seed early in their life, planting of these species could be
converted to orchards for the commercial production of seed by retain
ing only the best trees in the best families. Further research and
debate are required concerning the approach to seed production in white
ash.
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TREE IMPROVEMENT MANUALS

R. Marie Rauter

Research Scientist

Ontario Forest Research Centre

Ontario Ministry of Natural Resources
Maple, Ontario

A series of six manuals is being prepared for use by field
staff of the Ontario Ministry of Natural Resources to increase their
understanding of the principles of tree improvement and forest genetics.
The subjects to be covered are 1) an introduction to tree improvement

<m methods in Ontario, 2) seed collection (a revision of the current
manual), 3) selection and management of seed collection and seed pro
duction areas, 4) plus-tree selection, 5) vegetative propagation, and
6) selection and management of seed orchards. The first drafts of
all manuals have been completed and they are currently under review.
Final drafts should be ready for distribution early in 1979.
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The first manual on the introduction of tree improvement was
distributed to participants in the Tree Improvement Symposium with a
request for critical comment and evaluation. It contained brief
summaries of many of the subjects to be described in detail in sub
sequent manuals as well as a glossary of commonly used terms in forest
genetics and a bibliography of useful and easy to ready publications.

It is hoped that these manuals will be the first step in
establishing and maintaining continuous, effective communication
among field, head office and research staff involved in tree improve
ment programs.
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SEED REGISTRATION IN ONTARIO:

A HISTORICAL REVIEW AND A LOOK TOWARD THE FUTURE

D.A. Skeates

Seed Specialist
Ontario Forest Research Centre

Ontario Ministry of Natural Resources
Maple, Ontario

The development of seed registration in Ontario is
reviewed and current policy is outlined. At present regis
tration is based on ecological zonation according to Kills9
(19601 site regions* which are subdivided by administrative
districts in northern Ontario and administrative regions in
the south. Registered sources in the tree improvement pro
gram are chronologically numbered within site regions.

The future direction of seed registration is dis
cussed. Seed source data indicate potential gains to be
made from a better understanding of variability in seed
populations.

L'auteur examine le developpement des methodes
dfenregistrement Cou notation) des graines et il souligne
la politique courante. A I'heure actuelle3 l'enregistrement
se fonde sur le zonage ioologique d'apr&s les regions de
stations de Hills (I960)* lesquelles sont subdivisees en
districts administratifs dans les regions nordiques de
I'Ontario et en regions administratives dans le sud. Les
sources enregistrees au programme dfamelioration des arbres
sont numerotees par ordre chronologique h IHnt&rieur des
regions de stations.

L'auteur traite du cheminement futur de I'enregis
trement des graines. Des donnees sur la provenance des
graines indiquent les gains possibles qu'on obtiendra grace
a une meilleure cormaissanoe de la variability chez les
populations productrices de graines.

INTRODUCTION

At a recent meeting of forest seed scientists in Britain,
Dr. Milan Simak, the international leader on seed problems, noted that
tree seed differed from agricultural seed in that the most important
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single factor in forest seed quality was seed source, or provenance.
The international rules for seed testing (Anon. 1975) describe techniques
and tests to confirm or refute the declared origin of seed lots. Konishi
(1978) states that, after species selection, the choice of an appropriate
seed source is one of the most important decisions to be made in refores
tation planning.

Seed registration identifies seed source and is a first step
toward determination of genetic quality. Whether the registration system
in use is ecological zonation, bioclimatic zonation or delineated popula
tions based on provenance tests, each seed lot, from bulked general
collection through to genetically improved seed, should be identified
according to the basic registration system chosen. Seed registration is
the initial guide for developing improved seed distribution policy and
ultimately improved regeneration.

PROGRESS TO DATE

For years, Ontario seed collections were made or arranged by
staff of the Ontario Ministry of Natural Resources Tree Seed Plant at
Angus. Seed was used primarily for private forestry and agreement for
ests in southern Ontario. Identification of seed origin was maintained
through processing and storage at the seed plant. In August, 1952 the
Division of Reforestation notified the seed plant that "...trees will
be grown for each of these zones from seed collected in each zone, as
far as is practical11. The first zones were based on Hills' (1952) site
regions, which included adjacent parts of the Lake States. The zones
were numbered from 1 in the south to 5 in the north and 6 and 7 in the

northwest.

In June, 1961 the districts were notified that the site regions
had been revised, the number being increased from 7 to 12 (Hills 1960),
and the seed zones were renumbered to conform to the new site regions.
The seed zones were large, in some cases exceeding safe transfer limits
as suggested by Morgenstern and Roche (1969). In 1977 these zones were
subdivided by administrative districts. Seed collected within a district
was intended for silvicultural programs in that district wherever pos
sible, or was transferred if necessary to adjacent districts within the
same site region (see appendices I-III).

It is interesting to note that the minimum permissible standard
recognized for international certification of a seed lot is identifica
tion by latitude, longitude and elevation. "In no case may the range
of a seed source exceed one quarter of a degree square (30f of latitude
x 30f longitude) or 1000 feet (300 m) in elevation" (Piesch and Stevenson
1976). For example, in Ontario the maximum size of a collection unit
would be represented by one quarter the length of Manitoulin Island in
the Espanola District.
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The provincial tree improvement program, based on the site
region structure, started in the late 1950s. Plus trees were selected
and clonal seed orchards were initiated for most of the important
species in the silvicultural program. Stands and plantations were
selected and reserved as future seed supplies for some zones. Some
of the early management work in progeny testing of plus trees was car
ried out with the intention of producing genetic information and then
converting to seed plantations of superior trees. To each seed stand
or plantation a registration number based on the seed zone code, plus
chronological numbering of sources as they were added to the register,
was assigned.

The current registration system in Ontario has remained virtually
unchanged from the original ecological zonation. Each collection made
for operational silvicultural purposes is identified by species, seed
zone and, where applicable, registered stand number. The identity number
is prefixed by a district code for the five northern regions and by a
regional code for the three smaller regions of southern Ontario. For
example, a collection from one of the early white spruce (Picea glauca
[Moench] Voss) seed production areas selected near Pagwa in Geraldton
would be identified as follows:

Species
District'code / Registered stand No. 1

Site region 3W

22: 3401

A general collection from the same site region and district would bear
the more general identity of 22: 3400. The list of registered stands
was revised, updated, and distributed to field staff early in September
1978. District and regional codes are listed in Appendix III, and
site regions are outlined in Figure 1.

Research and special seed lots are identified by numbering
systems employed by individual researchers and foresters. The identity
of each seed lot must bear the assigned number through all stages of
production and outplanting. When special seed lots reach operational
production stages, the provincial registration system will apply.

The system of registration chosen by the province provides for
a grouped identity of limited size (district or region) for general
collections, and for source identity for registered collections. The
zonation allows reasonable control over distribution of seed from col

lection origin to silvicultural use, yet maintains simplicity in
operational processing and storage of seed.
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Fig.1.OntarioSeedZones.Ecologicalzonessubdividedbydistrictsin
thenorth,andregionsinthesouth.
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FUNCTIONS OF SEED ZONES

For the purposes of administration, a framework is essential for
planning silvicultural needs, organizing collection and handling of seed,
and distributing seed and stock. Any system of boundaries may be used.
Obviously administrative boundaries form the most efficient framework as
needs are normally summarized by districts and regions which, in turn,
utilize the products of the seed collection program.

Biological considerations, however, are of even greater impor
tance in control of seed movement than are administrative considerations.

Two separate functions must be recognized: seed collection, and seed and
stock distribution. These must be considered separately because they
are not necessarily synonymous. In fact, in many countries they are dis
tinctly different. Swedish studies (Remrbd 1974) have shown significant
gains (as much as 24% in Norway spruce (Picea abies [L.] Karst.) height
growth) by moving seed 1.5 to 3.5° of latitude northward from collection
to planting site, at the same elevation. There are many examples of seed
transfer over vast distances (based on knowledge of population variation)
in which foresters have gained significant growth advantage in subsequent
plantations.

The Ontario seed zone is a first step toward limiting seed
transfer in view of the fact that information on populations is inade
quate at the present time. Theoretically a collection, centrally located
within a zone, can be moved safely to limits indicated by zone boundaries.
In some instances, however, collection areas tend to straddle boundaries.

To rationalize seed zone boundaries we have moved them to more convenient

administrative lines. These represent small changes on a small-scale map,
but significant changes of 30 km or more on the ground, enough to change
some registered stands from one zone to another. Does it matter that
seed from Pagwa in Geraldton is distributed westward to Sioux Lookout
according to seed zone boundaries or eastward to Kirkland Lake as indi
cated by site region boundaries?

Konishi (1978) has outlined the seed policies across Canada. All
provinces appear to work within a framework of seed zones, and each prov
ince has selected its own basis for classification and distribution, from
stand distribution maps to ecological or bioclimatic zones. However,
most identify seed lots by actual origin of collection. Alberta, the
Yukon and British Columbia register all collections as described in the
British Columbia cone-collecting guidelines (Dobbs et al. 1976), thereby
conforming to the OECD scheme (Organization for Economic Cooperation and
Development). This is an international seed certification system on
which seed trade and transport are based (Piesch and Stevenson 1976).
The western provinces sell large quantities of tree seed on the inter
national market.

Registration of collections by seed source allows for a value
judgment to be made. Which seed lot has the greatest growth potential
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for planting in any particular silvicultural project? If available seed
lots are not considered suitable, should we plant with stock from seed
sources which may yield less than optimum growth or should we delay
planting, and possibly incur additional expense in establishment or early
tending, until suitable sources are available? What is the true cost of
loss in growth potential over the next 60 to 80 years compared with the
possible cost of "repreparing" planting sites in a subsequent year?
Decisions made in 1978 will affect annual growth throughout a full
rotation. Can we afford the risk of long-term investment and commit
ment of our basic land resource at potentially substandard interest
rates?

CRYSTAL BALL GAZING IN ONTARIO

What does the future hold for registration of seed in this prov
ince? Crystal ball gazing can be a delightful pastime because no one
can refute daydreams. For the immediate future there appears no better
path to follow than that quoted from Wright (1962) in Fowler and
MacGillvray's (1967) Seed Zones for the Maritime Provinces:

"...the forester who has to plant trees of a (genetically)
little known species without benefit of provenance experi
ments is well advised to use (seed of) a local origin,
rather than take a chance on complete failure of a non
local type."

Our species are not well known in terms of variation in potential
growth from one stand or one region to another. However, some evidence
is coming to light. Jack pine (Pinus banksiana Lamb.) provenance studies
established by Al Carmichael in the mid-1950s are showing one major popu
lation in the Nipigon-Geraldton-Hearst-Terrace Bay area east of Lake
Nipigon which appears to have a relatively poor growth at various test
sites (Skeates 1979). This has been substantiated by data from the all-
range jack pine trial, one test site being within the area defined
(Yeatman 1976). It has been hypothesized that a superior white spruce
population has developed in eastern Ontario and western Quebec (Nienstaedt
and Teich 1972). This has been supported by the older cooperative prove
nance trials established across Ontario (Teich et al. 1975).

A new series of white spruce provenance studies conducted cooper
atively by the Petawawa Forest Experiment Station and the Ontario Forest
Research Centre was initiated in 1971 to establish patterns of population
variation across Ontario. The first results from that study come from
an assessment of 3 years1 growth in Dryden nursery (Fig. 2). This is the
first evidence available on white spruce population variation that in
cludes northwestern Ontario sources. Sources from Manitoba and eastern

Ontario, as well as scattered sources from across the species range,
were added. This early evidence suggests the possibility that gains
of 10 to 12% in white spruce height growth may be made by moving seed
from the southerly areas of site region 5S northward to Dryden.
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Safe transfer rules, however, cannot be based solely on 3 years
of nursery performance. Instead, data can be used for the other two
purposes noted by Dr. Vallee. We can delineate stands producing progeny
of comparable growth rate, i.e., tentative new seed zones, and provide
a framework for selecting seed stands with a high probability of
increasing plantation yields. For example, Rainy River and Menary
Township appear to be promising sources of white spruce seed within
site region 5S in Fort Frances District. Flanders in western Atikokan
District appears to be a more promising source than areas in the eastern
portion of the district. Whitedog Falls outperformed other Kenora
sources. Ear Falls sources outperformed more northerly sources within
site region 4S. Sioux Lookout collections outperformed those from
Stranger Lake, 32 km to the east. It is interesting to note that some
of the sources recommended grew as well as the much sought after
Beachburg source from the Ottawa Valley, although that source grew 14%
faster than the local Dryden sources. The data suggest that revision
of seed zone boundaries for this species may be necessary in the future,
as well as a more valuable delineation of breeding populations than the
more hypothetical site regions.

