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PART

I

PREFACE
Material
The information presented in this thesis is almost

entirely from library material.

Original material that

appears herein is from the writer's observations, both
in the field and froni other authors' observations.

An

attempt has been made to gather all the latest information on the broad subject of Natural Reproduction of

Douglas-fir, and such ideas and theories on the subject
as are in disrepute have been omitted or are pointed out

as fallacies.

Purpose of the Thesis
The danger of an "armchair" thesis is that broad

statements may be made and rules advanced that in practice will not be workable or practical in all situations.
In

a

subject as general as this one, almost every state-

ment must be qualified or made conditional by also preseñting the exceptions to the topic in question.
not the purpose of this report,

It

is

therefore, to set hard

and fast definitions to fit every situation, but rather
to

set forth the principles of silviculture that apply

to Douglas-fir so,

that by better understanding of the

subject, the forest owner, the logging operator, and the

forester can apply those principles in the field.
This paper has the purpose of discussing the mistakes

2

most often committed in forest practices and of pointing
out the fallacies that lie behind those mistakes by pre-

senting some of the lesser known or misunderstood principles in Douglas-fir silviculture, and to suggest

a

few

corrective measures to eliminate those mistakes.

Limitation of Subject

Lìlatter

The subject of this thesis is limited to natural

reproduction and the practices necessary to achieve it.
The theme of the paper should not be misconstrued as

condemning artificial reproduction.
ing is good forestry if it is

a

Planting and seed-

part of

a

planned oper-

ation, and the desired results are achieved from it.

íll too often, however, artificial regeneration is

essary as

a

nec-

cure for poor forest practices that preclude

natural reproduction.

When used in this sense, the need

not the practice of artificial reproduction should be condemned.

Artificial v.s. Natural Reproduction
It is well to point out at this time the conditions

and circumstances in which artificial reproduction is to
be recommended over natural means.

These conditions and

circumstances may be placed under three headings; economic, physical, and unpredictable circumstances.

Economic reasons
Artificial regeneration may be more desir,able because it is in itself cheaper than natural reproduction,
or because the rotation age of the new stand is shortened

3

thus making it possible to get an earlier subsequent

harvest from the area.
In the first case, the timber may be of such value

and good condition that it would be cheaper to cut all
of it and plant than to leave part of it as a seed source.

There are generally enough defective trees on any one
area that may be left as seed trees, however, and notti-

ing is lost by leaving them.

Furthermore, valuable trees

can usually be left adjacent to cut-over lands in seed-

blocks or strips to reseed the area, and the operator can
then come back later and cut them.

Planting shortens the rotation of the subsequent
stand for future cutting and produces

a

more fully

stocked stand of high quality timber, but management in
the Northwest generally has not reached the intensive

stage that would make such management practical.

Economics, in the final analysis enters into all
phases of forest practices, and it is closely allied to
the other reasons for resorting to artificial regenerat ion.

Physical Characteristics
The topography and the characteristics of the stand

occassionally precludes leaving
regeneration.

a

seed source for natural

In very rough country, it is sometimes

impossible to leave the residual stand or seéd trees in

condition for sufficient seed production or distribution.
If the residual stand is composed largely of undesirable

4

species, artificial regeneration may be used to attain
the desirable type.

If the site happens to be more fav-

orable for brush species, and those species are prevalent on the area, planting may be necessary to achieve

Douglas-fir reproduction' before brush takes over the
area.

Unpredictable circumstances
Occasionally, seed failure, accidental fire, un-

predicted weather conditions, and other unusual circumstances render one or more seed years

a

failure.

When it

is evident that natural reproduction is not going to suc-

ceed, it is necessary to resort to artificial reproduction.
If allowance is made for the foregoing fact that

artificial regeneration may be necessary, and

a

margin

for error is made for such an occasion in the management
plan,
is

planting and seeding may be condoned.

But if it

necessary because of lack of foresight, ignorance, or

exploitative practices, it must be condemned.

Breakdown of Subject
The subject of natural reproduction of Douglas-fir
is

difficult to present in any logical order, because all

the various phases of silviculture are so interrelated

that each applies to the other in some way.

In this

paper, an attempt has been made to follow the chronolog-

ical order of events or processes of Douglas-fir repro-

duction from the development of the seed in the cone to

eventual establishment or the seedling.

Iviany

of the

factors that enter into the problem occur in different

stages of the tree's development.

In some cases such'

factors have been treated separately in each stage,
while in others, it has been necessary to treat

a

fac-

tor in its entirety.

The text has been divided into three major divisions;
the seed, the seedling, and logging practices.

PART II INTROLUCTION
The Natural Forest

One-hundred years ago the settlers found in the
northwest

a

mosaic pattern of timber that varied rrozn

seedlings intermingled with brush to decadent Douglasfir stands over six-hundred years old.

The old-growth

forests were gradually being transformed into the so-

called climax forest of tolerant western hemlock, western red cedar, and true firs.

(5

p 716)*

This growing, ever-changing condition existed because the region was always subjected to forest fires
set by Indians.

Intolerant Douglas-fir quickly followed

denudation by fire or some other cause.

With increased elevation, the percent of hemlock
and true firs increase in these forests,
coast,

and toward the

the percent of cedar, hemlock, and Sitka spruce

increases.

Thus, after the even-aged forests persist

for about one-hundred years and no new Douglas-fir comes
in,

the more tolerant species, according to the location,

come in and take over.

Douglas-fir was able to persist in the region when

relatively small areas were opened up by Indian fires,
but when the white man came and created large, continuous expanses of cut-over land,

*Nbers

the species was not able

refer to references in list of references in
appendix.
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to seed such large areas.

Today

a

semi-permanent weed-

brush association has begun to appear.

This vegetative

cover varies from scattered plants and moss to almost
impenetrable thickets.
When an area is burned in the region, plant succession goes through four distinct stages before the climax
type is again reached.
(1)

Moss-liverw'rt,

aged Douglas-fir,

balsam fir.
persist.

(2)

These stages of succession are

weed-brush, (3) intolerant, even-

and (4) tolerant, all-aged hemlock-

The last named, as far as is known, will

(5 p

421, 17a)

The pioneer stage of mosses and liverwrts will

occur only on burned areas.

The weed and brush stage,

which is composed of annuals, perenials, herbs and brash
species that were either on the area before the timber
was removed or tIat seeded in from other areas, reaches
its densest peak at about the third year after the burn.

The weed-brush stage is most subject to fire, and
the successive stages prolong and perpetuate the stage.
(5 p 421,

17b)

Large denuded areas are slowly reclaimed by Douglasfir through migration.

This process takes successive

generations of "seeding in from the side", each belt of
timber reaching seed-producing age and producing the
next belt until all the area is again reseeded.

This

migration produces an uneven-aged forest and differs
widely from the typical even-aged forests which follow

fire in mature stands.
The White Man Enters

The coming of the white man has witnessed

a

great

change in the Douglas-fir forests, and greater changes
are yet to be made.

But the exploitative and destruct-

ive practices of the past, brought about by the con-

ception that the forests were inexhaustible, is giving

way to planned forest management and the concept of sustained yield.

The old concept has not entirely disap-

peared, and the new one is not yet thoroughly understood
by all lumbermen.
If the idea that regeneration of the forest is fin-

ancially important is to be put across to the lwnbermaki,
he must be shown the ways he can achieve

such regener-

ation.
his land may be restocking to some degree of ade-

quacy, but often he can get much better reproduction by
a

little more effort and carefulness, and he would be

payed back in the years to come by

a

fully stocked, high-

quality stand of Douglas-fir.
The operator must do two things tLen if he is to

receive this increased return from his land.

He must

first understand the principles of Douglas-fir ecology
that have been outlined in this report.

Secondly, he

must plan his operation to take advantage of these principles as they exist on the land.

PIRT III

THE SEED
Seed Production

Douglas-fir, like its associates in the region, is
a

prolific seed producer.

Normally the tree will reach

its greatest productivity at from one to two-hundred

years of age.

At these ages, when the tree has reached

its optimum crown size and while it still retains much
of its youthful vigor,

the overage,

open-grown tree will

produce one and one-half bushels of cones containing about

forty-thousand seeds.
Seed from Young Trees
The species begins producing seed as early as fif-

teen years of age and will continue seed production
through life.

