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FOKHiffORD

The experiment, the results of which are presented

in this paper, was of such local character and so inad

equate that it cannot "be hoped that it will be or any

great consequence in the field or forestry, however, if

the study creates more interest in the subject and leads

to further study, whether corroborative or not, it will

have accomplished a great deal.

The work, in the field, in the laboratory, and on

the presentation was done entirely by the author and he

assumes full responsibility ror errors or misinterpreted

results. However, 1 am indebted to several memoers of the

faculty of Oregon State College for their interest and

advice. Therefore, i wish to thank n. E. Stephenson,

Professor of Soils, for his advice in the soil sampling

and testing, w. F. Mcuulloch, Assistant Professor of For

estry, for his advice on the field and laboratory work,

and K. M. Evenden, Assistant Professor of Wood Products,

for his help in reviewing the paper.

Jack h. Pickup
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THE CORRELATION OF SOIL ACIDITY WITH

SITE QUALITY

INTRODUCTION

Forest vegetation is composed or plant communities

or units or vegetation, developed and -rranged in accord

ance with definite biological laws and is not an aggrega

tion of trees and other plants brought together by chance

(16). The foregoing basic concept or the field of silvi

culture is the result of hundreds or years or detailed

study by hundreds of scientists, in many countries. Since

the inception or man, his very life has depended, upon the

products of the soil - either directly or Indirectly. His

interest naturally turned, at a very early date, to a de

termination of the factors that Influence the production

of crops. From this point his studies took him in search

of the reasons why certain types of crops would grow only

in certain places, why certain types or natural vegetation

would grow only in certain places, and why a certain crop

produced only so much in one place when it would produce

twice as much in another. Thus, he was seeking the expla

nation or the influence of the natural factors upon vege

tation. Because of the great amount or forest vegetation

present in all parts of the world, the detailed study of

the natural factors influencing this type of vegetation did



not get started until a long time after the sciences of

botany, biology and ecology had determined, fairly well,

the main factors which influenced the development of vege

tation in general (16).

When men did start to interest themselves in the study

of forest influences, they found that there was a complete

ly different set of conditions existing than those with

which they had had to cope in the study of cultivated crops.

The natural factors were not as easily read, not as easily

controlled, nor were the economic problems of the same type

as were those in agriculture. There were so many varying

factors and the time required, to see the results of exper

iments, so long that the study progressed slowly. It has

taken hundreds of years of work in hundreds of different

places for the development of the basic concept, presented

above, to become generally accepted and for any real pro

gress to be made on the isolation of each of the ba°ic bio

logical laws and a development of even a partial under

standing of their influence on any one particular area of

forest vegetation.

The next logical step, after the basic influences of

the forest as a whole had been Isolated and fairly well

understood, was the effort to determine why one particular

area would produce certain size and quality of tree, while

another area would produce only a tree of half the size and

volume. In other words, it was a definite attempt to make

practical use of the factors that they had mastered.



It was found, in these detailed studies, that, within

the habitat of any forest species, areas could be found

which produced more or less volume of timber than another

area. A great amount of time and effort has been spent try

ing to determine Just which factors of the great complexity

of Influences has enough direct influence to limit the

growth and development of the trees on any particular area,

or "site*4, as it is called.

In the course of these studies it has been determined

that no one factor, or forest influence, is the limiting

factor in affecting the quality or volume growth of any

particular site classification. Instead, it was found that

uniformity of certain main factors must be present to des

ignate one area as being capable of producing a certain vol

ume of timber (16). The fluctuation of all of these fac

tors In an inter-related manner is responsible for the var

iations in site quality.

It is the purpose of this study to determine whether

the acidity of the soil is one of the forest influences

that are more or less uniform on all areas which are pro

ducing timber of the same quality and volume and If its In

tensity fluctuates with the different sites as do the other

major forest influences. Although the careful and detailed

study of the factors influencing site has scarcely begun,

it is known that certain factors must be present on all

sites and that the differences in site are due to the rela

tive intensities and duration of the action of these fac-



tors (16). Much detailed information points to the fact

that certain of these factors, such as slope, altitude,

moisture content of the air and soil, exposure, and flora

and fauna activity In the soil, can only vary, collectively

or individually, a relatively small amount to plsce a par

ticular area in a higher or lower site classification, in

this study, the author hopes to determine, at least fairly

definitely, whether soil acidity is one of the factors that

must be relatively uniform on each site, or whether it can

vary within its extreme limits and have no effect upon the

forest.

IMPORTANCE OF THE STUDY

As has been stated before, the detailed study of the

individual factors of forest influence and site delineation

has been going on for years, and yet the surface of the

study has scarcely been scratched. The search for a single

factor, or the least number of factors, which will limit

Site, thus making a measure of site, continues, even though

It appears to be hopeless. This study on soil acidity and

its relation to site quality is just another link in this

long chain of experiments and studies. Basically, the

present study was intended as an attempt to tie soil acid

ity (as measured by the pH scale) into the system of site

classification to determine whether or not it does vary in

any regular manner with the differences in site, with the

progress of the study, however, new ideas came to the au-



thor and a determination was developed to find the answers

to some of the questions that came to mind. Among these

questions were the following: What is the importance of

soil acidity? What is its correlation to the other natural

factors, both direct and indirect, which affect site? Is it

one of the major iactors that regulate site quality or the

production of a certain volume of timber on a particular

area? With the limited time at my command, 1 could, how

ever, take only a tew of these ideas to their completion.

Therefore, the work of this experiment has been concentrat

ed upon the first question presented - whether or not there

is a definite correlation between amount of acidity and the

site quality classes. Subsidiary work was done in some of

the other possible fields but only as it fitted into the

study at band or became obvious from the results obtained on

the principal project. Recommendations for further studies

on the subject have 'been made at the end of the paper, it

is hoped that they will hold interest ior someone who will

carry on the work in this iield.



INFORMATION PERTAINING TO THE STUDY

Measurement of Site

Site factors, as has been pointed out before, are the

sum total of all of the natural factors which operate upon

the forest vegetation. They can be divided into the direct

ly operating factors, such as solar radiation, humidity, and

soil moisture, which act directly upon plant functions, and

the indirectly operating factors, such as slope, exposure,

and soil fauna and flora which affect the vegetation, prin

cipally by their action on the direct factors (16). These

factors, in their entirety, have been classed into the fol

lowing four main categories (16):

1. ulimatic factors
2. Blotlc factors
3. Physiographic factors
4. jiidaphic factors

There have been many attempts to classify site on the

basis of a measurement of these factors alone (16 & l). It

should be obvious to the reader, however, that such an at

tempt Is doomed to early failure because of the great num

ber of operating factors in each of the above categories,

and the great complexity of their inter-relationships, it

was found that the best that could be done to use these

factors in the classification of an area into one or the

other of the site designations was an approximation. One

could say that If the slope, moisture content of soil, sol

ar radiation, aspect, soil depth, etc., were all of certain



types and intensities that the area should be In a certain

classification. This was not accurate enough for general

application, however.

To remedy the situation presented above, a system of

rating the results of these lnter-related factors on the

forest vegetation was devised. It was found that the vol

ume growth of all the timber on an area, or the height

growth of the mature dominant and codominant trees in any

stand could be used as an accurate criterion of the produc

ing power of that area. The use of the height method of

determination has become the recognized method of Judging

site in nearly all countries, at the present time, because

it gives results which are accurate enough for scientific

purposes and is much simpler and less expensive to apply

than the volume method (1)* It is the height growth method

that has been used in classifying the site areas used in

the experimental work of this study.