The crystal ball suggests that future seed stands will be reg
istered within subpopulations on the basis of experimental evidence-of
growth performance. These subpopulations, so defined for each major
species, will become the future seed collection zones.

Seed eventually will have to be distributed according to the
potential of each identified subpopulation of each species in the major
silvicultural areas of Ontario if optimum regeneration performance is
to be achieved. It seems likely at this point that the combination of
site region and administrative district or region will remain the basic
distribution zone for a long time to come. However, we will be far
more concerned eventually with ecotypic variation, and will use our
knowledge of sites within a region to provide specific sources for opti
mum performance. The limestone ecotypes of white spruce described by
Teich and Hoist (1974) represent a good start in this direction.

In the depths of the crystal ball we find that the current
system of using site regions as a basis for seed orchards will evolve
into a system based on smaller units established according to popula
tion variation. These identified subpopulations will form the future
building blocks in the practical forest tree breeding program. For
instance, the Beachburg white spruce seed orchard established by the
Ontario Ministry of Natural Resources' Forest Resources Branch in 1976
is an indication of the direction for the future.

Registration of seed is a first step toward making the best
possible use of our knowledge of a species in a practical seed collec
tion and distribution policy and toward an understanding of genetic
quality. Until our knowledge of seed source is complete, it cannot be
overemphasized that "local is safest". By subdividing the site regions
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into smaller units, i.e., administrative districts and regions, as a
basis for seed registration and distribution, Ontario has taken a prom
ising step forward.
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APPENDIX I

DEPARTMENT OF LANDS AND FORESTS

TO: BRANCH CHIEFS AND FIELD OFFICES

RE: COLLECTION OF SEED - SITE REGIONS

INFORMATION BULLETIN T.18-2

The seed zone map formerly used to identify the origin of seed
collected and shipped to Angus seed extractory is now replaced by the
site regions map issued by Research Branch in January 1961.

District foresters will ensure that proper site region designation
is used to identify all seed collected, or when requisitioning nursery
stock for Crown land planting projects.

For administration purposes, the eastern boundary of Geraldton
District will be used to delineate site regions instead of the boundary
shown on the official site regions map.

Compiled by Timber Branch

Issued: June 30, 1961

F.A. MacDougall
Deputy Minister
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APPENDIX II

Subject •

Tree Seed Source Identification

Policy :
TM.7.03.03

Compiled by :

Branch : . Section =

Forest Management | Silviculture

Date issued •

1977 08 22

Page:

lof 1
New a Revised *

The site regions of Ontario (G.A. Hills 1960) formerly used to
identify the origin of seed collected in Ontario, are now modified
by prefixing the site region numeric code with the District or
Region location numeric code (B.02.01.01 Ministry Code Manual).

For the five northerly regions (Northwestern, North Central,
Northeastern, Northern and Algonquin) the site region numeric
code will be prefixed with the District location numeric code to
identify the origin of seed collected in each District.

For the three southerly regions (Eastern, Central and Southwestern)
the site region numeric code will be prefixed with the Region
location numeric code to identify the origin of seed collected in
each Region.

District Managers will ensure that the proper seed source
designation is used to identify all seed collected, or when
requisitioning seed or planting stock for use in their District.

This replaces Policy TM.7.03.03, titled "Tree Seed Identification",
issued June 6, 1977, which should be destroyed.
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APPENDIX III

ADMINISTRATIVE DISTRICT

NUMERIC ALPHA

REGION DISTRICT CODE CODE

NORTHWESTERN . . .. . . 10
11

NW

Dryden DR

Fort Frances 12 FF

Ignace 13 IG
Kenora 14 KE
Red Lake 15 RL
Sioux Lookout 16 SL

NORTH CENTRAL . . . 20
21

NC
Atikokan AT

Geraldton 22 GE

N1p1gon 23 NG

Terrace Bay 24 TR

Thunder Bay 25 TB

White River 26 WH

NORTHERN , . 30

31

NO

Chapleau CP

Cochrane 32 cc

GO
Hearst 34 HE
Kapuskasing 35 KA

Klrkland Lake 36 KL

Moosonee 37 MO

T1mm1ns 38 TI
NORTHEASTERN . . . . 40

41

NE
Blind River BL
Espanola 42 EP
North Bay 43 NB
Sault Ste. Marie 44 SS
Sudbury 45 SU
Temagami 46 TE
Wawa 47 WA

ALGONQUIN .... AL
♦Algonquin Park (Park area only) 51 AP
Bancroft 52 BA
8racebr1dge 53 BR
Mlnden 54 MD
Parry Sound 55 PS

Pembroke 56 PE
♦Leslie M. Frost N.R. Centre 57 LF
♦Algonquin Park (Part not in park) 58 AP

EASTERN . 60

61
EA

Brockville BV
Cornwall 62 CO
Lanark 63 LK
Napanee 64 NP

65 OT
Tweed 66 TW

CENTRAL . 70
71

CE
Huronla (Barrfe) HU
Cambridge 72 CB
Lindsay 73 LN
Maple 74 MA
Niagara 75 NI

SOUTHWESTERN . . . . 80

81
SW

Aylmer AY
Chatham 82 CH
Owen Sound 83 OS
Simcoe 84 SI
Wingham 85 WI
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COMPONENTS OF GROWTH AND THEIR

RELATIONSHIP TO EARLY TESTING

K.T. Logan

Research Scientist

Petawawa Forest Experiment Station
Canadian Forestry Service
Chalk River, Ontario

D.F.W. Pollard1
Research Scientist

Pacific Forest Research Centre

Canadian Forestry Service
Victoria, British Columbia

Tree growth is described in terms of the individual
m components of growth which determine annual shoot increment^

with particular reference to spruces (Picea spp.). The
effectiveness of some components is diminished with time
and this could affect juvenile-mature correlations. Impli
cations for early testing are discussed.

Dans oet article3 les auteurs deorivent la orois-
sanoe des arbres en termes de composantes individuelles de
oroissance qui determinent I'accroissement annuel des
Pousses^ en partioulier les Itpinettes (Picea spp.). L'ef-
ficacite de oertaines oomposantes s 'effrite avec le temps3

*s oe qui pourrait influer sur les correlations entre la phase
juvinile et la phase adulte des arbres. lis traitent aussi
des implications engendrees par un test h&tif.

/A INTRODUCTION

A reliable method for early selection is one of the greatest
needs in current tree improvement programs. But how can we select a
desirable character, such as superior height growth, in juvenile material
with a reasonable chance that it will retain its superiority to maturity?

m Tree breeders have long sought for juvenile-mature correlations in their
planting trials, with mixed success. What is the source of some of the
pitfalls which frustrate their success in early testing?

1

Formerly of the Petawawa Forest Experiment Station.
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In this paper, we break down growth into individual components
which influence height. We show how some of these components are effec
tive only in the juvenile stages, while others are operative throughout
the life cycle of the tree. By indicating the number and complexity of
the components of growth, we point out the difficulties facing the
breeder who wishes to make an early selection of future performance
based on juvenile height.

Our paper deals specifically with spruces, especially white
spruce (Picea glauca [Moench] Voss) and black spruce (Picea mariana
[Mill.] B.S.P.), but the concepts have some relevance to early selection
of other species. Examples of the influence of various components of
growth are drawn from our research at the Petawawa Forest Experiment
Station.

First we define components of growth, then discuss how their
influence changes with time, and finally conclude with some implications
for early testing.

COMPONENTS OF GROWTH DEFINED

Seed Size

This component requires no definition. Large seeds with well
formed embryos and plentiful endosperm will generally produce relatively
large seedlings with good vigor2.

Germination Rate

The second component influencing shoot growth is the rate at
which seed germinates. Generally speaking, the first seeds to germinate
will produce larger seedlings than those which germinate later (Sweet
and Wareing 1966).

These two components are usually less important than the others
but are included for the sake of completeness.

Free Growth

Shoot growth following germination is in the form of "free
growth", a term first defined by Jablanczy (1971) . Free growth is the
process by which a shoot grows through continuous initiation and develop
ment of leaves at the shoot apex. In contrast to the more common

2 Skeates, D.A. 1972. Size and weight of tubed seedlings related to
size, density and weight of seed in jack pine (Pinus banksiana Lamb.),
black spruce (Picea mariana iMill.] B.S.P.) and white spruce (Picea
glauca iMoench] Voss). M.Sc. thesis, Univ. Toronto. 88 p.
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predetermined growth, in free growth the primordia (rudimentary leaves)
are not first accumulated as a finite number in an overwintering bud for
subsequent flushing in the following year, but form and flush in a con
tinuous process. Free growth is the only form of shoot growth in the
first year, but may return in the second and succeeding years of
juvenile growth to supplement predetermined growth (Pollard and Logan
1974).

Bud Size

The free growth period is usually curtailed by declining photo-
period in late summer, when new initials start developing into bud
scales instead of leaves. After about 60 scales have been formed,
initiation reverts to production of leaf primordia, which are accumu
lated in the young bud. The potential growth of the bud is predeter
mined by the number of primordia accumulated (which is equated in this
paper to bud size) (Pollard 1973).

Bud Expansion

Although the potential growth of the bud is predetermined, the
actual expansion of the shoot is subject to variation. In this paper,
needle internode (shoot length divided by needle number) is used as the
measure of bud expansion. Time of flushing in relation to climate may
be important, and we have observed genetic difference in needle inter-
nodes (Logan and Pollard, unpublished note). As already mentioned,
shoot expansion may be followed by more free growth, but at some risk
of early frost damaging a non-dormant shoot. Vagaries of environment
are an external component of growth.

HOW COMPONENTS OF GROWTH CHANGE WITH TIME

Now let us examine how effective these different components of
growth are at various stages in the tree's development (Fig. 1).

Clearly, seed size can be very important in the first year but
its influence fades rapidly. The same is true for germination rate:
faster germination means larger seedlings. An experiment undertaken
with Japanese larch (Larix \eptolepis [Sieb. & Zucc] Gord.), revealed
that 35 days after sowing, the correlation between seed weight and
seedling dry weight was strong (r « 0.36 significant at p = 0.01). The
correlation coefficient between germination rate and seedling weight was
even stronger (r = 0.81, sig. at p = 0.01). But in a few years the
effect of these two components will have largely disappeared.

Free growth is longer lasting: its influence may be felt
throughout the juvenile stage of tree growth and begins immediately
after germination. Differences can be expressed in daily rate and in
duration. At the end of the first year, height is very largely an
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Fig. 1. Relative effectiveness of components of growth throughout
the life of a tree.

expression of free growth. In succeeding years, free growth may occur
again to supplement the annual expansion of the overwintering bud. For
this to happen, the seedling must have the propensity to enter free
growth—and some do not. The deciding factor appears to be photoperiod.
Seedlings from northern latitudes respond to a relatively long, critical
photoperiod, and when grown in nurseries in southern latitudes are unable
to enter free growth. Indeed, 4-year-old provenances of black spruce
can be differentiated by their capacity for free growth: a study of
10 provenances (Pollard and Logan 1974), originating between latitudes
45° and 65°N, Indicated that the wide range of mean heights could be
attributed largely to the variable amounts of free growth accumulating
each year. Provenances from latitudes above 50°N had no appreciable
capacity for free growth. However, when these same provenances were
grown in growth cabinets under long photoperiods they were able to enter
free growth (Pollard and Logan 1975). Free growth is the secret of most
growth acceleration systems. With long photoperiods and freedom from
stress there is no reason why conifers may not be kept in free growth
for a long time (Logan and Pollard 1976).

Free growth, however, is limited to the juvenile stage of a tree's
life cycle (Jablanczy 1971) . It is doubtful that free growth is signifi
cant in white spruce beyond the third year, and in black spruce beyond
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the tenth year. We examined six black spruce provenances from latitudes
45-60°N which had been growing at Petawawa for 12 years. Out of 60
trees examined, only five showed evidence of free growth (Logan and
Pollard 1975).

We have seen how two components of growth, seed size and germ
ination rate, are very short lived, and how free growth, though very
influential, is operative only during the juvenile stage of growth.
What about the remaining two components of growth? Bud size and shoot
expansion affect shoot length in the second year and each year there
after. In the mature stage of growth these are the only two compon
ents operative. Although the accumulated effects of the juvenile
components will be retained throughout the life of the tree, they
could eventually be masked by the long-lived components. Clearly, the
older the tree is, the smaller the juvenile components become, so that
ultimately height will contain, essentially, only two components of
growth: bud size and shoot expansion. It is for this reason that much
of our attention in the physiology program at Petawawa has been focussed
on bud morphogenesis and the genetic and environmental factors affecting
the process. Genetic variation in primordia number (the number of
needle initials contained in the bud, expressed here as bud size) can
be identified in juvenile material. Hence we have reported that the
notable Beachburg provenance of white spruce, which has attracted
widespread attention for its growth performance, is characterized by
superior primordia production (Pollard 1973) . Using the same criteria,
we have also identified another white spruce provenance from French
Township which offers promise of superior performance (Logan and
Pollard 1977). Genetic variation in needle internode (shoot length
divided by needle number, expressed here as shoot expansion) has
received less of our attention because it appears to be less variable.
But we have observed that a white spruce seed lot from Silver Lake has
a longer than usual needle internode which compensates in part for its
deficiencies in primordia production (Logan and Pollard, unpublished
note). These examples indicate that bud morphogenesis can reveal
within-region variations which affect future performance.

