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preface; and acknqwlepg-ments

This experimental study was projected December

28, 1930, with two purposes in mind:

1. The use of derived data as a basis of com

parison with similar data obtained by the Pacific

Northwest Forest Experiment Station in its series of

experiments testing the seed viability in the forest

floor of Douglas fir (Pseudotsuga taxifolia) and other

coniferous species.

2. The study of causes of viability of seed

stored in the forest floor.

In this study three coniferous tree species

were used as the experimental basis: Douglas fir

(Pseudotsuga taxifolia), Port Orford Cedar (Chamae-

cyparis lawsoniana), and Western yellow pine (Pinus

ponderosa).

The plot studies were carried on at the Peavy

Arboretum, the demonstration tract and outdoor labora

tory of the Oregon State College School of Forestry.

This tract of 540 acres is situated seven miles north

of Corvallis, Oregon, on the Pacific Highway and is

the site of the Clarke-McNary Oregon Forest Nursery,

where the seed used in the study was obtained.
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mental plots.

Mr. John C. Garman, Physics instructor at
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in the use of photographic equipment.

Mr. Thornton T. Munger, Director of the

Pacific Northwest Forest Experiment Station, for as

sistance given in establishing the historical basis of

the study.

The included photographic work, including ex

posures, developing, printing and enlarging, was done

by the author, with the exception of the photostatic

copies.



I—INTRODUCTION

The viability, or maximum time that seeds can

lie in the ground in a dormant state but viable, is a

problem that has received much scientific and popular

attention. Recently, excavators of ancient Egyptian

ruins claimed germination results from seeds found in

mummy cases, but their claims were later proved as un

founded and fallaceous. Numerous observations (1) in

the past have shown that various seeds may lie dormant

and viable in the soil or cover for twenty-five or even

fifty years. PETER (2) took soil samples (3) in some

old forests where the soil had been undisturbed for

many years and from these samples grew seedlings that

could later be identified as to species. According to

GOSS (3) "the first attempt made to obtain specific

data on the length of time seeds are able to retain

their vitality while buried in the soil was made by

the late Dr. W. J. Beal, of Michigan Agricultural

College. In 1879 he buried at East Lansing, Michigan,

20 inverted open-mouthed bottles, each bottle contain

ing 50 seeds of each of 20 species. One of these

bottles has been taken up every 5 years, the last re

port (4) being made after 40 years, at which time 10

of the 20 species produced sprouts. This experiment

was concerned with agricultural and weed species, and



hence the results are not applicable to our study,

except in a general way.

Since then numerous investigators have carried

on similar experiments. Among the more prominent may

be listed MUNERATI (6), an Italian investigator;

KOZMA (5), and Hungarian experimenter; Dr. J. W. T.

DUVEL, of the Seed Laboratory of the United States

Department of Agriculture (7); BOERKER (8) in his

thesis; HOFFMAN (9, 10); and the Pacific Northwest

Forest Experiment Station (11).

The early investigators confined their studies

to agricultural and weed species, and it is only more

recently that scientific data have been obtained on

tree species. However, the pioneers in the study con

tributed much to the theories of longevity in seeds,

and their work must not be slighted.

Recently, with the growing importance of sci

entific and intensive forest management in the United

States, much attention has been given to the natural

regeneration of certain of our commercial tree species.

The Forest Service, United States Department of Agri

culture, has prepared a series of valuable studies

(12) giving the minimum and maximum measures necessary

to keep forest land productive and to produce full

timber crops in each of the major forest regions of



the United States. Silvicultural considerations are

stressed in these studies. According to these bulle

tins, the following important tree species have seed

that undergoes a period of dormancy: red gum (Ligui-

dambar styraciflua), green ash (Fraxinus pennsylvanica

lanceolata), Western white pine (Pinus monticola) and

Douglas fir (Pseudotsuga taxifolia).

So important is this dormancy of the seed that

the plan of management is dependent upon the seed

viability of the species. C. R. Tillotsen (13) states

"ash, yellow poplar and red gum seedlings

come up proportionately most thickly on areas which

have been cut clean of old growth or at least cut very

heavily." Concerning red gum, he goes on: "it ap

pears that the seed lies dormant in the fallen leaves

and surface soil and sprouts promptly when the old

trees are cut;" about green ash, "ash seed apparently

has the property of retaining its vitality for several

years when lying on the leaf-covered ground of the

forest."

KOCH and CUNNINGHAM (14) state "it has been

well established through observation and experiment

that white pine thus (referring to logging operations)

buried in the duff and well shaded retains its vital

ity for several years."