Fifteen year-old trees produce viable seed

but are less dependable because of the small quantity of

seed produced,

(about fourteen thousand seeds is the aver-

age), and because

a

to be infertile.

Young trees are not good pollen produ-

great number of the seeds are likely

cers, but if there are

a

few older trees in the vicinity

there should be sufficient pollination of most of the
seed.

George

S.

allen (lp. 723) in his article "Douglas-

fir Seed fron Young Trees" states that seeds from young
trees have advantages over seed from older trees, because

young trees hear larger seeds.

It may be expected that

lo

this seed will evidence greater "sprouting force", more

rapid development and height growth, and greater resistance to frost, heat,

and other dangers of early youth.

This greater vitality is credited to the larger food reserves in the larger seed.

Recent experiments do not

bear out this theory, however.

Seed from older trees are

to be preferred, therefore.

Seed production will vary with altitude, latitude,

density of the stand, condition of the trees, yearly
weather conditions, site, and with other factors that
are not entirely understood.

Size of Crown
The size of the crown of the

indiidualtree

is

un-

doubtedly the biggest factor in determining the tree's
seed production capacity.

bear

a

quite naturally larger crowns

greater number of cones.

Since open-grown trees

Lave larger crowns than do trees in dense stands, they
are generally the heavier individual seed producers.

It

is also known that an open-grown tree will bear more

cones per unit of crown volume than trees in
stand.

The explanation of this is that there

a

dense
is much

competition for soil nutrients in densely grown stands.
The effect of nutrients on seed production has been dem-

onstrated by fires that have made nutrients readily
available, with subsequent increase in seed production.
Latitude and Jltitude

Increase in altitude and latitude affects seed
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production adversely because of the shortened growing
season in both cases.

Hoffman claims, for example, that

trees in Central Oregon produce as many as five times
the amount of seed produced by trees in Washington.

Condition of the Tree
The crown size is closely related to the vigor and

health of the tree.

tree whose growth has been slowed

by mechanical injury, fire,

disease or insect injury di-

verts most of its energy to growth at the expense of the

reproductive processes.

Smaller pròduction and more in-

fertile seed may be expected from such trees.
trees are not

a

Diseased

serious drawback as seed trees however,

because if they have sufficiently large crowns and are

otherwise adequate, they will produce their quota of

Diseased trees are known to produce only about

seed.

three-fifths as much good seed as sound trees.

If

diseased trees only were left on the area, production

might be small because of failure in pollenation, but as
long as there are some sound trees in the are

ation should take place.

(4,

p.

11)

pollen-

Trees infected with

'conks" usually produce as many cones as sound trees but

with

a

lower percentage of fertilization.

(9,

p.

10)

There is no evidence that characteristics of diseased
trees are transmitted to the reproduction.

Seed-year Failures
If the operator leaves sufficient seed trees that

will withstand certain destructive agencies, such as

12

wind,

fire, insects, and disease

(as will be discussed

later) he will have done about all he can do to insure

good seed crop.

But Douglas-fir and its associates can-

not be depended upon to produce

every year.

a

a

heavy crop of seed

The reserve trees, therefore, must be suf-

ficient to bear two, and preferably more, crops of seed.
Seed failures occur sporadically once every three
to five years.

known.
ed,

The exact cause of these failures is not

Several possible explanations have been suggest-

and it may be there are several reasons for the

failures which make it difficult to single out any one
aaC
factor.
Lee Isokc (7, p. 41) suggests that staminate
flowers do not open well after
of energy drain on the tree.

a

heavy seed-year because

This failure in blossoming

and pollen dissemination may also be in part due to

ad-

verse weather conditions during the flowering season.

It

is quite logical that rainy weather would moisten the

pollen and cause it to adhere to the flower or branch
from.

which it originates.

Weather and Crop Abundance
II'

the weather were the only factor causing seed

crop failures,

the seed crop abundance could be predicted

several months in advance by interpreting weather records
at the tire of flower opening.

This author attempted to

to make such a study by checking the weather records at

the station where ratings of Douglas-fir cone crops have

also been recorded.

(jTind

River Experiment Station,

13

Washington).
to 1941.

This data was gathered for the years 1909

in attempt was made to correlate late frosts

and extensive rainy periods during the flowering season

with crop abandance.

No correlation was evidenced from

those factors thus studied,

but all the desirable stat-

istics are not available so weather is not necessarily

eliminated as

a

factor of seed-crop failure.

For example,

the exact dates at which the flowers were shedding the

pollen is not known.

If weather data were checked for

just the pollenation period each year,

the results might

be interesting if not suggestive of a method of predict-

ing seed crop abundance.

Pollenation

Under very favorable conditions, Douglas-fir

cn

cross-pollenate over long distances, particularly during
a

period of high winds.

Rain seriously hampers the

dis-

tribution of pollen by causing it to adhere to the stamens.

Variability in the tixe of flowering of the pistillate and the staminate flowers is another probable reason

for failure of pollenation.

The pistallate flowers are

at the ends of the branches, while

the staminate flowers

are located further down the branch.

For this reason,

self-fertilization on the same branch seldom occurs.
The earlier opening of the pistillate flower usually

prohibits self-fertilization

of the same tree and often

14
of

a

small stand of trees.

Open-grown trees are more consistent producers than

forest-grown trees, but even they fail to flower in some
years.

(7,

p.

15)

Forest-grown trees fail to flower al-

most half the time in some areas.

Variations occur within the stand from year to year.
The heavy crop may be either the young growth or the old

growth; the forest grown or the open-grown trees.

In the

good seed years, cones are produced on all parts of the
crown, while in years of light crops, it has been observed
that they are close to the top of the crown only.

(9,p.l2)

Comparison with Other Species
It is important that the operator understand that

the major associates of Douglas-fir are ecual to,

superior to Douglas-fir as seed producers.

or

Western hem-

lock is the most prolific seed producer bearing excellent seed crops nearly every year.

high percentage of

these more prolific species may be expected to regenerate on an area where the Douglas-fir is cut but not the

other species.
Seed Distribution.

Time of Dispersal

Douglas-fir begins to open its cones and to shed
seed about the first of September, but the time of opening varies with altitude,
ions.

latitude, and weather condit-

Trees at higher altitudes tend to open at a little

later date

as',

do those in higher latitudes.

i

factor more important than altitude and latitude

to exact time of cone-opening is weather.

Hot,

dry days

will cause the cones to open, while moist, weather will
cause them to partially close again.

Normally, two-thirds of the seed fall occurs before
the end of October, and the remaining seeds are distri-

buted until as late as the next spring season.

These

seeds may be sound as late as June of the same year.
(7,

p.

18)

A knowledge

of the time of seed fall is important

to the operator in slash burning.

If the slash is burned

before the major seed fall, the seed will not be destroyed
on the ground.

Distance of Dispersal
The distance of seed dispersement depends on the

topography, the location of the seed source, and the

winds at the time of seed fall.

Topography
Logically, the seed source should be located above
the areas that are to be seeded.

Hillsides and ridge-

tops in rugged country are the better locatiOns, from

both the seed source and the ease of logging standpoints.

Trees on the ridge-tops and at the crests of the ridges
are more desirable also, because trees that have grown

under force of the prevailing winds have adopted themselves to the conditions and are more windfirm.
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the higher elevations

If the land is quite level,

but more vari-

are still the more preferred locations,

ation is possible than in rough terrain.

Vertical

ir Currents

Douglas-fir seed descends at
250 feet per minutes,

being slowed in its descent by the

seed-wing wLich gives the seed
falls.

rate of 175 to

trie

whirling motion as it

a

It takes only a gentle wind to carry the seed

several hundred feet laterally
ing from the crown of the tree.

í1

th
(7,

minute it is fallp.

19)

Warm air currents over warm slopes rise and carry
seed upward, distributing it even farther horizontally.

These currents are often ten miles an hour or more and
the seed may be carried several miles before falling to
the ground.

Falling air currents have the opposite

ef-

fect.

Normal Dispersal Distance
ffective seed dispersal distance

(7,

p.