IMPORTANCE OF ACIDITY

In my opinion, the subject of acidity is important

enough to the field of forestry to warrant considerable

time and effort on the part of foresters, in general. In

an effort to create interest in the subject, not only to

Justify this particular study, but also to increase future

study and experimental work, I wish to present some of the

ways in which acidity and its relationships to site are im-



portant.

In the first place, the amount of acidity in the soil

has been proven to affect, greatly, the returns from many

agriculture crops (17). Should there not be a similar re

lationship between acidity and forest production? Even if

there is nothing that we can do about it, we will have a

better chance of predicting yields on an area if we know

the importance and effects of all factors which affect

yield than if we leave one of them out. There may be

changes in the acidity of the soil over a period of time

that will reduce yield to the extent that,in a certain per

iod of years,an area that was site I may become site III.

This would most certainly affect yield and should be known

to forest managers. We cannot develop means of correcting

a factor that is degrading an area unless we first know all

of the detailed relationships of that factor with the for

est. Of course, these particular relationships may not ex

ist, but it Is, in my opinion, extremely important to the

advancement of forestry to trace each factor, no matter how

small, to Its beginnings and find its place in the over-all

picture.

There are definite proofs that acidity has direct

affect upon seedling survival and transplant survival in

forest reproduction 18). The effect of acidity in causing

"podsolized", or leached soil, through its effect on the

decomposition of humus has been established (17&16). These

last named factors have a definite bearing on the species



of tree used in a planting operation and could very easily

save thousands of dollars In time and effort if correct in

formation Is gained beforehand. A more complete study of

the past work which has been done on this subject will be

made later in the paper, but the^e few examples were cited

to give the reader a small idea of the importance of the

subject.

Explanation of Acidity

Before going into a study of the work that has been

done on acidity and its relation to plants, I would like

to present a short study of acidity, itself, to acquaint

the reader with what it is and how it is measured. Acidity

in the soil solution (or any solution) is an excess of

hydrogen-ions (H-ions) over hydroxy1-ions (OH-ions). Al

kalinity is just the reverse of the above. It is an ex

cess of OH-ions over H-ions. These two conditions arise

from the fact th^t when an acid is dissolved in water it

gives off H-ions but not OH-ions, thus creating an excess

of the former over the latter and the solution becomes acid.

The reverse is true when an alkali is dissolved in water

and the solution becomes alkaline or basic. An electrolytic

dissociation of the acid or alkali molecule causes the re

lease or the=e ions. In other words, the molecule is broken

apart and its component parts released. The strength of an

acid solution does not depend upon the total quantity of
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acid present but upon the number of hydrogen ions in a

certain volume of the solution (the H-lon concentration).

The foregoing statement c?n be quite simply Illustrated in

the following manner, in normal solutions of both acetic

and hydrochloric acid (HaCl) there is one gram of hydrogen

per liter. If these solutions are greatly, but equally,

diluted, the H2C1 will be 97)6 Ionized, because it is a

strong acid, but the acetic acid will only be 13.6% ion

ized. This, of course, makes the H-lon concentration of

H2C1 much greater than that in the acetic acid solution.

However, the total acidity of the two is still the same be

cause it takes the same amount of alkali to neutralize them.

Thus, it is the degree of ionization that makes one acid

stronger than another. It was because of these facts that

the pH system of acidity measurement was chosen for this

work rather than the lime requirement method. The former

measures the H-ion concentration, which indicates the

strength of the acid, while the latter measures only the

amount of alkali needed to neutralize the acid present, thus

Just measuring the amount of the acid. (The foregoing ex

planation of acidity was taken from Weaver and Clements (17)

and Wilde (18). More detailed Information on this subject

may be found in these references.)
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The Method of Measuring Acidity

The pin system of measuring the H-ion concentration,

mentioned above, is a relatively simple, yet accurate meth

od, it was developed because the concentrations of acids

and alkalis in the soil are so low that the fractional val

ues were hard to express. The pH system, as developed by

Sorensen, uses the logarithm of the reciprocal of the a-

mount of tt-lons per liter of solution. Thus an integer can

be developed for even the lowest acidities or alkalinities.

By this system, the pH value of water was determined to be

7.0, and was taken for the neutral point. Because the re

ciprocal of the H-ion concentrations are used, the lower the

value drops below 7.0 the higher becomes the acidity. The

reverse, of course, is true for alkalinity. (The above de

scription of the method of measuring acidity was taken from

Wilde (18).)

A Review of Related Previous Studies

For a better understanding of what is veing attempted

in this particular study, its Importance and the possibil

ities of success in the work, a short summation of previous

work on acidity is needed. There is a great fund of infor

mation on the definition of acidity, its sources, its af

fect on plant processes and its affect on plant distribu

tion. Many of these studies have been made by silvicultur-

alists on forested areas but they have, in all but a few
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instances, concentrated on the general relationships of

acidity to forest conditions and to species distribution.

very few of them have made any effort to tie soil acidity

into site quality, which is another reason for the present

study. 1 will present a short summary of the work of the

former group first, and then a description of the work or

the latter.

Sources of Acidity

There are two main sources of acid in the soil, min

eral and organic (17). The mineral acids come rrom oxi

dation or compounds in the parent material or the soil, or

from other reactions unon them (17). Sulphuric acid is

formed from the oxidation or sulphur bearing compounds,

hydrochloric acid comes from the interactions or salt water

and soils in saline areas, nitric acid from the action or

nitrifying bacteria, and carbonic acid is being continuous

ly produced by the action of water on carbon dioxide (17).

Oxalic, lactic, acetic and other organic aci-'s are formed

during the decomposition or cellulose and other compounds

in the raw humus or forest litter (17). These acids are

continuously being formed in the top layers of the soil,

but it does not follow that all soils are acid because

there are nearly always certain amounts of basic compounds

present, also. Depending upon the relative amounts of these

two contrasting substances, the soil may be acid, neutral,

or alkaline. Many factors tend to increase or decrease the
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amounts of these contrasting elements.

The decomposition of forest litter is a great source

of acid (1 & 17). Coniferous litter is nearly always acid,

while that of hardwoods is less acid, or alkaline (.10 & 15).

As litter Is being dropped all of the time under a forest

canopy, the acid content of the soil is constantly increas

ing from this source, at well as from others. However, un

less the acid content becomes greater than that of the bases,

it will not produce an acid soil reaction. There are two

factors which tend to make the soil reaction acid, more than

all of the others. The most important is leaching, xhe per

colation of surface water down through the layers of litter,

and on down into the mineral soil, is the active agent in

this leaching process (1 & 17). As this water passes through

the soil, it dissolves a great portion of the soluble basic

substances in the upper layers and carries them downward,

thus leaving these top layers in an acid condition (17). As

this process continues, the upper layers become more and

more acid and just below the humus layer a bleached layer is

formed, due to the disappearance of the soluble minerals (17K

These minerals, Including a large portion of the Dases, are

deposited a foot or two under the surface of the soil and

form a hard pan (1 & 17). This process has been called pod-

solizatlon.by soil scientists. This type of soil indicates

not only an acid condition, but, also, generally poor soil

structure and composition.

