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EFFECT OF THINNING DOUGLAS-FIR ON SOIL MOISTURE ,
TEMPERATURE AND NITROGEN RELATIONS 

INTRODUCTION 

AS young stands or forest trees develop and begin to 

fully occupy the site, competition for light, moisture 

and nutrients becomes an important factor in their growth . 

As competition increases. the rate or growth decreases 

and it this competition becomes severe, the stand may 

stagnate with little or no growth taking place . To alle

viate these conditions, the stand can be thinned with 

part of the trees being removed to allow sufficient grow

ing space for the residual stand. 

Thinnings 1n yo'Wlg stands have been used to increase 

the rate of growth in the residual stand, to shorten the 

rotation period and to salvage trees that would otherwise 

have 'been lost through death and aecay. As a general 

rule these objectives have been achieved and in many in

stances th1nn1ngs have proven to be beneficial from an 

economic standpoint. The increased growth of the resid

ual stands has proven, in many cases, that thinnings are 

worthwhile; however their effect upon the soil has not 

been adequately ascertained nor has the cause of the in

creased growth been determined. 

There have been many theories as to the cause of 

this improved growth but little actual work has been done 



on 1t, especially in this country. The purpose of this 

stt~y was to determine the effect of thinning on soil 

moisture, temperature, and nitrogen relations and to re

late these factors to the growth of the residual stand. A 

secondary objective was to delineate the phases or such a 

study which need to be investigated with greater detail 1n 

future work. 
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J. 

LITERATURE REVIEW 

THINNING EXPERIMENTS 

Most of the investigations of the soil changes that 

aceompany thinning have been done 1n Europe • The European 

work as well as the work done in this country has taken 

place under climatic conditions differing from those in 

the Pacific Northwest, especially with regard to the sea

sonal rainfall distribution. These studies have been 

conducted in areas where the precipitation is fairly even

ly dist.ributed throughout the year. In the Pacific North

west, the majority of the rainfall occurs 1n the winter, 

with only five percent of the total precipitation falling 

during the summer period (38, p. 1086). 

Borne busch (8, pp. 9-26). working in Denmark, found 

that thinning 1n a thirty year old red spruce plantation 

had a direct effect on several factors. Thinning had 

little effect upon the soil temperature at 20 em. depth. 

The maximum difference was o.soc, whereas outside the for

est the temperature was 5-6oc higher. These observations 

were based on several sets of readings taken on one over

cast day. It was felt that the temperature differences 

were negligible when compared with the influence of the 

greater light supply that comes through the canopy as a 

result of the thinning. 
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The flora of the area changed considerably with time, 

after the thinning took place. The increase in abundance 

and actiVity of the fauna of the forest floor was approx

imately proportional to the degree of thinning. One of 

the most pronounced changes that took place was in the 

character or the humus. In the unthinned plots, felt 

moor was the predominant type, while 1n the heaviest thin

ned areas a surface mold type was most common. In the 

intermediate intensities of thinning, gradations between 

these two humus types occurred. A corresponding change 1n 

total end available nitrogen was noted with the change 1n 

humus type. Ammonification was rapid 1n all humus types. 

Nitrification was greatest in the mold humus and entirely 

lacking 1n the matted moor. Bornebuseh concluded that 

various degrees of thinnings, without noticeably changing 

the soil, produced different types of humus with varying 

rates of nitrate production. 

Hasselman (16, p. 26), working with conifers 1n 

SWeden, came to the conclusion that thinning can result 

either 1n increased nitrogen transformation and greater 

growth or 1n less transformation and reduced growth, de· 

pending upon the soil and humus type. He felt that the 

increased growth due to thinning was due to the fact that 

the growth potential of an area was being utilized by a 

smaller number or the better stems in the residual stand. 
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In describing the result.s or thinning experiments 1n 

Denmark, Moller (26, p. 34) states that thinning is bene

ficial in increasing the decomposition of the organic 

matter 1n the soil and 1n decreasing the interception of 

precipitation by the canopy. He concluded, however, that 

the average growth increment over a long period of time is 

not appreciably affected by the degree of thinning. 

The possibility of harmful effects of thinning are 

brought out by Sushk1na (35, pp. 31-32). She suggested 

that extra nitrogen, not needed by the conifers, might 

cause encroachment by competitors; however, she observed 

little or no nitrification after thinning in pure pine 

and spruce stands. Fellings 1n pine seemed to have li~tle 

influence upon nitrification, but, 1n some cases, fellings 

in spruce stimulated nitrification. 

Forty years of stand improvement in Prussian forests 

led Wiedemann (41, P• 48) to suggest that growing condi

tions of a forest stand are changed very little even 

after heavy thinning. He believed that the utilization 

of the available space for crowns and roots is largely 

independent of the number of stems. He concluded, there• 

fore, that soil changes would be very slight even under 

heavy th1nn1ngs and that the changes that do occur consist 

mainly 1n a reduction of acidity, a stimulation of bio

logical activity, and a reduction of nitrogen reserves. 
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One or the most intensive thinning experiments in the 

United States was conducted by Adams in Vermont on white 

pine and Seoteh pine plantations. He concluded that the 

effect or thinnings on soil conditions was very slight. 

He stated that there was more available soil moisture dur

ing dry seasons in thinned stands of white pine but the 

converse was true under th1nned Scotch pine. He also not.

ed an increase in the soil temperature under thinned 

Scotch pine and a decrease in soil temperature under white 

pine (3, p. 37). He felt the overall effect of the thin

ning was to slightly increase soil temperature and de

crease soil moisture (2, p. 131). In a later article 

(4, pp. 154-159), Adams postulated that although the 

average available moisture may be the same 1n the thinned 

and control plots, the seasonal ava1la'ble amount may be 

different. In the spring, when the moisture supply was 

high, more ra?1d depletion took place 1n- the thinned 

stand, but later 1n the season when the moisture content 

of the soU was getting low, the thinned stand contained 

more available water. The increased diree~ insolation 

through the canopy raised the soil temperature at depths 

of six and eighteen inches. This increase in soil temp

erature was believed to be instrumental 1n increasing 

root growth but no data is presented to substantiate this. 

A pronounced general effect upon the stand climat.e 1n the 
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plantations resulted from the thi~g. The solar radia• 

tion and the mean maximum shade temperature were increas

ed, the minimum relative humidity was decreased, wind 

movement increased, available soil moisture was higher 

during the dry part of the season, and soil temperatures 

were increased. 

According to Fisher, the conversion of pure conifer 

stands to mixed conifer and hardwood stands by s1lv1cul

tural cuttings on the Harvard forest was followed by rap

id and beneficial changes 1n the soil conditions (11, 

pp . 6·11). The most pronounced change was 1n the humus 

layer and was attribut-ed t .o the marked increase 1n or

ganic matter decomposition. As a result or these changes 

the lesser vegetation was considerably altered and the 

rate of growth of the new understory vegetation and the 

miXed stands was great..ly accelerat.ed. 

Another· intensive thinning experiment was performed 

1n M1nnesota jack pine by Hansen ( 15 , pp . 55-59) • The 

factors investigated were temperature, precipitation, 

evaporation, humidity, light, soil temperature, soil 

moisture and humus conditions. The differences in soil 

temperature were the most pronounced. Using 4loF as the 

lower temperature limit for root growth and the twelve 

inch depth for the zone of msximum root concentration, he 

concluded that the growing season for the roots was 

http:accelerat.ed
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fifteen days longer 1n the heavily thinned plots and nine 

days longer 1n the moderately thinned than in the unthin

ned plots. The increase Ln temperature was found to ex

tend to the two-foot depth, but temperature differences 

between the thinned and unthinned plots decreased with 

depth. Hansen found only slight differences in soil mois

ture and coneluded .that the thinnings seemed to have lit

tle effect upon this factor. He noted that during one 

season soil moisture was slightly higher 1n the thinned 

stand while the converse was true the next season. 

In a timber stand improvement study 1n the south, 

Moyle and Zahner (27, p. 10) noted an increase 1n the a

vailable water 1n the treated sites during the summer. 