22)

has

been determined by tests which show an adequate amount
of reproduction occuring one-quarter mile from the timb-

er's edge within

a

ten-year period after logging.

Though

there are many factors to consider in obtaining restocking of logged-off land besides

the distance of an abun-

dant seed flight, it is now generally recognized that
for normal topographic and climatic conditions, seeds of

Douglas-fir and its associates will be disseminated in

quantity

a

quarter-mile from

a

given abundant seed source.

If conditions for seedling survival are less favorable

than average,

it must be borne

stocking will take place for

a

in mind that adequate

re-

proportionately shorter

distance, and, conversely, if survival conditions are

better than average, adequate restocking may take place
beyond the one-quarter mile point.
n tbis point,

Leo

Isa

(2,

p.

22)

says;

In a dense forest, much of the seed borne
by the interior trees is screened. by neighboring trees from traveling any great distance;
it is, therefore, chiefly the seed from the
marginal trees that escapes this screening effect and flies widely over open areas. Singleseed trees can accordingly be expected to show,
proporti&nal to their volume of seed produced,
a wider pattern of dissemination than a solid
wall of virgin timber. Similarly, a narrow
strip or patch of uncut timber may scatter its
seeds farther in proportion to its volume of
seed than a large body of timber.

The foregoing indicates clearly that in
order to achieve reforrntio xi seed trees need
not be located on every acre, or even every
ten acres, provided there is a sufficient
source of seed within seeding range of every.
part of an average tract, after due allowance
is made for germination ra.io, first-year mortality, and failure of final seedling establishment.
(7, p. 22)

Wind and Temperature
The wind plays

a

big part in seed dispersäl and

i

another reason why seed sources should be left on high
elevations.

Ideal weather for dissemination is hot, dry

days accompanied by strong winds.

These conditions occur

fairly frequently in the fall when brisk east winds, drying out the cones cause them to open up, and the seed is

then carried for considerable distance.

Though the pre-

vailing winds are westerly, it is probable that the cones
open and release their seed more freely during the occasional east winds than at other times.
The seeds that are carried the farthest are often
the light,

unfilled seed.

seed dispersal over

reproduction.

a

Examinations have revealed

quarter-mile to be ineffective for

The majority of the seed falls within

tree height of the seed tree or edge of the timber, but
the dispersal is heavy enough to be effective for

ter-mile in favorable terrain.

(7,

p.

a

quar-

20)

Seed may be distributed by wind, animals, man, grayity, landslides and

snowslides; but of these,

only wind

and occassional rodent catches are of importance.

Seed Losses

Rodents
Consumption of seeds by rodents is an ii.portant factor in reducing the seed supply available for germination.

Squirrels, chipmunks and mice often cause failure of re-

stocking attempts as has been noted in direct seeding
operations on burned and non-restocked cut-over lands.
The white-footed mouse,(Paremuscus maniculaties) is per-

haps the most destructive mer'auder.

incessant seed collector and
off land.

a

This animal is an

rapid reproducer on

logd-

It is nocturnal in its habits and is seldom

discerned'without careful inspection.

(7,

p.

23)

The

population may be somewhat reduced by slash burning, but
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is not

it

eliminated in this manner.

Rodents serve

a

beneficial effect in some areas by

burying seeds which later germinate,

but this is not an

important factor in the Douglas-fir region.

(2,

p.

23)

An over-abundance of seed does not proportionately
increasè the number of seedlings on rodent-infested
lands, because an abundance of seed serves to attract

large numbers of rodents to the area.

(li,

p.

37)

On

the other hand, a light crop of seed is often entirely

consumed.
Rodents may influence the species restocking an
Cedar and hemlock seeds are less sought after

area.

when there are available Douglas-fir seeds for food.
(4,

p.

37)

In natural reproduction, poisoned-bait is the best

known control, but the poisoning must be done soon after
logging so the population of rodents will be reduced before the seeds are on the ground.

Follow-up poisoning is

necessary to keep the population down.

Poisoning should

be planned in every area where rodents cause trouble.

the long run,
a

In

it will be less expensive than the loss of

seed crop.

Insects
The Douglas-fir seed chalcid,

(iviagastigmus sperm-

otrophus, Wachtl.) Las, on occassion,

pletion of seed crops.

caused serious

de-

This wasp lays eggs within im-

mature seeds and is recorded as having destroyed fifty

20

per cent of the seed crop near ashland, Oregon,

in 1913.

These insects seem to concentrate in light seed years,

making the crop

a

total failure.

The fir cone-moth,

(20)

p. li)

(4,

(Barbara spp.) also destroys

large number of seed in some years.

a

The caterpillar of

this species mines through the scales and seed to the

heart of the cone where they pupate over winter.
eggs are laid by the moth
(7,

p.

ou

The

the outside of the cone.

22)

Insect damage is not serious under normal forest

conditions, but accumulated slash on cut-over lands invites an insect infestation.

the insect population

VJhen

builds up on such areas, it will begin to attack the

surrounding healthy trees.
The death of marginal timber from Douglas-fir bark

beetles (Dendroctonus pseudotsuga) reduces the seed supply for the adjacent cut-over land.

character generally die out in

a

Infestations of this

year or two but may

kill appreciable numbers of green trees which would

otherwise serve as seed sources.

(5,

p.

35)

F ire
Slash burning may be the decisive factor in the re-

generation of theforest following logging.
creeps through the duff and litter,

it

When the fire

destroys nearly

all of the seed in the forest floor and leaves
bed of ashes and exposed mineral soil.

Hofma

(1,

p.

24)

if a ground fire

a

deep

according to

occus

in the fall
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when the seed is about mature, or before it falls frani
the trees, the new crop of seed produces

a

dense stand

on the exposed mineral soil in the immediate vicinity
of the seed trees.

Often irregular patches of reproduction occur in
areas where litter and duff are not completely destroyed.

Strips of young growth commonly spring up along skid
roads on slash-burned areas, although there may be very
little reproduction on the remainder of the area.

such

reproduction is evidently from seed that survived the
slash burn because of its favorable location.

The moisture content of the soil and duff is the

most important factor in protecting the seeds during the
fire.

The moisture prevents

duff

and re-

duces the temperature of the duff and soil.
Thus,

seed may survive

a

(4,

p.

14)

slash fire that does not

completely destroy the ground cover.

production cannot be depended upon.

However, such reThe slash burn may

be conducted so as to take advantage of seed already on

the ground,

but there is no certainty that the seeds will

not be destroyed anyway.

ny seed that does escape

probably will not be abundant enough to restock the area
adequately.

Only under the most favorable circumstances

will the surviving seeds germinate and grow normally.
Slash burning is not always necessary for reproduction.
a

In fact, the only time that it is desirable from

strictly silvioultural standpoint is when slash and
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brush are too heavy on the area for seedlings to become
But slash burning is often necessary for

established.

protection, and it is an unwise forester who takes

a

chance on losing vast areas of both mature and immature
timber to secure

a

comparativt-ly small area of reproduct-

ion.
If a slash or accidental fire should crown,

the dry,

partially opened cones on the seed trees will be destroyed.

However, crown fires are not likely to destroy

unopened cones.
The flames of

a

traveling crown fire remain in

single crown from fifteen seconds to

erature of 9000 to 1,1000 F.

a

minute with

a

temp-

The ignition point of

Douglas fir needles is 6500 F., and at 9000 F. the fire
spreads rapidly through green needles.

(4,

p.

17-18)

Green cones are good insulators and are not highly
flammable.

in-

They survive this degree of heat and so pro-

tect the enclosed seed.

Seed from burned crowns may be sufficient to reseed
small areas, but there will be no subsequent seed crops

from burned stands.

