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effort 1s perceived by its potential members. The succeeding step is
presentation of the proposal to a number of public agencles or foundations
to determine who has superior capabilities for administering the project.
Being involved in the decision to house the project within a specific
agency induces harmony among the cooperators.

Successful forestry cooperatives also exist as a result of an
enterprising person or group of people convineing the clientele of the
value of a combined effort. In the begimnning such cooperatives almost
always attract fewer cooperators than anticipated. The result is to
increase the fee structure of member organizations to form an acceptable
operating budget or to operate on a reduced budget. Neither option is
attractive; member organizations express lack of confidence in the first
instance, and results are slowed in the second instance. The only way such
a program can succeed is by accomplishment. A degree of respectability
1s gained when results are obtained; failure results when they go begging.

A variant of the joint effort perceived by potential members is
additional funding of a project already in existence. Support by a
couple of organizations which first recognize the value of the research
often serves as a catalyst for contributions by other organizations until
a full-fledged cooperative is formed. The Herbicide Cooperative at
Auburn University, Alabama, is an example of such a success story.

COOPFRATIVE INGREDIENTS

Successful forestry cooperatives need not be formed to the same
mould. Greatest differences are in the authority vested in the directors.
Some directors are given broad control, whereas others have to operate
within the confines of committee action. I espouse the broad control
method because it has been used successfully by the Tree Improvement,
Hardwood Research, Forest Fertilization, Forest Equipment/Systems, and
Tissue Culture Cooperatives at North Carolina State University. The method
presupposes that the director is the expert on the subject and that his
Judgment is valued over that of a comittee, each member of which knows
relatively less about the subject than the director.

Justification

Ma jor reasons for support of cooperative programs by forest
industry in the South are diversity of land ownership, and time, cost and
effort of conducting long-range research. Most organizations supportive
of cooperatives own or control from 80 000 to 2 000 000 hectares of land.
Within an ownership, the land extends across several geographic provinces,
many states, and a multitude of site productive classes. The diversity
prohibits the intensity of research needed for each classification, even
for those organizations with a large support staff. The philosophy is
that a coordinated effort by a group of organizations can accomplish more
in a given time at a cheaper cost than can each of the organizations
working separately.
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Coordinator

To render Impartial decisions it is imperative that the coord-
ination of a cooperative forestry program be vested in an institution
distinet from that of its members. Forestry schools within major univer-
sities have commonly filied these roles in the South, although the U.S.
Forest Service has coordinated cooperative programs in pollen management,
lightwood production, and introduction of Eucalyptus (Table 1).

Table 1. Cooperative forestry programs in the South, by state and

institution.
State Institution Cooperative Type
Virginia Virginia Polytechnic Institute
and State University Biometrics

North Carolina North Carolina State University  Tree Improvement
Hardwood Silviculture .
Forest Fertilization
Forest Equipment/
Systems
Tissue Culture

Georgia University of Georgia Biometrics

Florida University of Florida Tree Improvement
Forest Fertilization

Alabama Auburn University Herbicide Evaluation

Mississippi- Mississippl State Unlversity

Louisiana and Louisiana State University Harvesting Systems

Texas Texas A & M University Tree Improvement

Hardwood Silviculture
— U.S. Forest Service Pollen Management
( Southeastern Forest Lightwood Induction
Experiment Station) Eucalyptus Introduct-

lon

Requirement

The North Carolina State Tree Improvement Program operates with-
out a contract of any type. Initial verbal agreement was to support the
program for five years, after which time the cooperators were free to with-
draw if unsatisfied with results. The Director was also given authority to
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terminate membership if a coopcerator did not perform to a lhreshold level.
Some cooperatives also discourage renewed membership of organizations who
terminate participantion at periodic intervals. Nothing is more damaging to
a cooperatlive program than o member who beneflits at the expense of other
cooperators. An unqualified stand against such practices has resulted in
the North Carolina State Tree Improvement Program's growing from 10
members in 1956 to 30 members in 1979 without a single casualty.

One of the greatest benefits of a tree improvement cooperative is
the amassing of a genetic base that would be almost prohibitive for any one
organirzation to amass. Free exchange of the plant material then becomes
imperative if the cooperators are to benefit from the best genetic material.
It is not uncommon in the Tree Improvement Program for a clone of outstand-
ing genotype to be found in the seed orchards of a half-dozen cooperators,
and progeny from an outstanding clone in Virginia is likely to be under
test on lands of a separate cooperator in Mississippi.

Another major requirement of the Tree Improvement Program is that
all information obtained through the auspices of that program will be made
available to all other cooperators without delay and to the public as soon
as the information can be disseminated in oral or narrative form. In the
23 years the Cooperative has been in existence, the rule has rarely been
challenged. Most cooperatives follow the principle of the Tree Improvement
Program in disseminating results. However, some programs delay dissemin-
ation of the information for a time not to exceed two years, to allow
member organizations to profit from the results.

Tt is a requirement of the Tree Improvement Program that all
trees grafted into seed orchards will have been graded by the Program
staff. The other stipulation is that the experimental design of progeny
tests and other region-wide field trials be common among all cooperators.
The former requirement assures a common base for genetic improvement of
the southern pines, and the latter one adds efficiency to data collection,
analysis and interpretation. Most other cooperative organizations of a
similar nature have similar requirements.

Although the absolute requirements of the Tree Improvement Pro-
gram are few, advice and recommendations are freely given on topics
ranging from orchard establishment to deployment of genetically improved
plant material. The technical representative is free to reject our counsel
but he and his superiors are reminded that we assume no responsibility for
failure if our advice 1s rejected. We are quick to admit fallure when we
have given a wrong recommendation but are just as quick to disclaim
responsibility when the fault lies with the cooperator.

Qualification

Cooperative forestry programs require long-term commitments of
money and manpower. The amount of money contributed to the coordinating
unit is small in comparison ito the expense of establishing and maintaining
research and operational trials on cooperator lands. The cost to a singie
cooperator in tree selection, orchard establishment, progeny testing, and
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collection and deployment of plant material in the Tree Improvement Program
is up to 40 times that allocated to program coordination. Thet consider-
ation has caused us to recommend against membership of any organization
controlling less than about 80 000 hectares of land. Such organizations

are advised to support the programs of their respective state forest
services, from which genetically Improved plant material can be obtained.

The Tree Improvement Program was formed with the sole support
of forest industry. That policy was subsequently changed to allow
participation by state forest services. The Forest Service of Virginia,
North Carclina, and South Carolina are now among the 30 members of that
program in which all participants are treated equally. The forest
services of these and other southern states as well as the U.S. Forest
Service also support one or another of the various cooperatives listed in
Table 1.

Trade associations and commercial enterprises without a land
base, which would benefit directly from cooperative membership, are dis-
couraged from joining except as a patron. Membership is generally decided
on the recommendation of the director, with final approval being the res-
ponsibility of the advisory committee.

Administration

With the implicit approval of the cooperators, a director is
appointed by the coordinating organization, such as the university where
the cooperative is housed. The director is responsible for composing
a staff of the quality and quantity needed to conduct the business of the
cooperative.

Contact between the director and the cooperator is made at two
levels for most cooperative programs. The administrative contact is made
through the advisory committee, which is composed of one administrator
from each cooperator. The administrator has sufficient authority to
make policy decisions regarding cooperative matters. Contact is main-
tained with the advisory representative throughout the year, and an
advisory committee meeting is held annually, at which time a report is
made by the director on accomplishments and plans and on financial status
of the cooperative. The advisory committee interacts with the director
on these matters.

The second level of contact by the director and the cooperator
is with the technical representative. The technical representative,
generally a graduate forester with a baccalaureate or Master's Degree, is
responsible for cooperative activities of the cooperator. Although an
employee of the cooperator, his duties are largely influenced by directives
of the cooperative. Annual meetings are commonly hosted by the cooperators
on a rotating basis to allow the technical representative to show his
accomplishments and to see the accomplishments of his peers. Superiors
of the technical representatives are excluded from these meetings, to
allow latitude in discussion.
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Finances

Financing of a cooperative program is usually Jointly funded
by the cooperators and the coordinating unit. The cooperatives at North
Carolina State University enjoy the use of the capital plant, inclusive
of facilities without the cost of overhead. The salary for the director,
or an equivalent amount of money, and costs for associated goods and
services are borne by the university. Monies collected from the cooper-
ators on a scheduled basis are used for salaries of the support staff and
graduate students, and for goods and supplies for day-to-day operations.
Cooperator fees are self-imposed at the annual meeting for the following
year, based on the budgetary process.

All organizations are generally charged a single fee, regardless
of their size or status. An exception to that rule occurs when an organ-
ization has separate operations at locations separated by more than about
500 kilometres. The policy is to charge the set fee for the base unit
of that organization and to charge a reduced fee for each supplemental
unit. The rationale for charging a constant fee for all base units is
that a similar amount of time and effort is required to service one
organization, regardless of its size. Smaller organizations are content
to pay the common fee because it assures them of the same attention
received by an organization several times their sige.

Cooperator fees for program coordination are small compared to
the expenses of tree selection, orchard establishment, orchard management,
progeny testing and deployment of seed on cooperator lands. The annual
fee for the base unit of many cooperatives does not exceed $5 000.
However, the industrial contributions have served as a catalyst for
obtaining other monies. Some granting agencies find expediency in
awarding a grant to an organization having matching monies, especially
when the matching monies are of industry origin. We at North Carolina
State University have received sizable grants from National Institutes
of Health, the National Science Foundation, and the U.S. Department of
Energy, the Ford Foundation, the Rockefeller Foundation, and the National
Space Administration. The monies are used to complement or extend
cooperator funds.

Coordination

The major function of a cooperative program is coordination.
The position is comparable to director of research for a large industrial
concern. The key is to produce results today while planning for tomorrow.
This task 1s difficult to accomplish during the maiden years of a coop-
erative, but it is one that nevertheless has to be accomplished. The
study of wood among and within species of southern pines was chosen to
i1l the void in the Tree Improvement Program. That vocation melded well
within the Tree Improvement Program when the larger effort began to pay
dividends. For those initiating a cooperative program, many subjects
allied to forestry and of equal importance to the study of wood properties
await investigation.
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In addition to coordination, psychology has to be practiced
for development of a successful cooperative. A case in point for the
Tree Improvement Program is the establishment of separate seed orchards
on the land of each cooperator. A more efficient alternative would have
been to establish one or a few orchards for production of genetically
improved seed for all cooperators. The need for each to have separate
orchards to show accomplishment and pride in their work was soon recog-
nized. Some efficiency may have been lost but the public relations
gained from the dispersed operation has paid dividends many times over.

Coordination of a cooperative program cannot easily be accom-
plished without knowing what is transpiring in the professicn and on
cooperator lands. That accomplishment requires a tremendous amount of
travel for the staff of North Carolina State Cooperatives whose member-
ship ranges throughout a 13-state area. Policy visits to each cooperator
are made at least annually; and service visits for tree grading, grafting,
pollination and progeny testing are made as needed. DParticipation in
symposia within and outside the region also claims a significant amount of
time. However, we are convinced that the contact maintained through the
travel has been a large part of the success of the Cooperatives.

Continuing Education

The incentive to house the administration of & cooperative pro-
gram within the forestry department of a major university is twofold in
addition to the university's being independent of the cooperators. These
incentives are (1) ability to draw on expertise from closely allied
disciplines, and (2) involvement with graduate and undergraduate education
in the field of interest. At North Carclina State University, close
contact is maintained with the disciplines of botany, blochemistry,
entomology, genetics, horticulture, pathology, physioclogy, soils and
statistics, as these subjects interact with tree improvement objectives.
From 12 to 15 graduate students pursuing Master of Science or Doctor of
Philosophy Degrees in forest genetics are annually associated with our
Tree Improvement Program. Research conducted by the candidates has been
instrumental in successful development of the operational tree improvement
program. Graduates of this program are found in positions of influence
and authority throughout the world; many of them are supervising the
maturation of a second generation of forest geneticists.

A necessary ingredient of a successful tree improvement program
is emphasis on continuing education. In addition to one-on-one instruct-
ion given for tree grading, grafting and progeny testing, short courses of
about three days' duration are given to the technical representatives at
least biennially and more often if needed. The objective of the short
courses is to demonstrate tree improvement techniques and the theory be-
hind these techniques. This effort does not substitute for a basic educ-
ation in forest genetics principles; it is supplemental to the basic
education. '



CONCLUSION

The melding of many ingredients is necessary for the successful
development of a forestry cooperative. The case study described for the
North Carolina State-Industry Cooperative Tree Improvement Program has
been successful for conditions in the southern United States. The same
type of success may not be claimed in other regions of the world where
differences exist in objective, enviromment, personnel and political
persuasion. A different melding of ingredients will probably be needed
for each condition. Regardless of circumstances, however, two ingredients
appear paramount to the success of any forestry cooperative. They are
enthusiastic leadership and committed clientele. Without these attributes
the cooperative venture is doomed to failure.

DISCUSSION

Dr. H.5.D. Swan. I am very much interested in the courses that you run.
Would it be possible for Canadian companies or provinces to send key
young men who are interested in forest genetics down to you to
participate in one of your courses?