The treatment involved killing all the hardwoods four 

inches DBH and over or the noncommercial hardwood type and 

leaving small scattered pine. There was more available 

water present in the treated stands than 1n the untreated 

stand, which, it was felt, may have been at a critical 

moisture level during a part of the summer. This advantage 

was partially lost after several years presumably due to 

the invasion of herbaceous vegetation. 

FACTORS INVOLVED 

Soil moisture, temperature and nitrogen are interre

lated with each other and many other factors, therefore it 
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is artificial to consider them separately. It must be 

kept in mind that this is done merely to facilitate the 

presentation and make the various ideas and relationships 

stand out more clearly. The true picture of the factors 

considered in this study would be a composite with the 

factors e.ll 1nterrelated end interacting with one another. 

SOIL MOISTURE 

Soil- plant-water relationships have long been recog

nized by foresters. The problems resulting from insutfi• 

cient moisture have been especially evident and in many 

aveas this is considered to be the factor that limits the 

geographical occurrence or trees. In areas where suffi

cient moisture exists to support a forest it has been 

thought that the availability of water limits height growth 

and that there is a close relationship between moisture 

conditions am total height growth (5, p . 115). 

Water is needed by the growing plant in greater quan

tities than any other material needed for plant growth (7, 

p. 99). The greater portion of this water is not retained 

by the plant but is passed off by transpiration. It is 

widely believed that this transpiration is of no particu

lar value to the plant (7, p . 100; 32, p . 56). This un

necessary waste of water might lead some to believe that 

the tremendous amounts of water taken up by plants are not 
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really needed. To understand why this water is needed we 

must have some understanding of the mechanism of photosyn

thesis. 

It is generally felt that the limiting factor 1n 

photosynthesis, when light is abundant, is the amount of 

COa that can be exchanged through the stomata. The sto

mata openings are controlled by guard cells which are sen

sitive to the moisture status of the leaf. For the sto

mata to fully open, the guard cells must be 1n a state of 

full turgidity and 1n this condition allow the maximum gas 

exchange to take place. However, when the stomata are 

open, water 1s lost from the spongy mesophyll tissue in

side the leaf. This causes a loss or water from the guard 

cells and they begin closing to control the water loss. 

Plants must have great quantities of water available in 

order to keep their guard cells turgid and to permit tree 

gas exehange and thus maintain a high rate of photosynthe

sis. 

For many years it was believed that the primary value 

or thinning was the increased insolation of the remaining 

stand. Trenching experiments and later studies tended to 

disprove the theory that light was the primary factor 

retarding growth and placed more emphasis on root competi

tion and moisture supply. In spite of the shift in em

phasis, it is generally agreed by most investigators that 
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a de.f'1c1ency of either light or moisture can be a critical 

factor limiting forest growth. 

Many workers have postulated that the main et"fect of 

thinning is to increase available space for the roots of 

the remaining trees. Aaltonen (1, pp. 627-644) believes 

that silvicultural treatment is primarily a matt.er of 

changing the spacing of the trees and that a thorough know

ledge of the factors influencing spacing is essential to 

sound s1lvicultural practices. In an experiment with corn 

he demonstrated that it is the root competition that is 

the most limiting factor and not light as was previously 

believed. In a trenching experiment on the Yale forest 

Craib (10, p. 59) found more moisture 1n the trenched plots 

due to the elimination of root competition. In a. later 

study on the Yale forest, Stevens (34, p. 58) found no 

correlation between root growth and weather or soil condi

tions. · He believes that almost every silvicultural opera

tion achieves its purpose by its e.f'fect upon the roots. 

Alt.hough thinn1ngs are regulated by the appearance of the 

crown, the effects on the roots are of great importance to 

the g~owth of the residual stand (34, pp; 9-10). 

Beall (6, pp. 412-415) studied the penetration of 

rainfall through hardwood and sortwood forest canopies 

near ottawa, Canada. He found that only sixty percent of 

the summer precipitation got through the pine canopy, but 
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th1s did not include the portion of the rainfall that 

flows down the stem, therefore it is difficult to make com

parisons with other areas or to even have a good idea of 

the total reaching the ground. 

SOIL NITROGEN 

Nitrogen is probably more often limiting to plant 

growth than any other element. It is present naturally 

1n small quantities and is taken up by plants 1n compara

tively large amounts. Because of its importance 1n the 

make-up of proteins, Wilde (42, p. 81) refers to nitrogen 

as ttthe balance wheel 1n plant nutrition 11 One of the• 

primary factors influencing the nitrogen economy of an 

area 1s the change from an organic or unavailable form to 

an inorganic or available form whiCh the plants can use. 

This transformation takes place as the result of the ac

tivities of microorganisms. The process proceeds 1n steps, 

each steo being performed by a different group of micro

organisms, some general in their function, some very spe

cific. As organic matter is added to the soil 1n the form 

of leaves and twigs, it is first attacked by a general

purpose group of plant and animal organisms and the protein 

broken down into complex amino acids. This first step is 

called aminization. In the next phase, these amino acids 

are broken down to ammonia by a general group of organisms. 



The ammonia thus 11berated 1s then available as a source 

of nitrogen· for plants or can be used as a raw material 

for the produetion of nitrate nitrogen by specific bacte

ria ( 22, pp. 448 -453) • Although ammoniacal nitrogan is 

an available ' source for plants many experimenters main

tain that nitrate nitrogen is the best form for plant nu

trition, even though it must be reduced later by the 

plant. 

Since the decomposition of organic matter is neces

sary to release the nitrogen for plant nutrition it fol

lows that an increase 1n the decomposition rate 1n most 

forest soils would increase the amount of nitrogen avail
-

able for plant growth. When a great amount of crganic 

matter accumulates much of the nitrogen is tied up 1n or

ganic compounds. However, 1£ decomposition of the fresh 

orgdnic matter is taking place at a moderate rate, this 

nitrogen as well as other nutritional elements will be re

leased and can be utilized by the growing stand. 

Baker (5, p. 90) reports "the forest and its soils 

are normally 1n harmonious equilibrium, about eighty per

cent of the nitrogen taken up annually returns to the 

earth as litter and normally ought to be soon incorporated 

into the soU 1n an available form within one to three 

summers according to Suchting (1925)". 

Hesselman indicated that cuttings which increase heat 
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and light have a great 1ntluenoe upon the nitrogen trans

formation in the soil. Cuttings that take place 1n stands 

with shallow litter may increase the rate or nitrification, 

but 1n stands w1th thick layers of raw humus, nitrifieation 

rates are not appreciably increased and ammonia accumulates 

in the soil (35, p. 4). 

Sushkina (35, pp. 31-32) found that nitrification is 

very slow 1n pure pine and pure spruce types and cuttings 

did not seem to effect nitrification in pine, but did in

crease nitrification 1n the spruce forest. 

Hasselman (16, p. 26) believes that the increase 1n 

growth due to th1nn1ngs could be the result of more active 

nitrogen transformation caused by higher temperatures. 

Moller (26, p. ~4) asserts that heavy th1nn1ngs a14 

decomposition of the -organic matter and therefore larger 

quantities of nutrients' especially nitrogen, become a

vailable for the remaining roots. 

Weisbrod (40, p. 40) reports Krapil and Nemec as stat

~ that light exerts considerable influence upon the dis

i · ~tegrat1on or forest litter; diffuse light being advanta

geous and direct sunlight being harmful• Disintegration 

or organic matter is more rapid 1n thinned stands, the 

humus is richer and its nitrogen content is higher. Acid

ity decreases in thinned stands, thus creating a more 

favorable biological environment. However, it is fel~ 
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that direct sunlight prevents decomposition of litter re

sulting 1n a poor humus type and increased acidity. 

Although all plants• need nitrogen in relatively large 

amounts, some workers doubt that the nitrogen economy o£ 

the Douglas-fir region is a 11m1ting factor in tree growth•. 

Tarrant (36, 9· 719) found no significant relation between 

site class and nitrogen content of the soils he stUdied. 

He feels that the nutrient content or the forest soils in 

this region generally appear too high to constitute a lim

iting fa~tor in tree growth. Gessel, Walker and Haddock 

(14, pp. 368-369), in a report on the mineral deficiencies 

in Douglas-fir and western red cedar, stated that the need · 

for major- nutrients has been verified and that deficiency 

symptoms were noted and corrected by the application of 

n1trogen.T.hey also noted that the nitrogen content was 

lower 1n trees making poor growth and exhibiting defici

ency symptoms , than it . was in trees making good growth. 