Our studies of the effects of environmental factors on bud

morphogenesis have produced some interesting results. In a series of
experiments, temperature was found to have a pronounced effect on
needle initiation, but response to light intensity, photoperiod and
soil moisture potential was weak (Pollard and Logan 1977). Temperature
also affects rate of shoot expansion, but has little effect on length
of needle internode (Logan and Pollard, unpublished note). We have
been unable to demonstrate any evidence for genotype x environment
interaction in bud morphogenesis (Pollard and Logan 1978).

In summary, therefore, we find notable contrasts in the manner
by which growth components influence height increments. On the one
hand, free growth is an ephemeral character whose genetic variation is
pronounced and interacts strongly with environment (in particular,
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photoperiod). As a result of free growth, there may be a strong expres
sion of seed origin, especially when origins are climatically distinct.
On the other hand, bud size and shoot expansion are permanent characters,
accounting for much juvenile growth (except in the first year) and all
mature growth; they are both genetically variable but, while they are
also influenced by environmental factors, do not display genotype x
environment interactions.

The size of a tree at age 1 year will be an expression of seed
size, germination rate and free growth; at age 10, free growth, bud size
and shoot expansion will be the principal components; but at age 50,
size will reflect only the components of predetermined growth, namely
bud size and shoot expansion.

IMPLICATIONS FOR EARLY TESTING

We have described components of tree growth and have shown how
they vary in importance with time. What are the implications of these
concepts for early testing?

1. Clearly the prospects for early testing are fraught with
difficulties because of the complexity of tree growth.
We have noted that the individual components of growth
may not be entirely dependent on one another: superior
free growth is not necessarily accompanied by superior
bud size.

2. There is plenty of room for change in ranking of height
as the influence of one component of growth declines and
is superseded by that of another. Rankings at age 10 are
very much the result of genetic variation in free growth;
rankings at age 50 reflect the cumulative effect of
variation in bud development.

3. This leads to our third conclusion: the strategy for
early testing may differ with rotation age of the crop.
For short-rotation crops such as hybrid poplars, larch
(Larix spp.), and green ash (Fraxinus pennsylvanioa
Marsh.), free growth may be the appropriate component
of growth for selection purposes; for long-rotation
sawlogs of spruce (JPioea spp.) and pine (Pinus spp.),
primordia production may be more relevant.

4. Selections based on bud morphogenesis might stand up over
a wide geographic range because of the lack of genotype
x environment interaction in this character, whereas

selections based on free growth might be specific for
the local photoperiod.
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5. Early testing should take into account the effect of
photoperiod on free growth. Sources suitable for
northern transfer might be identified by the speed
with which they enter dormancy in declining photoperiods.

6. A cumulative difference in annual height increment of
1% between two provenances would be clearly visible at
age 20 when one provenance is 20% taller than the other.
But could the differences be identified at age 1 year?

^ We will conclude by stating that our methods and findings have
application in tree improvement programs beyond testing for future per
formance. For example, we have recently been encouraged by the use of
our physiological tests to probe the population structure of the impor
tant southern Ontario stands of white spruce. In addition, our finding
that free growth has a strong genotype x environment interaction

^ suggests that these interactions are more likely to show up when the
trials include north-south rather than east-west planting sites and
sources—a finding that seems to be borne out by a recent survey of
genotype x environment experiments (Morgenstern 1978).
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STRATEGIES FOR JACK PINE TREE IMPROVEMENT

IN THE GOGAMA DISTRICT

G.C. Oldford

Forest Management Supervisor
Ontario Ministry of Natural Resources
Gogama, Ontario

W.D. Baker

Project Forester

Ontario Ministry of Natural Resources
Gogama, Ontario

C.W. Yeatman

Research Scientist

Petawawa Forest Experiment Station

Canadian Forestry Service
Chalk River, Ontario

The Gogama District {OMNR) has initiated a jack pine
(Pinus banksiana Lamb.) tree improvement program which
involves the identification of seed collection areas3 the
development of seed production areas, and the establishment
of a jack pine seedling seed orchard from plus-tree seed.
This approach has been initiated to ensure a continued
supply of quality seed.

On a mis sur pied dans le district de Gogama (MRNO)
un programme dfamelioration g&netique du Pin gris (Pinus
banksiana Lamb.) qui implique I'identification de regions
de oueillette des graines3 le diveloppement de regions
productrioes et I'itablissement de vergers a graines pour
le Pin gris3 a partir de graines provenant d'arbres-plus.
Cette approohe a ete amorcee dans le but d'assurer un
approvisionnement oontinu en graines d'une bonne qualiti.

INTRODUCTION

Jack pine (Pinus banksiana Lamb.) shows large variation in many
genetic traits, such as growth rate, stem form and branching. These
characteristics are silviculturally important and affect the economic
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value of the final product. Productivity can undoubtedly be improved by
identifying seed sources with desirable traits, then selecting and breed
ing to create genetically improved populations. Jack pine seed collec
tion must be controlled to maintain the genetic base.

THE ONTARIO SITUATION

The province of Ontario is dealing with a reduced land base for
forest production; therefore, genetically improved regeneration must be
established to produce higher fibre volumes on fewer hectares to meet
the requirements of the forest resource industries. This can best be
accomplished by intensive silviculture using the best stock, improved
through a sound forest tree improvement program. We must obtain and use
this high-quality seed in our regeneration efforts; if we are going to
close the regeneration gap then let us close it with the best stock
available.

The need for tree improvement in jack pine is paramount, espe
cially when one considers that the volume of jack pine being cut in the
province is tremendous, over 5 million m3 in 1977, and increasing
annually. Large quantities of jack pine seed are being used to regen
erate cutovers and the demand has been increasing rapidly. In Ontario
during 1970-1971, a total of 288.4 million viable jack pine seeds were
used, 254.4 million for direct seeding and 34.0 million for nursery
stock production (Rauter 1974). The projected seed demand for 1977 was
1.15 billion, yet the province used 1.23 billion. With such large quan
tities of jack pine seed in demand, it is imperative that it be of the
best genetic quality available, to ensure the highest fibre yields and
the shortest rotations in future forests. Planning and action by regions
and districts are urgently required to conserve sufficient areas with
jack pine populations for seed production, and for retention as genetic
reserves of known heritage. Forest improvement is a continuing process
and it must be initiated immediately.

STRATEGY IN GOGAMA DISTRICT

The Gogama District of the Ontario Ministry of Natural Resources
(OMNR) realizes the importance of a solid, coordinated provincial forest
tree improvement program. The improvement of jack pine seed has been
given a high priority in the Gogama District because this improved seed
will play an important role in our jack pine silviculture. In 1977-1978
the Gogama District used 50.7 million viable jack pine seeds, 46.9 mil
lion for direct seeding and 3.8 million in the Gogama Nursery. The pro
duction of quality seed is the foundation for all reforestation work and
jack pine seed is no exception to this rule.

The improvement of jack pine is envisaged in a number of phases:
seed collection areas CS.C.A.s), seed production areas (S.P.A.s) and seed
orchards (Fig. 1). Initially our efforts were aimed at identifying the
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seed source by means of seed collection areas and controlling the cone
collections from the S.C.A.s. Having accomplished this, we are now
placing emphasis on the development of seed production areas as an
interim measure to increase the seed yield from above-average stands.
The immediate goal for the next 5- to 20-year period is to produce all
jack pine seed in S.P.A.s; our ultimate goal is to produce genetically
improved seed in seed orchards. The seed orchards will be established
through extensive plus-tree selection; the breeding and improvement
will focus on individual trees, maintaining at the same time a broad
genetic base to attain genetic improvement.

Increased yield in jack pine can be achieved only through a
solid forest tree improvement program formulated by Head Office in con
sultation with the Ontario Forest Research Centre, administered by the
regions, and conducted by the districts. Any tree improvement program
must be implemented at the district level and it needs a firm and
lasting commitment of money, time and trained staff.

The approach in the Gogama District has been to collect our jack
pine seed from seed collection areas, to develop a seed production area,
and to establish a jack pine orchard from plus-tree seed. This is part
of an ongoing management system that is being developed in cooperation
with industry.

Seed Collection Areas - 'Specific Source-identified Seed

Seed collection areas are areas within seed zones, consisting of
mature, above-average stands representative of major jack pine popula
tions, which are at or near rotation age. Silvicultural improvements
are not applied to these stands; they are designated to provide a spec
ific source of better-than-average quality seed of known origin. The
objectives of S.C.A.s are to provide for the collection of seed of a
known source and to preserve the gene pool for future forest tree
improvement work. Jack pine seed collection areas can be integrated
with fibre management with no additional cost; they require only plan
ning to use resources to their best advantage.

In the Gogama District, four jack pine seed collection areas
have been established, comprising some 4,100 ha. Since their establish
ment, the collection of jack pine cones has progressed from 98% for
general collection by seed zones to 72% of the collection by S.C.A.s.
This large area is required to meet the Gogama District seed collection
target of 2,000 hectolitres per year and to provide a genetic base of
known heritage for future forest tree improvement.

To date, stands selected for S.C.A.s have been at least 90%
jack pine by species composition and predominantly site class 1 or bet
ter; a few site class 2 stands have been selected. Seed collection

areas can be on lower class sites because phenotypic characteristics,
the basis for selection, are a combination of environment and genetics.
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The average size of the jack pine seed collection areas in Gogama Dis
trict has been 1,050 ha, although this represents a range from a minimum
of 730 ha to a maximum of 1,450 ha. The size of the S.C.A.s has gen
erally been related to the extent, age class, and continuity of the
individual jack pine stands involved.

Seed is collected from a jack pine S.C.A. as an integral part of
a harvesting operation during a commercial clearcut. Cutting patterns
need to be determined only by silvicultural and market considerations,
but the usual procedure is to clearcut a portion of the area period
ically in blocks or strips and collect the cones from the slash. In
the Gogama District, the area should provide an annual cut for at least
5 years but not more than 20 years when genetically improved seed from
S.P.A.s and seed orchards will be available. The separate identity of
cones and seed collected from S.C.A.s will be maintained within the

district at the time of collection, at the seed plant, and in the nursery
so that the origin of seed or planting stock can be entered on regenera
tion records and the source will be used to regenerate the cut area as
soon as possible. For the first three years the cut portion of S.C.A.s
will be regenerated by site preparation followed by seeding. When nur
sery stock from the same source becomes available the area may be planted
in lieu of seeding.

Experience indicates that mature stands of the high quality
required for S.C.A.s yield roughly 5 to 10 hectolitres per hectare.
Improved estimates will be available from an OMNR study on cone and
seed yield from jack pine stands and the results will be published in
1979.

•Modest genetic improvement can be expected from seed collected
in S.C.A.s; however, since we are taking seed from some of the best
stands, it seems reasonable to assume that the genetic potential of the
seed should be as high as it was in the original stand. This can have a
major impact when seed from S.C.A.s is used to regenerate low-quality
stands. In particular, jack pine S.C.A.s provide direct control over
seed collection and the origin of seed used to establish the new forest.

Seed Production Areas

Seed production areas are the next level of improvement. These
areas are designed to provide a source of better-than-average quality
seed with some genetic improvement. There are two primary objectives:
to provide for the efficient collection of high-quality seed from
improved stands, and to establish and maintain a sound regional base
population for future genetic improvement and continued seed production.

Seed production areas differ from seed collection areas in that
some silvicultural work is carried out in the former. For jack pine
S.P.A.s, thinning appears to be the most efficient method of increasing
cone production and achieving a degree of genetic gain (Yeatman 1976,
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Bitto 1977). According to results obtained by Roe (1963) on thinned
and unthinned jack pine stands in northern Minnesota, thinned stands
yielded twice the number of cones and three times the number of viable
seeds per ha as unthinned stands.

Thinning results in a reduction in crown abrasion and the
removal of undesirable phenotypes and suppressed trees, thereby encour
aging crown development and cone production in the remaining trees.
Crown abrasion in winter when the branch ends are brittle reduces cone

yield by removing branch tips bearing conelets and restricting lateral
crown development. This prevents an increase in the surface area of
the crown that would otherwise be available for flowering and cone pro
duction. As well, the culling of undesirable trees during thinning
results in the remaining trees exhibiting better phenotypic character
istics in terms of stem form, branch angle, and height. These trees
are left at a desirable spacing to promote crown development and cone
production.

