
SOEII-SITE RELATIONSHIPS IN SECOND GROW{ 
nOTcLAS-FIR STANDS IN THE CJTRAL OREON COAST RANGE 

DEAN HOWARD tJRIE 

A THESIS 

submitted to 

OREGON STATE COLLEGE 

in partial fulfillment of 
the requirements for the 

degree of 

MASTER OF SCIENCE 

June l99 



AP?1?OVET): 

Redacted for privacy 
re.or Of o11.,) j 

In tharge of Major 

Redacted for privacy 

îtd öf ot1s Departrt 

Redacted for privacy 

uate Corrunl.ttee 

Redacted for privacy 
T)ean of craduate School 

Date thoBis ia presented J'y 22, 198 

Typed by Betty Bryant 



ACKNOWLEDGEME NTS 

A word of appreciation is due to Dr. C. T. Youngberg 

for is aid in introducing me to the 80118 of the Douglas- 

fir region. I am also indebted to Dr. Ellis G. Knox for 

his assistance in classifying some of the soils which were 

moat troublesome and for helpful s'estions concerning 

organization of resu1t. I wish to thank Dr. . G. 

Petersen for his assistance with the statistical analysis 

of the data. 

Funds for this study were made available throu the 

Forest Protection and Conservation Committee. 



TABLE OF CONÏEN 

pa ge 
INTP OD TiC TI ON . . . . . . . . . . . . . . . . . . . . i 

IHE SiTE INDEX CONCEPT . . . . . . . . . . . . . . . 3 

REVIEW OF PREVIO!JS SOIL-SI'tE INVE&I IGATIONS. . . . . 6 

Soil-Site Research in Other Areas of the United 
c,4_ - 

. 

Soil-Site Research in the Douglas-fir Region . .13 

DESCRIPTION OF WE S1 UDY AREA . . . . . . . . . . . 19 

Topography . . s s s s s S S S S s 19 

Climate . S S 5 S S S 5 5 S s S . 20 

Soils . . . . . ...... . . . . . . s s s 20 

Forests . . . . . . . . . . . . . . . . . . . . 21 

METHODS ANDPROCEDURES . . . . . . . . .. . . ... 2I. 

Field Study Methods . . . . . . . . . . . . . . 2I. 

Laboratory Procedures . . . . . . . . . . . . . 30 

ANALYSIS ATT) INTERPRETATION OF DATA . . . . . . . . 33 

Evaluation of Site Index Curves . . . . . . . . 33 

Single Fector Analysis of Soil and Site Factors 37 

Multiple Regression Analy8i8 of the Effect8 of 
Soil ani Site Factors . . . . . . . . . . . . . L6 

The Effects of Soil Depth . . . . . , . . . . 

Effects of Clay Content of the B2 Horizon . . . 

The Effect of Stoniness . . . . . . . . . . . . 

Aspect and Annual precipitation Variables . . . 

Effects of the Range of Available Moisture . . 



TABLE OF CONTENTS 

page 
Site r'ua1ity Variations between 3i1 Series . . 

Analysis of Subordinate Vegetation Data . . . . 60 

IDFNTIFICA'ION OF SITE ()ALITY UNDER FIELD CONDITIONS 67 

BIBL I O( RAPHY . . . . . . . . . . . . . . . . . . . . 72 

APENDIX I . . . . . . . . . . . . . . . . . . . . . 77 

AP°ENDIX II . . . . . . . . . . . . . . . . . . 89 



LIS OF 1I('T?E' 

pa ge 
Fig. i Location of Sample Plots by Site Index Class, 

Benton and Polk Counties, Oregon. . . . . . . 26 

Fig. 2a Average Total Height over Age for all Plots 
by Year au,e classes compared to Standard 
Site Inlex (urvo for the Average of the SILe 
Indicas or all 1ots. . . . . . . . . e s 

Fig. 2b Average accumulated 10 year Heit Increnents 
for 80 Trees, representin. 1O plots VS. 
Standard Curve for Mean Site Inlex of these 
ploe. . . . . . . . . . . . . . . . . . . . . 38 

Fig. 2o Computed Site Index Curve (Log. Ht. Log Ave. 
Ht. - b(l/Age - 1/ Ave. Age) VS. Standard 
Curve passing through intercept Ave. Age, Ave. 
Ht. (72.b yrs, 120.3 ft.) . . . . . . . . . . 38 

Fig. 3a Relation of Site Index to Soil Depth . . . . . tO 

Fig. 3b Relation of Site Index to Soil Depth Class by 
Parent Material Group. . . . . . . . . . . . . 

Fig. 14. e1ation of Site Index to Bulk Density of B2 
H orizori. . . . . . . . . . . . . . . . . . . . L.2 

Fig. T)esignaLion of Numerical Aspect Glasses for 
use in regression analysis. . . . . . . . . . L2 

Fig. 6 Relation between Site Index and Clay in B2 
Horizon (after compensating for other soil 
and site factors). . . . . . . . . . . . . . 

Fig. 7 Averae Crown Cover for Trees and ìhrubs 
(sarp1e plots grvuped by 10 ft. S. I. classes) 66 



LIST OF TABLES 

Page 
Table i Results or Rerresslon Analysis of Site Index 

as Affected by Soil Depth . . . . . . . . . . 

Table 2 Pesults of flegres8ion Analysis of t Effects 
of Subsoil Properties on Site Inriex Values . 

Table 3 Result8 of Regression Analyst8 of the F.ffects 
of elope on site Index, by Aspect Groups. 
Fig. 6. . . . . . . . . . . . . , , 

Table Zi. Soil and Site Factors Fntered in Multiple 
Regression Analysts . . . . s . a . e . tiß 

jble Tesults of Multiple ore8aion Analysis of 
the Relation between Soll and Site Factors 
and the Rate of Growth of Douglas-fir .t9 

Table 6 Distribution of Sample Plots by County, 
Soil Series and Site Class . . . . . . . . . 56 

Table 7 Average Site Index Values and Ranpea of Site 
Indices for Sample Plots according to Soil 
Series, Stoniness arx Soil Drainage . . . . . 

Table 8 clay Content of the 132 Horizon for t Aver- 
age of all soils by Soils Series compared to 

Averare Site Index Values , . . , . . . . . . 

'Iable 9 Mean Site Irxlex from !radiction Formula 
compared to Site Index from Standard Site 
Curves, by Soil Series . . . . . . . . . . . 

Table 10 Average Per Cent Cover by Tree and Shrub 
Species for Saiple Plots by iO Foot Site 
Indox Classes . 63 

Table 10 Continued . . . . . . . . . . . . . . . . . 6I 

Table 11 Frequency of Occurrence of Herbaceous Species 
on ¿ample Plots, by 10 Foot Site Index Classes6 

Table 12 Expected Site Index Value of Soils by Serios 
and Depth Classes . . . . . . . . . . . . . . 70 



SOIL-SI'IE RELATIONSHIPS IN SECOND GROWTH 

DOUGLAS-FIR STANDS IN THE CEN1RAL OREGON COAST RANGE 

INTHODUC'IION 

The ability to predict future retur5 on an investment 

benefits any business enterprise. Forest management is 

particularly dependent ori such predictions since investments 

made in the establishment of a timber stand are not repaid 

by harvested products until the end of a long rotation 

period. The rate of forest growth varies widely from one 

area to another according to the site quality of each 

particular locality. Techniques of measuring this rate of 

growth and predicting the harvest yield have been apnlied to 

timber stands of intermediate ages for many years. Fore- 

casting yields on lands which are not now supporting timber 

stands of the desired species is not as easily accomplished. 

At the present time large areas of forest land in 

Oregon are unstocked as a result of fire or clearcutting 

operations which did not provide for adequate reforestation. 

Selection of the areas which will repay investments in 

reforestation requires that the forest manager be able to 

recognize the higher quality sites. Experience in forest 

areas elsewhere in the United States and in those few site 

studies which have been conducted in the Douglas-fir region 

has shin that the soil profile, a penuanent feature of the 

environment, together with other surface environmental 

features, provides a reliable guide to the site quality 



of a given locality. soil feat 
influence on growth or they may 

other growth modifying factors. 
they may be used to predict the 

lands with useful accuracy. 

The purpose of the present 

2 

ires may have a direct 
serve as an inUcator for 

When correctly interpreted, 
potentiality of unstocked 

study was to determine the 

soil arid site features which are related to the rate of 

growth of T)ouglas-fir (Pseudotsuga menziesil (Mirb.) 

Franco.) in the central Coast Range of Oregon. This area 

was chosen both for its convenience as a field laboratory 

and for the rather simple climatic and 80i15 patterns which 

exist here. Rates of growth on different soil and site 
conditions for established stands of this species were 

determined. The relationships found can be applied to 

similar habitats which are not currently supporting timber 

stands of sufficient age or density to permit direct 

measurement of site quality by conventional mensurational 

means. Forest site classes may be mapped from soils infor-. 

mation obtained from field operations or soils maps may be 

interpreted to obtain timber site quality by utilizing the 

relationships between soil series and depth phases as 

mapped and the growth of Douglas-fir. 
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HE SITE INTIEX CONCEPT 

Fundamentally, site evaluation is the prediction of the 

amount of salable timber products which can be grown on a 

particular area of land in a given amount of time. There 

are many difficulties which make the measurement of produc- 

tivity in terms of yield impractical. Changing market 

conditions arid specifications for products alter the portion 

of the tree which is to be utilized. The many man-made and 

natural disasters which alter the final production cannot be 

considered to be a part of the real ability of the site to 

grow timber. Moreover, yields are not commonly used to 

rrasure site quality because a history of production is 

needed to determine average yields. In the United States we 

do not have such production records for most of our forests. 
The height growth of most conifers and many hardwoods 

has been shown to correlate with the total volume growth of 

fully-stocked stands, Most timber species show little varia- 

tion in the rate of hei*ìt growth with different degrees of 

stocking. The height of the average dominant and codominant 

trees has been utilized as an easily measured index of site 
quality. Curves of the average heit over the range of 

ages for many species have been determined. Curves for 

Douglas-fir as grown in the Pacific Northwest were developed 

by McArdle and Meyer. (33, p. 13) 
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Families of harmonized curves drawn at repilar intervala 

thrip1i t!e total ranne of growth data make it possible to 

predict the expected heigbt of a stand at any given age. In 

the Northwest the heiìt at loo years of age is used as a 

common reference point. The predicted hei4t of any given 

stand at 100 years of age is the "site index" of that stand. 

The ranve of possible site indices for a species is often 

broken into 3 to groups called "site classes". In Douglas- 

fir stands five site classes are recoized. 'he height at 
100 years for trees in each class are as follows: 

Site Class I over l8 feet 

II 15 to 18 

III l2 to l 
IV 9 to l2 

V less than 9 

Spurr (141, ro. 8o-8) has criticized the use of one 

set of curves for all stands of the saine species because the 

growth pattern differs with various habitat conditions. He 

has also pointed out that use of standard curves can result 

in overestimation of site index when young stands are meas- 

ured even though older trees growing on the same area will 

indicate that the pattern of height growth is not as predict- 

ed. Carniean (7, ps,. 2L2-2O) investigated the average 

growth rates of Í)ouglas-fir on several soils groups. On 

poorly-drained soils he found that young stands grow at a 

slow rate but that this rate is maintained beyond the age 



when most site curves indicate a lower annual increment. 

On sandy soils this species makes rapid growth during the 

early years but growth decreases markedly in later life. 
Ilse of the curves of average Douglas-fir heiFht growth 

results in an underestimation of the site quality of young 

stands grvwing on poorly drained positions. These same 

curves would result in an over-estimate of the site index 

of stands on sandy or coarse textured soils. 
The uso of the site index curves facilitates the inter- 

pretation of information concerning the influences of site 
factors on tree growth, permitting the comparison of stands 

of different ages. ;ite index curves used for this purpose 

should represent the normal pattern of growth for the local- 

ity being studied. One of the first steps in analysis of 

data from the present study was the determination of the 

proper site curves for the stands within the study area. 