Dr. R.C. Kellison. Yes. But let me explain how they are conducted. The
short courses are convened when there has been sufficient turn-over
in personnel within cooperating organizations to warrant the effort,
or when new information is to be presented to the cooperator. On the
average a short course of about three days duration is held every other
year. The content is on the applied phases of tree improvement, but
enough theory is given for the participants to understand why a prac-
tice is included. The participants are generally employees of our
cooperatives, but participants from other organizations are invited if
space allows. On one occasion we conducted such a short course
solely for the U.S. Forest Service. To answer your question specific-
ally, there would be opportunity for participants from Canada to be
involved in a scheduled short course, or for a short course to be
planned specifically for Canadian partiicipants.

Dr. H.5.D. Swan. These are just short three-day courses you said.

Dr. R.C. Kellison. Yes. The three-day short courses allow us to touch
on the applied phases of tree improvement.

Dr. H.S.D. Swan. Well, I was told they were three-month courses.

Dr. R.C. Kellison. On one occasion we conducted a one-month short course
in conjunction with FAO, for participants from developing countries
who were initiating tree improvement programs. We found the exper-
ience to be very rewarding for the single participant from each of
about 30 countries. We are contemplating a repeat of the exercise
for specific regions of the world, such as for tropical forestry,
temperate forestry and boreal forestry. If there 1s specific
interest for a tree improvement short course for Canadians, contact
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should be made with me and T shall pursue the matter. Our administrat-
ion strongly favours our participation in such short courses.

Mr. D. Winston. Do you provide your cooperators with some sort of manual
for managing seed orchards?

Dr. R.C. Kellison. Yes, we do. We have compiled a tree improvement hand-
book with chapters on tree selection, seed production areas, progeny
testing, orchard management, etc. The handbook is loosely bound and
is continuously revised as new information is available. Distribution
of the handbook has been restricted to our cooperators because of
policy constraints. However, much information is available in
publications. That information includes equipment and supplies
needed for tree improvement activities, procedures for tree selection,
orchard establishment and management, progeny testing and development
of genetically improved seed. The value of the handbook is that
all the information is collected in one place which relieves the
orchard manager from searching for a published procedure on every
occasion.
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THE ROLE OF PHYSIOLOGY IN TREE IMPROVEMENT
Richard B. Hall and Gregory A. Miller

Department of Forestrny, Towa State Univensity
Ames, Towa, U.S.A.

ABSTRACT

Because both the interaction between genotype and envirorment
is expressed through the physioclogy of the tree, physiology is a central
key to unlocking many tree improvement possibilities. If properly used,
physiology offers to be one of the more important tools for tree improve-
ment in the future as exemplified by some of the successes it has preduced
to date. Physiological techniques are now available, and more will surely
be developed, for dealing with the two major roadblocks to tree improve-
ment: long evaluation times and restrictions in reproductive biology.
Studies 1n photosynthesis have probably been the most popular physiologi~
cal approach to evaluating the potential of tree selections. While some
success has been achieved, a complex set of factors influence photo-
synthesis and care must be exercised in using them as selection criterisa.
Techniques for studying photosynthate utilization may prove 1o be more
useful. In addition, other physiological phenomena need consideration.
Two examples to be discussed are photoperiod response and nutritional
relationships, especially as they relate to the joint selection of trees
and their root symbionts (mycorrhizal fungi and nitrogen-fixing organisms).
Physiological techniques for overcoming reproductive barriers are being
developed. Important strides have been made in vegetative propagation,
inducing early flowering, and removing some varriers to hybridization.
To take advantage of physiology in tree improvement, we tree improvement
specialists need a better understanding of physiology and we need physio-
logists on our tree improvement teams.

RESUME

Puisque nous retrouvons dans la physiologie de 1'arbre 1'inter-
action entre le génotype et 1'environnement, la physiologie deolt offrir
de grandes possibilités dans le domaine du sélectionemept des arbres. Si
on l'applique convenablement, la physiologie se trouve etre 1'un des
outils les plus précieux dans la mise en valeur des arbres & 1Tavenir,
comne le prouvent certains succes qu'elle a remportés a ce jour. Pour
contourner les deux obstacles majeurs a la mise en valeur des arbres
(longs délais d'évaluation et restrictions de la biologie reproductive),
nous disposons maintenant de techniques physiologiques, et d'autres seront
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encore certainement mises au point. Les études de photosynthése ont
probablement répresent® les approches physiologiques les plus populaires
pour é&valuer le potentiel des mises en valeur d'arbres. Tandis que
certains succd®s ont été remportés, un ensemble complexe de facteurs
influence la photosynthése, et si 1'on veut les utiliser comme critéres
de sélection, il faut procéder avec soin. L'étude de 1'utilisation
photosynthétique peut se révéler plus fructueuse. Il faut d'autre part
prendre d'autres phénomémes physiologiques en considération. Nous
étudierons deux exemples: la réaction i la photopédriode et les corré-
lations dans le domaine nutritiomnel, surtout dans la mesure ol elles

se rattachent & la sélection combinée des arbres et de leurs symbiotes

de racine (champignons mycorhizes et organismes fixant 1l'azote).
Certaines techniques physiologiques visant & surmonter les barridres

de la reproduction sont en voie de développement. Des progrds importants
ont été réalisés dans le domaine de la propagation végdtative, favorisant
une fleuraison précoce, et s'attaquant & certains éléments défavorables &
l'hybridation. Afin d'appliquer les avantages de la physiologie & la
mise en valeur des arbres, nous qui sommes spécialistes dans ce dernier
domaine, devons élargir nos connaissances en physiologie. Nous avons
donc besoin de la participation de physiclogues dans nos équipes de mise
en valeur des arbres.

INTRODUCTION

Substantial progress has been made in tree improvement in the
past without much resort to physiological tools, and perhaps this approach
could be continued satisfactorily for some time into the future. However,
we can much better consolidate the gains that we have made and proceed to
long-term improvements by making physiological genetics a major part of
our current and future program efforts.

Why is physiology so important? The complex set of physiological
events that occur during the life of a tree gives rise to the phenotype
that we harvest or select for our improvement programs. Both the genotypes
that we try to assemble and the silvicultural enviromments that we try to
provide influence the phenotype through the tree's physiology. That is,

Environment

™~

Physiological =S Phenotype
Processes

Genotype

There are several useful discussicns in literature of the roles
that physiology can play in tree improvement (e.g. Wareing 1964; Gatherum
1964; Ledig, 1975; and especially Cannell and Iast, 1976). We will
present a broad overview of the many ways that we believe that physiology
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can be put to use for tree improvement, elaborating on a few systems that
illustrate the potential and the pitfalls that can be involved. In
treating the subject of physiological genetics, there is necessarily some
use of morphological and biochemical concepts, but we will not attempt to
review all the contributions that these latter two areas of study can
make to tree improvement.

How Can It Help Thee - Let Us Count The Ways
There are two major bottlenecks to tree improvement progress :
1. The difficulties in evaluating potential selections.

2. The reproductive biology that controls the length of
the breeding cycle and the propagation of our improved
selections.

By understanding and manipulating physiological processes, we should be
able to reduce both these problems.

PHYSIOLOGY AS A SELECTION TOOL

The conventional approach to evaluating tree selections is to
observe their field performance over a period equivalent to at least 1/3
to 1/2 of a normal rotation. But a tree's performance over a long time
period is really an integration of many physiological processes that can
be measured over a much shorter time -- a matter of minutes or months
rather than decades. The task is to identify key physiological processes
that have a strong influence on ultimate performance and that are readily
measured. Doing this can save more than just time in tree improvement
work; it may well lead to greater total improvement than could ever be
obtained by conventional selection techniques. Regular selection improves
population performance by increasing the frequency of favourable alleles
for a few major genes. But to capture the greatest total genetic gain
may require a more complex set of favorable alleles (Wright 1932; Ledig
1975). If we understand the roles that a number of physiological pro-
cesses play in determining final yield, then we can try to optimize
these processes in our populations.

Because most of a tree's dry weight represents carbon fixed
in the process of photosynthesis, that would seem to be the most important
process contributing to plant performance. Unfortunately, experience in
agricultural crop breeding has been disappointing in this respect. Little
true improvement progress can be attributed to selection for photosynthetic
efficiency in crop plants (Wilson 1979). Ledig (1974, 1976) reviews the
studies of photosynthetic variation in trees. Success has been achieved
in explaining site preferences for particular provenances and hybrids on
the basis of envirommental influences on photosynthetic rates. However,
the correlations between growth rates and photosynthetic rates generally
have not been good. Several reasons probably are responsible for this
failure. Photosynthetic measurements taken on small trees do not adequate-
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ly account for the mutual shading that takes place in the crowns of large
trees. Large trees are impractical to study directly. Photosynthesis
varies considerably with temperature, light flux, moisture stress (stomata
influence), and season. Furthermore, rates of photosynthesis within a
crown are influenced by "sink" demands -- the amount of new growing

tissue that is placing demands on carbohydrate resources (Sweet and Wareing
1966; Wareing, et al. 1968; Kriedemann et al. 1976; Hansen 1977). A

recent discussion among tree physiologists concluded that there is still an
optimistic outlook for improving photosynthetic efficiency in trees

(p. 520, Cannell and Last 1976), but until more is known about this process,
it does not offer easy selection criteria.

The amount and duration of leaf display generally has proved a
more useful selection tool (Wareing 196&4; Ledig 1969; Wareing and Matthews
1971). Selection for rapid springtime expansion of new leaves, prolonged
shoot elongation (leaf elaboration), and delayed photosynthetic senescence
in leaves should all work toward greater tree yields. The growth of
conifer shoots probably is composed of several heritable modes, each
subject to improvement (Cannell et al. 1976). Pollard (1973) found differ-
ences in height growth of young Plced marniana (Mill.) B.S.P. seedlings to
be closely related to their ability for "free" or lammas shoot growth.
Work with Populus hybrids illustrates that there is genetic variation in
leal activity at different ages (Dickmann et al. 1975; Gjerstad 1975).
Larson (1976) sounds one note of caution -- extending shoot growth and
leaf expansion later into the season probably will affect wood qualilty,
decreasing specific gravity and increasing vessel percentages. Therefore,
it might be better to select for longer maintenance of leaf activity
than for longer leaf production.

This concern about leaves might seem out of place since we
foresters are interested primarily in stem wood production. Leaves are
the investment that a tree makes in future wood growth and the compound
interest principle applies. Genotypes that invest more carbohydrate
capital in leaves often outgrow those types that hoard current production
in the stem (see Ledig 1974). Carbohydrates aren't the only resource
necessary for stem growth. Water and nutrients provided by the roots
also are important. Therefore, allocations made for root growth will
also have a feedback to the rest of the tree.

What is emerging is a regard for the tree as a systlem ( Promnitz
1975). For stem growth to be maximal, there must be some optimal ratio of
leaf to stem to root, which changes with time. Each component of the
system bears a certain cost in terms of carbohydrate, water, and nutrient
resources. At the same time, each component contributes benefit to the
system, which we would like to measure as wood production. Models of
photosynthate allocation and utilization have been proposed (Ledig 1969;
Prommitz 1975; Ledig et al 1976). These models could account for genetic
differences in tree growth rates on the basis of different budgeting of
photosynthate. In other words, superior trees invest their carbohydrates
where the greatest net gain can be realized. We tree breeders might
realize greater net gains if we utilize these growth modeling concepts in
our breeding programs.



Ay already stated, esch component of the tree system bears a
certain cost. This cost could be measured in terms of energy required or
as carbon dioxide respired. 7The respiration of any plant pari has
essentlially two components: a growth (constructive) component and a
maintenance component, both of which can be estimated by appropriate
techniques ( Thornley 1970; Ledig et al. 1976; McCree and van Bavel 1977).
Growth respiration used for the elaboration of new tiscue io proportional
to growth and to the gross carbohydrate supply. The conversion efficiency
(plant dry weight produced/carbohydrate consumed ) 1s reliatively insensit-
ive to temperature. Maintenance respiration is proportional to the
1iving mass of plant tissue and is very sensitive to temperature. Differ-
ent types of plant tissue have different construction and maintenance
costs, and genotypes may vary in their efficiency for the two types of
respiration. The point that we emphasize is that photosynthate allocation
and respiration are as important to tree productivity as is photosynthesis.
Respiration measurements should have fewer technical pitfalls than have
plagued photosynthetic measures.