Another factor which tends to increase acidity very
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greatly is an anaerobic condition of the soil (17). This

condition is often times brought about by poor structure

of the soil, but more often by an excess or soil water,

under these conditions of poor aeration, decay or the raw

humus is not complete, thus causing an acid condition 117).

Also, under these conditions, organic acids are given off

by the respiration of plant roots and microorganisms in

the soil (17).

The influence or Acidity on Plant Growth

Regardless or the source, or the type, of the acids

present, the fact that they are there and making a greater

concentration of ii-ions than there is of OH-ions has very

definite, and in cases of excess, harmful affects on the

plants present, oome of the influences exerted by an acid

condition act directly, out the majority act indirectly.

The directly operating influences will be considered

first. The deficiency of lime in acid soils has a decided

effect on plant growth, because it is an essential nutri

ent (17). This Is the greatest single direct influence

that acid soil has on plant growth, but there are other re

sults, also, it has been proven, fairly conclusively, that

a high concentration of acids directly retards growth of

roots (17), and often causes injuries to coniferous roots,

that allow root diseases to enter (17 & 18).

The indirect results oi an acid condition or the soil

are much more numerous and have much greater afreet on
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plant health. A definite retardation of the work of nitri

fying bacteria and other bacterial lire has been noted by

several soil scientists (17 & 8). There is some indication

that this does not hold true tor fungal development, however

(l). The work or earthworms and nearly all other soil or

ganisms is slowed up or stopped, depending on the degree or

acidity ^7, 18 & 17). The results or the latter point are

manifested in a decided decrease In the favorable structure

of the soil (17). This effect is increased by the fact that

the acids, themselves, tend to reduce the crumb or flocculat

ed soil structure ^17&1). All of these factors tend to put

the soil in such a poor physical condition that plant develop

ment is retarded. Acidity, also affects the availability

of essential soil salts and a toxic condition is often cre

ated by the Increased concentration or aluminum and manga

nese. (17 * 18).

Due to these influences on plant growth, both direct

and indirect, it has been definitely established that the

range oi certain species, and possibly all species, Is af

fected by the amount of acidity In the soil ( 5 &18).

Some species, as most conifers, will grow only where the

soil is acid (18 & 12); others, such as the majority of

hardwoods, will grow only In neutral or slightly alkaline

soils (18 & 10); still others require an excess of either

acid or alkali for their optimum development H8j. if

there is such a definite influence exerted by soil acidity
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on plant distribution and in regulating the conditions or

optimum growth or species, why should there not be an

equally noticeable effect on the volume and quality growth

within each species? Could not the different gradations

of acidity within the range that a certain species will

tolerate have definite effects on the amount of growth and

production of wood of that species? This is the premise

upon which this study is based. Before actual experimental

work was started, an effort was made to find and evaluate

the previous studies that had been made on the subject. It

was found that there has been very little work done in an

effort to actually tie acidity into site classification, but

the results from other studies have supported my theory in

some aspects. These results will be reviewed in the next

section of this paper.

The Influence of Acidity on Forest Production

Baker found that there was a distinct correlation be

tween growth rate of forest trees and the amount of soluble

calcium in the soil (l). In most acid soils there is a de

ficiency of calcium (17), therefore, the above fact would

indicate a relationship pertinent to the subject at hand.

Wilde found that soils with a reaction of pH 5.5 to 6.9 are

characterized by high activity of microorganisms, friable

structure, good aeration, and consequently high production

of timber (8 & 11). It seems logical, from this, that the

species which can tolerate a lower pH range, as well as the



17

one cited above, would make a better growth in the optimum

range cited. From the fact that the podsolization process,

which is a result of acidity (l), is a continuing process,

one can draw the conclusion that, over a period of time,

the yield possibilities, or site, of an area may be changed.

This is somewhat substantiated by Wilde (18). He, also,

found in his studies that in many northern states there are

areas up to pH 8.0 and higher, mixed with the general soil

condition which drops as low as pH 4.0. This is because of

the presence of limestone rocks and calcareous deposits

which have not become acid, as have the surrounding areas (18).

These would, oi course, present different site qualities, if

there is such a correlation between calcium content and tree

growth, as observed by Baker (l). Differences in altitude,

which oiten times have indicated differences in site (13),

have been found to have a definite correlation with acid

ity (15). The higher the altitude the greater the acidity

was found to be by Cain, because Of the greater amount of

leaching of bases (2).

As can be seen from the above review of previous work,

there has been very little done on the actual correlation

of soil acidity and site quality. A few conclusions can

be drawn from the results or the related studies presented,

as has been done, but none or these works were an actual

attempt to do the work that is being attempted here.
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Summary

In an effort to clarify the premise upon which this

study is based, let me summarize the material presented a-

bove and present it again with the conclusions drawn from

the facts brought rorth. in this way, a clear idea may be

had or the reasons the author has for believing that there

may be some correlation between soil acidity and site quality,

The leaching of soluble bases causes a decrease in the

amount or bases at high elevations and a concentration or

them at the lower elevations (,15, 3 & 2), and, as there is

a definite correlation between tree growth and the amount or

soluble calcium (1), it seems only logical to conclude that

different site qualities may fall at different elevations,

due, in part at least, to this fact, in support of this

premise, let it be said that the poorer sites are more orten

found at the tops of ridges or high on the slopes and the

higher site classes are found nearer the bottom of slopes

and at a relatively lower altitude (13). It has teen prov

en that there is a relationship between the amount of micro

organism activity in the soil, soil structure, soil aeration

and soil acidity 118, 17 & 7). It is also known that, when

these soil conditions are ravorable, timber growth is in

creased (18 & 17). Therefore, it should certainly follow

that definite relationships exist between soil acidity and

site quality. The factors mentioned above, relating to pod

solization and its development over a period or time, are

significant, also. The degrading quality of a podsolized
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soil on forest growth is known ^17; and thus it can be

assumed that some relationship may exist here, because

it is increased acidity that causes podsolization, thus de

grading the forest area ^17). The chance of finding much

effect irom the presence of highly alkaline areas among

evenly acid areas, as has been suggested by wilde (18), is

relatively small, but it cannot be ignored because of its

effect upon forest growth, if present. Another factor,

which presents another phase of the problem, is the fact

that high humidity and high rainfall tend to increase acid

ity (17;. it seems probable that this may have some bear

ing on the fact that poor sites are on the exposed south

and west slopes, while the better site are^s are on the less

exposed north and east slopes (13). These things are cer

tainly just theories, but well worth the time spent on this

problem and any time spent on this study in the future, 1

believe. The following experiment is, Indeed,too short and

localized for any definite conclusions to be drawn from it,

but it is hoped that it will lead to many, much more detail

ed studies.
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REPORT OF THE STUDY MADE

General Description or the Area

The area used in this study lies in McDonald Forest,

the experimental rorest of Oregon State College. This area

lies in the foothills on the west side of the Willamette

valley, about seven miles north of uorvallis, Oregon. The

topography of the area, as a whole, is fairly rough, although

it runs rrom the first row or rolling hills above the valley

floor to an elevation of 2,100 feet.

The area Is covered with a fair rorest growth, in most

places. The species represented are Douglas fir, which is

the predominant species, western hemlock, white fir, madrone,

oaks, maple and miscellaneous species. A few areas have

been logged, but the majority of it has been untouched, it

is, for the most part, a comparatively young forest, averag

ing between sixty and one hundred years In age (9). A con

siderable number of very old oaks mixed with the conifers,

especially on the lower slopes, indicates that the conifers

present are the first stand that has taken over the area

from the oaks, which, in turn, had taken it from grassland

(9). This fact is particularly noticeable along the fringes

of the forest.