REVIEW 0F PREVIO" SOIL-SITE INVESTIGAI IONS 

Attempts to classify forest land according to produc- 

tivity by use of soil characteristics were made by nineteenth 

century European foresters. Cajander (, p. 6), in his 

review of diff'erent approaches which have been made to use- 

ful identification of forest types, mentions the use of a 

subjective classification of soils into five grades or 

broad soil classes which were established from empirical 

production data. Most subsequent work in "locality classi- 

fication" has been related to either the use of the plant 

indicator species and vegetation types (3, no. 1)j0), or to 

the mensurational techniques of site index determination 

from the height growth rates of trees on the land in 

question. Heiberg and White (21t, p. 7) refer to these two 

aoproaches as direct and indirect methods of site evalua- 

tion. The direct mensurational techniques are used in most 

soil-site studies to determine the applicability of such 

indirect measures as vegetation and soil features. 

Soil-Site Research in Other Areas of the United States. 

The study of' relationships between soils and forest 

growth in the ninited States has had a relatively brief 

history. About 192b, Haig (21, p. 28) reported that a 

correlation existed between the growth of red pine (Pinus 

resinosa L.) and various types of Connecticut soils. 



7 

The range of soils considered waa relatively limited. The 

young apes of the plantationa studied resulted in an emphasis 

on surface soil characteristics, such as surface soil tex- 

ture. This property alone was a sufficient site indicator 
to place an area within tF correct site class. Within the 

loam and sandy textured soils, the only textural groups 

covered by this study, Haig found the percentage of silt- 
plus-clay in the A horizon to be oositively related to the 

rate of height growth of the pine. .hen the soil series 
and type were determined and correlations between these 

mapping units and site computed, these relationships made a 

slightly better estimation of site quality possible than 

that obtained by usin.; surface texture alone. 

Similar relationships between surface soil texture and 

red pine growth were found by Hickock and coworkers. 

(2g, pp. 732-7I9) The nitrogen content of the A horizon was 

also round to increase with increasing site value. Nearly 

all factors tested showed sane correlation with site quality 
in the lower site index range. Correlation was either low 

or lacking between higher site values and these soil 
factors. 

Thrner (L6, p. 10) related the rate of growth of trees 

in Arkansas to the recognizable quantitative group combina- 

tions of soil and site factors wich could be summarized in 

a specific soil type of specific slope and exposure. Char- 

acteristics which were related to the growth rate of trees 
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were primarily those which influenced the amount of water 

available to plants. 

The Southern Pine Region las been the most thoroughly 

studied of all tJnited State8 forest areas. It is here that 

the relationships between site productivity and soil factors 

have been most clearly established. Colle (8, p. 729) 

found that no single physical characteristic of the soils 

gave a well defined correlation with site index of shortleaf 

olne (P1.nus enchinata Mill.). The ratio of silt-plus-clay 
percent of the B horizon to the depth of the B horizon was a 

reliable guide to site quality on soils with ligit textured 

surface and clayey subsoils. To evaluate site quality on 

a more general basis Colle advised the consideration of 

aspect, relative topographic position and slope, texture 

and thickness of the A and B horizons, and the nature of 

the substratum or soil parent material. The depth of this 

substratum to impermeable layers should also be considered 

if the soil is relatively shallow (9, pp. 6g-66). 

In a later work (10, p. 39), Clle adapted the use of 

the xylene equivalent, Che difference between the moisture 

equivalent and the same tesC with xylene used in place of 

water, as a method for evaluating the imbibitional water 

value of clayey subsoils. This value was utilized to char- 

acterize the physical properties of the subsoil as an 

environment for root growth. ¡Jtilization of this value 



enabled hirn to relate the Lmbibitional water values to the 

height growth of shortleaf and loblolly pines (Pinus 

taoda L.). 

Further studies with these species resulted in the 

develoçnent of niethods for the prediction of site uality 

by use of depth to the subsoil and the imbibitional water 

value of this subsoil. (12, p. 739) The standard error of 

site index eitimates made on the bíisis of these two var- 

lables was anproximately 9 feet, a level of accuracy corn- 

parable to that of estimates based on height measurements 

interpolated by height-ap,e curves to the reference age. 

The field anpìication of tables constructed from the results 

of multiple regression aììalysis of the depth, imbibitlonal 

water value, tree height and age, requires only the uso of 

a soil auger to evaluate the necessary soil properties. 

(1?, p. 7L1) Plasticity of the subsoil is used as an 

estimate of the imbibitional water value for field purposes. 

Ralston and Barnes (3g, pp. 8I-8) have applied these 

findings to slash pine (Pinus elliottil Engeim.) produc- 

tivity. Their study snowed that on poorly drained flat- 

lands typical of the habitat of this species the depth of 

the strongly mottled horizon or a fine textured (clayey) 

horizon served as a reliable uide to the rate of future 

heitht growth. Other work by Ralston (314., p. tO7) 
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utilized a modification of Schumacher's "fundamental growth 

curve" of the form: 

Log10 Volume : a0 4' b0 1 4 a1 5 4. b1 5 
Age 

S Site Index (38, p 20) 
The modified form of this equation as utilized by Ralston 

was as follows: 

Log10 Height : b0 4. b1 4 b2 x2 4. . 4. bxk 
x2 : numerical equivalents for site factors to 

be tested. Use of this multiple regression formula has been 

applied to soil and site variables as they affect c'rowth of 

southern pines (loc.cit.) and Douglas-fir (30, p 326). 

Zahner (sl, p. II8) separated loblolly pine sites in 

the Gulf Coastal Plain into two drainage classes and deter- 

mined a separate p'ecitction formula for each class on the 

basis of surface soil depth and the imbibitional water value 

of the subsoil horizons. For this species the site index 

W&3 found to be hihor on the soils with impeded drainage. 

The seeming inconsistency of this relationship, since 

impaired drainage would be expected to hinder root develop- 

ment, appears to reflect the increased moisture availability 

where the water table is maintained near the surface. This 

species is adapted to stream bottoms and other areas of 

moist soil8. (23, p. 90) 

(aiser (17, p. 27ti) investigated loblolly site in the 

coastal plains of Virginia eind the Carolinas. He found that 

three similar shaped curves of height over age were necessary 
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to plot the growth of t}is species on soils of three dif- 
ferent stages of drainage. Since the soil series of the 

region wore established with drainaFe classes as one of the 

differentiating characteristics, Caiser was able to tabulate 
sites according to soil series by also considering vari- 
ations in depth to subsoil horizons. 

Hodgkina (27, p. 66) demonstrated the necessity for 
local adaptations of such site tables as were developed by 

Coile and others. His tests of general tables on three 

pine species in Alabama indicated that the local conditions 

considerably altered the site values which would be expected 

from the strict application of the generalized tables. 
In aspen (Populus tremuloides Michx.) stands of the 

Lake States, Kittredge (30, np. 210-213) has shown that 
soil profiles can be used, within limits to predict 
height growth. One of the profile features, development of 

a strong A2 horizon, was associated with better aspen growth. 

Donahue (13, p. 39) listed the soil characteristics associ- 
ated with the best growth of hardwoods in the Adirondacks 

of New York State. These were a fine mull A horizon with 

no noticeable developiient at' a bleached A2, a pH above .O, 

deep, dark brown B horizons, the presence of slight to 

moderate amounts of rocks in the profile, and a thin accumu- 

lation of organic matter. He also noted that the best sites 
occurred on southerly slopes where a perched, moving water 

table existed. 
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Studies of the growth of various oaks in the Midwest 

have shown the following soil factors to be related to site 
quality: slope position, (18, p. L) (2, p. 1); aspect and 

exposure; drainage and depth of the A horizon, (loe. cit.). 
Youngberg and Scholz (RO, pp. 331-332) studied the effects 

of soil fertility factors on the growth of understocked oak 

stands in Wisconsin. On deep soils the content of exchange- 

able bases, soil reaction and content of organic matter were 

directly related t.o site quality. 

Growth of tulip poplar (Liriodendron tulipifera L.) 

was found to be inversely related to the clay content of 

the A horizon. A2 horizons with high clay content were 

found to be capable of retaining more water at maximum 

moisture levels. Poor growth was attributed to inhibition 

of root aoration and a reduction in effective rooting 

depth. (39, pp. 3b-38) 

Conifer stands in Maine have been investLated by 

Young (I8, p. 86) who has reported negative correlation 

between the depth of the A horizon and the height growth of 

eastern white pine (Pinus strobus L.). This decrease in 

site quality with increasing depth of the A horizon presents 

a reverse relationship to that demonstrated in the Southern 

Pine Region. Young suggests that this may be due to the 

recent glacial origin of the New England soils studied. 

The author further demonstrated lower site quality for white 

pine where there is a high content of stones in the B 
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horizon. A horizons with hith imbibitional water values 

wore found to be associated with poor spruce-fir sites. 
Aird and Stone (1, p. h26) considered a simple regres- 

sion of site index on either depth of the soils or on soil 

drainage class to be the most useful site prediction tool 

for European and Japanese larch (Laix decidua hull, and 

L. leptiepis Sieb. and ¿ucc.) as grown in plantations in 

New York itate. They also reported that soil type groups 

provided a suitable site indication if appropriate depth 

separations were made. 

Soil-Site Research in the Douglas-fir Region. 

Hanzlik (22, pp. 1WO-lI1) made a survey of the volume, 

height and basal area measurements or Douglas-fir stands on 

various site locations in 1912. T-Te noted that the best 

growth occurred on slopes rather than level land whe"e poor 

soil drainae often occurred. The first systematic Investi- 

pation of' the site con-litions w!'ich affect the rate of growth 

of Douglas-fir was made in 1929 by the Pacific Northwest 

Forest and Range Experiment Station. (33, pp. 8-9) McArdle 

and the other authors reported the effects of slope, aspect 

and other surface conditions on the yield arid rate of height 

growth of this species. This comprehensive survey of the 

stands of western Washington and Oreon showed that 90 per 

cent of the Site I plots were located below lOO feet eleva- 

tion and that none were found above 2000 feet. The authors 
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attribute these flndinps to the effects of shorter growing 

seasons and lower mean temperatures at these higher eleva- 

tins. North and east aspects were found to be superior to 

south and west slopes. The variability of the latter asoect 

group was much greater but all the Site V stands measured 

were either on these southerly slopes or on level ground. 

The best stands were round in regions which received 60 or 

more inches of rainfall per year. Shallow soils and poor 

soil drainage were found to reduce site quality even in 

favorable precipitation zones. T)eep, well-drained soils of 

sandy loam texture were found to be the most productive, 

while clay soils ranked second where other conditions were 

favorable. 3oils with hiÌ gravel content were generally 

low in productivity. Soils on steep slopes produced higier 

total yields per acre but this was largely due to the pre- 

sence of larger niznbers of trees on the greater surface area 

and the fact that the inclined soil permitted a greater por- 

tion of the crowns to be exposed to the 1Lht. 
Hill, Arnst and Bond (26, pp. 837-P111) concluded from 

studies of site classes in relation to soil mapping units 

used by the Soil Conservation Service that practical pro- 

diction of site indices could be made from profile grOUpirlgB 

and land capability classes. Soil depth and other factors 

affecting the ability of the soil profile to retain and 

store moisture for tree growth were considered to be of 

primary importance. These workers found the superiority 
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of northern aspects to be evident only on heavy textured 

soils wich were deep to bedrock. On such soils the site 
index for south slopes was 20 per cent 1or than for equiv- 

alent conditions on other aspects. 

larrant (LÌ!, p. 719) studied Douvlas-fir stands ranging 

from site Class I to IV at five 1oc*tions in Washington and 

Oregon. He found no statistical relationship between pro- 

ductivity and levels of total nitrogen, available phosphorus 

and K20, or content of organic matter in the surface horizon. 

The author concluded that the nutrient content of forest 

soils in the Douglas-fir region appears to be too hi to 

constitute a limiting factor in tree growth. Subsequent 

trial8 with ritrogen fertilization have zhown height rowth 

rosnonse in young flouglas-fir stands rowin on f.ìacial out- 

wash and shallow residual soils. (20, p. 100) Growth 

response to fertilization has not yet been demonstrated on 

deep residual soils. 
The use of standard soil mappinc units as a basis for 

site red1ction has been ftirther investigated by ¶iarrant 

(, op. 723-72L), Schiots, et al (37, pp. l01-l0), and by 

Cessel and Lloyd (19, pp. 1t07-140). The first of these 

papers suggests that mapping phases of soil types according 

to topographic position improves the accuracy of the delin- 

eations for site differentiation purposes. The author found 

lower slopes, valleys and basins to be consistently higher 

sites than ridge tops and upper slopes. C-essel and Lloyd 



noted that seasna1 rainfall over IO inches per year was of 

little value for the improvement of site quality. Coile 

(11, p. 361), in rcviewin- this paper, suggested that the 

interpretation of the Drecipitation effect may have been con- 

fused by subsurface moisture movement to lower slopes. 