Thus failure to stock the first

year after the burn is almost certain to result in

denuded area.

a

Furthermore, the partially burned crown

is often dense enough to preclude the

establishment of

Douglas-fir under the crown while favoring more tolerant
species establishment.
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Seed Storage in the Duff

jioffmrì advanced

theory in 1925 (4, p. 20) that
seed remained dormant in the duff for more than a year
and was responsible for reproduction in some areas. His
reasoning was this;
a

the small percentige of the young
classes found at more than ten chains from
seed trees indicated that the remaining seed
trees had not been an important factor in the
restocking of the area, especially at distances
over ten chains frori the seed trees.
age

germination after the second year (folfire) was confined largely to within
ten chains of the seed trees, indicating that
the remaining seed trees were not casting the
seed over the burn as a whole. Because of the
sporadic location of the young age classes the
reproduction is not from seeds that have been
transported for long distances by wind or birds,
but by seeds that have passed through exceptionally long periods of dormancy."
In the same report he states that Douglas-fir seed
The

lowing

a

will remain dormant if kept cool. The seed becomes embedded in the soil and is stored there. When the forest
is removed, the temperature of the litter and soil is
raised and the seed springs to life. (4, p. 13)
Isaa, in a later article (7, p. 13) contradicts the
theory with the following;
Hofman"!s studies prompted the comfortable
feeling that regardless of the presence of seed
trees a new forest would spring from seed cast
by the cut forest. This encouraged some tiabermen to have a false security as to the reforestation prospects of their cut-over lands regard
less of continuance of a seed supply. However,
to be on the safe side, the Forest ervice in
administering timber cutting operbtions on the
national forest did not depart from its policy
of leaving at least two seed trees per acre.
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Las proven that,
"subsequent study
contrary to the seed storage in the duff
theory, Douglas-fir seeds retain their viability in appreciable quantity for only a year
after ttiey are borne."
.

.

.
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PART IV

THE SEEDLING

Seed Establishment
The ratio of the nwnber of seedlings to seeds varies

greatly with differences in topography, soil, weather,
ground cover, animal preditors, and other inimical factors.

Seedling loss results from rodent and insect dam-

age, mechanical injury,

and competition.

Some of these

factors may be controlled by the forest manager; others
are fixed or too costly to control.

(7,

p.

27)

In

either case, their relative presence or absence should be

noted on each operation, advantage taken of the favorable
conditions, and corrective measures or allowances made
for the unfavorable ones.

Rodents
Rodents are an inimical factor in the seedling as
well as in the seed stage of reproduction.

They search

for their food and are addicted to frequenting the places
that are most favorable for seedling survival.
The white-footed mouse nips seedlings off at the

ground.

Rabbits, grouse, mountain beaver, and the boom-

er nip the buds and tips of the young seedling and some-

times attack the stems of older seedlings.

These rodents

have been found to be most destructive in brushy areas

where they have

a

more favorable habitat.

For control, sliced apples dusted with strychnine
powder has proved to be an effective bait against mountain
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beavers and boomers.

weeding unpoisoned bait beforehand

induces the animals to take the poisoned bait more readily.

Poison grain is effectively used against the mice.
Control is comparatively easy and economical, but

the problem is in recognizing the cause of the damage and

eradicating the pests before they have done excessive destruction.

The poisoning is done most successfully at

time of year when natural food is scarce.
be

a

The poison may

spread along roads, paths, and other patches of bare

ground where it will be most easily found by the rodents.
Large Animals
The increased amount of grazing on cutover lands is

important because of the influence on the succession that
follows logging.

Heavy grazing results in injury to the

Grazing should be light or

çconfiferous reproduction.

eliminated when the seedlings are very young, however
grazing may benefit reproduction by removing the brush
competition.

This method of removal is also an effect-

ive method of removing the fire hazard of brush covered

land.

(8, p.

717)

(7,

p. 73)

The grazing of livestock for

a

period of five to

ten years on cut-over land is considered an acceptable

practice of forest management which will be harmless to
the tree regeneration provided the grazing is light and

carefully administered.

(7,

p.

103)

There is no doubt that heavy sod is detrimental to

Douglas-fir establishment.

heavy congregation of
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animals will pack the surface soil around water holes and
in,

valley bottoms where cattle naturally gather.

forming grasses are also unfavorable to

Sod

prospective

a

coniferous seed bed.
The type of livestock is important in governing the

amount of damage done to reproduction.

Normally, cattle

will not graze coniferous species unless all the more
favorable vegetation has been exhausted.

Sheep are more

likely to graze the young trees than are cattle, and
goats are noted for their tendency to consume practically
anything.

Deer probably rank next to rodents in their

rimental effect on reproduction.

det-

heavy population of

deer will browse seedling tops and pull the young trees

from the ground.

Damage beco:es severe when the more

palatable plants in the area are depleted.

TLis deplet-

ion is caused by the large number of animals on the area
or their improper distribution.

movement is difficult.

Control of deer-herd

Fencing is too expensive on cut-

over land since it takes an especially high fence to

keep deer from jumping it.

The most feasible plan of

action when deer damage becomes heavy is to allow open

hunting of both sexes of the deer herd.

TLis must be

done with cooperation of the State Game departments in

each state and with other land owners in the area
affected.

Seedling Diseases
The most common disease of Douglas-fir and other

seedling species in nurseries, which has also been noted
to some extent in natural regeneration, is "damping-off"

fungi.

The disease thrives

eool/ damp, and shady en-

in

vironments and is not common on open clear-cut areas.
Seedlings are subject to damping-off, which results in
the collapse of the stem,

for

ty days after gerniination.

a

period of thirty to for-

It is believed that soils

low in acidity favor the disease.

Shoestring rot (.rmillaria mellea) is the only

ini-

portant widespread disease affecting established Douglasfir seedlings.

This fungus travels in the soil and at-

tacks seedlings at the root collar, killing single or
small patches of trees.

(2, p.

38)

ost conifers possess ectotrophic mychorrbiza fungi.

Mychorrbiza is parasitic on the roots of higher plants
which receive no benefit from the fungi.
great harm results from their presence,

Normally, no
but when they

become too abundant, they may interfere with root functioning.
Some authorities believe that the rnycorrhiza have
sorne

beneficial affect, and that some seedling failures

are due to lack of the fungi.

Since mycorrkiiza is al-

most universally present, little difficulty results from
the lack of it.

It is more plentiful in old agriculture

especially where legumes have been grown, and is

land,

least plentiful in forest soils and in semi-arid lands.
Soils

Douglas-fir becomes established on

a

great variety

of soils and is not fastidious as to the texture or chem-

ical composition of the soil.

It does, however, avoid

swamps and lands subject to overflow.

Soil quality af-

fects the rate of growth and is placed second in importance to rainfall and growing season in that respect.

Texture

Different authors differ in their opinions of the
best texture of soil for tree growth, but most agree that
the site must be well drained and relatively dry.

Gravelly and sandy soils come under this classification,

and Douglas-fir evidences greater seed-production,

deeper root penetration, and less competition on this
type of soil.

(7,

p.

47)

Initial survival of seedlings is generally higher
011

gravelly soils where root development is rapid, be-

cause the soil is very porous and vegetative competition
is at a minimani.

(35,

p.

352)

Depth
The surface soil is the most important in regener-

ation.

The subsoil contributes little except to the or-

igin of the surface soil.

The depth and texture of the

surface soil determine the depth of root penetration,
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and the depth of the water table and water movement in
the soil.

Humus and Duff

Under virgin timber, an average of about one and onehalf inches of humus and duff, composed of needles, leaves,
twigs, cones, bark scales and herbacious plant material
in all stages of decomposition covers the forest floor.

Conditions are very favorable for decay in the region.
Ori

a

climax soil; this decomposition keeps pace with de-

position.

In the higher and colder altitudes, where these

conditions are not as favorable, the duff and litter
er is necessarily thicker.

(7,

p.

lay-

105)

47,

Soil nutrients
The most important available soil nutrients

nit-

-

rate, nitrogen, phosphorus, potassium and calcium

are

-

naturally more prevalent in the surface layers, and, like
organic matter, decrease with depth.
ing duff layer acts as

a

The nutrient-form-

continuous source of supply of

plant foods throughout decomposition.

(7, p.

4)

On the

whoè, the organic content of the soil is low and de-

creases with soil depth.

The nitrogen content is about

one percent of the dry weight of the fibrous duff,

but

not more than one tenth of one percent is represented in
the mineral soil.

The duff and humus are also the great-

est moisture-holding layer of the soil.

