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ENETiC IMPROVEMENT o{ forest ttees is ceasing to be the exclu-

$ ,iu. preserve of the research worker and is becoming the active

ao*...r of the practicing forestet. This development is most welcome to

the research worker, who not only {inds in it vindication of his activity' but

sees in it opportunities fot accelerating practical applications as well as {or

broadening and intensifying research.

This paper is an attempt to synthesize, from some recent work in tree

improvement and ftom discussion with tree-improvement workers' a com-

pr.h"rrriu. procedure which makes forest tree improvemeflt an integral part

of for"r. production. As a synthesis, it borrows from the wotk and thought

of many people. Yet it would be unfair to imply that any of these people

woold approrre the form in which their ideas reappear' rWith this reserYation'

it is a pi-easore to acknowledge the ideas, written, spoken, and published of

R. Z. Callaham, R. C. Campbell, Carl Heimburger, Leo Isaac' F' I Righter'

Risto Satvas, C. Syrach-Larsen, J. \fl. \flright, and Bruce Z-obel as well as

many ptacticing foresters in the Pacific Northwest'

The ForestTree as a Speoial' Problent
in Genetic ImProaemenN

Although the principles underlying genetic improvement are equally

valid fot all sexually reproducing organisms, distinctive features' such as

longevity, size, economic value, reproductive biology, etc', must be considered

in Jeking the most effective means of applying genetic principles to practical

ttee-improvement Problems.

Forest trees possess sevetal features which appear to make them a special

class as regards genetic improYement Most conspicuous, at first view' is

the length of generations, which seems to put trees in the same class as an

'Paoer otesented to Forcstty Sectioa, Notthvrest Scientific Association' Bellingham' Washing'

ron. De.embir 2-, I  oo2.'"^^' 
;i..'i";-i 

'oii.c1or. 
Co1. !r. B. Greeley Forest Nursery, lndusttial Foresftv Asso(iation'

Nisqually, \fl ashington.
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organism notoriously unsuited to genetic manipulation. But tength of sexual
generation is perhaps not the most serious obstacle to genetic improvement
of foresr trees; the fact thar many importanr prop"rti.i of trees cannor be
adequately evaluated until the ,r.", u.. ,.u".ul i"."d", old may be even
more restrictive.

. 
The restriction imposed by the length o{ time tequired to evaluate tees

is not entirely inftexibre. Juven e-mature correlations can be used to achieve
useful predictions and thus gain time. Nevertheless, plants are notorious
fgr hayins an opea system of growth, which tends io'..do." the accuracy
of predictions.

length of tesr genefations arso tends to shift emphasis towafd characters
which may be evaluated in young plants. Examples are blister rust resistance
in white pines, early seedling heighr gro-th, seedling drought resistance, re_
srstance to soil-borne wilt in Albizzia, and resistance,o ut_orp-h.ri. constituents
in Pinus strobus. Selection for any one of these desirable characters is a
useful or even indispensable step; it is, however, the first step in tandem or
step-by-step selection, which is much less efficient than either index or inde_
pendent cullingJevel selection. Nevertheless, the usual efficiency compari_
sons may not be relevant because time and mortality compel the ree breeder
to adopt tandem selection, at least as a preliminary to mor" 

-effici"ot 
pro.edl,r...

The other side o{ the coin is that the longevity_with clona.l propagation,
one might say the immortality----of a forest t.ee can be a great asset to the
tree breeder. Syrach-Larsen (1956) has called attention tl the advantages
of working with durable plant materials.

Space may be as restrictive as time. A well_tended field of wheat willproduce about 1.5 million mature plants per acre. A stand of Dougtas,fir
at 60 years, site index I40, catties 291 stems per acre 7,,d.b.h. and iarger.
Even if we do_ not need to grow our tees to the nominal rotation of 60
years we probably cannor cowd them much closer than 72 x 12 feet or 300pfr acre, Thus our space requirement for a Douglas_fir in a test or breeding
plot is about 5,000 times that for a wheat plant. This factor actually under-
states the difference in two respects. First, the area of soil occupied by a
family of, say 40 wheat plants,_ is likely to encompass {ar less edaphic
varrllion than the area occupied by a 4}_ttee {am;ly of Douglas_fir. iUr,
as $Tright and Freeland (I9GO). have pointed out, ,.rnposes dilferent experi_
mental designs on the tree breeder. Second, the area {u.to, of 5,000 must,
to be realistig be multiplied by the number of years over which the tree
must occupy the site before it can be adequately tested.