Another important physiclogical phenomenon is photoperiod
response. We want to maximize growth activity during the favorable
portion of the year and have growth cease in time for the plants to
harden before winter. Thus, we can profit from a closer loock at photo-
period response and its measurement (Ekberg et al. 1976). Our work with
Alnus glutinosa (L.) Gaertn. (Robison et al. T978) illustrates the need
for such knowledge and techniques. In fitting the diverse germplasm
avallable to new growing conditions in North America, we have only
intuitive guidelines to follow. By combining short-term growth chamber
tests with field observations on provenance tests in several locations,
we hope to build a set of objective criteria for selecting the alder
types to use in particular localities,

In breeding for stress tolerance and pest resistance, physiology
has a major role to play. Periocds of cold, drought, and/or pest incidence
do not occur with regularity. Hence, straight field selection is very
inefficient. If we understand the physiological basis of how trees avoid
or tolerate these damaging agents, laboratory techniques can be developed
that allow more rapid and certain screening of candidate trees. Examples
of this type work for cold and drought stress can be found in chapters by
Kozlowski, Tyree, van Buijtenen et al., Glerum, and Timmis in the book
edited by Cannell and Last (19767. “Tllustrative examples of using
physiology as a tool in selecting for pest resistance can be found in
reviews by Bingham et al. (1971) and Hanover (1975, 1979).

The areas of biochemical and molecular genetics may have import-
ant uses in monitoring or modifying physiological processes related to
tree improvement. Gordon and Prommitz (1976) reviewed the efforts made
in our program to include measures of key enzyme levels (peroxidase and
nitrate reductase) in physiological selection criteria for Populus clones.
The cellular functions of repetitious DNA are still under investigation
(Davidson and Britten 1979). However, it has been speculated that such
important processes as protein synthesis chromosome pairing, gene
regulation, genetic homeostasis, and crossability barriers are influenced
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(Hall et al. 1972, 1976; Miksche and Hotta 1977).

The role of the root system in nutrition has been briefly
mentioned already, and there certainly is evidence that nutrient effic-
iency varies within a species (Steinbeck 1971; Stern and Roche 1974;
Goddard et al. 1976). What has been particularly intriguing to us is the
role that symbiosis plays in tree nutrition. Considering that the normal
tree root system is mycorrhizal, we should realize that Joint selection of
the host plant and its fungal associate probably is going to be important in
improving nutrient uptake and growth. This adds an entire new layer of
genetic variation and interaction. Physiological studies can best unravel
this complexity and help us to select promising symbionts for field
testing. An eloguent example of such studies is found in Mason's (1975)
study of Beitula.

The recent surge of interest in nitrogen-fixing tree species
adds a third genetically variable component for consideration. In our
studies of Afnus, we view the host, mycorrhizal fungi, actinomycete
complex as a system that we want to understand and improve (Hall et al.
1979; Hall and Maynard 1979). Short-term studies of nutrient uptake and
nitrogen fixation (Robison et al. 1978; Green et al. 1979; and Maynard,
work in progress) are being used to select promising microbial symbionts.
We are currently working on carbohydrate budgeting and respiration
efficiences in the host plant as they relate to symbioses and tree growth
potential,

The final, but most important, level of complexity to be
considered in selection is performance of trees in stands or communities
of other trees (Stern and Roche 1974). After all, our usual objective
as foresters is to grow stands, not individual trees. Selection of indiv-
idual tree superiority, our current practice, may not be the same ag
selecting for superior stand performance. Indeed, Ford (1976) suggests
that tree breeders may just be spinning their wheels by trying to improve
stand growth through selection on an individual tree basis. The altern-
ative is to elucidate the morphological-physiological traits that control
stand productivity and then select and breed for those traits in the
seedlings or clones that we use to establish stands. Crown morphology,
leaf display, root structure, nutrient efficiency, stress tolerance, pest
resistance mechanisms, and growth analysis would all seem to be important
considerations.

This section of the paper can best be summarized by referring
to concepts presented in the closing discussion at the Edinburgh meeting
on tree physiology and yield improvement (pp. 519-531, Cannell and last,
1976). There are at least three roles that physiology can play in the
evaluation phase of iree improvement:

1. Knowledge of physiological processes underlying economic
traits can lead to the formulation of the ideotype needed
to meet & specified use. It can help us define what we
are after.
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2. Measures of Physiological processes offer hope of developing
rapid selection criteria to shorten the evaluation process
and/or increase the numbers of trees screened.

3. Understanding the bhysiological components of Phenotypic
traits can help us to avoid errors of Judgement in making our
selections and saving tree types for advanced generation Improve~
ment work.

REPRODUCTIVE PHYSIOLOGY

The other major contribution that physiology is making to tree
improvement is in reproductive biology. Our improved trees are of littlie
value until they are reproduced in commercial guantities. Fven if
evaluation time is not shortened, the ability to shorten the generation
time would give us a head start on breeding some of the advanced select-
ions that we would like to test.

Significant progress has been made in techniques for flower
induction in the conifers, most notably by the R.P. Pharis group at the
University of Calgary ( Pharis 1974; 1976). Gibberellins sprayed on the
foliage or injected into the vascular system have been used to shorten
the non-flowering interval by 10 years or more in such important species
as Douglas-fir and loblolly and lodgepole pines. Even more dramatic
results have been achieved in the Cupressaceae and Taxodiacede families
in which flowering can be induced in the first growing season. Altern-
atively, accelerated growing conditions have been used to shorten the
breeding cycle in spruces (Young and Hanover 1976). Less progress has
been made with Angiospermous tree species. One exception is that
continuous growth of birch under long photoperiods has produced breeding
stock in less than one-year's time (Karki 1977).

These successes and the improvements‘that will be made on
them in the future depend on advances in our knowledge of the Physiology
and blochemistry of flowering. Our most critical need for information
concerns the nature of the juvenile and adult states in different tree
species. Is there a certain stage of physiological maturity that must
be attained before flowering can be induced? Or, do we need only to find
the missing factor(s), such as the gibberellins in some conifers, to
trigger flowering in trees of any age? The subject has been well reviewed
( Zimmerman 1972; Jackson and Sweet 1972), but a clear pattern does not
emerge. As important as the Juvenile/adult transition is to flower
production, propagation by cuttings, and wood quality, it should be
recelving some major research attention.

Seed production in conventional seed orchards has become g
matter of increasing concern (Matthews 1963; Puritch 1972; Sweet 1975).
Economic analyses of tree breeding efforts indicate a direct payoff of
increased seed production--each bercentage increase in seed yield
representing another Percentage return on the tree improvement invegt-
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ment ( Porterfield 1975). Recognizing the barrier that seed availability
places on the use of its tree improvement results, the NC-99 Regicnal Tree
Improvement Project in the U.S. has initiated flowering studies for Pinus
banksiana Lamb. and Picea glauca (Moench) Voss at six locations across
environmental gradients from Hastings, Nebraska, to Dryden, Ontario
(Nienstaedt 1979). Future seed yield improvement will rest on increased
understanding of the physiology of flower induction, pollination, and

seed and strobili development.

A number of factors interact to influence seed production. A

summary of past experience indicates that seed orchards should be located
in areas with dry, warm summers, and an absence of spring frosts. The
trees should be set at wide spacings and thinned periodically so that
they can produce more photosynthate and growing points to support flower-
ing. Fertilizers and irrigation should be applied, but timing probably
is critical to avoid promoting vegetative growth at the time of floral
differentiation (Sweet 1975). The application of gibberellins to some
conifers can be used to increase the size of the flower crop, and auxins
can be used to promote the production of female flowers and reduce abortion
rates (Pharis 1976). And finally, it is known that genotype itself sig-
nificantly influences the earliness and abundance of flowering (e.g.
Johnsson 1949; Stern 1961; Teich and Holst 1969). The recommendation often
has been made that we should select for flowering in the trees to be
included in our seed orchards (Sweet 1975). Yet, the limited information
that we have suggests that the energy that a tree spends in flowering sub-
tracts substantially from potential vegetative growth (Fielding 1960 ).
We face the dilemma of wanting to increase flowering in the orchard, but
reduce 1t in the field. We need additional physiological studies on the
"costs" of seed production in stands and non-genetic means of increasing
seed production in orchards.

The influence of initial seed size on early tree growth (Perry
1976) seems to be an area of investigation that could pay extra dividends
in conjunction with tree improvement. It certainly is a factor that must
be considered in provenance and progeny tests (Perry 1976; Burdon and
Sweet 1976). Physiological studies of seed development could lead to
techniques for optimizing the nutritional status of the seed and, hence,
early growth potential.

Vegetative propagation, the rooting of cuttings and tissue
culture, is becoming one of our most valuable tools in tree Improvement.
No physiologist was needed to devise techniques for rooting cottonwood
or willow cuttings, but physiological trickery is needed for other species
(e.g. Libby et al. 1972; Shreve et al. 1974; van Buijtenen et al. 1975).
We need to consider stages of juvenile-adult transition, rejuvenation
techniques, hormone influences, internal nutrient/carbohydrate status,
and development after rooting or plantlet formation.

Although controlled crossing has not played a very strong role
in past tree improvement efforts, there is good reason to expect it will
be a significant future activity in some programs (e.g. Schreiner 1970;
Hall and Maynard 1979). Crosses between species and sometimes even within
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species are often made difficult by physiological/biochemical incompat-
ability barriers. These may affect the ability of pollen to germinate,
the pollen tube to grow, or the capability of seed storage material +to
properly nourish the developing hybrid embryo (Hagman 1975; Willing and
Pryor 1976). Through investigations of these processes, we can in some
cases, manipulate floral physiology to allow the production of valuable
hybrid offspring. For example, previously impossible crosses between the
Aegiros and Leuce seetion poplars have been accomplished after chemical
modification of the stigmatic surfaces (Willing and Pryor 1976).

Kreibel (1972) suggests that research on the physioclogy of hybrid failure
in Pinus section Strhobus crosses be used as an aid for parental selection
for crossability and a guide to embryo culture for producing viable
hybrids. Future developments in cell and tissue culture may allow the
construction of some truly unique physiological patterns as an aid to
tree improvement (Carlson and Rice 1974; Hall 1977).

CONCLUSION

Some continued progress in tree improvement could be made without
paying heed to physiology, and physiological genetics will not replace the
need for the other tools of tree improvement. However, we can make
substantial progress, we will be more sure that our progress is leading
in the right directions, and we will put improvement into practice much more
swiftly when we let physiology and physiologists have a strong influence on
our tree improvement thinking and programs.

The future is now for the application of Physiological genetics
to tree improvement.
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ABSTRACT

The principles of Dblosystematics have been developed over the
past several decades. The primary research thrust in biosystematics has
been to demonstrate and elucidate phylogenetic affinities among plant
taxa, in concert with traditional measurements of morphological characters.
Current uses extend beyond taxonomic applications and it is these uses
which hold particular promise for forest tree improvement. The purpose
of this presentation is to introduce biochemical systematics and to outline
its potential uses for tree improvement.

Potential uses are discussed within the framework of defining in
situ genetic variation in natural populations and, in monitoring or T
developing selection indices for domestic populations. Potential uses
are contrasted with potential difficulties in using bilochemilcal parameters
in applied programs.

RESUME

Les principes de la biosystématique ont eté élaborés au cours de
ces derniéres décades. Ila préoccupation essentielle des chercheurs a ete
de révéler et d'élucider les affinités phylogénétiques parmi les taxas de
plantes, tout en continuant d'utiliser les méthodes traditionnelles pour
mesurer les caract2res morphologiques. ILes technigques courantes dépassent
le stade des applications taxonomiques, et ces techniques méme sont tout
a fait prometteuses pour 1l'amélioration des arbres de forét. ILe but de
cette communication est d'introduire les systémes biochimiques et de
présenter des méthodes potentielles d'amélioration des arbres.

Nous envisageons 1'application de ces méthodes potentielles en
nous attachant & définir sur le terrain les variations génétiques dans
les populations naturelles, en contrdlant ou en développant des indices
de sélection pour les populations domestiques. Nous avons confronté les
techniques potentielles aux difficultés potentielles au moyen de
param&tres biochimiques dans les programmes appliqués.
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PLANT BIOCHEMICAL SYSTEMATICS

Plant blochemical systematics is a general term used to describe
the application of biochemical analyses to the study of the relationships
among ‘taxa. Comprehensive uses of the term include all comparative phyto-
chemical investigations, irrespective of the objectives invelved. For
example, comparative investigations of chemical constituents of pine resin
at any level of classification is rightly considered biochemical systematics,
even if they include study of infraspecific variability.

Biochemical systematics exists as an area of study because plants
show variation in secondary chemical compound composition. In contrast
with primary compounds (i.e. chemical compounds "basic" o all plant life;
e.g. chlorophyll, protein amino acids, DNA, ete.) secondary compounds show
quantitative and qualitative variability. As an example, nearly 5 500
alkaloids, 100 monoterpenes, and 1 000 flavonoids are known to exist in
plants (Harborne 1977). This variability serves as the focal point for
biosystematic investigations, not Just in a descriptive sense but because
patterns of chemical variability can be interpreted to significantly aid
in understanding plant population dynamies.

The plant compounds most usually studied fall intc the categories
listed in Table 1. These compounds ate studied because: 1) they are
readily extracted from some plant tissue or organ; 2) methodology exists
for their purification, identification and quantification; 3) they may play
important physiological roles in plant metabolism, plant-animal or plant-
plant interactions; and 4) they may be of pharmaceutical value. Thus,
there 1s no mystery associated with choices of biochemical amalytical
techniques. Indeed, for many uses biochemical measures simply add an
additional dimension to studies of morphologically or anatomically variable
populations.