Voss (39, pp. 105-113), working 1n Germany on soil 

acidity and nitrification, came to the conclusion that n1• 

trification is not so dependent upon the acidity or the 

soil as on aeration and insolation. 

The status of the organic matter and its mineral con• 

tent 1n the Pacific Northwest was reported by Powers (29, 

pp. 1-10). He says that decaying organic matter seems to 

increase the nutrient supplying power of the soil with 

I 
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regard to phosphorous. iron, potassium, other bases and 

n1trat.e nitrogen. The acid conifer litter is resinous. 

low in n1trogen and slow to decay. This would appear to 

point out the need for a more rapid decomposition rate 

under our conifer stands. 

SOIL TEMPERATURE 

One of the main effects of temperature is its influ

ence upon the living organisms that are responsible for 

the decomposition of the plant remains that accumulate on 

the forest floor;. In dense forest stands temperature 

eondit1ons are generally not opti.mum for the growth of 

these organisms. As they increase in numbers due to in

creases 1n temperature their rate of activity is also ac

celerated. 

Another effect of temperature is on the evaporation 

of water tram the soil. Many workers have reported more 

rapid evaporation rates with temperature increases (21. 

p. 311; 5. p . 330). 

As mentioned previously, Adams (4, PP• 154-159) found 

an increase 1n the soil temperature as deep as eighteen 

inches as a result of thinning 1n pine plantations . 

Hansen (15, p . 55) also stated that the differences 

1n soil temperature were more oronounced than those noted 

1n any of the factors he studied. 
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Li (19, pp. 46-60) studied the influence of forest 

cover on the Yal.e forest ar.d found that 1n pine forests 

the ammm.t, of light reaching the floor 1n old stands was 

more than double that reaching the floor of young stands. 

He pointed out that the maximum surface and subsurface 

temperatures are closely related to the amount of sun

shine reaching the soil. However , other factors are in

volved, such as the amount of litter on the forest floor 

and the soU moisture content. According to Lit Wollny 

found that a high moisture content lowers t he maximum and 

mean temperatures, results 1n a slightly raised minimum 

temperature and also decreases the daily range of soil 

temperatures. 

The relation between total precipitation and the a

mount that penetrates a canopy was brought out by Mitchell 

(24t pp . 101-102)~ Working 1n Wisconsin , he found that 

generally 20 percent of the rain is intercepted by the 

trees. With jack pine 78.5 percent of the rain gets 

through. The amount of rain reaching the ground varied 

tram 54.5 percent with •037 ~ches of rain to 90.3 percent 

with 1.7 inches of rainfall. The percent of rain getting 

through the canopy increases rapidly up to 0.3 inches and 

then more slowly. It is estimated that 0.05 inches is 

60 percent effective, 0.1 is 70 percent effective and 0.3 

is 80 percent effective. 
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It is often thought that increased wind movement. 

couyled with increased insolation 1n thinned stands leads 

to a greater amount of evaporation and thus eliminates 

any beneficial effects of thinning as far as soil moisture 

is eon~erned. Increases in evaporation may result 1n some 

cases but the increase is so small as compared with trans

piration losses that it ean generally be overlooked as a 

major factor in water loss. Gaiser (13. p. 336) puts 

forth the thought that evaporation losses from the soil 

itself are small and that total losses approximate closely 

the amount of water lost by transpiration. 
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DESCRIPTION OF THE STUDY AREAS 

The Black Rock thinning area is located on the 

Gerlinger Forest in the north half of Section thirteen 

(13), Township eight (8) South, Range seven (7) West , 

W1llamette meridian, about three miles west of Falls City 

1n Polk County, Oregon ~ The area is characterized by 

rugged topography with a general southern aspect. The 

elevation varies from 1,100 to 1,500 feet with the aver

age being approximately 1,300 feet. The area is drained 

to the southwest by several small creeks which flow into 

the Little Luckiamute River, a tributary to the Lucld.amute 

River. 

This is a region or sedimentary rocks which has been 

intruded by numerous igneous flows. The Columbia River 

basalt, which is a part of a great lava flow, is found in 

the area giving a diversity to the parent material of the 

soils. 

These soils belong to the Reddish Brown Latosol and 

Brown Latosol great soil groups. They are characterized 

by having a deep Al which is dark colored and friable, 

texture B with some accumulation of residual sesquioxides 

and are developed under high rainfall conditions from re

sidual parent materials. 

The specific soils found on the various plots are as 



follows: 

Plot Soil Type Great Soil Group 

1 Sites silty clay Reddish Brown Latosol 

2 Sites clay Reddish Brown Latosol 

3 Hembre clay loam Brown Latosol 

4 A1ken silty clay loam Reddish Brown Latosol 

6 Sites clay Reddish Brown Latosol 

7 Sites Clay Reddish Brown Latosol 

9 Sites clay Reddish Brown Latosol 

The forest cover consists mainly of a dense stand of 

Douglas-fir which is approximately forty-five years old 

and ranges from six to twenty inches DBH. Alder and maple 

also occur along the banks of small streams and in other 

moist places. The understory 1s made up of relatively few 

species, consisting mainly of sword fern, Polystichum 

mun1tum (Kaulf.) Presl .; bracken fern, Pteridium agu111num 

(L. ) Kuhn. var. pubescens Underw. ; Oregon grape, Berber1s 

agU1fol1um Pursh.; salal, Gaultheria shallon Pursh.; and 

various mosses and lichens. 

The climate is maritime and mild due to the proximity 

to the Pacific Ocean. The January average temperature is 

38.10F and the July average is 64.00p' (Falls City, twenty

seven year record). The maximum temperature ever recorded 
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was lOGOF and the minimum temperature ever recorded was 

~soF. The average growing season is 165 days with the 

last killing frost 1n spring on May 6 and the first frost 

about October 18. The average annual precipitation is 

69.5 inches at Falls City and somewhat higher on the 

forest. The prevailing wind is from the west and brings 

with 1t the mo1stt~e laden air responsible for the rain

fall. Occasional winds from the north or east bring eon

/ t1nental weather; hotter 1n the summer and colder 1n win

ter. The rainfall distribution is seasonal with about 

44 percent 1n the winter, 24 percent in spring , 5 percent 

1n summer and 27 percent 1n the fall. In FeJ.ls City the 

longtime average for May is 2.67 inches, June 1.38 inches, 

July 0.24, August 0.41, and September 2. 03 inches (38, 

P9· 1075-1086). 

The area was logged about the turn of the century and 

successful natural regeneration has resulted 1n a dense 

stand of Douglas-fir. The area was set up as an experimen

tal forest by the State Board of Forestry as an example of 

a representative commercial Douglas-fir forest. In 1953 

the first thinning operations were begun and the stands 

were thinned by several methods to a basal area limit. 

The plots used in this study were established by the 

Research Division of the State Board of Forestry . The 

plots are one acre in size and contain four quartars in 
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which a 100 percent tally of all trees has been made. 

The Stump Farm plantation is also located in Polk 

County 1n the east half of the northwest quarter (Ei NWt 

NW;f ) of section twenty-six (26), Township eight (8) 

south, Range five (5) West, Willamette meridian, approx

imately three miles northwest of Monmouth, Oregon, on the 

west side or the Willamette Valley. 

The plantation is situated on a moderate west slope 

or about fourteen percent at an elevation of two hundred 

sixty feet above sea level, in an area having a gently to 

moderately rolling topography. 

The .soil of the area belongs to the Yamhilll series, 

a Non Calcic Brown, which is closely related to the Mel

bourne series and apparently has been influenced by 

Willamette silts. 

The climate is similar to that or the other study 

area. The January average temperature is 39.7°F and the 

July average is 66.. sOp-. The maximum recorded temperature 

was l08°F and the minimum was -6°F (based on forty year 

record at Monmouth)• The length ot the growing season 1s 

213 days, starting about April 1st and continUing to 

October 31st. Although t he total rainfall is approximately 

thirty-eight inches, the Stump Farm plantation receives 

almost as much rain during the summer as the Black Rock 

!Tentative series name. 