The fact that this forest is a comparatively new one

may have some affect of the results or this study, at least

in their application to other areas, it is felt, however,
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that, for the general relationships desired in this inital

attempt to correlate soil acidity with site quality, this

particular area will serve the purpose very well. The re

lative amounts of acidity for each site class should be

approximately the same here as in an older area. The main

difference would be, in all probability, in the total a-

mount of acid in each class. The older forest sites would

undoubtedly have a greater amount of acid in each class,

because of longer operation of the acid forming agencies.

This deduction may be unfounded, but it can be proven by

further study and experimentation.

A Description of the Soil of the Area

A general survey of the soil of the entire area will

disclose that all of the soils fall Into various phases or

two soil series. These are the Aiken and Olympic series

(19), both of lava rock or basaltic origin (4). The Aiken

is a red soil and the Olympic is a brownish one. There may

be a small amount of either Sites or Melbourne series, both

of which are of a sand shale origin (17), but If so they are

not great in extent. All four of these soils are typical

hill soils in the .Ullamette valley (17). The soil class

is mostly a silty, clay loam. This varies, of course, from

a fairly heavy clay to a somewhat silty loam, it is safe

to say, however, that the majority or the soil is either

an Aiken or an Olympic silty, clay loam (16).
\
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All of the soils sampled, as well as could be deter

mined, iell into the two main series listed and were, for

the most part, friable and loose. This, of course, did not

hold true in all cases, especially on the poorer sites, sev

eral of these soils were heavy, unflocculated and shallow.

Loose rock and rock out-croppings were relatively few, al

though they were in evidence on some or the poorer sites.

The soil depth ran from about eight inches on some of the

poorer sites to twenty inches on the better sites. The sub

soil was much the same as the surface soil except that it

had a higher clay content, in most cases, and orten contained

iron concretions in the form of small, hard lumps. For a

full description or the soils for each area, see the detail

ed descriptions or the areas in the Appendix.

General Plan of the Study

The general plan of the study made w?s as follows:

the determination of the site areas, two areas in each or

the live site classifications, were made first; these are

as were then classified by the height growth method of site

determination; next, samples were taken of the soil of

each area and tested in the laboratory for their degree or

acidity.

•he data thus collected were arranged in tabular form

and conclusions drawn from them. A detailed description

of these operations is given in the following paragraphs.
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Field Work

Factors Influencing the choice and Location
of the Areas

A preliminary choice of the ten areas to be used was

made from the site map of the McDonald Forest which had

been constructed by im.Y.A. students (20). A topographic

map (21) was used in conjunction with the site map. ( A

section of each of these maps is reproduced in the Appen

dix.) Several areas which were indicated as belonging to

each of the five site classes were chosen to be inspected

in the field. They were chosen in such a way that no two

areas of the same classification would be too close togeth

er, nor in the same drainage.

An effort was made, in conjunction with the location

of the study areas, to concentrate them into a relatively

small area, yet one that would give the site classifications

desired and still fulfill the requirements set up in the

previous statement as to the proximity of the areas and

their relation to the drainages. This was done because it

was felt that if they were spread over a large area there

would be a great chance of the soil differing to such an

extent that the results Of the experiment would be affected.

When kept in an area that has a soil which is essentially

the same, it is felt that any results that show up will be

in direct correlation with site and not be due to changes

in soil. In other words, by using this method, another

variable factor was eliminated and a better basis was set
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up for making a comparison, m the opinion or the author,

a comparison of any set of conditions is only possible when

all, or as many as possible, of the basic factors involved

are the same.

To find the above indicated areas on the ground, lines

had to be run by compass and pacing from the nearest known

section corner. This was done carefully and a marker put

In the middle of each of the ten acre plots, which had been

designated on the site map. i felt, tbat, to be sure that

i was sampling an area in which the soil would be uniform

throughout, I should not attempt to sample an area larger

than one half acre. Therefore, the next step was to find a

half acre plot In each of the ten acre plots that would fit

the site designation that was wanted and have an uniform

soil, it took, or course, several attempts in many cases

to locate uniform areas that were of the right classifica

tion, but the procedure, after the area had been determined,

was, in all cases, essentially the same, and a description

of it follows.

Determination of Site

Five dominant, mature trees were used on each area as

indicators of the site. One hundred reet was measured out

on the horizontal from the base of each tree with a tape

and, from this point, the height above the eye was deter

mined by use of a degree Abney and tangent tables, to this

figure the height from the ground to the eye was added to
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get the total height of the tree. The age of the tree at

breast height was then determined by means of an increment

borer and to this age was added the number of years required

for a seedling to grow to breast height in that particular

site (this figure was taken from Table 19, U.S.D.A. Technical

Bulletin 201 (13) ), thus giving the total age of the tree.

The two figures, total height and total age, were applied to

the site classification tables given in the above bulletin

to get the site classification of the area tested. This

procedure was repeated until ten areas, two in each site

class, were located and determined. A table showing the meas

urements, both age and height, of each of the trees in each

of these ten areas will be lound on the following pages and

seedling growth tables, from u.S.D.A. Technical Bulletin 201

(13), are included in the Appendix.

The percent of slope was also measured at the same

time as the height and age or the trees. This work was done

by means of a percent Abney. Sights were taken on each area

between my eye and a point above or below me, at the same

level as my eye. ibis figure can be round in Table IV, in

the Appendix. The value of this figure may not be great,

but It may be usable in determining some of the factors

which influence the results obtained from the study.
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FIELD MEASUREMENTS OF HEIGHTS AMD AGES

USED IN THE DETERMINATION OF SITE

Site I
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Area 4 (Site index 190) Area 8 (Site index 190;

Tree

No.

at.
above

Inst.

Total

ht.*

Age
above

DBH

Total

age**

ht.
above

Inst.

Total

ht.*

Age
above

DBH

Total

age**

1

2

3
4

5

150.0
154.0
160.0
170.0
182.0

155.5
159.5
165.5
175.5
187.5

80.0
74.0
72.0
79.0
78.0

86.0
80.0

78.0
85.0
84.0

148.5
144.0

149.0"
152.0
146.0

154.0
149.5
154.5
157.5
151.5

58.0
53.0
64.0
57.0
55.0

64.0
59.0
70.0
63.0
61.0

Averages 168.7 82.6 153.4 63.4

• 5^5 feet are added to the height above the instrument in
calculating the total height.

** 6 years (the number of years required for a seedling to
grow to DBH in Site I) are added to the age above DBH.

Site II

Area 7 (Site index 160) Area 3 (Site index 170)

Tree

No.

Ht.
above

Inst.

Total

ht.*

Age
above

DBH

Total
age**

Ht.
above

Inst.

Total

ht.*

Age
above

DBH

Total

age**

1
2

3
4
5

133.0
124.5
137.5
128.5
132.0

138.5
130.0
143.0
134.0

137.5

53.0
54.0
64.0
60.0

62.0

60.0
61.0
71.0
67.0

69.0

140.0
145.0
147.0
151.0
146.0

145.5
150.5
152.5
156.5
151.5

84.0
74.0
73.0
77.0

78.0

91.0
81.0
80.0
84.0

85.0
2. 1—=^ =

Averages 136.6 65.6 151.3 84.2

* 5.5 feet are added to the height above the instrument in
calculating the total height.

