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THE CARE AND HANDLING 

OF THE FOREST GENE POOL 

ROY R. S ILEN. WITH IVAN DOIG 

What must be the wo rld's most magnifi­
cent poo l of fo rest genes ha s timbered our 
Pacific s lopes. 

Why elst: do the tallest firs, pines, spruces, 
hemlocks. redwoods, a nd la rches a ll rise 
a long the Pacific Coast of North America? 
Docs their hugeness simply thrust up from 
our deep soils and mild, rainy climate? From 
a vantage point of three decades in forest 
research, I believe the key to this wealth of 
timber is more than a matter of soil and 
moisture. 

Taken together, the genes of our 22 
commercial western conifers seem to me to 
constitute our vital basic resource. And 
unless we recognize the magnificent quality 
of t his gene pooL we may needlessly risk 
pauperi1ing or destroying it as man begins to 
alter it along the lines of his customary 
philosophy of genetic improvement. 

Consider some evidence bearing out the 
ra rity of this vast gene pool. In combination 
with the rest of t he forest plant community, 
o ur conifers ut ilize what actua lly are rather 
ord inary soils and surprisingly droughty 
climate to produce rema rka ble growth. Our 
climate, for instance, is mild , but can hardly 
be considered superior. It is cha racterized by 
severe s ummer dro ught - even in the 
Douglas fir region west of the Cascades there 
ca n be from one to four mon.ths o f moisture 
deficiency between May and October of any 
year- whereas the forest climates of the 
eastern US, Europe. China. Japan, and New 
Zealand generally have rain better dis­
t ributed throughout the growing season. Our 
soi ls . a lthough good , must undergo the 
severe leaching of three to eight feet of ra in 
between fall and spring. 

But if climate and soils in our region are 
not s uperior. the growth rate of our conifers 
clearly is. When appropriate strains of our 
world-record species a re planted in other 
temperate fores t zones o f the world , they 
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usually outgrow na tive trees by wide 
margins. When we try the best species from 
other forest regions here. as we have for over 
60 years. o ur o wn species outgrow them by 

Pacific conifers are the best in 
the world , in spite of ordinary 
soils and regular drought. 

wide ma rgins. and few among them would 
even come close to meeting our timber needs 
if our native trees were unavailable. 

How could this bonan:r.a of remarkable 
growth rates and the presence of the world's 
ta llest trees in each of I 0 major genera have 
uniq uely happened in western North 
America? Across tens of millions of years. 
three strokes of fortune occurred : 

- The climate of this region became coole r 
a nd droughtier as the Cascades rose a nd the 
ocean currents cooled. Earlier warm-c limate 
species in our lowlands- palm, oak, acacia , 
cinnamon, pecan. magnolia- gave way 
perhaps ten million years ago to the more 
va lua ble conifers of today. 

- About a million years ago there 
a ppeared the Douglas fir , the remarkable 
evolutionary success tha t has become our 
most valuable tree. With its heavy armor of 
ba rk to assure its surviva l in the fire-prone 
West. and durable wood that gave it long life 
betwee n major fires , the Douglas fir came to 
d ominate the best sites of the West. 

- The third stroke of fortune. and perhaps 
the most crucia l, was geographical. The 
north-to-south orienta tion of the mountains 
of North America furnished a high escape 
route, virtually a ll the way to the subtropics . 
which appears to have saved our migrating 
forest complex intact from the ice ages. This 
was not the case o n the Eurasian land mass, 
where mountains and seas are oriented east 
to west; there the o ncoming ice must have 

trapped many fast-growing, cold-sensitive 
s pecies and stra ins against the crosswise 
geographical barriers and eliminated them. 

Besides this set of remarkable cir­
cumstances, there was the rare good fortune 
tha t Western man did not a rrive here early 
enough to inflict upon the forest gene pool 
the drastic disruption tha t characterized 
other temperate zones. Even when the course 
of settlement ca me to the Pacific Northwest, 
several trends wove together to minimize 
man's impact on the great gene pool. Until · 
ea rly in this century, the nation's lumber 
needs were met mostly by logging in the 
Lake States a nd the South. Then between 
1920 and World War II , the pe.· capita 
dema nd .for wood slacked off; less wood 
going into ho using a nd indust ry meant less 
cutting in our fores ts. At about the same 
time, the national forests, which in a unique 
quirk of history had been set aside a few 
decades earlier. began to receive good pro­
tection. Federal ownership made up half the 
forest land in Oregon and Washington; until 
a fter World Wa r II, relatively insignificant 
cutting occurred on that protected acreage. 

