Role of physiology in forest tree improvement

Donald I. Dickmann

Introduction

The forests of the world will play an important
role in the future welfare of the human species,
just as they always have. To this end the respon-
sibility of foresters is great, for they will play a
major role in the management of forests. The
breeding of hardwood and coniferous tree
cultivars that efficiently produce a particular
wood product or amenity will be an increasing-
ly important aspect of forest management. The
breeding or engineering of high-yielding trees
for wood production stands out as being espe-
cially important, as the landbase for wood pro-
duction is shrinking due to competing and often
exclusive uses of forest land.

Does the physiologist have a role to play in
the process of tree improvement? I would say
emphatically — yes! The mandate of physiolo-
gy is to understand how plants work. Such un-
derstanding must be the underpinning of the
practice of silviculture. In 1950 Frederick S.
Baker prefaced his now classic book Principles
of Silviculture with this statement:

“A large part of this book is devoted to plant
physiology of forest trees in the belief that a
sufficiently wise and flexible silvicultural art
can be developed on the ground only by practi-
tioners who understand the forest as a biologi-
cal entity.”

Because it encompasses silviculture, this state-
ment includes tree improvement as well. In fact,
the processes that the physiologist tries to meas-
ure and understand are those which the applied
geneticist tries to change (Richardson 1960).
Breeders who do not understand the biology of
the tree they are working with cannot expect to
progress very far. Their tree becomes a “black
box” which receives inputs and produces out-
puts in a mysterious way; the action of the genes
regulating the functioning of the tree remains
hidden.

Fortunately, most breeders recognize their
need for a greater understanding of the gene-
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controlled physiological processes which pro-
duce growth and commercial yield. In fact, this
need was expressed throughout the IUFRO joint
working group meeting entitled “Biological
Systems in Tree Breeding” which is the subject
of this proceedings, and especially in the contri-
bution by Eriksson (1991). What physiologists
can provide to breeders and genetic engineers,
in a general sense, is the opportunity to move
their work from an empirical level towards a
more theoretical level; i.e. towards a situation
where breeding becomes both more predictable
and more precise in its objectives. The success
of future tree breeding efforts will depend rath-
er strongly on movement in this direction, as the
strictly empirical approach to tree improvement
is strongly subject to the law of diminishing
returns.

Modern agriculture represents the successful
application of a physiologically based approach
to crop improvement. The rather impressive
gains in yield of cereal and other crops, such as
soybean, have occurred, in part, because physi-
ologists were working alongside geneticists and
breeders. Much of the biology of agricultural
crop plants has been elucidated, so breeders
have had a clearer path to pursue, i.e. their ob-
jectives have been clearly defined. As agricul-
tural crop improvement becomes more firmly
based on the unraveling of the genome itself by
molecular geneticists, the linkage between phys-
iologists and now, genetic engineers, will
strengthen.

In actuality, physiology is just one of several
disciplines that comprise tree improvement (Fig.
1); each of them has something to contribute
and their interaction is very synergistic. Breed-
ers and engineers, of course, occupy a pivotal
position because they are directly responsible
for the output of tree improvement: new geno-
types for plantation management. But the other
disciplines in Fig. 1, in particular physiology,
provide important inputs along the way.

What follows is a discussion of some of the
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Fig. 1. The improvement of forest trees in the future
will require input from various scientific disci-
plines, including physiology.

ways in which plant physiology research can
contribute to tree improvement. This discussion
is not meant to be inclusive of every potential
physiological input to tree improvement, but
rather highlights those areas that show special
promise for the future.

Biotechnology

The current cutting edge of forest genetics re-
search surely lies in the area of cellular or mo-
lecular biology and in vitro culture. In addition
to basic genetic studies of gene action and regu-
lation, this area offers many opportunities to the
applied geneticist. An ever increasing effort is
being expended in micropropagation, culture of
various organs and tissues, resistance screen-
ing, genetic transformation, and somaclonal se-
lection, all to the end of increasing forest pro-
ductivity under intensive culture. In fact, it seems
as though these “biotechnology” efforts often
proceed at the expense of conventional tree im-
provement methods. However, future gains in
forest productivity will occur only if bio-
technology and conventional breeding work in
concert.