Plant compounds used for taxonomic study of quantitative bio-
chemical differences among taxa must meet four criteria (Harborne 1967):
1) they must be variable; 2) they should be physiologically stable; 3) they
should be ubiquitous in the taxa being studied; and 4) they should be
easily extracted and identified. Qualitative analysis of plant compounds
1s also dependent on criteria 1, 2 and 4 above (von Rudloff 1975).

An- often cited reason for utilization of gecondary plant compounds
for studies of plant variability is that biochemical characters are influ-
enced guantitatively while morphological characteristics are often modified
in cryptic ways (Alston and Turner 1963). Thus, while it might be argued
that there is ample evidence illustrating non-genetic effects on bio-
chemical traits (e.g. Feeny 1970) the magnitude of influence that non-
genetic factors have on biochemical variation is probably far less than
over morphological, anatomical or growth variation. It is generally
agreed that the "closer" an analytical technique is to the actual DNA
informational content of an individual, the less cryptic observed varia-
bility becomes. According to this argument morphological measurements
are more affected by extrinsic factors than are biochemical measurements.
Likewise, isozyme measures of genetic variation are less subject to
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Table 1. An outline of two ways biochemical systematists often classify

the organic compounds used for biochemical systematic invest-
igations.

IT.

Classification by metabolic type (Lever and Burley 1974):

1. Primary metabolites-
low molecular weight, fundamental to metabolic processes, not
usually accumulated or stored, e.g., sugars, amino acids, ete.

2. Secondary metabolites- .
usually low molecular weight, often stored, often not metabolic-
ally well understood, e.g., alkaloids, terpenes, etc.

3. Macromolecules

a. monomer &/or linkage invariant (e.g. cellulose)
b. monomer &/or linkage variable (e.g. proteins)

Types of secondary plant organic chemicals (Alston and Turner, 1963):

1. Amino acids 5. Cyanogenetic substances
2. Fatty aclds 6. Phenolics

3. Carbohydrates 7. Quinones

4. Alkaloids 8. Terpenoids

9. Serological variants
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transient physiological or environmental infliuences than are more
generalized measures of biochemical variabillity using organic compounds
of metabolic processes to measure variability. Analyses of DNA content
in cells (Miksche 1968) and DNA base composition analyses are probably
little influenced by extrinsic effects (Miksche and Rollins 1971).

The cost of measuring plant chemicals to determine plant genetic
varlability, by measuring progressively closer to the DNA, is found in a
loss in integration of the many systems influencing survival, growth,
development and reproduction of individuals and populations. For example,
knowledge of an allelic frequency for an isozyme allele, or knowledge of
the presence or absence of a single phenolic compound may be useful as
single information bits for defi. g a population of plants. However,
knowledge of the number of stomates per unit of leaf surface may, as a
single bit of information, tell more about a plant or set of plants, Thus
at some point the chemosystematist must decide criteria for definition of
different taxa; and the forest tree breeder must be cognizant of the fact
that genotypes desirable from the standpoint of productivity probably will
not be simply defined by some single biochemical indicator. Given these
considerations, some of the applications biochemical systematics may have
in tree improvement programs can be discussed.

Biochemical systematic investigations have progressed through
several developmental stages. Early investigations (i.e. 1950's)
emphasized research establishing bilochemical "fingerprints" for a spectrum
of plant taxa. From these taxonomists suggested new phylogenetic relation-
ships or confirmed those previously hypothesized on the basis of morphology
(i.e. von Rudloff 1975; Mirov 1961). A second stage of development focused
on the comparative metabolism of plants and plant populations including
studies of metabolic pathways, comparative enzymology, and DNA and protein
structure and content. This stage of development, exemplified by the
works of Fryer and Ledig (1972), Miksche (1967), Somero (1978), and Durzan
and Chalupa (1968), among others, is scarcely illustrated in forestry
literature. Finally, the third development stage is referred to as
ecological bilochemistry or phytochemical ecology. This subject area
builds on previously described and newly discovered biochemical variation
between taxa. Research in this area is reviewed by Horsley (1977),
Harborne (1977) and Swain (1977).

IMPLICATION OF BIOCHEMICAL SYSTEMATICS FOR TREE IMPROVEMENT

A reading of the literature in biochemical systematics and
ecological biochemistry suggests both proven and novel applications of
biochemical techniques to tree improvement and to research in forest
genetics. These investigative endeavours may be grouped according to
the following categories:

a. Definition of interspecific and intraspecific variation

b. Utilization of biochemicals as unique markers of genetic
variation in breeding programs, including seed source
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identification

c. Use of biochemicals for development of indirect selection
indices

d. Use of biochemical variations in helping to define seed
zones and ecotypes

e. Breeding for insect and disease resistance

For most of the above applications ample 1literature discussions
may be found (Lever and Burley 197Z). Thus only brief development of the
topics outlined above will be undertaken here. This paper should not be
considered a review of literature.

For most forest tree species geneticists possess scant knowledge
of the relationship between genetic variance between stands and provenances
and among individuals in stands. The distribution of genetic variability
within an individual (in terms of percent heterozygous loci) and between
individuals (in terms of polymorphic loci) in a single stand is just now
being actively investigated using isozyme analyses (see Conkle, these
proceedings). Isozyme analysis is an extraordinarily useful tool for
specifically and quantitatively defining genetic variance (Rudin 1976).
However, other biochemicals may be as useful, particularly those to which
a specific metabolic function or competitive advantage can be ascribed
(Horsley 1977).

While basic research is greatly needed to detect relationships
between secondary meitabolites and adaptive strategies, continued study
is needed to quantify biochemical variability among and within tree
populations. Relative amounts of genetically controlled biochemical
variation in central and marginal populations and in population samples
from edaphic or climatic clines needs to be quantified completely to
understand population genetics of trees (von Rudloff 1975).

For seed source studies, precursory studies of in situ
biochemical variation may be particularly valuable for designing sampling
procedures. For instance, chemical methods may be used to define tree
races (Snajberk and Zavarin 1976), clines (Squillace 1976) and putative
hybrid populations or zones of introgression (Zavarin, Snajberk and
Critchfield 1977; von Rudloff 1977). Sampling and analysis of foliage
from throughout the range of a species or provenance are relatively
inexpensive. By providing a map of putative genetic clines, inecluding
potential zones of introgression or interspecific hybridization, the bio-
systematist could provide a priori evidence to suggest how provenance
sampling might be stratified.” This could greatly diminish the number of
seed sources and trees within seed sources needed for yield triails.
Additionally, the biosystematist could define populations possessing
large amounts of variability, and population sets with similar bio-
chemical profiles. By using non-random sampling techniques a limited
number of population sets could be sampled for inclusion in breeding
programs. This would reduce the number of plants needed for breeding
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trials. The consequent cost efficiencies of Leing able to knowledgeably
stratify large continuous tree populations are obvious.

The second major use of biochemlical analyses in tree improvement
is in the area of gene markers. Although the use of isozyme analyses
(see Conkle, these proceedings ) is likely the simplest approach to
defining gene markers for use in breeding, there is no reason why
terpenoids, phenolics and other biochemicals can not also be used alone
or in concert with isozymes. Particular application of gene markers
may be found in situations where pollen contsmination is thought to be a
problem in seed orchards. Analysis of expected and observed gene marker
frequencies in seed orchard progeny can give precise measures of seed
orchard pollen contamination. For analysing the amount of contamination,
or the "take" of mist-blown pollen, biochemical markers should be of
tremendous utility.

Often it is desirable to know the seed origin of a mature
plantation for which no records exist. Because populations usually have
unique biochemical profiles, it is probable that biochemical systematic
techniques can be used to identify their genetic origins. This procedure
would require in-depth knowledge of patterns of biochemical variation in
natural populations. Similarly, biochemical fingerprinting can be a
useful technique to monitor seed certification compliance {Bergmann 1972).

Blochemical gene markers may have use in following genotype
frequency changes in improved populations when they are subjected to
competition and suffer subsequent mortality. For example, using bio-
chemical markers, gene frequencies could be calculated in maturing improved
stands and the changes noted over time. Those seed orchard parents most
likely to produce crop trees could thus be identified. This would be
valuable in management of gene resources in a domestication program and
would aid in the development of indirect selection techniques.

Indirect selection (Falconer 1960) is the procedure whereby a
trait X is genetically selected for by applying a selection pressure tc a
genetically correlated trait Y. If it were possible to locate a bio-
chemical marker genetically correlated to vield, then it would be relative-
ly easy to select for yield. Although there are many difficuities in doing
this in tree populations (von Welssenberg 1976), indirect selection for
disease resistance, hence yield, may have a high probability of succeeding.
There are indications in literature suggesting a rather direct relationship
between secondary plant metabolites and disease (Levin 1976, Ehrlich and
Raven 1964). For example, Franich et al. (1978) have discussed the
possible relationship between needle epicuticular wax content and resist-
ance to Dothisiroma.

If high yield trees are high yielding because they are bio-
chemically variable or if populations are high yielding because they are
biochemically heterogeneous, then measurement of biochemical variance
ber se may be an indicator to use in indirect selection for yield. Improve-
ment strategies may require selection of genotypes for specific environ-
ments. In contrast, natural populations may evolve strategies calling
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for %daptability to many enviromments (Levins 1968, Rehfeldt and Lester
1968).

Biochemical analyses may be applied toward defining seed
collection and transfer zones. It is possible to define seed zones on
the basis of physiographic parameters and this has commonly been done
both in the U.S. and Canada. Addition of biochemical information may in
the future add a new dimension to the seed zone concept. Secondary
plant chemical compounds play a role in conferring pathogenic and herbivore
resistance (Levin 1976) and many may play an important role in control
of metabolic functions (Seigler 1977). Subtle infraspecific variation
in amounts of secondary compounds and/or in biochemical profiles may
provide clues to envirommental sources of selection not necessarily
keyed to obvious edaphic or climatic influences. In other words, analysis
of biochemical variability resulting from natural selection creating both
effective and unique chemical blends may have potential for galining
greater understanding of seed zones. The biochemical niche may be an
important concept in forest tree genetics - espeeially as it relates to
disease and insect resistance. The genetics and physiological stablility
of the relative and absolute amount of secondary substances need consider-
able research if we are to understand the role of the biochemical niche
in determining the fitness of tree populations and the relationship between
adaptation and fitness to growth and yield (Levin 1976).

CONCLUSION

The principles of bilochemical systematics have been developed
over the past several decades. The primary research thrust has been to
demonstrate and elucidate phylogenetic affinities among plant taxa in
concert with traditional measurements of morphological characters. Bio-
chemical systematics generally lends support to the contention that
taxonomic organization in plant species is difficult and that diversity
in plants is "idiosyncratic" (Levin 1979).

In a review of the applications of biocchemical methods of forest
genetics, Lever and Burley (1974) concluded that quantitative estimates
of genetic variance in wild and domestic tree populations may be
efficiently done using biochemical characteristics rather than growth
and yield measurements. While that is true, it must not be overlooked
that the tree improvement forester is primarily concerned with growth
and yield. Biochemical systematics and geneties can assist the tree
breeder 1n understanding the wild plants he is forced to deal with.
However, before the tree improvement forester can understand the
relationships between biochemical variability and growth and yield con-
tinued research in biochemical systematics is imperative. This research
must be closely coupled with increased efforts in tree breeding, field
testing, and long-term measures of growth and yield over varied environ-
ments and in populations composed of a variety of genotypic mixes.
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THE ROLE OF ISOZYME RESEARCH IN TREE IMPROVEMENT
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Ministry of Forests, Victonia, Canada

ABSTRACT

Gel electrophoresis is an efficient tool for large-scale genetics
investigations. It is particularly valuable to tree breeders and forest
geneticists since its unique features of simple inheritance and small
environmental effects offer excellent opportunities to increase our know-
ledge of the genetic relationships between and within species of coniferous
trees and to solve problems encountered in tree breeding and genetics
research, These include identifying subpopulations, relatives and seed
origin, determining the effectiveness of mass pollination techniques and
the degree of selfing and wild pollen contamination in seed orchards, and
aiding breeding programs through indirect selection.

RESUME

L'&€lectrophorese sur gélose est un instrument d'une grande
utilité pour les recherches génétiques de grande échelle. Cette méthode
est particulierement précieuse pour ceux qui s'occupent de la reproduction
des arbres et pour les généticiens de la forét. FEn effet, ses qualités
uniques de descendance simple et ses effets environnementaux 1imités
offrent une excellente possibilité d'elargir notre connaissance des
relations génétiques entre et 4 1'intérieur des espéces de coniféres et
de résoudre les probldémes rencontrés dans la culture des arbres et la
recherche génétique. Ceux-ci comprennent 1l'identification des sous-
populations, de 1'origine des parentés et des graines, 1l'evaluation de
1'efficacité des techniques de pollinisation de masse et du degré d'auto-
pellinisation et de contamination du pollen sauvage dans les vergers de
semence, et la'aide aux programmes de reproduction grace 4 une sélection
indirecte.