Schlote and coworkers reported that the highest site 
index was found on areas with deep friable soils of moderate 

to high fertility levels. Progresaively lower cuality timber 

sites were correlated with increa8in;ly pronounced profile 

development as indicated by the degree of horizonation. 

These workers found a close relationship to exist between 

timber site quality and soil depth on those soils which were 

underlain by claypan, fragipan and hardpan horizons. Parent 

material differences did not affect site if similar soil 

profiles had developed. The snmation of factors which deter- 

rnine soil type were concluded to be the most important (or 

indicative of other factors w}ich were important) in deter- 

mining productivity. Carmean (6, pp. 33O-33Ij) divided the 

flourlas-fir soils of southwestern Waehinton into five parent 

material classes for analysis of the significance of various 

site factors. For residual soils from basalt bedrock he 

found elevation, averare moisture equivalent, and average 

per cent ,ravel to be correlated with site index. On the 

other hand, soil depth was the onlr factor found to be 

important in residual soils formed from sedimentary rocks. 

When all soils were considered together "soil compaction" 
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and the product of gravel content multiplied by moisture 

equivalent were correl&ted with site inrlex. Use of predic- 

t.Lon formulae form these multiple factor relationships re- 

sulted in errors of estimate of 13.2 per cent for all plots. 

lise of the 8oil depth variable alone was sufficient to pre- 

dict site index on the sedimentary rock parent material 

group of soils with an error of' only per cent. 

Lemrìon (32, pp. 32t-328) analysed forest soils of the 

Willamette Valley. Use of the fundamental growth curve as 

modified by .alston and others showed that soil depth was 

the factor which niost influenced heit growth on north 

aspects arid level areas. On south slopes the degree of 

slope, elevation and total annual precipitation were sig- 

nificantly related to the rate of growth. flepth of soil 

alone could be used to predict site index on a riven slope, 

aspect and soil series within plus or minus 22 stte index 

points. The author posed the question as to whether or not 

the nresence of suitable stands of timber may be necessary 

to determino site index moro accurately since there are so 

many interacting factors affecting the rate of height 

growth. 

Spilsbury and smith (IO, pp. l-Lb) have applied a dif- 

forent approach to the identification of Doui.1as-fir sites 

in British Columbia. They reasoned that the correct inter- 

pretation of' the interactions of environmental factors 



which affect the productivity of a given area cart be accom- 

nlished only throuth consideration of the resDonse of' natural 
veetat.1on. The ue of tree he1t growth as rornially uti- 
lized ir site index determinations has the disadvantaç'e that 
only the rato of prowth of the particular species now preaent 

on the land car be evaluated. These authors investigated 
the use of characteristics of the subordinate vegetation to 

ilentiry the site-types which represent the various produc- 

tivity classes of the re.'lon. Their results, and those of 

Becking (1, pp. l'38-lj)l), are based on the assumption that 
natural vegetation, after a period of competition, becomes 

in equi1ihriun with the rowth factors. If subordinate 

veetation charact.eritics are readily discernible in the 

fold ar 1f these features are stable, or at least recog- 

nizable, in areas which are riot oresently stocked with the 

desired timber species, then these types afford a reliable 
rieans for identification and classification of lands ac- 

c'ordinç to their productivity notential. 



T)ESCRIP ION OF IHE S LDY AREA 

The field data for this study were collected from even- 

aged stands of T)ou1asfir between 30 and 150 years of age 

in Polk an1 Benton Counties, Oregon. All sample plots were 

confined to soils wi-ich were formed on residual materials 

weathered in place from igneous and sedimentary rocks of 

the Coast Rane. Only the areas which are part of the 

Willaniette River drainage were sampled, thus the study area 

was confined to the eastern portion of the Coast Range and 

the bordering foothills. Over the entire study area there 

was a general increase in rainfall and elevation from east 

to west. 

T opography 

The western part of the study area is typified by nar- 

row valley floors and V-shaped canyons rising sharply to 

narrow irreular ridges. Slopes are moderate to steep on 

most of the forested area, while more gentle slopes are 

common only along the ridge-tops in the mountainous sections. 

The terrain is more subdued In the eastern zone bordering 

the Willamette Valley; here the foothills are rounded and 

the bottomland areas of the stream channels are broader. 

Flevations range from ItOO feet to about 2000 feet, although 

there are a few peaks rising above this level. 
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Climate 

Temperatures in the region are moderate due to the ocean 

inrluence. Mean summer temperatures in the mottains are 

1_ to b degrees lower than those in the central part of the 

Willaxnette Valley. At Falls City near the center of the 

study area the mean July temperature is 61 F. and the mean 

January temperature is 380 F. Total annual preciDitation 

ranges from a low of inches along the western edge of the 

Willamette Valley floor to aporoximately 70 inches in the 

deep valleys in the central parts of the counties. At 

higher elevations on northwestern and northern aspects, local 

areas may receive as much as 80 inches per year. Rainfall 

for the months of July, Augtt and September is restricted; 

this ranges from 2. inches in the east to about 3.I inches 

at the western extremes of the study area. (7, rp. l07- 

1076) 

Soils 

The forested soils ot' the region are Reddish Brown 

Latosols. At higher elevations in the western nart of the 

area some soils exhibit many of the features characteristic 

of the Brown Latosols. (31, p. 28) On exposed southern 

slopes of the foothills and n some high ridge-lines of' the 

eastern extremities of the Doulas-fir zone there are shallow 

soils developed which possess some characteristics of the 

Non-Calcic Brown soils of dry, warm regions. The soils 
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are developed ori basalt and tuí'faceous sandstone and shale 

parent materials. In sorne regions the overflow of basalt 

and gabbro has altered the a1Jacent sedimentary rock layers 

to metamorphosed forms which are difficult to separate from 

the overlying basalt. (1h, pt. II, pp. 3O-3) The soil 

series utilized in the study are not yet clearly defined and 

riescribed according to present soils survey standards. 

Characteristic profile descriptions and the differentiating 
features applied in identification of the soils studied in 

the present study are listed in Appendix I. 

Forests 

A large portion of the western hills and mountain 

reions of the two counties covered by this study is forested 

with even-aged stands of Douglas-fir. These forests range 

in ae from less than ¿jO years to over 300 years. There are 

a few regions where there is evidence that older stands of 

Douglas-fir have occupied the land prior to the development 

of the present stands, Most of the old age, "relict" fir 
is located in deep valleys and small canyons on north slopes 

and in protected positions. The younger stands seem to have 

been established from these seed sources. The wide expanses 

of bare or -rass covered land that must have been present 

when these forests became established could have been the 

result of wild fires, as these were doubtless common in the 

recion prior to settlement of the Valley. The continued 
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encroachment of conifer forests into the grass-white oak 

(uercus 1ryana Dougi.) areas of the low rainfall, low 

elevation south slopes seems to indicate that Douglas-fir 

is reclaiming areas from which it was barred by forier 

conditions. 

Associated timber species of the Douglas-fir include 

grand fir (Abtes grandis Lind.) which is a common der- 

story seedling and sapling in most of the older Douglas-fir 

stands. The grand fir also occurs in equal age classes with 

the Douglas-fir at higher elevations. Western hemlock 

(Tsuga heterophylla Sarg.) is another tolerant species which 

becomes more common as the Douglas-fir stands mature. Along 

moist stream banks and on north slopes red airier (Alnus 

rubrum Bong.) are found in all ae classes. Following 

clear-cutting operations this species often becomes a 

serious competitor to reestablishment of Douglas-fir on 

these moist, cool sites. Bigleaf maple (Acer macrophyllum 

Pursh.) occurs as a scattered tree in most Douglas-fir 

stands, becoming common where remnant maples are left t.o 

restock clear-cut areas. Vestern red-cedar (ThuJa plicata 

D. Don.) occurs as a scattered tree in the western extremes 

of the study area. Pacific dogwood (Cornus Nuttalli Aud.), 

madrone (Arbutus menziesii Pursh.) and yew (Taxus 

brevifolia Nutt.) are small trees which are commonly found 
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in certain areas. Chinquapin (Castanopsis chrysophylla 

(1)oupl) A.DC.) is a rel&tively rare tree in this area; 

none were noted on any of the sample plots taken. 
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MFT HOPS ANT) PROCEP"RF:S 

Field SLu Methods 

During the fall of 1956, approximately 20 sample plots 

were established In the Corvallis vicinity. Most of these 

initial trial plots were located on the McDonald Forest of 

the Oregon state College School of Forestry. These plots 

were distributed to cover as wide a range of soil, topog- 

raphy and forest grOwth conditions as was possible. Later, 

the limits of the stixy area were enlarged to include the 

eastern drainages of the Coast Rane in Polk and Benton 

Counties. Additional plots were then located in such a 

manner as to give coverage of the entire area. (Figure 1) 

A total of 76 plots were located in a subjective 

manner under the same restrictions as were used on the 

initial trial plots; i.e., that a wide range of conditions 

be included. 'io sec'e additional infornation on selected 

plots and to provide a measie of the variability in site 
quality and in the varlou8 edaphic factors over a very short 

distance within forest stands growing on what superficially 
appear to be similar environmental conditions, a random 

method was used to select 20 plots from the 76 already 

sampled. On these locations duplicate plots were estab- 

lis1ed. (See underlined plots, Figure 1) The sinyle Site I 

plot wi-ich was round in the original sample was purposely 

selected as one of the 20 ploLs to be duplicated. To avoid 
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undue bias of t1 moan values for all plots a Sito V plot 

was also selected; this plot also represented a rather 

UflCOIT]fllOfl soil condition on ich riore 1nt'ornation was 

desired. relection of T)ourlas-fir stands suitable for the 

location of samio plots was strongly influenced by the past 

cutting history of the forests within the study area. 

Throupbout most of the reton starvis which were in the riit 
age class for accurate site estimation were found to exist 

only as isolated patches of uncut tirther in cut-over areas. 

In only a fei localities were there extensive stands in 

which it was possible to locate a n.vi'iber of st1y plots on 

different slopo, aspect and soils conditions. An attempt 

was made to sample a wide variety of' such conditions and 

to distribute the study plots in a routhly uniform coverage 

of the area to be sampled. Actual location of the plot in 

a particular drainage or township was all too often dic- 

tated by the location of the few remnant stands of timber 

r em ai ni n g. 

The first requirement for a tentative sample plot was 

the existence of at least an acre of well-stocked Douç-las- 

fir between 30 and 150 years of' age. In these stands a 

soil pit location and plot center was cLosen 'where slope, 

aspect and surface terrain features seemed relatively 

uniform over a space large enoui to permit the placement 

of a circular one-fifth acre plot. The soil pit was 
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Location of Sample Plots by Site Index Class, 

Benton and Pol k Counties, Oregon. 

(Underlined figures indicate duplicated plots) 
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excavated in the center or t'ts a''ea to a depth of 60 inches, 

to reistively unweathered subsoil, or to underlying bedrock, 

whichever was shallowest. A worm auger was used to determine 

the nature of the deeper solum when necessary and to test 
for the existence of bedrock. Since "floater" rock frag- 
ments are cozinon in those soils developed on basalt residuum, 

the use of the auger was severely limited as a means of 

evaluating soil depth, both below the depth or the pit and 

in auxiliary location8 scattered around the plots. 
Horizon boundaries were marked in each profile and the 

features and ropertie8 of each horizon recorded according 

to the standard methods outlined in the U.S.D.A. Soil Survey 

Manual. op. reaction was deter4ned by 

use of the Heilige Truog soil reaction kit. Additional in- 
formation was taken on the abundance of tree roots at 
various depths and on the volume of stones in each horizon. 

Seven soil series were identified. (Appendix I) The 

various soil series are closely related morphologically so 

that sane profiles were found to exhibit features character- 
istic of two different series. Final assignnent of series 
classification was made by cparison to known examples of 

the different series. 
All brownish and yellowish-brown soils with stronR B 

structure and shallow profile development which were found 

ori basalt residuum were assigned to the Dixonville series. 



plots were lOcLìted on soils similar to the Dixonville 

series which were found to have distinctly mottled subsoil 

horizons. These were included in the Dixonville series 

since there have been rio series developed for the imperfectly 

drained soils in the area. 