A close alliance of geneticists and physiolo-
gists becomes a necessity in the area of molecu-
lar and cellular biology. In fact, when working
this close to the genome the distinction between
a cellular physiologist and a molecular geneti-
cist often fades; genes encode enzymes which
regulate physiological processes. In fact, the
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application of biotechnology is constrained by
the availability of background knowledge, not
only genetic, but biochemical and physiological
as well (Riemenschneider et al. 1988).

The synergism already derived or potentially
possible from application of genetic and physi-
ological methods of biotechnology to tree im-
provement can be demonstrated using two ex-
amples, one partially realized, one largely po-
tential. There are others that could be cited, but
these two perhaps offer the largest and most
immediate payoffs: genetic transformation and
micropropagation.

In cases where desirable genes cannot easily
be transferred via sexual recombination, genetic
transformation offers an increasingly viable crop
improvement alternative (Gasser and Fraley
1989). But such transformations are predicated
on knowledge of both the physiological and
genetic bases of desirable traits (Dickmann and
Keathley 1986). For example, the development
of a glyphosate-tolerant Populus clone (Fillatti
etal. 1987) was only possible because physiolo-
gists had determined that the mode-of-action of
this herbicide was through inhibition of the en-
zyme 5-enolpyruvylshikimate (EPSP) synthase.
Geneticists, in turn, discovered and identified
the aroA gene locus in Salmonella typhimurium
that encoded EPSP synthase. A mutant of this
gene was then produced that encoded an en-
zyme with a reduced affinity for glyphosate. By
using an Agrobacterium tumefaciens vector, this
mutant gene was inserted into poplar leaf ex-
plants. Young trees regenerated from these trans-
formed explants showed significant tolerance to
glyphosate. This example demonstrates in dra-
matic fashion how genetic engineering can ex-
ploit the results of a physiology-genetic collab-
oration.

Another area where the potential for a benefi-
cial physiology-genetic collaboration looms
large is the micropropagation of conifers and
determinate-growth angiosperms. Vegetative
propagation is a powerful tool of tree improve-
ment because it allows for the immediate cap-
ture of both additive and nonadditive genetic
variance. Unfortunately, some of the most im-
portant commercial tree species are notoriously
hard to vegetatively propagate by any means
(Berlyn et al. 1986). A top research priority
should be the unraveling of the genetic and
physiological basis for asexual regeneration or
nonregeneration and their controlling factors.
With such knowledge in hand, physiologists and
geneticists could devise micropropagation pro-
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tocols to circumvent the systems responsible for
vegetative nonregeneration in certain species or
genetically engineer plants that will be vegeta-
tively fecund.

Flowering

The benefits of a close collaboration between
breeders and physiologists is very apparent in
the area of flower induction and stimulation.
Many forest tree species are notorious for their
long period of juvenility, during which time
reproductive structures are not initiated (Hack-
ett 1985). Even after maturation or phase change,
production of fruit and seed may be sparse or
episodic. These tendencies impede progress in
conventional tree breeding and limit seed pro-
duction in orchards. Fortunately, breeders and
physiologists have been actively studying phase
change and reproductive mechanisms in forest
trees for many years, and the results of these
studies have paid dividends in tree improve-
ment programs.

Ross and Pharis (1985) identified the basic
treatments that have been shown to promote
flowering in forest trees: water stress, root prun-
ing, girdling, high temperatures, nitrogen ferti-
lization, and application of growth regulators.
Of the latter, exogenously applied gibberellins
are effective promoters of precocious flowering
in conifers and some woody angiosperms. Cer-
tain growth inhibitors also have been effective
in woody angiosperms. It is important to note
that these treatments do not cause stable chang-
es in maturation state; young plants treated to
induce flowering revert to the nonflowering,
immature state after treatments cease (Hackett
1985). Such treatments are viewed by many as
the major route to operational flower induction
and stimulation. Although phase change and
flower production are under strong genetic con-
trol (Longman 1985), breeding for a short juve-
nile period or high reproductive capacity may
not be desirable because of negative genetic
-correlations with growth (e.g. Huhtinen 1976).

Although much progress has been made in
our knowledge of flowering and phase change
in forest trees, we are far from a complete un-
derstanding of the physiology of these process-
es. The controlling role of roots, for example, is
poorly understood (Ross and Pharis 1985). And
certain conifers, like Picea abies, still show a
great reluctance to flower, especially in seed
orchards. Thus, there is much still to be done in
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this area by basic and applied physiologists
working in conjunction with tree breeding pro-
grams.