HOFFMAN says (10) "restocking of Douglas fir

occurs naturally in the Pacific Northwest if the

forest is properly handled. As young growth comes

chiefly from the seed stored in the forest floor

The vitality of seed and the activities of rodents in

burying seed are the principal features that insure a

supply of seed at all times."

MUNGER (15) claims "a small percentage of this

stored seed probably remains viable past the first

season The proportion (of reproduction) from

each source (stored and disseminated seed) depends up

on local circumstances, and the evidence now on hand

does not warrant any generalized statements that would

apply to all localities and all conditions", a depar

ture from Hoffman's opinion.

In this historical basis and the importance of

our present timber resources in the Pacific Northwest

lies the source of the discussed study. The Pacific

Northwest is today one of the most important forest

regions of the United States. The great supply of

virgin timber, the large production of lumber prod

ucts and the inherent capacity of the lands for forest

reproduction make this region worthy of forest manage

ment. Douglas fir makes up 66$ (16) of the total

stand of 340,000,000,000 board feet and reaches its



greatest quantity and quality increment. There are

about 24,000,000 acres of forest land, about equally

divided between government and private ownership. In

1927, the western part of Oregon and Washington pro

duced a cut of 9,881,414,000 board feet of lumber, of

which 80$ was Douglas fir.

The future of this region is in second-growth

stands. The large virgin supply will some day be ex

hausted; Western Oregon and Washington alone contain

15,000,000 acres of land adapted for the growing of

Douglas fir and its associates. Each year 75,000

acres are logged over in Western Oregon and 145,000

in Western Washington; it is these areas that must be

given protection and proper silvicultural and logging

treatment, and it is on these areas that the manage

ment of Douglas fir will be dependent. Upon seeding

habits, especially viability of seed stored in the

forest floor.

The financial aspects of management assume a

special significance in this region, because the

character of ownership implies that forest production

will be largely in the hands of private individuals,

who must be convinced that management "pays". Dif

ferent logging and silvicultural cutting systems

necessarily vary in costs, and the seeding character-



istics of a species determine to a large extent the

choice of such systems; viability of seed stored in

the forest floor thus becomes a factor influencing

management and hence deserves study and research work.

It is in an effort to contribute to the knowledge

available that this study was initiated.

The problem can be defined as an experimental

and historical study of the length of time that seeds

of certain conifers of the Pacific Northwest remain

viable in the forest floor, emphasis being placed on

Douglas fir as the basis of study and Western yellow

pine and Port Orford cedar as sources of new data to

be used for study and correlation.

The problem will be analyzed from three

sources;

1. Causes of dormancy in seeds, a general
i

discussion of theories of longevity.

2. Interpretation of results of previous

viability studies on Douglas fir by

other investigators.

3. A photo-descriptive study of the plots

established by the author.

Because the results of the plots established

by the author will not be available for interpretation

until next year, the historical basis of research is



relied upon greatly in this study. The photo-descrip

tive section has been incorporated to emphasize the

habitat factors of the plots, so that later studies

may show correlation of results.

Field methods in the plot establishment and

later studies are of the observational type, which

has the following disadvantages (8): no common basis

or standard of comparison with other investigators;

danger of generalizing results obtained on limited

areas to large areas; conclusions are largely opin

ions modified by the individual judgment; effect is

studied rather than cause. However, under the circum

stances this method, rather than the one of controlled

habitat factors, had to be used.

The study is confined to the seed of Douglas

fir, Port Orford cedar and Western yellow pine and

was designed to determine the number of seasons that

seed of the above species remains viable after it

falls and is buried in the duff or soil under natural

conditions.

The plan of the experiment calls for taking

up a portion of the seed each year for five years and

making a germination test each year; the first test

will be made in the fall of 1931.

Seed used in the study was obtained from the
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regular supply of the Oregon Forest Nursery on the

Peavy Arboretum. In the preparation of the seed

baskets, illustrated fully in the photo-descriptive

section, four-mesh hardware cloth was used. Each

finished basket was 18 inches long and 4 inches wide

and was divided into three compartments by two screen

dividers. In the first compartment, seed was placed

at a depth of two inches, in the second at a depth

of one inch and in the last on top of the soil.

In setting these baskets out in the field,

five baskets, one for each year the study is to run,

were used per plot. A hole the same size as the bas

ket was dug out and the basket placed in the hole,

using the removed soil to stratify the seed, at the

above described depths. Four hundred seeds were used

in each compartment, making a total of twelve hundred

for the individual basket of three compartments.

