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THE HAZARDS OP ARTIFICIAL PLANTING

Introduction

Many and varied are the hazards which beset a tree during

the first few years of its life. Only that tree which can ob

tain the greatest protection and is best fitted to live may

survive the many different elements which combine to destroy

it. But the dangers faced by the young artificially planted

tree, though similiar in many ways to those met by the nat

ural seedling, are much more under the direct control of the

human factor, and as such can and should be reduced to the

minimum*

Inquiry has revealed that many planting projects of today

are being carried on with a great deal of ignorance regarding

the probable amount of future tree mortality and cause of such

loss. It is a hopeful sign, however, that much experimenta

tion is being conducted and that close records are being kept

of various planting projects with the aim of clearing up some

of the debatable methods of planting and protection. It is

the purpose of this paper to examine and discuss some of these

methods and their relative importance so that a cle&rer con

ception may be had of the hazards or dangers which must be faced.

The references used deal almost entirely with the conditions

as found in the Northwestern United States. Little has been

published regarding the subject in this territory, and a greet

deal of data was taken from the field notes of the chiefs of
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different planting parties and from those who made the inspec

tions later on. Since reforestation through artificial

regeneration is comparatively new in this region there are

many hazards which have not yet been encountered but which may be

met in the future. However, it is believed that enough

data has been gathered to warrant this paper, and an endeavor

will be made to illustrate with actual planting operations

and with conditions actually encountered.

Special mention must be given to Mr. Julius Pummel of the

United States Forest Service, and Mr. T. T. Hunger, director

of the Pacific Northwest Forest Experiment Station, for their help

in giving the writer access to much of the necessery infor

mation. Mr. Gabrielson of the Jnited States Biological Sur

vey also contributed some valuable data.

General Description of the Pacific northwest Forest Region

Since nearly all of the data used in this paper has been ob

tained from the results of forest plantings in Oregon and western

Washington, it will be necessary to give a brief description

of the forest conditions in these two states.

The forest land can, roughly, be divided into two broad

divisions with a gradual transition from one type into the

other and may be classified as follows:

1. Douglas Fir Region.

£. Western Yellow Pine Region.

SCHOOL OF FORESTRY

OREGOli STATE COLLEGE
CORVALLIS, OREGON

(2)



The Douglas Fir Region

This division extends from the Pacific coast line east to

the summit of the Casoade Mountains and is bounded on the north

and south by the Canadian and California lines respectively.

It can be subdivided into the fog-belt type and the Douglas Fir

type proper.

a. Fog-belt Type

This type is found on the western slopes of the Coast range

and the Olympic Mountains. The climatic conditions of this

region are almost ideal for both newly planted stock and sub

sequent growth. A heavy rain fall and a very mild climate ac

count for the most excellent survival of many of the plantations.

Sitka Spruce and some Douglas Fir make up the chief plant

ing stock. Only a small amount of planting has been done in

this region due to favorable conditions for natural reproduc

tion, but those plantations which have been started show very

fine development. Vegetation makes very rapid growth here

and the poor condition of some of the plantings is due either to

competition from the dense brush or to some biotic factor,

b. The Douglas Fir Type Proper

This type extends from the summits of the Coast range in

Oregon and the Olympic Mountains in Washington west to the

summit of the Cascade Mountains. It covers about three-fourths

of the forest area of western Oregon and Washington. The cli

mate is mild with an abundance of rainfall throughout the

(3)



greater part. However, most of the precipitation occurs dur

ing the winter months leaving a short period from one to three

months in length when scarcely any rain falls. If the seed

lings can survive this period during their first growing sea

son, there is little danger from drought in their subsequent

growth.

Douglas Fir, some Noble Fir, and Western Yellow Pine make

up the planting stock used here. Almost all of the plantations

are in good condition. Good survival is generally the case,

averaging from 80 to 90 per cent.

The total area planted in Oregon and Washington in both the

Fog-belt and Douglas Fir tjpe up to the year 1925, included

approximately 49,000 acres.

Western Yellow Pine Region

This type, as used here, is limited to that region lying

east of the Cascade summit and extending to the eastern boun

dary of the State of Oregon. It is spotted throughout with

numerous patches of desert wasteland which are too dry for

tree growth. The rain fall in a large portion of the area is

barely sufficient to support a forest, and the growth as a

whole is very slow. Temperature runs to the extremes in this

area making it necessary that only planting stock be used

which is both drouth resistant and immune to extremely high

and low temperature.