Effect of Logging

Logging upsets forest conditions through exposing

3].

the surface soil to sunlight and by mixing duff and

eral soil.
bout

a

If followed by slash burning,

revolutionary change.

deal of organic material,

mm-

it brings a-

The fire consumes

a

drives off nitrogen, and

great

redus

the acidity and the moisture holding capacity of the soil.

The fire may temporarily make plant food more available,
but it usually destroys much nitrogen and cuts off the

source of further ntitrient supply through destruction of
the duff layer.

It also leaves

the mineral constituents

in changed or dehydrated form and breaks down the crumb

structure of the rich surface soil zone.

(7,

p.

48)

In addition to the loss of mineral nutrients by

slash burning,

the source of future supply is cut off

since the duff layer forms the reservoir in which the

mineral nutrients are constantly being made available
through microbial activity.

There is also

a

loss of

mineral nutrients after fire, particularly in steep country, through washing and leaching,

There is usually

little erosion because vegetation which comes in the
first or second season after the fire retards runoff.

Therefore, the seedlings may benefit from the concen-

tration of plant nutrients but only for the first year
or two after the fire.

The acidity reduction of the soil following
is only a temporary condition.

a

fire

Neutral soil doesn't

affect the regeneration of Douglas-fir, but does pro-

mote growth of competing herbacious plants, hence another
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detremental effect of fire.
(pif

or 6)

5

is most favorable

slightly acid soil
for

a

It is generally concluded that

coniferous forest.

1oging and slash

burning make changes in the surface soil that are both
favorable and unfavorable to Douglas-fir seedling establishinent, but the damage to the physical condition un-

doubtedly far outweighs the temporary chemical improve-

reduction in moisture holding capacity of the

rihe

ment.

soil is of vital importance in this region to summer

drought.

Also, the loss of nutrients cannot help but

reduct forest productivity in the long run.
hot burning

inay

Intensely

so change the physical condition of the

soil that seedlings cannot establish themselves, and

even planted trees will not grow until the soil has re-

gained some of its proper structure and texture.
p.

(7,

50)

It takes about five years to restore the structure
of the mineral soil to its original condition by weathering,

and many more years to restore nitrogen and organic

matter.
Weather
The rise and fall of seedling mortality with the

occurence of extremes of weather shows that there is

a

considerable element of chance in Douglas-fir establishment.

If the spring and early summer is free of extreme-

ly hot weather or unseasonable freezes, the seedling crop

may come through without heat or frost losses.

During

a
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wet summer

a

higher percentage of the young plants will

become established than during

a

dry summer, and the con-

trast will be more marked on severe sites.

Barren sites

become more favorable after forest canopy and duff accumulate.

When Severe conditions of temperature and moisture
prevail, only those Douglas-fir seedlings that are protected by shrubs and annual plants survive the first one
or two dry seasons

and.

become established.

Rainfall and Moisture
The climate of the Douglas-fir region is humid and

generally favorable to vegetative growth.

It varies

greatly in different sections, being affected largely by
distance from the Pacific ocean and by latitude and altitude.

The rainfall decreases as the distance from the

ocean increases until the higher elevations on the westside of the Cascades are reached.

These elevations

gen-

erally receive abundent rainfall.
The mean annual precipitation varies from more than
a

hundred fifty one inches at Glenora, Oregon, to twenty

inches on the north slopes of the Olympic Mountains in

Washington.

Most of the region has

between fifty and sixty inches

a

a

rainfall range of

year.

The precipitation is decidedly seasonal in distribution.

The su.rnmers are dry with the months of July and

August averaging one inch of rainfall.

portion of the rain

cornes

The large

pro-

during September and continues
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through February.
The rain that does fall in the summer is light and

largely intercepted by vegetation, and so it is never available to plant roots.

The precipitation in the reg-

ion is not well suited to maintaining an adequate amount
of soil moisture for the establishment of seedlings.

Since loose and porous soils, which do not readily hold
the moisture, prevail over much of the region, the lack
of summer rainfall becomes an important element in seed-

ling survival.

(7,

35)

p.

The moisture content of the

soil decreases each

year from early summer until the autumn rains start.
the

nd of the summer

a

By

danger point is reached for young

and shallow-rooted plants.

Moisture in the soil will rise due to capillary
action to replace loss of surface soil moisture lost to
evaporation.

This rise of moisture is related to the

degree of saturation of the subsoil and the amount of

moisture in the surface because the soil must be moist
before capillary action will occur.
is dry,

the rise

oiT

Once the upper soil

moisture is negligible.

(7,

p.

37)

Long periods of drought exhaust the supply of moisture in the subsoil, because periods of excessively hot,

dry weather cuickly dry out the surface soil zone to

a

point where it can no longer take up moisture from below.
These two factors, amount of moisture in the subsoil and
the drying out of the surface soil,

separately or jointly
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may become the limiting factors in seedling establishment and survival.

(7,

p.

37)

The greatest part of the soil moisture inmediately

following

a

rain, as an average

depth of about twelve inches.

for the region, is at

a

Thera is much less moist-

ure at the three and six inch depths.

It would seem,

therefore, that seedlings must get very little moisture

from the occassional rains, but rather must depend on
soil-stored moisture.

(7,

p.

36)

The ability of the seedlings to extend their roots
to six or eight inches in depth during the early part of

the first growing season

perudtingDouglas-fir.
do its cothpetition

isan important factor

in per-

The species is often able to out-

in this respect.

(4,

p.

6)

Even though roots may be in soil with above minimum

water requirements, high surface temperatures are lilcely
to cause excessive transpiration and evaporation.

Evap-

oration increases and soil moisture decreases with the
amount of insolation.

(4,

p.

16)

3outh slopes and sites

exposed to dry winds are subject to severe moisture
losses.
One of the greatest damages wrought by fire is the

effect of decreasing the raoisture-holding capacity of
the soil.

Fire breaks down the soil structure, thus de-

creasing the air and water space in the soil.

$ometiìies

the water-holding capacity of the soil after fire is

only fifty percent of its former capacity.

The principle
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factor in the density of reproduction following

a

fire,

assuming adequate seeding, is apparently the moisture in
the soil.

slopes,

More dense growth is found on moist north

in ravines,

moist places.

(4,

under logs, in hollows, or in other
p.

31)

Because there is an increase of transpiration on
brushy areas, soil moistureis often as critical there as
on open sites.

The shade provided by the brush may de-

crease transpiration from the seedlings, but at the same
time they are in competitionfor soil moisture.

p.

(7,

34)
'

.Isoaks has carried out tests on moisture require-

ments of Douglas-fir seedlings which reveal that seedlings can survive on soil moisture contents of only ten

per cent during certain seasons and proper soil texture.
t

five to seven per cent moisture (oven dry weight),

permanent wilting results.

(7,

p.

34)

Evidence of wilt-

ing is noted by the needles turning yellow and curling
up.

Eventually the seedlings turn brown.

If early in

the season,

first year seedlings will tumble under drought

conditions.

If the drought period is late enough in the

season, the seedlings harden, do not tumble over, and can

withstand more severe drought conditions.
en at the end of

drier and colder.

a

Seedlings hard-

growing season that gradually becomes
The seedling tissue cells are then en-

abled to transpire much of their moisture content, to

thicken their walls, and largely discontinue growing
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processes for the coming winter period.
Temperature
Directly connected with moisture, and the greatest
single cause of seedling mortality in most years, is

Heat losses vary from year to year

high temperature.

and may cause as high as two-thirds of the seedling losses.

adverse heat and moisture factors may work in comb-

ination to render

a

seedling year

a

failure.

(7,

p.

39)

Temperatures in the region range generally between
o and

1000 F.

The important practical considerations

of

the effect of climate on regeneration have to deal with
the very local, or micro-climatic variations of heat,

cold, and other factors of climate.

There may be more

difference to the individual germinating seedling between
the north and south slopes or between
a

a

frost pocket and

well air-drained area than between the climate of the

coast and the Caacade region or between that of Tdashington and Oregon.

These are the variations which the prdc-

ticing forester must recognizeand reckon with.
As with moisture, Douglas-fir seedlings find better

site conditions under partial tree or brush cover on

exposed sites.

Cover reduces the high temperature and

raises the low temperatures.