Meanwhile, the co ncept of sustained yield 
o f timber was gradually accepted , first on the 
public lands and then mor.: and more on 
private lands, as owners began to find that 
there were no new timberlands to buy and 
that nurturing the existing forest to produce 
future timber crops made economic good 
sense. 

Along with these major trends went a 
customary reliance on natural seeding 
whenever timber was cut . Most of our 
cutover land was being reforested by wind­
borne seed which came from the edge of the 
uncut stand or from single cull trees left 
standing amid clearcuts. This method t oo 
helped to carry on the gene pool mostly 
intact. Natural seeding accomplished 
something else only now being scientifically 
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documented: the vital preservation of the 
gene pool in every loca lity. Recent research 
~hows that genetic makeup can be different 
in natu ral stands o nly a few miles apart - a 
complex selection response among mul­
ti tud inous traits, species by species and niche 
by niche. to fi t the varied envi ronmental 
changes in our broke n topography. 

1 akcn together. these trends prolonged 
much of the region's natu ral forests until 
afte r World War II. T o find any cultivated 
plant wi th 'irtually any intact gene pool is 
not the r ule. for the impacts of man on the 
plan t resources of the world are severe and in 
many cases tragic. Yet about three decades 
ago o ur phenomenal gene pool was 
miraculously intact . saved by the series of 
unique human and geo logical events; and 

Until the end of World War II, 
natural seed ing kept our 
timber gene pool mostly 
intact. 

. reliance on natural seeding meanwhile 
assured tha t degradation of the conifer genes 
would be slow , if it happened at all. 

Much has changed since then. The two 
most signi fican t tendencies are those from 
natura l regenera tion of forests to plant ing, 
and toward increased investment in genetic 
improvement of ti mber species. Both have 
st ro ng econo mic justifications, and both 
ha ve the potentia l of a ltering our basic 
resource, the gene pool. 

Planting alters it in a somewhat random 
but slow process. Genetic improvement 
alters it deliberately and rapidly. We should 
direct our concern fo r this a lteration in our 
gene pool resource as so berly a s if we were 
talk ing about protecting the very soi l itself. 

J ust as 1 he factors preserving the gene pool 
have been complex. so are those trending 
toward its a ltera tio n. One came about with 
the renewed demand for wood in the 
building boom which fo llowed World War 
II. As the cutting to meet this demand 
advanced southward fro m the earlier logging 
areas of Puget Sound and the Columbia 

Increased demand for wood 
has made nature's 
regeneration period 
economically unacceptable. 
Planting has replaced natural 
reseed ing, quickly altering the 
gene pool. 

River, and into higher elevatio ns which 
previo usly had not been touched, the 
percentage of land that would not regenerate 
ea sily by natural means increased. The 
reason was a combination of browsing ·by 
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animals, extreme competition from brush, 
and too-severe exposure. Where regenera­
t ion fai led over a n extensive a rea, any 
replacement growth would be a somewhat 
different gene pool. 

An even larger a lteration was deve loping 
unnoticed on our best timber si tes. This was 
the replacement of coni fers by broad leafs in 
the man-made succession. Although the 
ea rly forestry researchers of this a rea were 
genera lly correct in assuming a cutover patch 
would regrow in a natural succession starting 
with annual plants, then perennial plants, 
then broad leaf brush, then conifer trees, this 
did not always occur. Instead , brush species 
quickly d ominated many sites and have 
persisted for most of a century. On about 
30% of the acreage- usually the best 30% for 
growth- the succession through the 
broadleaf brush stage lengt hened to repre­
sent a lasti ng change. Three million acres , or 
nearly 5000 square miles. of the Coast and 
northern Cascade Ranges today are oc­
cupied by alders, maples, a nd lesser brushy 
broad leaf species instead of the fast-growing 
coniferous forests worth five to ten times as 
much. 

Simultaneously, as log prices rose, it 
became uneconomical in logging to leave cu ll 
trees as the natural seed source . By I 960, 
virtua lly every conifer of a chosen stand was 
being fe lled for its merchantable wood. This 
meant that on priva te timberlands, where 
large clearcuttings were the rule, planting 
had to be generally substituted for natural 
reseeding. 

On public forest lands, a lthough clearcuts 
were smaller, a similar cha nge from natural 
reseeding to planting was being encouraged 
by the "regeneration period" concept. This is 
the assumed time after cutting until a new 
sta nd is natura lly regenera ted. Economists 
could show that even a 5-year regeneration 
period without growth was financially in­
tolerable. Removal of every conifer tree 
became a contract specification for cutting 
on public la nds as well as the custom on the 
la rge private timber tracts. 

