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A TEST OF THE DIFFERENTIATION
OF SOIL SERIES WITHIN
THE WILLAMETTE CATENA

INTRODUCTION

The earth's land surface is covered by a popul&tion of

soils that is comprised of an almost infinite number of

individuals, Each soil individual haø vertical limits fixed

by the thickness of the soil profile and horizontal limits

fixed by the practical limits of space required for its

observation (9, p. 88). A soil individual can be defined

according to the values of its internal characteristics. It

is impractical for man to deal with these individuals sepa-

rately, because their numbers are so great that it is not

feasible to remember the properties of each, and the area

represented by each is too small to serve as a practice]. land

unit for most operations. Therefore, man has found it con-

venient to systematically arrange soil individuals into

classes. A soil class is a group of individuals, or of

other classes, which are similar in selected properties, and

which are distinguished from all other soil classes by

differences in these properties (9, p. 81). The purpose of

this study was to determine whether groups of soil individ-
uals are naturally segregated according to specific values

of selected properties, or whether the division between

groups for taxonomic purposes must be made arbitrarily.

Natural soil groupings would be those groups of soil
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individuals that were segregated from other groups of in-

dividuals by minima in frequency distribution tabulations

for one or more properties the individuals had in comicn.

The allowable range of values for the common property or

properties in a natural grouping would be fixed by the

positions of the minima. Such groupings could be used for

taxonomic classes, and could be precisely defined in terme

of the mean values, standard deviations, and ranges of the

segregating property or properties. Arbitrary soil group-

ings would be those for which man must set the limits to

the ranges of values for selected properties, tcause of

the absence of minima in frequency distribution tabulations

for any of the properties, or sets of properties common to

the soil population. The defined range of values for the

segregating properties would depend upon man's choice,

rather than upon the natural limits set by the minima in a

frequency distribution tabulation,

The sample used in this study consisted of 114 in-

dividuals representing 5 soil classes at the series level

of generalization. The series, all members of the Wi].-

lamette catena, are Willamette, Woodburn, Amity, Concord,

and Dayton.

The sample was obtained from a 20-mile transect north

of Salem, along the Salem-Portland expressway from exca-

vations dug for foundation footings of electrical line
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towers. One individual was described and sampled at each

tower location.

The individuals were classified into series according

to current concepts of the National Cooperative soil sur-

vey. Selected quantitative morphological, chemical, and

physical characteristics of the individuals for each series,

and for all the individuals combined, were summarized and

statistically analyzed. Mean values, standard deviations,

and ranges of the various characteristics were calculated.

The significance of the difference between the means of

adjacent classes (ranked according to degree of impeded

drainage) was tested. The frequency distributions for the

various characteristics were tabulated and examined for

the presence of minima. Suggested minima were tested for

significance by the Chiaquare individual degree of free

don goodness of fit teat. The frequency distribution

pattern of the individuals for several characteristics

considered together was studied by means of discriminant

function analysis.



REVIEW OF LITERATURE

Pedologiste have treated concepts concerning the man-

ner in which Boil individuals are grouped within classes

much as the layman treats the weather. They have discussed

the subject a great deal, but have not done much about it.

Actually, it is unfair to say that they have not done much

about it. Their concepts are based on a large number of

field observations and subsequent armchair speculation. It

is more correct to say that pedologista have made little

effort to objectively test their concepts or hypotheses. A

test to determine the kind of frequency distribution that

soils have requires random sampling of a large number of

individuals, Obtaining such a sample probably has been the

biggest hindrance to an objective study of the problem.

Cline has presented the moat comprehensive review of

soil classification concepts (9, p. 81-91). He states, "A

class of natural objects may be considered in terms of a

frequency distribution according to value of a selected

property. Commonly, within some small increment of value

of that property, the frequency of occurrence of individ-

uals is a maximum. This is the modal value of the property

which defines the central nucleus of the claas...the modal

individual" (9, p. 82), The selected property is called

the differentratin2 characteristic. Cline states that its
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"mean value within each class defines the modal individ-

ual of that group. Its standard deviation defines the

variability of the group. Tests of statistical signifi-

cance are measures as to whether the differences between

classes are real or only apparent.a

It appears that Curie is inferring that soil classes

have natural limits set by minima in the frequency distri-

bution of individuals at certain values of the differen-

tiating characteristic. Yet, in the same paper, he writes,

"Classos of natural objects are not separated by insur-

mountable barriers; they grade by small steps into other

classes" (9, p. 81); and "When differentiation is based

upon degree of expression of an attribute, the limiting

value of that property between classes of a continuous ser-

ies may be placed arbitrarily at any point in the series"

(9, p. 86), Gline qualified hia statement pertaining to

the maximum occurrence of individuals at some modal value

by the word, "conmonly." Could he have meant that soil

classes have natural boundaries only when the differen-

tiating characteristic is one of kind rather than one of

degree of expression? Hardly, since he refers to "more-

merit of value" of the selected property which infers degree

of expression rather than kind of characteristic.

Certainly, classes differentiated according to kind of

property would have to be discrete groups.



The mere fact that Cline says a class can be defined

in terms of the mode and the standard deviation of the

differentiating characteristic implies that maxima and min-

ima exist in the frequency distribution of individuals for

the differentiating characteristic. Then, does be assume

that "commonly" aol]. classes have natural limits? Probably

not, because he does not infer anywhere in his paper that

the modal values of a characteristic would express them-

selves as maxima of a frequency distribution for a large

sample including individuals from a variety of environ-

ments. Instead, he says that we determine the character-

istics of the modal individual and the deviations from it

for classes of the lower categories by drawing a sample from

an area large enough to be feasible for treatment for most

purposes (9, p. 88). Moat of the characteristics of the

population of soils probably have a bell-shaped frequency

distribution curve. Likewise, samples drawn from central-

ly located segments of the population would probably yield

bell-shaped frequency distributions for the various

characteristics. The modal value of the distribution,

however, would depend upon the segment of the population

we sampled. The segment of the population sampled would

not depend upon some existing modal value or minima values.

Other pedologists have expressed similar views con-

cerning aol]. classes. Jenny, an advocate of the use of



genetic factors rather than soil characteristics as the

basis of soil classification, wrote, "Theoretically, one can

pass from one soil type to any other by a series of infinit-

ely small steps having equal classification significance"

(25, p. 15). One could argue the point, "having equal

classification significance," because of the dependency of

a classification system to a specific objective, but the

statement infers the absence of minima in the frequency

distribution of individuals for specific properties.

Bushnell said, "characteristics and kinds of soils are

conceived naturally to form a continuous spectrum and the

operation of breaking this band up, by classification into

distinct kinds of soils is a figment of the imagination

rather than discovery of natural discrete segments" (7, p.

468).

Mill states, "It is a fundamental principle in logic

that the power of framing classes is unlimited, as long as

there is any (even the smallest) difference to found a

distinction upon" (33, p. 91).

Whiteside said, "it seems more correct today to say

that soil individuals should be defined in terms of the

ranges of their differentiating properties rather than by

a modal individual which would vary with the relative areas

of the different portions of the range of soil properties"

(47, p. 194). By "soil individuals," he was referring to



the class, soil type, as defined in the Soil Survey Manual

(43, p. 287-289).

Mime, describing topographical sequences of soils in

East Africa, wrote, "in studying a sample area in detail it

is possible to pick out three or four distinctive types of

profiles and give series rank to each of them, making it

clear in the descriptions of these series that they vary

about their means so as to join up continuously" (34, p.

183).

Since there is almost universal agreement among the

authorities about the continuous pattern of variation among

soils, is there any need to objectively test for the possi-

bility of natural limits between groups of soils that might

be used for taxonomic purposes? This answer is yes, of

course. Characteristics used to define soil classes are

often selected because they reflect the genetic factors

under which the soil was developed. It is possible that one

or more of these factors could express itself in a discon-

tinuous pattern. Finding this pattern of expression would

be very boneficial for making class distinctions. An

objective study of the population might be required to find

this pattern.

Another reason for objectively studying a sample of

the population is to permit precise definition of the

classes regardless of whether they are natural or arbitrary



units. Cline states, "The test of any grouping is the

number, precision and importance of statements that can be

made about each class for the objective" (9, p. 82). He

also states that complete randomization is necessary for

unbiased estimates of the variation within a class (8, p.

275).

Several studies concerning the amount and kinds of

variations within taxonomic and cartographic soil units have

been made, but "representative" samples were used in most of

these.

Brown and Thorp investigated the morphology and chemi

cal and physical composition of series of both the Miami

catena and the Miami family (6, p. 1-53). They selected but

one representative sample of each series. They found dif-

ferences between the series but had no basis for testing

significance.

Crawford studied the variation of pH, CaCO3, and parti

ole size distribution in the plow layer of two soil types

(11, p. 156-162). He randomly selected 20 sites on each

soil type from soil maps and took duplicate samples at each

site, 20 yards apart. He found the variation between

duplicates was much smaller than it was between Bites. He

also found significant differences between the means of the

two types for complete coarse sand, complete fine sand,

insoluble fine sand, and per cent CaCO3 in the fine earth,



He also plotted the frequency distribution of the individ-

uals for these characteristics and concluded that if a

soil series is subdivided into two or more types, they

must be defined in terms of a limiting per cent of one

particle size fraction, or possibly a limiting ratio of

fractions. In other words, he did not think it feasible

to define thetypea on the basis of a modal individual and

the deviations from it,

Davis studied the uniformity of soil types within 8

series in Alabama (15, 153 pp.). He sampled 22 sites for

each series, but selected "representative" profiles of each.

Despite the selection of representative profiles, he found

the variation within a given type greater than the variation

in properties between types, and concluded that the soil is

a continuous body with ever-present variations and grada-

tions and suggested latitudinal limits for series.

Harradine studied the variability of soil properties

in relation to the stage of profile development (21, p.

302-310). He randomly sampled 16 profiles from each of 4

series selected to represent 4 stages of development in

Colusa County, California. ha primary objective was to

obtain a thorough knowledge of the significant range of

variability of soil properties within each series. He

calculated means, standard deviations, standard errors,

and coefficients of variations for several chemical and
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physical properties. He found significant differences in

the mean values of some of the properties between series,

and characteristic extreme-value ranges for the properties

within series. However, all of the extreme-value ranges

overlapped with those of adjacent series. Therefore, the

characteristics he analyzed were not strictly differen-

tiating in that they did not discriminate all individuals

of one series from other series. He used statistical

analysis for his data that assumes a normal population.

Subsequently, had he analyzed a characteristic that differ-

entiated all individuals of one series from all individuals

in another series, one may have been able to conclude that

soil series are natural classes. He sumrarized his results

with the statements, "The continuous and heterogeneous

nature of soil bodies is generally understood. It must

follow that soil boundaries are median lines between two or

more soil bodies that may be quite dissimilar in many
properties, but may blend together with varying degrees of

sharpness at their junctions"; and "It seems reasonable to

assume that similar studies on a more comprehensive scale,

will materially aid soil surveyors and research workers

alike in defining and interpreting classification units"

(21, p. 310).

Youden and Mehlich studied the variation of pH in the

topsoil and subsoil for two soil types to determine the
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variability as a function of distance between sampling

sites (50, p. 59-70). They took samples at intervals of 10

feet apart, 100 feet apart, 1000 feet apart, and 10,000 feet

apart. They found that the variation among samples was

greater as the distance between sites was increased. Their

results do not tell anything about the presence or absence

of natural boundaries between taxonomic unite, but they do

reveal heterogeneity within a cartographic unit.

Synecologists, working with plant communities, which

are another system whose characteristics are dependent on

the same genetic factors as soils, have studied the frequen-

cy distributions of plant species using random sampling

techniques. Whittaker studied vegetation distributions in

the Great Smoky Mountains in relation to elevation and

topography (49, 80 pp.). He could find no point along a

topographic gradient at which floriatic composition or

dominance changed abruptly, and concluded that plant

associations are arbitrary groupings justified by their use-

fulness rather than by any correspondence to distinct

clusters of species existing in the field. Curtis, working

with vegetation communities in Wisconsin, was also led to

conclude that plant communities are formed by the overlap

of species distributions and are not organized into dis-

crete units or associations (12, p. 476-496; 13, p. 558-

566).
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DESCRIPTION OF THE SAMPLING AREA

The sampling transect paralleled the Salem-Portland

expressway (Baldock highway) in northern Marion County,

Oregon (Figure 1). It was approximately 20 miles long and

extended in a northeasterly direction from the electrical

transformer station, one mile north of Chemawa (SE. 1/4,

Sec. 25, T. 65., R. 3W.) to a point one-half mile northeast

of Butteville Station (NE. 1/4, Sec. 34, T. 45., R. 1W.).

The southernmost site (number 1) was about 4 miles north

of Salem and the northernmost site (number 120) was about

one-half mile south of the Marion-Clackamas County line.

The transect was east of the Willamette River at a distance

varying between 2 and 12 miles.

The sampling transect crossed a portion of the Willam-

ette Valley lowland of northwestern Oregon. The Willamette

Valley is about 125 miles long and from 15 to 40 miles wide.

It is bounded on the east by the Cascade Range and on the

west by the Coast Range. It extends from Eugene, Oregon,

to Portland, Oregon, where the Willamette River joins the

Columbia River.

The Willamette Valley is cut into early tertiary
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sediments, but has been subsequently floored with a series
of Pleistocene alluvial and lacustrine deposits, and Recent

alluvial deposits (16, p. 5). The Recent alluvial deposits

are valley flood plains of present stream channels that

are incised In the Pleistocene deposits. The Pleistocene

deposits form a broad, nearly level plain or terrace over
the extent of the valley, except where they have been in-

cised by post-glacial streams.

Some Pleistocene deposits along the borders of the

valley are gravelly wherever tributaries flowing out of the

surrounding uplands have built fans (4, p. 616). Most of

the valley fill (at the surface, at least) is finer materi-

al, called the Willamette Silts (16, p. 65). The sampling

transect was in this deposit.

The Willamette Silt deposit consists mainly of fine

sediments (largely medium sand to silt) which are rudely

stratified in beds that average about 1 foot In thickness

(35, p. 31). Pelts (17, P. 346) described a section of the

deposit near St. Paul, Oregon, which consisted of alter-

nating beds of fine sands and silts with very little clay.

The qualitative mineral composition of theae sediments was

angular grains of quartz, mica, feldspar, magnetite, and

other minerals; and sharp fragments of granite, basalt, and

other rocks. Occasional quartzite, granite, and other

rock-type erratics have been observed in the upper portion
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of the silt deposit over the extent of the Willaniette

Valley (4, p. 615-632).

The valley fill material rests on a bedrock floor which

is deepest near the center of the valley and more shallow

near the borders, A well near Gervais was drilled to a

depth of 252 feet without reaching the bedrock (35, p. 138).

Gervais is near the center of the valley and also is within

two miles of the sampling transect. Only the upper 68 feet

consisted of the fine sediments as described above. From

the base of the fine sands and silt deposit to the bottom

of the well, the record showed 17 distinct zones of materi-

als ranging in grain size from clay to gravel. A streak of

peat was observed at 205 feet from the surface.

The Willamette Silt valley fill is said to have been

deposited by glacial waters during a series of floods, re-

peated over an extended period of time (4, p. 625-626). The

glacial water was periodically restrained from its normal

course through the Columbia River Gorge by icejama in the

vicinity of The Dallas, Oregon, and also west of the mouth

of the Willamette River. These flood waters were dammed to

depths of 1200 feet or more east of The Dallas, and occa-

sionally poured out in sufficient volume to rush back into

the Willamette Valley through the gaps at Oswego and Oregon

City, carrying sand, silt, gravel, and icebergs along with

them. The erratics scattered throughout the valley were
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ico-raf ted by the icebergs. The icejama in the Columbia

River Gorge vest of the mouth of the Wi].lamette River might

have facilitated the reversal of the drainage into the

Willamette Valley instead of out of the Valley. The

locations of the erratios indicate that the backwaters in

the Willamette Valley had to be at least 250 feet above

the present level of the valley. The uniformity of the

upper limit of the flood materials suggests a ponding of

the flood for an extended period of time (a number of years).

The bedding of the fine sands and silts might have been

caused by seasonal changes in the sedimentation pattern;

the sands being depàaited in the summer, and the siltø in

the winter.

The relief of the valley floor in the immediate vicin-

ity of the sampling transect was remarkably uniform.

Nlevations of the sites ranged from about 160 feet to 185

feet above mean sea level (Figure 1). There was virtually

no relief between sites 18 and 66, each having an elevation

of about 182 feet, This portion of the transect passed

through a plain with no natural drainageways extending into

it. North and south of this plain, the valley floor had

been dissected by streams and the relief of the transect

was slightly more variable.
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The Willametto Valley has a humid temperate climate
characterized by mild wet winters, cool dry summers, and

a long growing season. At Salem, the mean annual temper-

ature is 530 F, the mean January temperature is 380 F,

and the mean July temperature is 68° F (44, p. 207-222).

The mean annual precipitation is 40 inches at Salem, where

the mean January precipitation is 5.7 inches and the mean

July precipitation is only 0.3 inches. On the average,

44 per cent of the precipitation occurs in winter, 24 in

spring, 5 in summer, and 27 in fall (46, p. 1086). Snow

falls occasionally, but ordinarily this area is free from

snow most of the winter. The average growing season is

about 200 days. In summer there is abundant sunshine, but

in winter there is much cloudiness. Westerly winds pre-

dominate, carrying the modifying effect of the Pacific

ocean.
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SOIL SERIES DESCRIPTIONS

Five series, all members of the Wil].amette catena, were

represented in the sampling transect. They were Willamette,

Woodburn, Amity, Concord, and Dayton.

Willamette Series

The Willamette soils are well-drained, medium-textured,

Prairie-Gray Brown Podzolic intergradea, developed in fine-

grained alluvial-lacustrine sediments of late Pleistocene

age. They occur on a broad, nearly level to gently undu-

lating terrace, in the narrow bands with good surface

drainage along the escarpments made by post-glacial stream

dissection. These soils have developed under a native

vegetation cover of annual and perennial grasses, low-

growing shrubs, and scattered oak and fir trees. They occur
at elevations between 225 and 300 feet throughout the Wil-

lamette Valley.

Moderately well-drained Woodburn soils occupy similar

- sites but differ from Willamette soils by being mottled
closer to the surface and by having a more pronounced fragi-

pan below the B2 horizon. Willamatte soils may have

mottling below 36 inches, but Woodburn soils are mottled

between 24 and 36 inches from the surface.

Willamatte soils are very dark brown in the surface
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horizon and dark brown in khe B2 horizon. The surface

horizon soil material is friable, granular,and has a

silt loam texture. The B2 horizon material is firm,

blocky, and has a silty clay loam texture. Thin clay

skins coat the pede of the B2 horizon.

A profile description of Willamette silt loam taken

from site 3 of the sampling transect follows. This site

was located in recently cleared Douglas-fir stumpland on a

3.-per cent convex slope, 20 feet north of a moderately steep

terrace escarpment.

A Os8 inches, grayish-brown (10 YR 4.5/2.5,
crushed dry) or very dark brown (10 YR
2/2, moist) silt loam with moderate medium
and fine granular structure; friable,slightly sticky and slightly plastic;
numerous roots; slightly acid (pH 6.1);
wavy clear boundary. 7 to 9 inches thick.

A3 8-15 inches, brown (10 YR 5+/3+ crushed dry)
or dark brown (10 YR 3/3, moist5 silt loam
with weak thin platy structure; friable,
slightly sticky and slightly plastic; numer-
ous fine roots, medium acid (pH 5.6); smooth
gradual boundary. 6 to 10 inches thick.

B1 15-23 inches, brown (10 YR 5/3, crushed dry)
or dark brown (10 YR 3/3, moist) heavy silt
loam with moderate medium subangular' blocky
reducing to moderate fine and very fine
subangular blocky structure; friable, slightly
sticky and slightly plastic; few 1/4-to 1-inch
tree roots, numerous smaller rootlets; few thin
patchy clay flows; medium acid (pH 5.6), smooth
gradual boundary. 6 to 10 inches thick.

B2 23-40 inches, brown (10 YR 5.5/3, crushed dry)
or dark brown (10 YR 3/3, moist) silty clay
loam with strong medium angular blocky reducing
to strong fine and very fine angular blocky
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structure; friable, sticky and plastic; few
1/4.- to 1-inch tree roots, many finer roots;
many fine pores inside pede; thin clay flows
on ped surfaces and inside pores; thin black
manganese oxide patchy streaks on pad stir
faces; strongly acid (pH 5.2); smooth gradual
boundary. l5to 20 inches thick.

B3 40-55 inches, pale brown (10 YR 6/3, crushed
dry) or dark brown (10 YR 3/2.5, moist) silt
loam with moderate coarse subangular blocky
structure; firm, slightly sticky, slightly
plastic; few large tree roots; very few fine
pores in pads, few large (1/2 inch) vertical
channels surrounded with 1/8-inch-wide dark
grayish-brown (10 YR 4/2, moist) rings which
in turn are surrounded by 1/8-inch-wide
yellowish-brown (10 YR 5/8, moist) rings;
thin clay flows and black manganese oxide
stains on ped surfaces; strongly acid (pH 5.2);
smooth gradual boundary. 12 to 18 inches thick.

C 55 inohea+ , pale brown (10 YR 5.5/3, crushed
dry) or dark grayish-brown (10 YR 3.5/2, moist)
coarse silt loam; massive; friable, slightly
sticky and slightly plastic; few vertical
channels surrounded with dark grayish-brown
and yellowish-brown rings as described in B3
extend into upper part of C; strongly acid
(pH 5.5).

Range of characteristics. The depth to evidence of

restricted drainage, such as the mottled colors around the

vertical cylinders, varies from 36 to greater than 60

inches. Soils with the shallower depths to mottling have

weaker and coarser structure and firmer consistence in the

B3 horizon than the soils with the deeper depths to mot-

tling. The texture of the B2 varies from a loam to a

silty clay loam or clay loam. Below 60 inches, the C

horizon is commonly stratified with 4-12-inch-thick
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alternating beds of silt and fine sand. The hue of the

horizons above the B3 horizons is slightly more red than

10 YR for some of the soils. Values and chromas of the

several horizons vary 0.5 Munsell units or more about the

quantities listed in the above description. The depth to

the B2 horizon ranges from 17 to 30 inches; the thiokness

of the B2 horizon ranges from B to 22 inches. The soils

with the thinner B2 horizons and the shallower depths to

B2 horizons also have shallower depths to mottling. The

structure of the cultivated surface soils is usually moder.-

ate fine and medium subangular blocky. Cultivated soils

that have not been limed commonly have strongly acid sur-

face soils (pH 5.3-5.5).

The Woodburn soils are moderately well-drained, medium.-

textured, Prairie-Gray Brown Podzolic intergradas developed

from the same parent material and under similar vegetation

and climatic conditions as the Willamette soils. These

soila occur on level to undulating portions of the terrace

plain in association with Willamette and Amity soils.

They have shallower depths to mottling than Wi].lamette soils

and deeper depths to mottling than Amity soils. The allow-

able range of depth to mottling for the Woodburn series is

24 to 36 inches. The surface drainage of the Woodburn
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soils is good, as it is for the Wil].amette series, but the

internal drainage is impeded by a compact, rather impervi

otis, fragipan below the B2 horizon.

The following profile description is from sampling

site 86 which was a cultivated field with less than 1 per

cent slope, 500 feet east of the head of a shallow

drainageway.

0-10 inches, brown (9 YR 4.5/3.0, crushed dry)
or very darkgrayishbrown (9 YR 3/2, moist)
silt loam with moderate fine subangular
blocky structure; friable, slightly sticky
and slightly plastic; numerous roots; few
concretiona; medium acid (pH 5.8); smooth
clear boundary. 9 to 11 inches thick.

A3 10-20 inches, brown (9 YR 4.5/3.5, crushed dry)
or dark yellowishbrown (9 YR 3/4, moist) silt
loam with moderate very fine aubangular blocky
structure; very friable, slightly sticky and
slightly plastic; numerous fine roots; many
earthworm holes; few concretions; medium acid
(pH 5.8); smooth gradual boundary. 9 to 12
inches thick.

B1 20-28 inches, yellowishbrown (10 YR 5/4,
crushed dry) or dark brown (10 YR 3/3, moist)
silt loam with moderate very fine subangular
structure; friable, slightly sticky and
slightly plastic; many worm holes; few roots;
few concretions; medium acid (pH 5.8); smooth
gradual boundary. 7 to 10 inches thick.