** 7 years (the number of years required for a seedling to
grow to DBH in Site II) are added to the age above DBH.
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Site III

Area 6 (Site index 140) Area 2 (Site index 130)

Tree

NO.

at.

above

Inst.

Total

ht.*

Age
above

DBH

Total

age**

Ht.
above

Inst.

Total

ht.*

Age
above
DBH

Total

age**

1

2

3
4

5

113.0
121.0

119.5
105.5

109.5

118.5
126.5
125.0
111.0

115.0

46.0

51.0
65.0
62.0

64.0

54.0
59.0
73.0
70.0

72.0

106.0

120.0

125.0
118.0

110.0

111.5
125.5
130.5
123.5

115.5

63.0
68.0

74.0
66.0

78.0

71.0
76.0

82.0
74.0

86.0

Averages 119.2 65.6 121.3 77.8

* 5.5 feet are added to the height above the instrument in
calculating the total height.

** 8 years (the number of years required for a seedling to
grow to DBH in Site III) are added to the age above DBH.

Site IV

Area 10 (Site index 120) Area 1 (Site index 120)

Tree

No.

Ht.
above

Inst.

Total

ht.*

Age
above

DBH

Total

age**

Ht.
above

Inst.

Total

ht.*

Age
above

DBH

Total

age**

1.
2

3
4

5

92.5
100.5
98.0
102.0

95.5

98.0
106.0

103.5
107.5
101.0

63.0
64.0
67.0
67.0
64.0

72.0
73.0
76.0
76.0
73.0

115.0
116.0
93.0
92.0
85.0

120.5
121.5
98.5
97.5
90.5

76.0
72.0
69.0
73.0
70.0

85.0
81.0
78.0
82.0
79.0

Averages 103.2 74.0 105.7 81.0

* 5.5 feet are added to the height above the instrument in
calculating the total height.

** 9 yesrs (the number of years required for a seedling to
grow to DBH in Site IT) are added to the age above DBH.
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Site V

Area 5 (Site index 90) Area 9 (Site index 90)

Tree

No.

Ht.
above

Inst.
Total
ht.*

Age
above
DBH

Total

age**

Ht.
above

Inst.
Total

ht.*

Age
above

DBH

Total

age**

1

2

3
4

5

72.0

72.5
71.5
76.0
77.0

77.5
78.0
77.0

81.5
82.5

67.0
54.0
54.0
58.0
69.0

77.0
64.0
64.0
68.0
79.0

75.0
79.0
85.0
77.0
81.0

80.5
84.5
90.5
82.5
86.5

58.0
73.0
68.0
69.0
63.0

68.0
83.0
78.0
79.0
73.0

Averages 79.3 70.4 84.9 76.2

#.5,5 feet are added to the height above the Instrument In
calculating the total height.

** 10 years ( the number of years required for a seedling to
grow to DBH in Site V) are added to the age above DBH.

Note: The averages for the total ages and total heights for
each area were applied to the table in U.S.D.A. Technic
al Bulletin No. 201 (13) which gives the average total
heights of dominant and codominant trees for different
ages and site classes. This table is reproduced in the
Appendix, page 55 .

Soil sampling Method

The taking or the soil samples was the next step after

the above work had been completed. It was decided that

four places in each area would be sampled, with the samples

so placed as to form a square one hundred and twenty-five

feet on a side. By taking the samples In this manner, it

is felt that the best distribution possible was made of the

four samples taken. It Is realized that more samples

should be taken, even in such a small area, but time was a

limiting factor. In this arrangement the samples were not

at the extreme edges of the area sampled nor were they too

near the center. They were fairly distributed and uniform
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for all areas.

in each of trie ten areas, the square, which was set up

for the sampling, was placed in such a position that two of

the samples were directly above the other two. This was done

for two reasons. First, it gave a better distribution,

therefore, a better sample or the soil, and, second, it gave

the opportunity to get information on the effect of slope on

pR ratings. At each of the four places sampled, three sam

ples were taken. One sample was taken at a depth of three

inches, another at eight inches and the third at eighteen

inches. The samples were taken at these depths because these

are the layers of extraction, concentration, and parent ma

terial, respectively (17). Thus the most important parts of

the soil profile were sampled, boring into the soil for the

samples was done with a soil auger.

niach of the individual samples was put into a small

paper bag for transportation and storage. They were desig

nated, at the time of sampling, witn the number or the site

area, the number and position of the sample in tfie plot,

and the depth rrom which it had been taken.

At the time of the soil sampling, a complete descrip

tion or each area was taken. The density of the stand, the

percent of slope, the exposure, the type and abundance or

under growth, the type and density or the overstory, the

amount and type oi litter, the amount or loose rock and of

rock out-croppings present, as well as a complete descrip

tion or the soil were all recorded. These individual area
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descriptions appear in the Appendix, page 43.

•Laboratory r'ork

Clark's colormetrlc system (6) of determining the pH

of the soil was used in the laboratory tests. This system

consists of the following steps: the application of sev

eral dii'ierent indicators, each of which indicates a known

range or pH, to several solutions rrom the same soil sam

ple. The colors resulting rrom the application or these

indicators to the soil solutions are compared to a color

chart which gives the shade or color ror each indicator at

different pR ratings. The shade on the chart that most

closely approximates the color of the treated soil solution

indicates the pR value of that soil sample. The materials

needed ior the colormetrlc method of pR determination are:

a spot plate, indicators, neutral water, a stirring rod,

and a color chart. The indicators used in this experiment

were brom cresol green, which indicates a range or pn from

3.8 to !?.4, brom cresol purple, with a range of pn from 5.4

to 7.0, and brom thymol blue, with a pn range from 6.0 to

7.6 (6).

The procedure, as used in the testing of tne soil sam

ples in this problem, was as follows: a small quantity

(approximately 5 cc) of soil from each horizon of one of

the samples was placed in three different holes in a spot

plate; to this was added enough neutral water to nearly
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fill the hole and the mixture was stirred thoroughly; after

allowing it to settle for about ten minutes, four drops or

the liquid were drawn off into the next lower row of holes;

to this liquid was addea one drop of each of the three in

dicators used; the shade or color obtained by the addition

of these indicators to the solution was compared to Clark's

chart (6) (The shade of color resulting from the addition oi

the indicator to the soil solution is caused by the reaction

of the indicator with the hydrogen ions in the solution.

The Intensity of the reaction is in proportion to the con

centration of these ions in the solution;. The shade on the

chart which most closely compared to the shade or color in

the soil solution indicated the pti rating of that sample.

This process was repeated for each horizon of each of the

four samples or the ten areas used, rabies showing the re

sults oi these determinations and the average pR rating or

each horizon lor each site classification will be found on

the following pages.
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INDIVIDUAL pH RATINGS FOR SAGH HORIZON OF EACH AREA

bite I
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Horizon

Area 8 Area 4

Lower Upper Aver. Lower Upper Aver.

A 6.6 6.6 6.6 6.6 6.60 6.4 6.2 6.6 6.2 6.35

B 6.4 6.4 6.4 6.4 6.40 6.4 6.4 6.6 6.0 6.35

G 6.2 6.4 6.2 6.0 6.20 6.2 6.2 6.2 6.2 6.20

Site II

Horizon

Area 7 Area 3

Lower Upper Aver. Lower Upper Aver.