Soil sariples from each of the horizons differentiated 
were composited from a slice of soil of uniform depth taken 

vertically from the top to the bottom of the horizon. Large 

aggregates of unbroken soil pods were included where possible 

for use in deterrninin bulk density. 

Site index data were taken on the ten dominant and co- 

dominant trees nearest to thc center of each plot. Total 

height measurements were made by use of the Abney hand 

level and a surveyor's tape. !ihe ae of five of these trees 

was determined by counting annual riris on an increment core 

taken from each tree at a heiit of four feet. An age 

correction of eiìt years for the ¿çrowth from seed to a 

heiEht of four feet waa added to the ring count. (33, p. 61) 

Determination of the proper number of heiit and age 

measurements required to provide a reliable estimate of the 

mean value for each stand was made by computation of the 

standard error of the sample means for each tpe of measure- 

ment taken on the initial 20 sample plots. Ten ae measure- 

ments were made on these plots but the statistical evalua- 

tion showed that the variance of the heiit values was so 
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much greater than that of mean a1;e that the additional age 

meas'rements contributed little to the overall accuracy of 

the site index estl.mate. Johnson and Carniean (28, p. 27) 

have shown that more than six heipt measurerTienta are neces- 

sary to obtain a reliable estimate of averao heipht. 

Additional stand infbrmat.ion was tacen on the bO ran- 

domly selected plots (20 original plots plus the duplicate 

for each). A one-fifth acre circular plot was outlined 

around the soil pit location. A 100 per cent cruise of all 
trees on this plot over two inches in diameter was made in 

which the specie8, diameter at breast heipht and crown class 

were recorded. On these plots the two dominant trees nearest 

to the center of the plot were selected for measurement of 

the 10 year heig1t growth increments as indicated by the 

positions of the branch worla. Stre Douglas-fir normally 

produces one terminal shoot and one new whorl of lateral 
branches each growing season, the scars of the branches 

which may be seen on the bark may be used to estimate the 

heitht of the tree at any ç'iven age. The errors which arose 

when an attnpt was made to measure the rowth within the 

live crown of older trees were sufficient to limit the range 

of the reliable data to no more than 50 or 60 years of 

growth. The Abney level was used to take these !neaatLretnenta. 

As with the age determination, an arbitrary correction of 

ei1it years was added to the internode occurring at four 
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feet above the ground. The use of a constant age for the 

four foot on all sites re'ardless of the different rates of 

early growth may introduce a 8light error in absolute height 

at a given age. Differences in growth rates at early ages 

are more often due to differences in the degree of shrub 

competition and other temporary factors than to the effects 

of soil and climatic variables, 

An estimation of the tree canopy cover and t.he per-. 

centage of crown cover contributed by each shrub and priri- 

cipal forb species to its respective crown stratum was re- 

corded for all 96 sample plots. Herbaceous cover varied 

with the season, both in total cover provided and in species 

composition. Since the field work extended from the autumn 

of.' l96 to the late summer of 1957 a comparison of the 

various plots was considerably handicapped by these varia- 

tions. Shrubs and trees remained relatively unchanged and 

provided a basis for general comparisons, especially as 

crown cover of the tree stratum was related to the cover 

of the shrubs for the different site classes, 

Laboratory Procedures 

The soil samples were air dried, the clods to be used 

in the bulk density measurements selected, and the remainder 

of the sample ground to pass a 2 mm. screen. The bulk 

density measurements were made by weiiing the soil clods 
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in water acording to the method outlined in the Sap1ing 

Procedures and Metor1s of mnalysis for Forost Soils. 

(1, op. 12-13) particle sized 1istribution of the samples 

was determined by the modified l3ouyoucous hydrometer method. 

(bc. cit., )p. lc-17) The method of dispersion recommended 

for soils of the Reddish Brawn Latoso]. group by Youngber 

op. 6-6Ç6) was utilized; both sodium hydroxide 

(1 Normal) and Calgon (9) were used as dispersing agents. 

A 12 hour period of agitation in a reciprocating shaker was 

utilized rather than the mechanical stirrer. Forty 3eCOfld 

and six hour readings were taken for silt-plus-clay and clay 

respectively. 
Two moisture retention levels were deteinined. Mois- 

ture eauivalent values were determined on all samples. (ls, 

pp. l3-1L) Fifteen atmoshere moisture levels were obtained 

for all horizons of te 76 oriçina1 plots by use of pressure 

extraction. (36, pp. 9-ll2) The 1 atmosphere values 

for the 20 plots chosen to be duplicated were apnlied to 

their counterparts to obtain an estimate of the rame of 

available moisture as described below. 

An apnroximation of the available moistre which could 

be held in the surface 50 inches o each profile sampled 

was computed usine the dtfference botween the moiste 
eauivalent value and the per cent moisture retained at l 
atmosoheres pressure. Total available water in the 
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profile in inches was computed usiri. t} bulk density 

fipures obtained from the clod samples and the recorded 

depth of each horizon. These values were corrected for the 

volume of rave1s arid stones in each horizon as estimated 

in the field. 'hose profiles which had less t'an O inches 

of soil available for free root development, whether de to 

the existence or a high water table in the toorly drained 

soils or to the presence of impervious bedrock, were con- 

sidered to have available water hell only to the depth of 

the restrictinç layer. For the poorly drained soils the 

depth at w}ich mottles became prominent was considered the 

limit of root penetration; this limit corresponded well 

with the actual depth abundant root penetration as noted 

from neid. observations. 
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A!IALYSIS AND IN'IERPFIA;ION OF DATA 

Eva1uatin of 1te Index Cirve3 

ite index curves constructed from 1ata coverin a 

zriajor portion of the ou1as-fir reion were published in 

1929, (revised 1t91. (33, p 13) These cn'ves have stnce 

been used generally thriuhout the region, Lherefore, they 

will be referred to as the "standard curves". Carnean has 

shown that Douglas-fir ;rowing on different 5311 conditions 

vary in their patterns of heIght growth but that the stanis 

growing on residual soils followed the standard curves very 
closoly. (7, pp. 212-2O) 

The pattern f he1it growth exhibited by the trees 

measured In the present stidy W3 conipared to Lhese stand- 

ard curves by th'ee methods. curve of the mean hoitht of 

dominant and codominant trees plotted over the avorage age 

of the Individual stands by five year age classes was con- 

structed. (Flaure 2a) These data were compared to the 

stan(lard curve representing the averae of all individual 

plot site indices a determined from a fi1y of standard 
curves. Younger stands were found to fall generally above 

this avera;e curve while plots over 3O years of age fell 

below the standard curve. 

The interriodal growth increments from 80 sample trees 

on ho randomly selected sarriple plots were utilized to con- 

struct a second growth curve. (Firw'e 2b) The mean 
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}-eit of all trees at each ten year interval showed a 

psttern of height growth sncwhat more linear t'an the 

standard curve representín: the average site in'iex of the 

1:0 plots. ¶'te limitaton of the field technIque made it 
imposnitle to secure data to extend the computed curve be- 

yond the 60 year limit. 
A coefficient for the regressIon of the logarithm of' 

average height on mean age was determined fri a modifi- 

catIon of the equatior: 

Log10 Hiight Log10 Site Index 1 b(l 0.01) (1) 
(Ape 

(7, pp. 2L2-2O) 

The modified form of this curve passing through the point 

or average height ar'ri averare a;e for all plots: 

Log10 Height : Log10 120.3 ft. 4 b(l i ) (2) 
(Age 7:Lt yrs.) 

is the equation for the plot data illustrated in k'igure 

2a. The resulting regression coefficienL was b 

The curve of equation (2) was plotted against the standard 

site index curve passing throui the saine coordinates 

(120.3 feet, 72.t. years). The computed curve shows a much 

less raoid rate of height growth after about E0 years of 

age. The trees w}ich are LO to 60 years old are growing, 

on the average, at a rate which would indicate site indices 

higher than the average for all plots while the older age 

classes are below the standard curve. A similar nattern 
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wou1r emerge 1f there were unequal representation of the 

better sites in the older ae clas3es. nihe distribution 

of age classes of the different site classes was investi- 

pated by a reçression of' site index over age. This analysis 

showed a significant decrease in averace site ivality in 

the 01f-1er aRe classes. Since the standard curves were used 

to derive the site 1nçìe values this analysis is '-ì't entire- 

ly free from the oosstble effects of a different Dattern 

of height Rrowth if this should e'dst in the a"ea. ¡1 con- 

sideration of the cuttinp history in the stwly area mrtkes 

it seem probable that the noorer sites are those which are 

as yet uncut. 

In view of the considerations discussed above and the 

fact that early rates of í'rowth very nearly coIncide with 

the standard curves, it seems unwise to attempt any modifi- 

cation of the standard curves to rriore nearly suit local 

conditions. The curve for the 10 year heiRht. incrementa 

ja relatively free of the bias caused from the overahun- 

dance of 000r sites in the older age clasqes. A frequency 

curve of the site classes representei by all plots shows a 

relatively normal distribution around the mean site index 

value. "These data were also free of the effects of total 

stand ay-re as it would influence the prediction of the 

form of the height growth curve since each increment was 

based on the indeoendent measurement of age to that branch 
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whorl. Since thc c..zrve from the avorae of thcsc measure- 

rnints approximated thc ztandard curvc throughout the extent 

of the data, it appeared that any error arlsinF: from the 

use 1' the standard curvc; would be negligiblo. he fact 

that these standard curves arc already in reneral e 

throu-iout the flougjas-fir reion i another argwîient for 

the interpretation of soll-ste data in terms of these 

theoretical patterns o' rowth as long as no substantiated 

trnnrovements can be xnado. 

Single Factor Analysis of Soil and Site Factors 

The relationships between site index ratings and single 

site and soil variables were examined initially by plotting 

scatter diagrams, Those factors which appeared to have 

sufficient influence on the rate of heigit rrowth to result 

in a definite pattern of site values were tested further 

by linear regression analysis. 

The depth of soil available for root development 

apDeared to be the most obvious feature affecting the pro- 

ductivity of the various plots. A linear regression of 

site index values for all plots over the soil depth in 

inches resulted in a very significant regression coeffi- 

cierit of O.9. (Table 1) (Figure 3a) SeDarate analysis 

of the effects of soil depth on growth for non-stony soils 
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of the two parent material :roups were made uaing the 

foiiula: 

Log10 Site Index a a 4 bx 

x numerical code for 6 inch soil depths 
12" to 66" 4 

The slopes of the two regression lines for the basalt and 

sedimentary rock parent material groups are shown in 

Figure 3b. When stony soils are included the effects of 

restricted depth appears to be 1esened. Errors in the 

estimation of true soil depth available to tree roots 

results in a non-significant relationship between the soil 

depths of stony Boils as estimated in the field and the 

site index values of these plots. 

It was noted during the field operations that many 

soils with clayey, strong structured B horizons did not 

have the deep root penetration characteristic of the soi1 

with more friable subsoils. Quantitative evaluation of 

the nature of the maximum textural B horizon was made by 

three methods; bulk density, moisture equivalent and 

mechanical analysis. Scattergrams indicated that site 

index values decreased with increasing bulk density of the 

subsoil horizons. Separate regression analysis for the 

non-stony soils showed that this relationship was si?nifi- 

cant for the basalt parent material ;roup. (Table 2) 

Poorly drained soils tended to have higher site values 

where there is a greater bulk density in the B horizons. 
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There were not enou*ì plots in this soil group to determine 

whether the depth to mottled horizons was significantly 

related to the bulk density of the subsoil but the few plots 

in this group indicated that such a relationship riay exist. 

When all plots were considered together there was a sig- 

nificant decrease in site quality with increasing density 

of the B. (Fi'ure l,i) 

Moisture equivalent values of the B horizons were sig- 

nificantly related to site quality for all well-drained 

soils and for the non-stony soils from igneous parent 

materials, Poorly drained soils were not included in this 

analysis since the horizons with maximum clay content in 

this group were often the A3 horizons. 

Scattergrams of the clay content of the B2 horizon as 

it affected height growth suggested that a curvilinear 

expression would best indicate the effect of this soil 

variable. Results of the analysis were not significant 

when the clay factor was considered alone. (Table 2) 

Investigation of the effects of the clay factor by multiple 

regression analysis will be discussed later. 