INTRODUCTION

Hereditary variation, as reflected in the existence of multiple
alleles in a population, is clearly a prerequisite for evolutionary change.
The question of how much variation exists in natural populations of conifers
is therefore of central interest +to forest geneticists, since it determines
to a large extent the evolutionary plasticity of a species.Yet until quite
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recently the limitations of traditional genetic analysis on morphological
traits (Yang et al. 1977) prevented investigators from determining pre-
cisely how much variation there is in forest tree populations.

Information on the distribution of allelic variation in natural
populations can be obtained with the aid of electrophoretic analysis of
enzymes. Gel electrophoresis separates enzymes on the basis of their
molecular charge and their three-dimensional conformation. When this is
combined with histochemical staining techniques, zymograms (banding patterns
on gels) are generated. These are interpretable in terms of:

1. Multilocus structure of the enzyme (isozymes);
2. Allozyme variation (number of alleles present at a locus); and

3. Functional sub-unit structure of the enzyme (i.e. whether
the enzyme is physiologically active as a monomer, dimer, etc.).

Allozymes which differ in electrophoretic mobility must differ
in their primary structure (i.e. amino-acid sequence). The amino-acid
sequence of allozyme is colinear to the nucleotide sequence of 1ts gene
locus. Consequently, by scoring allozyme variation, we are scoring the
product of gene mutations. Screening single gene variation in population
studies has numerous advantages over approaches such as provenance testing
which are limited to analyzing morphological variation (Shaw 1965;
Gottlieb 1971; Rudin 1976) because:

1. Genotypes are scored directly; there are, consequently,
no problems with epistatic interactions or the environment
mediating the expression of genotypes;

2. The expression of allozyme variants is generally codominant;
under most circumstances, therefore, homozygous and heter-
ozygous individuals can be differentiated from each other; and

3. The amount of genetic information studied 1s directly quanti-
fiable (i.e. number of loci), whereas complex morphological
traits are often controlled by an undetermined number of loci.

Analysis of enzyme variation, therefore, provides a relatively precise
estimation of intra- and interspecific genetic variability in forest
tree populations.

The use of gel electrophoresis in isozyme studies of genic
variability in natural populations of conifers has permitted researchers
to investigate many basic questions of evolutionary bilology (Rudin 1976).
These questions concern levels of heterozygosity within populations,
distribution of genic variability within and between local populations,
relative amounts of genic variability in central as opposed to marginal
populations, and mating systems. Recently, isozymes have been used as
genetic markers in seed orchards to determine and maintain the identity
of individuals, crosses and breeding populations with greater accuracy
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than previously possible (Rudin and Lindgren 1977). Information from
studies in both natural and orchard populations will no doubt be extremely
valuable in Improving the efficiency of tree improvement programs.

In this paper are summarized areas of research where gel
electrophoretic techniques can be used. Fxamples are drawn mainly from
my working experience with Douglas-fir (Pseudotsuga menziesii (Mirb.)
Franco), Sitka spruce (Picea s{tchensis (Bong.) Carr.) and lodgepole
pine (Pinus contornta Dougl.). For more thorough reviews, Including
sampling and analytical techniques, see Feret and Bergmann (1976),
Rudin (1976) and Morris and Spieth (1978).

APPTICATIONS
Amount of Genic Variability

The inherent variability within a conifer species is the raw
material for its genetic improvement, whether it be by natural (evolution-
ary) or by artificial (selective breeding) processes. Recent studies
(0'Malley et al. 1979; Yeh and Ei-Kassaby 1979; Yeh and Layton 1979; Yeh
and 0'Malley 1979) have shown that most conifers are highly heterozygous.
If one considers that about 25 to 30 percent of codon differences are
detectable by electrophoresis (King and Wilson 1975) and makes the
correction for this factor, an individual is expected to be heterozygous
for about 45 to 65 percent of its total genes. This rich gene pool
within local populations is not surprising considering that most conifers
are exceedingly variable in morphology, both across their native ranges
and from tree to tree within stands.

The high level of detected gene diversity in conifers is
probably due to a number of factors: divergent selection for macro-
geographical adaptation (Allard et al. 1972), balancing selection for
micro-geographical differentiation {Hamrick and Allard 1972; Mitton et al.
1977) and an open breeding system which facilitates gene flow within and
between subpopulations. Heterosis might further promote the maintenance
of genic variability (Lewontin et al. 1978). The notable exception to
high heterozygosity in conifers is P{nus resdinosa Ait. (Fowler and Morris
1977). The lack of genic variability within red pine, however, has been
hypothesized to have resulted from a severe population bottleneck,
probably during the Pleistocene, when red pine was reduced to small
refugial population as a result of glaciation.

A striking feature of the most recent surveys has been the
demonstration of a high degree of interlocus variation in heterozygosity
within populations (Yeh 1979). M though no variation was apparent at
some loci, at other loci more than one-half of the individuals were
heterozygous.

Distribution of the loci relative to the frequency of heter-
ozygotes was rather even for heterozygosities between 0.05 to 0.60;
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however, between 38 to 56 percent of the loci analysed had heterozygos-
itiey lower than 0.05. The loci surveyed, therefore, do not seem to be
equivalent in their contribution to the overall mean heterozygosity of
the species. This broad range in heterozygosity, with a mode approaching
zero, suggests that many isozyme loci should be surveyed to estimate
reliably the amount of genic variability in conifers. Because of such
heterogeneity, interpretations on the basis of differences in detected
heterozygosity between species and subpopulations within a given species
should be considered tentative until a large number of loci are studied.

Presence of large amount of genic variability would justify
the cost of tree improvement in a given species. Knowledge of sub-
populations within a given species containing large amount of genic
variability would be useful for defining areas to be set aside for gene
conservation, and could serve to define areas for selection of trees to be
used for inereasing the gene pool in previously selected breeding popul-
ations.

Distribution of Genic Variability and Geographic Pattern

Flectrophoretic data on genic variability in a conifer could
be summarized in terms of its hierarchical organization (0'Malley et al.
1979; Yeh and Fl-Kassaby 1979; Yeh and Layton 1979; Yeh and 0'Malley
1979). This analysis (Nei 1973) enables genic variablility to be partitioned
among different hierarchical levels of population structure--within as
opposed to between subpopulations.

Subpopulations were differentiated by 3 to 11 percent of the
electrophoretically determined variability. Eighty nine to 97 percent of
genic variability was maintained within subpopulations. That the majority
of genic variability in conifers is maintained within subpopulations is,
perhaps, a reflection of their ecological amplitude, their breeding system,
and the lack of effective barriers to gene flow between subpopulations.

Use of isozyme variability for studying intra- and inter-
specific variation has been very fruitful. Isozyme variation from 4iff-
erent biogeoclimatic regions greatly expanded our present knowledge of
the genetic relationships among population types (Yeh and Layton 1979).
Tdentification of continuous and discontinuous pattern of isozyme vari-
ability aided in the ldentification of ecotypes { Bonnet-Masimbert g}_g&.
1978). Studies of introgression (Copes and Beckwlth 1977) and mating
system (Mitton et al. 1977) provided solutions to a number of basic and
applied problems in forest tree genetics and tree breeding. Clearly,
knowlege of distribution and pattern of genic variability greatly assisted
in the understanding of ecological genetics of conifers. The acquisition
of such knowledge would be of immense help in understanding and developing
populations and in developing improvement strategies.

In coastal Douglas-fir (Yeh and O'Malley 1979) and interior
Douglas-fir (Yeh-unpublished) geographic variation patterns were well
known enough to identify seed sources. Possibility of using isozymes
for seed source certification, therefore, has become apparent.
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Analysis of Individuals

ITsozymes that are simpiy inherited offer great potential as gene
markers. Conifers are unique in that genetic control of specific isozymes
could be determined in a single generation without extensive breeding
experiments. The megagametophyte is haplold and has the same genetic
constitution as the female gamete, the egg. Analysis of several mega-
gametophytes from different seeds of a single tree would reveal the geno-
type of that tree. Genotype of the embryo could be determined, also, for
isozymes. Knowing the genotype of an embryo and its adjacent megagameto-
phyte, the pollen contribution of the embryo could be inferred. Inheritance
of allelic variation could be inferred from Mendelian (1:1) segregation of
alternative enzyme phenotypes when scoring numerous megagametophytes from
a single tree heterozygous at a locus (Bartels 1971).

In coastal Douglas-fir, where the genetic conirol of many
specific isozymes had been determined, we could identify relatives to
the same extent that relatives in domestic animals could be identified
through blood types. In this regard, we had used isozymes to detect
labelling errors in both clonal orchards and progeny tests. Use of
isozyme profile of individual trees may be extended to culling of potential
selfers in orchards and to studying inbreeding and effective breeding sizes
of orchards.

CONCLUSIONS

The potential uses of gel electrophoretic technique in the
study of conifer genetics are considerable. Clearly, the technique can
provide solutions to a number of basic and applied problems in conifer
genetics and improvement. In the future, analyses of isozymes should
significantly expand the body of knowledge in conifer genetics and aid in
the planning of optimal breeding strategies for tree improvement and
domestication.
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DISCUSSION

Dr. J.L. Klein. Have you tried any vegetative tissue for isozyme analysis
or 1s there any vegetative tissue which might be so tried?

Dr. F.C. Yeh. Well, vegetative tissues have been used. I think we did
not use them primarily because our laboratory is very small. When
you have vegetative material you require a much more sophisticated
laboratory, because you need to get rid of a lot of what we call
phenolics which are Junk material and we have much more success with
seed and we are not going to change it unless we are forced to.
lately, we are forced to, because I have a project in which I have
to look at incompatibility between root stocks and scions 1n which
I will be forced to use vegetative material.

Dr. E.K. Morgenstern. You mentioned the point of using a number of
isozyme systems at the same time to get the complete results. How
would you integrate the results if there are many isogymes and you
are looking at only two or three?

Dr. F.C. Yeh. It depends on the objective. For example, if you Just want
to talk about the common variation pattern you can pick up any one
of those and you can see whether you have them or you do not. But of
you want to see how much variation there is for =z particular species
then you will have to loock at 2 large number of i1sozymes. For
example, if you pick up esterase and you would say there is 50%
variation in Douglas fir and this is to be mulitiplied by 3 or 4 which
will become incredible. But personally I would like, because of the
different classes of isozyme variation patterns, to look at the
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average effect of genes.

Dr. N.C. Bhattacharya. My interest would be to know the basis for selecting
a large number of isozymes. In my opinion there must be some basis for
that particular type of tissue, because all isozymes are not going
to be so effective in all the assay work.

Dr. F.C. Yeh. As I just sald it depends on the special objective. I have
not dealt with the indirect selection which I briefly pointed out in
the paper that I am writing. For example, we have detected assoc-
iation between isozyme patterns and phenotypic traits of interest.
Therefore, in that case that is all you are interested in and you are
not worryving about whether the isozymes are directly selected for or
they have been selected with the gene complexes responsible for them.
The point is that you have detected the assoclation and right now we
are in the process of proving that type of association by creating
artificial genotypes and look at them to see whether they can be
subjected to treatment. In Sitka spruce frequency of certain
Aconitase allele has been shown to increase with the flushing date
and germination has been found to increase with the frequency of
certain glucose 6-phosphatase dehydrogenase allele. One thing that
I would like to mention is that you can set up an isozyme laboratory
with about $1 000 or so like the set up that I have. When I first
have students coming to our laboratory to work they first look at the
laboratory and would not want to comment on the laboratory, because
it looks so primitive compared to what they were used to at the
university. They have really sophisticated equipment at universities.
But once they get used to the system that we have they do not want to
go to any other system, because it is very very productive. We can
genotype about 3 000 genotypes a day in our laboratory. As I said
each of these gels has 60 samples and each of these gels can be
sliced into seven or eight slices and we can run eight of these
gels. Therefore, 8 x 7 x 60 = 3 360 and that is the amount of geno-
types that we are working on per day in our laboratory.
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AMOUNT AND DISTRIBUTION OF ISOZYME VARIATION
IN VARIOUS CONIFER SPECIES

M. Thompson Conkle

Pacific Southwest Forest and Range Experiment Station
Forest Senvice, U.S. Department of Agiiculture,
P.0. Box 245

Berkeley, Caldfornnia, 94701 U.S.A.

ABSTRACT

Estimation of the relative amount and the geographic distribution
of genetically controlled variation is a central topic of tree resource
management. Biochemical data from the analysis of forest tree enzyme
variants provides a direct and precise measure of allele frequencies of
tree genes.

The amount of genetic variation in several conifers; Douglas-{ir
(Pseudotsuga menziesii (Mirb. ) Franco), loblolly pine (Pinus taeda L.),
sugar pine (P. Lambertiana Dougl.), knobcone pine P. attenuata Lemm. ),
lodgepole pine (P. contorta var. Latifolia Engelm.), and Jeffrey pine
(P. Jefgreyi Grove and Balfour) is assessed by determining the number of
alleles per locus and species heterozygosities. Both measures indicate
that native conifers are genetically variable and species differ in the
kind and amount of variation they contain. Comparisons with herbaceous
plants rank conifers among the most variable plants thus far studied.