28-38 inches, yellowishbrown (10 YR 5/4,
crushed dry) or dark brown (10 YR 3/3, moist)
silty clay loam with moderate medium aubangular
blocky structure; firm, slightly sticky and
slightly plastic; many worm holes and fine pores
within the peds; few conoretions; thin dark brown
(5 YR 3/3, moist) clay flows on ped surfaces and
in pores; also thin dark grayishbrown (2.5 Y
6/2, moist) coatings on some of the peda; few
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black manganese stains on pod surfaces;
medium acid (pH 5,6); smooth clear boundary.
9 to 11 inches thick,

B3m 38-53 inohe, brown (10 YR 5.5/3.5, crushed
dry) or dark brown (10 YR 3/3, moist) coarse
silt loam; massive; very firm in place,
slightly brittle disturbed, slightly sticky,
slightly plastic; few large (1/4 inch)
vertical channels circumscribed with grayish-
brown (2.5 ! 5/2, moist) and yellowish-brown
(10 YR 5/8, moist) rings; clay flows in
channels; few roots; slightly acid (pH 6.2);
smooth gradual boundary. 13 to 17 inches
thick.

0 53 inches +, brown (10 YR 5.5/3, crushed dry)
or very dark grayish-brown (10 YR 3/2, moist)
stratified very fine sandy loam and silt loam
in alternating beds, 4 to 8 inches thick;
massive; sand: very friable, non-sticky and
non-plastic; silt: friable, slightly sticky and
slightly plastic; few 1/4-inch vertical channels
with grayish-brown and yellowish-brown rings
as described in B3m; dark brown (5 Y 3/4, moist)
clay flows inside channels; neutral (pH 6.6).

RanEe of characteriticn, The depth to evidence of
impeded drainage ranges from 24 to 36 inches. Woodburn

soils with the shallower depths to mottling have more pro-

nounced grayish-brown (2.5 Y 5/2) coatings on the B2

horizon pod surfaces than the soils with the deeper depths

to mottling. The thickness of the B2 horizon ranges from
6 to 20 inches and the depth to the fragipan (B3m) ranges

from 25 to 44 inches. The soils with the top of the fragi-

pan between 25 and 30 inches from the surface have the

thinner B2 horizons, no B1 horizons, and their B2 horizon

is commonly a friable silt loam with weak medium aubangular
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blocky structure, which is, generally, not mottled. Their

fragipan (B3m) is, however, very firm and massive, and haa

a variegated color pattern of dark grayish-brown (2.5 Y

4/2, moist) and dark brown (10 YR 3/3, moist) in equal

proportions. Most of the Woodburn soils have 10 YR hues in

their surface horizons. Some show a greater influence of

prairie vegetation than others by a very dark grayish-brown

(10 YR 3/2, moist) A horizon extending to a depth of 18

inches or more. The soila with the shallower deptho to the

fragipan are commonly nearly neutral (pH 6.6-7.0) in the

fragipan, while those with the deeper depths to the fragi-
pan are medium acid (pH 5.6-6.0) in the fragipan.

Anity soils are imperfectly drained, medium-textured,

Prairie-Gray Brown Podzolio intergrades occurring in

association with other members of the Willamette catena in
nearly level to slightly undulating positions of the terrace
plain. Surface runoff is slower than for Willamette and

Woodburn soils, and internal drainage is as slow or slower

than for Woodburn soils because of a massive B3 horizon or

fragipan. Amity soils differ from Woodburn soils by a

showing evidence of impeded drainage between 12 and 24 inch-

es rather than between 24 to 36 inches. The Concord and

Dayton soils show evidence of impeded drainage between 0
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and 12 inches and have less permeable B2 horizons than

Amity soils.

The following description of Amity silt loam is from

sampling site 75 which was grass wasteland on the top of a

nearly level ridge, one and one-shalt miles wide, between

two northeast trending creeks.

A 0-4 Inches, dark grayish-brown (10 YR 4/2,
crushed dry) or very dark brown (10 YR 2/2,
moist) silt loam with strong medium and
fine granular structure; very friable,
slightly sticky and slightly plastic; many
fine grass roots; many concretions; strongly
acid (pH 5.1); wavy clear boundary. 7 to 9
inches thick.

A3 8-19 Inches grayish-brown (10 YR 5/2.5,
crushed dry5 or very dark grayish-brown
(10 YR 3/2, moist) silt loam with moderate
fine subangular blocky structure; very
friable, slightly sticky and slightly plastic;
many grass roots; many earthworm holes;
numerous conoretions that leave rust stain on
adjacent soil; strongly acid (pH 5.2). 10
to 12 Inches thick.

B1 19-28 Inches, light grayish-brown (0.5 r
6/2, crushed dry) or dark grayish-brown
(10 YR 4/2, moist) silty clay loam with weak
medium subangular blocky structure; very
friable, slightly sticky and slightly plastic;
very porous, many woraholea; numerous con-
cretions that stain the adjacent soil; many
roots; strongly acid (pH 5.3); smooth gradual
boundary. S to 10 inches thick.

B2 28-38 inches, light grayish-brown (0.5 Y 6/2.5,
crushed dry) or dark brown (10 YR 3/3, moist)
ped Interiors and dark gray (2.5 Y 4/1, moIst)
thick ped coatings; silty clay loam; the
brown interiors are 5 to 10 mm. in diameter,
the gray coatings are 3 to 5 mm. thick; weak
medium eubangular blocky structure; friable,
slightly sticky and slightly plastic; very
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porous, one continuous network of 2 mm. pores;
few conoretione; few roots; strongly acid
(pH 5.5); smooth clear boundary. 9 to 12
inches thick.

B3m 38-48 inches, brown (10 YR 5.5/3, crushed
dry) or 'variegated dark brown (10 YR 3/3
moist) and dark grayish-brown (2.5 I 4/2
silt loam; massive; firm, slightly sticky and
slightly plastic; few large 'vertical channels
with clay flows; few roots; slightly acid
(pH 6.5); smooth gradual boundary. 8 to 10
inches thick.

C 48 inches+ , brown (10 YR 5/3, crushed dry)
or 'very dark brown (10 YR 3.5/2, moist) silt
loam; massive; friable, slightly sticky and
slightly plastic; mica conspicuous; water
table at 55 inches; neutral (pH 6.7).

Raae of characteristics. The depth to evidence of

impeded drainage ranges from 12 to 24 inches. Depth to the

fragipan (B3m) ranges from 26 to 44 inches. There is no

known algebraic relationship between the depth to evidence

of impeded drainage and the depth to the fragipan. How-

ever, the soils with depths to fragipans of 36 inches or

greater have B2 horizons that express a greater degree of

restricted drainage than the soils with shallower depths to

fragipan. The B2 horizon of the soils with the deeper

fragipans are usually over 50 per cent dark grayish-brown

(2.5 1 4/2, moist), while the others are over 50 per cent

dark brown (10 YR 3/3, moist). The range of thickness of

the B2 horizon is from 7 to 20 inches. Soils having the

thicker B2 horizons generally are deeper to the fragipan

horizon. Amity soils, with the shallower depths to
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mottling, also have higher Munsell values (are lighter

colored) in the A3 horizon than the others.

Concord. Seriea

The Concord series consist3 of poorly drained, medium

textured, Low HumicGley soils associated with the other

members of the Willamette catena in nearly level to level

positions of the terrace plain. Both surface runoff and

internal drainage are very slow. The internal drainage is

restricted by both a slowly permeable 82 horizon and a

massive B3 horizon or fragipan. Concord soils differ from

Amity soils by being mottled between 0 to 12 inches from

the surface (as opposed to 12 to 24 inches for Amity soils)

and by having heavier textured B2 horizons and lighter

colored A3 and 82 horizons. Concord soils differ from

Dayton soils by not having distinct claypans and by being

slightly browner in the A horizons.

The following description of Concord silt loam i from

sampling site 33, which was a cultivated field on a level

plain nearly one mile from the nearest natural drainageway.

A 0-10 inches, dark grayishbrown (10 YR 4.5/
p 2.5, crushed dry) or very dark brown (10 YR

2/2, moist) silt loam with moderate fine and
very fine granular structure; very friable,
slightly sticky and slightly plastic; many
grain roots; few concretiona; few worm holes;
strongly acid (pH 5.2); smooth abrupt boundary.
9 to 10 inches thick.
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A 10-19 inches, pale brown (10 YR 5.5/3,
3 crushed dry) or dark grayishbrown (10 YR

4/2, moist) silt loam with weak fine sub
angular blocky structure; very friable,
slightly sticky and slightly plastic;
numerous concretione that stain the
adjacent soil material; very porous, many
worm holes; many roots; strongly acid
(pH 5.2); smooth clear boundary. 9 to 10
inches thick.

B 19-29 inches, light brownishgray (1 16.5/2, crushed dry) or dark brownishgray
(2.5 1 4/2, moist) silty clay loam with
common fine faint mottles of brown (2.5 1
4/4); weak medium subangular blocky
structure; friable, sticky, and plastic;
very porous, many worm holes; many roots;
few concretione; strongly acid (pH 5.5);
smooth gradual boundary. 9 to 12 inches
thick.

B2 29-139 inches, pale brown (10 YR 6/3,
crushed dry) or dark brown (10 YR 3/3,
moist) ped interiors and dark grayish
brown (10 YR 4/2, moist) ped coatings;
silty clay loam; weak medium subangular
blocky structure; firm ped interiors, very
friable ped coats, sticky, and plastic;
common fine pores in peds; few roots; medium
acid (pH 5.8); smooth abrupt boundary. 9 to
10 inches thick.

B3 39-48 inches, pale brown (10 YR 6/3, crushed
dry) or variegated very dark grayishbrown
(10 YR 3/2, moist) and dark grayishbrown
(10 YR 4/2, moist) silt loam with weak very
coarse prismatic structure; very firm,
slightly sticky, and slightly plastic; many
worm holes with clay flows; few roots; neutral
(p11 6.6); smooth clear boundary. 9 to 10
inches thick.

C1 48 inches+ , not described; ground water
standing at 45 inches.
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Ran2e of characteristics. The depth to evidence of

impeded drainage ranges from 0 to 12 inches. Depth to the

fragipan ranges from 30 to 49 inches. Thickness of the B2

horizon ranges from 8 to 2]. inches. The soils with the

thickest B2 horizons are the ones with the deepest fragi-

pane. The texture of the B2 ranges from a heavy silt loam

to a heavy silty clay loam. The color of the surface soil

of the Concord soils ranges from very dark brown (10 YR

2/2, moist) to dark gray (10 YR 4/1, moist). The grayer

soils are the ones shoving evidence of impeded drainage

at the shallower depths (0 to 6 inches). The proportion of

the gray ped coating material in the B2 horizon ranges from

50 to 90 per cent of the total material.

Dayton Series

Dayton soils are poorly drained, medium-textured,

Planosola associated with the other members of the Wil-

lamette catena in level and slightly depreasional portions

of the terrace plain. Their surface runoff is slow or

ponded and their subsoil permeability is very slow because

of a dense claypan and a massive fragipan below the clay-

pan. Dayton soils are distinguished from Concord soils by

the presence of a heavy silty clay loam to clay-textured

olaypan (B2 horizon) that has an abrupt upper horizon

boundary with the overlying A2 horizon. The B2 horizons of
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the Dayton soils are also devoid of dark brown (10 YR 3/3,

moiat) pod interiors, but have, instead, 2 to 5 m. hori-

zontal bands of alternating dark yellowish-brown (10 YR

3/4, moist) and gray (2.5 1 5/1, moist).

The following description of Dayton silt loam is from

sampling site 37, which was a cultivated field with no

slope more than one and one-half miles from the nearest

natural drainageway.

A 0-8 inches, brown (10 YR 5/3, crushed dry)
or very dark grayish-brown (10 YR 3/2,
moist) silt loam with moderate medium
granular structure; friable, slightly
sticky, and slightly plastic; many grain
roots; many concretions; very strongly
acid (pH 4.8); smooth abrupt boundary.
7 to 8 inches thick.

A
1

8-14 inches, light brownish-gray (0.5 1
2 6/2, crushed dry) or dark gray (10 YR

4/1, moist) silt loam with weak medium
aubangular blocky structure; very friable,
slightly sticky, and slightly plastic;
very porous, many worm holes; numerous
concretions that stain the adjacent soil
material; many roots; strongly acid (pH
5.2); smooth clear boundary. 6 to 7 inches
thick.

A22 14-19 inches, light grayish-brown (10 YR
6.5/2, crushed dry) or gray (2.5 1 5/1,
moist) silt loam with weak subanguler
blocky structure; friable, sticky, and plas-
tic; many worm holes; many roots; few con-
cretions; medium acid (pH 5.6); smooth
abrupt boundary. 5 to 6 inches thick.

B2 19-29 inches, pale brown (10 YR 6/3,
crushed dry) or dark grayish-brown (25 Y
4/2, moist) and dark yellowish-brown
(10 YR 4/4, moist) in alternating horizontal
bands; clay; moderate medium prismatic
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structure; firm, very sticky, and very
plastic; common fine pores in pods; few
roots; neutral (pH 6.6); smooth abrupt
boundary. 9 to 11 inches thick.

B3m 29-45 inches, brown (10 YR 5.5/3, crushed
dry) or very dark grayish brown (10 YR
3/2, moist) silt loam with weak very coarse
platy structure; very firm, slightly sticky,
and slightly plastic; few large vertical
channels, many smaller pores; channels and
pores circumscribed with 1 mm. rings of
dark grayishbrown (10 YR 4/2, moist) and
dark yellowishbrown (10 YR 4/4, moist);
neutral (pH 7.0); smooth gradual boundary.
15 to 18 inches thick.

C 45 inches + , not described; ground water
standing at 42 inches.

Range of characteristics. The Dayton soils range from

0 to 12 inches to the depth of evidence of impeded drain-

age. They range from 12 to 31 inches to the depth of the

claypan, and from 28 to 40 inches to the depth of the

fragipan. The surface horizons of the Dayton soils with

the deeper olaypana are browner (10 YR 3/2, moist) than the
surface horizona of those with the shallower claypans (10

YR 4/1 - 4/2, moist). The texture of the claypan ranges

from heavy silty clay loam to clay. The clay content is not

related to the depth of the olaypan.
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METHODS

The field work consisted of describing and sampling

one soil individual at each of 114 locations. The sampling

excavations were dug for the construction of footings for

powerline towers and were spaced approximately 880 feet

or onesixth mile apart. Sampling began at the southern-

most site (Figure 1) and continued progressively northward.

Concurrent construction of the towers and filling of the

excavations in the same orderly manner as the sampling

rendered a less systematic procedure impossible. Although

the sampling was obviously systematic, data from this study

were treated as if the sampling had been completely random.

This is Justifiable if we assume a random deposition of

the Willamette silts and a nonaystematic soils pattern,

because the excavations were made without regard to topog-

raphy or soil series.

Each site had four footing excavations with approxi

mate dimensions of 4 feet

deep. One excavation was

each site by drawing from

with the cardinal compass

3 feet wide, was freshly

side of the selected pit.

wide by 8 feet long by 5 feet

randomly selected for sampling at

four cards respectively marked

directions, A vertical section,

3xposed in the midsection of one

The side chosen was generally
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opposite the spoil pile because it was the least disturbed

at the surface.
The soil profile and its environment was described

according to the standards and conventions of the Soil

Survey Manual (43, p. 133-141). Two-quart, disturbed

samples were taken from each horizon and contained in wax-

lined, paper bags. The samples were air dried in the

laboratory, crushed, passed through a 2 mm. sieve and

stored.

Chemical analysis. Cation exchange capacity; exchange-

able calcium, magnesium, potassium and sodium; and pH were

determined in duplicate for al]. horizons. Organic carbon
and total nitrogen were determined in duplicate for the

upper two horizons of each profile.

Cation exchan2e caacitv. Cation exchange capaci-
ty was determined by the ammonium acetate method of Schol-

lenberger and Simon (39, p. 14-18; and 1, p. 3-4). The

soils were not initially leached for removal of soluble

salts, nor were corrections made for dissolved carbonates.

Exchan2eable calcium ma2nesiurn,
Dotassium and sodium. Exchangeable calcium, mag-

nesium, potassium and sodium were determined independently

on the ammonium acetate filtrate of the exchange capacity
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determination with a Beckman model B flame photometer (1,

p. 3).

Soil reaction. Soil reaction, expressed as pH

units, was determined with a Beckman model N pH meter using

a glass electrode on a 1:1 by weight soil.water paste (1,

p. 1).

Or2anic carbon. Organic carbon was determined by

the WalkisyBlack potascium dichromate method (45, p. 36-

37). Ferroin or 0Phenanthroline ferrous sulfate complex

was used as the indicator instead of diphenylamine (3., p.
4-5). The method was assumed to recover 76 per cent of the

organic carbon,

Total nitrogen. Total nitrogen was determined by

the Kjeldahl method (1, p. 5-6).

Physical analysis. Particle size distribution of the

B2 horizon of each individual was determined. Dry crushed

color was determined for all horizons.

Mechanical analysis. Particle size distribution

was determined in duplicate by a modification of the Khmer
and Alexander method (28, p. 15-24). Soluble salts were

not removed since preliminary trials gave comparable amounts

of sand, silt, and clay whether salts were removed or not.

Mechanical dispersion was accomplished by forcing air

under 30 pounds of pressure through the suspension for five
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minutes. The material remaining on the 300-mesh sieve,

after washing to remove the alit and clay, was not

fractionated by dry sieving.

Crushed dry color. Hue, value, and chroma were

determined by comparing dry crushed $011 camplea with Mun-
sell sol]. color charts under artificial light. The light
source was composed of two l-1nch, 15-watt, warm-white,

deluxe fluorescent tubec in a floating fixture lamp.
Readings were made with the tubes 5 inches above the sam-
ple. The sample was spread on a table and the color chart,

with holes between adjoining color chips, was placed over

the saiiple. Color chips appearing to most nearly match

the soil were segregated for closer examination, and others
were masked by a suitable card with four holes spaced and

shaped like the chips on the charts.
Estimates of value and chroma not matching a

particular chip were made by interpolation. Each unit

interval of value and chroma was divided into four segments.

Value and chroma were designated by the conventional whole
numbers where matching was very close--that is, 4/3. If
either value or chroma was estimated to be midway between
chips, the rating was deslgne.ted by the appropriate decimal
figure--that is, 4.5/3. Whole numbers were suffixed with

a plus (+) symbol or with a minus (-) symbol if the esti-
mated rating was greater or less than the whole number by
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less than a half' interval--that is, 4/3 + and 5-/3. The

plus and negative signs were converted to the decimals 0.25

and 0.75, respectively, for the statistical analysis.

Interpolations of hue were made by dividing the

interval between hue charts into three segments. For

example, the interval between hues 10 YR and 2.5 Y was di-

vided into three segments with centers of 10 YR, 1 Y, 2 1,

and 2.5 Y.

Dry colors were determined twice, with two inde-

pendent, random sequences of examination. Complete agree-

ment of the three characteristics (hue, value, and chroma)

in combination was achieved 188 out of 585 times, or 32

per cent of the time. The percentages of precision for

individual color characteristics were as follows: hue,

91 per cent; value, 54.9 per cent; chroma, 56.1 per cent.

The degree of departure between duplicate readings for all

nonagreeing hue measurements was 1.0 unit--that is, 10 YR

and 1 Y. The mean of the duplicate hue examinations was

used for the statistical analysis. Value and chroma dupli-

cate readings disagreed by 0.25 units 96.2 and 95.3 per

cent, and by 0.5 units 3.8 and 4.7 per cent of the times of

disagreement, respectively.

These data indicate that value and chroma of dry

crushed soil can be reliably estimated within limits of 0.25

units and hue within limits of 1.0 unit. The comparably
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high degree of precision (91,3 per cent) achieved for the

hue determination was due to a relatively smaller varia-

bility of hue than of value and chroma. Hue differed

from 10 YR only 104 out of 585 times. Of the 104 depart-

ures from the 10 YR hue, only 49 or 51 per cent were read

the same for the duplicate determinations.

The soil individuals were tentatively classified into

five series at the time of sampling according to current

concepts of the National Cooperative Soil Survey (48, p.

39-41, 53-58, 60-61, and 70-71). Individuals appearing to

have characteristics intermediate of two series were

indicated as "intergradea. Definite classification was

required for statistical analysis of the analytical data.

The differentiating characteristics used for the final

classification weres (1) presence or absence of either a

claypan or a fragipan, (2) depth to evidence of impeded

drainage, (3) degree of expression of impeded drainage, and

(4) depth to the pan, or to the C horison if there was no

pan. These characteristics were selected because they were

assumed to show a relationship to the natural drainage con-

ditions under which the soils had developed. These soils

are, after all, from one catena and differ in morphology

because of differences in ground-water conditions.



Classification of the individuals into the five series

was accomplished by listing the individuals according to

the selected characteristics as shown in Table 1. Kind of

pan horizon was deemed to be of primary importance for

differentiation; depth to evidence of impeded drainage of

secondary importance; degree of expression of impeded

drainage of tertiary importance; and depth to pan horizon

of quartanary importance. Series distinctions were made by

assigning definitive limits for the presence of a fragipan

or claypan, the depth to evidence of impeded drainage, and

the degree of expression of the evidence of impeded drain..

age.

The fragipan was a very compact, silty horizon under-
lying the B2 horizon. It was either massive or had weakly

developed, very coarse blocky or prismatic structure. The

claypan was a compact elayey horizon separated abruptly

from the overlying horizon. It had compound structure of
moderately developed coarse prismatic aggregates which were

divisible into moderately developed, coarse angular blocky

aggregates. Soils with a claypan were placed in the Dayton

series. Soils with a fragipan were placed in any of the

other four series. Soils without a pan were placed in the

Willamette series.

Evidence of impeded drainage was manifested by either
a mottled color pattern or by a matrix color that was
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Colors appearing in mottled zones consisted of character-'
istic amounts and patterns of grayish-brown and yellowish-

brown soil material in a matrix of dark brown or brown.
Horizons with the grayer matrix colors had a value of
four or greater and a chroma of two or less. Scaler limits
of the depth to evidence of impeded drainage for the series
were: depths of 36 inches or more for Willamette; depths
of 24 through 35 inches for Woodburn; depths of 12 through

23 inches for Amity; and depths of 0 through 11 inches for

Concord and Dayton.

The degree of expression of impeded drainage was mani-

fasted by relative amounts of gray and yellowish-brown

material and by the intensity of the gray colors. Scrutiny

of the profile descriptions showed it was convenient to
group color characteristics manifesting degree of impeded

drainage into seven classes. A description of these classes
follows. Munsell color notations are for moist soil.

Class 1. No evidence of restricted drainage. Only

five of the Wil].amette profiles were in this class.

Class 2. Concentric mottling around cylindrical pores
and channels, Vertical and horizontal channels from less

than 1 mm. to greater than 3 cm. were surrounded by con-

centric rings of' gray and yellowish-brown. The inner ring

was gray (10 YR 4/2 to 2.5 Y 5/2) and the outer ring was
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yellowish-brown (10 YR 5/6 to 5/8). The bands of each were

from 1 to S mm. thick. Distance between channels varied

from 1658 than 1 inch to greater than 1 foot. This kind of

mottling was normally found in the B3 and C horizons of

Willariette and Woodburn profiles, but was observed in the

B2 horizon of Woodburn and in the B3 of Amity in a few

cases.

Class 3 Variegated browns and grays in about equal

proportions. Nearly equal amounts of dark brown (10 YR

3/3) and dark grayish-brown to grayish-brown (2.5 Y 4/2 to

5/2) soil material were disseminated in a random manner.

Mottles ranged from 5 to 15 mm., had no definite shape,

and were often interconnected. This pattern was found in

the B3 horizon of Amity, Concord, and Dayton profiles. This

class was not used to differentiate between soil series

since color patterns of upper horizons were more diagnostic

for differentiating purposes.

Class 4. Gray coatings on blocky pad surfaces. Dark

grayish-brown to grayish-brown (10 YR 4/2 to 2.5 Y 5/2)

silty material surrounded dark brown (10 YR 3/3) ped in-

teriors. The coatings were from 1 mm. to 1 cm. thick and

the gray material comprised from 10 per cent to 90 per cent

of the total soil volume. This color pattern was observed

in the B2 horizons of Woodburn, Amity, and Concord profiles.

Soils with greater than 50 per cent gray material normally
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had a uniformly gray A2 or B1 horizon and were classified

in the Concord series.

Class 5. Gray matrix colors with a 10 YR hue. The

soil material of these horizons was dark grayish-brown

(4/2) to dark gray (4/1) with a 10 YR hue. A moderate

number of medium-sized yellowish-brown mottles were com-

monly present. Horizons normally exhibiting this color

pattern were: Bi of Amity, A3 of Concord, and A1 of Day-

ton.

Class 6. Gray matrix colors with a 2.5 Y or yellower

hue. This color pattern had value and chroma character-

istics and mottles similar to class 5, but the hue was less

brown. Horizons with this color pattern were: B1 of

Amity, A2 and B1 of Concord, and A2 and B2 of Dayton.