High Temperature
The critical months for seedlings are april, May
and June when periodic hot,

dry spells occur before veg-

etative cover of shrubs is developed to shelter the

after shelter is established, competition

seedlings.

for moisture may become severe.

Seedling damage is first noted when surface soil
temperatures of around 1250 F. are reached.

Some seed-

lings have survived temperatures as high as 1600 F.,
but 1250 is,
(2,

p.

as a rule, maximum for surface

temperature.

28)

Heat damage sometimes results to older seedlings at
a

height of one to six feet from the ground.

In such

cases the leaders and top laterals only are affected,

but

there are occasions of saplings being killed outright on

very severe sites.

Surface soil color alone may make enough difference
in surface temperature

ling establishment.

atmosphere have

a

to be

a

critical factor in seed-

Soil color, slope, exposure, and

pronounced affect upon surface temper-

ature, and, for that reason, air temperature cannot be
used as

a

guide to soil temperature.

t

an air temper-

ature of 800 F. one test showed the temperature of gray
soil to be 123° F. while blackened (charred) soil was

from 1300 to 1370 F.
seedlings Lave

a

It may therefore be expected that

better chance of survival on lighter-

colored soils.
The high soil temperatures cause

a

heat lesion at

the ground surface and cause the young seedlings to

collapse.
off by

a

The heat lesion is distinguished from damping-

more sharply defined edge of the scar.

(7,

p.5,6)
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Frost
Spring frosts are another iraportarit cause of seedling loss.

Low temperatures that occur after germination

cause damage to the foliage, or, more usually, cause direct injury to the succulent stein.

This damage is similar

in appearance to heat injury.

p 31)

Bushy trees are

a

(9,

result of the buds being frozen

before opening or before growth maturity of the succulent
This is

stem.

a

five years old.

common injury to trees up to four or

Death from damaged foliage is not common,

but stunting of the young trees is.

Western hemlock and

western red cedar seedlings are not harmed by the

saine

frosts that harm Douglas-fir seedlings, and they someti.ies

gain an advantage because of this fact.

Frost-heave is common on clean-burned and bare
eral soil and affects trees up to three years old.

occurs when
suiting

iii

a

wet spell is followed by cold nights,

mmThis
re-

freezing and expansion of the surface layer of

soil which buckles and uproots the trees.
s

noted before, surface temperature is higher in

cold weather under

a

forest or brush cover, and may make

the difference between survival and loss.

Late spring, early fall or even mid-winter cold
spells which follow warm, moist weather are the causes of

most of these low-temperature injuries.

This is most se-

vere on exposed sites or in frost pockets where cold air
stands because there is no air drainage.

(7,

p.

31)
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Brush
The effects of brush on seedling establishment vdry

with the species and density of the brush, with the soil
conditions and with the site in general.

s

with any

phase of the subject of Douglas-fir reproduction, no

rules can be made to?the ideal brush conditions for all
The conditions must be determined first-Land by

areas.

on-the-ground observations; only then may it be deter-

mined whether or not the brush

ori

the area will preclude

reproduction or aid it, and only by careful planning of
logging and slash burning may the desired conditions be
attained on the area in question.

Brush development factors include site, intensity
of slash fire, repeated burns, the species present, and

annual weather conditions.

The intensity of the slash

fire, the prevention of repeated fires,

the species pres-

ent and the timing of the operations to coordin.ite with
the season of the year are partly controllable by men.

Despite any control measures, however, it is largely
a

matter of chance as to what brush species will take

over.

in uncommon species to the area may occupy the

area because of abundance of seeds or live roots of that
species.

(8,

p.

717)

In the brush competition that follows logging and

slash burning, one species drives the other back, and the
one that can best utilize the given combinations of soil,

light, moisture and temperature is the victory.

Douglas-

41
fir often occupies the south exposures and the ridges

because it is better adapted to thrive in those localities than are the competing species.

(4,

p.

Some-

42)

times brush is so dense that it is semi-permanent and

prohibits Douglas-fir from seeding in.

Successive fires

to eradicate the brush will not establish forest type,

but are rather detrimental to it.

On the other hand,

seedlings are often able to become established under the

protection of the brush on sites where exposure would
prohibit reproduction.

The brush fields are,

in this

case, essential to the natural establishment of forest.
The brush is not suppressed by the forest until the trees
are thirty to forty years old.

Observations throughout the region show that shade
aids the reproduction of Douglas-fir seedlings through

lessening the evaporation rate during the Lot, dry summer months, but only to the point that lack of sunlight
adversely affects the growth of young trees is this
tion desirable.

(2,

p.

func-

32)

Douglas-fir germination begins at about the same
tirae

as does vegetative species.

bracken fern normally

starts two weeks ähead of the Douglas-fir, except when
there is
time.

a

late spring when it starts at about the same

(27, p.

69)

Even if Douglas-fir does not get an

even start with brush in the first season,

it has

a

fair

chance of later dominating the area, at least partially,

unless the brush has

a

two-or three-year start.

.fter
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that much disadvantage, it is almost impossible

for Doug-

las-fir to become established in competition with brush
until many years ttiereafter.

(2,

51)

p.

Brush becomes heavy more quickly

in

cuttings of mat-

ure and overmature forests because the brush

is already

Oregon

established under the incomplete crown closures.

grape (Berberous auifolium) and salal (Gautheria shallon)
are two of the most universal hold-overs from the original forest, partly because their roots survive slash

Vine maple,

fires.

(acer circinatum) is the most common

of larger shrubs that hold over (8,

In general,

p.

719)

burning favors the herbacious brush

species that Lave wind-blown seeds and retards most woody
species.

(7,

p.

56-61)

The most unfavorable species are those with

basal leaf and spreading fibrous roots,

a

broad

such as grou.nsel

and fall dandelion, which compete with the seedlings for

both ground space and light.

BrQcken, with its slender

single stems and few deep roots, furnislres little competition except for crown space and light.

Fern is consid-

ered an excellent nurse crop for Douglas-fir when it is

light or moderately dense.

(7,

p.

59)

general luxuriant development of brush and herbaceous cover comes in after logging, and this cover is

heavy in mature and overmature forests although temporarily reduced to nothing by logging and slash burning.
Root sprouting and seeding-in forms dense thickets one
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stage is reached sometime
before crown closure anytime from ten to thirty years
after the cut.
Following is a list of the fourteen most common
herbaceous plants and the fourteen most iaportant brush
species which normally compose over ninety per cent of
to ten feet high.

The maximum

total brush cover.

species starred
present in the virgin forest; otì'ers seed in.
species are not present in every area.
Herbaceous plants
the

Those

Groundsel (Senecio vuiLgaris)
Tillow herb (Epilobium spp.)
Bedstraw (Galium spp)
Miners
) (iviontia spp.
angustifolium)
ÇEpilobium
Fireweed
spp)
(Leontodon
Fall dandelion
spp)
Peavine (Lathyrus
Sword fern (Polystici.uin munitum)
Woodsorrel (Qxalis oregana)

Jtic

*
X
X

are
ll these

(X)

)

Starflower (Trientalis latifolia)
Bracken (Pteridium aquilinwn)
Pearl everlasting. (naphalis margaritacaoa)
Hawkweed (Hieraciu.m albiflorum)
Grass

Brush
(Rubus macropetalus)
Snowbrush (Ceonothus velutinus)
Blackcap (Rubus leucodermic)

Trailing blackberry

Blueberry elder (ambucus glauca)
Oceanspray (Lolodiscu.s discolor)
Red flowering current (Ribes sanquinium)
Nootka rose (Rosa nutkana)
Snowberry ($ymphoricarpos spp)

X

*

Salai (Gaultheria shallon)

Grape (i3erberus spp)

Oregon
Ç?hortlberr
*
*

(Vaccinium spp)

California hazel (Corylus colefornica)
Vine maple (.cer circinatwn)
Salmonberry (Rubus spectabilis)
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Growth and Density
The best growth occurs on the gentle, well-drained

slOpes and benches at the lower altitudes west of the

Cascades and in the Coast Mountains.

In the middle age

class, the more densely stocked stands occur on the

south or exposed slopes, and the least dense on the cool

north slopes.