Great difficulty ill obtaining satisfactory survival with
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the subsequent slow growth has prevented planting on any large

scale as yet. Western Yellow Pine is the chief species planted

commercially.

Steps in Planting and their Attendant Hazards

Quality of Stock

Nursery practice will not be discussed here except in cer

tain cases where some abnormal mortality has been traced direct

ly back to a faulty practice in nursery work.

Choice of the correct species and proper selection of the

locality from which the seed is to be obtained are two funda

mental factors which have a very great influence on the suc

cess of the plantations and its subsequent growth. Experience

in European Forestry and to a lesser degree in America has

proven that in most cases seed should be selected from a site

similar to that upon which the plantation is to be started.

The Pacific Northwest Forest Experiment Station is making a study

at present with Western Yellow Pine stock, the seed of which was

gathered from a number of different localities under a wide

range of conditions. While the study has been carried on

hardly long enough to allow any final conclusions, it was

found that the survival for the first year was materially-

higher for the native stock.

Choice of the species is done too often with only the pro

duct end in view. From a silvical view point the general rule

is to plant the same species that grew on the area previously,
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although sometimes another species does much better as was

the case of Western Yellow Pine planted on Douglas Fir "burns"

in northern Idaho.

Improper grading of nursery stock prior to shipment, mostly

due to ignorance, is a common fault of many nurseries. A heavy

mortality on a large Douglas Fir plantation in western Washing

ton on the Ranier National Forest was traced back to some stock

which contained trees that had lost their terminal buds appar

ently through freezing in the nursery. Proper grading would

have eliminated these unfit plants.

Whenever possible the stock is lifted just prior to shipping,

but often considerable economy can be practiced if the trees

that are to be planted the ensuing season can be lifted when

labor is easily available and climatic conditions are right.

These plants may be stored either by heeling them in or by

packing them away in cold storage.

The United States Forest Service has made some experiments at

Wind River Nursery comparing the two storage methods. The re

sults showed that stock held in cold storage had a slightly

better survival, but that either method might be considered

satisfactory. When using the cold storage method great care

must be taken that the temperature be held constant and low

enough so that the growing processes are at a complete stand

still. Failure to do this may result in heating of the plants

in the bundles which generally proves fatal. ri»y
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find River Nursery
Columbia National Forest

Note the surrounding burned over area. This was
the primary reason for locating this nursery nere.

The elevation is approximately the same as the
area which is to be planted.

&*K>- ii'k

Lifting Douglas Fir Stock

Planting in the Field

Note the heavy underbrush with
which the little trees must compete



When the heeling-in method is used, the following mistakes

are frequently made, each one of which may prove fatal.

1. Not thoroughly firming the soil upon the roots of the

trees.

2. Failure to provide shade for the heeled-in area.

3. Not properly working the soil previous to heeling-in.

4. Failure to drench the area during hot, dry periods.

The above points apply to heeling-in when used both before

and after shipping. Stock is always heeled-in upon its arrival

at the planting area unless it is to be planted immediately.

Special cases of loss through carelessness or ignorance con

tinually creep in. A heavy mortality on one Forest Service

planting in western Oregon was traced back to the fact that the

stock had been heeled-in as shipped without thinning and spread

ing out the plants sufficiently. This had caused a bad case

of heating, the result of which was very marked in the heavy

mortality of the plantation.

Packing and Shipping

The greatest care must be taken in packing for shipping

especially where the stock must travel long distances. Loss

will result unless the roots are kept moist at all times dur

ing the process of lifting and bunching. The roots are either

dipped in water or covered with wet sphagnum moss. In either

case they must be kept out of the sun.

Crates are usually used for.shipment. Bunches of 50-150
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plants are arranged in tiers, the tops toward the sides of the

crate and the roots toward the center in such a manner that

the roots of each successive layer overlap. Moist sphagnum

moss, thoroughly water-soaked, is used in packing around the

roots. Pains must be taken that the crates protect the stock

from rough handling. In several planting operations in west

ern Oregon, mortality was traced to the poor condition of the

stock, much of which had missing terminal buds and broken

branches caused by rough handling and inadequate protection.

Prompt shipment must be emphasized, for delay in transporta

tion is always risky. Night shipments are preferable to day,

and crates should be properly labeled so that the plants may-

receive all the care due them.