Thus. where re lat ive ly little planting was 
done for reforestation befo re World War II , 
planting is now the prima ry regeneration 
method. But to replace the natura l gene pool 
while using pla nted stock is difficult to do. 
There is no way in the seed collection 
methods. whether by climbing trees or rob­
bing ·the caches of cone-cutting sq uirrels, to 
avoid a d ifferent selection of seed than would 
drift down from the natural stand itself. 
Nursery programs assure a different se lec­
tion too. A high percentage of nursery seed 
become plants in the forest, whereas a 
natural sta nd may start with a million seed 
per acre and only a few hundred will survive. 
Difficulties of scheduling the seed collection, 
nursery, a nd cutting operations assure that 
much non-local seed is represented in 
plantmg. 

The change from natural seeding to 
pla nting. then, has represented the first 
large-scale alteration of the orthwest's 
unique gene pool. Now we come to the final 
trend- the introduction of genetic improve­
ment to forest trees. 

A few decades back , fo resters began trying 
to copy from Europe a nd the eastern US a 
practical program intended to produce 
genetically superior tree stock for reforesta­
tion. About 600 acres in western North 
America became devoted to what we call 
seed orchards. There cuttings taken from 
expensively selected trees in the forest were 
grafted onto seed lings planted orchard-like 
on farm land. As the grafts grew, they would 
interpollina te and the seed would he used in 

.reforestation. The program had worked 
satisfactorily in the pines of the eastern U.S. 
But for the species of main interest here, the 
Douglas fir, there began to be problems. 

Studies demonstrated that ve ry high leve ls 
of "outside" pollen were contaminating the 
seed orchards. Also, orchards were expen­
sive because of the specialists needed and the 
price of cultivated land. The most dramatic 
problem, however, was graft incompatibility 
in the Douglas fi r. A rejection of tissue was 
occurring between the seedling understock 
and the graft, much like the problem in 
human heart t ransplants . 

Although most ly resolved by now, these 
disturbing problems, plus the fact that the 
Douglas fir was found to be discouragingly 
s low and cyclic in its production of seed , 
began to suggest there s hould be a search for 
some approach besides the seed orchards. A 
genetic program I had earlier proposed for 
the region's C hristmas tree growers had 
proven successful. Stripped to its basics, the 
notion had been that good genetic gains 
could come about by p la nting wind­
pollinated seed from trees growing naturally 
in the forest , if one kept track of their 
progeny value and used seed of only· the best 
one-quarter or less of parents for reforesta­
tion. This "non-seed orchard" a pproach 
began to find adherents. By 197 1, what has 
come to be called the "progressive program" 
was in use on two million acres ; it now 
encompasses much of the forest land in 
western Oregon and Washington. 

Even though so simple a program was 
never envisioned as the domina nt beginning 
genet ics program, it has proved to have 
practical advantages. No seed orchard 
investment is needed , no new expertise by 
forestry staffs. It has permitted rapid ad­
vance into more sophisticated programs 
invo lving cross-pollinations. More impor­
tant, the program was economical enough so 
that about 20,000 parent trees will be 
tested- and hence has been more effective 
than programs used in other forest regions in 
terms of preserving the gene pool of each 
locality. 

But so extensive have become the two 
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~ignificam trend~ from the natura l 
regeneratio n of fo rests to planting. a nd 
towa rd inc reased investment in genetic im­
provement of the timber spec ies that we 
must ;a sk whe re they may be taking us. Right 
now . ~omc il1\cstmcnt in tree improvement 
progra ms of one kind or another has been 
made in seve n out of eve ry te n acres of 
commerc ial fo rest land in the Pacific 
Northwest. T he history of man's effects on 
o t her gene pools is a wa rn ing to us that once 
begun. any a lteration tends to become more 
a nd more extensive. 

If we look broadly at the path of a ll genet ic 
improvement. we find really only one 
philosophy or mode l. There a re strong 
parallels in it to mining. O ne prospects the 
gene pool for the richest sources of the 
desired genes. refines the m into as pure a 
s tate as possible . then spreads the product as 
broad ly as the competitive market permits. 
Eve ryth ing except the pure product goes into 
the waste hea p. (Admittedly. many genetic 
programs do carry along sufficient genet ic 
divers ity in their product to prevent loss of 
vigor o r to protect against pests or environ­
ment. The essent ial point remains that t he 
genet ic goal is to have as refined a product as 
condit ions will permit.) 