A

B

0

6.6

6.6

6.4

6.4

6.6

6.2

6.6

6.4

6.6

6.6 •

6.2

6.4

6.55

6.45

6.40

6.8

6.6

6.4

6.6

6.2

6.0

6.6

6.6

6.2

6.6

6.0

6.2

6.65

6.35

6.20

Site III

Horizon

Area 6 Area 2

Lower Upper Aver. Lower upper Aver,

A 6.6 6.4 6.2 6.2 6.35 6.6 6.6 6.2 6.4 6.45

B 6.4 6.2 6.4 6.2 6.30 6.0 6.2 6.0 6.0 6.05

u 6.4 6.4 6.2 6.0 6.25 6.2 6.2 6.0 6.2 6.15
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SITE IV

Area 10 Area 1

Horizon Lower Upper Aver. Lower upper Aver.

A 6.4 6.4 6.4 6.2 • 6.35 '6.4 6.2 6.6 • 6.6 6.45

B 6.2 6.2 6.4 6.0 6.20 6.4 6.0 6.4 6.2 6.25

U 6.0 6.2 6.2 6.0 6.10 6.2 6.0 6.0 6.2 6.10

• Site V

Horizon

Area 5 Area 9
Lower Upper Aver. .Lower Upper Aver.

A 6.4 6.4 6.6 6.4 6.45 6.4 6.6 7.0 6.6 • 6.65

ti 6.0 6.0 6.4 6.2 6.15 6.2 6.2 6.4 6.0 6.20

u 6.2 6.2 6.2 6.4 6.25 6.2 6.4 6.2 6.2 6.45
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SUMMARY

Results

The results of the laboratory tests, as well as of the

field work and observations, have been presentee in tab

ular form, wherever possible, to make them as clear as possi

ble to the reader. The detailed descriptions of each area

are presented in paragraph iorm in the Appendix, but the

important points have been relisted in Table IV (Appendix).

The detailed results of the laboratory tests are presented

in Table xl, page 32. The pR ratings or each horizon of

each sample for all of the ten areas can be founa there,

nowever, in order to give the reader a quick, over-all

glance at these resulting pn ratings tor the dilierent sites,

the pn ratings for each horizon of each area were averaged

and the resulting figures tabulated in the table on the

following page.

From the table it can be seen that there is very

little variation in any or the sites. All of the averaged

pH ratings fall within a narrow margin of six tenths or a

point, or from pn 6.05 to pH 6.65. The range or pn for the

individual horizon samples for all or the samples taken is

only from 6.0 to 7.0. however, there does seem to be a def

inite trend from a low pn rating, or acid condition, in

Site V to a higher pn rating, or less acid condition, in

site i. The continuity of this progression is broken by
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TABLE III

AVERAGE pH 'RATINGS FOR THE HORIZONS WITHIN EACH AREA

Horizon

Site I Site II Site III

Area 8 Area 4 Area 7 Area 3 Area 6 Area 2

A 6.60 6.35 6.55 6.65 6.35 6.45

B 6.40 6.35 6.45 6.35 6.30 6.05

Q 6.20 6.20 6.40 6.20 6.25 6.15

Horizon

Site IV Site V

Area 10 Area 1 Area 5 Area 9

A 6.35 6.45 6.45 6.65

B 6.20 6.25 6.15 6.20

G 6.10 6.10 6.25 6.25

the Site V on two areas and by Site I on one area.

The above presented results were, of course, the major

purpose of this study, but the writer has noticed several

other relationships which he feels are important enough to

record and discuss.

In every case, the average pH rating for horizon A,

of each area, was above (or less acid) than the lower hori

zons. There were very few exceptions to this in the indi-
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vidual samples. Also it was noted that, with only a f@w

exceptions, both in the averages and in the individual

samples, the progression wis from a less acid condition in

horizon A to a progressively more acid condition in hori

zons B and C.

It was also noted that,in horizons B and G, the lower

positions on the slope had less acidity than the samples

taken farther up the slope. This relationship does not ex

ist in horizon A.

These results will be discussed and conclusions drawn

in the next pages.

Conclusions

It is very doubtful whether any definite conclusions

can be drawn from the results of this experiment. The

variation in pH rating between the different site classes

is too small to attach a great deal or importance to the

trend that is apparent. The reason that there is such an

uniformity In the pH of the different areas is undoubtedly

due to several logical relationships that exist. First,

the entire area, which was sampled, as was discussed in the

description of the area (page 20 ), has been so recently

changed rrom a grass - oak association that the factors

which ordinarily function in a coniferous forest have not

been active long enough to create the correct and usual con

ditions that apply under a coniferous cover, second, the
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pH rating of a grass - oak association is higher than that

of an old conifer forest (18) and this condition has not,

therefore, had time to be changed by the factors that work

on the soil in a conifer region (see pageU). Third, there

are enough of the oaks, maples, and deciduous bushes present

to raise the pR and to maintain the uniformity of the pH

ratings in spite of the action of the conifers. This last

fact is very apparent in the three inch layer, its uniform

ly high alkalinity is undoubtedly due to the reaction cited

In statement three.

nowever, the fact remains that there was a definite,

although slight,trend discernable in the pH ratings for the

different sites. This trend, from a more acid condition in

the lower site classes to a less acid condition in the better

site classes, is the correct one, l believe. My reasons for

believing this are tied to definite ecological factors, rath

er than to the results of previous studies. The ecological

facts that seem to bear out the trend resulting rrom this

study are: it is a proven fact that bacterial action is great

er in soils with pn ratings near neutral (18), and, as the

beneficial action of bacteria is known (17), it seems logical

that the better sites would tend to rail into line with this

increased bacterial action and, therefore, have a pH rating

near neutral; the lower site classes tend to occur on or

near the top of ridges and peaks (13) where there is defi

nitely more leaching of soluble bases, thus leaving the soil
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more acid (2 & 18); the better site classes tend to occur on

more gentle slopes and at lower altitudes (13), thus, in re

verse oi the previous statement, the soils in these areas

would be less leached of their bases and might even accumu

late alkali from the higher areas, therfore, due to both fac

tors, increasing alkalinity would result, which agrees with

the stated results. The fact that all of the sites sampled

fell into essentially the same type or soil contributes to

the correctness oi the trend shown, in the opinion of the

author, because the influence of different soils on both

site and acidity has been eliminated, thus making the results

a more direct relationship between acidity and site. On the

other side of the question, there are several factors that

would tend to make this trend appear false, however. First,

and most important, 1 think, is the fact that acidity in

creases where the stand is dense, due to the increased in

fluence or the conifers (14), which would be at variance

with the results presented or the better sites having the

least acidity, because they are very oiten more dense than

the poorer sites. (This holds true on the area studied, in

particular.) Second, the more open sites, especially on

the south and west aspects, which are most often the poor

sites (13), are orten of higher alkalinity than the damper

areas, due to the decreased leaching and less rapid decomp

osition of litter. In other words, there are important

factors on both sides which tend to either support or re-
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fute the evidence presented in the results of this paper

as to the trend of the pn ratings in the different site

classes.

However, l believe that the evidence, both rrom an

ecological standpoint and from the results of this study, is

more in favor or the trend rrom more acidity in the poorer

sites to less acidity in the better sites and that it would

be relatively sale to draw a tentative conclusion to this

effect.

Other conclusions that can be drawn from the results

of this study are more corroboration or previously determin

ed actions than they are new concepts. However, they are

worth mentioning for this reason, I believe.