Class 7. Horizontally banded grays and browns.

Alternating horizontal bands from 2 to 5 mm. thick of dark

yellowish-brown (10 YR 4/4) and grayish-brown (2.5 Y 5/2)

occurred within the blocky pods of the B2 horizon of
Dayton. The gray color predominated, comprising from 60 to

90 per cent of the volume.

Rust -colored stains on the soil material adjacent to

spherical 1 to 5 mm. conoretions were present in the A

horizon of many of the individuals throughout the range of

drainage as judged by the color characteristics above.

Therefore, they were not considered diagnostic of the degree
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of restricted drainage.

Table 1 contains a listing of the individuals within

each of the five soil series. Individuals are listed in the

order of increasing degree of impeded drainage within each

series. The Willamette, Woodburn, and Amity series were

considered to correspond, respectively, to the good,

moderately good, and imperfect natural drainage classes
(43, p. 169-372). The series, Concord and Dayton, were con-
sidered to correspond to the poor natural drainage class.

Table 2 compares the placement of individuals in the

five series according to the final classification and the
tentative field classification.

The divergence between field and final classification

of Willamette individuals is explained by a change in the

definition of the depth to evidence of impeded drainage for

the two classifications. For the field classification,

soil individuals were classified Willamette only if they

showed no evidence of restricted drainage above 42 inches,

while for the final classification, the depth limit was 36
inches. This alteration was arbitrarily made because it

made convenient the division of the depth to evidence of

impeded drainage into uniform 12inch intervals to a depth

of 36 inches. Misclassification in the field for individ-

usia within series, other than Wiliamette, was generally

due to the weight given to the degree of evidence of
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impeded drainage in horizons below those showing first

evidence of impeded drainage. In the field, if the lower

horizon appeared to express a greater degree of impeded

drainage than was assumed NnormalH for the specific series,

the individual was placed in the series corresponding to a
wetter drainage class. If this horizon appeared to have
drainage characteristics expressing a lesser degree of

impeded drainage than was assumed "normal" for the specific
series, the individual was placed In the series correspond-

ing to a better drained class.
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Table 1. Drainage Sequences
within Soil Series

of All Individuals

Inches to Degree of
Rank Sample evidence of expression Inches to

site no. impeded of impeded pan or
drainage drainage1 C horizon

I, Soils without a pan
A. Willamette series

1 116 0 70
2 4 0 67
3 115 0 55
4 13 0 54
5 14 0 53

II. Soils with a fragipan
A. Willainette series

6 88 50 C.M.2 35
7 93 47 0 47
8 96 43 0 43
9 12 41 41

10 3 40 0 40
1]. 3. 39 0 47
12 97 39 0 39
13 11 39 0 39
14 91 38 38
15 10 38 0 38
16 95 37 0 37
17 5 37 0 37
18 110 36 36
19 9 36 0 36

B. Woodburn series

20 107 35 0 35
21 84 34 0 34
22 90 32 II 32
23 92 31 0 31
24 94 30 0 30
25 65 30 0 30
26 15 29 0 45
27 69 29 0 38
28 60 29 0 29
29 86 28 0 38
30 64 28 0 28
31 20 28 P.C.3 36
32 63 28 28
33 87 27 C.M. 27
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Table 1 cont.

Inches to Degree of
Rank Sample evidence of expression Inches to

site no. impeded of impeded pan or
drainage drainage1 C horizon

B. Woodburn series cont.

34 58 27 P.C. 27
35 59 26 P.C. 26
36 29 25 C.M. 25
37 103 25 P.C. 37
:38 8 24 44
39 72 24 40

C. Amity series

40 66 23 P.C. 33
41 57 23 30
42 6 22 36
43 17 21 4].

44 98 20 C.M. 35
45 109 20 31
46 117 20 P.C. 33
47 119 20 31
48 82 20 IJ.G.1' 42
49 112 20 38

50 7 19 P.C. 44
51 106 19 35
52 85 19 33

53 114 19 'I 33

54 16 19 U.G.1 41
55 75 19 38

56 25 18 P.C. 37
57 81 18 30
58 111 18 U.G.1 40
59 76 18 38

60 101 17 P.C. 43
61 26 17 36
62 104 17 31
63 74 17 30
64 118 17 29
65 113 16 39
66 68 16 33
67 83 16 32
68 105 16 30
69 30 16 29
70 78 16 U.G.1 36
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Table I cont.

Inches to Degree of
Rank Sample evidence of expression Inchee to

site no. impeded of impeded pan or
drainage drainage1 C horizon

C. Amity series cont.

71 73 16 U.G.1 35
72 71 16 31
73 108 15 P.C. 28
74 61 15 26
75 100 14 0 36
76 102 13 31
77 70 13 28

B. Concord series

78 77 11 U.G.]. 35
79 33 10 0 39
80 34 9 39
81 47 9 31
82 67 8 49
83 19 8 43
84 31 8 36
85 36 8 34
86 28 8 32
87 80 8 31
88 79 8 30
89 35 7 37
90 33 7 I' 33
91 45 0 " 38
92 46 0 34
93 41 0 0 .3

III. Soils with a claypan
A. Dayton series

94 23 10 U.G.l 29
95 24 10 28

96 22 9 U.G.25 25

97 21 8 U.G.1 26
98 37 8 20

99 55 8 17
100 53 8 0 12

101 48 8 U.G.2 12

102 18 7 U.G.1 31

103 56 7 20
104 52 7 1 12

105 6 16
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Table 1 cont.

Inches to Degree of
Rank Sample evidence of expression Inches to

site no. impeded of impeded pan or
drainage drainage1 C horizon

A. Dayton series cont.

106 43 0 U.G.]. 19
107 38 0 18
108 39 0 18
109 40 0 18
lit) 42 0 17
lii 44 0 17
112 99 0 16

49 0 14
114 120 0 13

1For uppermost zone showing evidence of impeded drainage,
2Mottling circumscribing cylindrical channels.

3Gray ped coatings.
4Uniform gray colors with 10 YR hue.

5Uniform gray colors with 2.5 Y hue.
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Table 2. A Comparison of the Tentative Field
Classification and the Final
Laboratory Classification

Final Tentative
classification field classification
Series No. Wi Wo Wo-A? Am Am-Co1 Co Co-Ba1 Ba

Wi 19 8 11
Wo 20 15 3 2
Am 38 1 1 33 2 1
Co 16 2 11 3
Ba 21 5 16

1 Into rgr ad e a

The data wore analyzed statistically to determine the

presence or absence of natural groups in the population of

soils and to determine the significance of mean value

differences between predetermined soil series for the van-

otis characteristics.
Significance of the mean value differences between

pairs of soil series was tested by the Student t-teet (30,
p. 87-99 and p. 127-128). The statistic was calculated

according to

t = _ii Y2) with (n + n2 -2) degrees of freedom
J 2 (1 1

1

\j0p 'n1 n2

where l and 2 means of samples 1 and 2.
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pooled estimate of population variance,

and n1 and n2 = number of observations in samples

1 and 2.

Whenever minima in the frequency distribution of all

individuals combined were suggested, they were tested by

the individual degree of freedom teat for goodness of fit

(30, p. 435.436). The teat was calculated according to

(M1f1+ M2f2+ M3f3)2

'(Mzrr + + Mrr3)

where

M= the multipliers 1, +2, and - 1, respectively,

f the observed frequencies within categories,

n the number of observations,

and 1 the relative frequency within categories (0.33).

Selected characteristics that had significantly differ-

ent mean values between series were analyzed collectively

by means of diecriminant functions. Disoriminant functions

provide a means of determining the joint differentiating

abilities of several characteristics in combination.

Computational procedures used for discriminant function

analysis will be discussed in a later section along with the

results of the analysis.
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RESULTS AND DISCUSS ION

Depth to evidence of impeded drainage was the depth of

the uppermost point in the soil profile manifesting either

a mottled color pattern or a matrix color that was decid-

edly grayer than that of the better drained soils. It was

the differentiating characteristic used to classify the

individuals into the Willamette, Woodburn, Amity, and

Concord series atter the Dayton individuals had been dif-

ferentiated according to the presence of a claypan, The

depth intervals arbitrarily assigned to the series were 0

to 12 inches for both the Concord and Dayton series, 12 to

24 inches for the Amity series, 24 to 36 inches for the

Woodburn series, and 36 to 60 inches for the Willamette

series. Five of the Wiliamette individuals did not show any

sign of impeded drainage within the depth of the sampling
excavation. These were assigned the value, 60 inches, for

the sake of convenience in making calculations.

The frequency distributions of this characteristic for

the five series and for the total depth interval of 60

inches are listed in Table 3 and plotted in Figure 2. The

Concord and Dayton individuals listed in the 0 to 2 inch

interval were mottled at the surface, or at zero depth.
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Table 3. Frequency Distributions for Depth
to Evidence of Impeded Drainage

Depth
(inches) Will. Wood. Amity Concord Dayton Total

0-2 3 9 12
2-4 0 0 0
4-6 0 0 0
6-8 2 4 6

8-10 9 6 15
10-12 2 2 4
12-14 2 2

14-16 3 3
16-18 13 13
18-20 10 10
20-22 7 7
22-24 3 3

24-26 4 4
26-28 3 3

28-30 7 7
30-32 3 3

32-34 1 1

34-36 2 2

36-38 4 4
38-40 5 5

40-42 2 2

42-44 1 1
44-46 0 0
46-48 1 1
48-50 0 0
50-52 1 1

52+ 5 5

The absence of individuals in the depth interval between 1

and 6 inches is the result of disturbance in this depth

range by plowing. Plow layers were either mottled through-

out or completely unmottled depending, presumably, on the

depth to mottles in the virgin state and the tendency for

regeneration of mottles after plowing.
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Figure 2. Frequency histogram for the depth to evidence of impeded drainage of the observations of the

five soil series of the Wiflamette catena.
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Table 4. Sample Statistics for Depth to
Evidence of Impeded. Drainage

No. of Mean Dif, bet. Standard
Series oba. (inches) means deviation Range

Wi 19 4531 16.92 97 24.0
We 20 28.4 10.62 3.0 12.0
Am 38 17.8 ll.O 2.6 12.0
Co 16 6.8 2.2 3.5 12.0
Da 21 4.6 4.2 12,0
All 114 20.3 14.6 60.0

1Depths to mottling beyond depth of sampling were doaig-
nated 60 inches.

2Significant difference at 1-per cent level.

Natural groupings are suggested by apparent minima at

12, 22, and 33 inches in the frequency distribution histo-

gram. These minima were te8ted for significance by the

individual degree of freedom goodness of fit teat. The re-

sults of the test are presented in Table 5. The hypothesis

was that the theoretical frequency was the same in the
minimal segments of the distribution as it was in the sur-

rounding maximal segments. The 4-inch minimal segment

between 10 and 14 inches was significant at the 1-per cent

level, and the minimal segments between 21 and 25 and between

32 and 36 inches were significant at the 5-per cent level.

On the basis of this evidence, one might surmise
that natural groupings do occur among the Willamette catena

soils according to depth of evidence of impeded drainage.
The minimum at 12 inches coincides exactly with the
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Table 5. Observed (f) and Hypothetic (h) Frequencies and
Chi-square Values for the Individual Degree of
Freedom Goodness of Fit Test for Several
Intervals of the Depth to Evidence of Impeded
Drainage Distribution for All Individuals
C ombined

Interval
(inches) h £ Explanation

6-10 16.7 21.0 ?1ax. for Co & Da sample
lo-lz, 16.7 6.0 Mm. bet. Am & Co+ Da
16-20 14.1 23.0 Max. for Am sample
Sum 50.0 50.0
Chi-square 10.24*

16-20 13.3 23.0 Max. for Am sample
21-25 13.3 6.0 Mm. bet. Am & Wo
27-31 3J 11.0 Max. for Wo sample
Sum 40.0 40.0
Chi-square 6.05**

27-31 7.6 11.0 4ax. for Wo sample
32-36 7.6 3.0 Mm. bet. Wo & Wi
36-40 7.6 9.0 fax. for JI sample
Sum 23.0 23.0
Chi-square 4.25**

* Significant minima at 1-per cent level.
**Slgnjfioant minima at 5-per cent level.

arbitrary depth limit used to differentiate between the

poor and imperfect natural drainage classes. The minima at

22 and 33 inches almost agree with the arbitrary depth

limits of 24 and 36 inches used to differentiate between

the imperfectly drained and the moderately well-drained

soils, and between the moderately well-drained and the well-

drained soils, respectively. Using the results of this

study, it might be advisable to use the depth of 22 inches
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to evidence of Impeded drainage for making the separation

between Imperfectly drained and rnoderately well-drained

80115 and the depth of 33 Inches for making the sep-

aration between moderately well-drained and well-drained

soils in this catena.

The means and other statistics for the depth to evi-

dence of impeded drainage are tabulated In Table 4. The

means were 45.3, 28.4, 17.8, 6.8, and 4.6 inches,

respectively, for the Willamette, Woodburn, Amity, Concord,

and Dayton samples. The difference between the means of

the Concord and Dayton samples was not significant. Since

all individuals of the other three series were restricted

to non-overlapping depth intervals, the difference between

their means were, naturally, highly significant. The

comparatively large standard deviation of the Willamette

sample is a natural result of the greater allowable range

of 24 inches for that sample as opposed to a range of 12

inches for the other series samples.

When the individuals were sampled and described, one

of the first steps was to mark the limits of the different

horizons and to measure themj Inches. £11 of the individ-

uals had four main horizons that were similar in position

within the profile, and had somewhat similar characteristics,
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although they varied considerably in the degree of ex-

pression of these characteristics. These horizons werez

(1) the A1 or A horizon, (2) the A2 or A3 horizon, (3)

the B2 horizon, and (4) the B3 horizon, The morpho-

logical, chemical, and physical characteristics of these

horizons were compared among the five series. The thick-

ness of the horizons will be discussed in this section, and

the other characteristics will be discussed in subsequent

sections.

Table 6 presents the frequency distributions for the

thickness of several horizons, and combinations of horizons,

for the samples of the Wil].amstte, Woodburn, Amity, Concord,

and Dayton series and for all of the individuals combined.

The thickness of subdivisions of the A horizon was deter-

mined, for moat individuals, by the depth of plowing,

which did not vary in thickness between soil series.

Accordingly, these frequency distributions are not listed.

The frequency distributions for thickness of the B3 horizon

are not listed because the lower boundary of the horizon

was below water for many of the individuals. The resulta

of the statistical analysis for horizon thickness are

listed in Table 7.

The total range of thickness for the total A horizon

among all the individuals combined was between 12 and 25

inches, and each series sample had a similar range. The



Table 6. Frequency Distributions for Thickness of Horizons and Combinations of
Horizons of the Willamette, Woodburn, Amity, Concord, and Dayton
Samples, and of Al]. Individuals Combined

Thickness
(inches)

Total A B2 B1 & B2 :Total A, B1 & B2

:wi wo m ua .iu.iSwi WO A '.O ua £.Li:w1 wo all o ua aii:wi wo m io ia ALl.

6-7 22 1 5 2 2
8-9 1 4 1 4 6 16 2 1 3
10-11 0 3 12 7 1 23 2 4 2 1 9
12-13 132251315102119 3600 9
14-15 5 1 3 0 2 11 3 3 9 3. 1 17 1 3 9 2 3 18
16-17 5 414 8 6 37 5 2 2 0 3 12 2 2 3 2 6 15
18-19 4 310 4 5 26 4 0 1 0 3 8 3 2 6 3 4 18
20-21 3 6 7 2 3 21 3 1 1 2 4 11 2 1 3 4 5 15
22-23 112 42 1 33151111
24-25 2 2 2211 6 1 1
26-27 2 10 3 31 4
28-29 1 0 1 3 4 3 10
30-31 1 0 1 3 9 3 2 17
32-33 2 1 3 1 6 3 5 15
34-35 2 2 3 3 5 15
36-37 4 2 5 2 5 18
38-39 5 2 4 3 0 14
40-41 3 1 3 0 1 8

42-43 1 0 2 1 4
44-45 0 2 1 0 3
46-47 2 0 2
48-49 1 1 2
50-51 1 1
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Table 7. Sample Statistics for Horizon Thickness

DIf, bet. Standard
Series No, of Mean means deviation Range

obe. (inches) (inches) (inches) (inches)
tal A

WI 19 17.3 2.7 10
Wo 20 18.6 -1.3 3.4 13
Am 38 17.7 0.9 2.3 10
Co 16 17.4 0.3 2.2 8
Da 21 16.2 1.2 2.7 8
AU. 114 17.4 2.7 14

B2

WI 19 17.1 3.4 14
We 20 11.6 5,5* 3.6 14
Am 38 12.5 -0.9 2.7 13
Co 16 11.7 4.0 13
Da 21 14.5 5.2 15
AU. 114 13.6 4.3 16

B1 & B2

Wi 19 22.9 5.7 19
Wo 20 14.4 $,5* 5.7 18
Am 38 16.6 -2.2 4.2 16
Co 16 18,6 -2.0 5.2 22
Da 21 17.2 1.4 3.3 13
All 114 17.9 7,7 27

Total A, B1, & B2

Wi 19 40.3 46 15
Wo 20 33.0 73* 5.9 20
Am 38 34.3 -1.3 4.6 18
Co 16 36.0 -1.7 5.0 19
Da 21 33,4 2.4 3.2 12
All 114 35.3 5.3 25

*Sjgnificant difference at 1-per cent level.



mean thicknees of the total A horizon was about 17 Inches

for each series and for the total population of the Wil.

lamette catena soils.

Horizon thickness values of the B2 horizon ranged from

6 to 25 Inches for all individuals combined, and each

series' sample, again, had a similar range. However, Wil-

lamette's mean B2 horizon thickness was significantly

greater than Woodburn's mean B2 horizon thickness. The

mean thickness of the B2 horizon of the Willamette sample

was 17.1 inches, and the mean thicknesses of the B2 hori

zone of the other samples were about 12 inches.

The statistical analysis of the thickness of the B1

and B2 horizons combined gave results similar to the

analysis of the B2 horizon. These results were to be ex-

pected. Not all individuals had B1 horizons, but each

series had some individuals with B1 horizons, and the mean

thickness of the B1 horizon was about the same regardless

of series, The total thickness of the B1 and the B2

horizons ranged from 6 inches to 33 inches in the frequency

distribution of all individuals combined, Each of the

series bad some individuals with a thickness of the B1 and

B2 horizons combined between 14 and 23 inches. The amount

of overlap of the frequency distributions between series

was so great that there were no minima in the frequency

distribution tabulation of all individuals combined.
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Soil profile thickness to the B3 horizon ranged from

25 inches to 50 inches among all the observations. The

mean profile thicknesses were 40.3, 33.0, 34.3, 36.0, and
33.4 inches for the Willamette, Woodburn, Amity, Concord,
and Dayton samples, respectively. Willamette's mean was
significantly greater than Woodburn's,

Soil color was measured by matching the soil with

standard Munsoll color charts, which allowed quantitative

determination of the three variableshue, value, and

chroma. Each variable was statistically analyzed, inde-

pendently. Moist colors were determined in the field at

the time of sampling. Only one of the colors in multi-

colored horizons was statistically analyzed. The color of
the pod interior is listed for horizons with pod interiors

of a different color than the pod coatings. The B2 hori-

zons of the Amity and Concord observations commonly had this

color pattern. Where the colors were arranged in a banded

pattern, as in the B2 horizon of the Dayton soils, the

dominant color was used in the analysis.

iu. The frequency distributions for moist hue of four

main horizons of each series are listed in Table 8.

The moist hue of the A1 or A horizon was 10 YR for
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107 of the 114 observations A few of the Willamette and

Woodburn individuals had moist hues of 7.5 YR, although

the hues may not have been quite that red because hue was

not interpolated between hue charts in the field deter

mination of color.

More variation in hue, between and within

samples, was found in the A2 or A, horizon than in the A1

or A horizon. Three of the Concord individuals and 12 of
p

the Dayton individuals had hues of either 2.5 Y or 5.0 Y.

A few of the Willamotte, Woodhurn, and Amity individuals

had hues of 7.5 YR. Still, each of the series' samples
had as many or more individuals with a hue of 10 YR as they

had observations with other hues.

None of the Dayton individuals had a 10 YR hue in the

B2 horizon, and only two of the Concord individuals had
hues in the same range as the Dayton individuals. Further-.

more, a minima is suggested In the frequency distribution

tabulation of all individuals combined at the hue value
2.5 1. The hues listed for the B2 horizon, however,

represent but one of two colors for these two series, and

the browner of the two colors is listed for the Concord

individuals and the grayer of the two colors is listed for

the Dayton individuals. Therefore, the minima is more
apparent than real.

The B3 horizon of all individuals had a hue of 10 YR



Table . Frequency Distributions for Moist Munsell Hue Notations of Four Horizons of
Willamette, Woodburn, AmIty, Concord, nd Dayton SampleR, and
of All Individuals Combined

A or A A or A B2 (ped interiors) $ B
1. p 3

Hue j We Am Co Da All Wi Wo Am Co Da All W1 Wo Am Co Da All W1 We Am Co Da All

5.0Th 1 1

7.5Th 3 4 7 5 4 2 11 3. 1 1 3

10.0 YR 16 16 38 16 23. 107 14 16 36 13 9 88 17 19 37 14 87 19 20 38 16 21 114

2.5! 2 9 11 1 8 9

5.0! 1 3 4 133 14
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for the dominant color present. This characteristic is

interesting in a curious way because it was the only one

studied that had an invariant or discrete distribution for

all individuals.

The results of the statistical analysis of moist hue

are presented in Table 9. The difference between the

means of the hue in the A or A horizons of the Woodburn
1 p

and Amity samples was significant, but the results of the

t'-test are not valid in this case. The ttest is based on

the assumption that the variance of the two populations in

question is the same (30, p. 128). Since the variance was

0 for the Amity sample and about 1 for the Woodburn, the

results of the ttest are not valid. Obviously, the hue
of the A or A horizons could not be used to differenti-1 p

ate the soils of the Willamette catena,

The differences between the means of the Amity and

Concord samples, and between the Concord and Dayton samples

were significant for both the A2 or A3 and the B2 horizons.

Value. The frequency distributions for moist value

of the four main horizons of the five samples of the Wil
lamette, Woodburn, Amity, Concord, and Dayton series, and

for all individuals combined are tabulated in Table 10.

The frequency tabulations for all individuals combined

have a polymodal appearance for the upper three horizons.

The modes coincide with whole numbered integers of moist
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Table 9. Sample Statistics for Moist
Munsell Notations

Series No. of Mean Dif. bet. Standard Range
oba. means deviation

A1 or AD

Wi 19 9.60 YR 0.93 2.5
Wo 20 9.50 YR 0.10 1.02 2.5
Am 38 10,00 YR _0.50** 0.00 0.0
Co 16 10,00 YR 0.00 0.00 0.0
Da 21 10.00 YR 0.00 0.00 0.0

A2 or A3

Wi 19 9.34 YR 1.13 2.5
Wa 20 9.50 YR -0.16 1.02 2.5
Am 38 9.87 YR -0.37 0.57 2.5
Co 16 0.70 Y 0.83** 1.45 5.0
D. 21 1.79 Y _1.09** 1.79 5.0

J3 (ped interiors)

Wi 19 9.60 YR 1.25 5.0
Wo 20 9.80 YR -0.28 0.56 2.5
Am 38 9.93 YR -0.05 0.41 2.5
Co 16 0.47 Y _Ø,54* 1.36 5.0
Da 21 4.05 Y _3.58** 1.24 25

Wi 19 10.00 YR 0.00 0.0
Wa 20 10.00 YR 0.0 0.00 0.0
Am 38 10.00 YR 0.0 0.00 0.0
Co 16 10.00 YR 0.0 0.00 0.0
Da 21 10.00 YR 0.0 0.00 0.0

* Significant difference at 5-per cent level.
**Sjgnjficant difference at i-per cent level.



Table 10. Frequency Distributions for Moist 14unsel]. Value Notations of Four Horizonsof Willamette, Woodburn, Aiiiity, Concord, and Dayton Samples, and of AllIndividuals Cotbined

A1 or A A2 °r A3 82 (pad interiors)
Value *Wi Wo Am Co Da All :wi Wo Am Co Da All :i Wo Am Co Da All Wi Wo Am Co Da All
2.0 4 818 9 2 41 4 8 12

2.5 1 1 2 1 0 5 1 2 3

3.0 14 11 18 3 10 56 17 15 28 2 62 19 20 38 14 91 16 19 37 16 21 109

3.5 00 0 1 0 1 0 0 211 4

4.0 3 9 12 1 12 11 24 1 14 15

4.5 1 1 2 0 2 2

5.0 1 9 10 1 5 6
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value and the minima coincide with one-half unite of moist
value. These distribution patterns are the result of an
inadequate attempt at interpolation between color standard

chips, which are available only for whole units of value
and chroma.

