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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 populetion of
soils that is comprised of an almost infinite number of
individuals, Each soil individual has 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 charécteristics. 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 practical land
unit for most operations., Therefore, man has found it con~
venient to systematically arrange soil individuals into
classes. A so0il class is a group of individuals, or of
other classes, which are similar in selected properties, and
which are distinguished from all other soll 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 soll groupings would be those groups of soil



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 commcn.
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 he precisely defined in terms
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 %o
the ranges of values for selected properties, kecause of
the absence of minima in frequency distribution tabulations
for any of the properties, or sets of propertlies common to
the 301l population, The defined range of values for the
segregating properties would depend upon man's cholice,
rather than upon the natural limits set by the minima in a
frequency distribution tabulation,

The sample used in this study conaisted of 114 in-
dividuals representing 5 soill classes at the series level
of generalization, The series, all members of the Wil=-
lemette 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



towers, One individual was described and sampled at each
tover location,

The individuals were classified into series according
to current concepts of the Netional 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 Chi-square individual degree of free~-
dom goodness of fit test. The frequency distribution
pattern of the individuals for several characteristics
consldered together was studied by means of discriminant

function analysis,



REVIEW OF LITERATURE

Pedologists have treated concepts concerning the man-
ner in which soil individuals are grouped within classes
much as the layman treats the weather, They have dlscussed
the subject a great deal, but have not done much ebout 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 pedologists have made little
effort to objectively test their concepts or hypotheses. A
test to determine the kind of frequency distribution that
soils heve 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 problen,

Cline has presented the most comprehensive review of
soil classification conecepts (9, p. 81-91)., He states, "A
class of netural 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.l This is the modal value of the property
which defines the central nucleus of the class...the modal
individual® (9, p. 82), The selected property is called
the differentrating characteristic. Cline states that its



"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.,”

It appears that Cline is inferring that soll 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,
"Classes 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 erbitrarily at any point in the series"
(9, p. 86), Cline qualified his statement pertaining to
the maximum occurrence of individusls at some modal value
by the word, "commonly." 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 "incre-
ment of value" of the selected property which infers degree
of expression rather than kind of characteristie,
Certainly, classes differentiated according to kind of

property would have te be discrete groups,



The mere fact that Cline says a elass can be defined
in terms of the mode and the standard deviation of the
differentiating characteristic implies that maxima and mine
ima exist in the frequency distribution of individuals for
the differentiating characteristic, Then, does he assume
that "commonly" soil 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-
isticas 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). Most 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 soill classes. Jenny, an advocate of the use of



genetlc factors rather than soil characteristics as the
basis of soll classification, wrote, "Theoretically, one e¢an
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
clessification significance,”" because of the dependency of

a classification system to a speeific objective, but the
statement infers the absence of minima in the frequency
distribution of individuals for specifie properties.

Bushnell sald, "characteristics and kinds of soils are
concelved naturally to form a continuous speetrum 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 sald, "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),

Milne, 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 end 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 12 almost unliversal agreement among the
authorities about the continuous pattern of variation among
soils, 1s there any need to objectively test for the possi=-
bility of natural limits between groups of soils that might
be used for texonomlie 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 1s posasible that one
or more of these factors could express itself in a discon~-
tinuous pattern., Finding this pattern of expression would
be very bveneficial 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

clesses regardless of whether they are natural or arbitrary



units., Cline states, "The test of any grouping is the
nunber, 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 taxonomiec 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. Théy found dif=-
ferences between the series but had no basis for testing
significance,

Crawford studied the variation of pH, CaCOB, and parti-
cle 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 sites. 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 CaC0O3 in the fine earth,
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He also plotted the frequency distribution of the individ-
uals for these characteristics and concluded that if a
soil series 1s 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, 1In other words, he did not think it feasible
to define thetypes 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 serles, but selected "representative®™ profiles of each,
Despite the selectlon of representative profiles, he found
the variation within a given type greater than the variation
in propertlies between types, and concluded that the soil is
& continuous body with ever-present variations and grada~
tlons 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, His primary objective was to
obtain a thorough knowledge of the significant range of
variability of soil properties within each series. He
caloculated means, standard deviations, standard errors,