The fact that the upper layer (k) of soil is less acid,

in nearly every case, than the lower layers is at variance

with the usual conditions to be found under coniier forests

(2), but 1 am sure It is due to the consistent presence oi

hardwooa litter from the ever present deciduous trees and

brush. Thus, it can be concluded, in agreement with wilde

(18), that deciduous litter does decrease the acidity and

tend to make the soil alkaline. Another reason tor this

less acid condition in the upper layer and a nearly consist

ent increase of acidity in the lower layers could easily be

the fact that the area has been operated upon by the natural

reactions of coniferous litter for such a relatively short

period of time.
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The fact, however, that the B and Q layers (eight and

eighteen inches) are less acid in the samples taken at the

lowest point on the slope than those taken at a highest

point is in corroboration of the tact that the soluble bases

do leach out and move down to the lower places v2& 17). The

fact that the A layer does not bring out these same results

is, undoubtedly, again due to the action of the deciduous

litter present in an uniform layer over the soil surface.

In spite of the fact that i have tried to draw some

what definite conclusions from the results obtained In this

study, I realize, as I am sure the reader will, that with the

small number of areas sampled and the small number of soil

samples taken, that any results obtained are really just a

hint of the possible trend and not definite conclusions, at

all. i realize that, before any definite conclusions can be

drawn, many times or the amount of work done here must be

done and checked, nowever, i do feel that the tentative

conclusions drawn here have a fair chance of being corrobor

ated by further studies, due to the fact that they are up

held by ecological principles.

Recommendations

The strongest recommendation that i wish to make in

connection with this study is on the laboratory work. The

colormetrlc system of determining pn ratings not only does

not break the scale down into small enough units, but it is
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inaccurate to such an extent that, regardless or the effort

put into the work on rechecking, there are bound to be seri

ous errors.from the use of this method. Therefore, i would

recommend to anyone pursuing this study further that he use

the electrode method of testing pn. This system will give

much more accuracy and, at the same time, break the rating

down to small fractions that may aid in bringing out results.

Another thing that l am sure should be done in any fur

ther study is to choose an area that has had a coniferous

cover for hundreds of years, instead o± just seventy or

eighty years, as has the McDonald Forest. This fact, i am

sure, would make the results more definite, more correct,

and more applicable.

Also, before any conclusion of importance can be drawn,

i would suggest that, a great many areas be sampled and that

a great many soil samples be tested on each area, in this

work, i believe that within each area sampled the five site

classes should be confined to the same soil type, wherever

possible. This will give a basis for comparison that would

not be possible if the site classes on each area sampled

were found on mixed soil types, uf course, a wide spread

group of areas, in as many soil types as are available, should

be sampled, but the system presented in the previous state

ment should be used to insure the correctness or the results

by maintaining a common basis for comparison between the

sites on each area. In this way, mistakes and false results

can be eliminated better than in any other way.
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DESCRIPTIONS OF THE SAMPLE AREAS USED

Area £1

Area number one is one half acre in extent, lying

about five chains south of the road leading west from the

lake in the McDonald Forest and nearly eight chains west

of the lake (center of the imE £, NW i, NE £, Sec. 36, two.

10 S, Ran. 5 ff)« (See map.) The dominant trees on the area

average 106 feet In height and 81 years of age, which places

the area in site index 120, or site classification IV (see

Table i). The overstory consists of a thin stand of Douglas

fir with an occasional big leaf maple or oak scattered

throughout. The understory is composed of a fair growth or

Douglas fir reproduction and deciduous brush, sword ferns

are scattered over the ground with an occasional blackberry

vine intermingled with them. Moss covers the portion of the

ground that is not thickly covered with deciduous leaves.

The litter is composed of about 65^> deciduous leaves and 25>

fir needles, extending to a depth of one half inch. The

humus content of the soil is low and does not run more than

one inch deep. The soil, however, has been worked fairly

thoroughly near the surface, making it quite crumbly and

loose, it is of a reddish crown color, belongs to the

Aiken series, and has a small percent of loose rock in it,

but no out-croppings. The slope of the area averages 2o>

and faces the east. The altitude is near 650 reet.
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Area £2

Area number two is about one half acre In extent and

lies twenty chains due west oi Area one (center of the jnE £,

NE i, NW i, Sec. 36, Twp. 10 S, Ran. 5 W). The dominant

trees on the area average 121 feet in neight and 78 years

of age, which places the area in site index 130, or site

classification ill (see Table i). The overstory consists

of a thin stand or Douglas fir with an occasional oak or

big leaf maple scattered throughout. rhe understory Is

composed of a fairly heavy growth of alder, maple and poi

son oak. blackberry vines, Oregon grape and an occasional

sword fern make up the ground cover. The covering of moss

on the ground is nearly continuous, xhe litter is about

i>Q» coniferous and 50^> deciduous leaves and extends to a

depth or one inch. There is a fair content or humus in tne

soil, extending to depth or about two inches. The soil is

a crumbly, Olympic series, oi a brownish red color, has

only a very small percentage or loose rock in it, and no

rock out-croppings. The slope of the area Is about eleven

percent and It faces the northeast. The altitude is 650

feet.

Area £3.

Area number three lies just above schreiner Road,

about three eighths of a mile east or the Powder House

^5 chains south or the center of the NW i of Sec. 36, Twp.
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10 S, Ran. 5 f). (See map.; The dominant trees on the area

average 151 feet in height and 84 years of age, which

places the area in site index 170, or site classification

11 (see Table l). The overstory consists of a dense stand

of Douglas fir with an occasional maple and oak scattered

throughout. There is no unnerstory present but a fairly

heavy growth of sword fern is evident. Moss makes a solid

covering over the ground. The litter, composed of about

65% conifer needles and the rest deciduous leaves, extends

to a depth of three quarters of an inch. The humus content

of the soil is low and does not extend for more than one

half inch into the soil. The soil belongs to the Aiken

series, is very crumbly, and is of a reddish brown color.

There are no loose rocks or rock out-cropplngs visible on

the area. The slope is 42$ and faces the northeast. The

altitude is about 1,000 feet.

Area £4

The area is about five chains north of bchreiner

Road and less than a quarter of a mile east or tne Fowder

House (center of SI i, NW i, NW i, Sec. 36, Twp. 10a, Ran.

5 W). (See map.; The dominant trees on the area average

109 feet in height and 83 years of age, which places the

area in site index 190, or site classification I (see Table

I). The overstory consists of a dense stand or Douglas fir

with an occasional big leaf maple or oak scattered through-
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out. no understory was present in this area. A fairly

heavy growth of sword fern was the only ground cover ex

cept for the moss, which made a complete covering for the

soil. The litter was composed of about 15y> deciduous

leaves and the rest was coniierous needles extending to a

depth or about one half Inch. The humus content of the

soil was low and extended only about one halt inch into the

soil. The soil was fairly crumbly, or the Olymlc series,

and had a small percentage oi very small rocks In it. There

were no rocks visible on the surface nor were there any out-

croppings. The slope of the area averaged 2570 and faced the

east. The altitude was 950 feet.

Area f5

Area number rive is about eleven chains west or the

aE; corner of Sec. 36, Twp. 10 a, Ran. 5 W and just outside

of the McDonald Forest boundary fence (SW i, SB \t SE i,

Sec. 3b, Twp. 10 a, Ran. 5 w). (See map.) The dominant

trees on the area average 79 feet in neight and 70 years

of age, which places the area in site index 90, or site

classification V (see Table I). The overstory consists of

uouglas fir with quite a few oaks intermingled with them.