As a protection against rodents, a fence of

four-mesh hardware cloth was put in around each plot.

This fence was buried twelve inches below the ground

and turned out four inches at the bottom; the shape

of the fence was, of course, rectangular. A protec

tive screen covering was also put over the baskets,

as an additional protection.



Three plots were established, one for each

species tested, and chosen to correspond as nearly as

possible with conditions approached in the natural

habitat of the species studied.

II--RESULTS OF STUDY

A. THEORIES OF LONGEVITY

Dormancy in seed is explained in

various ways (1). Two explanations have

been advanced, both proved to be incorrect,

for loss of dormancy in seeds:

1. Exhaustion of stored foods.

2. Degeneration of digestive and

oxidizing enzymes.

CROCKER (1) lists the following methods of

securing dormancy in seeds:

1. "Primary dormancy. This considers

immature embryos, which need a certain amount

of time to complete their development.

2. Hard seed, with coats entirely

preventing absorption of water. Seeds other

wise susceptible to injury can by this means

insure themselves great longevity because two

conditions essential to longevity are obtained:

a low equable temperature and a low moisture
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content. The seed is also protected against

the slow action of oxygen.

3. Mechanical resistance to the ex

pansion of the embryo and seed contents by

enclosing structures.

4. Encasing structures interfering

with oxygen absorption by the embryo and

perhaps carbon dioxide elimination from it,

resulting in a limitation of processes de

pendent upon these.

5. A state of dormancy In the embryo

itself or some organ of it, in consequence of

which it is unable to grow when naked and

supplied with all the ordinary germinative

conditions.

6. A combination of two or more of

these causes.

7. Secondary dormancy."

He also lists the following forcing agents or

factors hastening germination:

1. "Acids and bases in the soil.

2. Freezing or alternate thawing or

freezing.

3. Salts in the soil.

4. The soil as a sub-stratum causing
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germinative action.

5. High temperature.

6. Alternation of temperatures.

7. Light."

BOERKER, in his masterful work (8), contributes

the following results from his experiments:

1. "Shade decreases evaporation and

transpiration and thereby increases the soil

moisture content of superficial soil layers.

2. Shade accelerates germination.

This acceleration is due to the increase in

soil-moisture content mentioned above.

3. Shade increases the length of the

germination period.

4. The germination curve of seeds

sown in the shade rises more rapidly than that

of seeds sown in the light.

5. The final germination per cent is

usually higher in the case of seeds sown in

the shade than those sown in the light.

6. Light plays absolutely no part in

the germination of tree seeds; shade Is ex

ceedingly beneficial.

7. Inadequate supply of soil moisture

delays germination.
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8. Inadequate supply of soil moisture

decreases the length of the germination period.

9. A lack of soil moisture decreases

the final germination per cent.

10. The germination curve of seeds sown

in the wet soil rises much more rapidly than

that of seeds sown in the dry soil.

11. Xerophilous species begin germina

tion first, xeromesophilous later and meso-.

philous last."

BOERKER also says that a straight line relation

exists between the weight of a seed and its germinat

ing time, the larger seeds germinating first.

DUVEL states (1):

1. "Moisture is the chief factor in

determining the longevity of seeds.

2. Temperature increase augments the

deleterious action of soil moisture.

3. Dryness and coolness are best to

preserve vitality.

4. Respiration is not necessary to the

life of the seeds and is almost as active in

the dark as in the light.

5. The life of a seed is most de

pendent on dryness."
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HOFFMAN (10) claims that aeration, moisture

and favorable temperature are necessary for germina

tion. Lack of aeration causes dormancy in seeds.

Seeds buried in duff may remain dormant for long

periods. Even though seed has sufficient moisture

and oxygen coolness will keep it dormant, a big fac

tor in the forest floor.

B. INTERPRETATION OF RESULTS ON EARLIER

VIABILITY TESTS

HOFFMAN (10) found that the chief agents of

distribution for Douglas fir were rodents and wind,

of which the former were by far the most important.

MUNGER found the same true in the case of Western

yellow pine. Seed buried by them furnishes the sup

ply of stored forest seed needed for forest renewal

when the mature trees are removed. Wind as a seed

disseminator in the case of Douglas fir is effective

for distances of only three to five chains from the

parent tree.