In the future, fertilization of jack pine seed production areas
could be considered another tool that may produce an increase in cone
production. Hoist (1966) found that female flowering in 1.2 m high
plantation-grown jack pine was increased by the application of ammonium
nitrate. Whether fertilization becomes an efficient treatment for

further increasing seed production in jack pine S.P.A.s remains to be
seen.

In the Gogama District, an 868 ha seed production area is being
developed in a vigorous 50-year-old jack pine stand in Garibaldi Town
ship. The Garibaldi S.P.A. is being managed progressively for seed
production by the establishment of a system of roadways and intermediate
skid trails, followed by a thinning of the remaining stand. The thinned
stand will then be cut periodically after a number of years for cone
collection, as serotinous cones cannot be harvested from standing trees
in the quantities required without serious damage being done to the
crown. The development of this jack pine S.P.A. program in Gogama
District is being integrated with a commercial company's regular har
vesting program by a modification in the harvesting system.

In 1978 roadways 45 m wide were laid out 400 m apart. Skid
trails or access lanes 10 m wide were cut every 40 m between parallel
roadways using Koehring tree-length harvesters. These skid trails pro
vide access to the remaining stand for the thinning operation and limit
the maximum skidding distance to approximately 200 m.

Trees to be left during thinning in the intervening stand were
marked by technicians and students. The thinning was a commercial oper
ation. Prior to thinning, the trees in the stand had a clustered distri
bution with a density which varied from 0.8 to 1.0 (980-1227 sterns/ha).
The thinning removed up to 50% of the trees, leaving the stocking at
approximately 500-600 trees/ha, and removed about 30% of the volume.
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The thinned stand will be allowed to develop for 7 to 9 years
before it is harvested for cone collection and fibre production. The
reasons for this development period are to allow for a growth response
in the crown due to the release, to permit flower initiation to produce
cones, and to provide for an accumulation of 4 to 5 years of cones.
Any seeding or planting in the seed production area will be from seed
collected from the S.P.A. so as to retain the genetic character of the
populationfs gene pool.

The Garibaldi seed production area will be regenerated after
harvesting by mass selection of some 2,000 plus trees readily selected
along the roadways and skid trails prior to the commercial clearcut.
This seed will be bulked and used to regenerate the clearcut area by
spot seeding.

We anticipate that seed collected from this jack pine S.P.A.
will produce a genetic gain of 2-5% after thinning. This advantage
will be obtained in a short time at minimal cost. More important in
the long run, the pedigreed stand in Garibaldi Township will be one
foundation population of a number it is hoped will be established for
genetic improvement of jack pine within the Northern Region.

Breeding and Seed Orchards—Long-term Strategy

The long-term strategy for improving jack pine will lie in
establishing seed orchards and developing breeding populations which
are superior to the original local populations. It is during this
long-term approach that operational genetics, in the form of applied
forest tree breeding, carried out by trained specialists, will play a
major role. That is not to say, however, that the district field staff
will be excluded; rather, they will have a major operative role.

The primary strategy in the long run will be to breed new and
improved populations from jack pine plus trees. These plus trees will
be selected by the field staff from seed production areas and from
natural populations associated with them. Subsequently, two systems
of propagation are available: seedling seed orchards and clonal seed
orchards. To date a 2 ha seedling seed orchard has been established
in Gogama District with plus-tree seed from the Garibaldi S.P.A. Seed,
when mature, will be collected in these orchards and made available for
use in a continuing improvement program to maximize future yield in
jack pine.

One avenue of approach that needs further research in the
breeding of jack pine and that has been initially investigated by
Zsuffa C1974) is vegetative propagation and clonal development. Maxi
mum genetic gain can be secured in the shortest time by developing
clonal or multi-clonal varieties. Jack pine seedlings can be propagated
by cuttings but success to date with more mature tissue has been limited.
There is some evidence of clonal incompatibility in grafting jack pine
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(Wright 1976) and the ability to root cuttings readily would be a major
advantage in both research, and field application.

CONCLUSION

Improvement of jack pine is a very real need and a number of
strategies must be employed to achieve volume gains that will be reflected
in available wood fibre. Jack pine improvement must be conducted on a
regional basis, with both short-term and long-term strategies related to
environmental gradients and species distribution. A minimal genetic gain
can be expected in the short term while significant gains can be expected
in the long term. Strict attention must be given to labelling and retain
ing seed source identification from cone collection to plantation estab
lishment. Seed production areas must be established to increase seed
yield, to provide some immediate genetic gain and to form the basis for
future genetic improvement. Further gains will be realized only from
the selection of plus trees, the development of pedigreed breeding popu
lations, and the establishment of seed orchards in a continuing and
progressive breeding program.
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WHITE SPRUCE SEED PRODUCTION AREAS WITHIN THE

COCHRANE FOREST DISTRICT

J.B. Starr

Forest Management Supervisor
Ontario Ministry of Natural Resources
Cochrane, Ontario

White spruce (Picea glauca [Moench] Voss) seed
production areas (jSPAs) are an intermediate stage within
the period necessary for the establishment of seed orchards.
The establishment and management of these areas are made
more difficult by the lack of concise instruction manuals.

Les aires de production de graines drEpinette
blanche (Picea glauca [Moench] Voss) forment un stade
intermediaire pendant le temps necessaire pour etdblir
des vergers a graines. L'etablissement et la gestion de
telles aires sraverent plus difficiles vu le manque de
manuels d'instructions concis.

A seed production area (SPA) is an area set up to produce seed
within the period necessary to establish seed orchards and bring them
into production (Anon. 1974). The stands selected for an SPA are picked
from the best stands available for the site and the locality and gen
erally show a better performance than the average stand in terms of
height over age.

The benefits of SPAs are as follows:

1) they can be established relatively quickly

2) the genetic quality of the seed is known

3) more than one collection can be made from the standing
trees

4) they provide easy access for a series of jobs such as
forecasting, protection from insects and disease, and
cone collection
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White spruce (Picea glauca [Moench] Voss) is a transcontinental
species and a characteristic tree of the boreal forest (Anon. 1965).
It grows in a variety of soils and climates but is rarely found in pure
stands (Hosie 1969).

Within the Cochrane Forest District of the Ontario Ministry of
Natural Resources we have established two white spruce SPAs, and a
third is in the process of being established. Seed production areas
are given a number for the purpose of identification: our white spruce
SPAs are numbered 3201, 3202 and 3220 (Fig. 1). The first two digits
refer to the seed zone, of which there are 13 in Ontario. The last two
digits refer to the particular SPA CTable 1).

Table 1. White spruce seed production areas in the Cochrane District.

Year

SPA Township established Area (ha)

3201 Clute 1964 1.2

3202 Clute 1970 6.5

3220 Fournier 1978 5.3a

13.0

being established

Even in SPAs, however, trees do not produce bountiful crops
every year; in some years no cones are produced at all. According to
the literature on white spruce, abundant spruce cone crops occur every
six years, but may occur anywhere from every 2 years to every 6+ years.
Table 2 shows the Cochrane District cone crop forecast by year and the
amount collected by SPA.

Crop forecasting is done in late June or early July of each year
by species and by special areas such as SPAs. This forecasting is
usually carried out by the field foresters in their particular areas
and the amalgamation of these forecasts becomes the district forecast.
The crop is classified according to the following seed crop classifica
tion and a projection of the volume of the collectable crop is made.

Seed Crop Classification

Failure - no cones or few cones on occasional trees;
crop not collectable

Light - 25% of trees with a crop, usually less than
half of minimum yield per tree; crop collectable
if seed urgently required
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Fig. 1. Map showing location of seed production areas.
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Medium - 25-50% of trees with a crop, usually more than
half of maximum yield per tree; crop collectable

Heavy - 50-100% of trees with a crop, usually more than
half of maximum yield per tree; crop collectable

Table 2. Cochrane District cone crop forecast and collection.

Year

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

Forecast prediction

light
light
heavy
light
failure

failure

failure

failure

heavy
light

failure

failure

heavy
light
medium

failure

Volume collected by SPA (hi)

nil

nil

nil

nil

nil

nil

nil

nil

.8.27 (3202)
1.05 (3201)
.80 (3202)

nil

nil

8.86 (3202)
nil

nil

nil

Collection by viable seed and nursery production are shown below:

Year

Seed col Viable Ship Age No. of
source lected seeds Nursery Sown year class trees

3201 1971 241,200 Orono F73 77/78 2-2 26,000
3202 1970 12,759,100 Swastika F71 74/75 3-0 1,812,000
3202 1971 195,360 Orono F73 77/78 2-2 17,500
3202 1974 4,318,540 Orono F75 77/78 2-0 188,000

4,054,060 F75 78/79 2-1 800,000
(rising)

264,480 F76 80/81 2-0 183,000
21,832,740 (rising)

During the spring of 1978 the following stock produced from the
SPAs was returned to the district for planting:

Species

White spruce
White spruce

SPA

3201

3202

Age class

2-2

2-2

Quantity

26,000

17,000
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Besides the production of cones, SPA 3202 has been utilized for
the collection of cuttings for vegetative propagation. During early
May, 1977 cuttings of approximately 20 trees were taken and shipped to
the Ontario Forest Research Centre at Maple for the production of stock
by vegetative propagation.

It has been estimated that by 1987, 55% of all seeds in Canada
will come from SPAs (Morgenstern 1979).

It can be seen from the previous figures of crop collection
that collections have been made on only three occasions. The largest
collection was made in 1970, from felled trees during the initial prepar
ation of the SPA. During the other collection years a combination of
harvesting techniques consisting of felling and the use of ladders was
employed. The ladder technique proved to be very costly and inefficient,
probably because staff were inadequately trained in its use. A recent
publication by Environment Canada (Yeatman and Nieman 1978) will do much
to further the technique of using ladders and other climbing aids.

Within the district there is a general lack of knowledge of the
handling of SPAs, their function and the techniques of their development.
The field foresters and technicians do not have a ready reference to
assist them; what are urgently needed are detailed instruction manuals
illustrating all aspects of selection and management of SPAs.

Protection on these SPAs against insects, disease and fire has
been practically nonexistent. Spruce budworm within the Cochrane Dis
trict is widespread but at this time it is relatively low within the
SPAs. Our district philosophy is not to spray to control budworm
(except in high-value areas such as these SPAs). We will continue to
monitor these insects and, if conditions warrant, we will attempt to
•control them in these relatively small areas. Road access is good, and
therefore protection of the SPAs from fire is not considered to be a
major problem*
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A BLACK SPRUCE GENE POOL FOR THE NORTHWESTERN REGION

G. Brown

Regional Forester
Northwestern Region
Ontario Ministry of Natural Resources
Kenora, Ontario

Severe depletion of the black spruce (Picea mariana
IMill.] B.&.P.) gene pool in the Kirkland Lake area by the
pulp and paper industry between 1918 and 1968 led the
Ontario Ministry of Natural Resources to establish a black
spruce gene pool preservation program in its Northwestern
Region in 1976. The program will also provide opportunities
for federal and provincial research scientists to conduct
progeny tests, and for the districts to establish new seed
collection areas.

De 1918 &1968, Vensemble genetique de Vtpinette
noire (Picea mariana IMill.), B.S.P.) devint tr&s appauvri
dans la region de Kirkland Lake, par llfaction de I Industrie
des p&tes et papiers. En 1976, cette situation amena le
Ministere des richesses naturelles de I1Ontario h mettre
sur pied un programme de conservation de Ifensemble gene
tique dans la Region nord-ouest. Ce programme permettra
aussi aux recheroheurs federaux et provinoiaux de oonduire
des tests de descendance. Les "districts" pourront etablir
de nouoelles aires de recoltes dues graines.

INTRODUCTION

The trees of the boreal forest were harvested with hand tools
and horses when I graduated in forestry from the University of Toronto
in 1951. In those days the cuts were progressing slowly and I thought
there would never be a shortage of quality fibre in northern Ontario.
In the 20 years that I spent in the Kirkland Lake area (from 1953 to
1973), I witnessed the mechanization of harvesting procedures, with a
tenfold acceleration of the cut and a corresponding tenfold reduction
in labor input. I also witnessed the disappearance of quality fibre,
our inability to regenerate increasingly large cutovers, and the
increasing distance of harvestable areas from the wood manufacturing
plants.
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HISTORY

The policy of the wood industry in Ontario was for many years
based on the dictum: Take the best and forget the rest. I do not know
of a single area in the Swastika District that was not high-graded
and/or burned at least once since the arrival of the timber barons prior
to the settlement of the "Little Clay Belt" after the turn of the
century.