Moist color value had a range of only 1 unit for the A
horizons of the Willamette, Woodburn, and Amity samples.
It ranged from 2.0 to 3.0 in the A1 or A horizons for all
three samples. In the A2 or A3 horizon, moist value ranged
from 3 to 4 for the Willamette sample, and from 2 to 3 for
the Woodburn and Amity samples. However, only two of the

Willamette individuals had moist values of greater than
3,0 value units. On the other hand, 15 of the Woodburn and
Amity individuals had moist values of less than 3.0 value

units in the A2 or £3 horizon. At the time of sampling, it
was noted that some of the Woodburn and Amity individuals
had darker colors in the A3 horizon than others, and it
was thought that perhaps these individuals bad developed

under a more pronounced prairie vegetation type than the
others.

Al]. but two of the Concord individuals, and all of the

Dayton individuals had moist values of 4.0 or more in the
£2 or A horizon. On the other hand, all but two of the
Willamette, Woodburn, and Amity individuals combined had

moist values of 3.0 or less in this horizon. Moist value,
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therefore, almost completely differentiates the individuals

into two main groups, However, it is doubtful whether
there would be a natural boundary between the two groups,
as indicated by a minima in a frequency distribution

tabulation or plot, if moist value had been interpolated

between chips more precisely than it was.

The frequency distributions of moist value for the B2

horizon represent only the dominant color of the multi-.

colored observations. The Dayton individuals appear to be

differentiated from most of' the other individuals by this
characteristic, but, again, there is no absolute minima

between the Dayton individuals and the other individuals,

The moist value of the B3 horizon was only slightly

more variable among the individuals than the moist hue.

One hundred nine of the 114 individuals bad moist values of

3.0 units. Color of this horizon is obviously an inherited

characteristic.
Mean moist values and other moist value statistics

for the five series are listed in Table 11. The Dayton
series had a significantly higher value than the Concord

series in the A1 or A horizon. All the differences between

means of adjacent pairs of series were significant for the

A2 or A3 horizon except the difference of 01 value units

between the means of the Amity and Woodburn samples. Con

cord's mean was significantly higher than Amity's mean, and



Table 11. Sample Statistics for Moist
Munsel). Value Notations

Series No. of Mean Dif. bet. Standard Range
obs, means deviation

A1 or

WI 19 2.76 0.42 1.0
Wo 20 2.58 0.18 0.50 1.0
Am 38 2,50 0.08 0.50 1.0
Co 16 2.59 -0.09 0.80 2.0
Dc. 21 3.33 _0.74*ø 0.66 2.0

or A3

Wi 19 3.13 0.24 1.0
Wo 20 2,78 0.35** 0,41 1.0
Am 38 2.79 -0.01 0,15 1.0
Co 16 3,97 _1,18** 0.45 2.0
Da 21 4.45 _0.48** 0.50 1.0

B2 (pad interiors)

Wi 19 3.00 0.00 0.0
Wo 20 3.00 0.00 0.00 0.0
Am 38 3.00 0.00 0,00 0.0
Co 16 3.19 _0.19* 0.54 2.0
Da 21 4.29 _1.10** 0.43 1.0

B3

WI 19 3.10 0.27 1.0
Wa 20 3.02 0.08 0.11 0.5
Am 38 3.01 0.01 0.09 0.5
Co 16 3.00 0,01 0.00 0.0
Da 21 3.00 0.00 0.00 0.0

* Significant difference at 5-per cent level.**Sjgniflcant difference at 1-per cent level.
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Dayton's mean was significantly higher than Concord's mean

for the 82 horizon.

The tendency of moist value to change as the degree of

impeded drainage inoreased was in the direction of higher

value units as the soil became more poorly drained.

Chroma. Moist chroma had a trend opposite that of

moist value as can be seen in the frequency distribution

tabulations in Table 12. As the degree of impeded drainage

increased, going from Willamette to Dayton, the moist chroma

tended to decrease in numerical magnitude. The trend is

most noticeable in the tabulations for the B2 horizon.

Moist chroina had comparatively less variation in the

A1 or A horizons for each series sample than it did in the

A2 or A3 horizons. All the aariplea had pronounced modal

values at 2.0 chroma units in their frequency distributions

for the A1 or A horizons. In the A2 or A3 horizons, on

the other hand, the better drained soils (Willamette,

Woodburn, and Amity) had greater numbers of individuals

with chromas above 2.0 units than they did in the Li or

horizons, while the more poorly drained soils (Concord and

Dayton) had more individuals with chromas less than 2.0

units than they did in the A1 or A horizons.

The five frequency distributions of the series' sam

plea for the 82 horizon tend to cover slightly different



Table 12. Frequency Distributions for Moist Nunsell Chrma Notations of Four Horizons
of Willarnette, Woodburn, Amity, Concord, and Dayton Samples, and of All
Individuals Combined

or A 2 A2 or A3 B2 (pod interiors)2 B
2 P 2 *_______________

troma:Wi Wo Am Co iJa ALL 21 Wo A Co Da AU. :W1 Wo Am Co Da Al]. *Wi Wo Ani Co Da All

1.0 143 311 155 516 1010

1.5 0103 4 0100 1 0 0

2.0 17 18 31 13 15 94 4 7 23 11 16 61 2 2 11 15 4 2 2 2 3 13

2.5 1 0 0 1 1 4 0 5 310 1 14 8 618 9 4 45

3.0 1 1 2 4 8 6 8 22 8 12 22 12 54 1 10 14 5 1.4 44

3.5 100 1 4240 10 623 11

4.0 521 8 73 1 11 1 1

I-a
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ranges of values, but the amount of overlap between the

ranges of adjacent pairs is too great to permit the pres-

ence o minima in the frequency distribution tabulation of

all individuals combined.

The frequency distributions of the five series1

samples for the B horizon all included chroma notations of

similar magnitude.

The tendency for chroma to decrease as the degree of

impeded drainage increased is clearly shown by the sample

means for this characteristic in Table 13. The differences

between the means of adjacent series for the A1 or A hori-

zon are admittedly small and none were statistically

significant. However, for the A2 or A, and the B2 horizons,

the differences were larger and moat were significant.

Within each series, the three moist color variables.

hue, value, and chroma--showed variations with depth. The

hue of all the horizons of the Willamette, Woodburn, and

Amity samples was relatively constant. The A2 or A3 and

the B2 horizons of the Concord and Dayton samples were

decidedly more yellow in hue than the A1 or A and B3

horizons of these samples.

Mean moist value increased progressively between the

A1 or A and the B3 horizon for the Willamotte, Woodburn,

and Amity samples, but the total increase was generally less

than 0.5 value units. The Concord and Dayton samples had
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Table 13. Sample Statistics for Moist
Muneell Chroma Notations

Series No. of Mean Dif, bet. Standard Range
abs. means deviation

A1 or A

Wi 19 2.08 0.25 1.0
Wo 20 2.00 0.08 0.32 2.0
Am 38 1.93 0.07 0.40 2.0
Co 16 1.81 0.12 0.40 1.0
Da 21 1.79 0.02 0.36 1.0

A2 or

Wi 19 3.05 0.72 2.0
Wo 20 2,55 0.50** 0.72 3.0
Am 38 2.12 0.43** 0.67 3.0
Co 16 1.69 0.43** 0.48 1.0
Da 21 1.76 -0.07 0.44 1.0

B2 (pod interiors)
Wi 19 3,47 0.46 1.0
Wo 20 3.12 0.35** 0.45 1.5
Am 38 2.87 0.25** 0.36 1.5
Co 16 2.91 -0.04 0.45 2.0
Da 21 1.52 1.39* 0.51 1.0

B3

Wi 19 2.89 0.81 1.5
Wo 20 2.80 0.09 0.41 1.5
Am 38 2.80 0.00 0.55 2.0
Co 16 2.59 0.21 0.33 1.0
Da 21 2.76 -0.17 0.37 1.0

* Significant difference at 1-per cent level.
**3jgnjfjct difference at 5-per cent level.

A
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relatively large mean increases in value (about 1.2 unite)

between the A1 or A and the A2 or A3 horizon, and moderate

decreases in value between the A2 or £3 and deeper horizons.

Mean moist chroma quantities of the Willamette, Wood-

burn, and Amity samples had a consistent increasing trend

with depth to the B2 horizon and then a decreasing trend

to the B horizon. The Concord sample had a alight decrease

in mean chroma between the Ai or A and the £2 or £3 hori-

zon and then an increase between the A2 or £3 and the B2

horizon. The mean chroma of the Dayton sample decreased

markedly between the Ai or A and the B2 horizon and in-

creased between the B2 and the B3 horizon.

The dry crushed color determinations were considered

more reliable than the moist color determinations because

(1) they were determined under constant light conditions,

(2) they were determined at a constant moisture content
(air dry), and (3) they were read more precisely between

whole units of chroma and value. Furthermore, crushing and

mixing the soil resulted in a uniform color for each hori-

zon which was a blend of the several colors present in

multicolored horizons.



75

j. The frequency distributions for dry crushed hue

of the four main horizons of the Willamette, Woodburn,

Amity, Concord, and Dayton samples and of all individuals
combined are presented in Table 14. In each horizon the

modal value for the distribution of all individuals com-

bined is 10 YR. In the A1 or A horizons, none of the

observations had hue notations more than 0.5 units away

from 10 YR.

The hue of the A2 or A3 and the B2 horizons of the

Willamette catena soils tends to get more yellow as the

soil becomes more poorly drained. However, the range of

hue values within each series overlaps with the ranges of

hue values of other soil series too much to permit minima

in the frequency distribution tabulation of all individuals

combined. In the A2 or £3 and B2 horizons, each series

included some individuals that had a hue of 10 YR, although

this quantity was at the higher end of the ranges of hue

values for the Willainette and Woodburn samples and at the

opposite end of the range for the Concord and Dayton

samples. Therefore, dry crushed hue appears to be a char-

acteristic that varies continuously among soils of the

Willaxaette catena,

The means and other statistics of the dry crushed hue

analysis are presented in Table 15. The moan dry hue of

the Ai or A horizons was near 10 YR for all five series'



Table 14. Frequency Distributions for Dry Crushed 1unse1l NotationB of Four
Horizons of Willamette, Woodburn, Amity, Concord, and Dayton Samples, and
of All Indi'viduala Combined

A orA A orA B * B
$ 1 P 2 3 2

$ 3

Hue :Wi Wo Am Co Da All *Wi Wo Am Co Da All sWi Vo Am Co Da All :Wi Wo Am Co Da All

8.5YR 1 1 1 1

9.OYR 0 4 1 5 2 1 3 1 1

9.5 YR 1 4 1 6 2 0 2 4 0 0 1 1 1 0 1

10.0 YR 18 16 37 16 18 105 16 16 34 12 5 83 16 19 36 7 5 83 18 19 38 14 17 106

0.5! 3 3 1 1 5 7 1 4 6 1]. 2 2 4

1.0! 1 3 4 4 6 10 1 1

1.5! 1 0 1 1 1 2 1 1

2.0! 03 3 0 0

2.5! 15 6 3 3

0'
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Table 15. Sample Statistica for Dry
Crushed Munsell Jj Notations

Series No. of Mean Dif, bet. Standard Range
obs. means deviation

A orA
1 p

Wi 19 9.97 YR 0.1]. 0.5
Wo 20 9.90 YR 0.07 0.20 0.5
Am 38 9.99 YR -0.09 0.08 0.5
Co 16 10.00 YR -0.01 0.00 0.0
Da 21 0.07 1 -0.07 0.18 0.5
A].]. 114 9.99 YR 0.14 1.0

A2 or A3

Wi 19 9.87 YR 0.37 1.5
Wo 20 9.80 YR 0.07 0.42 1.0
Am 38 9.96 YR -0.16 0.21 1.5
Co 16 0.34 1 _0.38** 0.72 2.5
Da 2]. 1.14 1 _0.80** 3..00 2.5
A].]. 114 0.02 1 0.80 4.0

B2

Wi 19 9.82 YR 0.45 1.5
Wa 20 9,95 YR -0.13 0.22 1.0
Am 38 10.00 YR -0.05 0.13 1.0
Co 16 0.44 1 -0.44' 0.51 1.5
Da 21 0.86 1 -0.42 0.81 2.5
All 114 0.22 1 0.63 4.0

Wi 19 9.97 YR 0.11 0.5
Wo 20 9.95 YR 0.02 0.22 1.0
Am 38 10.00 YR -0.05 0.00 0.0
Co 16 0.06 1 _O.06* 0.11 0.5
Da 21 0.17 1 -0.11 0.40 1.5
All 114 0.03 1 0.23 2.5

* Significant difference at 1-per cent level.
**Significant difference at 5-per cent level.
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samples. The mean dry hues of the A3 horizon of the Wi].-

lantette, Woodburn, and Amity samples were also all about

10 YR. Concord's mean hue of the A2 or A, horizon was

significantly more yellow than Amity's mean hue, and Day-

ton's mean hue of A2 or A3 horizon was significantly more

yellow than Concord's mean hue. The difference between the

means of the Amity and the Concord samples was the only

significant difference between adjacent series for the B2

horizon. The dry hue means of the B3 horizon of all five

samples were near 10 YR.

All of the differences between sample means of adjac-

ent pairs of series had a magnitude of less than 1.0, or

less than the common unit of measurement of htte. The

interval between hue charts of the standard color book for

soils is 2.5 hue units. For practical reasons, the mean

difference between the hue of two classes of soils would

have to be at least 2.5 hue units before it could be con-

sidered as a differentiating characteristic.

Value. Dry crushed value frequency distributions of

the four main horizons of each sample and of all individuals

combined are presented in Table 16. The frequency distri-

bution tabulation of all individuals combined for the A1

or A horizons has a bimodal appearance with modal values

of 4.0 and 5.0. The frequency distributions of the

Willamette, Woodburn, end Amity samples have a similar



Table 16. Frequency Distributions for Dry Crushed Munsell Va1u Notations of Four
Horizons of Willamette, Woodburx, Anty, Concord, an. Dayton Sapies, arid
of All Individuals Combined

A1 or A A or A3 B2 or 822 1 B3

VU.LU XW. WV itUt tQ LJ. *.LJ. 2WL WV am 'JQ u a..i. wj. wo am .,v u, wu am u

3.50 1 1
3.75 1 2 3 1 1
4.00 5 713 1 1 27 1 2 8
4.25 1 4 4 2 0 1]. 0 2 3 5
4.50 12411 9 113 5 11 2
4.75 2352113 14111 8 100 1
5.00 9 4 7 6 4 30 5 910 2 2 28 3 6 9 18
5.25 112 47272119 744 15
5.50 1 2 5 8 4 4 4 0 12 6 610 2 1 25 5 7 9 1 1 23
5.75 1 4 5 2 2 2 6 2 3 6 0 2 13 8 817 5 9 47
6.00 3 3 2 2 2 6 81114 33 6 512 910 42
6.25 13 4 24 6 112
6.50 2 6 8 1 1
6.75 0 0
7.00 4 4

'.0



appearance. The iost likely explanation for this pattern

of distribution is the impracticability of making the
scrupulous interpolations that the procedure called for.

Interpolations of value and chroma to 0.25 units were

attempted in the dry color determination. The fact that

the two modes of the frequency distribution of value for

the A1 or A horizons coincide with whole numbers indicates
that it is not feasible to accurately read the dry value of

soil material when it occurs between whole numbers. The

mean values of the distributions tinder discussion wore mid-
way between whole numbers. had the means been in the

vicinity of a whole number, the insensitivity of the in-

terpolation method would not have been apparent.

The trend among the frequency distributions of dry

value is toward higher quantities as the soil is more poorly
drained. The trend is not shown in the B3 horizon and is

not very pronounced in the or horizons. But in the

A2 or 5 horizons, four of the Dayton individuals had dry

values that were 1.5 units higher than the highest value
among the individuals of the Willamette sample. The Dayton

individuals ranged in dry value from 4.5 to 7.0 units in

the A2 or A3 horizon, while the Willamette individuals

ranged from 4.0 to 5.5 units. Yet, this characteristic
did not completely discriminate the observations of these

two widely separated classes because four of the Dayton
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individuals had dry value notations within the range of

notations of the Willamette sample. There could not be a

minima in the frequency distribution of all individuals

combined for this characteristic because there were three

other soil series between the Willamette and Dayton series,

each with a wide range of values that overlaps considerably

with the ranges of adjacent series,

The frequency distributions of the B2 horizon also

indicate that dry value of this horizon does not differ-

entiate the soils of the Willamette catena into natural

groupings. The distributions of the Willamette, Woodburn,

and Amity samples all had about the same range of dry value

notations, and the Concord and Dayton samples had another

common range of notations. The two combined distributions

overlapped considerably with one another.

Dry crushed value means are presented in Table 17 along

with the differences between means of adjacent pairs of

series. The Concord sample had a significantly higher mean

dry value than the Amity sample, and the Dayton sample had

a significantly higher mean dry value than the Concord

sample in the Li or A and the A2 or A3 horizons. Wood-

burn's mean dry value was significantly less than Willam-

ette's in the A2 or A3 horizon. The only significant

difference between the means for the 82 horizon was the one

between the Amity and Concord samples. All five of the
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means for dry value of the B3 horizon were between 5.68 and

5.84 units, which is a email range when compared to the unit

of measurement.

The mean dry values for the Woodburn and Amity samples

were less than the mean dry values of the Willamette sample

for both subdivisions of the A horizon. This is a reversal
of the usual trend for value as related to the degree of

impeded drainage. The reason f or this anomaly is possibly

related to differences in the native vegetation types be-

tween some of the Willainette and Woodburn or Amity individ-

uals, Several of the Willamette individuals had compara-

tively light-colored A horizons that were suggestive of a

native forest vegetation, while several of the Woodburn

and Amity individuals had comparatively dark A horizons

that were suggestive of a native prairie vegetation.

These data show that dry value does not segregate the

soils of the Willamette catona into natural groupings.

Although the means of dry value were significantly differ-

ent between some of the adjacent pairs of series, the

magnitude of the difference was always less than the total

range of dry value units within each sample. Subsequently,

the overlap of the ranges between series' samples was so

great that minima did not appear in the frequency distri-

bution of all individuals combined.
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Table 17. Sample Statistics for Dry Crushed
Munsell Value Notations

Series No. of Mean Dif bet. Standard Range
obe. means deviation

A1 or A

Wi 19 4.54 0.48 1.38
Wo 20 4.36 0.18 0.41 1.12
Am 38 4.36 0.00 0.49 2.12
Co 16 4.93 0.57* 0.49 1.75
Da 21 5,27 0.34** 0.51 2.00
All 114 4.69 0.60 2.62

or

WI 19 5.04 0.37 1.50
lJo 20 474 0.30** 0.39 1.25
Am 38 4.86 .0.12 0.60 2.38
Co 16 5.61 0.75* 0.49 1.88
Da 21 6.10 0,51** 0.63 2.25
All 114 5.24 0.70 3.38

WI 19 5.25 0.27 1.00
Wo 20 5.25 0.00 0.31 1.25
Am 38 5.42 0.17 0.38 1.50
Co 16 5.93 ..0.51* 0.21 0.88
Da 21 5.94 -0.0l 0.17 0.75
All 114 5.55 0.42 1.88

Wi 19 5.7]. 0.20 0.62
Wo 20 5.68 0.03 0.20 0.62
Am 38 5.69 -0.01 0.16 0.62
Co 16 5.84 _0.15* 0.16 0.62
Da 21 5.80 0.04 0.15 0.62
All 114 5.76 0.20 0.76

* Significant difference.at 1-per cent level.
**Signiflcant difference at 5-per cent level.
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Chroma. The frequency distributions for dry crushed

chroma are presented in Table 18. Dry chroma had a pro-
nounced downward numerical trend as the degree of impeded

drainage increased for these soils. The trend is most

noticeable in the A2 or A3 and B2 horizons.

The frequency distributions of all individuals com-

bined have two or three apparent maxima in the A1 or 5

and the A2 or A3 horizons. These maxima coincide with

whole numbered units of chroma and are probably the result

of inaccurate interpolation as was discussed under dry val-

ue.

The individuals of each of the five samples had a

similar range of chroma units in the A1 or A horizons; so

dry chrome of thie horizon is obviously not a differentiat-

ing characteristic. The same phenomenon was observed in

the B3 horizon.

In the A2 or A3 horizon, however, the two ranges of

chrome units of the Willamette and Dayton samples had only

one chroma quantity in common. All of the Willamette

individuals had chroma units of 3.00 or more, and all of

the Dayton individuals had chrome units of 3.00 or less,

let, about one-fifth of the individuals of both samples had
dry chrome quantities of 3.0, and so the two groups were

not segregated by a minima in the frequency distribution of

the two samples combined. The ranges of chroma unite for



Table 18. Frequency Distributions for Dry Crushed Munsell kr Notations of Four
Horizons of i1lamette, Woodburri, Arity, Concord, and Dayton Samples, and
of All Individuals Combined

or A A2 or A, B2 B3
$

flt._.._.. fli tV_ A.... fl.. T%_ .% WS tt. £_ fl_ fl. S. n.h tt. h_ fl_ fl. a,, his it_ & _ Ati
I1Lr.flU. ai. WV Ai1 VU 1)* £4.4. Ij. WV VU Mb. £1.4. WJ. WU AtilI VU £JU £1.4. $WJ. WU *UL VU JJb £4.4.

1.75 1 1

2.00 1 1 8 5 6 2]. 2 212 16 1 3 4

2.25 01521 9 260 8 13 4

2.50 22 44416 1511 8 112 4

2.75 2492522 362314 122 5

3.00 11 9 6 3 5 34 5 310 4 4 26 1 314 8 8 34 8 7101115 51

3.25 2 2 5 9 6 4 2 1 13 3 3 7 3 3 19 8 622 5 5 46

3.50 101 2 221 4 565 16 356 14

3.75 1 1 4 3 5 12 5 3 10 18 2 2

4.00 2 5 5 12 5 3 8

4.25 2 2

U'



the three samples of Woodburn, Amity, and Concord ovez'

lapped considerably with the ranges of each other and with

the ranges of Willamette and Woodburn.

The frequency distributions for dry chroma of the B2

horizon of the five samples resembled those of the A2 or

A3 horizons. No natural groupings were indicated by minima

in the frequency distribution of all individuals combined.

Sample statistics of the dry crushed chroma deter"

minations are presented in Table 19. The difference of

0.26 chroma units between the means of the Woodburn and Am-

ity samples for the A1 or A horizon was significant. The

differences between the means of Woodburn and Amity, and

between the means of Amity and Concord were significant for

the A2 or A3 horizon. Those same differences wore also

significant in the B horizon. The mean dry chroma of the

B3 horizon was slightly over 3.0 units for each sample.

Dry crushed chroma appears to be a normally distributed

characteristic in each horizon of the Willamette catena

soils. It also appears to be related to the degree of im"

peded drainage of the soils. However, it does not naturally

segregate groups of the soils from other groups of the total

population, but varies continuously from one extreme to the

other.
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Table 19. Sample Statistics for Dry Crushed
Munsell Chroma Notations

Series No. of Mean Dif. bet. Standard Rang.
obs. means deviation

A1 or A

Wi 19 2.85 0.31 1.38
Wo 20 2.82 0.03 0.38 1.62
Am 38 2.56 0.26" 0.44 1.38
Co 16 2.39 0.17 0.37 1.00
Da 21 2.47 -0.08 0.37 1.00
All 114 2,62 0.45 1.62

A2 or £3

Wi 19 3.34 0.37 1.12
Wo 20 3.26 0.08 0.54 1.50
Am 38 2.99 0.27" 0.57 2.00
Co 16 2.48 0.51' 0.43 1.12
Da 21 2.29 019 0.43 1.38
All 114 2.90 0.60 2.38

Wi 19 3.55 0.32 1.00
Wo 20 3.51 0.04 0.39 1.25
Am 38 3.22 0.29* 0.32 1.25
Co 16 2.82 0.40' 0.34 1.12
Da 21 2.65 0.17 0.43 1.12
All 114 3.15 0.52 2.25

Wi 19 3.15 0.16 0.50
Wo 20 3.22 -0.07 0.22 0.62
Am 38 3.15 0.07 0.13 0.38
Co 16 3.05 0.10" 0.08 0.25
Da 21 3.01 0.04 0.08 0.38
All 114 3.12 0.17 0.88

* Significant difference at 1-per cent level.
"Significant difference at 5-per cent level.