The best growth is in the fog belt.

The Douglas-fir. seedling produces

a

more rapid

height growth during its early life than does any of its

associated species.

The average height growth during

the first few years may be small as
late frosts which prevents
the leader is formed,
id.

a

a

result of early or

leader from forming.

however,

the height growth is

fter the first two years,

rap-

in which the seedling

only averages two inches of height

;rowth a year,

rate of height growth increases until it averages
a

Once

the
a

foot

year by the sixth year.
The more quickly

a

seedling gets its head above

coin-

peting vegetation and keeps it there, the more likely it
is to survive.

Trees in open areas may double the growth

of trees in brushy areas because

of lack of competition

for moisture.
On

a

plantation in which trees are spaced four feet

apart in each direction,

trees begin overtopping vege-

tation and closing crowns by the fifth year, and by the
tenth year, tLey may be expected to crowd out all com-

peting vegetation.

I.5

t.

The following table, compiled by Leo Isaak- indi-

cates the height at different ages to which Douglas-fir

seedlings will grow on different sites if unhampered by
adverse conditions.

Height above
ground in

p.

(7,

77)

Growing Period (in years) Required by
Site Classes

feet.

Site

I

Site II

Site III Site IV SiteV

1

3

3

3

4

5

2

4

5

6

6

7

3

5

6

7

8

9

4

6

7

8

9

10

5

7

8

9

10

U.

Overstocked Douglas-fir does not stagnate as does
its associates.

Individual trees in such

a

stand will

dominate the others, and the natural thinning is rapid

during the first two or three decades.
la,

to

The only criter-

then, to the maxirawn amount of seed for restocking is
1i2]it the

forest cover enough to prevent overshading.

Slowing of height growth is noticeable when the number
of reserved trees uncut during the operation reaches

eleven per acre; and

a

pronounced difference when there

are twenty or raore per acre.
The density of the stand of young growth not only

affects its development during its early life, but it
has an influence throughout the life of the trees and

even upon their usefulness when cut.
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Stands may start as dense as fifty to sixty thousand seedlings to the acre, but at the age of twenty years
they would be reduced to probably not over twenty thousand to the acre.

The average stands, however,

are not

They may contain from two to ten thousand

that dense.

seedlings to the acre during the first fifteen years, and
at twenty-five years of age, they may not contain more
ti-ian

two thousand trees to the acre.

.kfter the

twenty years, the thinning continues rapidly.

age of
t

thirty

years of age, the average acre of Douglas-fir forest contains only about five hundred trees.

This number is re-

duced to about two hundred-fifty at the age of fifty to
sixty, and to seventy-five to one hundred trees at the

age of one hundred years.

Many oveimature forests, now

being logged, contain from twenty to fifty trees to the
area.

(4,

p.

45)

On the other hand, poorly stocked stands will in-

crease somewhat in stocking if there is
present.

a

seed source

Many logging concerns allow for an increase in

stocking of four percent of normal for each decade until
the stand is eighty years old.

This is an arbitrary

figure used to determine future yield of understocked

second growth stands.

Growth in

a

scattered stand is more rapid during

the early stages, but the lateral branches become larger

and more persistent.
logs.

These trees produce poorer quality

desirable density should be open enough for as
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rapid growth rate as is possible, but dense enough
retain the early pruning of

a

dense stand.

to

Leo Isaaks

suggests eight hundred trees as the miniiurn number of
trees to the acre, but explains that
is not a

serious hindrance to growth.

a

higher density
The most desir-

able stocking is one to two thousand trees per acre.

ny areas with over five hundred trees to the acre require no additional stocking for good timber production.
The Oregon Forest Conservation

ct allows less stock-

ing than this in releasing operators under minimum for-

est practice laws.

The act described adecjuate stocking

as "a stand of not less than three hundred established

live seedlings per acre, all of

hich are sufficiently

spaced for individual normal growth and development, and
one hundred of which are well distributed."

(16,

p.

6)

The Wind River experiment station drew the following

conclusions from density studies:
Average diameter increases with width of spacing, and in twelve-by-twelve foot plot is about tvice that
on a four-by-four plot.
1.

2.

The wider the spacing the taller the trees.

The dominant and codominant trees in the close
3.
spacing are almost as tall as the dominant and codominant
trees in the wide spacing.
The closer the spacing the greater the basal
area and cubic volume.
4.

There is progressive increase in crown width
from close to wide spacing.
5.

The diameter of the limbs at breast height is
6.
progressively greater the wider the spacing.
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PART V

LOGGING PRACTICES
General
The West Coast industry's forest practice rules

recognize that there are vurious ways by which

a

seed

source may be provided practically and inexpensively.

Ttis may be done by staggering settings, reserving strips
along creeks and across valleys, etc.,
defective trees,

leaving single

long corners or islands of timber, non-

merchantable timber on upper slopes or patches of

im-

mature tiniber.
Some methods are practical only on certain topo-

graphy or in certain kinds of timber or with certain
equipment.

It is for the operator to study his own sit-

uation with the help of

a

competent forest engineer, and

plan his operation so the seed supply may be provided by
any one or

a

combination of these methods.

Plans in detail should be made for all settings or
areas to be logged some time in advance.

Restocking pro-

visions should be one of the factors in such plans.

The

type of seed source available and economically suited to

each area should be determined, and pains taken to adjust
the logging operation to leave areas to immature or non-

merchantable timber so they may be kept and protected.
These plans should be laid out on the ground so that
there will be no confusion during any of the succeeding
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logging operations.

It is particularly necessary in

leaving seed groups,) strips, or blocks, to ìave these
areas marked out with regular boundaries so that adjacent timber may be felled away from them and the slash

burned without causing damage.
falling, yarding,

Th.e

men who supervise the

and slash disposal should take the nec-

essary precautions in protacting the seed groups or blocks
that are to be left.
The seed source left must be of seed-bearing size,
large enough to withstand windthrow,

free of debris,

properly located to withstand fire, and left uncut until
the area has satisfactorily restocked.

Clearcutting
Clearcutting is at present the most feasible method
under present logging conditions, and it also produces
the best results from a silvicultural standpoint.

It

must be remembered in making such cuttings that the seed
supply must come from the blocks of uncut timber and that
the effeitive seeding is done by the outer fringe of trees

only.

These blocks may be intended for logging after

logged areas have seeded in, or it may be submerchantable timber.
3ize and variation of the seed source must be varied

to suit lay of land and variations of the original forest.

For each method of logging, the Oregon Conservation
ct

(16)

each.

has listed the advantages and disadvantages of

An operator may profit by knowing these factors

1!J

that enter into each operation.

advantages of Clear Cutting:
1.
It is suitable for species which grow in the
open then in selectively cut stands.
vttnt
2.

It produces even-aged stands which are easy to

handle.
3.

No

valuble timber remains

fire, windthrow, insects,
4.

It

is a good

to be lost thròugh
or disease.

system to use with overmature

stands.

Part of the stand is never damaged by successive
5.
cuts as may be the case is selective logging.
6.
Logging is confined to a small area at a tibie,
and unit costs will be loer than partial cutting in
some cases.
7.

Slash disposal is simplified.

Disadvantages of Clear Cutting
On very steep ground, it may result in severe
1.
damage to the soil, particularly if followed by a hard
burn.
2.
It is not possible to take advantage of especially good markets for one speQies when the cutting takes
all the species in the stand.
The result is that markets must be found for several kinds of products.

In the first cut on most areas, the trees will
3.
vary considerably in size, and there is loss in handling
small logs with equipment built for big logs.
If another fire follows the slash burn, re4.
production will be slower to start than on similar areas
which have their own seed sources.

Single Seed Trees

Single seed trees are advised particularly where
there are sub-merchantable trees that are suitable as
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seeders in the stand.

If an average of eight trees per

acre is left, it is probable

vive for

a

tI:at

four or more will sur-

period of six to ten years.

adequate for reseeding.

Iviore

likely to be unfavorable to

than eight large trees is

tXie

young growth.

Seed tree loss will be variable.
es

This should be

occur within the first five years.

Most of the loss(7,

p.

Windfall, logging breakage and scarring,

89)

slash

burning, bark beetle attacks, and exposure to the ele-

ments due to change in environment are the cause of seedtree mortality.