and coefficients of variations for several chemical and
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physical propertlies., He found significant differences in
the mean values of some of the properties between series,
and characterlistic extreme-value ranges for the properties
within series. However, all of the extreme-~value ranges
overlapped with those of adjacent series., Therefors, the
charecteristics he analyzed were not striectly differen=~
tiating in that they 41d not discriminate all individuals
of one serles from other series. He used statistical
analysis for his data that assumes a normal population,
Subsequently, had he analyzed a characteristic that differ-
entlated all individuals of one series from all individuals
in another serles, one may have been able to conclude that
soll series are natural classes, He summarized his results
with the statements, "The continuous and heterogeneous
nature of soll bodies is generally understood. It must
follow that soil boundaries are median lines between two or
more soil bodles that may be quite dissimilar in many
properties, but may blend together with varying degrees of
sharpness at theilr junctions®; end "It seems reasonable to
assume that simlilar studies on a more comprehensive scals,
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. Thelr
results do not tell anything about the presence or absence
of natural boundaries between taxonomic units, but they do
reveal heterogeneity within a cartographic unit,
Synecologists, working with plant eommunities, whieh
are another system whose characteristics are dependent on
the same genetlc factors as soils, have studlied 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 floristic composition or
dominance changed abruptly, and concluded that plant
associations are arbitrary groupings justified by theilr 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;3 13, p, 558=-
566).
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DESCRIPTION OF THE SAMPLING AREA

Geographic Location

‘The sampling transect paralleled the Salem-Portland
expressway (Baldock highway) in northern Marion County,
Oregon (Figure 1l). 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, 63., R. 3W.) to a point one-half mile northeast
of Butteville Station (NE. 1/4, Sec. 34, T. 4S., 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, -

Physlogrephy and Genersasl Geology

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 13 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 Jjoins 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 depoaits (16, p. 5). The Recent alluviel deposits
are valley flood plains of present stream channels that

are incised in the Pleistocene deposits. The Pleistocene
deposits form a broad, nearly level piain or terrace over
the extent of the valley, execept 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 f£1ill (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). Felts (17, p. 346) described a section of the
deposit near St. Paul, Oregon, which consisted of alter-
nating beds of fine sandé and gilts with very little clay,
The qualitative mineral composition of these sediments was
angular grains of quartz, miéa, feldspar, magnetite, and
othér 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 Willamette
Valley (4, p. 615-632).

The valley fill materiasl 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 bedroek (35, p. 138),
Gerveis 1s 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 periodicsally restrained from its normal
course through the Columbie River Gorge by i1cejams in the
vicinity of The Dalles, 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 Dalles, 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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ice-rafted by the icebergs. The icejams in the Columbia
River Gorge weat of the mouth of the Willamette River might
have facilitated the reversal of the drainage into the
Willamette Valley instead of out of the Valley., The
locationa of the erratics indicate that the backwaters 1in
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 patternj
the sands being deposited in the summer, and the silts in
the winter,

The relief of the valley floor in the immediate viecin-
ity of the sampling transect was remarkably uniform,
Elevations 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
1t. North and south of this plain, the valley floor had
been dissected by astreams and the rellef of the transect

was slightly more varilable.
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Clinate

The Willamette Valley has a humid temperate climate
characterized by mild wet winters, cool dry summers, and
e long growing season, At Salem, the mean annual temper-
ature is 53° F, the mean January temperature is 38° F,
and the mean July temperature is 68° F (44, p. 207=-222),
The mean annual precipitation ig 40 inches at Salem, where
the mean January precipitation 18 5.7 inches and the mean
July precipitation is only 0.3 inches. On the average,
L4 per cent of the precipitation occurs in winter, 24 in
spring, 5 in summer, and 27 in fall (46, p. 1086). Snow
falls oeccasionally, but ordinarily this area is free from
snow most of the winter, The average growing season is
about 200 days. 1In summer there 1s ﬁbundant 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 Willameite catena, were
represented in the sampling transect, They were Willamette,

Woodburn, Amity, Concord, and Dayton.

HMillsmette Serieg

The Willamette soils are well-drained, medium=-textured,
Prairie~Gray Brown Podzolic intergrades, 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
;dfainage along the escarpments made by post-glacial streanm
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 solls by being mottled
closer to the surface and by having a more pronounced fragi-
pan below the B, horison, Willamette soils may have
mottling below 36 inches, but Woodburn soils are mottled
between 24 and 36 inches from the surface,

Willsmette soils are very dark brown in the surface
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horizon and dark brown in the B2 horizon, The surface
horizon soil material is frieble, granular, and has a
811t loam texture. The By horizon material is firm,
blocky, and has a silty clay loam texture. Thin clay
skina coat the peds of the B, horizon,

A profile description of Willamette 3ilt 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 escaerpment. |

4, 0-8 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,
8lightly sticky and slightly plastic;
numerous roots; slightly aeid (pH 6.1);
wavy clear boundary, 7 to 9 inches thick.

8-15 inches, brown (10 YR 5+/3+, crushed dry)
or dark brown (10 YR 3/3, moists 811t loanm
with weak thin platy structure; friable,
8lightly sticky and slightly plastic; numer-
ous fine roots, medium acid (pH 5.6); smooth
gradual boundary. 6 to 10 inches thick.