Selection criteria

A breeding program may generate millions of
progeny each year, each with its own phenotyp-
ic characteristics. An efficient and expedient
means of initially screening these progeny for
further testing, commercial propagation, or pro-
duction outplanting is essential. Physiologists
have been asked to provide early selection cri-
teria that are more reliable than the standard
height and diameter. This need becomes even
more critical as the cost-benefit ratio of tree
improvement programs comes under closer
scrutiny or as the costly progeny from genetic
engineering efforts are evaluated.

Early selection criteria must be highly corre-
lated with economic yield. In forest genetics
tree height has been a common selection criteri-
on in early screening. However, it is often diffi-
cult to equate seedling height (or other tradi-
tionally measured characters of young trees)
and final yield (Zobel and Talbert 1984); i.e.
age-age correlations are poor (Lambeth 1980).
Many breeders view this problem as one of the
central impediments to successful tree improve-
ment in the future.

Conventional breeders, however, often accuse
physiologists of being too caught up in preci-
sion (Fig. 2); their yield-predicting traits are
very narrowly defined and measurements of
them are unwieldy, time-consuming, and re-
quire expensive instrumentation. Physiologists,
on the other hand, view these breeders as con-
centrating more on form than substance; they
try to do too much and in the process sacrifice
biological understanding (Fig. 2). This *“gap”
needs to be narrowed if we are going to advance
the methodology of selecting genetically supe-
rior trees. Physiologists must become more prac-
tical and define traits that are broadly applicable
to final yield and that are easily and quickly
measured. Breeders, on the other hand, must get
further into the plants they have created and be
willing to spend the time and effort necessary to
fully characterize them. Fortunately, in the area
of biotechnology this gap narrows considera-
bly.

Two traits illustrate the direction that we
should be heading, both of them physiological-
ly based. In Populus, leaf size — an easily-
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Fig. 2. The relationship between the scope of scien-
tific research and its precision (units are arbitrary).
The work of conventional tree breeders tends to
be wide in scope and low in precision, whereas
the opposite applies to physiologists. The result-
ing “gap” must be narrowed. (D.E. Riemen-
schneider, personal communication).

measured trait — may be a better indicator of
potential stem volume than seedling height
(Ridge et al. 1986). This trait is an indicator of
photosynthetic potential, a primary determinate
of final yield. When considering northern coni-
fers, harvest index — the proportion of total dry
matter of the crop that comprises the economic
product — has been shown to be more closely
correlated with yield per ha than stem volume
per se (Pulkkinen et al. 1989). To a physiologist
familiar with the literature on partitioning of
dry matter within plants, this finding comes as
no surprise. In agriculture the major gain in
crop yield has been accomplished through ge-
netic alteration of dry matter partitioning be-
tween the economic and noneconomic parts of
the plant (Evans 1980).

Because of rapid advances in molecular ge-
netics, the future may hold the possibility for
increasing the correlation between genotype and
phenotype, aiding early selection (Riemen-
schneider et al. 1988). Desirable alleles are be-
coming increasingly detectable at the molecular
level, e.g. through restriction fragment length
polymorphism mapping, allowing them to be
directly associated with the phenotypic charac-
teristics that they encode. Selection could then
be based on the presence of markers that identify
the desired genes. Another fruitful avenue of
collaboration between applied geneticists and
physiologists!
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Adaptability

A major goal of most tree improvement pro-
grams is to produce cultivars or clones that are
broadly adaptable across a wide range of sites;
i.e. genotypes that show high phenotypic plas-
ticity (Harper 1977, p. 649). Unplastic geno-
types are less fit, in a silvicultural sense, be-
cause they will perform poorly on soil-sites that
are less than optimum or during periods of ad-
verse environmental conditions. Breeders are
well aware of the importance of testing new
progeny over a variety of sites, not only so that
genotype X environment interactions can be as-
sessed, but also to determine the relative plas-
ticity in the performance of individual geno-
types. For example, the two Populus X eura-
mericana clones in Fig. 3 show contrasting
adaptabilities; NE 359 performs well over a
range of sites and is relatively plastic, whereas
Eugenei not only grows slower but shows less
phenotypic plasticity.