The understory is composed of oak brush, vine maple, and

alder and is fairly heavy. There is a small amount of

bracken fern but no sword fern and very little moss on the

ground. The litter was composed of about 40^ deciduous
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leaves and the rest conifer needles but it was only one

half inch thick. The humus content oi the soil was very

poor, the clay content was high and it was very heavy and

compact. The soil was of the Aiken series, red in color,

and had loose rock and rock out-croppings quite frequently.

The slope wan only about 15/c to the SW, but the area lies

just below the top of a low hill. The altitude is about

500 feet.

Area #6

Area number six lies about 25 chains west of the SE

corner or Sec. 3b, Twp. 10 a, Ran. 5 • and just inside the

south boundary or the McDonald Forest (SE i , SW ^ , SE i,

Sec. 36, Twp. 10 8, Ran. 5 •). (See map.; The dominant

trees on the area average 119 feet In height and 66 years

of age, which places it in site index 140, or site classi

fication ill (see Table i). The overstory is composed of

a dense stand of uouglas fir with an occasional oak scatter

ed throughout. The understory consists of scattered de

ciduous brush. A heavy growth of sword fern makes up the

ground cover and there is a solid covering of moss on the

soil. The litter is composed of about 15JJ6 hardwood leaves

and the rest is conifer needles. It extends to a depth or

about two inches. The humus content 01 the soil is fair

and extends about one and one half inches into the soil,

rhe soil is a reddish brown Aiken series without surface
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rock or out-croppings. The slope is 25^, the aspect east,

and the altitude 575 reet.

Area $1

Area number seven lies about one and one quarter miles

south or the Powder House along the ridge which runs south

from this point and about 200 yards to the east of the top

of the ridge. (NW £, SE \t SE \t Sec. 35, Twp. 10 S, Ran. 5«)

(See map.; The dominant trees on the area averaged 137 feet

in height and 66 years of age, which places the area in site

index 160, or site classification II (see Table I). The

overstory consisted of a dense stand of Douglas fir with

several small oaks scattered throughout. There was no un

derstory of any Importance. A fairly hc-vy covering of

sword rem and a nearly complete carpet of moss covered the

ground. The litter was bout 40^ deciduous leaves and the

rest was conifer needles, extending to a depth or one and a

half inches. The humus content of the soil was fairly high

and extends to a depth of about two inches. The soil is a

red Aiken series, very crumbly, and has no loose rock or

rock out-croppings. The slope of the area averages 50^ and

faces east. The altitude is about 1,100 feet.

Area £

Area number eight lies about 15 chains to the south-
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east of the high peak which lies one quarter mile southeast

of the Fowder House (SW i, 31 i, NW i, Sec. 36, two. 10 a,

Ran. 5 W)« (See map.) The dominant trees on the area aver

age 153 reet in height and b.3 years of age, which places

the area in site index 190, or site classification i (see

Table i). The overstory consists of a dense stand of Doug

las fir with several oaks scattered throughout. There is

no understory present. Only an occasional sword fern is

present but a solid covering of moss is growing on the

ground surface, ihe litter Is composed of about 40/b de

ciduous leaves and the remainder is conifer needles. The

layer or litter extends to a depth of two inches. The

humus content of the soil is fairly high and extends to a

depth of about two inches. The soil is reddish, belongs to

the Aiken series, is fairly crumbly and has no loose rock

or rock out-croppings. The slope is 25;* to the southeast.

The altitude is 1,125 feet and the area lies well down the

slope rrom the top of the ridge.

Area w9

Area number nine lies one quarter mile southeast of

the Powder House at the top or the peak which was to be

used as a lookout station ^SW i, SW i, NW |# Sec. 36, Twp.

10 S, Ran. 5 W). (See map.; The dominant trees on the

area averaged 85 reet in height and 7b years or age, which

places the area In site 90, or site classification v (see
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Table l). The overstory was competed or a thin stand of

Douglas fir with quite a number of oaks intermingled. The

understory was or scattered deciduous brush. There was a

thin covering or grass on the ground, as well as a nearly

complete covering or moss. The litter was composed or about

75j& deciduous leaves and grass and the rest was conifer

needles, it extended to a depth or about three quarters or

an inch. The humus content or the soil was low and It ex

tended only about one hair inch. The soil was reddish,

belonged to the Aiken series, was very heavy and unfloc

culated and a large amount oi loose rock and out-croppings

were present. The slope or the area was 13;* to the south.

The altitude was 1,265.

Area #10

Area number ten lies just inside the McDonald Forest

boundary in the SE i, SE i, SW i, Sec. 36, Twp. 10 3, Ran.

5 ff. (See map.) The dominant trees on the area averaged

103 feet in height and 74 years of age, which places the

area in site index 120, or site classification II (see

Table i;. The overstory consists of a thin stand of Doug

las fir with very rarely a deciduous tree present. The

understory was absent, entirely. There was an occasional

sword fern present and a complete mat or moss covered the

soil. The litter was composed or about 10^. deciduous

leaves and the remainder was conifer needles but was only
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about one half Inch deep. The humus content of the soil

was fairly high and extended for about two inches into the

soil. The soil was reddish, or the Aiken series, fairly

crumbly and had no loose rock or rock out-croppings. The

slope was 25% to the southeast and the altitude was about

55O reet.
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TABLE .Y"

HEIGHT GROWTH OF DOMINANT DOUGLAS FIR SEEDLINGS

Growing Period 1Required, By Site Classes

Height above
ground (feet) I II III IV V

Year8 Years Years Years Years

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 11



TABLE Yl

AVERAGE TOTAL HEIGHT OF DOMINANT AND COPOMINANT TREES.

BY SIT" GLASSES

55

Site 01933 V Sit e Glass IV Sit e Class III

Age Site Site Site Site Site Site Site Site

in index index index index index index index index

yrs. 80 90 100 110 120 130 140 150

Feet Feet Feet Feet Feet Feet Feet Feet

20 21 24 26 31 34 37 39 42

30 37 41 46 50 55 60 64 69

40 48 54 60 66 72 78 84 90

50 56 63 70 77 84 91 98 105

60 63 70 78 86 93 101 109 117

70 68 77 85 94 102 110 119 127

80 73 82 91 100 109 118 127 136

90 77 86 96 105 115 125 134 144

100 80 QO 100 110 120 130 140 150

110 83 93 104 114 124 135 145 155

120 85 96 106 117 128 138 149 160

130 87 98 109 119 131 141 152 163 '

140 88 99 110 121 133 144 154 166

150 89 101 112 123 134 145 156 168

160 90 102 113 124 136 147 158 170

Site Cl*ss II Site Class I

Age
in

yrs.

Site

index

160

Site

index

170

Site

index

180

Site

index

190

Site

index

200

Site

index

210

20

30
40

50
60

70
80

90
100

110

120

130
140
150
160

Feet

42
74
96
112

124

135
145
153
160
166

170
174
177
179
181

Feet

44
78

102

119
132
144
154
163
170
176
181

185
188
190
192

Feet

47
83

108

125
140

152

163
172
180

187
192
196
199
201

203

Feet

49
88
114
132
148
161

172
182

190

197
202

207
210

213
215

Feet

52
92
120

139
156
170

181
192
200

207
213
218
221

224
226

Feet

54
96
126
146
163
178
190
201

210

218
224

228
232

235
237
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