Eowever, if the Douglas-fir survives this

change in condition, it will expand its crown andproduce
seed for many years after being so isolated.

Trees on ridge tops and dry, exposed slopes are quite

wind-firm in comparison to those just over the iee side
of

a

ridge or on moist sites.

Trees left on the lower

part of steep slopes and V-shaped canyons are highly subject to both fire and logging damage.

Seed tree mortal-

ity will be less if areas of low hazard are left unburned.

Conventional high-lead logging, followed by broadcast burning, may result in
fourths of the seed trees in

loss of one-half to three-

a

a

decade.

idvantages of Seed-tree Method
1.
There is a better distribution of reproduction
than if the seed source were all on the edges of the cutover area.
2.

ty of

a

With thick-barked trees there is some possiblisecond crop of reproduction after a fire.
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In defective stands,
3.
ure a new crop.

it

is a cheap way to

sec-

By leaving seed trees of only one species, and
4..
by careful slash burning, it is possible to produce a
second crop more or less to order.

Disadvantages of Seed-tree Method
Losses will occur due to blowdown, exposure,
1.
and insects.
2.

Where almost all trees in the stand are sound,
seed

it may be too costly to leave good stumpage for a

source.
Some trees will not reproduce as well in very
exposed condition as in partial shade.
3.

It is not always possible to find suit&ble seed
well distributed in a stand. They may be bunched at the
bottom of a canyon, over a ridge, or in places from which
annot be obtained.
the best seeding of the cutover area
4.

The seed supply is generally smaller than is the
case with seed blocks or partial cutting.
5.

Partial Cutting
Where partial cutting is employed,

there is an abun-

dant seed supply when all species are considered.

The

problem lies in securing an adequate proportion of seed
of the desired species;

las-fir,

in one instance

it may be Doug-

in another it may be one or more of the toler-

ant species.

Given an adequate seed supply, the amount

of overhead shade will largely govern the composition of

the regeneration.

With more than half overhead light

and growing space, or with complete openings of an acre
or more, Douglas-fir should dominate its more tolerant

competitOrs.

53

In certain old forests, where partial cutting might
be practiced,

reproduction of tolerant species is already

present and is apt to persist toLthe exclusion of subsequent Douglas-fir reproduction.

Burning in such cases

tends to favor Douglas-fir regeneration in competition

with hemlock, cedar,

ruce and balsam firs.

However,

slash disposal in partial cuts is extremely difficult and

usually results in severe injury to the reserve stand.

Tractor logging is not as destructive as cable logging to the reserve stand, and its increasing use is

mak-

ing partial cutting more and more practiceable.

advantages of Partial Cutting
1.
It provides good soil protection and reduces the
erosion wtiich takes place on clear-cut areas.

2.
Overmatu.re stagnant forests may be more quickly
converted to growing forests by partial cutting than by
clear cutting.
3.

Better advantages of markets is achieved.

There is good seed production in a partially cut
stand because many more trees per acre are left than ander the seed-tree system.
I.s

It is a good method to use with species which
5.
reproduce well in shade.
6.
There is a better over-all protection of the
growing forest against fire than on clear-cut areas.
Young seedlings on bare cut-over ground will all be
killed by a very light fire. But the partial canopy of
trees on the partially-cut ground retains moisture which
makes it more difficult for fires to start. The heat of
fires that do start is reduced by the increase in mois-

ture.

Disadvantages of Partial Cutting
1.

It is more expensive.
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2.

It does damage to the residual stand.

3.

There is some total reduction in growth.

4.

Sorne

species will not reproduce under partial

shade.
On the average, the timber from the stand is of
lower grade.
5.

Slash and Disposal
The large amount of debris left after logging in
the Pacific Northwest makes

a

very dangerous fire risk

and necessitates burning the slash in order to protect
the surrounding forests and property.

This fire risk

should be eliminated the first season after logging at
the earliest opportunity.

There is

a

growing belief among protection agencie.s

that much of the slash burning is unnecessary.
the hazard may be reduced for

a

lthough

period of one to three

years, at the end of that period the resultant hazard is

often as great as the original hazard.
The ground may be swept clean of inflammable material for a short time,

but it is soon repopulated with

firewood, buck brush, or bracken fern.
If the logged area is not burned but is subjected
to more intensive protection,

the seed that is living on

the ground will probably repopulate the area with forest

trees, and the new stand will approach normality in five
or six years as far as hazard is concerned.

In cases of great risk the hazard must be at least

partially removed.

The "one match" burning method should
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not be used, but rather "forced burned" when the slash
is wet enough to prevent the actual running of the fire

on its own account.

Large continuous areas of unburned

slash must not be allowed to develop.
have

a

3ome

companies

policy of not cutting over eighty acres of cont-

inguous area.
n attempt has been made to not set down any rules
as

such in this report, but the following rules for when

and when not to burn may be helpful to an operator.

lashing should be burned:
\Ihere the chances of accidental or incendiary
1.
fires are high, or the opportunities for fire control

are poor.
2.
Where the cutting is clean, and there is not
an understory that would be killed by the fire and make

another comparable fire
Where the conflagration hazard is high due to
3.
very extensive areas of recent cuttings.
Where continguous areas will be logged and slash
4.
can be safely removed by forced burning.
Slashings should not be burned:
1.
Where a considerable reserve stand or understory would be killed by fire, resulting in little or
no net gain in reducing fire hazard.
2.
Where the logged-off area i8 well isolated from
risk and is not particularly high hazard in itself.

Where a good stand of advance or subsequent re3.
production promises to give shade and reduce fuel inflammability in a very few years.
In order to obtain good burning practices, logging

must be planned with the fall burning season in mind.
In

a

few instances where this has been carried out
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consistently, the burning over the years has been uni-

formly successful.

In tfese cases, no large areas are

being carried over from year to year, and the burning
costs per acre have been relatively smell.

Best of all,

the land involved restocked quickly and is producing

future timber today.

Iogging settingsshould be so planned as to have no
large continuous slashing to be removed at one time.

Skipping settings, staggered settings, or placement of
s

seed blocks can accomplish this.

The togging itself

should be carried out so as to have the equipment out of
the wsy by slash burning time.

boundaries of the burn should be fixed and under-

Ti-je

stood by all concerned with the burning.

Streams, grades,

fire trails or green timber should delimit the area.
slash should be burned at

a

The

time of the year after suff-

icient rains have wet the slash enough so the fire will

not run of its own accord.

Spring burning is not con-

sidered good practice due to the danger of holdover fires
causing

a

flare-up during the summer fire season.

is to the time of day for starting the fires; no

fires should be started until the most critical

to

or

three o'clock in the afternoon, part of the day, has been
reached.'7

South slopes should be fired before north slopes
and other more protected areas.

They should be set at

the top of the slopes and at the edge of the boundaries
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first.

Large areas should be buriled in strips across

the fact 1of the hill.
It costs money to burn slash carefully in order to

protect the residual seed sources and the site.

Care-

ful burning will maintain the productivity of the site
and will improve restocking over that of

a

very heavily-

burned area, and its cost will be offset by better future
timber and by protecting the land.

PART VI

CONCLUSION
-ll the factors that enter into

natural reproduction

have not been presented in this thesis, nor will all the

factors that are presented be of importance on any one

logging operation.

-orne

of them are iiuportant on almost

any area, while others occur only occasionally.

But

even the infrequent factors may be the controlling ones
on

sorne

areas.

To illustrate;

present

ori

the problem of slash burning is

practically every area, but the operator may

need to consider an insect problem only once or twice in
his lifetinie.
the former

The latter problem can be as important as

if it becomes a limiting fa ctor,

and then it

must receive the attention that is due to it.
The lumberman should not be content with his re-

stocking efforts if only average or below average regen-

erotion is procured.

He should always be on the lookout

for ways of iiproving the restocking by taking advantage
of his knowledge of Douglaa-fir silviculture and applying
it beneficially to the

It may be trite

individual situation on each area.

to repeat that

"a

chain is only as

strong as its weakest link," but the axiom is nowhere
truer than with natural reproduction of Douglas-fir.
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