ReOecting o n the "min ing" philosophy, 
o ne can see that o nly certain parts of it have 
la rge consequences for the gene pool. 
Prospecting and purifying arc in themse lves 
re la tive ly innocuous. It is the replacement of 
the original gene pool with a more 
"profi table" one which wreaks the g reat 
consequence. 

The histo ry of plant improvement is that 
we usually ha ve been thorough in replacing 
the or igina l gene pool with a n "improved" 
strain . For example. by the time of Colum­
bus. corn had been so alte red by selection 

Replacing the original gene 
pool with an "improved" strain 
can turn out- a lifetime later­
to be a mistake. 
done by the Ind ians that the original wi ld 
corn plant was ex t inct. a nd corn's futu re was 
en tirely de pendent upon man: it could no t 
persis t in the wi ld . The history of improve­
ment in wheat similarly has been the refining 
of the gene pool into o ne strain after a nother, 
none of which could exist without man: each. 
in turn . was wiped out by a pest. Fortuna tely. 
a new improved s train was a lways in the 
wings. ar ising from some resista nce g leaned 
out of the shrinking o rigina l ge ne pool. 
Today the original gene pool of wheat is 
reduced to a few small acreages in the "fertile 
crescent" oft he Mediterranean area. 

To fo llow this " mining" model is by far the 
most likely path fo r our forest gene pool. 
Exploitation a nd q uic k gains have a lways 
prevailed in our resource manageme nt. 

Picture the landowner's choice of alter­
June 1976 

na tives in reforestation if some forest 
geneticist should produce a refined st rain 
that pro mises to give a SO~c gain in produc­
tion. Will that la ndowner have a ny long­
range concern for his presen t fo rest gene 
poo l'! Can he compete if he re~is t s usi ng the 
new strain? 

Yet the already cxi~ting strain. gcnctica lly 
tu ned to its own loca l la nd form a nd 
ecosystem a nd probably growing at the rate 
that long-term extreme~ of the e nvironment 
will permit , may we ll be superio r in most 
ways. And much is at stake whenever we 
thoughtlessly discard a local adapted. we ll­
buffered . multi-specie~ gene pool. In forestry 
the crop is long-li ved. and it may take the 
length of human lifetime just for any 
mistakes in the a ltered gene bala nce to show 
up. 

Historically. however. we can see that with 
bot h economics a n d es tabli s h ed 
philosophies so well se rved by simply mining 
our ge ne pool , it wo uld ta ke a mi racle to keep 
intact thi s unique forest resource. What 
would this miracle invo lve? A different 
genetic philosophy. 

It would mean. first, the patient accept­
ance by t he fo rest landowner that this most 
magnificent gene pool is no t yet understood , 
a nd that ample amounts should be preserved 
by natural seeding wi th natura l selection in 
every locality until it is understood for its 
tota l wort h. a daptat ion. buffering, and o ther 
qualities. 

Secondl y. it wou ld ca ll fo r acceptance of a 
different kind of breeding in our forest 
specie~ . in whic h the genet icist begins by 
assuming that the loca l st ra in a lready has 
been bred for most o f the adapta tion and 
buffering that is wanted. a nd he need change 
tha t s train o nly to the ex tent necessary to 
incorporate genes for safe e nhancement of 
growth. 

In the short ru n. this might sacrifice quick 
ga ins by no t breed ing for a pure r genetic 
prod uct. but in the long run it might max­
im ize gains by avoiding cost ly environmental 
'lnd pest losses. T he details of such a 
philosophy rema in to be worked out, but it is 
highly importa nt that geneticists give it a try. 
It is more a change in goa ls tha n in tech­
niques. 

Once we fu lly rea lize that our forest genes 
are a more valuab le and c ritica l source of 
wealth than the soil itse lf, perhaps the 

' o rth west ge ne poo l will aga in be saved 
intac t by one mo re unique historic event- a 
cautionary approach by man. 

DR. S ILEN is Principal Pla nt Geneticist , 
USDA Forest Service, Pacific N W Forest 
a nd Range Experiment S tation , Forestry 
Sciences La boratory. Corva llis, Oregon. 
This article is adapted by Iva n Doig of the 
Pac({ic Search staff from a lectu re given by 
Dr. Silen to the Honors Colloquium , Oregon 
S ta te University, November 19. 1975 . 
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