A tree that is successful must adapt to a multi-
tude of interacting site factors whose individual
effects may be more than additive. Adaptability
to the vagaries of weather is particularly impor-
tant in forestry. Sites can be carefully chosen to
manifest the genetic potential of planting stock,
but weather is uncontrollable. An exceptionally
cold winter or severe drought can lay a carefully
conceived and executed tree improvement plan
to waste. As the human species continues to
foul its residential planet, adaptability to the
pollutants that infect the air, water, and soil
must also be considered by breeders. Obvious-
ly, a comprehensive characterization of each
planting site and the complexities of its associ-
ated environment is of critical importance. Phys-
iologists can play an important role here.

Another way in which physiologist can con-
tribute is in the understanding of the biological
basis for adaptability. What are the traits that
confer upon a genotype adaptation to a particu-
lar site limitation? How do genotypes compen-
sate for multiple site limitations? As these ques-
tions are answered geneticists, working in con-
cert with physiologists, can elucidate the genet-
ic control of adaptive traits.

Great progress has been made in understand-
ing adaptative physiological responses to cer-
tain limiting factors; e.g. water stress (Chaves
1991, Davies et al. 1990, Schulze et al. 1987),
nitrogen deficiency (Chapin et al. 1987, Evans
1989), or cold (Guy 1990, Levitt 1980). We are
less successful in understanding plant responses
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Fig. 3. The relationship of height of Populus x
euramericana clones ‘Eugenei’ and ‘NE 359’ to
soil type after four-years growth in the Lower
Peninsula of Michigan USA. Soil drainage class-
es are: ED = excessively drained; WD = well
drained; SWPD = somewhat poorly drained; VPD
= very poorly drained. Soil texture classes are: s
= loamy sand; sl = sandy loam; sil = silty loam; cl
= clay loam.

to multiple co-limitations. Chapin et al. (1987)
have put forward the attractive hypothesis that
adaptable genotypes have the capacity to deal
with multiple resource limitations through com-
pensatory responses, whereas a less adapted
genotype cannot. The latter often may be limit-
ed by a single resource while having excess
capacity for acquiring nonlimiting resources;
i.e. their adaptive responses are less plastic. This
certainly is a fertile area for future research.

As the traits confering adaptability are identi-
fied and characterized, selection criteria must
be developed to aid the breeder. Ideally, breed-
ing ideotypes would be constructed that includ-
ed characters that confer wide adaptability. These
objectives should be the ultimate goal of the
applied physiologist working on site adaptabili-
ty. The breeder or genetic engineer then will

have a clear pathway to follow to further tree
improvement.

Application of ideotypes

Another area in which physiologists and breed-
ers can work together constructively is in the
formulation of ideotypes. The concept of the
ideotype was first proposed by Donald (1968), a
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cereal breeder, and he has since elaborated the
concept extensively (Donald and Hamblin 1976,
Donald 1979, Donald and Hamblin 1983). Don-
ald defined a crop ideotype as “a plant model
which is expected to yield a greater quantity or
quality of ... useful product when developed as
a cultivar.” Donald’s conception was nothing
more than an extension of the approach of
breeding for multiple traits, but he cast it in a
holistic way: instead of looking at just a few
traits, why not take the whole plant into account?
Dickmann (1985) and Dickmann et al. (1992)
further elaborated the ideotype concept as it
applied to forest tree improvement. Although
the application of the ideotype concept to tree
improvement programs seems logical, few pub-
lished ideotypes for forest trees exist.

The creation of useful ideotypes is built upon
detailed knowledge of the structure and physi-
ology of the plant. It follows, then, that an ideo-
type will be no better than the scientific founda-
tion upon which it rests. The physiological basis
of yield is admittedly complex because it is
governed by numerous polygenic, organismic,
and community traits that have enormous plas-
ticity as the crop develops with multiple colim-
iting factors — both metabolic and environ-
mental (Gifford et al. 1984). Therefore, some
breeders prefer not to adopt the ideotype strate-
gy because it presupposes the type of plant that
will produce the highest yield (Coyne 1980).
While this may be true, it should not prevent the
proposing of testable hypotheses about yield
enhancement, which is part of the ideotype con-
cept.

The most fruitful application of an ideotype
can occur only if it distills state-of-the-art
knowledge of the attributes of the target crop
plant; this is where physiologists can make a
real contribution. A vague or incomplete con-
ception of the target plant in the mind of the
breeder is not enough, especially during ad-
vanced generation breeding. Not only should
ideotypes be as complete as possible, but they
should be published so other scientists can use
the ideotype as a basis for further research into
plant form and function. A cycle of formula-
tion—application—research—reformulation, and so
on, then develops, leading to advances in genetic
improvement as well as understanding of the
biological basis of tree growth.