Mean moist versus mean dr Munsell notations. Table

20 compares mean moist and mean dry Munsell color notations

for four main horizons of each series studied. The table

shows the difference between the means of the two deter

minations, thus indicating the effect moisture conditions

have on hue, value, and chroma quantities.

Hue apparently does not change appreciably when the

soil dries. The relatively large difference between the

moist and dry hue determination for the B2 horizon of the

Dayton sample resulted from using only the dominant color

of a multicolored material in the moist determination.

Other discrepancies resulted from the lack of interpolation

between hue charts for the moist determination.

Value increases markedly when the soil dries. The two

A horizons averaged about 1.9 value units higher for the

dry rating than for the moist rating. The B horizons

showed even greater mean differences between the two mois

ture conditions, The mean difference was greater in the

B2 and B, horizons because the dominant moist color selected

for reading was normally the one having the lower value.

An exceptional case was the B2 horizon of Dayton, where the

dominant color had the higher value. That is the reason

the mean difference between dry and moist value for the B2

horizon of Dayton is only 1.65 units, while it is over 2.2

for all the other soils.



Table 20. Comparison of Dry Crushed and
Moist Munsell Notation Means

Series Hue mean dif. Value mean dif. Chroma mean dif.
(dry - moist) (dry - moist) (dry - moist)

A1 or A

Wi 0.37 1.78 0.77
Wo 0.40 1.78 0.82
Am -0.01 1.86 0.63
Co 0.00 2.34 0.58
Da 0.07 194 0.68
Mean 0.14 1.91 0.69

£2 or

Wi 0.53 1.91 0.29
Wo 030 1.96 0.71
Am 0.09 2.07 0.87
Co -0.36 1.64 0.79
Da -0.65 1.65 0.53
Mean 0.01 1,89 0.67

Wi 0.22 2.25 0.08
Wo 0.07 2.25 0.39
Am 0.07 2.42 0.35
Co -0.03 2.74 -0.09
Da -3.19 1.65 1.13
Mean -0.46 2.26 0.39

Wi -0.03 2.61 0.26
Wo -0.05 2.66 0.42
Am 0.00 2,68 0.35
Co 0.06 2.84 0.46
Da 0.17 2.80 0.25
Mean 0.03 2.71 0.34



Chroma also appeared to increase upon drying of the

soil, but to a lesser extent than value. It averaged about

0.7 units higher for the dry analysis than for the moist

analysis in the A horizons, and about 0.35 unite higher

in the B horizons. The lesser increase noted in the B

horizons is a reflection of the reading of the higher

chronia moist color in multicolored horizons. The Dayton
B2 horizon is an exceptional case again where the lower

chroma color was read for the moist determination.

The distinctness and topography of horizon boundaries
were described at the time of sampling. Horizon boundary

distinctness was identified by the four conventional claa

aee--abrupt, clear, gradual, and diffuse (43, p. 139).

The numerical limits of these classes were 0.0 to 1.0, 1.0

to 2.5, 2.5 to 5.0, and 5.0 + inches, respectively. For

the statietical analysis, the distinctness classes identi-

fied in the field were assigned the values, 0.5, 1.5, 3.5,

and 7.5 inches, respectively.

The frequency distributions for the horizon boundary

distinctness values of several horizon boundaries of the

Willametto, Woodburn, Amity, Concord, and Dayton samples,

and of all individuals combined are presented in Table 21.

The boundary between the A and the B horizons was the



Table 21. Frequency Distributions for Horizon Boundary Thickness (distinctness)
of the Ui1lariette, Woodburn, Amity, Concord, and Dayton Samples, and
of All In1ividuls Combined

A to B (Si or B )
Z B to above B to B

2 2 s 2 3

Thickness I :
(A2, Aor n1)

inches class ZWi Wo Am Co Da A11W1 Wo Am Co Da Al1:Wi Uo Am Co Da All

0.5 abrupt 12 12 19 19 4 3 9 17 33

1.5 clear 7 31610 4 403 71012 2 3441226 7 4 53

3.5 gradual 12 17 22 6 5 62 16 13 28 4 61 14 4 9 27

6,5 diffuse 1 1

I-'
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boundary between either the A3 or A2 horizon and the B1 or

B2 horizon. The A to B horizon boundary of all the Wi].-

lamette, Woodburn, Amity, and Concord individuals was in

the two distinctness c].assea-'-clear and gradual. Nine of

the Dayton individuals also had A to B horizon boundaries

in these two classes, but 12 of the Dayton individuals had

A to B horizon boundaries in the abrupt distinctness class.

The boundary between the A and B horizons became somewhat

more distinct as the degree of impeded drainage increased.

The boundary between the B2 horizon and the horizon

above the B2 horizon was between the B2 horizon and an A2,

A3, or B1 horizon, This characteristic almost differen

tiated all of the Dayton individuals from the rest of the

individuals, All but two of Dayton's individuals had abrupt

boundaries between the B2 horizon and the horizon above

the B2, while none of the other series' individuals had
abrupt boundaries between these two horizons. If boundary

distinctness would have been measured in fractions of an

inch, it undoubtedly would have varied in a continuous
manner from one end of the range to the other end, and

would not have naturally segregated groups of soils by the

presence of a minima within the frequency distribution

tabulation of all individuals combined.

The frequency distributions of the B2 to B3 horizon

boundary distinctness classes indicate that this horizon
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boundary tended to become more distinct as the soil became

more poorly drained.

The results of the statistical analysis for horizon

boundary distinctness are presented in Table 22. Boundary

thickness means of the A to B horizon boundary were 2.8,

3.2, 2.7, 2.3, and 1.4 inches for the Villametta, Woodburn,

Amity, Concord, and Dayton samples, respectively. The

differences between the Woodburn and the Amity samples and

between the Concord and Dayton samples were significant.

The mean thickness of the boundary between the B2 and

the overlying horizon was about 3.0 inches for the WI?

lamette, Woodburn, and Amity samples. Concord's sample had

a mean of 2.0 inches, and Dayton's sample had a mean of

0.6 inches for this characteristic.

Mean thickness of the B2 to B3 boundary was 3.2, 1.7,

1.9, 0.9, and 0.7 inches for the Willamette, Woodburn,

Amity, Concord, and Dayton samples in that order. The

differences between the means of the Willamette and Wood-

burn samples, and the Amity and Concord samples, were

significant.
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Table 22. Sample Statistics for Horizon
Boundary Thickness

Dif. bet. Standard
Series No. of Mean means deviation Range

obs. (inches) (inches) (inches) (inches)

A to B (B1 or B2)

Wi 19 2.8 1.0 2.0
Wa 20 3.2 -0.4 0.8 2.0
Am 38 2.7 0.5** 1.0 2.0
Co 16 2.3 0.4 1.0 2.0
Da 21 1.4 O9** 1.3 3.0

B2 to above (A2, A3 or B1)

Wi 19 3.2 0.8 2.0
Wo 20 2.8 0.4 1.0 2.0
Am 38 3.0 -0.2 0.9 2.0
Co 16 2.0 1.0* 0.9 2.0
Da 21 0.6 1.4* 0.3 1.0

B2 to B3

Wi 19 3.2 1.2 5.0
Wa 20 1.7 1.5* 1.0 3.0
Am 38 1.9 -0.2 0.9 3.0
Co 16 0.9 1.0* 0.5 1.0
Da 21 0.7 0.2 0.4 1.0

* Significant difference at 1-per cent level.
**Sjgnjfict difference at 5-per cent level.

Soil Texture

The texture of each horizon was determined at the time

of sampling. The frequency distributions for the field-

determined textures of four main horizons of each series are

listed in Table 23. The texture of the horizon varied



Table 23. Frequency Distribution for FieldDetermined Texture of Four Horizons
of the Jillamette, Woodburn, Ardty, Concord, and Dayton Samples

A1 or A A2 or A, Z B2 1 B,Text.Z____________
class : WI Wo Ani Co Da: WI Wo Am Co Da: WI Wo Am Co Da: Wi Wo Am Co Da

51 1 1 1

sil 192038 1621182038 11].? 71323 1 1719371519
aid 1 5 4 12 7 15 14 5 1 3. 2

sic 1 9

c 7

'0



more between series' samples than the texture of the other

horizons. The B2 horizon of each individual was therefore

analyzed for particle size distribution. The frequency

distributions for the sand, silt, and clay fractions of

the B2 horizons of each series' sample are listed in

Table 24.

The percentage of clay in the B2 horizon differen-

tiated the Dayton individuals from theConcord individuals.

None of the Dayton individuals had less than 34 per cent

clay, and none of the Concord individuals had more than 33

per cent clay. However, there was no significant minimum

between the two groups according to the individual degree

of freedom goodness of fit test. The number of Concord

individuals in the 32 to 33 per cent clay interval was

fully as great as it was in any other 2-per cent interval.

The variation in the percentage of sand within each

of the series' samples was vary large. Willamette's

individuals ranged from 17 to 45 per cent sand, and Wood-

burn's individuals ranged from 20 to 48 per cent sand. The

other samples had less variation in percentage of sand than

the Willamette and Woodburn samples, but they still had

ranges of 15 par cent or more. The percentage of sand of

the B2 horizon tended to decrease as the soil became more

poorly drained.

The percentage of sand occurring in the B2 horizons of



Table 24. Frequency Di3tributions for Percentage Sand, Silt, and Clay of B2
Horizons of 4il1amette, Woodburn, Amity, Concord, and Dayton Samples
and of All Individuals Combined

Sand Silt Clay

Per cent Wi lJo Am Co Da All: WO Co Da All: WI Wo Am Co Da All

12-13 4 4
14-15 2 2
16-17 4 5
18-19 0 ]. 3 4
20-21 0 1 2 4 7
22-23 1 2 1 4 1 9
24-25 5 2 7 1 1 16
26-27 5 4 8 3 1 21
28-29 0 0 5 3 1 9
30-31 0 3 5 1 9
32-33 1 0 3 1 5

34-35 0 2 4 6
36-37 0 1 1 2
38-39 0 2 3 5

40-41 3 1 1 5

42-43 2 1 3

44-45 1 0 3.

46-47 0 0
48-49 1 1
50-51
52-53
54-55
56-57

63

1 1
0 0

1 2 1 1 5
2 0 1 2 5

3 2 0 2 2 9
1 1 2 2 4 10
0 2 2 0 4 8
1 1 7 3 3 15
3 2 9 2 2 18
4 1 6 4 1 16
3 2 7 3 1 1603 2 5

1 1 1 3
2 2
1 1

1
6
2
1
4
2
1
1
1

1
1
2 1
6 7
4 11
3 12
3 7

2
4
3
3

4

1
1
4

19
17
18
18
5

4
5

1 2
6 6
4 4
1 1
5 5
2 2
2 2

'.0
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the soila was somewhat related to the geographic position

of the sampling site, Of the 37 individuals with 30 per

cent or more sand, 34 were sampled from the 40 excavations

between sites 65 and 105 (see Figure 1). The C horizon of

20 of these 34 individuals had either uniform veryfine

sandy loam textures or alternating strata of veryfine

sandy loam and silt loam textures. The C horizons of the

other 14 individuals were below the depth of sampling. The

individuals that had slightly redder hues than the majority

were also located within this segment of the transect.

They occurred between sites 85 and 105. The sampling trans-

ect paralleled a meandering stream that had cut into the

Willamette silts to a depth of about 50 feet, between sites

65 and 105. These three phenomena may be related, but an

explanation of the relationship awaits a more comprehensive

understanding of the origin and composition of the Wil

lamette silt deposit.

The silt content of the B2 horizons did not vary much

between series' samples but varied considerably within the

samples. The range in percentage of silt for all individ

uala combined was from 33 to 63 per cent. Woodburn'e

individuals ranged from 35 to 63 per cent silt. The

individuals of Willamette and Amity varied between 35 and

55 per cent silt. Concord's individuals ranged from 38 to

51 per cent silt, and Dayton's individuals ranged from 30



to 51 per cent silt.

The results of the mean statistical analysis for the

mechanical analysis of the B2 horizon are presented in

Table 25. The mean sand percentages were 30.4, 31.2, 29.9,

25.2, and 18.2 for the Willamette, Woodburn, Amity, Con-

cord, and Dayton samples, respectively. The differences

between the means of Amity and Concord, and between Con-

cord and Dayton wore significant. The silt percentages

were between 41 and 47 per cent for all five series.

The mean percentages of clay in the B2 horizon were

24.8, 21.4, 23.5, 29.0, and 40.3 for the Willaznette, Wood-

burn, Amity, Concord, and Dayton samples. All the differ-

ences between means of adjacent pairs of samples were

significant.
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Table 25. Sample Statistics for Mechanical
Analysis of B2 Horizon

Series No. of Mean Dif. bet. Standard Range
oba. (%) means (%) deviation (%)

(%)

Wi 19 30.4 8.6 28
Wo 20 31.2 1.2 7.4 27
Am 38 29.9 1.3 4.7 18
Co 16 25.2 47** 4.2 15
Da 21 18.2 7.0** 4,6 15
All 114 26.9 7.9 36

Wi 19 44.7 5.8 20
Wo 20 47.3 -3.4 '7.7 28
Am 38 46.6 0.7 4.2 20
Co 16 45.7 0.9 4,3 13
Da 21 41.5 4.2* 4.9 21
Al]. 114 45.1 5.9 33

Wi 19 24.8 4.6 16
Wo 20 21.4 3.4' 3.2 12
Am 38 23.5 -2.1" 2.2 11
Co 16 29.0 -5.5*' 2.9 8
Da 21 40.3 -11.3" 3.8 12
All 114 27.9 7.8 33

Significant difference at 5.rper cent level.
"Significant difference at 1-per cent level.

Soil structure was described for type, size, and grade

of aggregates in each horizon (43, p. 225-230). Structural

type refers to the shape and arrangement of aggregates.

Size of aggregate is self-explanatory. Structural grade
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refers to the degree of distinctness of aggregates in situ

and in disturbed soil. Horizons having no observable

aggregates were described as massive.

Structural tye. Table 26 presents the frequency

distributions of structural type for four main horizons of

the Willamette, Woodburn, Amity, Concord, and Dayton samples.

Only the smaller type is listed for those horizons having

compound structure. The type of structure did not vary

between series in the A1 or A and A2 or A, horizons. The

individuals of each series' sample had either granular or

aubangular blocky structure in these horizons.

The two poorly drained series, Concord and Dayton, and

the well.'drained series, Willainette, had more individuals

with angular blocky structure than subangular blocky

structure in the B2 horizon. The other series, Woodburn and

Amity, had more individuals with subangular blocky than with

angular blocky structure in the B2 horizon.

In the B3 horizon, each series' sample had some indi-

viduals with massive structure, but each sample also had

some individuals with either blocky or prismatic structure.

Obviously, structural type was not a differentiating

characteristic among these soils. The same types of

aggregates were found in comparable horizons of all five

series.



Table 26. Frequency Distributions for Structural Tve of Four Horizons of
Willamette, Woodburn, Amity, Concord, and Dayton Samples

$ A orA A orA B orB B
3. p 2 3 2 22 3

Type :Wi Wo Am Co Da:Wi Wo Am Co Da :141 Wo Am Co Da :Wi Wo Am Co Da

gr 8 414
abk 11 16 24

abk

pr
mass

9 9 1 1 1 1

7 12 19 19 37 15 20 6 16 29 5 0

13 4 9 11. 21

8 6 11 1 5

4 0 0 0 0

3 1 5 2 0

4 13 22 13 16

I-.

0
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Structural size. Structural size was noted by the five

conventional classes--very fine, fine, medium, coarse, and
very coarse..-using the size limits defined in the Soil
Survey Manual (43, p. 238). The numerical limits of a size
class depend upon the structural type. For example, the

numerical limits of the fin granular and the fi blocky
types are 1 to 2 mm. and 5 to 10 mm., respectively. There-

fore, two different size classes of different structural
types can have the same numerical limits. For example,
medium granular and very fire blocky aggregates both have

numerical size limits of 2 to 5 mm. For the statistical

analysis, all size classes of equal numerical limits were

considered as one class. The midpoints of the size classes
identified in the field were used to quantify structural

size. The resulting seven discrete quantities represent-
ing structural size were 0.5, 1.5, 3.5, 7.5, 15.0, 35.0 and

75.0 miii.
The frequency distributions for structural size of

four main horizons of the five series' samples are pre-

sented in Table 27. The diatributions prominant].y show that

structural size increased with increasing depth of horizon

regardless of soil series. Structural size did not vary

appreciably between soil series in the A1 or A1 A2 or A3

and the B3 horizons. The size did increase with the degree

of impeded drainage in the B2 horizon. The range of size



Table 27. Frequency Distributiots for Structural Size of Four Horizons of
Wil1a!1ette, Wooiburn, Amity, Concord, and Dayton Samples

.. or * *orA, a

Size P
m) *Wi Wo Am Co Da *Wi Wo Am Co Da *Wi Wo Am Co Da *Wi Wo Am Co Da

0.5 3 2 1 1 2

1.5 4 2 15 8 7 1 1 1 1 1

3.5 12 16 22 6 12 12 13 30 12 17 3

7.5 3. 6 6 7 3 310 725 3

3.5.0 6 7 7 5 6 1

35.0 3 3 6 8 15 5 2 3 3

75.0 9 5 13 3 2

massive 4 13 22 13 16

I-a

0



105

values for any one series overlapped considerably with the

range of values of other series, however, and structural

size did not completely differentiate one series from

other series.

Table 28 shows that the mean structural sizes of the

A1 or A, A2 or £3, and B3 horizons were about the same for

all five series' samples. The mean structural size was

about 2.6 mm. for the A1 or 5 horizon, 4.3 mm. for the £2

or £3 horizon, and 60 mm, for the B3 horizon for all five

series.

The mean sizes of aggregates in the B2 horizon were

14.2, 12.1, 13.2, 23.6, and 29.3 mm. for the Willamette,

Woodburn, Amity, Concord, and Dayton samples. The differ-

ence between the means of the Amity and the Concord samples

was significant.
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Table 28. Sanpie Statitic for Structural Size

Dif. bet. Standard
Serie8 No. of Mean meane deviation Range

obe. (mm) (mm) (mm) (mm)

A1 or

Wi 19 2.6 1.2 3.0
Wo 20 3.0 -0.4 1.0 3.0
Am 38 2.6 0.4 1.1 3.0
Co 16 2.6 0.0 1.7 7.0
Da 21 2.6 0.0 1.2 3.0

A2 or A3

Wi 19 4.7 2.0 6.0
Wo 20 4.6 0.1 2.0 6.0
An 38 4.2 0.4 16 6.0
Co 16 4.1 0.]. 1.7 6.0
Da 21 4.0 0.1 1.6 6.0

B or B

Wi 19 14.2 9.8 27.5
Wo 20 12.1 2.1 9.0 31.5
Am 38 13.2 -1.1 10.0 27.5
Co 16 23.6 _10.4* 12.0 27.5
Da 21 29.3 -5.7 9.2 7.5

Wi. 15./ 57.7
Wo 7 63.6 5.9
Am 16 67.5 -3.9
Co 3 75.0 7.5
Da 5 51.0 24.0

'Significant difference at 5-per cent level.

.1/Massive observations were disregarded when calculating
the mean size of peda for the B3 horizons.

'Cou1d not be calculated because the observations with
massive structure had infinite size.
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Structural zrade. Structural grade was described by

the four classes--structureless, weak, moderate, and

strong--at the time of sampling (43, p. 229). The classes

were quantified for the statistical analysis by assigning

the numerals 0, 1, 2, and 3 to the classes in the order

given. The frequency distributions for structural grade

of four main horizons of the Willamette, Woodburn, Amity,

Concord, and Dayton samples are presented in Table 29.

Each series' sample had a preponderance of individuals

with moderate structural grade in the A1 or A and the A2

or A3 horizons. The Willamette, Concord, and Dayton

samples each ad more individuals with strong grades of

structure than of other grades in the B2 horizons. The

Woodburn and Amity samples had a total of 13 individuals with

a weak grade of structure in the B2 horizon. All the sam

pies had some individuals with a moderate grade of struc-

ture in the B2 horizon.

The degree of aggregate distinctions was less in the

B, horizon than it was in the B2 horizon for all five

series, The welldrained Willamette series, however, had

a relatively smaller proportion of individuals with massive

structure than did the other series.

Structural grade did not vary enough between series'

samples to completely segregate one sample from other

samples. Table 30 shows that the series' moans for



Tb1e 29. Frequency Distributions of Structural Gra& for Four Horizons of
Willamette, Woodburn, Amity, Concord, and Dayton Samples

Z Aj or A A2 or It3 B2 or B22 B3
_: 2-Grado Wiqo Am Co Da*Wi Io Am Co Da :Wj Wo Am Co Da :Wi Wo Am Co Da

mass (0) 4 13 22 13 16

weak (1) 3 1 10 4 1 4 4 8 6 11 1 5 8 6 6 13 3 5

mod (2) 14 18 25 12 19 12 14 26 9 9 8 12 27 6 5 9 1 3

str (3) 2 1 3 1 3 2 4 1 1 11 3 3 10 16

0



Table 30. Sample Statistics for Structural Grade

Series No. of Mean Dif, bet. Standard Range
obe. means deviation

A1 or AD

Wi 19 2.0 0.5 2.0
Wo 20 2.0 0.0 0.3 2.0
Am 38 1.8 0.2 0.6 2.0
Co 16 1.8 0.0 0.4 1.0
Da 21 2.0 -0.2 0.3 2.0

or

Wi 19 2.0 0.4 2.0
Wo 20 1.9 0.1 0.6 2.0
Am 38 1.9 0.0 0.6 2.0
Co 16 1.7 0.2 0.6 2.0
Da 21 1.7 0.0 0.6 2.0

Wi 19 2.5 0.6 2.0
Wo 20 1.9 0.6* 0.5 2.0
Am 38 1.9 0.0 0.5 2.0
Co l( 2.6 _0.7* 0.5 1.0
Da 21 2.8 -0.2 0.4 1.0

Wi 19 1.3 0.8 2.0
Wo 20 0.4 0.9* 0.6 2.0
Am 38 0.5 -0.1 0.7 2.0
Co 16 0.2 0.3 0.4 1.0
Da 21 0.2 0.0 0.4 1.0

* Significant difference at 1-per cent level.
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structural grade were not significantly different between

any of the series for the A1 or A and the A2 or A3 hor-

izons. The more poorly drained soils appeared to have a

slightly weaker mean structural grade in the A2 or A3

horizon than the better drained soils. On the other hand,

the poorly drained Concord and Dayton series had signifi-

cant].y stronger structural grades than the Woodburn and

Amity series in the B2 horizon. The Willamette sample's

structural grade was significantly stronger than that of the

Woodburn and Amity series in both the B2 and the B3 hori

zone.

Soil Consistence

Both moist and wet consistence were deecribed according

to the definitions presented in the Soil Survey Manual (43,

p. 232-233). Four terms were used to express soil con

sieteice in each moisture condition. Moist consistence was

described by the terms: very friable, friable, firm, and

very firm. These terms express the degree of resistance

the soil aggregates manifest in attempts to deform or

rupture. They were quantified for the statistical analysis

by substituting the numerals 1, 2, 3, and 4 for the terms

very friable, friable, firm, and very firm, respectively.

Wet consistence was described by terms that express the

degree of adhesion and cohesion of the soil material. The
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terms were nonstioky, slightly sticky, sticky, and very

sticky, and were quantified with the respective numerals 1,

2, 3, and 4 for the statistical analysis.

Frequency distributions for moist and wet consistence

are presented in Table 31. Moist consistence tended to be-

come more firm with depth for each of the five series. All

of the individuals were either friable or very friable in

the A1 or A horizon, and all but four were friable or very

friable in the A2 or A3 horizon. In the B2 horizon, each

series' sample had some individuals with firm consistence,

and in the 133 horizon, each sample had some individuals with

veryfirm consistence. Therefore, moist consistence did not

differentiate al]. the individuals of one series from the

individuals of the other series.

Almost all of the individuals had slightly sticky con

siatence in the A1 or A, A2 or A3, and the B3 horizons.

All but two of the Willamatte, Woodburn, and Amity individ-

uals taken together also had slightly sticky consistence In

the B2 horizon, while only two of the Concord individuals

and none of the Dayton individuals had slightly sticky

consistence in this horizon. Therefore, wet consistence

almost completely differentiated the observations into two

groups. However, there was no minimum in the frequency

distribution of all individuals combined between the two

groups, so the groups were not naturally segregated.