Another way of looking at the space-time dimensions of trees rerative
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to annual plants is to compare the market value of a Douglas-fir and a wheat

plant. Lel us assume a leld of 70 bt'/acre and a price of $2 50 pet bu'

to girr" u crop valued at $175 Per acre' Dividing this by 1 5 million' the

.roib". of plants per acte, gives a value of 016 cent per plant' Douglas-fir

on site index 140 (mid class III) yields 52 M b'f international on trees 7"

d.b.h. and over. Assuming $15 stumpage, the value o{ the crop is $780'

Dividing this by 291, the numbet of trees per acre, gives a single-tree value

of 62.68, or ri,o0o times the value of a price-supported wheat plant'

Just as space-time considerations may force the adoption of special pro-

cedures by the tfee improver, so also may the fact that forest trees come to

hand with a rather different genetic make-up than that presented to the

agricultural plant breedet. The latter seldom encountets a truly wild plant'

Ii -o.t .ur.r, the fotest ttee bteeder starts with material shaped by natural

selectibn to maximize its fitness to survive and reproduce in a specific

envitonment. \(/hether this natural selection has natrowed the spectlum

of heritable variation in characters of economic importance, as in red pine,

or has left a bewildering array of types, as in Pacific coast Douglas-fir' depends

on the evolutionary history of the species lf we take a species with wide

heritable variation in characters of economic importance, like Douglas-fir,

we find ourselves in a much different position than, for example' the corn

breeder, who finds the variation in his species well sorted out by centuries

of purposeful selection.

Not only does the forest tee breeder have wild material to start wlth'

he finds his choice of matetials and objectives dependent on technologies

and markets dominated by tradition and yet increasingly subject to re-evalua-

tion and change. This is particularly true of the Pacific Northwest' where

forestry and ih. for.r, indusfies are new Tree-improvement work has

relevance to foresty only if artificial reforestation is widespread and effective

Techniques of artificial reforestation in our region are, at present' inadequate

to justiiy substantial investments in tree improvement or' indeed' to support

the testing essential to imptovement Markets currently seem to enforce

concentra;n on Douglas-fir, to the neglect of numerous excellent species

better adapted to management on particular sites in the region But markets

ur" notortorly subject to change enforced by competition or technological

development.

This catalog of perplexities besetting the tree improver is not offered as

a rationalization for inaction. It is, rather, an aftempt to desctibe the frame-

work within which tree-improvement objectives must be set and procedures

developed.
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To bring these concepts down to earth, we must speak in terms of con-

crete facilities. These may be divided into seed-producing and progeny-testing

facilities.

The terms seed-production area and seed orchard, should, at this date,

need no further elaboration. These are the principal recognized seed-producing

facilities in these days when we are at least talking about disemploying the

squirrel and the casual cone collectot. I should like to add to this list the

clone ot scion bank, because it seems likely that for certain suitable species,

among which I should include Douglas-fir, the clone bank may e{fectively

double as a source of seed, if not for quantity production, at least fof extensive

resrrng.

Seed orchards are already, in the major forest regions of this coufltry,

being established largely by administrative rathet than tesearch petsonnel,

although the latter are usually deeply involved as advisers. The same is true

of seed-production areas. These are o{ten consideted to be temporary expedi-

ents which may be used only until seed can be secured from grafted seed

orchards based on a much higher intensity of selection. I have suggested

elsewhere (Duffield, 1952) that seed-production areas caft have othet uses

as well. They can, for instance, provide the opportunity for phenotypic

evaluation of large numbers o{ trees over a period of several years before

fesources are committed on a large scale to installing smal1 numbers of clones

in grafted seed orchards. Some of the tree ptoperties which require this

long-term evaluation are {lowering and fruiting habit, gtaftability, and stock-

scion compatibility, features of crucial importance to the effectiveness of a

grafted seed orchard.