Planting

At present most of the planting in the Northwest is done by

the grub-hoe slit method. It is one of the most rapid methods

and does satisfactory work where the soil is not too heavy and

rocky, and the growing conditions are as favorable as generally-

found in the Pacific coast region. This method consists of

driving a grub-hoe or mattock into the soil to the depth of the

blade; the tool is slightly pulled toward the operator, and the

roots are thrust into the opening back of the blade which is

then pulled out in such a manner that the loosened soil slides

off upon the roots of the plant, leaving no opportunity

for surface soil or litter to slide in next to the roots. The
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advantages of this method are that it is simple, easy to per

form, rapid, and the soil is not scattered. The disadvantages

are that the hole opened up is not large enough or deep enough

to allow the proper distribution of the roots, that it does not

remove much of the competing herbaceous growth, and that, be

cause the hole closes almost automatically, insufficient care

is taken in packing the soil around the roots.

Hole planting, using either the grub-hoe or mattock, is

frequently practised especially on the more adverse sites. Gen

erally two-man crews are used, one man opening the hole with

two or three well directed strokes of the mattock while the

other follows with the plants which he places in the hole

scraping the soil over the roots with either his hand or

foot. If this method is used correctly, better planting re

sults than with the grub-hoe slit method since there is less

danger of curled roots, and competing vegetation is scraped

away in the immediate vicinity of the plant.

Careful planting must be emphasized to the crews in the

field and must never be sacrificed to gain speed even when

conditions seem favorable enough to warrant laxity. The fol

lowing example will illustrate this point. The United States

Forest Service planted an area in the Lower Cispus, Ranier

National Forest, to Douglas Fir in the spring of 1927. A wet

spring and a cool summer with intermittent rains throughout

created a condition which was most favorable for planting and

(9)



4

for good growth during the following growing season. The

field chief of this planting operation included the follow

ing in his notes: "The most exacting supervision was

required this spring. The growing conditions were so uni

formly favorable through-out the planting period that the ten

dency toward carelessness became very pronounced. The planters

were mostly men of several years experience and had developed

the opinion that good stock planted in wet soil during rainy

weather would grow in spite of any faulty planting. Tamping was

not important, a bundle of trees might be carried an hour or

more in the hand without root drying, and it was not necessary

to get the roots well down because the soil was not dry; such

were the ideas prevalent among the planters."

The conclusions of the examiner in the fall were: "That

the mortality of approximately 12 per cent was probably due

80 per cent to faulty planting, 15 per cent to faulty stock,

and 5 per cent to miscellaneous factors. 31 per cent of the

dead trees were planted with curled roots, and 29 per cent

were loose." He added that he believed that whenever the

planter would desist from curling roots a great part of the

planting faults would be corrected.

Examinations of several other plantations which were also

started in 1927 indicated the same result. In most of the

cases 50 per cent of the dead plants were planted either

loosely or with curled roots. It seemed quite obvious that
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half of the mortality could have been averted had the planting

been done a trifle more carefully. The year 1927 was exception

ally favorable for good survival, and had it been drier the

planting faults would undoubtedly have shown up to a greater

extent.

Speedy planting with a high mortality is generally a waste

of both money and plants, while planting too slow and carefully

is also likely to bring the cost per acre to an abnormal figure.

A balance between speed and care must be reached with the cost

of the surviving plant as a measure of efficiency.

Further investigation of the field notes brought out the

following additional points: Trees should be placed in the

shade of some object when ever possible. Shade has no appre

ciable effect when weather conditions are favorable, but under

critical conditions it may afford just the added protection

needed to pull the tree through. On steep slopes trees should

be placed next to some object so that protection against slid

ing rock and soil may be had. Loose sticks and litter should

be kept away from the roots as they contribute to rapid dry

ing out of the soil and to the consequent death from drouth.

Planting the little trees in rotten wood generally proves

fatal.as the rootlets can not penetrate to the mineral soil

before the debris dries out.

During favorable seasons the above practises do not have

so much influence on the success of the plantation, but when
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drouth follows planting the survival is dependent upon the care

given in planting. What may be satisfactory planting one season

may be poor the next.

Climatic Conditions

Drouth

Drouth seems to be the factor contributing most toward the

death of young plants, but few of the plants die as a direct re

sult of this hazard except in the most unfavorable situa

tions. It is indeed very difficult to distinguish between the

different contributing factors which lead to the death of a

plant. Seldom does one factor alone kill the plant except where

it is destroyed through some physical means; biotic, fire, etc.

Extracts taken from the field notes of various plantation

examiners on the Ranier National Forest indicated that great

difficulty was experienced in placing the responsibility

for mortality. Many plants showed no outward signs of dam

age and apparently had been well planted. In such cases it

was assumed that either drouth was responsible, or that they

were dead prior to planting due to drying out of roots or

damage from frost.