Forest. The June precipitation is about 1.22, July 0.39

August 0 .44 and September 1.7 inches (38_ pp. 1075-1086). 

This area, formerly 1n pasture, was planted with 2-0 

Douglas-fir 1n 1936 by the owner John Stump. Spacing was 

four feet by four feet and at the present time there are 

about 1,360 trees per acre. Initial survival was good 

and the stand has been growing at a rapid rate. The 

Research Division of the Oregon State Board of Forestry 

is managing the plantation , having a cooperative arrange ... 

ment with the owner. The area is an example of a typical 

farm woodlot which is being used to assess management 

practices for similar areas 1n the Willamette Valley. The 

area was subdivided, using a randomized block statistical 

design with four treatments and three replications. The 

tract was thinned in the spring of 1956 with three types 

of thinning methods (low, crown and selection) and an un

thinned control as the other treatment.. On all thinned 

plots fifteen percent of the basal area was removed. 

It should be pointed out that the Stump Farm planta

tion and the Black Rock Forest are very different with re

spect to soil, climate, stocking, age of stand, and treat

ment and are therefore not intended to be compared directly 

w1th each other. 
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THE EXPERIMENTAL PROCEDURE 

The data presented are for two field seasons, 1955 

and 1956, at the Black Rock Forest; for one season , 1956, 

at the Stump Farm and for accompanying laboratory work. 

The experimental plots, seven at the Black Rock and twelve 

on the Stump Farm , had been located and installed prior 

to the initiation of the soils investigations. 

FIELD STUDIES 

BLACK ROCK THINNING AREA 

Soil profiles were excavated to a depth of sixty 

inches or to bedrock. Profile descriptions were made end 

samples were taken from each horizon for later laboratory 

determinations . 

Soil moisture sampling was started during the early 

part of July in 1955 and continued until early September . 

In 1956 soil moisture sampling was carried on from late 

June until the middle of September. In a preliminary 

survey, two plots, numbers 4 and 9, were rejected for the 

soil moisture sampling because of the abundance of stones 

in the soil. Five of the plots had been thinned to a basal 

area standard either 1n 1954 or 1955. The plots rejected 

represented one thinned plot, number 4, and one control, 

number 9. 
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In order to get adequate coverage or the plot it was 

originally decided to sample in four definite locations 

along each of three transects across each quarter or the 

plot. In this way the quarter is se.m.pled on a grid pat

tern in which the sampling points are twenty feet apart 

on each transect and twenty-five feet apart from transect 

to transect, · Thus twelve samples are taken for each depth 

(0-12". 12-24" and 24-36") on each quarter. After several 

samplings it was decided to restrict the sampling to two 

quarters rather than sample all four. In each sampling 

period (one week apart in 1955 and two weeks apart 1n 

1956) samples were taken as close as possible to the pre

vious sample without creating an error due to evaporation 

from the previous sampling point. The litter was replaced 

over the holes left from sampling, so sampling s1x to 

eight inches away from previous sampling points was con

sidered sufficient to avoid any appreciable error. Since 

water moves readily down through the sampling holes, sam

olea following a rain were taken no closer than a foot to 

the nearest hole. Throughout the two seasons the samples 

at any one oo1nt were contained within a circle having a 

diameter of about three feet. 

The samples, when taken from the ground were placed 

in waxed paper bags. One bag was used for each depth be

ing sampled 1n each quarter. After the twelve locations 

' · 
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were sampled the soU 1n each bag was thoroughly mixed by 

tabling and a subsample was taken and placed 1n a seamless 

steel can with a close-fitting lid. To avoid loss of 

moisture by evaporation, the tops of the bags were kept 

folded down during the sampling period and the mixing 

was done quickly in the shade. 'llle soU moisture samples 

were weighed on the same day they were collected. 

In the tall of 1955 and 1956 tissue samples from the 

lesser vegetation were collected at random from all four 

quarters or the plots . A sample of the current years 

leaves were taken from both Oregon grape (Berberis 

aguifolium Pursh .). which occurred on all the plots and 

from another species on the plot. The other plants sam

pled were not present on all plots and therefore several 

species were needed to get a second sample plant for the 

entire group of plots. 

Two rain cans were placed 1n the open and periodical

ly measured by personnel of the State Board ot Forestry. 

Growth measurements for several selected dominant and co

dominant trees on each plot were taken also by state for

estry personnel. 

THE STUMP FARM PLANTATION 

Sample plots were one-tenth acre and were located 1n 

the center of each treatment area so as to have a buffer 
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strip or the same treatment around each plot. Rain ~ans 

and minimum and maximum thermometers were located in each 

plot·. 

A pit was opened near the center or the area to ob

tain a profile description of the soil. 

Undisturbed soil samples (0-:3 .. ) were taken from four 

locations within each plot with a core-type bulk density 

sampler. Adjacent to these points, soil samples were 

taken to a six inch depth. for later laboratory analyses . 

A total of forty-eight samples were taken for an inten

sive measurement of the surface soil characteristics . 

In the spring of 1956 after the area had been pruned 

and thinned by the state personnel, .Colman soil moisture 

units were installed at depths of four, twelve , twenty

two and thirty-six inches. The wires from the units from 

these four depths were united 1n a plug and together con

stitute a soil moisture stack. The surface (4") unit also 

contained a thermistor for measuring soil temperature. 

Two stacks were placed 1n each plot. twenty feet apart on 

a diagonal from one corner to the other. It was relt 

that these two stacks 1n each plot would give an adequate 

representation or the soil moisture status of the entire 

plot at any particular time . The units were oriented 

vertically and placed into the undisturbed face ot the pit 

with a notched stick and t~ soil was replaced in the 



proper horizons at approximately the original density. To 

avoid seepage of' water along the lead wires and down to 

the units the wires were taken down several inches and 

brought to the surface a foot or so away from the point 

of installation. 

These units were read weekly throughout the summer 

and fall with a battery-operated microammeter (Colman 

meter) which had been eqUipped with a matching socket tor 

the plug containing the wires of' the individual units in 

each stack. 

Soil samples for determination of available nitrogen 

were taken on all plots at a depth of 0-3 " , approximately 

every two weeks throughout the summer. These samples, 

eight per plot, were taken randomly by sampling w1th a 

small soil tube sampler at a predetermined distance from 

the randomly located measuring devices previously placed 

on the area by the state personnel. These samples were 

composited by placing them all in the same container and 

thorqughly mixing later in the laboratory. In this way one 

aggregated sample represented eight samples taken randomly 

over the entire plot and greatly reduced the bulk of the 

sample taken and the time reqUired to analyze them in the 

laboratory. In taking these samples, the litter was care

fully scraped aside to expose the mineral soil and at this 



point several columns of soil to a depth of three inChes 

were taken for the sample. 

In sampling care was taken not to sample obviously 

disturbed areas such as trails, mole holes, and earthworm 

casts for it was felt that sampling these areas would in

troduce considerable error and give an inaccurate picture 

of the nitrogen status of the entire plot. 

State personnel made all growth measurements and 

gathered the temperature and rainfall data. 



LABORATORY PROCEDURES 

Soils brought in for analysis were first air dried 

and, if very stony, the percent of stones larger than 

5 millimeters was determined by passing the soil through 

a 5 millimeter screen and weighing the fractions. The 

soils were then ground in a soil grinder to pass a 

2 millimeter screen and replaced 1n their containers. The 

stones larger than 2 millimeters were discarded. Prior to 

each analysis the soil was placed on a sheet of paper, 

thoroughly mixed by tabling and subsamples were taken 

throughout the pile to be composited for the determina

tions. Determinations were made 1n duplicate and the 

results expressed as an average of these duplicates. If 

the two samples did not agree within limits of ordinary 

experimental procedure, a third sample was analyzed to 

find a value to agree with one of the previous determina

tions. Determinations, unless otherwise indicated, were 

performed according to the procedures as outlined by the 

Forest Soils Committee of the Douglas-fir Region (12). 