Table 31. Frequency Distributions for Field-Determined Moist and Wet onisten
or Four Horizons of Willamette, Woodbirn, Alty, Concord, and
Dayton Samples

I A orA a A orA B orB I B
Consist-s 1 p -*

2 3 2 22 3

ence aWl Wo Am Co Da aWl Wo Am Co Da aWl We Am Co Da awl We A Co Da

vfr (1) 10 15 33 10 10 5 13 28 II 16 1 4 6

fr (2) 9 5 5 6 11 11 6 10 5 5 12 13 20 9 7 4 1 4

fi. (3) 1 6 3 12 7 14 7 6 14. 9 12

vfi (4) 8 13 20 7 9

tJat con'istance

so(1) 2 3 3 1

ss (2) 19 18 38 13 18 19 19 38 16 21 18 19 38 2 19 20 38 16 20

3(3) 1 1 12 8 1

vs (4) 2 13

I-I

l.J

5%)
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Table 32 presents the means and other statistical data

for moist conistenco of four horizons and for wet con-

sistence of the B2 horizon. The mean moist consistence of

the Amity sample was significantly more friable than the

Concord, Dayton, and Willamette sample means for the A1 or

horizon. Wi].lamette's mean moist consistence of 1.9

for the A2 or A3 horizon was significantly less friable

than the mean moist consistence of the other series' sam-

ple. None of the moist consistence sample means were signif-

icantly different between pairs of adjacent soils in either

the B2 or the B3 horizons,

The B2 horizon wet consistence means were 2.1, 2.0,

2.0, 3.0, and 3.6 for the Willamette, Woodburn, Amity, Con-

cord, and Dayton samples, respectively. mean

wet consistence was significantly more sticky than Amity's

mean, and Dayton's mean was significantly more sticky than

Concord's mean.
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Table 32. Sample Statistics for Consistence

Series No. of Mean Dif. bet. Standard Range
obs, means deviation

Moist cons istanc.e
A1 or

Wi 19 1.5
Wo 20 1.3
Am 38 1.].

Co 16 1.4
I)a 2]. 1,5

Wi 19 1.9
Wo 20 1.4
Am 38 1.3
Co 16 1.3
Da 2]. 1,2

Wi. 19 2.3
Wo 20 2.0
Am 38 2.2
Co 16 2.4
Da 21 2.7

Wi 19
Wo 20
Am 38
Co 16
Da

Wet consistence
2].

Wi 19
Wo 20
Am 38
Co 16
Da 21

3.2
3.6
3.4
3.4
3.4

2.1
2.0
2.0
3.0
3.6

0.2
0.2

-0 3 **
-0.1

A2 or A3

0.1
0.0
0.1

0.3
-0.2
-0,2
-0.3

-0,4
0.2
0.0
0.0

0.1
0.0

-1.0 *
-0.6 *

0.5
0.4
0.3
0.5
0.5

0.6
0.6
0.4
0.5
0.4

0.6
0.6
0.7
0.5
0.5

0.8
0.6
0.7
0.5
0.5

0.2
0.2
0.0
0.5
0.5

* Significant difference at 1-per cent level.
**Signlficant difference at 5-per cent level.

L.0
1.0
1.0
1.0
1.0

2.0
2.0
1.0
1.0
1.0

2.0
2.0
2.0
1.0
1.0

2.0
2.0
2.0
1.0
1.0

1.0
1.0
0.0
2.0
1.0



Soil reaction, expressed in pH units,

colorimetrically in the field and electrom

laboratory. The laboratory determinations

cally analyzed because they were made with

cision,

The frequency distributions for pH of
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was determined

etrically in the

were statiati

greater pre

four main

horizons of the Willamette, Woodburn, Amity, Concord, and

Dayton samples are presented in Table 33. The trends of pH

in relation to degree of impeded drainage and to depth are

readily apparent from the frequency distribution tabu-

lations. Soil acidity increased slightly in the A1 or A9

horizon, and decreased decidedly in the B2 and B3 horizons

with increasingly poor drainage. The frequency distribution

tabulations of all individuals combined in each horizon

indicate that pH has a normal distribution among the soile

of the Willamette catena. Each frequency distribution

tabulation has a pronounced maximum near the center of the

range of pH values. The frequency distribution of the

Dayton sample for the A1 or A, horizon has one individual

that had a pH value of 6.4, which is 1.0 pH unit higher

than any of the other Dayton observations. It obviously

was sampled from a site that had been recently limed, The

ranges of pH values within each series' sample overlapped

with the ranges of the other samples to the degree that



Table 33. Frequency Distributions for pH Values of Four Horizons of Willamette,
Woodburn, Amity, Concord, and Dayton Samples, and of Al].
Individuals Combined

or A A2 or A3 $ B2 $ B3
F

$

H Wi Wo Am Co Da All Wi Wo Am Co Da All sWi Wo Am Co Da All 2Wi Wo Am Co Da All

4.5-4.6 1 1

4,7-4,8 2 4 6 0 0 1 1

4.9-5.0 2 3 7 12 2 0 3 5 10 0 0

5.1-5.2 110 8 6 25 0 2 7 7 8 24 4 1 1 3 1 10 1 1

5.3-5.4 3 710 1 3 24 5 511 4 5 30 7 2 2 3. 2 14 6 1 7

5.5-5,6 8 513 1 0 27 6 711 2 1 27 4 5 8 4 1 22 6 1 1 8

5.7-5.8 6 3 3 1 0 13 5 3 6 1 16 2 416 3 6 31 2 6 3 2 13

5.9-6.0 1 3 0 4 0 2 1 1 4 3. 5 6 0 3 15 4 315 1 23
6.1-6.2 1 0 0 1 1 1 0 2 2 4 3 2 11 311 2 1 17

6.3-6.4 1 1 2 0 0 1 0 3 4 5 3 4 3 15

6.5-6.6 1 1 1 1 2 0 1 2 8 11

6.7-6.8 1 1 2 0 3 1 4 8

6.9-7.0 1 1 1 0 4 3 8

7.1-7.2 1 0 1

7.3-7.4 1 1

7.5-7.6 0 0

7.7-7.8 1 1
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but one maximum occurred In the frequency distribution

tabulation of all individuals combined. Consequently, there

was no natural segregation of groups of soils in the Wil-

lamette catena.

Table 34 shows the mean values and other statistics

for pH of the Willamette, Woodburn, Amity, Concord, and Day-

ton samples and of all individuals combined. Amitys mean

pH was significantly lower than Woodburn's mean pH, and

Concord's mean pH was in turn significantly lower than

Amity's mean pH in the A1 or A horizon. The difference of

0.3 units between the Amity and Concord means was signif-

icant in the A2 or A3 horizon. mean pH was

significantly more acid than Woodburn's mean in the 82

horizon. All the differences between means of adjacent

pairs were significant in the B3 horizon, except the one of

0.2 pH units between the Woodburn and Amity sample means.



Table 34. Sample Statistics for Soil Reaction (pH)

Series No. of Mean Dif. bet. Standard Range
abe. means deviation

A1 or A0

Wi 19 5.6 0.2 1.0
Wo 20 5.6 0.0 0.3 1.3
Am 38 5.4 0.2* 0,2 0.9
Co 16 5.1 0.3* 0.2 1.0
Da 21 5.0 0.1 0.2 0.8
All 114 5.3 0.2 1.7

£2 or
Wi 19 5,5 0.2 1,3
Wa 20 5.6 -0,l 0.2 1,1
Am 38 5.5 0.1 0.3 2.1
Co 16 5.2 0.3* 0.2 0.7
Da 21 5.2 0.0 0.2 0.9
All 114 5.3 0.2 2.1

Wi 19 5.4 0.3 1.3
Wa 20 5.7 -0.3' 0.3 1.2
Am 38 5.8 -0.1 0.3 1.1
Co 16 5.8 0.0 0.5 1.6
Da 21 6.0 -0,2 0.6 1.9
All 114 5.8 0.4 2.4

Wi 19 5.6 0.3 0.9
Wo 20 6.0 -0.4' 0.4 1.8
Am 38 6.2 -0.2 0.3 1.6
Co 16 6.4 -0.2" 0.4 1.4
Da 21 6.7 -0.3" 0.4 1.7
All 114 6.2 0.4 2.7

* Significant difference at 1-per cent level.
**Signiflcant difference at 5-per cent level.
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Cation exchange capacity is an accessory character-

istic of the kinds and amounts of inorganic and organic

collodial material in the soil. It cannot be observed in

the field and so its usefulness for differentiating soil

classes is limited. However, since it is accessory to

texture, which was used to differentiate the Dayton obser-

vations, it is important to know its magnitude. Cline (9,

p. 82) states that a good differentiating characteristic

hou1d be associated with a number of covarying properties

or accessory characteristics about which a precise state-

ment can be made.

The frequency distributions for cation exchange capac-

ity values of four horizons of the Willamette, Woodburn,

Amity, Concord, and Dayton samples are presented in Table

35.

The frequency distributions indicate a comparable range

of cation exchange capacity values for each series in the

A1 or A, A2 or A3, and B3 horizons. However, the distri-

butions for the Concord and Dayton observations in the B2

horizon include a range of values that has little overlap

with the ranges of the other series. The minimum within

the frequency distribution tabulation of all individuals

combined at 24 to 25 m.e./100 g. is significant at the



Table 35. Frequency Distributions for Cation Exchange Capacity Values of Four
Horizons of Willamette, Woodburn, Amity, Concord, and Dayton
$amplea, and of All Individuals Combined

C.E.C; Li or A., A., or A., B., Bme/ :____________ ____________ ____________ ____________
100 g :Wi Wo Am Co Ba All :Wi Wo Am Co Ba All tWi Wo Am CoDa All iWi Wo Am Co Ba All

10-11 1 1. 2 1 1
12-13 1113713 5532520
14-15 2 4 8 2 7 23 10 616 4 6 32 1 2 3
16-1? 8 5 9 5 3 30 2 7 9 7 4 29 2 4 8 14
18-19 37106127 22 52314 387 18 441 9
20-21 316 212 501 6 9511 25 713243653
22-23 203 5 11 2 31113 18 63139536
24-25 1 1 1 131 6 2 15 8

26-27 1 1 9 3 12 3 3 6
28-29 14 5 2 2

30-31 5 5

32-33 3 3

34-35 3 3
36-37 2 2

t-J

p.)

0
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5.por cent level when compared with the frequencies at 22

to 23, and 26 to 27 in.e./100 g. Thus the $0118 of the

Willamette oatena appear to be separated into two natural

groupings according to the cation exchange capacity of the

B2 horizon.

Cation exchange capacity series means and other

statistics are presented in Table 36. There was little

difference between moan cation exchange capacities of the

five series for either the A1 or A or the A2 or A3 hori-

zon, That was to be expected in view of the fact that most

of the individuals had silt loam textures for these two

horizons. Nevertheless, the mean cation exchange capacity

of the Dayton sample was significantly less than the mean

of the Concord sample in the A1 or A horizon. The mean

cation exchange capacities of all the series were between

15 and 16 m.e./lOO g. for the A2 or A3 horizon. All the

differences between the means of adjacent pairs of series

were significant for the B2 horizon, which was to be ex-

pected since these differences were all significant for the

clay percentage of the B2 horizon. For both of these

characteristics, Willamette's mean was greater than Wood-

burn's mean, and the means of the other series increased

progressively as the degree of impeded drainage increased.

Amity's mean cation exchange capacity was significantly

greater than Woodburn'a for the B3 horizon, and Concord's
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Table 36. Sample Statistics
Exchange Capacity

for Cation
Values

Moan
Series No. of (m.a,/ Dif. bet. Standard Range

obs. 100 g) means deviation

or

Wi 19 17.6 2.5 9
Wo 20 17.7 -0.1 3.4 14
Am 38 17.5 0.2 2.7 12
Co 16 16.2 1.3 2.4 7
Da 21 13.0 1.2 2.7 10
All 114 16.7 3.0 15

A2 or A3

Wi 19 14.8 1.8 7
Wo 20 15.3 -0.5 2.0 7
Am 38 16.2 -0.9 2.2 7
Co 16 162 0.0 2.4 9
Da 21 15.5 0.7 3.1 11
All 114 15.6 2.3 11

Wi 19 20.0 2.3 10
Wo 20 18.5 1.5" 2.2 7
Am 38 19.9 -1.4" 2.4 8
Co 16 25.9 -6.0' 1.8 7
Da 21 30.7 -4.8' 3.2 11
All 114 23.0 4.5 21

Wi 19 21.1 1.7 6
20 20.3 0.8 1.2 5

Am 38 21.2 -0.9' 1.1 5

Co 16 23.2 -2.0' 1.8 5

Da 21 23.4 -0.2 2.5 8

All 114 21.8 2.1 10

* Significant difference at 1-per cent level.
"Significant difference at 5-per cent level.
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mean was significantly greater than Amitys1

Base Saturation1

The ratio of the sum of the exchangeable bases, calci

urn, magnesium, potassium, and sodium, to the cation ex-

change capacity times 100, here called percentage base

8aturation, is of interest to the field of soil genesis

because its magnitude is related to the degree of leaching;

and it is of interest to the field of soil fertility because

it is related to plant nutrient availability. Since man is

primarily interested in the soil from the standpoints of

its genesis and of its use, base saturation data are very

useful. The frequency distributions for percentage base

saturation of four main horizons of the Willamette, Wood-

burn, Amity, Concord, and Dayton samples are presented in

Table 37.

Five of the individuals had base saturation values

greater than 90 per cent in the A1 or A horizon. These

values were 10 to 15 per cent greater than all the other

1The term "base saturation" is used in this thesis for the
sake of brevity and convenience in lieu of the more cor-
rect, but more cumbrous, "ratio of the sum of the
exchangeable calcium, magnesium, potassium, and sodium
to the cation exchange capacity times 100."



Table 37. Frequency Distributions for Percentage Base Saturation of Four
Horizons of Willamette, Woodburn, Amity, Concord, and Dayton Samples,
and of All Individuals Combined

Base : A1orA A2orA3 B2 B3
sat.
(%)

*

Wi Wo Wi Wo Am Co Ba All Wi Wo Am Co Ba AllAm Co Ba All
z

Wi Wo Am Co Ba All

30-34 2 1 2 5

35-39 0 2 2 4
40-44 2 1 4 3 10
45-49 010 4 7 21
50-54 2 3 5 3 2 15
55-59 5 3 7 1 3 19
60-64 4 6 4 1 1 16
65-69 3 2 6 0 11
70-74 2 2 2 0 6
75-79 1 1 0 0 2
80-84 0 0 0 0 0
85-89 0 0 0 0 0
90-94 1 1 0 1 3

95-99 1 0 1
100-104 1 1
105-109
110-114

11 2
2 001 3
0 2406
2 1 4 3 2 12
3 3 10 3 1 20
5 6 3 1 4 19
3 7 4 3 4 21
0 2 8 0 4 14
4 1 4 0 1. 10212 5

2 2

1 12110 4
7 3 2 0 12
3 3 6 0 12
3 6 8 0 3 20
2 413 4 0 23
0 2 6 7 8 23
1 1 1 1 6 10
1 134 9

121 4200 2531 9
5 5 6 1 17
2 6 17 3 3 31
4 2 12 6 5 2910348

1 0 4 6 11
1 2 3

w
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individuals and apparently were from sites that had been

limed recently.

The frequency distributions of the A1 or A horizon

indicate that the percentage base saturation of this

horizon decreased as the degree of impeded drainage in-

creased. The opposite trend was found in the B2 and B3

horizons. Soil reaction showed the same trends as percent-

age base saturation in relation to depth of horizon.

Several of the individuals had base saturation values

greater than 100 per cent in the B2 and B3 horizons because

the soluble salts and carbonates were not removed for the

exchangeable cation determinations.

The large amounts of overlap between the wide ranges

of base saturation values for each series clearly indicated

that percentage base saturation did not naturally segregate

groups that correspond to the present series. However, the

minimum at the interval of 100 to 104 per cent in the fre-

quency distribution of all individuals combined for the B3

horizon was significant at the 5-per cent level when com-

pared with the frequency in the intervals of 95 to 99 per

cent, and 105 to 109 per cent. This minimum may not be a

real natural limit between groups of these soils, however,

since the number of individuals in the minimal segment is

only three less than the number of individuals in one of the

maximal segments. The validity of the minimum should be



tested with a larger sample.

The series' mean percentages of base saturation are

presented in Table 38 for four main horizons of the Wil-

lamette, Woodburn, Amity, Concord, and Dayton samples. The

Concord sample mean percentage base saturation was signif-

icantly different from the Amity mean for all four hori-

zons. Concord's mean was significantly higher than

Amity's mean for the A1 or A and the A2 or A3 horizons,

and significantly lower for the B2 and B3 horizons. The

Dayton mean percentage base saturation was significantly

greater than Concord's mean for the A2 or A3 horizon. The

Willamotte, Woodburn, and Amity series were not signif-

icantly different from one another according to percentage

base saturation.
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Table 38, Sample Statistics
Base Saturation

for Percentage

Series No. of Mean Dif, bet. Standard Range
obe. (%) means deviation

A or A1

Wi 19 65.3 12.4 48
Wo 20 61,4 3.9 11.8 51
Am 38 56.1 5.3 33.0 68
Co 16 45,3 10.8* 8.6 31
Da 21 48,6 -3.3 33.4 64
Al]. 114 55.6 14.0 70

A.. or A

Wi 19 62.]. 10.3 36
Wo 20 64.6 -2.5 5.5 23
Am 38 63.6 1.0 10.5 46
Co 16 562 7,4** 11,8 48
Da 2]. 67.9 _11.7* 10.9 43
All 114 63.2 8.0 51

Wi 19 78.3 9.6 36
Wa 20 81.3 -3.0 8.1 33
Am 38 84.3 -3.0 6.9 33
Co 16 90.6 _6.3* 9.6 41
Da 21 93.9 -3.3 9.5 22
AU 114 85.6 10.0 42

Wi 19 86.6 7.0 25
Wa 20 89.7 -3,1 8.2 33
Am 38 92.6 -2.9 6.2 40
Co 16 100.0 ...7,4* 4,9 18
Da 21 101.4 -1.4 6,4 21
All 114 94.0 7.5 40

* Significant difference at 1-per cent level.
**Signlficant difference at 5-per cent level.



128

Exchangeable Ctions

Calcium. Calcium was the dominant exchangeable cation

in all of the horizons of each series. Frequency distri-

butions for exchangeable calcium values of four main

horizons of the Willamette, Woodburn, Amity, Concord, and

Dayton samples are presented in Table 39.

Exchangeable calcium tended to decrease in relation to

the degree of impeded drainage in the A1 or Ap horizon, and

it had the opposite tendency in the 2 and B3 horizons. It

had an over-all tendency to increase in relation to depth

of horizon for each series. The unusually high values of

some of the individuals in the A1 or A horizon were proba-

bly from sites that had been recently limed.

The mean values of exchangeable calcium are listed in

Table 40. Concord's means were significantly different

from Amity's means for all four horizons. They were sig-

nificantly lower for the A1 or A and A2 or A, horizons,

and significantly higher for the B2 or B3 horizons. Amity's

mean exchangeable calcium was significantly greater than

Woodburn's mean for the B2 or B3 horizon. Dayton's mean

was significantly higher than Concord's mean for the B2

horizon.

Although the amounts of exchangeable calcium in the B2

and B3 horizons vary according to soil series, the percent-

age of calcium saturation appears to be relatively constant



Table 39. Frequency Distributions for Exchangeable Calcium Values of Four
Horizons of Willamette, Woodburn, Amity, Concord, and Dayton Samples,
and of All Individuals Combined

Ca g A1orA A2orA B2 * Bme/ *
VI - £ - -

3
.ov g :WJ wo ua t.,u ua Jt..L&. w1 wo 4UR o ,a a.j.j. Wi wo am LO Pa &ii. :W1 WO Am o Pa A.L.L

2-3 14 5 1 1 2

4-5 1 7 913 30 4 3 6 5 7 25

6-7 6 11 17 5 3 42 11 10 17 7 10 55 3 1 4
8-9 86111026 26113224 444 12 1 1

10-11 212 1 6 114 2 8 86111 26 461 11

12-13 001 1 54142 25 84182537
14-15 02 2 2376321 691691252
16-17 2 2 1 7 11 19 1 3 5 4 13

18-19 6 6

20-21 1 1

'-I

'0
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Table 40. Sample
Calcium

Statistics
Values

for Exchangeable

Me an
Series No. of (m.e./ Dif, bet. Standard Range

obs. 100 g) means deviation
or

Wi 19 8.6 3.1 11.2
Wo 20 8.1 0.5 2.5 8.9
Am 38 73 0.8 1.8 9.6
Co 16 5.2 2.1* 1.3 5.0
Da 21 4,9 0.3 1.8 8.0
All 114 6.9 2.5 113.8

£.. or A

Wi 19 6.3 1.6 6.6
We 20 7.1 '-0.8 1.6 6.4
Am 38 7.3 -0.2 1.7 7.1
Co 16 61 1.2** 1.6 5,9
Da 21 6.6 -0.5 1.9 7,4
Al]. 114 6.7 1.8 8.0

Wi 19 11.0 2.1 7.4
Wo 20 10.5 0.5 2.4 8.2
Am 38 11.8 1.3* 1.9 8.4
Co 16 15.0 3.2* 1.6 6.5
Da 21 17.0 _2.0* 1.6 6.6
All 114 12.8 3.1 14.0

Wi 19 12.9 1.6 5.5
Wo 20 12.7 0.2 1.8 5.6
Am 38 13.6 _O.9** 1.1 5.6
Co 16 14.9 _l.3* 1.2 4.0
Da 21 14.4 0.5 1,2 4.6
All 114 13.7 1.5 7.9

* Significant difference at 1-per cent level.
**Signjfjcant difference at 5-per cent level.
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among these soils. The mean percentage calcium saturation

for all five series was about 55 per cent for the B2 horizon

and about 62 per cent for the B3 horizon.

Magnesium. Magnesium was the second most dominant

exchangeable base in all horizons of all individuals. The

frequency distributions for exchangeable magnesium are

listed in Table 41.

Exchangeable magnesium, like exchangeable calcium,

tended to increase in relation to depth of horizon. The rate

of increase was much greater for the poorly drained Concord

and Dayton individuals than it was for the other individ-

uals. Subsequently, the poorly drained soils are naturally

segregated from the better drained soils by a minimum in

the frequency distribution tabulation for this character-

istic in the B3 horizon. The minimum at 6 m.e. mg./lOO g.

of soil was significant at the 5per cent level.

The exchangeable magnesium mean values are listed in

Table 42. Dayto sample mean for the B2 horizon was five

times greater than it was for the A1 or A horizon, while

Willamette's sample mean was only two times larger in the

B2 horizon than it was in the A1 or A horizon.

All of the series had mean exchangeable magnesium

values of around 2.0 m.e./100 g. and mean magnesium sat-

uration values of about 12 per cent in the A1 or 5

horizon.



Table 41. Frequency Distributions for Exchangeable Magnesium Values of Four
Horisons of Willamette, Woodburn, Amity, Concord, and Dayton Samples,
and of All Individuals Combined

Mg : A A2 or A2 B2 Bmel$ P z____________
100 g :Wi Wo Am Co Da All :Wi Wo Am Co Da All sWi Wo Am Co Da All ;Wi Wo Am Co Da All

1 4 711 5 6
2 12 9241112
3 343 3
4
5
6
7
S
9

10
11
12
13
14
15

33 3 2 1 2 8
68 12 14 25 5 2 58 1 1 1 3.

13 34107832 875 20 135 9
1 1 0 7 9 7 8 9 1 25 111319 33

1 1 2 4 3 5 17 0 25 5 3 11 1911 2 1 51 7 1132 7
1 1 151 7 81251 6 4101423 5 03 313 4 11 214 5 12 3

6 6 0 0
2 2 1 1
0 0
1 1

f-a

7')
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Table 42. Sample Statistics for Exchangeable Magnesium

Me an
Series No. of (m.o./ Dif. bet. Standard Range

oba. 100 g) means deviation
A1 or

Wi 19 2.0 0.5 1.9
Wo 20 1.9 0.1 0.7 2.6
Am 38 1.9 0.0 0.5 2.3
Co 16 1.8 0.1 0.3 1.0
Da 21 1.9 -0.1 0.6 2.5
All 114 1.9 05 2.7

A. or A

Wi 19 2.2 0.6 2.4
Wo 20 2.1 0.1 0.5 1.9
Am 38 2.5 -0.4 0.7 3.4
Co 16 2.8 -0.3 1.2 4.6
Da 21 3.7 -0.9" 1.4 4.9
All 114 2.6 1.0 6.1

Wi 19 3.9 0.8 3.5
Wo 20 3.9 0.0 0.8 2.8
Am 38 4.6 -0.7' 1.0 4.8
Go 16 7.8 -3.2' 1.6 7.0
Da 21 11.0 -3.2' 2.0
All 114 6.0 3.0 13.0

Wi 19 4.4 08 3.3
Wo 20 5.0 -0.6" 0.6 3.0
Am 38 5.4 -0.4" 0.8 3.3
Co 16 7.6 -2.2' 1.1 4.9
Da 21 8.6 -1.0" 1.6 6.7
All 114 6.0 1.8 11.0

* Significant difference at 1-per cent level.
"Significant difference at 5per cent level.
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Mean exchangeable magnesium values of the A2 or A3
horizon were 2.2, 2.1, 2.5, 2.8, and 3.7 m.e./lOO g. for

the Willametto, Woodburn, Amity, Concord, and Dayton sam-

ples, respectively. The difference between the means of

the Concord and Dayton samples was significant. Since the

mean cation exchange capacities of each of the samples was
about the same for the A2 or A3 horizon, the mean per

centage magnesium saturation varied between samples. The

mean magnesium saturation values were about 15, 14, 15, 17,

and 24 per cent for the five samples in the usual order of

listing.