The effect of slope on site index values was tested 

separately for different aspect classes. (Figure ) 

(Table 3) On north and south aspects steeper slopes wore 

significantly associated with better site quality. This 

relationship also held for all plots considered together. 
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Table i 
Results of Regression Analysis of Site Index 

as Affected by Soil Depth 

Regression Equations: 

1: Site Index a 1 b(soil depth in inches) 

2: Log10 Site Index = a 4. b(sotl depth class) 

Soils Group d.f. b r F 

(Regression Equation 1) 

All Plots 914 0.95 0.62 c9.22* 

(Regression E:quat.ion 2) 

All plots 91 0.020 0.68 75.80** 

Non-stony Soils 
Sedimentary l'Ms 29 0.022 0.63 17.5 ** 

Basalt PMs 38 0.020 0.7E, 

Stony Soils 214. 0.003 0.08 

**Significant at the 1% level 
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Table 2 

P.esults of Regression Analysis of the Effeets 
of Subsoil Properties ori Site Index Values 

Regression Equations: 

1: Site Index a 4 b(Bulk density of 2 horizon) 

2: Site Index a 4 b(Moisture equivalent of B2 horizon) 

3: Site Index b0 4 b1( clay in b2(clay)2y io2 

Soils Croup b d.f r F 

Equation 1: 

All Soils -14.19 86 -.2L 

Non-stony,Well-flrained Soils 
Basalt PMs -67.82 29 -.L3 

Sedimentary PMs -9.71 27 -.O9 

Stony Soils -Li2.36 19 -.14il 

Poorly Drained 
Soils Il.O9 -.239 0.305 

Equation 2: 

All Well-Drat ned 
Soils -1.53 79 -.390 lI.Ol** 

Non-stony Soils 
Basalt PMa -l.7 29 -.138 6,83* 

Sedimentary PMs -0.81 27 -.277 2.22 

Stony Soils -0.98 19 -.356 2.60 

Fguation 3: b1 b2 p2 R F 

All Soils -2.90 2.65 0.017 .129 0.73 

**Significant at 1 le vel 
*Significant at 5 level 



¶iable 3 

Results of Regression Analysis of the Effects 
of Slope on Site Index, by Aspect Groups. (Fig. 6) 

Aspect Group 

i (N, NE) 

2 (Nw, E) 

3 (w, SE) 

14 (S, SW) 

All Aspects 

Mean Site Index b d.f. r F 

1614.S .792 1.3 .614 6.07* 

12.3 .332 2L. .1407 i.8 
114.O .128 21 .118 0.29 

1142.7 .791 27 .27 l0.36. 

1147.1 .1139 91 .333 ll.38* 

**Signlficant at 1% level 
*Significant at % level 



6 

Multiple Tegression Analysis of the Fffects of soil and 
Site Factors 

The influence of single ail and site factors on the 

c2rowth of timber is often obscured by the associated in- 

fluences which modify the effects of tl-ie factor being inves- 

tigted. A multiple repression technique was utilized to 

examine simultaneously several of the site variables which 

appeared to be most closely correlated with site quality. 
Including stand age as one of the thdependent variables 
permitted the use of present tree heiìt as the dependent 

variable. The analysis was not dependent on use of the 

standard site curves as were the single factor analyses. 

Six sito factors were evaluated by this method. Soi]. 

depth had been shown previously to be significantly related 
to site quality. The clay content of the B2 horizon was 

used as a rrasure of the stage of development of the profilo. 
This seemed to be the most quantitative expression of the 

nature of the subsoil. A scattergram had shoii that a 

curvilinear function moat clearly expressed the relation- 
ship between the per cent clay in the B2 and site index. 

This factor was then entered as per cent clay and as 

(per cent clay)2. (Table Li.) Stony soils and those with 

a fractured bedrock base at less than 60 inch depths had 

been shown by prel.Lmmnarj tests to vary markedly from the 

general relationships found true for non-stony soils. 
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(Tables i and 2) All profiles were grouped into stoniness 
classes according to the per cent volume of atones esti- 
mated for the entire profile. Effects of other profile 
features on the ability o the solum to store moisture were 

expre3sed in inches of "available moisture" to a depth of 
o inches or to some horizon which linited root penetration. 

Aspect classes were assigned according to Figure . Aver- 

age arirual rainfall for each plot was estimated to the 

nearest 5 inch class from an isohyetal map. (L2, map) 

Computation of the regression analysis was performed 

by the Statistical Service, Oren Agricultural Experiment 

Station. 
Soils depth, available moisture, per cent clay in the 

B2 and the stoniness class of the soil were found to be 

significantly related to the rate of height growth. 

(Table ) 

The various "b" values for the different independent 
variables were apnlied to the data from the individual 
plots and the standard error of estimate for a single plot 
ceterrnined. The standard error of the lo:,arithm of total 
heicht was found to be plus or minus O.09b.3 or 2.23 per 
cent. After conversion to actual heL;ht this represents 
a nejative error of feet and a positive error of 

31.5 feet. 
A rediction formula for determining site index from 

the factors which were shown by the analysis to be 



Equation: 

L g1 o 

4 b3 

4 b 

4' b7 

xi (Asp 
1, N, 

¶[ble l 

Soil and Site Factors Fntered in Multiple 
Regression Analysis 

Heiit = b1 (Aspect 

(Soil depth class) 

( elay in B2) 4 b6 

(Stoniness class) 4 

ct class) 

NE 2, NW c E 3, W & 

class) 4 b2 (Annual precipita- 
t. i on) 

b14 (IncheB of available H20) 

( clay)X io2 
b8 ( l/Ae) 

SE 14, 8W, S 

X2 (Average annual precipitation) 

Multiples of inches per year, range O to 85 inches. 

X3 (Soil depth class) 

Depthclass i 2 3 14 6 7 8 9 10 
Depth( inche s) 12-1$-2L -30-36-142-145-514-60-66 4 

X14 (Available moisture in inches) 

Inches of available H20 E (Moist. Equiv. - 15 AtomS. ) 

X(bulk density) X(depth) of 
eaci: horizon from O to 50 inches 

This value corrected for % stones by volume and 
depth of rooting zone if less than 0 inches. 

xs (Per cent clay in B2 horizon) 

Value for clay as dethrmined from mechanical analysis. 
x6 (x)2x io2 

X7 (Stoniness class of soil profile) 

Stoniness class i 2 
% stones in profile (vol.) 1Z 2 

Xe 
( 1/ Age) 

Teciprocal of the average age of 5 dominant and codominant 
trees. 



Table 

Re3ults of Multiple Regres3iofl Analysis of the Relation 
between Soil and Site Factors and the Rate of Heit 

Growth of Douglas-fir 

Source of Variation d.f,, M,S. F Effect Lbl 

Aspect i .00023 NeS. .0016 

Ave. Annual Precipitation i .00133 N,s. .000 

Soil Depth i .21311 22.hJ.* 0252 

Available Moisture i .03981 L.19* .0120 

9 Clay in B2 i 3.l8ll 335.50r* .0700 

(Clay)2X io'2 i 2.28l5L 2L0.52* -.06L2 

Stoniness Class of rofile i .11t1314 1L.86** .0)47 

Age -1 1 .26L3 27.79** -9,3836 

Error 85 .00951 

Multiple R2 .9980 

Multiple R .9990 

**Significant at 1 level 
*Significant at 5% level 

L'9 



ignificant1y related to the rate of heigit growth was 

coria truc ted: 

Log10 Site Index -.OÇ8Ç 4 .O22 (Depth) 4 .0121 

(Available moisture) 4 .0700 (% clay In B2) -.0006 

V clay)2 4 .0117 (Stoniness class) 

The site index values derived by solving this equation for 

each plot were compared to the site predictions taken from 

the standard curves. 0f the 93 plots tested 16 were found 

to deviate widely from the site index values predicted by 

the standard curves. For several of these plots, located 

on fractured bedrock, the site index was underestimated due 

to the incorrect evaluation of soil depth. Soils In high 

rainfall areas did not show the reduction In height growth 

rates which was characteristic of the averae of all soils 

where the B horizon contained a hii content of clay. The 

mean deviation between site index values estimated from 

the two met}-ods was 21.9 feet. The standard deviation of 

an individual estimate was 2I.3 feet. The accuracy with 

which the formula predicted site index values varied 

between soils of different series. hese variations are 

discussed in the section Site Quality Variations between 

Soil series. 
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Horizon (after compensating for other soil and 

site factors) 



The Effects of Soil Depth 

The significant relattonship shown by the riultiplo 
regression analysis for the soil depth factor corroborated 
the results of the siride t'actor analysis. The slope of 

the re.r,ression line for the effect of soil depth represents 
a difference in site index values of approximately 6 feet 
between the two extremes in soil depth measured. 

Effects of Clay Content of the 62 Horizon 

The multiple regression arl8lysis showed that the clay 
content of' the subsoil was very significantly related to 

the rate of height growth when other soils variables were 

considered. The value of this factor in the prediction 
formula was limited to soils having between L and 60 per 
cent clay in the 62. Soils with clay values outside this 
range were erroneously predicted since the effect of this 
factor was too strong. The variation to be expected in 
site index with changing clay content of the 132 horizon 
between the limits listed above are shown in Figure 6. 

The Effect of Stoniness 

There was a significant increase in site quality with 
increasing stoniness of the overall profile. It has been 

indicated earlier that there is a tendency on the part of 
the field observer to underestimate the depth of soil 
available to tree roots when there is an appreciable 



content of stínes in the subsoil. The relationship indi- 

cated by the regression coefficient is at least in Dart a 

correction of these errors. In clayey soils the presence 

of a moderate a.iiount of gravels and stones may be benefi- 

cial to the development of tree roots through possible 

ilnproVelnent8 in permeability, aeration and the rate at 

wnich the soil will warm up in the spring. The last 
benefit mentioned would be likely to result ifl longer 

growing seasons only at the higher elevations in the study 

area. It would norrially be expected that the presence of 

a large volume of stones in a soil would decrease the 

volume of soil capable of storing water for use by the 

vegetation durin the dry sumner' months. In this analysis 

the available moisture variable was corrected for the 

effect of stone volume, thus, this aspect of trie effect of 

stones on tree growth was removed. 

Aspect and Annual precipitation Variables 

The effects of aspect and precipitation differences 

are reflected in such soil characteristics as depth and 

the degree of horizon development. The soil depth, clay 

content ot B2 and available moisture variables in the 

formula expressed the8e characteristics. Jhen the rate of 

heit growth was correced for the effects of these soil 

factors the remaining variations were not sufficiently 



related to aspect and rainfall differences to be signifi- 

cant. The precipitation estimate as taken from a general- 

ized isohyetal map does not include the effects of local 

topograohy. There is little doubt that the effects of 

precipitation would be more clearly related to site quality 

if a larger geo'aphical area were studied in which there 

was a wider range in rainfall. 

Effects of the Range of Available Moisture 

The calculated rarlF;e of available moisture for each 

horizon when combined to derive the inches of moisture in 

each profile includes the effects of the stoniness of the 

comoonent horizons. As entered in this analysis the depth 

of the profile was considered to extend only to the limit 

of common root penetration. Since the regression formula 

also included a depth variable and a stoniness variable, 

the exact interpretat;ion of' the significant relationship 

between available moisture and site index is obscure, 

Site cuality Variations between Soil Series 

A grouping of plots by soil series indicated that a 

general increase in averae site value coincided with the 

progression from soils typical of low rainfall regions, 

such as the Pixonville series, to the soils of higier 

precipitation regions, represented by the Hembre, Astoria 

and Blachly series. (Tables 6 and 7) A wide variability 



in site values was evident on all series. Only the 

Dixonville soils sened to be distinctly differentiated 

from the other soils on the basis of series alone. 