Samples taken from the field for gravimetric deter

mination of moisture content were brought into the labor

atory in closed steel cans. These were weighed, the lids 

removed and the cans dried to a constant weight in the oven 

at 1050C and reweighed to determine the moisture lost. The 
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moisture lost was expressed as the percent of the oven dry 

weight of the soil. For purposes or comparison, these 

percentages were later converted to inches of water. 

The analysis of the soil moisture data necessitated 

taking into account the amount of large stones and boul

ders that are found in the control plot. This was done 

by making a detailed soU survey of the plot and careful

ly estimating the percent of the soil that was made up of 

large stones. boulders and outcropping bedrock. It was 

estimated that the northwest quarter contained twenty-five 

percent stones. The southeast quarter contained about 

fifteen percent stones. The moisture values in inches of 

water per foot therefore were reduced by the percentage of 

large stones that were found 1n each subplot. The values 

thus obtained were plotted against time and the permanent 

wilting point was represented by a dotted line. 

The moisture equivalent for the soil samples collect

ed was determined as an approximation of field capacity 

by the Briggs-McLane centrifuge method {12, pp. 13-14). 

Permanent wilting point was determined by the pressure 

membrane extraction apparatus with saturated soil samples 

being placed under fifteen atmospheres of pressure for 

seventy-two hours. This determination is presented 1n 

detail by Richards {33, pp. 95-112). The results of these 

determinations were expressed as a percent of the oven dry 
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weight of the soil. The range of available moisture is 

represented by the difference between the moisture equiv

alent and the fifteen atmospheres percentages. 

The fiberglas units that were installed at the Stump 

Farm had been previously calibrated 1n the laboratory by 

a modification of the pan calibration technique as pre

sented by Lowry (20, pp. 23-24). In this method, a shal

low, two inch cake pan is filled with the type soil in 

which the units are later to be installed. The units are 

placed 1n the pan 1n a vertical position and the lead 

wires are draped over the ed.ge of the pan. The soil is 

then saturated with distilled water and allowed to dry 

down to insure good contact of the units with the soil. 

The pan is again saturated and allowed to dry down to the 

permanent wilting point as previously determined for the 

soil. At this point the pan is sealed with paraffin to 

prevent further loss of moisture and placed in a constant 

temperature room to~ a week. After several readings that 

show no fluctuations it was assumed that no large moisture 

gradients occurred 1n the soil and the units were then 

read for what was considered to be their resistances at 

wilting point. Units having resistances varying greatly 

from the average reading were discarded in favor or more 

standardized units. These units were combined into stacks, 

checked again and were then ready for installation. 



33 

Mechanical analysis was made on the soil samples by 

the modified hydrometer method as described by Youngberg 

(43). Results were expressed 1n terms of the standard 

textural classes. 

Soil reaction (pH) was determined with the glass 

electrode pH meter by using a 1:1 soil-water ratio (by 

weight) (12, pp. 23-24). Total organic matter was deter

mined by the rapid dichromate oxidation method as modified 

by Walkley and Black (12, p. 21). 

Total nitrogen or the tissue samples from the Black 

Rock was determined by the Kjeldahl method. The results 

were expressed as percent weight of the oven dry leaf 

material. 

Available nitrogen was determined on the soil samples 

collected at the Stump Farm. After the analyses of sever

al sets of weekly samples it was decided that it would not 

be necessary to analyze all samples. By picking out five 

scattered dates from the first of the summer to the winter 

of 1956 it was felt that an adequate knowledge of the 

available nitrogen status would be obtained. Ammonia was 

determined on KCl extracts by nesslerization and the color 

developed was compared to a standard curve by using an 

electric photolometer. Nitrates were determined on water 

extracts by the phenold1sulphon1c acid method (31, pp. 49

50) and the results were also compared to a standard curve 
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by using the electric photolometer. The results were ex

pressed for both of these analyses as parts per million 

of the air dried soil sample. An individual statistical 

analysis was made on the ammonia and nitrate data to 

ascertain any effect of the treatment (thinning) or of 

time of sampling on the levels of these forms of nitrogen. 
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RESULTS AND DISCUSSION 

BLACK ROCK FOREST 

Data from the soil moisture sampling conducted in the 

Black Rock Forest area indicate that soil moisture was not 

a limiting factor in tree growth during either the 1955 or 

1956 season. Soil moisture at the start of the growing 

season is higher than field capacity, as measured by the 

moisture equivalent, and this moisture is depleted rapidly 

until the middle of July at which time the depletion tends 

to level out and moisture losses become very low and con

stant. In 1955 no plots were depleted to the wUt1ng 

point , as measured with the pressure membrane , and only 

the surface foot or two subplots ( 3NE and 6SW) dried down 

to the wilting point during the summer of 1956. 

The pattern of moisture depletion from all of the 

plots is similar 1n shape, but the two years differ as to 

the date that the most rapid loss occurred. In 1955, the 

period. of rapid depletion extended into August (Figure 1), 

but in 1956 moisture loss had decreased greatly by the 

first of July (Figure 2), This seems like a great differ

ence, but a knowledge of the climatic conditions which 

accompanied this moisture depletion serves as a basis for 

understanding why the patterns for the two years were 

dit'"ferent. 
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The summer of 1955 was a very cool. wet summer. Dur

ing the entire summer period rainfall came in showers or 

greater duration and intensity than in average years. 

Temperatures were also lower as a result of the greater 

number of overcast days that occurred. 

In contrast, the summer of 1956 was very warm and 

exceptionally dry. The growing season began about a 

month earlier as a result of an unseasonal period of early 

sunshine and warm weather. 

With these differences it would be surprising if 

similar differences were not found in the soil moisture 

f,luctuations throughout the two summers. After a winter 

of abundant rainfall such as occurs in Oregon , the soils 

at the start of the growing season are at approximately 

field capacity. Therefore , the period of most rapid soil 

moisture depletion is during the first few months of the 

growing season and tends to level out with further losses 

becoming small about the last of June or the first of July 

(Figure 2) . 

In the summer of 1955, the average thinned quarter

acre subplot utilized 71.79 percent of the total available 

moisture stored in the soil. During the same period the 

average control subplot utilized only 59.83 percent of t he 

available moisture. In 1956, the average thinned subplot 

used 78.12 percent while the average control utilized 
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67.37 percent (Table 1). 

It 1s not too difficult to understand the differences 

between the two years; however the differences between the 

thinned and control plots seem to present a paradoxical 

situa~on. In both years the thinned plots utilized a 

greater percent of the available moisture than did the 

eontr.ol plot. From the literature review. the general 

trend in similar experiments was for the soil moisture 

status to be unaffected or slightly improved by thinning. 

It seems logical that fewer trees per acre would transpire 

less moisture into the atmosphere. On the unthinned con

trol. evapo-transpirational losses would be expected to 

continue just as they have for the years prior to the 

thinning study. 

'lhere is a. possibility that the herbaceous vegetation 

of the thinned plots increased enough to offset any gain 

in moisture through removal of part of the trees. Unfor

tunately no records were kept of the amount of herbaceous 

vegetation found on the plots before and after thinning. 

It is unfortunate that soil moisture sampling could 

not have taken place several years before the thinning to 

establish the moisture depletion pattern and l~ts of 

moisture for the soils of each plot. In this way any 

change could be compared not only with the control plot 

but also with the previous performance of the thinned 

http:eontr.ol
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TABLE I- PERCENT UTILIZATI ON OF AVAILABLE MOISTURE 
FROM A DEPTH OF 0-3 FEET ON THE BLACK ROCK FOREST 

Plot ~ Total Avail. Volume Avail. " Avail. 
Basal Area Moisture Moisture used Moisture 

Removed (inches) (inches) Utilized 

1955 1956 1965 1956 

lNE 21.5 7.:37 5.03 5.66 68.25 76.80 
sw 14.3 6.67 4.67 4.94 68.07 74.06 

2 NE 19.7 8.36 5.49 5.55 64.67 6Ei.39 
sw 23. 3 7.43 5.45 5.86 73.36 78.87 

3NE 12.5 6.63 5.84 5.95 88.09 89.74 
sw 16.3 5.22 3.69 4.07 70.69 77.97 

6NE 13.0 6.01 4.27 4.81 71.05 80.03 
SV'I 15.0 5.97 4.19 4.84 70.18 81.07 

7NW i 0 ::) . 0 4.94 3.05 3.31 61.74 67.00 
SE 00.0 5.61 3.26 3.80 57.93 67.74 

1955 1956 

Average " utilization of thinned subplots 71.79 78.12 

Average %utilization of control subplots 59.83 67.37 
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plot. The importance of establishing sueh relationships 

becomes even more evident when the soils of the control 

and the thinned plots are examined closely. ·The control 

was the only plot sampled that contained a large percent

age of small stones and also had several areas of rock 

outcrop. Even if the large stones are taken into account 

when evaluating moisture depletion, plot 7 cannot be con

sidered an adequate control for the thinned plots in this 

study. 