Mean exchangeable magnesium values of the B2 horizon

were 3.9, 3.9, 4.6, 7.8, and 11.0 m.e./lOO g. for the

Willamette, Woodburn, Amity, Concord, and Dayton samples,

respectively. Mean magnesium saturation values were about
19, 21, 23, 30, and 36 per cent in the same order. Magne

sium saturation varies between soils, whereas calcium

saturation does not.

The exchangeable magnesium data showed the same trends

in the B3 horizon as they did in the B2 horizon. Both the

m.e./100 g. values and the percentage magnesium saturation

values increased as the soil was more poorly drained. The

mean exchangeable magnesium values were 4.4, 5.0, 5.4, 7.6,

and 8.6 m.e./100 g. for the Willamette, Woodburn, Amity,

Concord, and Dayton samples, respectively. All differences
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between means of adjacent pairs of samples were significant.

The mean percentage magnesium saturations, in the same

order, were approximately 21.0, 25.0, 25.0, 33.0, and 37.0.

Potassium. Potassium was the third most abundant
exchangeable metallic cation in nearly all horizons of all

five series' samples. The B2 horizon of the Dayton sample

had slightly more exchangeable sodium than potassium. The

frequency distributions for exchangeable potassium values
are tabulated in Table 43.

A very noticeable feature of the frequency distribu
tions is the wide range of values they have for the Willam-

ette, Woodburn, and Amity samples in the upper two horizons.

Also, Willamette's frequency diatribution for the B2 horizon

is notIceably wider than those of the other soils. The

wide spread of these distributions was probably caused by

sampling sites which had been recently fertilized with
potassium. The continuation of the wide spread into deeper
horizons reflects the high degree of mobility of potassium.

The highly mobile nature of the exchangeable potassium was

very noticeable In the potassium data for one of the

individuals that was sample in an old barn site. The barn

had been moved to permit construction of an electrical line

tower at the proper interval. The exchangeable potassium

values for this individual were 3.8, 2.9, 2.4, and 1.8 m.e.

/100 g. for the A1, A3, B2, and B3 horizons, respectively,



Table 43. Frequency Distributions for Exchangeable Potaeium Values of Four
Horizons of Willamette, Woodburn, Amity, Concord, and Dayton Samples,
and of AU Individuals Combined

K A1 or A A2 or A3 B2 B

. _ I2 Ti_ A_ _ _ A1 LT t A _ I1 £ _ All
.LVJ g $ R .1. RU La V 1.1 W U £W La U Ii fl .1. 4 U JIJII La U LI J.L $ W L a U U LI LI

0.1 1 111 13 2 2 510 1]. 1 1

0.2 3614730 31691139 66 12 43815
0.3 1 5 12 0 2 20 2 3 12 2 19 2 4 22 14 14 56 5 13 26 13 12 69
0.4 1161110 232 7 5482625 667 19
0.5 103 4432 9 331 1 8 3 0 3

0.6 433 10 342 9 311 5 2 0 2

0.7 213 6 300 3 00 0 3 1 4
0.8 121 4 001 1 51 4
0.9 220 4 300 3 1
1.0 112 4 011 2 0 0
1.1 400 4 1 1 0 0
1.2 0 0 0 0 0 0 1 1
1.3 0 1 1 2 0 0 1 1

1.4 0 0 1 1
1.5 0 0
1.6 1 1
2.0 1 1

}4
.A)

a'
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None of the other individuals had potassium values higher

than 0.7 m.e./100 g. in the B3 horizon. The potassium data

for this individual were not used in the statistical

analysis.

The sample means for exchangeable potassium are listed

in Table 44. The Willametta series had significantly more

exchangeable potassium than the Woodburn series for all

four horizons. The only other significant difference be-

tween means of adjacent pairs was the one between the Amity

and Concord series in the A1 or 5 horizon. Amity's mean

was significantly greater than Concord's mean. The

exchangeable potassium values had been confounded by die

similar fertilizer practices among the series. The better

drained series had more fertilized individuals than the

poorly drained series.

The mean exchangeable potassium values were slightly

lower in the A2 or A3 horizon than they were in the A1 or

5 horizon for each series. The mean values were also lower

in the B2 horizon than they were in the A2 or A3 horizon

for the Willamette and Woodburn series, but they were

higher in the B2 horizon than they were in the A2 or A3

horizon for the Concord and Dayton series. The poorly

drained soils had about the same amounts of exchangeable

potassium in the B3 horizon as the moderately we].]. and hit

perfectly drained soils. This phenomenon is a departure
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Table 44. Sample Statistics for Exchangeable
Potassium Values

Me an
Series No. of (a.e./ Dif, bet. Standard Range

obe, 100 g) means deviation

Wi 19 087 0.41 1.65
Wo 19 0.56 0.31** 0.31 1.0/4

Am 38 0.44 0.12 0.26 1,12
Co 16 0.21 0.23* 0.08 0.36
Da 21 0.17 0.04 0,09 0.31
All 113 0.40 0.42 1.88

A. or A

Wi 19 o.66 0.28 1.14
Wo 19 0.42 0.24* 0.23 0.92
Am 38 0.32 0.10 0.18 0.89
Co 16 0.18 0.14 0.06 0.22
Da 21 0.14 0.04 0.06 0.14
All 113 0.34 0.23 1.33

B. or B

Wi 19 0.62 0.29 1.00
We 19 0.38 0.24* 0.16 0.61
Am 38 0.33 0.05 0.18 0.35
Co 16 0.32 0.01 0.04 0.16
Da 21 0.34 -0.02 0.05 0.23
All 113 0.39 0.21 1.13

Wi 19 0.47 0.14 0.44
We 19 0.33 0.14* 0.04 0.16
Am 38 0.32 0.01 0.08 0.50
Co 16 0.30 0.02 0.04 0.12
Da 21 0.27 0.03 0.02 0.21
All 113 0.32 0.10 0.59

* Significant difference at 1-per cent level.
**Significant difference at 5por cent level.
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from the trends observed for calcium and magnesium, where

it was noted that the amounts of exchangeable calcium and

magnesium increased in the B3 horizon as the degree of

impeded drainage increased.

Sodium. Sodium was the least dominant of the ex-

changeable bases for these soils. The frequency distri-

butions for exchangeable sodium are tabulated in Table 45,

The frequency distributions tend toward higher valuee

in relation to depth for each of the series. They tend

toward higher values in the B2 horizon as the degree of

impeded drainage increases.

The sample means for exchangeable sodium are presented

in Table 46. The means for each sample had about the same

magnitude in the A1 or A and the A2 or A3 horizons. They

were 0.15, 0.13, 0.16, 0.11, and 0.11 m.e./lOO g. for the

A1 or A horizon; and 0.16, 0.14, 0.17, 0.12, and 0.13 m.e.

/100 g. for the A2 or A3 horizon in the usual order of

listing.

The exchangeable sodium means of the B2 horizon were

0.23, 0.20, 0.24, 0.27, and 0.41 m.e./100 g. for the

Willamette, Woodburn, Amity, Concord, and Dayton samples,

respectively.



Table 45. Frequency Distributions for Exchangeable Sodium Values of Four
Horizons of Willamette, Woodburn, Amity, Concord, and Dayton Samples,
and of Al]. Individuals Combined

, A1 or A A2 or A3 : B2 or B22 B3
- -vv g zw wo AS UO ua au. 2w2. wo *m o ua Lii :wi WO AS uo ua Lii. *W1 WO AS UO IJft iii

.05 3353115 213 2 8 1 1

.10 25991439 3658830 123 6 1 1

.15 5 5 5 1 4 20 5 710 5 7 34 4 7 5 4 2 22 3 4 5 1 1 14

.20 75122127 44121122 3594021 3754221

.25 2 2 5 1 0 10 4 2 3 1 1 1]. 6 3 7 2 2 20 2 0 7 4 3 16

.30 2 02 1 511 8 2291317 4561622

.35 1 1 1 1 0151613 13142323

.40 0 1 1 2 1 0 1 2 2 6

.45 0 12 3 11 03 5

.80 1 22 5 2 00 2

.55 1 2 3 0 2 1 3

.60 1 3.
1.45 1 1

0
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Table 46. Sanp1e Statiatics for Exchangeable Sodium

}4e an
Series No. of (m.e./ Dif, bet. Standard Range

obe. 100 g) means deviation
A or A

Wi 19 0.3.5 0.07 0.19
Wo 20 0.13 0.02 0.06 0.22
Am 38 0.16 -0.03 0.0 0.25
Co 16 0.11 0.0 0.05 0.20
Da 21 0.11 0.00 0.06 0.2?
A].). 114 0.13 0.06 0.33.

A2 or

Wi 19 0.3.6 0.07 0.22
Wo 20 0.14 0.02 0.05 0.19
Am 38 0.17 -0.03 0,07 0.25
Co 16 0.12 0.05k 0.06 0.20
Da 21 0.13 -0.01 0.0? 0.29
All 114 0.14 0.06 0.29

Wi 19 0.23 0.12 0.48
Wo 20 0.20 0.03 0.07 0.26
Am 38 0.24 -0.04 0.07 0.25
Co 16 0.27 0.03 0.13 0.35
Da 21 0.41 _0.14** 0.26 1.29
Al]. 114 0.27 0.15 1.39

Wi 19 0.32 0.20 0.88
Wo 20 0.25 0.07 0.09 0.32
Am 38 0.28 -0.03 0.08 0.27
Co 16 0.29 -0.01 0.13 0.40
Da 2]. 0.32 -0.03 0.11 0.41
All 114 0.29 0.08 0.88

* Significant difference at 1-par cent level,
**$ignjflcant difference at 5-per cent level.
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The percentage of carbon is an estimate of the amount

of organic matter in the soil. The product of the per-

centage of carbon and the factor 1.72 is expressed as the

percentage of organic matter. This relationship is based

on the assumption that the average soil organic matter is

58.0 per cent carbon. The results were expressed as per-

centage of carbon because they were also used to determine

carbon-nitrogen ratios. The percentage of carbon was

determined for the upper two horizons of each profile. The

results of the determinations are summarized in Tables 47

and 48.

Table 47 shows the frequency distributions for the

percentage of carbon of the Willamette, Woodburn, Amity,

Concord, and Dayton samples. The distributions of the Wil-

lamette, Woodburn, Amity, and Dayton samples had wide

ranges of values in the A1 or A horizon. Each of these

distributions had concentrations of individuals toward the

lower end of their ranges of values, but each also had one

or more individuals with disproportionally high values.

Organic carbon values above 3.4 per cent invariably were

from individuals that had never been cultivated. Further'

more, values over 4.1 per cent were from sites that had

been recently burned. Charcoal and ash were observed in



Table 47. Frequency Dietributiona for Percentage of 0ranio Carbon of Two
Horizone of Willamette, Woodburn, Amity, Concord, and Dayton Samplee,
and of All Individuala Combined

Per z Aior A A. or A
cent : P 3

carbon z Wi Wo Am Co Da All : Wi Wo Am Co Da All

0.2-0.3 1 3 2 10 16
0.4-0.5 6 3 11 4 3 27
0.6-0.7 2 4 6 4 5 21
0.8-0.9 1 1 5 5 2 4 3. 17
1,0-1.1 1 2 6 9 1 3 6 2 1 13
1.2-1.3 1 2 1 4 8 2 0 4 1 7
1.4-1.5 1 2 3 2 3 11 3 3 1 7
1.6-1.7 1 3 3 0 2 9 0 3 3
1.8-1.9 4 2 4 3 1 14 0 2 2
2.0-2.1 3 4 6 3 1 17 1 1
2.2-2.3 1 0 4 2 0 7
2.4-2.5 1 3 6 2 1 13
2.6-2.7 2 1 3 1 1 8
2.8-2.9 0 2 1 0 3
3.0-3.1 1 0 2 0 3
3.2-3.3 2 0 1 0 3
3.4-3.5 1 1 1 0 3
3.6-3.7 1 0 0 0 1
3.8-3,9 0 0 0 0 0
4.0-4.1 0 0 0 1 1
4.2-4.3 1 0 1 2
6.0-6.1 1 1
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Table 48. Sample Statistics for Percentage of Carbon

Series No. of
obe.

Mean
(%)

Dif, bet.
means

Standard
deviation

Range

A1 or

Wi 19 2.4 0.8 2.7
Wo 20 2.3 0.1 1.1 4.7
Am 38 2.2 0.1 0.6 3.1
Co 16 1.9 0.3 0.5 1.7
Da 21 1.6 0.3 0.7 3.2
All 114 2.1 0.8 5,].

A2 or A3

Wi 19 0.8 0.4 1.1
Wo 20 0.9 -0.1 0.4 1.8
Am 38 0.9 0.0 0.5 1.6
Cc 16 0.7 0.2 0.3 0.8
Da 21 0.5 0.2* 0.3 1.0
All 114 0.8 0.4 1.9

* Significant difference at 5-per cent level,

these individuals. Moat of the individuals with values

less than 3.4 per cent carbon were from cultivated sites.

The individuals for each sample were spread over a

lesser range of' values in the A2 or A3 horizon than in the

A1 or A horizon. The trend of the frequency distributions

within a horizon was toward lower values as the soil became

more poorly drained, indicating that the percentage of'

organic matter in these soils decreased as they became

more poorly drained.

The means and other statistics for the percentage of
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carbon are presented in Table 48. Sample mean carbon per-

centages for the A1 or A horizon were 2.4, 2.3, 2.2, 1.9,

and 1.6 for the Willamette, Woodburn, Amity, Concord, and

Dayton samples. None of the differences between means of

adjacent pairs was significant, although Dayton's mean was

significantly lower than the means of the Willamette,

Woodburn, and Amity samples.

Mean carbon percentages for the A2 or A3 horizon were

0.8, 0.9, 0.9, 0.7, and 0.5 for the five series' samples

in the same order of listing as above. Dayton's sample

mean was significantly lower than the means of the other

soils.

Total Nitrogen

Total nitrogen percentage of the upper two horizons

was determined so that the carbonnitrogen ratios could be

calculated. The frequency distributions and the sample

means for the nitrogen percentages of four main horizons of

the Willamette, Woodburn, Amity, Concord, and Dayton cam

pies are presented in Tables 49 and 50.

The mean percentages of total nitrogen did not vary

significantly between series' samples in either of the A

horizons. The total nitrogen mean value for all individ

uale combined was 0.15 per cent in the A1 or A horizon and

0.07 per cent in the A2 or A3 horizon.



Table 49. Frequency Distributions for Percentage of 1Utroen of Two
Horizons of 4il1amette, Woodburn, Amity, Concord, and Dayton Sarnple8,
and of All Individuals Combined

Per: A1orA A.,oricent: I'
nitrogi: Wi Wo Am Co Da Al]. : Wi Wo Am Co Da All

02. 03.04.05.06.07.08.09 3 1 1 1 6.l0.11 3 2 5 1 6 17
.12.13 7 2 5 3 5 22
.14.15 2 4 4 3. 4 15
.16-.17 6 1 8 4 2 21

1 2 9 4 1 17.20.21 4 3 1 0 8
.22.23 1 2 1 1 5
.24.25 0 1 0 1
.26-27 1 0 1
.28-29 0 0
.30.31 1 1

1 1
9 5 U 3 12 40
4 4 10 2 5 25
4 6 5 9 2 26
2 2 4 1 2 11

2 3 5
0 5 5
0 0
3. 3.

1

0'
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Table 50. Sample Statistics for Percentage of Nitrogen

Series No. of Mean Dif, bet. Standard Range
obs, (%) means deviation

A1 or AD

Wi. 19 0.14 0.02 0.09
Wo 20 0.16 -0.02 0.05 0.18
Am 38 0.16 0.00 0.04 0.16
Co 16 0.16 0.00 0.04 0.13
Da 21 0.14 0.02 0.05 0.22
All 114 0.15

A2 or A3

Wi 19 o.o6 0.02 0.06
Wo 20 0.08 -0.02 0.03 0.14
Am 38 0.08 0.00 0.03 0.1].

Co 16 0.07 0,01 0.02 0.08
Da 21 0.06 0.01 0.02 0.07
All 114 0.07 0.02 0.15

The frequency distributions of the Willamette sample

had the narrowest range of values of all the samples for

total nitrogen percentage, while they had among the widest

ranges of values for percentage of carbon.

Carbon-nitrogen ratios are among the values used to

describe the nature of the organic matter. Generally, the

organic matter in soils developed under native prairie

vegetation has a narrower carbon-nitrogen ratio than the

organic matter in soils developed under native forest
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vegetation. The carbon-nitrogen ratio has been found to be

among the more constant parameters for characteri3lng soil

organic matter of a particular climatic or vegetabive zone.

The frequency distributions for the carbon-nitrogen

ratios of four main horizons of the Willamette, Wodburn,

Amity, Concord, and Dayton samples are tabulated in Table

51. Five of the individuals had carbon-nitrogen :atio

values greater than 21 in the A1 or A horizons. These

individuals were all sampled from sites had had nver been

cultivated, and three of them were from 'ite thab had been

recently cleared and subsequently burned. Even i: these

five individuals are disregarded, the frequency d:Lstribution

tabulations indicate that the carbon-nitrogen rat:Lo tended

to become narrower as the degree of impeded draini.ge in-

creased.

The sample means for the carbon-nitrogen rat:Los are

listed in Table 52. The carbon-nitrogen means in the A1

or A horizon were 17.2, 14.5, 13.8, 12.1, and 11.1 for

the Willamette, Woodburn, Amity, Concord, and Day.on sam-

ples, respectively. Woodburn's sample mean was s:Lgnificant-

ly narrower than Willamette's sample mean, sample

mean was significantly narrower than Amity's sampLe mean,

and Dayton's sample mean was significantly narrour than

Concord's sample mean.

The carbon-nitrogen ratio means were three ti four



Table 51. Frequency Distributions for Carbp-Nitro2en Ratios of Two Horizons
of Willamette, Woodburn, Amity, Concord, and Dayton Samples, and
of All Individuals Combined

C-N
A1orA A2orA3

ratio : Vi Wo Am Co Da All Wi Wo Am Co Da AU

4-5 1 6 7
6-7 1 4 3 6 14
8-9 1 1 2 4 15 6 5 32
10-11 2 5 14 21 5 8 11 5 4 33
12-13 1 12 22 9 6 50 1 5 8 1 15
14-15 4 5 10 1 20 8 2 10
16-17 7 1 2 1 13. 3 3
18-19 4 0 0 4
20-21 1 1 0 2
22-23 1 0 0 1
24-25 0 0 1 1
26-27 0 1 1 2
28-29 1 1



150

Table 52. Sample Statistics for Carbon-Nitrogen Ratios

Series No. of Mean Dif. bet. Standard Range
obs. means deviation

A1 or

Wi 19 17.2 3.7 16
Wo 20 14.5 2.7** 3.5 14
Am 38 13.8 0.7 2.9 15
Co 16 12.1 1,7** 1.5 6
Da 21 11.1 1,0** 1.3. 4
£11 114 13.7 3.5 19

A2 or A3

Wi 19 3.3.0 2.4 8

Wo 20 10.7 2,3* 2.1 9
Am 38 9.8 0.9 1.9 7
Co 16 8.8 1.0 1.6 7
Da 21 7.2 1.6** 2.2 7
A].1 114 9.9 2.8 13

* Significant difference at 1-per cent level.
**Slgnificant difference at 5-per cent level.

units smaller for each sample in the A2 or A, horizon than

they had been in the A1 or A horizon. The means were 13.0,

10.7, 9.8, 8.8, and 7.2 for the five series' samples in

the same order of listing as above. The differences be-

tween the means of the Wil].amette and Woodburn samples and

between the Concord and Dayton samples were significant.

The values of the carbon-nitrogen ratios did not

naturally differentiate the soils of the Willamette catena.

The ratios tended to become narrower as the degree of

impeded drainage increased, but they did so in a continuous
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manner so that there were no minima within the frequency

distribution tabulation of all observations combined.

For all series. Significant differences between the

mean values of the predetermined soil series were found for

some of the morphological, chemical, and physical character-
jatica. One of these charaoteristics had been used to
classify the 114 individuals into four natural drainage
classes--that is, depth to evidence of impeded drainage.

Others were directly related to the charactrristics used as

differentia, such as the percentage of clay in the B2 hori-

zon which was related to the texture, and Munsell color

notations which were related to the degree of impeded drain-
age.

Certain of the characteristics associated with the de-
gree of impeded drainage were statistically analyzed Jointly

to teat their combined abilities for discriminating the

individuals. Five characteristics that ahowsd large differ-
ences between the means of the Wil:'.amotte and Dayton
samples, and consistent trends in relation to degree of im-

peded drainage were selected for the multiple characteristic

analysis. They were (x1) inches to evidence of impeded
drainage (mottling), (x2) dry hue of the A2 or A3 horizon,

(x3) dry chroina of the A2 or A3 horizon, (x4) dry hue of the
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B2 horizon, and (x5) dry chroma of the B2 horizon.

The multiple characteristic analysis was performed by

the diecriminant function analysis method of Fisher (18,

p. 179-188; 19, p. 376-386; and 20, p. 422-429). Fisher

has shown that the disoriminant function is that linear

function which best discriminates predetermined populations

when several characteristics are analyzed jointly (18, p.

179). The analysis is based on the assumptions that the

characteristics follow a multivariate normal distribution,

and that their variances are equal in all populations under

consideration.

Any individual characterized by n measurements can be

represented by a point in an n-dimensional space. The

problem of classifying an observed collection of individ-

uals from a mixed population of p groups is the same as the

division of the n-dimensional space into p mutually ex-

clusive regions. Diecriminant function analysis simplifies

the problem by reducing the n measurements to a single

variate by using a linear compound of the several variables

where the compounding coefficients are chosen to maximize

the value of a statistic suitable for a single variate. The

compounding coefficients are chosen to maximize the ratio

of the mean square between the populations (mean square for

regression) to the mean square within populations (mean

square for error). This is equivalent to maximizing the
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ratio of the maximum difference of the compound variate (D)

between p sample means to the estimated standard deviation

within populations.

The discriminant function (x) is expressed as

X = b1x1 + b2x2 + s's..

where b = specific characteristic coefficient,

and value of specific characteristic.

The square of the maximum difference (D2) in mean

values of this compound for p samples is

(1) (b1d1+ b2d2+ .''..' bndn)2,

where dj = maximum mean difference for a specific character-

istic.

The variance (2) of the compound function is

(2) SS13b1b,
4;i:/

where 3S = sums of squares or products within popula-

tions.

The coefficients are determined by maximizing the ratio

of equation (1) to equation (2), which is equivalent to

maximizing the ratio of the maximum difference between p

sample means to the estimated standard deviation within

populations.

According to Fisher (18, p. 181), the coefficients are
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proportional to solutions of the equations

8811b1+ SS12b2+ ...... S815b5 d1

3S1,b1+ SS22b2+ ' S825b5= d2

S313b1+ SS23b2+ ..... $835b5 d3

3514b1+ SS24b2+ .u'' 584,5b5 d4

SS15b1+ SS25b2+ ...... S855b5= d5

The sums of squares and products of the five oharaoter

istios related to degree of impeded drainage are listed in

Table 53.

The above equations were solved simultaneously by

inverting the matrix of the sums of squares and products.

The resultant solutions of the equations gave the matrix of

multipliers reciprocal to the matrix of the sums of squares

and products. The matrix of multipliers is presented in

Table 54.