HOFFMAN (10) also found that seedlings will

come up through a depth of soil in direct proportion

to the size of the seed, and that Douglas fir will

withstand a dry heat of up to 200° F. and moist heat

up to 160° F. for long periods. In an experiment

initiated in 1916, setting 30 wire cages in the
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ground, each with about 8,000 seeds, he secured a

germination of 15$ on three cages taken up. In 1918

few seedlings resulted, and no germination was se

cured from stored seed in later years. Seed stored

in cones was protected from crown fires and was under

more favorable storage conditions.

In a study of distribution of young growth

after fire in a mature forest, HOFFMAN found that on

one area 58.9$ of all Douglas fir seedlings germi

nated the first year after the fire, 28.7$ within

2-6 years after the fire, and 12.4$ within 7-11 years

after the fire.

To find out the source of seed for this re

production, a study was made. As shown in the accom

panying illustration, the reproduction ran in odd-

shaped patches corresponding to presence of herbaceous

cover. A ground fire was undoubtedly responsible for

this condition, and hence where fire consumed the duff

and heated the soil no reproduction was possible, ex

cept near seed trees. Therefore the young growth

came from seed stored in the duff. Soil condition of

forest floor and type of fire may vary this effect.

Other facts brought out by his study are:

seed, stored in the duff will survive forest or slash

fires, if protected by a cover of mineral soil or
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duff; a second burn-over on an area of reproduction

generally results in lack of future reproduction, be

cause there is no seed in the duff (see chart).

ISAAC (17) states that "results to date in our

germination and viability studies are quite conclusive

for Douglas fir, showing very little germination after

the first year, but the complete range of conditions

is by no means covered."

In another experiment (11), ISAAC found in

this viability study that two-thirds of the germina

tion occurred the first year and the remainder the

second. He concludes that "from the areas studied, it

is evident that the life of fallen seed under the tim

ber is very short. That not eaten by rodents and birds

is taken by decay. It appears that Douglas fir seed to

be a factor in restocking logged-off land must have

fallen within a year, or at most two years, previous to

time of cutting."

HOFFMAN concludes (10) "although young growth

from different sources of seed follows after various

types of forest fires, the seed in the forest floor

before the fire is obviously the most important factor

in restocking the burned areas. As a general rule,

restocking may be expected after a single burn; but

such factors as soil, condition of forest floor and
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type of fire may cause exceptions to the rule."

The appended charts from his treatise (10) are

included to emphasize several of the factors discussed

above. The titles are in all cases self-explanatory.

C. PHOTO-DESCRIPTIVE STUDY OP ESTABLISHED PLOTS

Rather than attempt to describe the plot condi

tions, the author has here included a section showing

the important features of the study in pictorial form.

The photography work, with the exception of photostatic

copies, was original with the author.

Ill—CONCLUSION

A. SUMMARY

1. Future forestry practice in the Pacific

Northwest depends upon second-growth lands and a know

ledge of seeding characteristics and seed viability of

Douglas fir, the principal commercial species.

2. Dormancy in seeds is apparently caused

by various factors, chief among them hard seed coats,

primary dormancy, and soil and climatic conditions.

3. Shade favors rapid and complete germina

tion.

4. For preserving seed in storage, a low

equable temperature and a low moisture content, or

coolness and dryness, are most essential.
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5. Douglas fir seed apparently owes its

viability in the forest floor to lack of aeration and

its hard seed coat, which insures coolness and dry

ness.

6. Results are not conclusive as to the

length of time the seed of Douglas fir remains viable,

but apparently it is not more than 2 years on the

average.

7. A complete range of conditions must be

studied to get complete viability data for Douglas

fir.

8. Seed in the forest floor, distributed

mostly by rodents, is the most important factor in re

stocking burned-over areas in the case of Douglas fir.

However, climatic conditions, kind of soil and fires

will modify the effectiveness of this stored seed.

B. CONTRIBUTION

This study does not present any new fund of

knowledge, because it is essentially a grouping of

work of other investigators. The study established

on the Peavy Arboretum should yield valuable data in

the future; the included photo-descriptive material,

it is hoped, should make the study more scientific.

If nothing else has been done, a working basis, at

least, has been set for other investigators in the
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School of Forestry to follow. It is hoped that the

results may justify the establishment of the experi

mental plots.

C. LIMITATIONS

Time was the most limiting factor. The time

necessary for proper attention to field details and

photographic studies was often hard to obtain and

proved a handicap. A study of this kind should be

given full attention and should be established close

enough to school or the investigator's residence to

make the plots readily accessible.