It might be expected that the value of thinning in 

an area of summer rainfall deficiency woUld be different. 

with respect to soil moisture, from a similar thinning 1n 

an area of abW'l.dant summer rainfall. 

Mitchell, as mentioned in the review of literature. 

found that generally twenty percent of the total rainfall 

on a fully stocked forest stand is intercepted by the 

trees (24, pp . 101-102). It seems reasonable to expect 

less interception and therefore more rain to reach the 

ground if part of the stand has been removed through 

thinning. The importance of this interception depends a 

great deal upon the climatic conditions existing in the 

area mlder consideration. Under conditions of high winter 

precipitation and sparse summer rainfall trees depend for 

most of the growing season upon stored soil moisture; 

therefore interception by the forest canopy is not of 
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great significance. The importance of interception is 

greater 1n areas having reasonably abundant growing sea

son precipitation, for there is sufficient rain to replen

ish ·· depleted soil moisture and have an appreciable effect 

upon plant growth. 

If the data are correct, the Black Rock plots did not 

utilize all of t he available moisture during either the 

1955 or l956 season. It is possible that the permanent 

wUting point as determined on the pressure membrane may 

not be the true wilting point of the soils investigated. 

'lbe moisture depleticm curves (Figures 1 and 2) level orr 

to such a degree that the wilting point values are sus

pected to be slightly low. If there is available moisture 

in August. with abundant sunshine and warm temperatures, 

it seems the trees should utilize more of this moisture 

and reduce the level down closer to the wilting point. A 

soil moisture depletion curve is expected to level out at 

the wilting point, but its leveling out above the wilting 

point early in the season is difficUlt to explain. It 

points out the need for more research on the moisture re

lations of latosolic soils and Douglas-fir forests. 

It was thought that more favorable moisture conditions 

and increased soil temperature due to greater insolation 

following thinning might lead to greater decomposition 

rates of the organic matter in the forest floor and more 



Papid release of nitrogen. The nitrogen data, as presented 

1n Table II, for the tissue samples collected from lesser 

vegetation 1n the Black Rock Forest in the fall of 1955 and 

1956 did not reveal any differences in nitrogen levels 

between the thinned and unthinned plots. The data also 

indicated that the levels of nitrogen were similar for 

both the years studied. 

STUMP FARM PLANTATION 

The soil moisture readings from fiberglas units in

dicate a steady depletion of soil moisture from the late 

spring to the middle or the summer when the soil was close 

to wilting point over most of the area (Figure 3). This 

signifies that soil moisture may be a limiting factor 1n 

the growth or the stand. In the early part of June sev

eral units began to indicate that soil moisture was at the 

wilting point. More units reached the wilting point as 

the season progressed and by August 15th over· half of the 

units on the area were indicating drought conditions. By 

September 5th eighty percent of the units were at the 

wilting point. 

There was no apparent sequence of moisture depletion. 

either with regard to soil depth or plot treatment except 

the surface (4") units were generally first to dry out. It 

was noted that the entire area was not nearly so uniform 
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Fig. 3 'liyii)icaJ. cUM~eS ~or soil moisture de-ple1tl.·on, as 
measured by Colman electri¢al resistance s oil moisture 
unitts, on the Stump :Farm 1rr 1956. 
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TABLE J.I. PERCENT OF TOTAL NITROGEN FOR REPRESENTATIVE 
GROUND COVER VEGETATION ON THE BLACK ROCK FOREST 

Plot Oregon Grape Salal Sword Fern Bracken Fern 
1955 1956 1955 1956 1955 1956 1955 1956 

1 1.03 1.04 1.01 1.02 

2 1.01 1.17 1.28 1.50 
3 0.99 1.06 1.sol 2.03 -
4 1.09 1.07 .. 1.401 2.23 

6 1.07 0.96 1.42 1.44 

72 1.03 1.00 1.60 1.52 

92 1.09 1.04 1.06 1.01 .. 

AVERAGES FOR OREGON GRAPE 

1955 1956 
Thinned 1.04 1.06 

Control 1.06 1.02 

1rn the tall of l956, a frost injured the bracken fern 
plants to the extent that the nitrogen content might
have been changed. Therefore sword fern was sampled
instead. 

2contro1 plots. 
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with regard to soil moisture depletion as it appeared from 

general observation. The units tended to dry out first 1n 

the northeast section (plot 1) and this desiccation de

creased across the area to the southwest plots (10 and 12) 

which contained the most available water at the end of the 

summer. 

Each surface unit was assigned a value for the number 

of weeks it had been at wilting point prior to the first 

fall rain. In this way the ''drought weeks" as measured by 

each unit could be compared on an equal basis and an anal

ysis of variance was made to determine the differences due 

to thinning. This analysis showed that there was no sig

nificant difference, at the five percent level, between 

the treatments 1n the amount of time that the surface unit 

indicated a moisture ~vel at or below the wilting point 

(Table III). 

After rainfall started in the fall, the moisture 

readings were continued to determine any differences whiCh 

might occur 1n the time required for the soil profile in 

the various plots to become moist again. The data was 

evaluated by noting the date at which the moist front 

reached the lowest (36~) unit. The selection thinned plots 

were the first to become completely moist. The crown 

treatment response was not clear for it was equally spread 

over the three month period, but it could be classed as 
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TABL~ III. NUMBER OF WEEKS AT THE PERMANENT WILTING POINT 
FOR THE SURFACE SOILS ON THE STUMP FARM DURING l956, AS 

MEASURED BY COLMAN MOISTURE UNITS AT THE FOUR*INCH DEPTH 

Treatment 

Replicate Control Low Crown Selection 

1 7 16 4 2 

1:3 16 15 11 

2 8 6 16 2 

1 14 11 1 

4 7 4 8 

13 5 _§.~ 

Average 7.7 16.7 8.7 5.3 

ANALYSIS OF VARIANCE 

Variation Due To: Degrees Of Mean 
Freedom Square 

Total 23 

Replication 2 67.79 

Treatment 3 29.49 

(R x T) Error 6 63.47 

Sampling Error 12 .74 



intermediate in response. The slowest to become complete

ly moist were the low thinning and control treatments. 

These results, although not statistically significant, 

were much like the pattern expected. In a selection thin

ning some of the largest trees are removed and thus open 

up the canopy more than other treatments. In a crown 

thinning a few large trees, in addition to small trees, 

are removed, so the canopy is not opened up as much as 

under the selection method. Low thinning involves the re

moval of trees that are suppressed and therefore opens the 

canopy the least amount. As the openings in the canopy in

crease 1n size and number more rain is able to penetrate 

the canopy and reach the ground. It can be seen, therefore, 

that the soil profiles become wet in the order that would 

be normally expected. 

Temperature data for the four inch depth indicates no 

appreciable difference among the various treatments. The 

following maximum and minimum soil temperatures were re

corded under the various treatments: 

Treatment Temperature (OF) 

Maximum Minimum 

Control 61.83 32.50 

Low 61.66 33.16 

Crown 62.16 32.66 

Selection 63.00 32.66 
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Each temperature value is the average of readings 

from siX units on the three replications. The average 

maximum temperature for the selection thinnedtreatment 

was slightly higher than the control but this difference 

was not considered significant. 

It was believed that conditions of higher moisture 

and temperature would exist after thinning, thus increas

ing nitrification 1n the thinned plots. The improved 

moisture and temperature status in the soil failed to 

materialize and the results of the nitrogen analyses 

actually indicate a slight reversal of the trend that was 

expected. 