The coefficients (b1) were obtained by multiplying each

column of the matrix of multipliers by the observed maxi

mum differences between means. The means for each series

and the maximum difference of the means between 8eries are

presented in Table 55. Some of the means for hue have

negative numbers because the 10 YR hue was assigned the

value 0.0, and any hues redder than that were assigned

corresponding negative values. For example, 9.87 YR was



Table 53. Sums of Squares and Products, within Soil Series, for Five
Characteristics of Willamette, Woodburn, Amity, Concord,
and Dayton Samples

Depth to Dry hue, Dry chroma, Dry hue, Dry chron,
mottling A2 or A3 A2 or A3 B2 B2

Depth to 2635.00 62.46 36.39 23.15 19.22
mottling

Dry hue, -62.46 35.24 12.05 8.48 1.46
£2 or

Dry chroma, 36.39 12.05 27.63 6.26 9.97
A2 or £3

Dry hue, 23.15 848 6.26 22.31 9.65
B2

Dry chroma, 19.22 1.46 9.97 9.65 14.36

82

'-a



Table 54. Matrix of Multipliers Reciprocal to the Sums
of Squares and Products, within Series

Depth to Dry hue, Dry chroma, Dry hue, Dry chroma,
mottling A2 or A, A2 or A3 B2 B2

Depth to 0.0003994 0,000675]. -0.0000834 -'0.0000593 -0.0004478
mottling

Dry hue, 0.0006751 0.0404671 0.0212263 -0.0193291 -0.0245157
A2 or A,

Dry chroma, -0.0000834 0.0212263 0.0599464 -0.0117786 -0.0472656
A2 or A3

Dry hue, -0.0000593 -0.0193291 -0.0117786 0.0726389 0.0551056
B2

Dry chroma, -0.0004478 -0.0245157 -0.0472656 0.0551056 0.1375921
B2

U;



Table 55. Observed Means for Five Characteristics of the Willamette, Woodburn,
Amity, Concord, and Dayton Samples and Their Greatest Differences

-I.

Differenoe(d)
Wi Wo Am Co Ba (Wi-Da)

Depth to 45.3 28.4 17.8 6.8 4.6 40.7
mottling

Dry hue -0.13 -0.10 -0.04 0.34 1.14 -1.27
or

Dry chroma, 3.34 3.26 2.98 2.51 2.29 1.05
A2 or A3

Dry hue, -0.18 -0.05 0.01 0.44 0.86 -1.04
B2

Dry chroma, 3.55 3.51 3.21 2.85 2.65 0.90
B2
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equivalent to -0.13.

The resultant coefficients were b1 0.0150, b2 =

-0.0036, b3 0.0030, b4 = -0.0162, and b5 0.0298. The

coefficient for dry chroma of the A2 or A3 horizon (b3) was

assigned unity and the resultant diacriminant function was

X 5.03x1 -l.20x2 + x3 -5.43x4 + 10. 00x5,

The discriminant function index value (x) was deter-

mined for each of the 114 individuals. The results of the

analysis are presented as frequency histograms in Figure

3.

This compound function consisting of five measurements

related to the degree of impeded drainage apparently dis-

criminated the observations according to natural drainage

class. The index values ranged from 5 to 345. The most

poorly drained individuals had the highest values. The

poorly drained Concord and Dayton individuals had index

values between 5 and 84. The imperfectly drained Amity in-

dividuals had index values between 96 and 150. The moder-

ately well-drained Woodburn individuals had Index values

between 153 and 216, and the well-drained Willamette in-

dividuals had index values between 215 and 345. One

Willamette individual had an index value that barely over-

lapped with Woodburn's range of values.

The soils are segregated according to drainage class,
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to be sure, but of even more importance for the objective

of this study is the tendency for the frequency to be at

a minimum at or near the limiting values of the ranges of

index values for each of the drainage classes. The soils

of the Wil].amotte catena appear to be segregated into four

natural groups that are separated from the neighboring

groups by minima within the frequency distribution histogram

for this compound linear function.

The minimum at 215 index units does not exactly cor-

respond with the class boundary between the moderately well

and the well-drained soils as they were defined for this

study. Two of the 20 Woodburn individuals are within the

natural group comprised of the Willamette individuals.
Perhaps it would be advisable to redefine these classes so

that all well-drained soils from this catena would have in-.

dex values greater than 210, and moderately well-drained

soils would have index values less than 210.

The minima in the diecriminant function histograms

reflect the minima in the depth to evidence of impeded

drainage histogram. The differences between the relative

distributions for depth to evidence of impeded drainage and

for discriminant function indices can be seen by comparing

Figures 2 and 3. Both plots have the same gross appearance.

Differences between the distributions within drainage

classes are apparent, however. For example, the 12
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Figure 3. Frequency histograms for discithninant function values of the observations of the
five soil series of the Willamette catena,

0
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individuals with zero depth to evidence of impeded drainage

were spread over 40 diecriminant function indices, because

of variations in hue and chroma. The five Willamette

individuals aeiigned the value of 60 inches to depth of

evidence of impeded drainage were spread over 20 diecrimi

nant function index values for the same reason. The maxima

of the Amity and Woodburn samples are better defined in the

discriminant function histogram than they are in the depth

to evidence of impeded drainage histogram.

Depth to evidence of impeded drainage obviously in

fluenced the value of the discriminant function indices

more than the four color characteristics, It had a range

of values of 60 inches, whereas hue and chroma had ranges

of 3 to 4 units for any one horizon. The maximum differ-.

once between the means was 40.7 inches for depth to evidence

of impeded drainage, while it was only 1.05 units for chroma

of the A2 or A3 horizon (Table 55). The one difference is

40 times that of the other. Depth to evidence of impeded

drainage also had a much greater variance than the other

characteristics, however. Subsequently, its coefficient

for the compound function was only five times greater than

the coefficient for dry chroma of the A2 or A, horizon.

Depth to evidence of impeded drainage was originally

used as the differentiating characteristic for classifying

these soils into four natural drainage classes. What then
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was the advantage of using a compound function for dis-

criminatory purposes that included a variable that was

differentiating by itself? The compound function permitted

an evaluation of the kind of frequency distribution these

soils have when several characteristics are considered

collectively. The results of the determination indicated

that the Willamette oatena soils are naturally grouped

into four bellshaped or Gaussian distributions. They also

indicated that the arbitrary limit imposed between the

moderately good and good drainage classes did not corres-

pond with the natural limit.

For Concord and Dayton series, A second dieoriniinant

function was used to discriminate the Concord and Dayton

individuals. Six characteristics were selected that had

significant mean differences between the two series. They

were (x1) percentage of clay of the B2 horizon, (x2) per-

centage of silt of the B2 horizon, (x3) dry value of the

or A horizon, (x4) dry value of the A2 or A, horizon,

(x5) distinctness of the B2 to the

and (x6) pH of the B3 horizon.

The means and the differences

each series are presented in Table

sums of squares and products and 0,

ciprocal to the sums of squares or

in Tables 56 and 57, respectively.

above horizon boundary,

between the means of

58. The matrices of the

r the multipliers re

products are presented

The disoriminant



Table 56. Sums of Squares and Products, within Series, for Six
Characteristics of Concord and Dayton Samples

* Per cent Per cent Dry value, Dry va].ue,B2 to above
clay silt A1 or A A2 or A3 hor. bound. pH, B3

Per cent 416.94 -244.83 24.20 13.57 693 10.58
clay, B2

Per cent -244.8:3 760.67 -14.04 -20.87 -22.55 -24.17
silt, B2

Dry value, 24.20 -14.04 8.79 7.26 2.96 2.91
or 5

Dry value, 13.57 -20.87 7.26 11.43 -2.14 3,03
A2 or A3

B2 to above 693 -22.55 -2.96 -2.14 13.81 1.02
horizon
boundary
thickness

pH, B3 10.58 -24.17 2.91 3.03 1.02 5.29

I1



Table 57. Matrix of Multipliers Recipr
and Products, within Species

Per cent Per cent Dry value,
: clay silt A orA Z

: 1 P:

Per cent 0.0036996 0.0010925 0.0l53338
clay, B2

Per cent
silt, B2

Dry value,
A1 or

Dry value,
A2 or A,

B2 to above
horizon
boundary
thickness

pH, B,

ocal to the Sums of Squares

Dry value, B2 to above *
A2 or A2 hor. bound. $ pH, B

* thickness 2

p

0.0060271 -0.0026532 0.0030871

0.0010925 0.0019502 -0.0046594 0.0037366 0.0017130 0.0068180

-0.0153338 -'0.0046594 0.3363081 -0.1708679 0.0521780 -0.0878145

0.0060271 0.0037366 -0.1708679 0.1993341 -0.0015599 -0.0148611

-0.0026532 0.0017130 0.0521780 -0.0015599 0.0898453 -0.0320002

0.0030871 0.0068180 -0.0878145 -0.0148611 -0.0320002 0.2770021

C'



Table 58. Observed Means for Six Characteristics of the Concord and
Dayton Samples and Their Differences

Z Per cent $ Per cent Dry value, Dry value,: 132 to above
* clay silt A or A * A2 or A2 hor. bound. X pH, B3
* B2 : B : P .' : thickness :

* : : : :

Concord 29.1 45.7 4.93 5.61 2.00 6.41

Dayton 40.3 41.5 5.27 6.10 0.59 6.70

S - ------ S -

Difference -11.2 4.2 -0.34 -0.49 1.41 0.29
(Concord -
Dayton)

a..
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function coefficients were b1 -0.0394, b2 -0.0039,

b3 0.2211, b4 -0.0896, b5 = 0.1559, and b6 = -0.0945.

After assigning unity to the coefficient for the percent-

age of silt of the B2 horizon (b2), the disoriminant

function (x) was

X 9.98x1 x2 -56.07x3 + 22.70x4 -39.52x5 + 23.97x6.

The results of the diacriminant function analysis for

the Concord and Dayton samples are presented in Figure 4.

The Concord and Dayton individuals are Indeed discrim-

inated by these six characteristics when considered col-

lectively. All the Concord individuals had index values

below 330, and all the Dayton individuals had index values
above 350.

Furthermore, the two groups appear to be separc.ted by

a minimum at the index value of 340. Thus it ntight be

concluded that the Concord and Dayton series are natural

groupings.

None of the six characteristics used in this compound

function had significant minima between the Concord and

Dayton samples when analyzed separately. Five of them had

ranges of values that overlapped between the two samples.

Values of percentage of clay of the B2 horizon did not

overlap between the series, but they were not discontinuous

between the series, either.



1.67

Discriminant function value

IConcord I Dayton

Figure 4. Frequency histograms for discriminant function values
of the Concord and ttyton observations.
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Granted, this evidence for natural groupings is based

on a relatively small number of individuals. There were

only 16 Concord individuals and 21 Dayton individuals. The

histograms for each series show frequencies within one

interval of discriminant function values that is less than

the frequencies in surrounding intervals. In other words,

neither histogram has a wellpronounced maximum. A larger

sample is needed to more precisely determine the exact

pattern of frequency distribution these soils have accord-

ing to values of the discriminant function described

previously.

During the statistical analysis of the means for the

various morphological, chemical, and physical characteris-

tics, it was noted that the differences between means of

adjacent series of the catena (that were ranked according

to the degree of impeded drainage) showed trends in re-

lation to the degree of impeded drainage for many of the

characteristics. Some characteristics had average values

that became greater as the soil became more poorly drained,

and others showed the opposite trend. The means of the

characteristics that had definite trends, and which were

significantly different between at least one adjacent pair

of series, were studied to see the relative difference of
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each with respect to the mean of the Willamette series.

The Willamette sample mean was selected as a basis of

comparison, simply because it was an end member of the

drainage sequence. The relative degree of difference of

each series' mean with respect to Willainette's mean was

expressed as the ratio of a specific series' mean to the

mean of Willamette's sample. The ratios are summarized in

Table 59.

The ratios indicate the proportionate difference of

each series' mean for a specific characteristic from the

mean of the Wi].lamette series. For example, the average

depth to mottling for the Dayton sample was only one

tenth that of the Willamette sample, and Concord's individ-

uals had a mean exchangeable magnesium content in the B2

horizon that was twice that of the Willamette sample mean.

The ratios were also examined in composite to see

relative differences between series when the means were

considered collectively. Two kinds of summations were made

of the ratios, First, the ratios within each series were

merely added. The sums are shown in Table 59. As would be

expected, little difference was observed between series

because of the conflicting upward and downward trends that

were present among the means.

For the second summation, 1.0 was subtracted from each

ratio. The differences were positive if the ratio had been



170

Table 59. Summary Analysis of Some of the Characteristics
Expressed as the Ratio of
Each Series' Sample to the
Willamette Sample

the Mean Value
Mean Value of

of
the

Ratio of dissimilarity
from the Wi].lamette sample

Characteristic Wi Wo Am Co Da

Depth to mottling 1.00 0.63 0.39 0.15 0.10
Per cent clay, B2 0.86 0.95 1.17 1.62
Per cent silt, B2 1.06 1.04 1.02 0.93
Per cent sand, B2 1.03 0.98 0.83 0.60
Dry value, A1 or A " 0.98 0.98 1.07 1.18
Dry value, A2 or A3 " 0.94 0.98 1.12 1.22
Dry value, B2 " 1.00 1.04 1.14 1.14
Dry value, B1 " 1.00 1.00 1.12 1.12
Dry chroma, A or A " 1.00 0.93 0.86 0.89
Dry chroma, A2or A3 " 1.00 0.91 0.76 0.70
Dry chroma, B2 0.97 0.89 0.78 0.73
Dry ohroma, B3 1.00 1,00 0.94 0.94
Dry hue, A1 or A 0.96 1.00 1.00 1.60
Dry hue, A2 or A 0.96 1.04 1.17 1.46
Dry hue, B2 1.04 1.08 1.26 1.49
Dry hue, B3 " 0.96 1.00 1.04 1.08
Hor. thickness, B2 " 0.68 0.73 0.68 0.85
for, thickness, " 0.63 0.72 0.81 0.75

B1 B
Solum thickness, to 0.82 0.85 0.89 0.83

B
Boud. thickness
B2 to above hor, " 0.88 0.94 0.62 0.19
B2 to B
A to B ?B1 B2)

"

u
0.53
1.15

0.59
0.96

0.28
0.81

0.22
0.51or

H. consistence, A1 0.80 0.73 0.93 1.00
or A

H. consistence, A2 0.74 0.68 0.68 0.63
or A3

W. consistence, B2 " 1.00 1.00 1.50 1.80
Struc. size, B2 1 0.85 0.93 1.66 2.06
Struc. grade, A2 to " 0.95 0.95 0.85 0.75

A,
Stric. grade, B2

" 0.76 0.76 1.04 1.12
pH, Li or A2

" 1.00 0.96 0.91 0.89
pH, A2 or A " 1.04 1.02 0.96 0.96
pH, B2 1.07 1.07 1.07 1.11
pH, B 1.07 1.11 1.14 1.20
C. E. Cap., A1 or 5 1.01 0.99 0.93 0.83
C. E. Cap., B2 0.93 1.00 1.30 1.54
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Table 59 cont.
Ratio of disaluilarity

from the Willamette sample
Characteristic Wi Wa Am Co Da

C. . Cap., B3 1.00 0.97 1.01 1.10 1.11
Per cent base sat, 0.94 0.86 0.69 0.74

A1 or A0
Per cent base sat, 1.04 1.02 0.90 1.09

Laoer'c:nt sat, B2 1.04 1.08 1.16 1.20
Per cent base sat, B3 " 1.04 1.07 1.16 1.17
xch. Ca., A1 or A 0.94 0.85 0.60 0.57
Exoh. Ca., A2 or A3 1.12 1.16 0.97 1.05
Exch. Ca., B2 0.96 1.07 1.36 1.54
Exch. Ca., B 0.98 1.05 1.16 1.12
Exeh. Mg., A2 or A 0.95 1.14 1.27 1.68
Exch. Mg., B2 1.00 1.18 2.00 2.82
Exch. Mg., B3 1.14 1.23 1.73 1.96
Exch. K, A1 or A 0,64 0.51 0.24 0.19
Exch. K, A2 or A3 " 0.64 0.48 0.27 0.21
Exch. K, T3 " 0.62 0.53 0.52 0.55
Exch. K, B 0.70 0.68 0.64 0.57
Exch, Na, 12 or A, 0.88 1.06 0.75 0.81
Per cent C, A1 or A 0.96 0.92 0.79 0.67
Per cent C, A2 or A3 1.12 1.12 0.88 0.62
C-N ratio, A1 0.84 0.80 0.70 0.64

Sum 55.00 50.64 50.77 52.06 54.90

Adjusted sums*
a) poit1ve no. 0.00 0.97 1.59 5.76 10.48
b) negative no. 0.00 -5.33 -5.81 -8.70 -10.58

Total difference 0.00 6.30 7.40 14.46 21.06
(a-b)

Difference between -6.30 -1.10 -7.06 -6.60
pairs

*The sum of the indices after subtracting 1.0 from each.
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greater than 1.0, and negative if it had been loss than

1.0. Then the positive and negative numbers were added

separately. These sums are also shown in Table 59. Wi).-

lamette's net value was zero in both Instances, naturally.

Positive trending characteristics Increased proportion-

ately more between the Amity and Dayton series than they

did between the Willamatte and Amity series. Negative

trending characteristics Increased proportionately more

between the Willamette and Woodburn series than they did

between other series.

The negative sums were next subtracted from the

positive sums to obtain the over-all difference between the

means of each series from that of Willamette's mean and to

see the relative differences between series. These final

differences for each series might be considered as the

total index of dissimilarity from the Willamotte series.

The values are 0.00, 6.30, 7.40, 14.46, and 21.06 for the

Willamette, Woodburn, Amity, Concord, and Dayton samples,

respectively. The degree of dissimilarity Increased pro-

gressively as the degree of impeded drainage increased.

However, the Increase was not evenly distributed between

the series. Amity's Index of 7.40 was only 1.10 units

greater than Woodburn's index. The increases between the

total indices of the other series were all greater than

6,00 units. It is apparent that the difference in total
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n the Woodburn and the Amity series

)ther series.
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CONCLUSIONS

The results of this investigation provide evidence

that the soil individuals of the Willamette catena popula-

tion are naturally separated into five groups according to
minima within frequency distribution tabulations for certain

characteristics or combinations of characteristics.

Significant minima were found in the frequency distri-

bution tabulations for the four characteristics: (1) depth

to evidence of impeded drainage, (2) cation exchange

capacity of the B2 horizon, (3) base saturation of the B3

horizon, and (4) exchangeable magnesium of the B3 horizon.

The frequency distribution tabulation for the depth

to evidence of impeded drainage had three significant minima

that separated the total sample into four natural groups.

The minima very nearly coincided with the arbitrary depth

limits used to classify the soils into four natural drainage

classes. If the observed minima are not refuted by further

investigation, it would seem advisable to use the values

at which the minima occurred to define the limits of the

depth to evidence of impeded drainage for the natural

drainage classes in this catena.

The frequency distribution tabulations for the cation
exchange capacity of the B2 horizon, and for the exchange-

able magnesium of the B3 horizon each had one minimum which

separated the total sample into two natural groups. In
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both instances, the minima very nearly segregated all of

the poorly drained Concord and Dayton observations from the

better drained, Willamette, Woodburn, and Amity individ-

U al 8,

Natural groupings among these soils were also indicated

by the results of the diacriminant functions analysis.

The total sample was segregated into four groups by

three minima within the frequency distribution tabulation

for the compound linear function comprised of the five

variables: (1) depth to evidence of impeded drainage, (2)

dry hue of the A2 or A3 horizon, (3) dry chroma of the A2

or A3 horizon, (4) dry hue of the B2 horizon, and (5) dry

chroma of the B2 horizon. The three minima segregated all

but two of the individuals according to drainage class. Two

of the 20 moderately well-drained Woodburn individuals

occurred in the natural group containing the well-drained

Willamette individuals.

The poorly drained Concord and Dayton individuals were

segregated into two natural groups by a diacriminant func-

tion comprised of the six variables: (1) percentage clay

of the B2 horizon, (2) percentage silt of the B2 horizon,

(3) dry value of the A1 or A horizon, (4) dry value of

the A2 or A3 horizon, (5) thickness of the boundary between

the B2 horizon and the overlying horizon, and (6) pH of the

B3 horizon.
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The evidence presented here for natural groupings of

soils suggests that a large proportion of the recognized

soil series are in reality natural grouping. The 3011

series may not appear to be naturally separated from

neighboring oi1 series according to any one characteristic.

However, if the distribution of the individuals from a

mixed population of several series could be visualized in
n-dimensional space (where n is the number of definitive

characteristics), it is probable that the dispersion of

points throughout the space would not be uniform. Certain

planes within the space would probably have smaller numbers

of points than other planes. These planes would mark the

boundaries between natural groupings of soils. The ex-

istence of just such groupings among the individual8 of one

mixed population was suggested in this atudy by diecriminant

functions, which in effect reduced the n-dimensional apace

to one dimension by replacing the several measurements by a

suitably chosen linear compound.

One of the several characteristics used in each of
the disoriminant functions had non-overlapping ranges of

values between the series. It is only natural that the com-

pound function should segregate the series according to

non-overlapping ranges of discriminant function index values.

A discriminant function containing only variables with

overlapping ranges between populations would probably not
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completely discriminate between populations. Discriiniriant

functions are best for classifying i.ndivivals when they

contain the variables that differ the most in mean values

between populations. Discriminant functions were not used

in this study for specifically assigning individuals to

one or two or more groups. They were used, instead, to

show the frequency distribution pattern for combinations

of characteristics.

The discriminant function has a refined mathematical

basis, and is the best linear compound function for classi-

fication when the selected variables are multivariate

normal and the variance is the same within populations.

However, it 'as limitations as far as practical application

is concerned. The means and variances in the probability

distributions used to determine the coefficients are usually

not known. The only solution is to obtain their best esti-

mates from a sample and substitute them for the unknown

values in setting up the disoriminant function. The relia-

bility of the estimates depends upon the sample's repre-

sentation of the population and the accuracy of the

measurements made on each of the sample units.

It seems plausible to assume that most of the varia-

bility found in the Willamette catena population was

represented by the sample used in this study. The sample

was obtained from a transect covering one-sixth of the
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linear extent of the population. All of the dominant series

mapped throughout the Willamette Valley on the Willamette

Silt deposit were represented by the sample. The tendency

for the frequency to be at a minimum at both extremes of

the frequency distribution tabulations for each of the
characteristics suggests that at least a large central seg-

ment of the population was represented by the sample, if

not the whole population. The proportionate amounts of
each series are not known for the population, but the
proportions of the series in the sample are roughly com-

mensurate with the proportions mapped in Marion County.

The relative amounts of the series represented by the sam-
ple were 17, 19, 32, 14, and iS per cent for the Willamette,
Woodburn, Amity, Concord, and Dayton series, respectively.

The relative proportions of the series mapped in Marion

County are approximately 43 per cent for the Willamette

and Uoodburn series combined; and 42, 7, and S per cent

for the Amity, Concord, and Dayton series (42, P. 12).
The accuracy of the measurements made on some of the

morphological characteristics may be questioned because of
its dependence upon the perceptiveness and judgement of
the observer. One observer made all of the morphological

measurements to the beat of hi ability according to the
standards and definitions of the Soil Survey Manual (43,

503pp.). Any errors made in the measurements requiring
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persona]. judgement presumably should have had magnitudes of

comparable size for all of the individuals. Therefore, the

errors could have either cancelled themselves or they

could have been consistently additive among the sample units.

In either case the errors should not have greatly inf].u

enced the shapes of the frequency distribution patterns for

the various characteristics, and thus not influenced the

conclusions concerning natural groupings.

To be sure, a larger sample, randomly selected from

throughout the Willemette Valley, would have made estimates

of the means and variances more reliable and permitted a

better evaluation of the frequency distribution patterns.

Additional studies should be conducted to test the validity

of the possible minima found in the frequency distributions

for some of the characteristics by this study. If these

minima can be verified, it is also suggested that future

investigations be conducted to explain the reasons why the

minima occur where they occur.

Recognition of the presence of natural groupings with

in the population of soils can make soil classification a

more exacting science. Groups of soil individuals can

truly be considered natural entities. If the natura1

groupings are homogeneous enough for practical use objec-

tives, care must be exercised in defining classes to avoid

making class separations at points not representing natural
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limits. Arbitrary separation of classes at values other

than natural limits would result in the separation of like

things and possibly the grouping of unlike things. Some

natural groupings may be too heterogeneous for certain

practical use objectives. It may be necessary to separate

these into arbitrary classes that are homogeneous enough

for the objectives.

The problems facing the pedologists concerning soil

classification are not reduced by recognition of the pres-

ence of natural groupings within the soil population. The

classes must be defined according to such parameters as

mean values and ranges of values of the distinguishing

characteristics whether they are natural or arbitrary.

Actually, recognition of natural soil groupings challenges

the pedologist with the additional tasks of determining

whether existing series are naturally segregated from

neighboring series, of redefining them if they are not, and

of locating the natural limiting values between soil group-

ings in areas where the soils have not been classified. To

meet these challenges, padologists should make greater use

of the statistical methods at their disposal which combine

the information of several characteristics for classifi-

cation purposes, and make possible the evaluation of the

relative amount of information provided by each of the

several characteristics for differentiation.
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