These seed-producing facilities are not yet part of the herd or flock; they

cannot be expected to contribute directly to {orest production, except perhaps

in the case of the seed-production area which is eventually logged. Even so,

at least with Douglas-fir, it seems unlikely that the repeated harvesting of

cones and the production of usable volumes of wood will be compatible uses

of the same tree. The breeding and production herd concept takes ovet

when the seed from these facilities is sown in the flursefy. Because of the

virtual impossibility o{ maintainiflg parefltage records, direct seeding cannot

be included as a reforestation technique in this procedute.

The nursery is the first test facility, in which information on the per-

formance of progenies is fed back to start the process of selective elimination

of the less desirable parents. The work of Callaham and Hasel (1961)

has shown that for ponderosa pine, second-year height growth in the nursety

has good predictive value for 15-year height of planted trees. It is likely
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that this may be true for many species provided nursery practices are such
that seedbeds ate fatrly homogeneous. Moreover, with the trend toward
using larger planting stock, it is likely that the nursery may be available as a
test facility for the first three years of the tree's life. This offers the
opportunity to select parents which produce fast-starting progenies, a property
which seems particularly important in regions where animal damage takes
a heavy toll of young plants and where competing vegetation is lush.

In the nursety it is quite practical to use agronomic designs which may
not be suitable in outplantings, for the reasons already detailed. Not only
is it physically practical to use such designs, but because the nursery is a
single central location, the personnel trained to use such designs can be
employed effectively.

Anyone who has moved pedigreed plants from a nursery to a plantation
laid out in a formal design will appreciate the costs in labeling, layout, map-
ping, record keeping, and supervision. These strongly restrict number and
size of tests. If, as \Tright and Freeland (1960) have suggested, formal
field designs can be abandoned in favor of single-tree plots in numerous
replications, it becomes possible to reduce or eliminate many of these items
of cost. The key to such a scheme is a satisfactory system of labeling
individual plants so that their parentage can be determined after they have
been moved to the plantation. This permits either complete or some re-
stricted form of randomization which can be performed at the nursery, thereby
avoiding the extra costs of layout, mapping, and special supervision at the
planting site. If the labels are permanent, so attached as to allow growth
of the plants, and each with a unique number, they calr serve for many years
to identify the growing trees for successive inspections and measurements.
The scheme is essentially analogous to ear-tagging livestock.

The additional costs involved are almost entirely chargeable to the nursery
phase of the operation. Hence, the scheme is applicable to routine produc-
tion plantations, provided the level of routine planting technology is suffi-
ciently advanced.

Selective elimination can begin at any time, can be applied to families
or individuals, and can continue as long as labeling of trees is maintained.
The results of measurements and observations may be fed back to guide
selection in seed orchard or seed-production area. Moreover, as the plantation
reaches the age of cone production, scions from selected plantarion trees of
known parentage can be moved into clone banl<s and seed orchards.

This scheme transfers much of the cost of testing to production planta-
tions, and much of the work to administrative routine operations. It requires
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a more effective plantation technology than is common in some of our forest
regions, fot faidy high survival and freedom from animal damage are needed
to provide adequate test data. It will require the development of special
analytic procedures, based on sampling schemes rather than on formal layouts.

Experience with this type of testing is meager. \(/e have {ound num-
bered leg bands, as used in game bird studies, unsatisfactory, and have since
adopted heavy aluminum foil bands, serially numbered and wrapped spirally
around the transplants in the nursery. These appear to be satisfactory so
far. Adequacy of planting varies widely ftom one operation to the next.
Some o{ our existing test plantations will have no value because of poor
planting, poor micosite selection, domestic livestock grazing, and neglect
of early plantation care. These causes of early loss and poor growth should
not be tolerated in any planting program, regardless of its involvement with
a tee-imptovement scheme. Indeed, it seems likely that the close scrutiny,
which the use of individually marked trees enforces, will be in itself beneficial
to the planring technology of our region.
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