Important disadvantages to ideotype breeding
may hinder its application in perennial woody
plants. Long generation times, the bane of tree
improvement, especially with late-successional
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forest trees, can scuttle attempts to produce a
plant that conforms to the ideotype. And al-
though certain traits, especially those relating to
tree form, are highly heritable, most are com-
plex and polygenic and would require many
cycles of breeding to build into new genotypes.

However, Way et al. (1983) caution that any
single-minded breeding approach to yield im-
provement is unlikely to be successful, espe-
cially in advance-generation breeding. None-
theless, it is a dictum of plant breeding that, for
a given selection intensity, the efficiency of im-
provement of any one trait declines as addition-
al characters are added. Therefore, it would be
impossible to assemble all the yield-enhancing
traits specified in an ideotype into single geno-
types through recurrent, multiple-trait selection.
Another approach, however, may be possible.
An ideotype can be viewed as a single quantita-
tive trait, and selections made based on the de-
gree of fit to the ideotype as a whole (D.E.
Keathley, personal communication). In fact, an
ideotype is like any other quantitative trait (e.g.,
tree height or stem volume), albeit more com-
plicated: an expression of many gene loci, all
working in concert to produce a continuum of
phenotypes. It may be argued that heritabilities
will be low if this approach is used, but this
limitation is not insurmountable. A major prag-
matic problem in viewing an ideotype as a
quantitative trait will be the assigning of weights
to each component of the overall ideotype; i.e.,
formulating a scoring system to be used during
selection.

Regardless of how ideotypes are employed,
the practical limitations of breeding set a limit
on the number of characters that can be includ-
ed in an ideotype, even though from the stand-
point of understanding tree growth as many
yield-related characters as possible should be
included. Therefore, I propose that at the outset
the breeder must select a limited subset of traits
from a comprehensive ideotype that offer the
most promise of producing the desired genetic
gain, or whose economic values are greatest,
creating a practical “working” ideotype. At a
minimum a working ideotype might be com-
prised of only two or three key traits selected
from the complete ideotype. This very limited
working ideotype might be particularly useful
in mass selection within a large progeny test.
Again, the simple working ideotype could be
used as a single quantitative trait.

Obviously, there is no one ideotype for a par-
ticular crop (Simmonds 1985), nor should an
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existing ideotype be viewed as a final end point.
Ideotype formulation is a dynamic, expanding
process. Several models may be proposed for a
given crop or for a particular crop-culture com-
bination. For example, well-developed drought
avoidance characteristics may be unnecessary
ideotype traits when trees are irrigated, but they
become important when trees are grown on sites
where natural rainfall is a major limitation to
growth. As physiological knowledge increases
and tree improvement programs become more
sophisticated, existing ideotypes will be modi-
fied and new ones proposed. It is likely, though,
that all ideotypes for a particular crop, regard-
less of species, will have some common charac-
teristics (Donald and Hamblin 1983).

Promoting interaction

The creative and synergistic interaction between
tree breeders and physiologists — what Prof.
Reinhard Stettler (University of Washington,
Seattle, USA) calls a “constellation of people”
— usually will not occur without effort or pre-
meditation. Certainly there are examples of ser-
endipity, where researchers come together, al-
most in a random way, only to find that they
have common objectives and interests in tree
biology and improvement. But we cannot count
on this happening very often. There are ways,
however, that the forming of constellations can
be actively promoted.

Administrators of forest research programs
must realize that future progress in forest sci-
ence will be realized predominately through
interdisciplinary interaction. Problems in the
modern world are more complex than ever, and
their solutions require inputs from experts with
varied training and experience. Tree breeding
or genetic engineering programs can no longer
consist just of scientists trained in these areas;
inclusion of physiologists and other experts (Fig.
1) in these programs will greatly enhance
progress. Administrators and organizations must
be aware of this need and 1) establish interdisci-
plinary tree improvement teams that are highly
goal oriented, 2) facilitate the interaction of team
members, and 3) provide a stimulating work
environment and adequate resources.

On the other hand, scientists with an interest
in tree improvement cannot be too parochial.
They must be willing to look outward, rather
than inward, and work cooperatively with other
scientists in different disciplines. The individu-

253



al, say nothing of the collective, rewards will be
great. Obviously, personalities must be compat-
ible, and like graft unions between scions and
rootstocks in seed orchards, such compatibili-
ties are difficult to predict. To some extent,
though, shared interests can surmount certain
incompatibilities. Again, administrators have to
be aware of this problem and make shifts in
personnel assignments when necessary.