Death by drouth is due chiefly to the inability of the

roots to absorb moisture from the soil as rapidly as it is

lost from the leaves through transpiration. This may be due

to several reasons, but the one with which poor stock is so

often associated is an improper balance between root and top.
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Western Yellow Pine Planting Stock
Note the different root systems for the

several age classes.

Transplanting

These pictures were taken
at the ^ind River Nursery in
The Columbia National forest,



When the plant is lifted in the nursery, part of the root may

break off or, due to the rich soil, the top may grow too rap

idly in comparison with the roots which need not seek far for

their food. The result is a top much greater in proportion

than the root system, and when the plant is put out under

adverse conditions the roots cannot supply moisture rapidly-

enough to prevent death. The proper balance can be obtained

by transplanting or root pruning.

Frost

There are two kinds of frost damage which effect the young

tree. The one usually considered most important is frost heav

ing, caused by intermittent frost action on the soil which

forces the plant out of the ground or loosens the soil around

the roots so that it dies. The only remedy to this action is

to avoid planting in the fall. Generally the spring planted

trees with their season's growth are firmly enough intrenched

to resist this danger.

Winter killing, the other frost hazard, is due to excessive

transpiration when the soil is frozen, and is usually in evi

dence only on the more exposed sites which are subject to the

full force of the desiccating wind.

Wind

Wind is chiefly important in its effect in producing increased

transpiration and in its drying out effect on the soil. Some

times some physical damage is done through the whipping back
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and forth of the plant and the subsequent bruising. Placing

the plants in the shelter of some object will help to counter

act the unfavorable influence of the wind.

Biotic Factors

The biotic hazards caused by animal life can be divided

into two general classifications: (1) Tnose which can be con

trolled directly by man, such as grazing by domestic stock and

(2) those which are not under control of the human but can be

minimized through proper action. Competition from vegetation

comprises another biotic factor which must be recognized as a

hazard.

Grazing

Much discussion has arisen over the question of grazing and

its influence on forests and subsequent reproduction. It has

been generally agreed that grazing is responsible for damage,

but the chief question arises as to the amount and its pro

portion to grazing receipts. The grazing problem is not V9ry

important in the Douglas Fir region since the forest growth

is generally so heavy that grass forage is relatively scarce,

but in the western yellow pine region conditions are striking

ly different. Grazing has been practiced for many years, and

not until recently has the damage from this source been fully

appreciated.

Injury from grazing is due either to cropping or to tramp

ling. Concentration of a band of sheep on a planted area for only
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one night will spell loss to the majority of the plants on

the area covered. This was illustrated by the results of

grazing on an experimental plantation of Western Yellow Pine

in the Whitman National Forest. The examiner's notes con

tained the following: "In the first examination it was found

that the heaviest mortality was in the grass patches. Sheep

had crossed the area, but there was little evidence of brows

ing damage. The damage was chiefly due to trampling. Fall

examination showed much browsing damage done both by sheep

and cattle. Very few of the trees in parts of the area es

caped cropping. The over-grazing was due to the concentra

tion of a herd of sheep on this area for a short period."

Drouth was listed as the chief cause of death on the above

area, but undoubtedly the grazing damage materially decreased

the resistance of the little trees.

Damage from Wild Life

The control of rodent and other wild life damage is un

doubtedly one of the important problems of the future. The

rodent influence on our natural reproduction has always been

very important in the past, especially in the Western Yellow

Pine region; and early results of plantations in the North

west seem to indicate that their importance will be even

more marked in our future artificial planting.

The chief damage is caused by cropping and burrowing. The

cropping damage may be only slight as the cutting off of
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twigs to be used as food or shelter, or it maybe fatal as

when the tree is cut off near the base. The burrowing of

rodents around the trees result in the loosening of the soil

with resultant drying out during the dry summer periods.

Some animals as the porcupine, for example, chew the bark

for food, and the resultant stripping generally proves

fatal. This kind of damage has been especially evident in

the Western Yellow Pine region. Rabbit and mountain beavers

seem to be the worst offenders on the west slope of the

Cascade Mountains.

The Crown-Willamette Paper located on Willamette Falls near

Oregon City, Oregon, has started a spruce plantation on the

west slope of the coast range where the growing conditions are

almost ideal. However, rabbits have been making serious in

roads, and Mr. Gabrielson of the U. S. Biological Survey was

asked to make an investigation. He found that the area planted

soon after logging showed very little damage, while an area

planted last year (1927) showed a great deal of damage in the

form of nipped tops for which brush rabbits were obviously respon

sible. The greatest amount of damage occurred where the sal

mon berry brush was the heaviest and afforded the most cover.