The distribution of genetic variation measured by analysing
stands and geographic samples 1s an active area of research. Published
studies and current unpublished work leads to +the conclusion that geo-
graphic trends can be identified that support the hypothesis that sub-
samples are significantly differentiated with respect to allele freq-
quencies but the major amount of variation resides within the subsamples.
Studies using isozyme data are providing data on breeding systems and
comparisons of life history characteristics are showing consistent patterns
which characterize the genetic strategies of forest trees.

RESUME

L'&valuation de la qualite relative et de la distribution
géographique de la variation faisant 1'objet de contrdle génétique sont
des problémes de base dans l'organisation de 1'exploitation des ressources
en arbres. Les données biochimiques obtenues d'aprés l'analyse des
variations d'enzymes des arbres de fordt donment une indication directe et
précise de la fréquence des alldles dans les génes des arbres.
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Le taux de variation génétique de plusieurs coniféres; le
sapin Douglas (Pseudotsuga menziesidi (Mirb.) Franco), le pin & 1'encens
(Pinus taeda T..), le pin gigantesque (P. Lambertiana Dougl. ), le pin
knobecone (P. atftenuata Lemm.), le pin lodgepole (P. contortn var.
Latifolia Englem.), et le pin de Jeffrey (P. Jeffreyd Grave and Balfour)
est trouvé en déterminant le nombre d'alldles par locus et les espéces
hétérozygotes. Ces deux mesures indiquent que les coniféres indigénes
sont génétiquement variables et que les especes different par la nature
et le taux de variation qu'elles contiennent. Des études comparatives
avec les plantes herbacées rangent les coniféres parmi les végétaux les
plus variables qui aient été &tudiés Jjusqu'a présent.

La distribution de variation génétique mesurée sur des plants
d'arbres et des échantillons géographlques représente une branche active
de la recherche. Des études publiées et des travaux en cours non publiés
nous poussent 3 conclure que 1'on peut identifier des tendances géograph-
iques qui affirment 1'hypoth&se selon laquelle les échantillons secondaires
sont largement différenciés en ce quil concerne les fréquences d'alléles,
mais que le plus grand taux de variation se trouve 4 1l'intérieur des
échantillons secondaires. Des recherches basées sur 1'isozyme apportent
des informations sur les systémes de reproduction. Des comparaisons sur
la nature du cycle de la vie présentent des modeles stables qui caractér-
isent les stratégies génétiques des arbres de forét.

INTRODUCTION

A current challenge in forest research is to estimate the
amount and distribution of genetic variation between and within taxa. This
information 1s applied in assessing how significant improvement in the
comnercial products of forests can be realized while maintaining sufficient
genetic variability to cope with uncertain future enviromments.

If a scale for measuring relative amounts of genetic variation
was developed with natural populations representing maximum and cultivated
varieties representing lesser values, most native North American forest
trees would probably rank near the top. Cultivated varieties and intro-
duced species of trees have not displaced native vegetation and most native
populations have not shrunk to the extent that tree breeders are confronted
with a severe reduction of genetic variability. Cautions from breeders
working with animals and crop plants that have long histories of domesti-
cation, however, are influencing tree improvement plans. Many, perhaps
most, domesticated species and varieties have severely restricted genetic
resources (Harlin 1975). Breeders are actively searching for usable gen-
etic variability among native populations (Harlin 1976, Brown et al. 1978).
Forest tree breeders need to identify the amount and distribution of
genetic variation in managed species to develop efficient tree improvement
strategies. Isozyme analyses play an important role in the description of
genetic variability.
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My current research effort Is to ldentify allelic forms of

isozymes and characterize the genetic variability within six conifer
species. This research, when added to estimates of heterozygosity in
isozymes for other conifers, suggests that trees are among the most
heterozygous of higher organisms analysed (Hamrick et al. 1980). Current
reports on several species further suggest that most genetlic variability
is within geographic samples and a small proportion (about 7 percent) of
total variation is between geographic samples.

THE PROCEDURES

Open-pollinated seed from individual parent trees germinates

to the stage where the radicle Just emerges beyond the seed coat and is
then refrigerated until analysed.

As a minimum, six gametophytes from seed of each parent tree are
Individually macerated and electrophoresed. With this sample size,
homozygotes are identified without error and true heterozygotes are
expected to be misclassified in less than 3 percent of the samples.
Electrophoresis and staining procedures are similar to those deseribed
by Fowler and Morris (1977), and Guries and Ledig (1978). Phenotypes
of enzyme bands including migration distances and staining intensities
are the basis for identifying allelic forms and inferring parent tree
genotypes.

Seed materials came from a variety of sources (Table 1).
Diploid tree genotypes were inferred for individual trees in the samples
and allele frequencies for loci were assessed on the basis of two times
the number of parent trees.

The techniques for obtaining enzyme bands is similar for all
conifers, but the analysis of the species included in this study spans
several years of research. Different numbers of leoci per species resulted
from improvements in laboratory procedures. Some bias toward more variable
loci may be a feature of species with few numbers of loci, but all enzymes
with clear bands are included in this survey.

Two measures of genetic variability are examined for each
species. The average number of alleles per locus estimates the allelic
differentiation within a species. A few loci in some species are mono-
morphic, but characteristically, from two to a maximum of nine different
alleles are identified for each locus.

The second measure of variability estimates the average number
of heterozygous loci per parent tree. Average hetereozygosity is cal-
culated from species allele frequencies for each locus by subtracting
the sum of the squared allele frequencies from 1.0. This heterozygosity
value estimates the number of heterozygotes expected under Hardy-Weinberg
conditions. For species in this study, the estimated numbers of
heterozygotes approximates the actual count of heterozygotes. The
choice of using computed rather than observed values is to make the data
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Table 1. Species samples for evaluating the amount of allelic variation
in isozyme loci.

Parent Trees 1/
Species and location in the Sample

Douglas-fir, Pseudotsuga menziesii (Mirb.) Franco

Natural population, Oregon 152

loblolly pine, Plnus faeda L.
Natural population, North Carclina 146

Superior trees 20

Sugar pine, P. Lambertiana Dougl.

California and Oregon 58

Jeffrey pine, P. Jefgreyl Grev. & Balf.

Four natural stands, California 75

Lodgepole pine, P. conforta Dougl. ssp. murrayana

Natural stand, California 40

Knobcone pine, P, atffenuata Lemm.

Ten geographic areas, Oregon and
California 49

L Allele frequencies are 2 X these numbers.

compatible with other literature. The number of heterozygotes per locus
tends to be large when allele frequencies have intermediate values and
when alleles per locus are numerous.

RESULTS

Species differed in both measures of genetic variability (Table
2). Douglas fir ( Pseudotsuga menziesil (Mirb.) Franco) and loblolly
pine (Pinus taeda L.) averaged almost four alleles per enzyme locus. Sugar,
pine (P. Lambentiana Dougl., Jeffrey pine (P. Jeffreyd Grev. & Balf.,
and lodgepole pine (P. contornta Dougl. ) averaged slightly less than three
alleles per locus, and knobcone pine (P. atfenuata Lemm.) had only about
two. Confidence intervals for the means indicate that the three groups
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Table 2. Isozyme variability in several coniferous species.

Alleles Heterozygosity
Loci per Locus per Locus

Species Analysed (X + 8.D.) (X + 5.D.)
Douglas-fir 19 4.00 i_.22 0.33 + .03
Loblolly pine

Natural stand 11 3.73 + .32 34+ 04

Select trees 30 3.87 + .13 .26 + .01
Sugar pine 20 2.85 + .18 .26 + .03
Jeffrey pine bty 2.85 + .33 .26 + .05
Lodgepole pine 37 2.78 + .08 .19 + .01
Knobcone pine 22 2.09 + .11 A4 0+ 02

of species differ significantly from one another.

Mean heterozygosities per locus followed the trends set by the
average number of alleles per locus. Douglas-fir and the nmatural stand of
loblolly pine had trees that on the average were heterozygous at about
one-third of the loci in the sample. The superior tree sample of loblolly
pine had a lower estimate for heterozygosity than the natural stand
(Table 2), but when the same genes are compared, the values are nearly
equal. Additional loci analysed recently in our laboratory had several
allelic variants per locus, but often had one allele in high frequency.

The select loblolly pines had the same values for heterozygosity
per locus as did sugar and Jeffrey pines. These three species were heter-
ozygous for about one-fourth of their loci. Tower values were observed
for lodgepole pine (0.19) and knobcone pine (0.14).

DISCUSSION

Contrasts between conifer species for the amount of isozyme
variation each possesses are heightened by the finding that red pine
(PAnus resinosa Ait.) is estimated to have an average heterozygosity
value of zero (Fowler and Morris 1977). Nine loci were studied for red
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pine. In other conifers, several loci which were among those sampled in
red pine, had many alleles and high estimates of heterozygosity. Because
several of the red pine seed samples were from widely separated geographic
locations, the lack of variation was not the result of restricted sampling.
It 1s noteworthy that red pine has high self-compatibility and low levels
of phenotypic variability in growth traits. The zero value for red pine
heterozygosity is the low benchmark.

The values reported here for alleles per locus and heterozygosity
per locus for Douglas-fir and loblolly pine are among the highest obtained
for conifers. A similarly high value was reported for bristlecone pine
(P, anistata Engelm.): 2.35 alleles per locus and heterozygosity of 0.36
(Hiebert 1977). The highest values for conifers, therefore, approach four
alleles per locus and average heterozygosities in excess of one-third of
the loci per individual.

CONCLUSIONS

Broad-scale comparisons of species and taxa are outdated as
new data become available and should be interpreted cautiously because
comparisons are rarely made on the basis of the same subset of loci. But
inclusion of large samples of loci improves average values for species.
Hamrick et al. (1979, 1980) summarize plant species information currently
available. On the average, genetic variation in plants is roughly equiv-
alent to that in invertebrates but significantly more than in vertebrate
species. Trees average significantly more variation than herbaceous
plants. Plant species, with the greatest number of alleles per locus and
the highest values for heterozygosity, have large geographic distributions,
high fecundities, outcrossing as the mode of reproduction, long generation
times, and are wind-pocllinated.

Total genetic variation within a taxon can be partitioned to
within and between subsamples. Recent studies of variation in conifers
show that most of the genetic variation is within subsamples. Pitch pine
(P. nigdda Mil1l.), had 99 percent of total variation within populations
(Guries and Ledig 1977) and only one percent between populations. Yeh
(1980) reports similar large amounts of variation within populations of
Douglas-fir, Sitka spruce, and lodgepole pine (ssp. Latifolia) from British
Columbia, Canada. TFrom 92 to 97 percent of the total variation 1s within
populations of these three species. Brown and Moran (1980) summarized 17
studies of forest trees and found that wind-pollinated species averaged
93 percent of total variation within subpopulations, 7 percent between
populations.

These low levels of variation among subpopulations strengthen
the inferences drawn from the species data reported in this study.
Estimates of the amount of genetic variation of single populations are
expected to compare favorably with samples representing species coll-
ections. Further work on forest trees is expected to assign tree species
on a heterozygosity scale that ranges from near zero heterozygosity to the
most heterozygous organisms studied to date.
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It seems reasonable 1o assume that variation in enzymes is a
direct measure of overall genetic variation. Isozymes have proved
their usefulness for estimating relative amounts of genetic variability
within taxonomic units and for comparing the degree of similarity between
taxa. Allelic differences in enzymes, however, measure genetic variation
in primary gene products. These primary gene products are many steps
removed and represent only a small sample of the genes that contribute
to the expression of a tree's phenotype. The challenge in research is to
establish a relationship, if it exists, between enzyme data and pheno-
typically valuable tralts in forest trees.
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DISCUSSION

Dr. E.K. Morgenstern. In the last slides you showed that a low amount of

variation had been found in Norway spruce but a very large amount of
variation in Monterey pine - two species which have range differences
of the order of 1 000. Could you explain?

Dr. M.T. Conkle. Your observation should account for variation within

Dr.

the two species. The total isozyme variation for Norway spruce from
Sweden was estimated to be three times larger than for California
Monterey pine, 41 percent vs 15 percent. The illustration, which you
referred to, divided total variation into two classes; among popul-
ations and within populations. Monterey pine had significant vari-
ation among populations (15 percent), while Norway spruce popul-
ations were less distinct (3 percent of total variation). The
contrast between these two species suggests a relationship between
variation in isozymes and the size and isolation of populations
within species. Norway spruce is widely distributed with large
population numbers and few restrictions to gene flow. Monterey

pine has small populations separated by distances of 50-100
kilometres. The information for Norway spruce was from a 1979
Hereditas article by Kenneth Lundkvist. Data for California
populations of Monterey pine were from a seminar by Gavin Moran.

E.K. Morgenstern. I guess in your Table 1 you have a low number of

samples of Norway spruce. I wonder if you could explain this.

. M.T. Conkle. Data for forest trees are just becoming available. I

selected studies that reported ten or more loci to gain accuracy
in the average estimates. Other studies of Norway spruce, however,
give values similar to those in the illustration. Researchers, I
might add, are working toward standardized isozyme analysis so
results from different laboratories will be comparable.