An analysis of variance of the nitrate nitrogen (Table 

IV) and ammoniacal nitrogen (Table V) data indicate that 

there are no significant differences among the various 

treatments. A significant difference is apparent, how

ever, on the amount of available nitrogen found at various 

dates sampled throughout the season. It appears that both 

nitrate and ammoniacal nitrogen decrease to a low point in 

the late summer and then build up over the rest of the 

year to a peak which probably occurs 1n the early spring. 

However. no samples were taken in the spring to substan

tiate this. 

When this portion of the investigation was begun it 

was suspected that differences in the available nitrogen 
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TABLE IV . RELATIONSHIP OF THINNING AND TIME OF SAMPLING 
TO THE STATUS OF NITRATE NITROGEN IN THE SURFACE THREE 

INCHES OF SOIL ON THE STUMP FARM DURING 1956 

Date Cont~o1 Low Crown Selection 

June 28 1.97 1.72 1.59 1.30 

July 26 2.46 1.35 1.49 1.28 

Aug. 29 2.:31 1.46 1.54 1.29 

Oct. 10 2.68 1.38 1.48 1.36 

Nov. 8 3.08 2.92 3.00 2.66 

Note: Each value is the average of the three rep1ioaticns
and is expressed in parts per million nitrogen as 
nitrate. 

ANALYSIS OF VARIANCE 

Variation Due To: Degrees Of Mean 
Freedom Square 

Total 59 

Replications 2 .2795 

Treatments 3 2.4698 

(R x T) Error (a) i 1.0446 

Dates 4 3. 7487 

Date x Treatment 12 .163:3 

Error (b) 32 .2165 

*Significant at 1~ level. 
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TABLE V. RELATIONSHIP OF THINNING AND TIME OF SAMPLING 
TO THE STATUS OF AMMONIACAL NITROOEN IN THE SURFACE 

THREE INCHES OF SOIL ON THE STUMP FARM DURING 1956 

Date Control Low Crown Selection 

June 28 22.5 24.5 21 . 2 21.7 

July 26 21.3 20.7 20 .0 22.7 

Aug . 29 15.2 15.3 14.6 13.2 

oct. 10 21.8 19.8 19.5 19.3 

Nov . 8 23.5 22.0 21 .5 20 .5 

Note : Each value is the average of the three replications 
and is expressed in parts per million nitrogen as 
ammonia. 

ANALYSIS OF VARIANCE 

Variation Due To: Degrees or Mean 
Freedom Square 

Total 59 

Replications 2 1.0815 

Treatment 3 7.2609 

{R x T) Error (a) 6 3.9380 

Dates 4 115.8440* 

Dates x Treatment 12 2.5538 

Error (b) 32 3.1369 

*Significant at 1~ level. 
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might not show up even if they were present because tree 

roots completely permeate the soil and the nitrogen may be 

utilized almost as soon as it becomes available. This may 

account, 1n part, for the low level of nitrate nitrogen. 

It is interesting to note that 1n June, the level of 

ammoniacal nitrogen was around twenty parts per million 

and there were only two or three parts per million as 

nitrates·. With the ammonia content so high, it is likely 

that nitrogen is not a limiting factor on the area. How

ever, the low status of nitrates presents a complicating 

factor in this explanation, Nitrates may be low because 

they are being taken up preferentially although no evi

dence has been brought out on this selectivity. The pH or 

the soil is approximately 5,2 and this, being strongly 

acid, may inhibit the actiVities of nitrifying bacteria. 

It is generally believed that conifers utilize ammonia 

readily. If this is true the constant relatively high 

level of ammonia would indicate that the production of 

available nitrogen is adequate under all treatments. 

Sushkina (35, p. 28) states "both pine and spruce 

make good use of ammonia as nitrogenous nutrition, and it 

is possible that with the aid of mycorrhizae the organic 

nitrogenous substances in the forest litter cause a good 

increment on soils not capable of nitrification". She 
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also points out that Hasselman found all forest types grow

ing bet~er, other conditions being equal, when nitrifica

tion is taking place . On the other hand he postulates 

that coniferous trees preferably use ammonium combina

tions (35, p. 29) . 

Since the thinning treatments have had no significant
• 

influence on moisture and temperature relations in the 

soil, the lack of any effects on nitrogen transformations 

was not unexpected. 

the relationships determined 1n this study are also 

in agreement with the lack or any srowth responses result

ing from the thinning treatments (Tables VI and VII). 

The time lapse necessary for the response in growth 

by the residual stand varies with each different thinning 

operation . It this response occurs 1n the areas or this 

study it may be accompanied by measureable changes in 

soil conditions which were not perceivable in this study. 

The measurement or such changes 1n a biological system is 

a very difficult task and to correlate the results obtained 

often seems hopeless. Adams (2, p . 38) brings out as one 

of his conclusions in a similar study that nthe conditions 

which are prevalent on a given site cannot be taken as 

indicative of those predominant on another site even 

though it may be relatively close at hand and in the same 

locality". 
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TABLE VI. SEASONAL GROWTH RECORDS CF 
SELECTED TREES ON THE BLACK ROCK FOREST 

Tree No . Diameter Growth (inches) 

23 
151 
335 
494 

72 
565 

75 
214 
234 

411 

404 
464 
663 
600 

Plot 3 

Plot 2 

Plot 4 

1955 1956 

Plot 7 Control 

0.22 0.21 
0.35 0.29 
0 . 30 0 . 29 
0.39 0.30-

Average 0.315 0.272 

Thinned 15.9~ of basal area 

0.28 0 . 29 
0.21 ~ 

Average 0. 245 0.255 

Thinned 19.1:( of basal area 

0.30 0.22 
0.26 0.26 
0.33 0 .32 
0.30 0.28 

Average 0.298 0.270 

Thinned 31.4~ of basal area 

0.37 0.30 
0.22 0.24 
0.26 0.25 
0.20 0.22-

Average 0.262 0.252 
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TABLE VII. SEASONAL GROWTH OF 
SELECTED TREES ON THE STUMP FARM 

Tree No. Diameter Growth (inches) 

1955 1956 

74 
82 

147 

Plo~ 1 Low Th1nn1ng 

0.35 
0,28 
0. 28 -

0.33 
0. 29 
0.2~ 

.Average 0 • 303 0,283 

Plot 4 Selection Thinning 

18 
27 
97 

0.21 
0.19 
0.26 

0.20 
0.20 
0.19-

Average 0.220 0.197 

24 
55 

Plot 5 Low Thinning 

0.31 
0,34 

0.29 
0.32 

Average 0,325 0.305 

20 
84 

Plot 6 Crown Thinning 

0.16 
0.30-

0.19 
0.33 

Average 0 •. 23 0.26 
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SUMMARY AND CONCLUSIONS 

Due to the inadequacy or the single control, conclu

sions drawn from the Black Rock soil moisture data must 

necessarily be general and made with some reservations. 

However. the results of this study seem to indicate that 

soil moisture is not a seriously limiting factor for tree 

growth on the Black Rock Forest. No appreciable differ

ence was noted between the soil moisture status of the 

thinned and control plots. Because the soil moisture de

pletion curves level out above permanent wilting point 

instead of at or below the wilting point, as they theo

retically should, it is suspected that the wilting point 

as determined on the pressure membrane is erroneous for 

the soils investigated 1n this study. This apparent 

difference between measured and actual moisture values 

indicates that there is a definate need for further re

search on soil moisture-tree growth relations. 

There was no difference 1n the nitrogen content of 

the tissue of lesser vegetation from the thinned and un

thinned plots, nor was there any difference due to the 

year in which sampling took place . This serves to indi

cate that the nitrogen status or the plots remained con

stant for the duration of the study. 

Available moisture was almost entirely depleted by 
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the fall of 1956 on the Stump Farm plantation. This de 

pletion indicates that soil moisture may be a limiting 

factor 1n the growth of the plantation. The major portion 

of the area was without appreciable moisture for several 

weeks to a month. This moisture depletion did not follow 

any patt.ern as to thetreatment or as to depth in the soil 

on any given plot with the exception of the surface units, 

which generally dried out first. It was noted, however, 

that soil moisture was utilized completely , first 1n the 

northeast corner of the area, and the southwestern portion 

contained more moisture than the other parts at the end of 

the dry season. 