One area in Ingram Township, for example, was high-graded five
times: first, for square timbers in the late 1880s; next, for red pine
(Pinus resinosa Ait.) and white pine (P. strobus L.) round logs during
the first decade of this century; then, for white spruce (Picea glauca
[Moench] Voss) for bridge timber and piling, and tamarack (Larix laricina
[Du Roi] K. Koch) and the larger jack pine (JPinus banksiana Lamb.) for
railway ties; then, for building material for the settlers; and finally,
in 1968, we salvaged 60 cu. m per ha of scattered balsam fir (Abies
balsamea IL.] Mill.), jack pine, and spruce pulpwood before we flattened
and burned the deciduous "garbage" to facilitate the regeneration of
the area by planting jack pine and spruce seedlings.

High-grading was not limited to the sawmill industry. During
the first three decades of their existence, the pulp and paper mills of
our neighboring districts culled all 5 m black spruce (JPicea mariana
iMill.] B.S.P.) logs delivered to their millyards that had a smaller
top diameter than 15 cm. It was only after the best trees were gone
that these companies lowered their standards to 2.5 m by 12.5 cm and
finally to 1.3 m by 10 cm. I have observed the harvest of the residuals
on some of our best sites yielding 60 to 90 cu. m of black spruce per
ha 30 to 40 years after they were high-graded for 72 to 90 cu. m of
5 m logs. I have also noted that the high-graded stands were devoid
of regeneration at the time of the second and third cuts because of the
dense alder (Almis spp.) cover that developed after the first cut on
the wetlands, and because of balsam fir, willow (Salix spp.) and scat
tered poplar (Populus spp.) in the uplands.

TREE IMPROVEMENT

The tree improvement program was introduced to Swastika Dis
trict in 1958. Because of the logging history we were hard pressed to
find any more than one to three white spruce "plus trees" annually and
we could find no black spruce trees at all even when the standards for
black spruce plus trees were lowered. I do not wish to leave you with
the impression that black spruce as a commercial species has been
eradicated like red pine and white spruce, since 50% of the conifer
harvest in Swastika is still spruce pulpwood. What I am saying is
that the quality of its gene pool was severely lowered with each cut
during the past 60 years by the successive removal of the best specimen.
Under these circumstances even the collection of black spruce cones
could not amount to any more than a token effort.
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When the tree improvement program was initiated we were told
that in about 10 years the 50 scions we were collecting from each plus
tree would be returned to us for the establishment of a seed orchard

which would eventually meet all of our black spruce seed requirements
for nursery stock. I do not know just how many hundreds or thousands
of scions we sent south from Swastika but I do know that, just like our
foresters and technicians, none of them ever came back to northern
Ontario.

THE PROBLEM

The depletion of the gene pool and our inability to collect more
than a token number of black spruce cones, together with the case of the
vanishing scions and the desire of the provincial government to increase
the regeneration of cutovers, prompted me to embark on a tree improve
ment program of my own on a district basis.

Between 1968 and 1972, before establishing the program, I talked
to as many people as I possibly could about their experience in tree
improvement, and about my specific tree seed problem, and I read their
publications. The success of the southern states with loblolly pine
(JPinus taeda L.) prompted me to promote a similar program with jack pine
for the Swastika District, but to no avail. I was told by our provin
cial people that, as far as the spruces were concerned, any involvement
on my part beyond decapitating the best tree specimens with rifle fire
to provide the "tree inquisitors" with scions would be considered nothing
short of interference.

The more I learned about tree improvement the more convinced I
became that the problem would have to be resolved on a district basis.
Unfortunately, my plans had to be postponed until 1976 because of the
reorganization of the Department of Lands and Forests into our present
Ministry of Natural Resources.

SELLING THE PROGRAM

The first step in implementing any program is to sell it to the
people who wilT carry it out. So, after moving to northwestern Ontario
in 1973 and recognizing the same symptoms I had observed in the north
eastern part of the province, I began promoting tree improvement at our
Regional Technical Committee meetings. First, I would tell the foresters
and technicians about the reduction in the quality of the gene pool that
I had observed at Swastika. Next I would tell them what I saw and
learned in the southern states. Then, I would tell them what the
Canadian Forestry Service was doing in the Maritimes. Finally, I would
tell them what I thought we needed in the Northwestern Region.
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It was a difficult selling job. No one wanted to take on a new
program on a district basis when the provincial program had had little
or no success over a 15-year period. The older foresters and technicians
had had the same experience as I had with vanishing scions. The younger
foresters and technicians were having a rough time coping with the
Forest Production Policy. After I had assured these people that they
would get their own seedlings back within 3 years because all the work
would be carried out in the region, the Fort Frances and Ignace dis
tricts volunteered to give the program a try. Instructions for select
ing the individual trees and for collecting and handling the cones were
written in the fall of 1976.

The other four districts stayed aloof until they were satisfied
that the seed collected by the volunteers had been sown at the Dryden
Nursery in the spring of 1977. In the fall of 1977 all six districts
participated in the program and watched with pride as the seed they col
lected from 2,000 plus trees was sown at the Dryden Nursery in the spring
of 1978.

THE PROGRAM

I discussed the route we intended to follow in our tree improve
ment program with Canadian Forestry Service researchers. Their enthus
iasm for the undertaking and the guidance they provided were more than I
had expected. I cannot say the same of our own people, but when they
saw that the program was going ahead with or without their input they
asked us to modify our program to accommodate an individual progeny test
of their design.

follows:

IMPLEMENTATION

The procedures for preserving the black spruce gene pool were as

1. Each district was asked to identify no fewer than two and no
more than four blocks of black spruce areas from the operating
portion of their forest management plants, two for each seed
zone in their district.

2. Each of these areas was to be visited throughout the winter
months after a cone crop, and a hard hat full of cones was to
be collected from each superior tree encountered along the
face of the cut or ahead of it.

3. The trees so selected had to be 20 m apart Capprox. 2^ trees
per ha).
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4. Each tree had to be identified by district, base map, tree
number and year of cone collection.

5. Each tree had to be aged and its height and DBH recorded.

6. Each district was to maintain a ledger on the age, height
and diameter of the tree from cones which were picked even
though the collection was based on destructive sampling. The
same information was to be marked on the cone containers for

each tree collection.

7. Twenty large cones were to be removed from each hard hat for
a controlled progeny test on an individual basis. (These
trees will be cultured in our Dryden greenhouse and nursery
beds for field planting. It is expected that at least 150
seedlings will be produced for the progeny testing of each
parent.)

8. The remainder of the cones were to be thrashed locally and
sown at the Dryden Nursery by areas. (We hope to be able to
return and field plant the seedlings near the areas of their
origin. These gene-pool plantings will become our future
cone collection areas.)

9. The first 50 seedlings from each parent were to go into a
progeny test which would be replicated five times with 10
seedlings for further selection at a later date.

10. The second 50 seedlings from each parent were to go into a
seedling seed orchard designed by R.M. Rauter.

11. The remaining seedlings (if any) from each parent were to
join the gene pool for outplanting.

12. Any tree that would not produce a minimum of 100 seedlings
was to join the gene pool as well.

CONCLUSIONS

We in the Northwestern Region feel that the maintenance of the
black spruce gene pool will have the following beneficial effects:

1. It will provide each district with its own known and slightly
improved seed source for general seed collection in the future.

2. It will expedite the establishment of first-generation seed
orchards through progeny testing.
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3. It will provide both federal and provincial research organiza
tions with a better base for further improving the quality of
our black spruce through the sexual and vegetative propagation
of the best individuals and through the double-pronged progeny

jh res ts.

In closing I would like to point out that the preservation of
the black spruce gene pool is an ongoing program at least until such
time as each district has large enough seed orchards and seed collection
areas to ensure its seed requirements for regeneration purposes.

In view of the District staff's present work load, I would not
recommend the establishment of a gene pool for another species, for it
would mean that the staff would be unable to maintain the quality of its
input into the program.

<* I would also like to point out that, since black spruce accounts
for 50% of the conifer harvest in the boreal forest of Ontario, we should
be devoting 50% of our tree improvement effort to this species to ensure
its regeneration. The other 50% of our effort should be expended accord
ing to the contribution that each species makes to the annual harvest,
with a special program for exotics.

/9\
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HARDWOOD MANAGEMENT TO IMPROVE QUALITY

IN SOUTHERN ONTARIO

E.F. Johnston

Regional Forester
Southwestern Region
Ontario Ministry of Natural Resources
London, Ontario

The importance of the hardwood resource in Ontario
is described and current management techniques for tolerant
hardwoods in southern Ontario are reported. The impact of
silvicultural treatments on productivity are discussed and
recommendations for improvement in management are presented.

L'auteur traite de lifimportance des ressources de
bois durs en Ontario et des techniques actuelles de gestion
appliquees aux bois durs tolerants du sud de la province.
L9influence des traitements sylvicoles sicr la productivity
est mise en question et Vauteur presente des recommanda-
tions pour ameliorer la gestion des for£ts de bois durs.

INTRODUCTION

The production of heavy hardwoods in Canada is confined to the
Great Lakes-St. Lawrence and the Deciduous forest regions (Rowe 1972).
In Ontario, these two forest regions occupy 46 million ha of land, and
during 1977 they produced 191 million fbm of hardwood other than poplar
(Anon. 1978). In the Algoma and Algonquin regions, yellow birch
(Betula alleghaniensis Britt.) and maple (Acer spp.) are the most
important species. South of the Precambrian Shield, maple accounts
for the greatest volume and has the. highest total value, but the warmer
climate and richer soil produce species such as ashes (Fraxinus spp.),
oaks (Quercus spp.), hickories (Carya spp.), beech (Fagus spp.), and
walnut (Juglans spp.), which are more valuable but account for less
volume.

The heavy hardwoods support a secondary manufacturing industry
that provides 47,000 jobs directly and many more indirectly. Hardwood
is in short supply, and this factor, coupled with the strong demand for
exports, is putting undue pressure on the hardwood resource. Furniture
manufacturers are experiencing difficulty in obtaining adequate supplies
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of suitable lumber at affordable prices. The exchange differential of
40-50% of the Canadian dollar against the German mark or Japanese yen
is making Ontario hardwood a good buy. There is an urgent need to
improve the productivity of the southern hardwood forest through better
silviculture and genetic upgrading.

OWNERSHIP

In southern Ontario, 64% of the forest is privately owned, with
the balance held by the crown or by industry. Production from crown
land is well documented because complete scaling returns are required
for the collection of crown dues. In the private sector, production
data are hard to obtain since the only source—mill license returns
has been very unreliable in the past. Actual production is estimated
to be much higher than the statistical reports indicate. There are also
significant drains from the forest resources which are unrecorded. The
need for a complete inventory of the heavy hardwood resource by volume
and grade has never been greater.

Private owners are limited in their ability to manage hardwoods,
since 60% of those with 20 acres or more have held the land for fewer

than 20 years. The rotation extends far beyond this, and so private
interest in young stands is rare. Long-term effort is essential to
build growing stock and develop a combination of age classes that will
provide periodic harvests. However, one out of every four private
woodland owners would like to clear at least part of his woodland for
an alternative use (Anon. 1972). In the agricultural areas, it is com
mon practice to reduce the growing stock to the lowest possible level
and then clear the area for agricultural crop production. In the south
western portion of the province, when land use is changed from forestry
to agricultural, there is a significant capital gain in the order of
$2,400 per ha immediately, and annual crops can be produced beginning
as early as six months after the clearing.

Tree cutting bylaws, which are passed by municipalities under
The Trees Act, prohibit the destruction of trees below certain diameter
limits, 35-45 cm for the more valuable species measured 35 cm above the
ground. Bylaws have preserved the hardwood forest in the past, but
their effectiveness is declining. The Trees Act has not been revised
for 25 years and is outdated; the penalties are low and an increasing
number of owners are willing to defy the law and clear the land, paying
the penalty as a licence fee. Major revisions in The Trees Act are
being prepared at this time, the most important of which gives power to
the presiding judge to order that the cleared land be replanted and
maintained in forest cover. This penalty can offset the rewards of
illegal clearing if properly applied and enforced by counties and
regional municipalities•
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Monetary return from hardwood production can equal the annual
return from a crop of corn if the forest is well stocked with good
species and proper management is being applied. If we are to retain
the forest cover in southern Ontario on the good agricultural soils,
we must bring the forest to its highest state of productivity, to
ensure that it is a paying proposition through direct return to the
owner or through subsidies from society. High-grading in the past has
reduced the growing stock in many woodlots to partial stocking of
secondary species such as beech, hickory and low-grade maple. The
greatest challenge to forest managers in the south is to reverse this
trend and establish vigorous young stands of the best commercial
species such as hard maple, ash, yellow birch, oak, cherry (Prunus
spp.), black walnut and tulip-tree (Liriodendron tulipifera L.).

MANAGEMENT PRACTICES

In response to the demands of the Furniture Manufacturers Asso
ciation for better management of the hardwood resource, The Woodlands
Improvement Act was introduced in 1966 to provide government assistance
to landowners in establishing plantations and tending hardwood stands.
An estimated 90% of the stand improvement work in southern Ontario is
carried out under this Act.