Many of the subsoil characteristics w) ich are related 

to the rate of tree growth are also utilized in differ- 

entiating soil series. (See Appendix I for differentiating 
characteristics for series listed) The soils of the Sites 

and Pixonville series characteristically have firm, strong 

structured B horizons. The Aien soils have a less friable 

subsoil than the Hernbre series formed on similar parent 

materials. Those soils with the more easily penetrated 

B horizons show deep root system development and are high 

quality sites. Utilization of the series alone 

could lead to serious errors in estimation of site qlity 
since several of the series were not adequately sampled 

in the field study. There is no reason to suspect that the 

Hembre and Blachly series are generally any poorer Douglas- 

fir sites than the soils of the Astoria series, althoui 
the data from the present study would indicate that this 

is true. In the case of the Hembre 8oils, all plots 

sampled were either shallow soils or on exposed upper slope 

positions. Where this series is found in favorable slope 

and aspect positions site index values for deep Hembre 

soils mit reasonably be expected to equal those of the 

Astoria series, 



Table 6 

Distribution of Sample Plots by County, 
Soil Series and Site Class 

County Soil Series Site Class 
I II III IV V Not Total 

Aiken 8 12 2 1 23 

Hembre i i 

Dixonville 8 6 3 17 

Blachly 1 1 

Astoria 2 3 3 

Melbourne i i 
(hii rainfall) 
Sites 14 1 

Melbourne 1 1 2 
(low rainfall) 

County Total 2 18 23 8 3 1 

POLK 
Aiken 3 13 1 17 

Hombre 2 2 

Dixonville ]. 1 2 

Blachly 2 3 

Astoria i i 

Melbourne 3 1 j. 

(hi rainfall) 
Sites 1 6 1 1 9 

Melbourne 1 1 

(low rainfall) 
Countj Total 11 214 3 2 I1 

All Plots 2 30 I7 11 3 3 96 
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Thble 7 

Average Site Index Values and Rangos of Site Indices for 
Sample Plots according to Soil Series, Stoniness and 

Soil Drainage 

Soil Series No. of Mean Site Range of Site 
Plots Index Index Values 

Soils formed on Basalt Residuum: 

Aiken 38 lL5.3 123-17S 
Non-stony soils 26 ll.7 l25.-l7 
Stony soils 11 lI.IL l26-l6I 
Imperfectly drained 1 123.0 

Dixonville 19 120.14 92-1145 
Non-stony soils 14 125.0 103-136 
Stony soils 9 127.9 109-1145 
Imperfectly drained 6 107.0 92-132 

}embre 3 155.2 1314-175 
Non-stony soils 2 1514.5 1314v175 
Stony soils i 157.0 

Soils formed on Sedimentary Hock Residuum: 

Astoria 6 178.5 1614-196 
Non-stony soils Ç 179.0 1614-196 
Stony soils i 176.0 

Sites 13 152.5 125-180 
Non-stony soils 12 15.1.2 125-180 
Stony soils i 168.0 

Melbourne 5 16L.3 138-178 
(high rainfall) 
Blachly 6 152.0 130-165 
Non-stony soils 14 155.0 1t5-165 
Stony soils 2 1147.5 130-165 

Melbourne 3 1145.3 123-168 
(low rainfall) 
Plots not used 3 

Ali Plots 1I6.2 92-196 



Table 8 

Clay Content of the B2 Horizon for the Average of all Soils 
by Soils Series compared to AveraEe Site Index Values 

Soil Series Range of % clay Average % Average 
in B2 clay in B2 Site Index 

Fembre 141-cl? 147.0% 1ÇÇe2 

Aiken 30?65 

Dixonville 141-59 148.7 120.14 

Astoria h.0 178.5 

Melbourne (high rainfall) lia-51 146.6 16j,3 

Blachly 37-58 147.2 12.O 

Sites 1414-76 61.0 152.5 

Melbourne (low rainfall) 314-50 14iL.3 



Table 9 

1ean Site Index from Prediction Formula compared to Site 
Index from standard Site Curves, by Soil Series 

Soil 'eries Number of Mean SI Mean SI Mean 
Plots (std. curve) (formula) Error 

Hembre 3 1.2 119.7 23.7 

Aiken 38 lt5.3 1L1.l 21.6 

Dlxonville 19 120.Ii. l25. 

Astoria 6 178. l6t.3 2.S 

Melbourne (hiRh rainfall)5 16L.3 l0.14 28.Li 

Blachly 6 12.O 11j8.0 11.2 

Sites 13 12R,7 27,6 

Melbourne (1c rainfa1l) 1I.3 131t.7 3(3.0 

All Soils 93 1I6.2 138.6 21.9 

Standard Error of an Individua1 
Estnate 21t.3 



Average per cent clay of the B2 horizon3 of all soils 

by series (Table ) shows that liken and Sites soils in 

the middle range of precloitation, that is, to 6 inches 

per year, nave the hiiest clay accumulation tn the subsoil. 

The prediction formula developed from the results of the 

multiple regression analysis gave the best site index esti- 
mates on these soils (Table 9) since the majority of the 

sample plots fell within these soil-rainfall areas. Soils 

of the Blachly and Hembre series generally showed a high 

percentage of clay throughout the profile. In these soils 

the B horizons were friable and deeply penetrated by root8. 

Additional inforiiation on these soils of the hid-i rainfall 
regions will be required to determine the reìa tionships 

between subsoil characteristics and the rate of heiit 
growth. On the Dixonville and "low rainfall Melbourne" 

soils of the dry, exposed southern slopes anr fringes of 

the forested area the influence of soil depth is most 

evident. A few soils of the "low rathfal]. ¡"(elbourne" series 
with clay loam subsoils were underestimated by the pre- 

diction formula due to the very low clay content of the 

B horizon. 

Analysis of Subordinate Vegetation Data 

Estimated average crown cover and frequency of 

occurrence of all shrubs and the most common forb species 

were calculated. Average cover and £requency percentages 
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were then calculated for all plots within 10 foot site 

inde' classes. (bles 10 and 11) These data were based 

on the general cover estimates made on each sample plot and, 

thus, do not represent suflï.ciently detailed study for more 

than superficial consideration of the vegetaLlon compost-. 

tion for the various site classes. 

A general Increase in the per cent cover of all shrub 

species combined was noted to correspond to decreasing 

site values. The average cover of each site class inter- 

val was plotted. (Fip.ire 7) A regression of site index 

on the per cent shrub cover resulted in a significant 

regression coefficient of -.287. The decrease in crown 

closure of the tree canopy with decreasing site quality 

(Table 10) may explain the hiier density of shrubs found 

on these poorer sites. 

Sword fern (Polystichuin app.) has been reported to be 

indicative of high quality Douglas-fir sites in British 

Columbia (ISO, pp. 3g-36) and in ashington and Oregon. 

(14, J)). I38-L4i1) Salai (Gaultheria Shallon) and Oregon 

grape (Berberis sop.) aro most common on sites of inter- 

mediate quality. Data from the present study shows that 

these relationships are also true of the Polk and Benton 

Counties area. Forts whIch require moist, cool habitats 

such as wild lily-of-the-valley (Maianthemum bifolium), 

Vancouveria hexandra and Trillium species are most 
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frequent on plots in the higher site classes. The average 

per cent cover contributed by grasses and oak increases on 

dryer warmer locations which usually have low productivity 

ratings. Poison oak (Rhus diversiloba) is common through- 

out the study area, appearing on 3 per cent of all plots 

and on plots of all site classes from I to V. The cover 

value of this species increases generally on sites of low 

productivity. 

Many of the stands sampled which showed the lowest 

rates of growth occurred on southern exposures where 

Douglas-fir stands had become established in the past LO 

to 60 years. Several of tI characteristic species of the 

oak-grass vegetation type still are evident on these 

locations. The effects of the conifer forest overstory 

are probably not yet complete, therefore, further detailed 

study of changes in species composition and in the relative 

iziiportarice of these species as the stands become mature 

and are harvested will be necessary before the per!llanent 

vegetation characteristics typical of these sites can 

be defined. 



Table 10 

Average Per Cent Cover by Tree and Shrub Species for Sample Plots by 
10 Foot Site Index Classes 

Species Site Index Class 
flip 4. 175 165 155 lL5 135 125 11.5 105 95 

Pseudotsuga menziesii(Mirb.)Franco, 83 82 68 76 6 614. 67 6 148 68 

Abies grandis Lindl. 1 2 1 L 6 

Quercus Garryana Dougi. tr tr 1 1 1 1 3 1 i 

Acer macrophylluxn Pursh. 11 t 2 3 2 1 10 

Alnus rubra Bong. i i tr tr i tr 

Total Tree Cover 83 9 76 8o 73 73 77 6 73 69 



Table 10 (cont'd) 

Average Per Cent Cover by Tree and Shrub Species for Sample Plots by 10 Foot 
Site Index Classes 

Species Site Index Class 
1804. 175 165 15 11 135 125 115 lO 9 

Rubusspp. 2 i 3 1. 1 7 3 2 12 

Corylus rostrata Ait. 7 3 6 I 5 14 6 i io 12 

Symphoricarpos mollis Nutt, i i i 1 1 1 1 

}Iolodiscus discolor(Pursh)Maxim. i i i 1 2 1 1 2 

Rosaspp. i tr 1 1 1 1 2 10 2 6 

Bhus diversiloba T. and G. I tr 2 6 1 3 9 20 12 

Rhamanus Purshiana T)C, tr tr tr tr tr 

Amelanchier florida Lindi. 1 1 1 

Acer circinaticri Pursh. 2 1 2 tr 1 3 

Gaultheria Shallon Pursh. tr 8 1 11 13 3 80 

Cornus Nuttallii Aud. tr i 1 2 2 

Loniceria spp. tr tr 1 1 1 1 3 2 1 

Berberis aguifoliuin Pursh. 1 1 tr 

Vaccinium parvifolium Sm. tr tr tr tr 
ALL SHPTTBS 

____ 
13.7 27.6 30.1 21.6 31.8 39.5 

____ 
33.3 100.0 35.5 51.0 

o.. 



Table 11 

Frequency of Occurrence of Herbaceous Species on Sample Plots, by 10 Foot 
Site Index Classes 

Species Site Index Class 

Polystichum spp. 100 71 9 62 50 5 67 0 100 

Pteridium spo. 100 71 82 69 ¿40 67 L2 100 100 

Vancouveria hexandra(Ttook)orr. 67 1I 29 l 

& Dec. 
Adenocaulon bicolor Hook. 67 L3 tl 23 I7 12 33 100 

Campanula spp. 33 !3 18 31 3 2 8 

Trilium spp. 67 29 12 27 8 

C-oodyera dicipiens(Hook)St. J. 33 lii 3 23 27 2 0 
& Const. 

Trientalis europaea L. var. 33 7 9 38 t17 17 0 100 100 
latifolia Torr. 

Galium spp. 100 71 9 62 80 8 67 'O 100 

Maianthernum bifolium DC. 67 18 i 8 8 

Fragaria spp. 29 6 23 13 8 

Asarum caudatum Lindi. i1. 12 

Hieracium spp. lL 29 8 53 33 33 50 50 
Lupinus spp. 12 15 20 17 17 100 
Grasses (not differentiated) 67 29 65 77 73 58 58 100 100 100 O.' 



EIi 

a: 
w6C 
> 
o 
C-) 

z 
4C 

o 
a: 
o 

2C 

o 
95 

I' 

I 

I 

I 

t 

t 

TREE CROWN 

__________ 
I 

t 

___ ___ 

STRATUM 

__________ 

I 

I 

*________ 
__________ __________ 

( 

SRUB 

J'-__ 

T ' 
bz-28 

\ 
, 

STRATUM 

r-.223 

-1 -. 
\ 

105 115 25 35 145 155 165 175 185 

SITE INDEX CLASS 

Ficjure 7. 

Average Crown Cover for Trees and Shrubs 

(samplep(ots grouped by lOft. SI. c$asses). 



67 

IDEWfIFICATION OF SITE QUALITY TJNDE1 FIELfl CONDITIONS 

Various soll. propertie3 have been shown to bave sig- 

rilficant relationships to site quality. Some of these 

properties can be evaluated readily in the field and, thus, 

are useful indicators of the relative potential of denuded 

soils as timber sites. Site index has been sho.m to vary 

predictably according to changthg values of soil depth, 

stoniness, slope arid t} characteristic vegetation on each 

area. Other soil properties stich as the amount of avail- 

able moisture in the rooting zone, the moisture equivalent 

and bulk density of the sub-soil horizons, while related to 

the site value, can not be estimated under field conditions 

except as the observer can relate known values for similar 

soils to those being inveitigated. The clay contents of 

the B horizons have been shown to have a sicrnificant re- 

lationship to site quality only when the other soil pro- 

perdes Laontioned above are also considered. 