. D.P. Fowler. The question in Norway spruce is a bit bothersome.

Dr.

I suggest it makes very big differences if your three or four
samples are from Poland, let us say, compared to a broader range-
wide sample.

M.T. Conkle. TIsozyme studies of various plants and animals commonly

report large proportions of total variation within geographic samples
and small proportions among samples. Thus, I expect variation within
stands from Poland would be minor, similar to the findings of the

Swedish study. Comparing Polish and Swedish samples, however, should



-117-
produce larger differences.

Forest geneticists are accustomed to significant differences among
provenances in growth trials and these differences are often greater
than 3 percent. But, the comparison of isozyme and growth results
may not account for the compounding of growth differences over the
life of a trial. Would growth differences within field trials average
about 3 percent annual rates when discounted cver several years?
Francis Yeh's research addresses the comparison of isozyme and

growth variability; we should watch his resuits as they become
available.

Dr. R.B. Hall. This pcpulation versus within stand versus between stands
selectlion seems to be very important and T am wondering how much
extrapolation you can make between particular enzyme systems which
may not be under strong selection pressures versus something like
photoperiod response which would be under very strong selection
pressures.

Dr. M.T. Conkle. People are actively researching your question. Some
isozyme variation probably represents noise (random variation) while
other isozyme variation results from selection. Isozyme alleles
differ in heat deactivation and temperature optima, and the bio-
chemical function of most enzymes is known. Some isozyme allele
frequencies may reflect selection as strongly as photoperiod
response.

Dr. F.C. Yeh. I would like to add a little bit to the analysis. We have
further subdivided the analysis into subpopulation aspects. Like
we looked at within populations. This is confounded because it
included family variation within populations. And that component
comes to about one-third of the variation. Therefore, family
differences within populations account for one-third of the differ-
ences that you see.
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CELL AND TISSUE CULTURE FOR TREE IMPROVEMENT
OF CONIFEROUS SPECIES

D.J. Durzan, D. Einspahr, M. Johnson, J. Litvay and D.C. Verma

Forest BioLogy Section, The Institute of Paper Chemisiny
Appleton, Wisconsin, U.S.A.

ABSTRACT

In recent years, cell and tissue culture technology has been
oriented increasingly toward tree improvement programs, largely to over-
come many of the constraints embodied in existing practice and to meet
industry's needs for trees. The trees are needed in large numbers, with
high quality, hardiness, and rapid growth, especially on the poorer sites.
For Douglas-fir (Pseudotsuga menziesil{ (Mirb.) Franco)and loblolly pine
(Pinus taeda L. ), tissue culture technology, involving materials from
Juvenile tissue or from improved sced has increased by a hundred-fold
the ability to clone high quality material for container planting programs.
The variability and field performance of this type of approach has not yet
been evaluated. Substantial progress has been made in another approach
using cell suspensions from more mature and proven trees. For Douglas-
fir and loblolly pine, the mass production of embryo-like structures from
somatic cells (1 000 per 10 ml) has been obtained only recently in the
authors' laboratory. There is every reason to believe that the same
advancement may be obtained with some boreal species such as white spruce
(Picea glauca (Moench) Voss) and jack pine (P. banksiana Lamb.). The
opportunities that this progress promises, are outlined to show, first,
how cell and tissue culture methodology could contribute to domestication
and mass cloning and, second, how existing barriers to crossability might
be removed using protoplast and genetic engineering technology.

RESUME

Ces dernieres annees la technologie de la culture des cellules
et des tissus a éte appliquee davantage aux programmes d'amelioration des
arbres, essentiellement afin de surmonter un certain nombre de contraintes
particuligres aux méthodes existantes et de répondre aux besoins en arbres
de 1'industrie. I1 faut que les arbres soient nombreux, de haute qualité,
et qu'ils aient une croissance raplde, surtout sur les terrains pauvres.
Dans de cas du sapin Douglas (Pseudotsuga menziesil (Mirb.) Franco et du pin
a 1'encens (Pinus ftaeda L. ), la technologie de la culture des cellules et
des tissus basée sur des matiéres provenant de tissus juvéniles ou de
semences perfectionnées a permis de multiplier par cent la production de
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clones de haute qualité appliqués a des programmes de plantation en con-
tainer. On n'a pas encore évalué la variabilité ni les résultats sur le
terrain de ce genre d'approche. D'importants progreés ont été réalisés
dans la cadre d'une autre méthode utilisant les suspensions cellulaires
sur des arbres plus mirs et plus éprouvés. La production massive de
structures de type embryonnaire 4 partir de cellules somatiques

(1 000/10 ml) ne vient d'étre obtenue que récemment dans le labor-

atolire de l'auteur. Nous avons de connes raisons de croire que les mémes
progreés peuvent étre réalisés avec certaines espéces boréales comme
1'épinette blanche (Picea glauca (Moench) Voss) et le pin de Banks (Pinus
banksiana Tamb.). Les possibilités que ces progrds peuvent apporter
montrent d'abord comment la méthodologie de cellule et de tissu pourrait
contribuer & la domestication et au clonage de masse et aussi comment 1'on
pourrait surmonter les obstacles actuels & 1'hybridabilité en utilisant la
technologie du protoplasme et de la génétique.

INTRODUCTION

Problems associated with the Improvement and domestication of
coniferous species impose constraints on the yields of forest products.
Attempts to widen the range of multiple uses of trees in response to the
current energy and materials crisis impose additional demands on our
dwindling forest resources. 1In the USA, the opportunities are clear for
southern pines. Hall (1979) has estimated that on managed plantations
tree lmprovement over several generations, when coupled with a program of
asexual propagation, could increase the foreit productivity by a factor
of 3.7 over a minimal base line of 7 to 11 m”/ha/yr. In the boreal
forest, factors such as available nitrogen on site classes, genetic
variability, slow growth, and tolerance of severe climatic conditions
often determine whether land should be invested in tree growth or put to
alternative uses. Nevertheless, the problem remains that should large
numbers of trees be planted, what would be the source and quality of
these trees?

Should a desirable source or specimen be found, asexual or
vegetative propagation can be used to multiply individuals with specific
genetic gains. The gains would include the following properties: rapid
growth rate, resistance to insects and disease, desirable wood quality,
good shape and form, responsiveness to silvicultural practices and reliable
cone and seed production (Durzan and Campbell 1974). In cloned individuals
these traits must be matched with performance under specific soil condit-
ions and at typical sites preferably close to the mill.

This report will deal with a review of recent advances in cell
and tissue culture technology aimed at the development of methods for
the mass propagation of conifer species. In the short term, this alternate
technology in vegetative propagation is believed to have its merit as a com-
plementary system to existing proven methods of propagation. Because of
the long and complex life cycle of trees, the value of cell and tissue
culture methods remains to be properly evaluated and field-tested. Over
the long term, the greatest benefit of cell and tissue culture lies in
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the convenient manipulation of the genetics of individual cells. Through
the enzymic removal of the cell wall to form protoplasts, new opportunities
in reducing the barriers to crossability and hybridization emerge through
protoplast fusion and genetic engineering.

VEGETATIVE PROPAGATION SYSTEM

The use of cell and tissue culture falls into a wider vegetative
propagation scheme (Durzan 1979). Figure 1 contains a sequence of decisions
and alternatives that derermines whether or not propagation involves
tissues or cells. The key steps are:

1. Determination of client needs and the genetic gains to be realized.
This includes identifying heritable traits that are essential and
non-essential, balancing or counterbalancing, and desirable or
undesirable. The specific genetic trait must be evaluated with a
knowledge of its history. Screening and testing methods for the
trait should be developed if not already available. The economic
gain and options in the systems should also be evaluated and
known.,

ii. TIntroduction of precultural factors unique to the species to facil-
itate propagation, particularly from more mature individual trees.
Barriers to propagation that must be removed need to be identified,
and steps should be taken to overcome these factors (e.g. Boulay
1976). This could include removal of apical dominance in shoots
of mature trees and pretreatments that convert mature tissues to a
more juvenile phase. Choice of location of explant, choice of
culture system, and screening of the explant for totipotency are
other factors. A feasibility study should reveal unknown factors
and identify the permissive or inductive situations allowing
morphogenesis.

iii. Celi, tissue, and organ (meristem) culture alternatives. The
systems of choice will involve partially organized explants or the
fully unorganized tissue route. The options will be determined
by the number of required propagants, success in generating callus,
cell suspensions, numbers of clones, and by the fidelity required
in the product. The partially organized route is labor-intensive
and requires a developmental integration of plant organs that are
sequentially induced. The genetic stability of gymnosperm cells
in vitro makes the unorganized route attractive for many of
Industry's needs (Fig. 2).

iv. Once plantlets have been regenerated, quality control and
packaging of the product is essential. Embryos can be pelleted
by special coatings to form artificial seeds that can be easily
handled for mass planting (e.g. Murashige 1978). Alternatively,
plants can be distributed in containers for field planting.

v. For woody species, physiological preconditioning in the field may
be essential. Control over nursery diseases is important. This
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may be achieved by placing fungicides in the pellet around the
somatic embryo or propagule. Disease-free certification of the
product by a pathologist is a requirement.

vi. Field testing and establishment of the clones require the input of
population geneticists who can decide upon the ideal genetic
blends for specific sites and end uses. The overall system presents
several end-uses. These include domestication, trees for energy
plantations, production of pathogen-free trees, improved and
efficient breeding systems and progeny testing. Viable cell
suspension cultures with demonstrated potential for totipotency
provide excellent experimental system for an understanding of
biological and physiological processes underlying growth and
development of conifers.

SCME ADVANTAGES AND LANDMARKS

In tissue culture practice, gymnosperms offer an advantage not
always shared by angiosperms. In the developing seed cone the multi-
cellular female gametophyte is derived from a single haploid cell and is
thus genetically homogeneous. The gametophyte passes through a "free-
nuclear" stage, i.e., one where the cell contains numerous free nuclei
that are not separated by cell walls. This means that we may be able to
use the free-nuclear stage of the gametophytes to induce homozygous diploid
and tetraploid tissues which could be organized into plants. The haploid
state also provides a means of testing for structural linkage among
genetic loci responsible for the production of certain enzymes (Guries et
al. 1978). Trees were recalcitrant for showing classical genetic segreg-
ation and assortment until a tight genetic linkage was shown for haploid
tissue from pitch pine (P. nigida Mill.). This work represents a start
in the mapping of the conifer genome.

In fact some of the pioneering studies on in vitro systems of
haploid tissues were done on gymnosperms. Gymnosperm callus, derived
from pollen was obtained five to ten years before this approach was
successfully applied to angiosperms (Sommer and Brown 1979). ILarue
obtained callus from pollen of Taxus brevifofia Nutt. (cf. Tulecke 1959),
and Tulecke (1957) derived a green and colourless haploid callus from
pollen of Gdnkgo bifoba L. Plantlet formation did not occur in either
of these cases. Perhaps it was not attempted. Larue (1954) reported that
the large haploid female gametophytes of genera Zamia and Cycas were able
to grow in culture and regenerate new plants. Zamia and Cycas belong to
the class Cycadopsida, and are evolutionarily closely related to the
gymnosperms and ferns. Thus, plantlets were induced from haploid tissue in
blants belonging to a class which is evolutionarily intermediate between
the angiosperms and gymnospemrs. Bonga (1977) and Steinhauer and Huhtinen
(1978) claimed to have shoot regeneration from haploid megagametophyte
cultures of Pdicea abies (L.) Karst. Others have successfully cultured
female gametophyte tissue from conifers. At the Institute of Paper
Chemistry we have established cell suspensions of haploid cells from
Douglas-fir and loblolly pine (unpublished). Tt would be extremely
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Somatic cell embryogenesis in conifers. The shoot tip of
loblolly pine may serve as donor tissue.

After production of callus on a chemically defined nutrient
medium with growth regulators, the callus is fragmented in
rotating flasks to form cell suspension cultures. Illustrated
is a Douglas-fir cell ca. 60 microns long.

After removal of the stimulus for callus growth and dedifferent-
iation in darkness, the cell suspension is transformed after
one month into white clusters of proembryolike cells.

The polyembryonic clusters are attached to each other by cells
that may function as a suspensor.

After two months cells in globular structures continue to grow
in a regular pattern and green-up in darkness.

After another month, polarity emerges with one end forming
nodules where the seed leaves would normally appear.

A cross section of cells comprising the globular stage of
somatic embryos.

A cross section of the larger (ca. 0.5 mm) somatic embryos
when axial elongation starts.

An elongated somatic embryo (ca. 1 mm in length) of Douglas-fir
with multiple primordia at the top where the seed leaves should
appear.



Fig. 3. Somatic cell embryvogenesis in suspension cultures of

Douglas-fir and lcblolly nine.
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advantageous if hundreds of thousands of the haploid plantlets and the
recombinant products of meiosis be generated at one time through cell and
tissue culture.

Diploid homozygous plants might be regenerated from haploid
tissues. Doubling of the chromosome number by fusion, colchicine or
other agents to produce homozygous individuals for breeding purposes would
provide the tree breeder wiih opportunities not attainable by any other
technique currently available,.