Our strategy in growing hardwoods for high-grade lumber and
veneer is to get adequate natural regeneration of desirable species by
manipulating light intensity, seed supply, and competing vegetation.
Planting can be done immediately after disturbance to "sweeten" the
anticipated natural species mix. The regenerated stand is left to sort
itself out for 30-40 years. Stems are subsequently reduced to a man
ageable number on the basis of "survival of the fittest". The merchant
able length of the stem will be established during this period, at
approximately 10-13 m in the Southwestern Region, and we plan to avoid
additional side branch pruning from this time on. The crown will be
set and cleaning and thinning will provide free growing space for
selected crop trees. The polewood stand produced in this prescription
will then be managed according to the principles of the selection or
uniform shelterwood systems.

Crop trees are well formed specimens of the more desirable com
mercial species. The first trees to be removed are defective, poorly
formed stems of any species, and in some cases, high-grade stems must
be sacrificed to achieve good spacing. The material produced from the
cleaning and thinning can be used commercially for fuel or fibre where
economical markets exist. When a commercial operation is not possible,
mechanical girdling is used to remove the surplus trees at minimal
cost. The recent upsurge in fuelwood demand has expanded the market,
but there has been no significant increase in profitability. A pole-
wood stand in the 10-25 cm diameter range should produce merchantable
sawlogs in the second treatment 10-20 years hence.
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Cleanings and thinnings have a genetic impact on the growing
stock and will preserve the best specimens in the stand to reproduce
at any time in the future when conditions are favorable. From this
point in the life of the stand, advance growth is usually present on
the ground. These seedlings, plus any established following distur
bance, will become the next stand. The practice of managing polewood
is the first and most widespread treatment to reverse genetic decline
in the management of hardwoods in southern Ontario.

In the past, timber was sold in the south from private land on
a volume/grade system, according to which the buyer would offer to
purchase standing timber by the thousand (fbm) using his own scaling
and grading practices. In this way, he paid for only that material
removed on his terms and conditions. Tales of exploitation and waste
were widespread. The common criticism was that only the best trees of
the best species were cut and upper logs with light branching were left
in the bush to rot. To reverse this destructive practice, and to help
landowners get a fair return for forest products, the Ontario Ministry
of Natural Resources (OMNR) introduced a marketing service to assist
owners in selling standing timber.

Foresters and technicians from OMNR will mark standing timber
to achieve the goals and management objectives of owners, and to build
in good silvicultural management. The marking should preserve some of
the better trees as growing stock for future cuts, and a superior seed
source for regeneration. Low-grade timber of all kinds is marked to go
with the quality timber, thereby leaving the forest in a good post-cut
condition.

The former practice was to cut only the best and leave the
worst. As a result, we have thousands of acres of down-graded forest
which must be rehabilitated if we are to meet the demand for hardwood

in the future. The owner of the land is provided with a volume esti
mate by species and a suggested minimum sale price. There are many
examples of partial cuts on this lump sum sale basis exceeding the
value of volume/grade cuts to the diameter limit by 100%. Using the
lump sum sale system, the owner, the government and society are repaid
many times over for the investment of public funds in a marketing
service.

An owner who receives a fair price for his trees is encouraged
to preserve and manage the woodlot; industry will have an improved sup
ply of timber in the future; the public reaps an aesthetic and environ
mental benefit in heavily populated areas; the sawmill operator is
assured of continuing supplies of better quality logs.

IMPROVEMENT IN MANAGEMENT

If we are to maximize the production of heavy hardwood in
southern Ontario we must increase our management treatment by three to
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five times the present level. This can be done by means of a variety of
programs, most of which are in existence at the present time.

The first step is to secure the land base and maintain the exist
ing forest cover in the agricultural areas. To do this, The Tree Act
must be amended and tree cutting bylaws must be passed by municipalities
and enforced.

The second step is to improve the profitability of forests so
that they will be competitive with other uses of the land; otherwise,
pressure will continue to be exerted to change the land use. I foresee
intensified demand and parity prices for timber in the future, which
will encourage more intensive management.

The third step is to expand the stand improvement program to
ensure that all class 1 and 2 hardwood stands receive a cleaning and
thinning treatment not later than age 50.

The fourth step is to control harvesting to ensure that future
crops are not jeopardized and that they will be genetically equal to
or superior to those that have been removed.

The fifth step is to increase the effort to rehabilitate high-
quality sites where lack of proper management has produced low-grade
problem stands. Government subsidies may be necessary to assist owners
who cannot afford the cost of rehabilitation.

The sixth step is to maximize the capability of the forest to
produce quality hardwoods through genetic improvement. Superior stock
can be planted in cutovers immediately after the harvesting operation.
There is also an opportunity to reintroduce lost species or to bring in
new ones beyond their normal range (e.g., by planting ash, basswood
(Tilia amerioana L.) or black walnut {Juglans nigra L.) in heavily cut
maple (Acer spp.)-beech (Fagus spp.) stands).

SUMMARY

Although minimal effort has been expended on a formal tree
improvement program for southern hardwoods, good silvicultural manage
ment can set the stage for scientific research at a later date. The
gene pool is intact and management practices should preserve it for
the future.

Applied silviculture can double or treble the productivity of
tolerant hardwoods. Practical, economical and effective techniques are
being used at the present time and the challenge to forest managers is
to apply this treatment to a higher percentage of the total hardwood
resource.
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THE ECONOMICS OF TREE IMPROVEMENT IN ONTARIO

A. Carlisle

Deputy Director
Petawawa Forest Experiment Station
Canadian Forestry Service
Chalk River, Ontario

R. Marie Rauter

Research Scientist

Ontario Forest Research Centre

Ontario Ministry of Natural Resources
Maple, Ontario

This paper summarizes available information about
costs and benefits of tree improvement programs * discusses
the use of optimization techniques and. the cost of tree
improvement activities in Ontario^ and suggests future
action •

Cet article resume I'information disponible sur
les cottts et bin&fices interents aux programmes dTameli
oration des arbres. II traite de I'utilisation de tech
niques droptimisation et du cout des activites qui
entourent Iramelioration des arbres en Ontario> aussi il
sugg&re des moyens d*action pour I'avenir.

INTRODUCTION

Although this paper will focus on Ontariofs tree improvement
programs where possible, so few economic analyses of tree improvement
have been carried out in Canada that it has been necessary to base many
of the main points on work done abroad, particularly in the United
States.

It can be assumed that the economic technique bf discounted
profits is used throughout the paper unless otherwise stated. This con
ventional economic method calculates the current values of future profits
(or losses). The majority of authors include interest in their calcula
tions and this has been the source of much controversy.
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The decision to charge or not to charge interest depends upon
whether or not one has an investment alternative. Any private entre
preneur who considers investing in tree improvement can just as well
invest in Canada Savings Bonds. He has an option, and should include
interest in his cost/benefit computations.

With a government organization, however, the situation is more
complex. If, for example, in a national forestry emergency, the govern
ment had no alternative but to invest in tree improvement to ensure the
success of a regeneration program, there would be no investment alter
native and interest would not need to be charged.

Even with governments, however, there are usually alternatives
and this is why many authors have chosen to include interest in their
calculations. It may reflect poorly on the economics of tree improve
ment, but this pessimism is not always a bad thing, particularly if there
is evidence that tree improvement pays in spite of the need to allow for
interest.

Debate about whether or not to include interest in calculations
should not divert attention from our main task, i.e., that of showing
whether or not tree improvement pays and selecting the best combination
of management alternatives.

DOES TREE IMPROVEMENT PAY?

Most of the literature on the economics of tree improvement is
concerned with program justification, attempting to demonstrate that the
use of selected or improved tree genotypes in planting and seeding pro
grams is a paying proposition. The majority of reports deal only with
the phase from seed orchard or seed production area to tree harvest, but
a few include mill costs (e.g., Davis 1969) and investment in research
(e.g., Carlisle and Teich 1971). Several reports demonstrate that rela
tively small increases in yield (2% to 4%) that are due to tree improve
ment result in a considerable increase in the merchantable value. This
increase more than pays for the extra cost of production of the improved
seed (Perry and Wang 1958; Cole 1963; Marler 1963; Lundgren and King
1965; Bouvarel 1966; Pitcher 1966; Davis 1967, 1969; Swofford 1968;
Bergman 1968, 1969; Carlisle and Teich 1971). Increases in yield con
siderably greater than 2% to 4% can be expected from tree improvement
programs (e.g., 10% to 20%).

Davis (1969) calculated that daily profits at a pulp mill could
be increased from 15% to 41% by increasing paper yield per unit of wood
input by a modest 5% and reducing the processing time by a similar amount
by using better quality materials. The necessary increase in wood qual
ity can be obtained by tree improvement as well as by better cultural
techniques. There is also evidence that a relatively modest (about
$100,000 per annum over 15 years) investment in research into white spruce
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(Picea glauca [Moench] Voss) and a small expenditure on seed production
($23,000 per annum) can generate about $832,000 per annum in the con
text of a major (40,500 ha per annum) spruce planting program CCarlisle
and Teich 1971).

Marquis (1973) approached the problem of evaluating costs and
benefits of hardwood tree improvement programs in the United States by
calculating the maximum tree improvement costs that could be justified
for different species, taking into account all silvicultural costs.
Improvement of black cherry (Prunus serotina Ehrh.) and white birch
(Betula papyrifera Marsh.) was regarded as a good investment, and
expenditures of about $86 to $247 per ha could be justified if there
were 10% to 20% genetic gains. Very large genetic gains would be needed
to justify costs of improving red oak (Quercus rubra L.). Marquis
emphasized that improvement of these species pays only when it is com
bined with intensive silviculture.

Rates of return on investments in tree improvement vary a great
deal CTable 1), but are generally 6.0% to 21%. The highest rates of
return computed (10% to 21%) are those for the southern pine programs
in the United States (Swofford 1968, Hart and Ferrie 1972, Swofford and
Smith 1972, Dutrow 1974, Porterfield 1974, Anon. 1975). The only avail
able estimate for rate of return from a Canadian tree improvement pro
gram is 6.7% for white spruce (Carlisle and Teich 1971). These rates
of return apply only to the phase from the seed orchard to harvest, and
do not include the much greater value added at the mill and in manufac
ture of consumer products.

Using a model with 13 variables, Carlisle and Teich (1971)
calculated that an extra expenditure on superior seed production of
$l/ha planted in a white spruce reforestation program generated a dis
counted profit of from $11.70/ha to $29.38/ha, depending upon the site.

It should be remembered that all these estimates of costs and

benefits of tree improvement programs include only the tangible values
of increased timber yield, better timber quality and, sometimes, resis
tance to diseases, and do not take into account the intangible values
such as crop security and product uniformity. The cost estimates may
be accurate, but the estimates of benefits are usually too low CCarlisle
and Teich 1977).

The evidence in the literature that tree improvement pays is
overwhelming, even when interest is included in the calculations. It
is no longer necessary to invest in tree improvement programs as a
matter of faith. If the program is well designed and aimed at the right
species, and the results are used in forest operations in conjunction
with sensible cultural practices, tree improvement is a good investment.
In future we should direct more of our efforts into assessing which tree
improvement strategies, and which combinations of tree improvement and
silvicultural techniques, give the best return on the dollar invested.
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Table 1. Internal rates of return from tree improvement programs.

Rate of

Author Species Country return

Lundren and King 1965 Red pine
(Pinus resinosa Ait.)

USA 6.8%

Jack pine USA 6.8%

(Pinus banksiana Lamb.)

Anon. 1975, Dutrow 1974, Southern pines USA 10-21%

Hart and Ferrie 1972,

Porterfield 1974,
Swofford 1968,
Swofford and Smith 1972

Carlisle and Teich 1971 White spruce Canada 6.7%

Reilly and Nikles 1977 Cuban pine

(Pinus caribaea
Morelet)

Australia 14%

Porterfield 1974 Southern pines USA 10-14%

PROGRAM OPTIMIZATION

Linear programming

In recent years there has been a trend away from traditional
cost/benefit analyses towards optimization of tree improvement programs
(Carlisle and Teich 1977). Van Buijtenen and Saitta (1972), pioneers in
this field, used linear programming techniques to optimize the allocation
of limited resources in improvement of southern pines. Porterfield
(1974, 1977) and his colleagues (Porterfield et al. 1975) published a
series of papers dealing with these optimization techniques as they were
applied in the southern pine programs of the United States. The models
can be used to determine how much seed orchard roguing will be most
profitable and where the money will best be invested to attain a specific
tree improvement goal.