In practical field use the Identification of the Lou 

series would be useful if these series can be identified 

from soils maps of the area or by identification of the 

soll from profile characteristics. These characteristics 

include such soil properties as firmness and distinctness 

of structure of the B horizon, properties which are related 

to the bulk density and clay content already shown to be 



r.i 
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related to site quality. Classification of soils at the 

series level also considers the climatic differences, 

which, while not directly related to site quality by the 

present study, are known to influence productivity of 

timber stands. The mean site indices for the different 

series sampled have been shown to be greater on soils 

which are characteristic of areas of high annual precipi- 

t.ation. Thus, classification of soils upon which potential 

site quality is to be determined, makes it possible to 

rate each area, indirectly, cuvdin tú the effects of 

some of the separate properties which cannot be considered 

individually. 

The use of soil series classification together with 

soil depth was concluded to be the best initial step to- 

ward evaluation of site potentials for denuded soils. 

Where depth phases of the soil series are delineated on 

soils maps, site quality for a given area may be determined 

directly from such maps. Relationships of soil series 

and depth classes to site index were calculated usina the 

regression coefficients for the effect of depth determined 

for each parent material group. (Table 12) When only 

the series and depth factors are considered the estimation 

of site index on the 93 sample plots included in the 

analysis resulted in an average error in site prediction 

of 10.78 feet. The standard error of a single prediction 



was plus or minus 13.141 feet; thus, use of these two factors 

permits estimation of the correct site class in about 70 

per cent of the plots. 

Modifying factors which will alter the capability of 

the site includo stoniness, aspect, slope and the char- 

acteristics of the subsoil which affect root penetration. 

Stoninoss has been shown to result tri a common under- 

estimation of the soil depth. It does not seem wise to 

apply the fixed positive stoniness class regression co- 

ef:'iciuxit diermined bc the analysis oi this variable, 

since different observers would be expected to vary widely 

in their estimates of the free rootin depth in soils 

where stones were cormnon. perhaps an arbitrary addition 

of one six inch depth class, when in doubt as to whether 

the apparent depth to stones is the true limit of rooting 

space, would result in a nearly accurate depth evaluation 

for most observers. 

Aspect and slope effects become most important where 

exposed positions are combined with shallow soils to re- 

Bult in low site values. Slight concavities in moderate 

and gentle slopes and broad ridge-tops with less than 

10 per cent slope are areas in which impeded soil drainage 

might be suspected. These soils usi.ally show mottled 

sub-soils and increasini! pH with depth. Care should bo 

taken in such soils to determine the depth of common root 



Table 12 

Expected Site Index Value of Soils by Serles and Depth Classes 

Soil Serles Soil Depth Class 
2 5 6 7 t3 9 10 

Non-stony Soils Depth 18" 2I' 30" 361? L2" It3" Çj" QY T!4 

Hembre lIi1 1148 l 162 170 178 

Aiken 121 126 133 139 1L 152 160 168 

Dixonville 9 103 110 116 121 127 133 139 

Astoria lL3 150 158 166 175 181t 191t 

Melbourne (hiph rainfall) 126 133 lLO 1L17 155 163 171 

Blachly 136 114j ll 159 167 

Sites 132 138 1I6 153 161 169 

Melbourne (low rainfall) 120 126 l3I, 1 lL7 

Stony Soils 

Where possible utilize road cuts and windfalls to determine the extent of root 
penetration into the subsoil. If it is necessary to rely on auger determinations 
of soil depth, an arbitrary adUtion of six Inches (one depth class) should be 
made to the average depth to rock of several borings. 

Note: tJnderlined site Index values indicate the extent of plot data. 
-4 
o 
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penetration. This depth should be considered to be the 

soil depth for use of Table 12. 

The value of vegetation composition as a xnean3 of 

identifying site quality of cleared land will depend on 

the disturbance history of the area. LÍn1es there has 

been repeated burning the shrub species which were present 

prior to cutting should still be evident. Sword fern i8 

a common species on moist, cool, cutover areas such as 

would be expected to have high site capability. (rasses 

and poison oak quickly reinvade areas on hot, dry slopes 

where moisture in the sinxner is limited. Lesser vegetation 

common to the old-growth forest may still be found under 

dense clumps of shrubs and can serve as a clue to the 

nature of the original forest. The shrub ani forb species 

found can serve as additional indicators of site value 

and may be used, together with topographical features, 

to generalize upon the evaluat.ions of site quality made 

in specific locations. 
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SOIL PIES DFSIC?1ATION UILIZET) I! SOIL-,I'iL .YTY 

The forsted 30113 of the Ore,;on Coast flange have been 

differeritiatel into soil series but they are not yet clear- 
ly defined. 'ihe serles recognized at the present time and 

utilized in the present study are briefly described below. 

The criteria ror separation of the 8eriea in each parent 

material group and a typical profile description for each 

series aro listed. 

SOILS FOBMET) ON IO EOJ PAPEW MATERIALS (BAS'WT) 

Alicen Series 

The Aiken series includes soils of a wide range of 

characteriRtics from shallow rocky soils with fractured 
basalt franents comrion in the subsoil to deep, clayey 

soils with rioderate B developrient. 'he following profile 
cescrlption was made on a soil which Bupported a stand of 

Douglas-fir with a site index value of 1O feet. The soil 

occurred on a 1 slope near a ridge-top at 1280 feet 
elevation. 

A1 0-6 inches 2. YB 3/Li gravelly silt loam textire, con- 

taming many shot; strong, fine granual 

structure; loose consistence when moist, 

sliphtly sticky and plastic when wet. 

pH .8 
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A3 6-16 Faces of peds 2. YR 3/14, interior of ped3 

2. YR 3/6; clay loam texture with common 

shot; mixed strong, medium and fine sub- 

angular blocky and fine granular structure; 
larger peds firm, granules friable w}ien 

moist, sticky and plastic when wet; pli .2. 

B1 16-214. 2. YR 3/6, clay texture, shot eornmon; mod- 

erate, medium subanu1ar blocky structure, 
breakin' to finer ag,'regates; friable when 

moist, sticky and Very plastic when wet; 

pH 14.. 

B21 2h-314 2. YR 3/6; containin. snot of charcoal; 

clay texture; rtoderte, medium angular 

blocky structure; friable when moist, 
sticky and very olastic when wet; pH 1.E. 

B22 3h-1i6 Same as above but with texture becoming more 

silty with depth; structure also weaker with 

(i e p th. 
B3 146i ; YR Ii/6; 8ilty clay texture; weak fine 

blocky etructure; friable to very friable 
when moist, sticky and plastic when wet; 

pH IL.. 

Hernbre Serica 

The Hembre soii8 are differentiated from liken soils 
on the basis of more brown and yellowish brown colors, 



lower pP values througiout the profile, from .l to ¶ at 
the surface to about Ij. in the subsoil. The B horizon is 

somewhat 1088 firm, the structure being less distinct. This 

profile was described on a tlot which had a site index of 

13t feet. There was reason to believe that this did rot 
represent the true capability of the sito since the stand 

showed sigra of wind injury. The soil profile was des- 

cribed on a 2° north slope at i10 feet elevation. 

A1 0-8 inches YR 3/3; loam, with atron. subangular 

blocky and granular structure; friable 
when moist, alightly sticky and sliihtly 
plastic when wet; pH .2. 

B1 8-20 YR /6; silt loam; moderate fine and mod- 

ign subanu1ar blocky structure; friable 
when moist, sticky and plastic when wet; 

pli .O. 

B2 20-t0 YR /8; silty clay loam; weak medium 

platy structure breaking to irregular sub- 

angular blocks; friable when moist, slightly 
sticky and plastic when wet; pT I.2. 

B3 L0-ii7 YR /8-6/8; silt loam; weak fine subangu- 

lar blocky structure; friable when moist, 

slightly sticky and plastic when wet; pH L.0. 

C I74 ; YR 6/8; silt loam; very weak structure, 
very friable. 



flixonville er1os 

This series has boen lescribed in Dou1as County, 

Oregon, where it is found on warm 3outh slopos supporting 

oak-fir stan!s. Similar soils in the l3enton-'3olk county 

area were assi«ned to tiis series. Pixonville 80113 are 

differentiated from the lken series on Lhe basis of hiier 

pit, more blocky struct'e of the B horizon, and generally 

shallow rocky subsoils. .ibsofl colors are usually less 

red than in the Aiken. This profile was described at 1100 

feet elevation on a 30 southwest slope. 'he site index 

of the D)urlas-fir stand was 122 feet. 

A1 0 7. YP 3/2; silty clay; moderate medium 

crumb structure; friable when moist, sticky 

and plastic when wet; pH b.0. 

A3 g-12 7. YI? 3/2; silty clay; strong irregular 

crumb mixed with moderate fine subanular 

blocks; friable when moist, sticky and 

plastic when wet; pH .8. 

b1 12-20 5 Yr 3/3; silty clay; moderate fine sub- 

angular blocky structure; friable when 

tnoist, sticky and plastic when wet; pl! .8. 

B2 20-2g YR 3/Ij; gravelly clay; (70% of soil vol.. 

urne basalt franents); firm when moist, 

sticky and plastic when wet; pH .8. 



B3 2-3O YR 3/lt; gravelly clay; (75f of seil vol- 

urne stonoa) moderate coarse subanEular 

blocky structure, pods becom.tn: less di8- 

tinct and finer with depth; firn when 

moist, sticky and plastic when t; pl! ¶.6. 

SOILS FORMED ON SEDIMENTARY ROCK PAJEN'] MA1fl9IALS 

Astoria Series 

soils of the Astoria serios are foind in the study 

area only at higher elevations and in protected locations. 
'hese soils are very acid touot the profile, have deep 

A horizon8, are generally yellowi8h brown in the subsoil 
and have soft to very friable subscil consistenco. This 

profilo description was written tor a soil found at 1700 

feet elevation on a lO northwe$t slope. A Doulas-fir 
western hemlock stand on the area showed a 16lt. foot site 
index for the fir .rowth. 

A1 0-ii inches 7. YR 3/2; silt loam, shot very common; 

strong medium and line ;ranular structure; 
friable when moist, s1i'itly s;icky and 

slightly plastic when wet; pIT .0. 
A3 ii-18 10 YR 3/,3; prave1ly silt loam, sbot common; 

moderate medium and fine granular structure; 
friable whon moist, slihtly sticky and 

plastic when wet; pH .0. 
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B21 l-2 7. YR l/t, silty clay; moderate fine sub- 

anu1ar blocky structure; friable when 

moist, sticky and very plastic w'en west; 

pH .0. 

B22 26-31 10 YR /1i; silty clay; weak modi'uin anEular 

blocky structure; consistence as above 

pH 1.8. 

23 3l-Z 10 YR .6; silty clay; weak finc blocky 

structi..'e pli ¿.7. 

83 l-6O4 io YR /6; gravelly, silty c.ay; very 
friable; pH .7. 

Blachly Series 

Blachly aoils are similar to the Astoria series except 

that the colors are red, enera11y in the R-2. YR range 
of hues. !3lachly soils sampled in the present study wore 
differentiated from the soils of the Sites series on Lhe 

basta of lower pH values, and more friable B horizons with 
less distinct structure. 'ihe following profile description 

was written for a soil found at 1Ì00 feet elevation on a 

east slope. The site index for the sttnd was 165 feet. 
A1 o-8 inches 5 YR b/3; silt loam with common shot; strong 

fine ranu1ar structure; loose when dry, 

slightly sticky and a1ihtly plastic when 

wet. pH .6. 
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A3 YR 14/1k; silt loam, ahot common, strQng 

fina ¿ranular and weak medium 3ubUn[. t1ar 

blocky structure; very friable whon moist, 

SliLthtlY sticky and plastic when wet; pif .3. 

B1 l-3L ¶ Y' '/6; silt loam; moderate fine ¿ranular 
and weak medium auban:';ular blocky structure; 
very friable when moist, sliíthtly sticky 
and plastic when wet. pH .O. 

B2 3h-143 YR ij/6; stony, silty clay loam, (O-6ty' 

stones); weak medium subangular blocky 

structure; very triable when moist, sticky 
and plastic when wet. pH .O. 

B3 143_ yn 14/14; stony silt loam; (7' stones); 
weak fine angular blocky structure; very 

friable when ioist, slitly sticky and 

plastic when wet. pli 14.2. 

C 3-6O4. 7 YR 14./14; mIxed areas of tuffaceous sand- 

stone bedrock kind stony loam; other charact- 

eristics of soil as above. 