Soil temperatures at the four -inch depth on this area 

did not change appreciably as a result of thinning. A 

slight increase of lOF was noted in the average maximum 

temperature of the selection thinned treatment but this 

was not considered significant . 

With no noticeable change in the soU moisture or 

temperature it was not surprising to find the nitrifica

tion and ammonification unchanged by thinning. It would 

seem, with the high level of ammoniacal nitrogen, that 

nitrogen is not a limiting factor on this area. The low 

level of nitrate nitrogen may be due to some interference 

to nitrification such as soil acidity. 

The results of this study, although conducted under 
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climatic conditions different from previous investigations, 

are nevertheless similar to those found elsewhere. Soil 

moisture was seemingly unaffected by the thinning. Soil 

temperature was only slightly affected and there was a 

slight decrease in the amount of available nitrogen. 

It should be reemphasized that . the Black Rock Forest 

is very different with regard to the climate, soils, and 

age of the forest stand from the Stump Farm plantation. 

Considering these differences and the purpose for which each 

area was set up, ie. an example of a commercial forest and 

a farm woodlot, it is unreasonable to attempt to draw com

parisons between the areas and none is implied by the 

writer. 

This study was undertaken as a preliminary investi

gation of the edaph1c factors which are influenced by 

thinning in an effort to evaluate the effect of thinning 

on these factors and to indicate areas where further re

search might be profitable. Time since thinning is a fac

tor which may have a pronoWlced effect upon these changes 

but this can be ascertained only by future work. 
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TABLE VIII. PROFILE DESCRIPTIONS OF 
REPRESENTATIVE SOILS OF THE BLACK ROCK FOREST 

Plot 3 Hembre clay loam 

Elevation 1300 feet Slope 50~ Aspect sw 

Horizon Depth Color Texture Structure Consistence 
(in.) 

Ao 1 - 0 
mvtr dl 

All 0 - 4 2.5YR3/6 cl 3 f gr wso wpo
mvfr dl 

A12 4 - 13 2.5YR3/6 cl 3 r gr WSS WpS 
m.fr dl 

A3 13 -27 2.5YR3/6 c 3 f gr ws wps
mfr ds 

Bl 27 - 36 2.5YR3/6 c 1 msbk wss wps
mfr ds 

B2 30 - 60t- 2.5YR3/6 c 2 msbk ws wps 

Plot 4 Aiken silty clay loam 

Elevation 1440 feet Slope 10" Aspect SW 

Horizon Deoth Color Texture Structure Consistence 
(in.) 

Ao ! - 0
"' mvfr dl 

Al 0 - 9 5 YR4/4 sicl 3 f'gr wso wps
mvfr ds 

A3 9 - 15 2.5YR4/4 sicl 3 fgr wss wps 
mtr ds 

B2 15 -20 2.5YR4/4 sicl 2 fsbk wss wps 

B2Dr 20+ Contains 70~ or more large basalt stones. 
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TABLE VIII. (continued) 

Plot 7 Sites clay 

Elevation 1300 feet Slope 5~ Aspect s 

Horizon Depth 
(in,) 

Color Texture Structure Consistence 

Ao 1 - 0 
mvtr ds 

Al 0 - 10 5YR:3/3 c 3 fgr wss wps
mt1 

Ba 10 - 18 5YR4/8 c 2fsbk wss wps 
mvf'i 

B:3 18 - 28 5YR4/6 c 2 tsbk wss wps
mvfi 

c 28 .. :36 5IR4/6 c M wss wps 

CDr 36 + 5YR4/6 

Parent material derived from shale. 

Note: Nomenclature and abbreViations from Soil Survey
Manual (42, pp. 123-234). 



TABLE IX. PROFILE DESCRI PTION OF STUMP FARM S OIL 

Yamhill! silty clay loam 

Elevation 260 feet Slope 25fo Aspect W 

Horizon Depth
(in.) 

Color Texture Structure Consistence 

Ao l - 0 
wss 

A 0 - 8 10YR3/2 sicl m & r sbk mfi wp 
ws 

Bl 8 - 20 7.5YR3/2 sic c & m sbk mfr wp 

B2 20 - 30 10YR4/3 sic c sbk 
wvp
mfi wvs 

B3 30 - 34 10YR4/3 c c bk 
wvp 
mfi wvs 

CDr 34+ lOYR4/3 c 
wv-p 

mf1 wvs 

Note: Nomenclature and abbreViations from Soil survey
Manual (42, pp. 123-234). 

!Tentative series name. 



TABLE X. SUMMARY OF CHEMICAL AND PHYSICAL PROPERTIES 
OF SOILS (0-7 in.) FROM THE STUMP FARM PLANTATION 

Plot Texture Bulk Reaction Available Exchangeable O. lrt. Total N 
Density (pH) p K Ca !fJg ~ % 

ppm me./lOOgms. 

1 silt loam 1.31 5.11 2. 0 173 5.26 3.74 3 .16 .015 

2 silty clay loam 1.28 5.05 3.2 275 4.19 3.10 3.07 . 014 

3 silty clay loam 1.32 5.14 2.2 230 5.44 4.52 2.76 . 014 

4 silty clay loam 1.27 5.03 3.8 207 4.24 2 . 9 6 3 .18 . 014 

5 loam 1.28 4.92 3.5 368 6.89 7.61 3.53 . 017 

6 loam 1.33 4.98 2.0 191 6.09 5.71 2 .31 . 012 

7 clay loam 1.31 5.01 1.7 186 4.80 5.18 1 .96 . 011 

8 clay loam 1.24 4.98 2.0 225 5.94 4.81 2 .60 . 013 

9 sUty clay loam 1.34 5.22 

10 clay loam 1.27 5.12 

11 sUt loam 1.26 4.92 -
12 loam 1.21 4.SO 

(7) 
~ 
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TABLE XI . SUMMARY OF PHYSICAL AND CHEMICAL PROPERTIES 
OF SOILS FROM THE BLACK ROCK FOREST 

Plot Horizon Depth ,: Texture Bulk pH OM 
(in.) Stones Density 

1 Al 0 - 7 4.1 sUty clay (6~)1.07 5.00 7.42 
A3 7 - 14 2.9 clay (18")1.08 5.10 
Bl 14 - 20 2.0 clay ( 30 It) 1. 48 4. 85 .
B2 20 - 35 1.9 elay 4.60 
B3 35 - 56 1.6 clay 4.75 
c 56-t- 7.6 clay 4.55 

2 Al 0 - 10 4.1 clay (6")1.18 5.29 3.78 
B2 10 - 22 16.0 clay (18")1.46 4.87 
B3Dr 22 - 32 37.3 clay (30")1.55 4.75 
CDr 32+ 23.3 clay 4.72 

A11 0 - 4 10.0 clay loam (6")1.00 5.88 6.79 
Al2 4 - 13 5.9 clay loam (18")1.06 5.46 
Ao 13 - 27 4.7 clay (30 .. )1.04 4.90 
Bl 27 - 36 4.3 cJ_ay 4.98 
Be 36 - 60+ 5.6 clay 4.72 

4 Al. 0 - 9 38.1 silty clay loam 5.40 6.17 
A:3 9 - 15 27.8 silty clay loam 5.35 
Bs 15 - 20+ 54.7 silty clay loam 5.50 

6 Al 0 - 7 6.7 clay (6")1.04 5.10 5.64 
A3 7 - 11 3.8 clay (18")1.42 5.07 
Be 11 - 22 11.1 clay (30")1. 35 4. 90 
B3 22 - 31 23.3 clay 4.88 
CDr 31+ 39.0 silty clay loam 4.90 

7 Al 0 - 10 12.3 clay (6")1.22 5.39 4.93 
Be 10 - 18 8.3 clay (18")1.30 5.28 
B3 18 - 28 10.1 clay (30")1.45 4.85 
c 28 - 35+ 3.3 clay 4.64 

9 Al 0 - 7 32.7 clay 5.09 4.08 
A3 7 - 14 31 .0 clay 5.08 
Bl 14 - 20 16.1 clay 5.02 
Bs 20 - 30 11.7 clay 4.86 
B3Dr 30-r 15.4 clay 5.00 

-... 
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