In a multiple trait analysis, the managers rank the traits in
order of importance and decide upon minimum desired gains for each. The
mathematical model can be used to find the best combination of traits to
be selected. In one investigation of the southern pines by Porterfield
(1974) the traits used were bole volume, stem straightness, crown shape
and size, wood specific gravity and resistance to fusiform rust {Cronar-
tium fusiforme Hedge, and Hunt ex Cumm.). Porterfield was able to
optimize tree trait combinations and selection intensities for the stated
goals, and compute the rate of return on the investment. For example, he
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found that progeny testing and roguing gave internal rates of return
ranging from 10% to 14%, but without the progeny testing these rates
were only 8% to 13%. Porterfield estimated that volume gains of 20% or
more were possible by manipulation of roguing intensity and wild stand
selection expenditure. In later papers (Porterfield 1977, Porterfield
et al. 1975) it was pointed out that the initial phase of tree improve
ment is of critical importance to profitability. In the southern pine
programs the initial expenditures on wild stand selection should have
been three or four times higher than they were in order to maximize
profits. He also emphasized that once a seed orchard has been estab
lished and rogued, the genetic gain is fixed and profitability of tree
improvement is "directly and proportionately influenced by seed yields".
Insect control and fertilization of orchards to increase seed yield were
usually highly profitable.

Linear programming techniques were used effectively by Hart and
Ferrie (1972) of MacMillan Bloedel Ltd. in connection with the southern
pine linerboard program. They constructed a model to examine the extent
to which genetic and silvicultural methods can be used to modify the
woody raw material, the investment required and expected return, and how
these returns compare with the returns from investment in modification
of mill technology in order to produce equivalent end products. Their
hypothetical mill produced 907 tonnes of linerboard per day, 345 days
per year. Several test cases involving a number of forestry alternatives
(genetic improvement, site preparation, fertilization) and an option
including mill processing were solved. The return on the investment in
genetic improvement was 17%» Without exception, optimum solutions
included investment in genetic improvement of tree volume production,
specific gravity of wood, and disease resistance. Interest rate varied
from 4% to 8%, and it was found that investment in mill processing con
trol was emphasized more at the higher (8%) interest rates. The authors,
in common with other researchers using these linear programming tech
niques, found that construction of the model and interpretation of the
results raised many thought-provoking questions. Models of this kind can
be of great value in examining forest management options and their effect
on wood volume and quality, as well as their interactions with mill
processing.

Potential in Canada

So far these techniques have not been used in Canada. They have
been used effectively for the southern pine programs because there has
been interest in tree improvement for many years in the United States, a
great deal of reliable information is available on genetics, silvicul
ture and economics, and program policies and goals are clearly defined.
Although some information is available about the basic genetics of the
species of major importance in Canada, such as Douglas-fir (Pseudotsuga
menziesii [Mirb.] Franco), white spruce, black spruce (Picea mariana
[Mill.] B.S.P.), jack pine and red pine, there are still large gaps.
Even plantation yield data and records of costs are often lacking. It
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is doubtful whether these linear programming optimization techniques
could be used effectively in Canada at the moment. It is suggested
that the potential of these techniques for use in Canada, the informa
tion needed to apply them, and ways of obtaining the necessary informa
tion be examined as soon as possible with the assistance of an economist
experienced in linear programming and other optimization techniques.

Before these techniques can be used program goals must be
specified. Tree improvement programs have all too often been based
upon intuitive selection of the species priorities. For the most part
these species selections have been aimed at trees of high economic
importance, although sometimes the emphasis has not been closely linked
with need. Today, however, with foresters becoming more interested in
a wider range of species, including larch (Larix spp.), poplar (Populus
spp.), ash (Fraxinus spp.) and other hardwoods, for both energy and
conventional forest products, priority designation is becoming more
difficult, particularly within the current context of limited research
and development funds. There is a need for the development and use of
objective, quantitative priority ranking techniques. Farmer (1973)
developed such a technique for improving hardwoods in the eastern
United States. Candidate species were ranked by many foresters for
the criteria of growth rate and wood value, predominance in existing
forest, uses other than for timber, plantability, area planted or
seeded, likelihood and cost of breeding success, and cost of produc
ing improved stock. Criteria were weighted for importance. Farmer
points out that these quantitative decision-making techniques may not
be the final determinants of program emphasis but it helps to break
down the decision-making process into discrete units about which one
can be objective.

Tree improvement programs in Canada have some way to go before
they can benefit from these useful optimization techniques, but work
should be guided in that direction, and the interest of economists
solicited. So far economists in Canada have shown very little interest
in the economics of tree improvement and it is high time that they
became involved.

EXPENDITURES ON TREE IMPROVEMENT

The Need for Seed

In his study of forest management in Ontario, Armson (1976)
stated that provincial tree breeding expenditures amounted to only 1.7%
of the total forest management budget for the 1974-1975 period. He
considered this to be inadequate. In the period 1975-2000, seed require
ments (for white pine, jack pine, red pine, white spruce, black spruce,
and other species) will increase from 1.3 billion to 2.1 billion (Rauter
1973). If this seed is to be genetically sound, and the best available,
we must set goals, assign priorities, make use of existing tree genetics
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information, identify serious information gaps and fill these gaps.
These tasks will require a considerable investment of money and man
power, and will create a great demand for basic knowledge about the
genetic characteristics, seed production, and silviculture of the tree
species involved.

Regional Tree Improvement Expenditures

At present tree improvement in the Ministry is being carried out
in all administrative regions in Ontario as well as by the Ontario Forest
Research Centre (OFRC). The 1976-1977 expenditures of the individual
regions on tree improvement ranged from about $7,000 in the Southwestern
Region to about $59,000 in the North Central Region (Table 2). Tree
improvement expenditures for all regions expressed as a percentage of
expenditure on regeneration + site preparation + stock production + seed
collection ranged from 0.3 to 4.9% in 1974-1975, 0.3 to 5.9% in 1975-1976,
and 0.3 to 3.0% in 1976-1977 (Table 3). It is of interest to note that,
for most regions, the expenditures on tree improvement consist of about
50% for permanent salaries and 50% for other costs. This is in contrast
to regeneration costs, which include 12% for salaries. This is also in
contrast to research expenditures. At Petawawa Forest Experiment Station
(PFES) about 80% of the tree improvement budget is spent on salaries,
both permanent and casual; for the Ontario Ministry of Natural Resources
(OMNR) head office (including OFRC) that figure is about 65%.

Adequacy of Tree Improvement Programs

Are these expenditures adequate to meet the immediate future
demands for genetically improved material? Rather than attempt to
assign an arbitrary figure for expenditure on tree improvement, either
in absolute figures or as a proportion of regeneration costs, it is
better to rephrase the question. We should ask whether or not present
investments in such areas as selection and establishment of seed produc
tion areas and seed orchards, based on sound genetic principles, are
adequate to meet immediate and future needs for seed. Although there
are exceptions (e.g., jack pine seed production areas at Gogama in the
Northern Region), in general, current tree improvement activities in
Ontario are not adequate to meet forecasted needs. An appreciable
increase in funding of tree improvement in all its phases, research,
development and operations, will be necessary if future needs for gen
etically improved seed are to be met.

COST•SOURCES

A tree improvement program has many facets, including genetics
research, stand and tree selection, progeny tests, designation of seed
collection areas, establishment and management of seed production areas
and seed orchards, seed collection and tree propagation. Each compon
ent represents a cost source, and the manager, whether or not he is



Table 2. Regional costs of tree Improvement, regeneration, site preparation, stock production and seed collection*3

1976-1977 NW NC N NE Algonquin E Central SW

Total

Regions
HQ &

Maple Total

$'000

A. Regeneration

Expenditures
Salaries (permanent)

Total

305.4

31.7

337.1

1205.5

162.8

1368.3

1185.4

143.6

1329.0

388.5

48.2

436.7

208.9

49.5

258.4

360.2

76.8

437.0

239.0

44.8

283.8

182.3

1.2

183.5

4075.2

558.6

4633.8

26.4

107.6

134.0

4101.6

666.2

4767.8

B. Site preparation

Expenditures

Salaries (permanent)
Total

796.3

47.4

843.7

873.3

28.4

901.7

1057.0

81.2

1138.2

288.2

16.6

304.8,

45.2

10.9

56.1

70.1

27.2

97.3

26.8

6.9

33.7

2.2 3159.1

218.6

3377.7

a
3159.1

218.6

3377.7

C. Stock production

Expenditures

Salaries (permanent)
Total

577.8

64.9

642.7

544.1

102.7

646.8

1076.2

203.3

1279.5

137.4

33.1

170.5

— 394.5

113.8

508.3

759.6

455.7

1215.3

351.1

195.0

546.1

3840.7

1168.5

5009.2

89.6

122.8

212.4

3930.3

1291.3

5221.6 K>

D. Seed collection
to

Expenditures

Salaries (permanent)
Total

174.8

8.3

183.1

94.7

3.0

97.7

102.8

12.7

115.5

16.5

.5

17.0

11.5

6.8

18.3

13.5

5.2

18.7

91.1

9.3

100.4

29.5

.2

29.7

534.4

46.0

580.4

10.2

25.3

35.5

544.6

71.3

615.9

E. Tree improvement

Expenditures

Salaries (permanen
Total

it)
14.7

8.3

23.0

28.1

31.2

59.3

24.0

16.1

40.1

2.2

3.5

5.7

3.5

8.0

11.5

4.2

4.9

9.1

20.8

28.9

49.7

6.9

679

104.4

100.9

205.4

134.2

254.7

388.9

238.6

355.6

594.3

All values rounded off to nearest $100. Data from OMNR Annual Reports.

Expenditures include materials, travel, casual and seasonal labor.

Less than $100.
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assisted by sophisticated optimization techniques, must attempt to get
the best return on the available dollars. Cost sources such as rate of

inflation and interest rate are beyond his control, but he has at his
disposal many tree improvement options for which he can control the
costs.

Table 3. Regional tree improvement costs expressed as a % of total
costs of regeneration + site preparation + stock production
+ seed collection.

Total

Year NW NC N NE Algonquin E Central SW regions

1974-1975 0.7 1.8 0.5 0.8 0.9 0.5 4.9 0.3 1.3

1975-1976 0.9 1.5 1.7 1.1 1.6 0.3 5.9 0.9 1.8

1976-1977 1.1 1.9 1.0 0.6 0.3 0.9 3.0 0.9 1.5

Time—a Source of Cost

As with most forestry operations, time is a major source of cost
in tree improvement programs, particularly if compound interest is used
in the calculations. The increasing activity in high-yield, minirotation
forestry systems is at least partly a reflection of the attractions of
quick returns on the initial investments. It is essential that tree
improvement programs be planned to pay off as early as possible; however,
one must take care that the quality of the work is not sacrificed, and
that decisions are not made so hastily that there is cause for regret
later.

One of the major criticisms levelled at tree improvement is that
it takes a long time to obtain research results and apply them. Tech
niques such as advanced generation breeding are long term, although the
potential gains are great. However, genetic principles can be applied
now to seed source designation to meet ever increasing demands for seed.
Even the controlled collection of seeds on a large scale from the best
local natural stands is a definite step in the right direction. It costs
very little and can take place now. More refined genetic techniques that
will result in greater gains can be used when more information becomes
available. Large-scale collection of seed from seed production areas
managed on a sound silvicultural and genetic basis may take a little
longer, but the time scale even then is only 5 to 10 years. In many
cases at least some of the principles are known and need only be applied.
A great deal of available genetic information is not in use and all too
often known principles are not applied.
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Cost of Tree Selection, Seed Collection and Grafting

Detailed records of costs are difficult to find, even for opera
tional programs; research costs are even more difficult to obtain. How
ever, the Northern Region and Northwestern Region in Ontario have supplied
data which represent two contrasting situations. The Northern Region's
tree improvement operations in Gogama District are relatively intensive.
Table 4 gives the cost of identifying six white pine (Pinus strobus L.)
trees and collecting 30 scions from each tree at $312.50/tree and
$10.41/scion. The cost of selecting 10 black spruce trees, and taking
30 scions per tree, was $181.50/tree and $7.05/scion. In contrast,
during 1973-1974 in the Northwestern Region, the cost of locating plus
trees of black spruce averaged about $25/tree, and scion collection
averaged about $0.80/scion (Table 5).