Scientists are fond of meeting together at con-
ferences and workshops, preferably in a stimu-
lating and interesting location. While these
meetings often are organized along disciplinary
lines, and necessarily so, too few interdiscipli-
nary meetings, such as the IUFRO joint work-
ing group meeting “Biological Systems in Tree
Breeding” that is the subject of this proceed-
ings, are organized. Tree breeders tend to talk to
tree breeders and physiologists talk to physiolo-
gists. What is needed is for concerned workers
to structure meetings in a way that is more
problem or subject oriented rather than strictly
disciplinary. Attendees could then be invited
from many different disciplines, creating a real
opportunity for “cross-fertilization.” A tightly
structured paper format should give way to a
more informal workshop structure which allows
ample time for discussion.

Interaction among applied geneticists and
physiologists must have a foundation in the ed-
ucation process. Graduate students in genetics
or physiology should be counseled to expand
their view by taking courses in other disciplines.
A geneticist with some training in physiology
or a physiologist with a minor in genetics will
be best able to respond to the future challenges
of tree breeding in an interdisciplinary way. In
these days of information overload it is tempt-
ing to become very narrowly focused during the
years of university training. Whereas indepth
training in a specialty area is essential, particu-
larly at the Ph.D. level, view-broadening train-
ing should not be overlooked. The payoffs in
productive cooperative research, say nothing of
the personal rewards derived from a broad edu-
cation, certainly will reward such efforts.

_The greatest synergistic gain from coopera-
tive research between geneticists, breeders, and
physiologists will come from work on relatively
few model species or genera. Worldwide there
are many forest tree species that are the subject
of genetic improvement efforts, but comprehen-
sive, interdisciplinary research programs are not
possible on all of them; there just aren’t enough
scientists to support such efforts, to say nothing
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Fig. 4. Using model taxa, e.g. Populus, a feed-for-
ward cycle develops where breeders and genetic
engineers produce pedigreed material, which, in
turn, is investigated by geneticists and physiolo-
gists. The resultant increase in biological know-
ledge aids the breeders and engineers in develop-
ing new genotypes, and the cycle continues.

of the lack of available funding. And further-
more, many species lack a sufficient commer-
cial application. But certain trees — e.g. Pinus
sylvestris, P. taeda and P. radiata, Pseudotsuga
menziesii, Picea sitchensis and P. abies, Euca-
lyptus spp., Salix spp., Populus spp., Betula pen-
dula, Tectona grandis — could be established
as model species which would be the subjects of
concentrated interdisciplinary research and im-
provement. To some extent this already occurs,
but all to often these efforts are not efficient due
to lack of close communication among scien-
tists and the absence of an administrative
framework to coordinate the work.

In an ideal situation, work with a model spe-
cies can result in the development of a synergis-
tic, feed-forward cycle (Fig. 4). To a practically
minded physiologist or breeder, this prospect
certainly must be exciting. Improvement pro-
grams produce new genotypes through selec-
tion and breeding. Physiologists then use this
pedigreed material for basic investigations on
yield-related traits. This work, in turn, can be
used by breeders for developing better selection
criteria and in the formulation of ideotypes. The
new genotypes that result can then be the sub-
jects of further physiological research, and the
cycle continues. The cycle can be even tighter
when linkages are made between molecular ge-
neticists, genetic engineers, and physiologists.
In this case, the likelihood of identifying the
genes or DNA fragments that encode the en-
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zymes that regulate specific physiological proc-
esses is very real.

Conclusions

Tree physiologists certainly cannot promise the
impossible; they will not pull rabbits out of a
hat. However, their niche is the advancement of
understanding of the structure and function of
trees, from the organelle to the ecosystem level.
The extent to which they successfully fulfill this
mandate will determine their value to tree im-
provement.

Just as a breeder cannot productively improve
a plant of which he/she has no understanding,
so physiologists must at all times be aware that
it is the genome that ultimately controls plant
growth and functioning. So the link between
physiologists, geneticists, and breeders is quite
naturally forged. That the link exists does not
mean it is always exploited. In this paper I have
attempted to present reasons why the future of
tree improvement must be more closely entwined
with tree physiology. In the end it will take a
commitment on the part of forest scientists, ed-
ucators, and administrators to make it happen.
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