Melbourne Series 

The Melbourne Series as cìe8cribed and applied in 

previous mapping operations has included a wide ranço of 

brown colored forested soils. Timber site quality was 



ftund to range widely over the different s41s included in 
this broad series. The series was divided into t 1asses 
on the basis of surface soil characteristics and other 
featuros reflecting, differences in rainfall. These sub- 

divisions are described below. 

(High Rainfall Melbourne) 

These soils are similar to the Astoria soils in color 
but are not as strongly acid and have firmer B horizons 

with stronger structure. The profile description below was 

written on a soil found at feet elevation on a 

northeast slope. The site index of the stand was 166 feet. 
A1 0-3 inches 7. YR 3/2-lo YR 3/2; silty clay loam; 

strong medium granular stricture; friable 
when moist, slightly sticky and plastic 
when wet; pH .8. 

A3 3-ls 7. YR 3/2; silty clay loam; moderate med- 

lurn subangular blocky structure; consistence 
as above; pH .2. 

B11 1g-23 7. YR 3/2; silty clay; structure and con- 

sistence as above; pH .0. 
B12 23-32 7. YR 3/2; silty clay; moderate coarse 

subangular blocky structure, friable when 

moist, sticky and plastic when wet; pH t.8. 
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B2 32-3P 0 YR 1/h; stity clay; weak coarse anrular 

blocky str.icture, ali, htly ftri hen Noist, 

sticky and n1nstc when wet; pH .O. 

L 38-htL 10 YR b'3; gravelly silty clay; weak medium 

suban.a ar blocky s truCt. tre; f riab1i. when 

moist, stLcky and niaRtic when t; pH 5.0. 

C hL-60i 10 YR Ç/1j; silty clay loam; moderate fine 

and very tine subanzu1ar blocky structure; 
soft when moist, a1ihtly sticky anti 

slitly plast.tc when wet; pH I.8. 

(Low ainfa1l Melbourne) 

The low rainfall division of the series was dift'eren- 

tiated on the basis of surface characteri3tics such as hard 

A horizons, lack of shot in Lhe 3urface soil, arid pl! values 

8imilar to the Dixonville soils. The profile described be- 

low was examined at IÇ0 feet elevation on a 209' cast slope. 

'he site index of the stand was 123 feet. 
A1 0_Li inches 3/3; silty clay; strong medium and 

fine granular structure; slightly hard when 

dry, slt'htly sticky and plastic when wet; 

pH 6.2. 

tl b-lZi YR 3/33/I4; silty clay, moderate medium 

and coa'se subanu1ar blocky structure; 
hard when dry, sticky and plastic when wet; 

pH .5. 
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B2 1h-19 5 YR 3/Ii; gravelly clay; moderate, medium 

and coar8e, subangular blocky atrctuie; 
firm when iuoiet, very sticky ind plastic 
when wet; pM .2. 

C-Dr 19-LOf lo 7/6; very t.ony clad loam; mixed bed- 

rock materials to ho inches plus (over 7 

Stones); moderate medium angular blocky 

structure; very fiin when moist, very 

sticky und pla3tic when wet; j*i .O. 

Site series 
Soils of the Sites series, like the Blachly soils, 

are red to in color (mostly 2.5 Y and YB 

hues). These 8oiis resemble the Aiken soils except for 
the differences in parent materials. ubsoi1 of the sites 
90i18 are firm and tend to be appreciably h1her in clay 

content than the urfce horizons. Those soils are less 
acid than those of the Blachly series. The followinç' pro- 
file description was written for a soil found at tO feet 
elevation on a 12 northeast slope. The yung stand on 

this area showed a sit.e inex value of 1L50 feet. 
A1 O-6 inches YB ui/L; silty clay loam; strong fIne 

subangular blocky structure; friable when 

moist, slightly sticky and plastic when 

wet; pH 6.0. 
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Pt3 -l3 2. YR I/1; clay loani, moderato ned1um and 

fine sAbanular blocky strctze; 1rLible 
when Lrist, becoriir firm t hard upon 

drying, sliitly sticky and plastic when 

wet; pH .6. 
B1 13-23 2. YH 3/6; clay loam; moderate fine sub- 

angur blocky structure; friable when 

raoist, sticky and plastic wh6n wets pH .2. 
B21 23-30 2.5 YR 1/6; with black streaks of manganese 

s tains; clay; mod era te me diwn 8 ubangular 

blocky structure; firm when moist, sticky, 
very plastic when t; pli .2. 

B22 30-LO 2.5 YR and 10 YR 1jj6; gravelly clay loam; 

moderate medium subangular blocky structure; 
very firm when moist, containing hard 

granules; pH 5.0. 

83 110_c:4 YR 5/6 to YH /6; silty clay; weak 

irregular subangular blocky structure; 

friable when moist, sticky imd plastic 
when wet; pH 5.2. 
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Timber Stand and Soils Information 

from Individual Sample Plots 

Average Average Effective % clay Aspect- Stony1 
Location Age Height Depth in B2 Slope % Class 
AIKEN SOILS: 

S3 ¶110 R 70 yrs. l2 ft. 60 in. I% SE-2% 2 

521 TiO R 152 196 60 1 Nw..t i 

S3 Tu R 69 l2L 33 3 S-10 

S3 ¶1:11 R 2Li. 3 I.A 2 W-2g 2 

529 T12 n6 t9 9 39 60 N-1g i 

st nl R lO 16LI t 3 &-IO 3 

S36 TiC R 9Li 1146 1i3 L6 SE-7Ç t. 

S36 no i b2 99 60 6 Ì'E-lO i 

R6 tj9 39 614W E-1 

Si T12 R7 73 131 145 62 F-1g i 

SIj. Tu R )0 l3 38 NÑ-27 i 

b9 '113 r6 ¿i.2 97 60 65 5-140 1 

S15 T13 R6 37 914. 60 59 E-140 i 

S23 T114 B7 79 136 56 32 SE-50 14 

S7 T12 6 72 130 62 60 NE-15 i 

s18 ¶122 R6 75 129 142 59 S-20 3 

S26 T7 r6 614 116 50 39 N-30 3 

52 T8 R6 70 133 33 56 E-15 3 

S21 T7 R6 63 118 60 57 S-20 i 

S22 T7 n6 1 136 62 59 E-20 2 

1-Stony classes as in text: less than i0?, 2 10-25%, 
3 25O%, 14 5O_75, 5 over 75% of soil voltwie composed 
of stones. 
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Timber Stand and Soils Inforiiation 
from Individual Sample Plots 

Average Average Effective clay Aspect- Stony 
Location Age Height Soil Depth in B2 Slope Class 
AIKEN SOILS (cont'd) 

S21 ¶17 P6 130 yrs. l7 ft. I in. 5 S-3 2 

59 T7 P6 68 116 2 32 W-70 3 

s TiO R 66 138 62 N-1 i 

532 T6 R6 9 103 7 61 Nw-1 i 

59 T7 R6 63 135 62 16 Nw-Lo i 

514 T7 R6 i0L4 14 30 SE-60 

S22 T7 R6 8I 13 66 62 NE-lE i 

S29 TLO R 98 l6 o I8 i 

S3 TB n6 6]. 13I. E-20 i 

S21 '17 R6 6 127 0 3 SE-2K 

S21 T? 6 133 162 50 N-20 2 

S32 T6 n6 9h Li5 So N-20 2 

Si P12 P7 7S 136 50 62 S-30 i 

Sl' T13 i6 10 93 5I. E-IO i 

83 Tu H 70 127 38 38 SE-15 

SIj. P11 P5 87 118 26 55 NW-20 i 

S36 P10 î5 89 122 51 SE-hO 2 



92 

Timber Stand and Soils Information 
from Individual Sample Plots 

Average Average Effective Clay Aspect- Stony 
Location Ag Heit Soil Depth in 2 Slope % Class 

HEMBflE SOILS 

St T9 R6 t2 yrs. 108 ft. 60 in. NE-2% 2 

S2 113 fl7 107 138 ¿0 ¿9 N-25 2 

S30 !F8 R6 8 118 60 L1 SW-2 2 

DIXONVILLE S0US 

Si? 111 R 67 113 SS t49 W-3Ç i 

517 ¶1 R 39 89 5; L3 NE-30 2 

532 flO RS loo 111 17 59 5W-5 i 

532 TiO R 99 103 26 3 w-10 1 

sg ni R 101 132 O I7 E-1 2 

517 nl P5 67 100 t0 h2 E'W-30 i 

S17 Pii P 66 lii o ¿4 w-30 i 

532 L0 R5 loo 92 18 9 Level i 

S32 no RÇ 9h 107 32 1i9 W-3g 2 

532 flO p5 70 iOt Li0 8 S-30 

519 910 R 6 126 1 ¶0 W-0 

s9 110 R 69 111 ¿49 N-2S 2 

s18 TiO R6 101 1t7 50 S-1 3 

SiS TiO R5 10]. lI0 ti.2 SW-50 3 

siS 'r 6 86 121 3 ¿41 sw-1 i 

S1 17 R6 89 117 ¿40 ¿41 Level ¿4 



13 

Timber Stand and Soils Information fri Individual Sample Plots 

Averaíe Averae Effective Clay Aspect- Stony LocatIon Age Height Soil Depth in B Slope % Class 
PIXONVILLE SOILS (cont'd) 
532 'rio P5 97 yr 92 ft. 20 in. L9 Level 1 

S32 riO P5 10h 9L1. 17 su-5% i 

S35 'PlO P5 69 99 35 SW-30 

ASTORIA SOILS 

si6 T12 P7 96 162 66 5h Nw-S i 

S17 'i8 P6 67 136 66 w-liO i 

S27 Tu F7 70 167 66 L7 E-55 i 

s8 Tu R? 37 97 50 L6 S-2S 2 

s8 Tu R7 36 98 tO tUi. S-30 3 

S27 Ui P7 72 167 66 b3 NE-60 2 

BLACHLY SoILS 

519 'I 6 63 117 60 58 W-20 i 

528 T8 R6 hO 99 55 52 NE-iO i 

S25 TiO P7 67 litS 66 lib SE-6E i 

S30 ¶I3 n6 60 123 55 37 5W-25 i 

s6 T9 R6 105 167 55 ¿ E-50 3 

519 r8 R6 58 100 I 1i6 W-25 3 



914 

Timber Stand and Soils Infonnation 
from Individual Sample Plots 

Average Average Effective % Clay Aspect- Stony 
Location Age Height Soil Denth in B2 Slope % C)ass 

MFLBOIRNE (higti rainfall) SOILS 

S23 fl14. P7 76 yrs. l7 ft. 66 in. 1O% sw-8o% i 

S28 T9 R6 3P 117 66 141 NE-60 3. 

31 TIC R6 69 118 l S-30 2 

31 TiO R6 71 lI3 66 l SW-20 3. 

si no 6 72 1141 SO O SE-14E i 

MELBONE (low rainfall) SOILS 

S214. 14 6 15 109 66 50 SW-20 i 

S214. Ti)4. n6 15 93 O 314. w-20 i 

sl14 T8 6 101 1214 30 19 E-20 5 

SIThs SOILS 

S19 P13 RS 35 77 Ss 714. NE-10 3. 

sil T114 P6 65 i16 66 19 E-15 i 

S31 TI3 R6 143 100 55 59 N-15 2 

323 fl1 17 52 120 55 614. SE-15 i 

S23 Titi P7 73 114.6 60 76 SE-20 2 

S19 T8 6 80 122 145 50 SW-30 2 

Sil TR R6 ¿45 108 Li5 146 3E-20 2 

37 T8 RS 66 127 50 61 SE-20 i 

S11 T8 R6 98 131j 50 8F-25 i 

sii rq i6 70 106 6 69 NW-20 2 



Timber Stand and Soils Information 
f rm Individual Sample Plots 

Average Averare Effective Clay Aspect- Stony 
Location Age Heir,ht Soil Depth in B2 Slope % Class 
SITES SOILS (Cont'ì) 
S12 R6 70 yrs. 123 ft. O in. 6O SE-3O 2 

529 T6 R6 14.7 102 L IJ. E-30 i 

S12 'I R6 6l. 111 6 Lt3 SE-30 2 

PLOTS NOEI JTILIZED DUE 'i O DOOR S1 AND DATA 

S27 Tl0 R6 9 78 t 26 s-60 tj. 

S13 TB fl7 162 127 3 61 3W-30 3. 

S3 T8 s6 9 loo I0 66 NE-20 i 