Table 4. Tree improvement costs - Gogama District, Northern Region,
Ontario.a

1. Selection of 6 white pine plus trees and collection of 30 scions
from each tree.

$
Total cost 1,875.00
Cost/tree 312.50
Cost/scion 10.41

2. Selection of 10 black spruce trees and collection of 30 scions
per tree.

$
Total cost 1,815.00
Cost/tree 181.50
Cost/scion (anticipated) 7.05

3. Selection of 47 jack pine plus trees.

$
Total cost 1,646.12
Cost/tree 35.02

4. Seed production area (323 ha) establishment (Garibaldi).

$
Total cost 32,495.00
Cost/acre 40.61

a
Data supplied by G. Oldford, Forest Management Supervisor, Northern
Region.
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Cost of tree improvement activities,

1973-1975.a
Northwestern Region,

Activity

Cone Plus-tree Scion

collection location collection

Year Species ($/KL) ($/tree) ($/scion)

1973-1974 Red pine mm —

Jack pine 22.13 - -

Black spruce 36.38 20.50 0.24

White spruce 36.35 17.81 0.30

1974-1975 Red pine 33.72 - —

Jack pine 30.98 - -

Black spruce 53.17 27.01 1.31

White spruce 61.54 31.54 0.72

1976-1977 Red pine — — -

Jack pine 34.56 - -

Black spruce 44.88 - 0.74

White spruce • ^ 1.50

Data supplied by G. Brown, Northwestern Region from Annual Reports of
Northwestern Region, 1973-1975.

Even if we allow for possible differences in the methods of cal
culating costs, the costs for the Gogama Districtfs intensive tree
improvement program are very much higher than those for the Northwestern
Region. These differences are to be expected. In one area, the location
of sufficient plus trees for a program could involve a considerable
cruising operation, while in another, it could be just a normal part of
day to day operations. The effort put into the selection will also
depend upon species; for example, one would not invest much effort in
selecting for form in species such as black spruce and red pine which
generally have good form, but fairly intensive selection of jack pine,
larches and many hardwood species for good form might well be rewarding
(Morgenstern et al. 1975).

One can invest too much in over-intensive selection. In order

to assess how intensive the selection should be, one must understand the
genetic characteristics of the species involved. Research into the
basic genetic characteristics of tree species is no mere academic exer
cise; it is of great economic value in any tree improvement program, as
it helps to avoid costly mistakes with long-term, far reaching conse
quences •
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The information given above covers the cost up to scion collec
tion but does not include grafting. Z. Zdrazil of PFES found that the
total cost of producing rootstocks, preparation of the rootstocks for
grafting, the grafting and after care in the nursery cost about $0.49/
man-hour/tree or about $3/tree (Table 6).

Table 6. Cost of grafting 100 plants at the Petawawa Forest Experiment
Station, Chalk River, Ont., 1978a.

Man-hours Cost $

per 100 plants

Production of rootstocks 3 18.15

Potting of rootstocks 3 18.15
Preparation of rootstocks for grafting 8 48.40
Grafting 20^ 121.00
Nursery (cutting back, staking, etc.) 15 90.75

49 296.45

Total cost per graft 0,49 2.96

a

b

c

Provided by Z. Zdrazil, Nursery Supervisor, PFES.

Labor cost at $6.05/hr

Assuming workers are skilled

Costs of plus-tree selection can be relatively high (Table 4)
and from a cost point of view it may seem that collection of a large
number of scions from each tree for grafting and use in a seed orchard
is an attractive proposition. Genetically, however, use of too few
clones in a seed orchard can lead to inbreeding and too narrow a
genetic base. Only by close cooperation between the geneticists and
silviculturists can the best orchard designs be achieved, with suffi
cient clones and acceptable costs.

Experimental Plantation Costs

The establishment of experimental plantations is a labor-
intensive operation. P. Viidik of PFES CCarlisle and Teich 1976) has
compiled the costs of establishing 307 field experiments (114 ha) on
the Station for a 50-year period (1924-1973). The cost of the trials
was between 928 and 1052 man-hours/ha—equivalent to about $5569-$6311/ha



227

in 1978 dollars. This included land clearance, which averaged 805 man-
hours/ha, equivalent to $4816/ha C1978), and accounted for about 87%
of the total cost. This high cost was due to the need for careful site
preparation independent of that done by commercial logging operations,
and is justified only in the case of precise genetics experiments where
it is necessary to keep site variation to a minimum. If experiments
can be coordinated with logging operations, a great deal of this cost
could be eliminated. Careful integration of tree improvement research
programs with other forestry operations can greatly reduce costs
(Carlisle and Teich 1976).

CONCLUSIONS

1. Tree improvement pays, even with gains in yield as low as 2% to 4%;
a small investment in production of genetically superior seed gen
erates considerable long-term benefits. Internal rates of return
of from 6% to 21% can be expected.

2. Optimization techniques, such as linear programming, are of great
potential value as a basis for deciding which tree improvement tech
niques best achieve stated management goals and which combination
of genetic, silvicultural and mill technology options will give the
greatest return.

3. Optimization techniques require a sound base of genetic, economic
and silvicultural knowledge. Limited knowledge of the genetic char
acteristics of trees in Canada, and lack of cost figures for tree
improvement and silvicultural operations, restrict the use of these
techniques at the present time. The cooperation of professional
economists should be solicited.

4. The potential benefits of using quantitative techniques to provide
guidance in ranking tree improvement priorities should be examined.

5. The present investment in tree improvement in Ontario is not suf
ficient to meet present and future needs of seed for planting and
seeding programs.

6. Costs of tree improvement activities vary a great deal from one dis
trict to another, partly because of differences in methods of cost
ing, circumstances, levels of interest in tree improvement, selection
intensity, and the availability of plus trees. Although care must
be taken to carry out tree selection carefully and well, selection
should not be unnecessarily intense.

7. Tree improvement is a long-term commitment, particularly the more
sophisticated, advanced-generation breeding. However, simple gen
etic principles can be applied to get small but appreciable gains on
a large scale by seed collection control, i.e., by collecting seed
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from the best local stands, or from only the best trees in these
stands, or by establishing managed seed production areas in superior
stands.

8. Seed yield in seed orchards and seed production areas is a key
factor in the economic success of tree improvement.
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SUMMATION

L. Zsuffa

Research Scientist

Ontario Forest Research Centre

Ontario Ministry of Natural Resources
Maple, Ontario

Three days of concentrated activity are behind us. I will now
attempt to summarize the highlights of the symposium and consolidate the
Ideas discussed. I believe we are all aware of the special nature of
tree improvement, but at the same time we are impressed by the broad
field it covers and the diversity of programs involved.

As Jim Cayford stated in his introductory remarks, the objec
tives of the Symposium were to discuss the development and status of
tree improvement in Ontario and to provide forest managers with up to
date information on the subject. I believe that we met these objectives
and that the Symposium can therefore be considered a success.

First, we listened to an excellent opening address by Gilles
Vallee. His message dealt with the intimate relationship between tree
improvement and silviculture, and tree improvement priorities, namely:
(i) the organization of good seed collections and proper seed distri
bution, (ii) the establishment of seed production areas, and (iii) the
management of improved seed sources and seed orchards using simple,
safe and effective methods.

Kris Morgenstern gave an outstanding overview of Ontario's tree
improvement program. His point about the interdependence of tree
improvement and silvicultural needs is well taken. The development of
tree breeding plans depends upon input from several disciplines but
silvicultural methods and production targets are definitely among the
most important considerations.

In the first panel, "The Development of sound genetic material",
we listened to several good presentations. The paper on quality control
in seed procurement will serve as a valuable reference for planning,
harvesting and processing of seed collections, and for testing, storage
and treatment of seed. The variation among seed sources is a major
factor in regeneration programs and must be taken into account in seed
collection, distribution, and tree breeding. The paper on seed source
variation summarized the pertinent facts in an excellent way. Seed
collection and seed production areas are an interim step in tree improve
ment providing good-quality, source-identified seed. Plus-tree selection
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is the basis and the starting point for most other phases of tree improve
ment, especially seed orchard development, and a good paper was presented
.on Ontario's program. Great future benefits in seed improvement can be
derived from seed orchards. The contribution on this subject described
criteria of seed orchard establishment and management and the current
state of work in Ontario. As the final contribution to the first panel,
we heard a paper on vegetative propagation problems and programs in
Ontario. Vegetative propagation is significant for the multiplication
of selected trees, and especially for cloning, and can result in large
genetic gains in a short time.

During two days of field trips to Maple and Angus we discussed
various practical and scientific aspects of tree improvement and saw
demonstrations of the work performed.

The second panel updated us on the status of tree improvement
by species. There were reports on the genetic improvement of white
spruce, black spruce, white pine, jack pine, red pine and other hard
pines, tamarack and other larches, poplar and other hardwood species.
In most programs, possibly with the exception of those recently initiated
in tamarack and hardwood species, considerable genetic information has
been accumulated and some genetically improved material is now being
produced for use in reforestation. The prospects are good and the
results will depend largely on the size and organization of the programs,
as well as on the cooperation between tree breeders and forest management
staff, and interdisciplinary cooperation among scientists.

The third panel elaborated on tree improvement strategies. The
reports gave a good cross section of the many scientific and operational
procedures used, and specific forest management initiatives and coopera
tive ventures were exemplified.

Finally, we listened to a presentation on costs and benefits of
tree improvement programs in general, and the costs of tree improvement
activities in Ontario in particular. We concluded that, although tree
improvement was a long-term commitment, simple genetic principles could
be applied to achieve small but appreciable gains on a large scale
immediately* A great deal of available genetic information is not in
use, and all too often, known principles are not applied.

Perhaps the most important ideas expressed during this Symposium
were the following:

1) Tree improvement and silviculture are intimately related.

2) Tree improvement depends much upon interdisciplinary
activity and cooperation among organizations.

3) Work on gene conservation needs to be intensified,
particularly in southern species.
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4) The immediate task is to secure good quality seed by
proper organization of seed collections and seed
distribution.

5) The next task is to secure better seed from seed
production areas and seed orchards.

6) Additional basic information in genetics and other
disciplines is needed to plan future breeding programs
and obtain larger genetic gains.

-Us

7) Since accomplishments some years hence will be
directly related to our present efforts, it is now
time to consider whether present efforts are
adequate. It is not generally known that tree
improvement resources in Ontario have been static

m during the last 15 years.

In conclusion let me cite the very valid statements made by
Kris Morgenstern in his introductory paper:

"...it is evident that tree improvement in Ontario is at a

m critical stage. It presents a challenge to all of us.

"First, forest managers at the regional and district levels
face the challenge of applying knowledge which is already
available.

** "Second, forest geneticists and tree breeders face the
challenge of improving currently applied breeding methods.

"Finally, senior managers and policy makers face the challenge
of adjusting the size of the tree improvement program to the
level of silvicultural activity....Organizational problems,

•s such as closer involvement of the administrative regions and
districts, and of industry and universities, have been men
tioned by Armson (1976) in this respect. Decisions at this
level will play a large role in determining what Ontario
foresters will have achieved in tree improvement when the
twenty-first century begins."

lis



APPENDIX

POST-SYMPOSIUM CONCLUSIONS AND RECOMMENDATIONS

The more than 140 participants in the Symposium, mainly forest
managers and tree improvement specialists, reviewed the state and
progress of tree improvement in Ontario. Conclusions and recommenda
tions resulting from the Symposium are presented below.

Conclusions

1) Tree improvement involves various disciplines, such as
genetics, silviculture, mensuration, physiology, soil science,
entomology and pathology, and the cooperation of several
organizations. The interdisciplinary and cooperative nature
of tree improvement became very evident during the various
sessions of this Symposium.

2) Of particular importance is the interdependence of tree
improvement and silviculture. It was clearly recognized
that tree improvement cannot be carried out successfully if
it is considered the work of specialists only, nor will
silviculture be effective unless it is combined with tree

improvement.

3) There is a large fund of information available to forest
managers but it is not being applied.

4) Although much of the work done on tree improvement in
Ontario in the past was research and not operational tree
breeding, more research in the fundamental disciplines is
still required to improve current methods and to obtain
larger genetic gains in the future.

5) Because of the past emphasis on research and very modest
operational programs, the amount of significantly improved
seed available for current regeneration is small. At the
same time, regeneration programs have expanded during the
last 10 years and are expected to expand more during the
next decade. However, tree improvement resources have
remained static during the last 15 years.

6) It is clear that tree improvement in Ontario is at a
critical stage and that very important policy decisions
must be made. Tree improvement activities will have to
be adjusted to the size of silvicultural programs, with
due weight being given to the economic advantages of tree
improvement. More emphasis will have to be placed on
regional programs and the professional development of
staff, and closer integration with the work of industries
and universities will be necessary.

(continued)



APPENDIX (concluded)

Recommendations

In view of the long-term nature of forest research and develop
ment and the present and predicted Increase in regeneration and manage
ment, it is now time for appropriate action if future regeneration
programs are to be fully effective. The following steps are recommended.

1) Maintain, or increase the current level of research along
interdisciplinary and cooperative lines.

2) Intensify efforts in gene conservation.

3) Affirm proper seed collection and distribution practices.

4) Encourage additional districts to become involved in the work
with seed production areas, plus-tree selection, and seed
orchards.

5) Adjust the size of tree improvement programs for individual
species to the level of silvicultural activity, which in many
cases means an increase in funding, more training programs,
and additional well trained staff.
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