Landmarks in the development of trees from diploid cells in
tissue culture have been encouraging (Durzan and Campbell 1974; Sommer
and Brown 1979). Cell suspension cultures from conifers were established
in 1966 by Durzan and Steward (1968). The American elm {Ufmus americana
L. ) was the first tree produced from cell suspension cultures (Durzan and
Lepushanski 1975). More recently, the following species have been cloned
from partially organized tissues; Sequodia (Ball 1978), Douglas-fir
(Wochok and Abo-E1-Nil 1978, Cheng 1979), white spruce (Campbell and
Durzan 1976) and numerous pines. The first conifer produced from tissue
cultures was longleaf pine (P. palustrnis Mill.) (Sommer et ai. 1975)
followed by white spruce (Campbell and Durzan 1976). In the latter,
induction of organs was in tissues devoid of apical meristems, and the
events were shown to be related strictly to auxin-cytokinin ratios rather
than the complex media changes of Sommer et al. (1975).

Since 1977, over 95 species of gymnosperms from 25 genera and
9 families have been placed in sterile tissue culture. Of these 95
species, 87 are members of the Coniferae and almost half belong to the
genus Pinus (Brown and Sommer 1977). So far, propagation in commercial
forests via tissue culture involves organized tissues, e.g., Douglas-fir
(Wochok and Abo-E1-Nil 1978). While no examples of successful generation
of a conifer seedling are available from the culture of unorganized cells,
these systems are currently under intensive development. Recently, at
the Institute of Paper Chemistry, somatic cell embryogenesis has been
induced in suspension cultures derived from explants taken from mature
trees of Douglas-fir and 2-year-old saplings of Douglas-fir and loblolly
pine (Fig. 3).

CLONING OF EMBRYONIC BUDS vs. MORPHOGENESIS IN CELL SUSPENSIONS

Many investigators have been successful in initiating single and
multiple buds on the cotyledonary explants of conifers grown in sterile
culture. The buds are then developed into fully organized plantlets
under the influence of growth regulators (Blackman 1979). This technique
is now employed on a pilot scale by Weyerhaeuser and the International
Paper Company. Although it shows some promise as a means of vegetative
propagation, it does have some shortcomings. (1) If only a limited number
of buds are induced per seedling, it will be impossible to achieve the
production of large numbers of plants because the separation and recult-
uring of buds is labor-intensive. (2) The rooting of the shoots is often
found difficult. (3) The desirability of plants established by this




-127-

procedure cannot be ascertained until the plants themselves are grown
because the genetic potential of the seed giving rise to the cotyledonary
buds is unknown. It is clear that only cell cultures can provide the
required numbers of propagants and that the cells should be taken from
proven, mature, and elite trees. It must be emphasized, however, that
both systems have great value in the study of the genetic control of tree
development under laboratory conditions.

The advantages of mass propagation from suspension cultures are
clear. Once the genetic gain has been secured and reduced to callus and
cell suspensions, the multiplication of totipotent cells is feasible on a
more economical and rapid time scale. Millions of cells can be generated
within a matter of a few days and used to reconstruct the tendency to
recapitulate ontogeny.

One alternative to the fate of cells, discussed in more detail
below, is that shown in Fig. 2, i.e., somatic cell embryogenesis. Two
other alternatives are possible. If given the appropriate stimuli and
auxin-cytokinin levels, organogenesis from cell suspensions can proceed.
Unpublished data in Fig. 4 show that roots have been obtained from clumps
with cambial-like cellular arrays in white spruce and jack pine suspension
cultures, that were reported by Durzan et al. (1973). If the levels of
growth regulators are excessive, the cells will revert to the continued
production of callus until the nutrients in the medium become limiting.

Whenever a satisfactory cloning procedure becomes available for
coniferous trees, it will be necessary to include many strains or ecotypes
suited to particular environmental conditions. This requirement resists
the temptation to plant large areas with a single or a few clones. With
proper attention to the dangers inherent in genetic uniformity, calamities
such as those that affect monocultures of herbaceous crops can be avoided
(Day 1977).

EMBRYOGENESIS IN CELL SUSPENSIONS

In this approach the ultimate goal is to obtain trees from cell
suspensions (Manson 1977). While the American elm has been propagated
from cells (Durzan and Lopushanski 1975) there are as yet no reports for
conifers although considerable evidence now indicates that it is only a
matter of time before plants are obtained.

Evidence for the induction of somatic cell embryogenesis in
suspension cultures has been obtained for Douglas-fir and loblolly pine
(Fig. 3). Proembryolike clusters developed from clumps of cells between
60 and 120 u in diameter. The clusters were characteristic of the
growth patterns found during the natural early embryogenesis of conifers.
Developmental patterns continued through several stages of growth and
yielded individual embryo-like somatic structures with cohesive and polar-
ized growth patterns. The developmental fate of these structures could be
modified by auxins and cytokinins to produce precocious vascular elements
and multiple shoot primordia. If structures were left unperturbed by



suliures.

1

18ion

SUSpel

derdy

elumos

=
o
i

Fenesis



Fig. 4 A.

-129-

Induction of a bud on a clump of white spruce from cell sus-

pensions. The clumps were
(10-°M).

Induction of multiple buds
treatment in A.

Induction of multiple buds
to contrast the difference
partially organized tissue
suspension culture.

exposed to benzylaminopurine

each (0.5 mm diameter) by the same

on a white spruce hypocotyl segment
in organized structures formed on
and from unorganized cells in

Induction of root-like protrusions (2 mm) on a clump of jack
pine cells with naphthalene acetic acid in the presence of

benzylaminopurine.

The formation of a root (6 mm long) without a shoot on a

white spruce cell clump.

Development of root hairs from a root-like protrusion on a
clump of white spruce cells.,
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auxins or cytokinins further embryonic development proceeded slowly
until nutrients ran out. Current work is focussed on the physical and
chemical conditions required to ensure continued development of the
somatlc structures.

This work involved some new ingredients. First, embryos were
obtained from tissues of trees not less than two-years old and as old as
50 years. Before this, nearly all experiments were done with embryonic or
very juvenile structures, e.g., cotyledons (Sommer and Brown 1979). Second,
in most cases, the regeneration of plants was through tissues with a pre-
existing built-in meristem. In our case, tissues were completely reduced
to cells, and meristems had to be reconstructed. Third, at all stages of
the technology, a completely chemically-defined medium was used. The
medium formulations were based on the specific requirements of the tissue
under consideration. Fourth, in a few cases, somatic cell embryogenesis
was obtained from spherical cells resembling protoplasts, i.e., certain
cells had only partially complete cell walls as viewed under the scanning
electron microscope. Fifth, the yield of embryos approximated 1 000
per 10 ml.

The future steps will involve the fine tuning of the process
and the pre-conditioning and further differentiation of embryos into
plants for the autotrophic enviromment, i.e, one in which the embryos
can be placed in an artificial seed or planted directly in scil. This
stage will require the input of geneticists and pathologists so that a
quality control can be imposed on the products of somatic cell embryo-
genesis.

GENETIC ENGINEERING

A wide range of promising genes cannot be introduced by sexual
crossing because of natural crossability barriers. Recent evidence
suggests that some barriers may be overcome by genetic engineering (e.g,
Melchers 1980). For our purposes, genetic engineering is defined as any
non-conventional method of genetic manipulation dealing with transfer of
genes between trees and from other organisms to trees. This prospect
becomes significant with the approach of controlled morphogenesis from
cell suspensions and with recent developments in protoplast technology
described in an International Workshop (Sala et al. 1980).

SUMMARY

Through domestication, tree improvement, and the promise of cell
and tissue culture technology, industry can now anticipate that large
numbers of superior trees can be cloned with quality gains and time savings
in two areas. First, through more uniform rapid growth of cloned material
in man-made forests the rotation age can be shortened and the Juvenile
phase promoted. Second, through vegetative propagation the effect of
the long developmental period and unpredictability of seed years can be
avoided or minimized.
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It 1s postulated that the best approach 1o propagation of con-
ifers starts at the cellular level. Haploid tissues are readily available
and cell suspension cultures of mature tissues on defined media are
becoming routine. Recently, a limited control over organogenesis and
the steps of somatic cell embryogenesis has been observed. There is no
longer any doubt that, while conifers show similar tendencies of toti-
potency as other plants, the mechanisms and nutrient media required to
evoke responses are quite different. Furthermore, protoplasts are now
easily prepared from the cell suspensions. Through protoplast fusion and
genetic engineering new opporiunities emerge for the removal of cross-
ability barriers. The creation of new species perhaps more sultable for
manufacturing needs of the forest industry, can be contemplated using
the new biological systems that centre around protoplast technology.
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DISCUSSION

Dr. J.L. Farrar. It is very exciting. What are your achievements in the
Use of mature trees as a source of original culture? You did not say
much about that. Just what tissue did you use?

Dr. D.J. Durzan. We have used the lateral branches from Douglas-fir and
Toblolly pine up to age of approximately four-years-old. We have
been able to induce globular structures from the cells from trees
that old. Our first success came from potted saplings that were
growing in the greenhouse. These were approximately two to four
years old. Samples were taken of terminal buds of lateral branches.
We thought we might be able to push the age a little further and
that was with the Douglas-fir tree I showed you which was 45 to 48
years old. We have been able to get somatic embryos from the older
trees. We are now exploring how widely applicable this is. I think
this is a significant departure from the material that is being used
by other investigators. No doubt, we can establish cell-suspension
cultures from mature specimens. I think by reducing the older
tissue to cells and by removing the restraints of neighbouring cells
as to revitalization we have a way to revitalize or evoke the ability
to regenerate plants for propagation purposes.

Dr. M.T. Conkle. Your 9 o'clock breakthrough requires repackaging and
embryo development. Have you given any thought to implanting de-
programmed cells in unpollinated conelets hoping to get clonally
propagated diploids?

Dr. D.J. Durzan. That is an interesting possibility. No, we have not gone
To that stage. We have done all our work up to a few months ago on
completely defined media and we very much wanted to see how far we can
go on this media. Further development of embryo-like structures
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iz more complicated. We have gone to the use of extracis from the
gametophytes of a number of seed sources and the responses are coming
along nicely. It may be that we should try the approach that you have
sugprreslbed.  We are now at a point that if we are going to push the
material all the way to completion, we have to use the more complicated
nutrient supplements and culture systems.

A. Filauro. I just want to ask Don how long it would take before you

make a complete circle?

D.J. Durzan. I would think maybe 10 years to work out the required

. Fllauro. And how long did it take to get to the stage that you are

Mr.
Dr.
technology.
Mr .
at now?
Dr.

D.J. Durzan. We started from scratch 25 months ago and we have gone

three-quarters of the way around one cloning cycle. We can foresee
that the problems are getting a little more complicated. Initially

we try to predetermine the events in the flask but you can pre-
determine only a few of the variables. As the work progresses you
lose control of the predetermined variables and what we have to do now
is to move to different culture systems that control the reactions

in the flask. Right now we do not have any control over pH or redox
potential of the colloidal properties of the solution or even the
nutrient fluxes that are taking place. I think that when we come 1o
the central stage we can look at the factors such as pH and supple-
mental nutrients and then we will be better off to answer your earlier
questions. And, I might say while it may take us 10 years to complete
the details for one revolution of the cloning cycle, it may also occur
in two years, if we are lucky.
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CLOSING REMARKS
M. Thompson Conkle

Pacific Southwest Forest and Range Experiment Station
Forest Senvice, U.S. Department of Agriiculilune
P.0. Box 245
Berkeley, California, 94701, U.S.A.

Lively discussions, well-prepared presentations, an informative
field trip, and the presence of geneticists and tree improvers from many
locations have all combined to make this meeting highly successful. Many
people mentioned during the course of the meeting that they were attracted
to Newfoundland by their curiosity about the forests of eastermmost North
America. Camera shutters snapped at every stop, twig samples were stuffed
into jacket pockets, and berries were jammed into mouths by the handfuls.
I don't think Don Fowler knew the laxative power of these little berries
at the time but he seems to have respect for them now. Indeed, we all
have gained new respect for the forests, the research staff, and forest
managers of this unigue area.

Successful meetings do not plan themselves, and weeks, if not
months, were involved in preparing for this meeting. We, who have enjoyed
being here, wish to recognize and thank all who have worked hard to make
these meetings an important event. Special thanks and highest regards go
to members of the Newfoundland Forest Research Centre. We appreciate the
time and thoughtfulness that all speakers gave in preparing and presenting
their talks. And those of you, who keep alive the rich cultural heritage
of Newfoundland, we thank you for sharing the language, the songs, and the
stories. There is a certain sadness in leaving this meeting but we look
forward to reunions in the near future.

Plans are underway for the next Canadian meetings to be held in
Victoria, British Columbia. There are two other meetings of interest.
The North American Forest Biology Group will meet in Edmonton, Alberta, and
the Western Forest Genetics Assoclation will meet in Coeur d'Alene, Idaho,
during late summer, 1980.
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