D. REC OMMENDATIONS

The author recommends the establishment of

several more series of plots, embracing a greater

variety of site conditions. A study of rodents in

relation to seed distribution and consumption might

readily be incorporated as a part of the viability

study since it is closely correlated.
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FIG. 5

FIG. 7

FIG.6

CLOSE UP OF SCREEN DIVIDERS USED PARTIT•

I6MING THE BASKETS

PROCEDURE IN MAKING SEED BASKETS



TWO VIEWS OF THE FINISHED SEED CONTAINERS, SHOWING" DETAILS
OF THE STRUCTURE USED



A CLOSE UP OF THE FINISHED SEED CONTAINER SHOWING DETAILS OF THE METHOD OF PARTITION
ING THE BASKET INTO THREE DIVISIONS. THE BASKET IS 18 INCHES

LONG AND FOUR INCHES WIDE.



WESTERN YELLOW PINE PLOT IN FOREGROUND WITH
CASCADE MOUNTAINS IN THE DISTANCE.

TIMBER EAST OF THE ARBORETUM CABIN. THE
DOUGLAS FIR AND PORT ORFORD CEDAR

PLOTS ARE LOCATED HER1.



PORT ORFORD CEDAR PLOT IN THE FOREGROUND
WITH OREGON FOREST NURSERY BUILDINGS IN
DISTANCE. SOUTHEASTERN- DIRECTION.

CLOSE UP OP PORT CEFORD CEDAR PLOT.



WESTERN YELLOW PINE PLOT IN FOREGROUND

SHOWING SITE CONDITIONS PRESENT.



A STUDY OF THE SITE CONDITIONS CHARACTERISTIC OF THE DOUGLAS FIR AND PORT ORFORD PLOTS.
THE DOUGLAS FIR PLOT IS THIi; ONE IN THE DISTANCE. THESE PLOTS ARE LOCATED IN THE BODY OF

TIMBER IMMEDIATELY EAST OF THE ARBORETUM CABIN.



THIS VIEW , LOOKING WEST FROM THE ROAD TO THE ARBORETUM CABIN, SHOWS THE BODY OF DOUGLAS
FIR BAST OF THE CABIN. THE DOUGLAS FIR AND PORT ORFORD PLOTS ARE LOCATED """"^

IN THIS PATCH OF TIMBER, NEAR THE/ CLOSEST EDGE.



A STUDY OF THE PORT ORFORD CEDAR PLOT . THE VIEW WAS TAKEN IN A SOUTHEASTERN DIRECTION
AND SHOWS THE OREGON FOREST NURSERY IN THE FOREGROUND AND THE HILLS IN

THE DISTANCE.



A CLOSE UP OF THE PORT CRFORD CEDAR PLOT SHOWING METHOD OF PLOT STRUCTURE jtSD CLOSE
VIEW OF THE SURROUNDINGS. THIS PLOT CONTAINS FIVE SEED BASKETS

AS DO EACH OF THE OTHER TWO PLOTS ESTABLISHED.



A VIEW OF THE DOUGLAS FIR AND PORT ORFORD CEDAR PLOTS, THE LATTER PLOT BEING IN THE DIST
ANCE. THISSTUDY IS TAKEN IN A NORTHEASTERN DIRECTION.



STUDY OF THE SITE CONDITIONS CHARACTERISTIC OF THE WESTERN YELLOW PINE PLOT. THIS VIEW WAS
WAS TAKEN LOOKING EAST TOWARD THE CASCADES .



ANOTHER VIEW OF THE SITE CONDITIONS flSESENT ON THE WESTERN YELLOW PINE PLOT. THIS
STUDY! IS TAKEN IN A SOUTHWESTERN DIR^TION. THE PLOT ITSELF IS

IN THE FOREGROUND.



V
**•

A CLOSE UP VIEW OF THE WESTERN YELLOW PINE PLOT SHOWING METHOD OF PLOT STRUCTURE AND CLOSE
VIEW OF THE SURROUNDINGS. THIS PLOT CONTAINS FIVE SEED BASKETS

AS DO EACH OF THE OTHER TWO ESTA BLISHED PLOTS.



ANOTHER STUDY

CLOTH. THIS VIEW WAS TAKEN LOOKING SOUTHWEST AND SHOWS
OF THE AREA AND GRASS COVER.

FOREGROUND BY THE WHITE

THE OPEN CONDITION



•EiBBHHHnMn&HHHHIHnH
ASTUDY OF THE PLOT SURROUNDINGS OF THE WESTERN YELLOW PINE PLOT. THIS VIEW WAS TAKEN

LOOTING NORTHEAST AND SHOWS THE GENERAL SITE CONDITIONS PRESENT.