There were several areas covering a number of acres on which

40 to 50 per cent of the young trees had been damaged.

The mountain beaver and similar rodents do a great deal

of damage with their runways. They seem to prefer burrowing
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in the newly planted area where the ground has been disturbed

by the planters. This was illustrated very excellently on a

small area in the Peavy arboretum, located in the Willamette

valley, which consisted of a natural open grassy hillside.

Within three months after planting to Western Yellow Pine 5 per

cent of the trees on the check rows had been killed either by

cropping or drouth caused by the loosening of the soil arouna the

roots through the burrowing of moles and gophers.

Mr. Gabrielson expressed the opinion that planting cut-over

areas soon after logging is the best method of combating

high mortality from this source at present. He bases this

opinion on the fact that the number of rodents in our virgin

forest are comparatively few, and that they multiply very

rapidly beneath the cover of logging debris and the heavy growth

of brush which follows logging.

Competing Vegetation

Competition from vegetation is very keen in the Fog-b?lt

region due to the very heavy rain-fall. Fern up to eight feet

in height is of common occurrence. Young red-wood trees planted

in an experimental plantation on the Siuslaw National Forest were

so weakened by the dense shade that they fell an easy prey to a

light frost in the fall while those growing on open spots sur

vived. Height growth is stimulated if the shade is not too

dense, but the plant is generally less resistant to other dam

aging elements such as drouth, frost, and wind.
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Other Hazards

Fire

Fear of fire has been one of the chief obstacles to inten

sive forestry in the Northwest. One fire over a newly planted

erea generally will mean that replanting must be done. Little

loss has been experienced to-date on planted areas due to

the extensive protection generally existing where monetary

investment has been made. Broad fire lines are generally

made at the time of planting, and if a fire starts it is gen

erally confined to one block.

Insects and Diseases

While insects and diseases are probably the greatest

hazards in the plantations of Europe, very little damage

has been noted as yet in the Northwest. Of all the data ex

amined not one reference to either insect or disease damage

was found. Of the diseases, White Pine blister looms up as one

of the possibilities, but systematic eradication of Ribes will

minimize this danger to Western White Pine plantations. Not

enough data of insect damage to young trees could be gained to

draw any deductions.

Miscellaneous Hazards

Approximately 2 to 4 per cent of the mortality of plantations

found on steep hill sides and burned over areas was traced

to sliding rock, suffocation from land slides, and from falling

snags, erosion, etc. These hazards will always be present on
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forest land and must be accepted as unavoidable.

Conclusions

1. Satisfactory survival is being obtained on the better sites

in the northwest, but the results of planting in the. Western

Yellow Pine region has been entirely unsatisfactory. More know

ledge of species, age, methods of planting, methods of protection

especially from the sun and drouth, must be had before it will

pay to plant denuded areas whether for commercial or water-shed

protection.

2. Quality of stock is probably the most important factor in

the success of a plantation and is under almost complete control

of the human factor. As such it should be and has been the object

of a great deal of experimentation; however much of the data has

been conflicting especially/ regarding the age of planting stock

and certain pruning methods, and more research will be needed

to clear up these points.

3. Methods and care in planting are the other great factors

which are under the control of man. Results in many plantings

have shown that too much emphasis has been placed on speedy

planting. A balance between speed and care must be reached with

the cost of the surviving plant as a measure of efficiency.

4. Drouth is probably the most important factor contributing

toward the death of young plants which have been affected by some

adverse condition. If it were possible to forecast weather con

ditions a year in advance it would pay to hold over the plants
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in the nurseries one year to obtain the benefits of a good plant

ing year.

5. Frost damage is one of the minor hazards in the Northwest

and need not be seriously considered except on the more exposed

sites.

6. Grazing must be absolutely prohibited on newly planted areas.

The cost of planting is too great to allow any subsequent damage

to the stands that might result from browsing or trampling.

7. Poisoning of rodents has proved ineffective, and the best

protection is to plant soon after logging before they increase

to harmful numbers in the brush and protecting debris.

8. Fire will be one of the lesser evils in the future when

wood utilization and intensive silviculture become more common,

but if fire does start, it is probable that practically 100

per cent mortality will be the case on the burned-over parts.

9. Insects and disease have played a very small part in the

plantations of the Northwest to date, but judging from the ex

perience of eastern and European foresters, they will probably

cause the most damage and trouble in the future after methods of

planting and fire protection have become stabilized.
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