By 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 l-inch
tree roots, numerous smaller rootlets; few thin
patchy clay flows; medium aeid (pH 5.6), smooth
gradual boundary. 6 to 10 inches thick,

B, 23-40 inches, brown (10 YR 5,5/3, crushed dry)
or dark brown (10 YR 3/3, moist) silty eclay
loam with strong medium angular blocky reducing
to strong fine and very fine angular blocky
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structure; friable, sticky and plastiec; few
1/4= to l-inch tree roots, many finer roots;
many fine pores inside peds; thin clay flows
on ped surfaces and inside pores; thin black
manganese oxide patchy streasks on ped sur-
faces; strongly acid (pH 5.2); smooth gradual
boundary. 15 to 20 inches thick,

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 peds, 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 inches+ , pale brown (10 YR 5.5/3, crushed
dry) or dark grayish-brown (10 YR 3.5/2, moist)
coarse silt loam; messive; friable, slightly
sticky and slightly plastic; few vertical
channels surrounded with dark grayish-brown
and yellowish~brown rings as deacribed in B

extend into upper part of C; strongly acid
(pH 5.5).

Bange 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 B, varies from a loam to a
s8ilty 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 B, horizon ranges from 17 to 30 inches; the thickness
of the B, horizon ranges from 8 to 22 inches, The solls
with the thinner B, horizons and the shallower depths teo
B, horizons also have shallower depths to mottling, The
atructure of the cultivated surface soils is usually moder-
ate fine and medium subangular blocky., Cultivated solls
that have not been limed commonly have strongly acid sur~

face soils (pH 5.3-5.5).

Hoodburpn Serieg

The Woodburn soils are moderataly‘well-drained, med ium~
textured, Prairie-Gray Brown Podsoliec intergrades developed
from the same parent material and under similar vegetation
and climatic conditions as the Willamstte soils. These
soils occur on level to undulating portions of the terrace
plain in association with Willamette and Amity soils.

They have shallower depths to mottling than Willamette soils
and deeper depths to mottling than Amity soila. The allow-
able range of depth to mottling for the Woodburn series is

24 to 36 inches., The surface drailnage of the Woodburn
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soils is good, as it is for the Willamette series, hut the

internal drainage is impeded by a compact, rather impervi=-

ous, fragipan below the B, 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.

p

0-10 inches, brown (9 IR 4,5/3,0, crushed dry)
or very dark grayish-brown (9 YR 3/2, moist)
811t loam with moderate fine subangular
blocky structure; friable, slightly sticky

and slightly plastie; numerous roots; few

.coneretions; medium aeid (pH 5.8); smooth

clear boundary. 9 to 1l inches thick,

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

20-~28 inches, yellowish-brown (10 YR 5/4,
crushed dry) or dark broewn (10 YR 3/3, moist)
811t loam with moderate very fine subangular
structure; friasble, slightly sticky and
slightly plastic; many worm holes; few roots;
few concretions; medium aeid (pH 5.8); smooth
gradual boundary. 7 to 10 inches thick.

28-38 inches, yellowish=brown (10 YR 5/4,

crushed dry) or dark brown (10 YR 3/3, moist)
811ty clay loam with moderate medium subangular
bloecky structure; firm, slightly sticky and
slightly plastic; many worm holes and fine pores
within the peds; few concretions; thin derk brown
(5 YR 3/3, moist) clay flows on ped surfaces and
in pores; also thin dark grayish-brown (2.5 Y
4L/2, moist) coatings on some of the peds; few
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black manganese stains on ped surfaces;
medium acid (pH 5.6); smooth clear boundary.
9 to 11 inches thick,

38-53 inches, 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 plastie; few large (1/4 inch)
vertical channels circumscribed with grayish-
brown (2.5 Y 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.

3m

¢ 53 inches 4 , brown (10 YR 5,5/3, crushed dry)
or very dark grayish-brown (10 YR 3/2, moist)
gstratified very fine sandy loam and silt loam
in alternating beds, 4 to 8 inches thiek;
massive; sands very friable, non-sticky and
non-plastie; silts friable, slightly stieky and
slightly plastie; few 1/4=inch vertical channels
with grayish-brown and yellowish-brown rings
as described in Bsp; dark brown (5 Y 3/4, moist)
clay flows inside channels; neutral (pH 6.6).

Range of characteristica. 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 B,
horizon ped surfaces than the solls with the deeper depths
to mottling. The thickness of the B2 horizon ranges from

6 to 20 inches and the depth to the fragipan (Bj,) ranges
from 25 to 44 inches, The golle with the top of the fragi-~
pan between 25 and 30 inches from the surface have the
thinner B, horizons, no By horizons, and their B, horison

is commonly a friable silt loam with weak medium subangular
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blocky structure, which is, generally, not mottled. Thelr
fragipan (BBm) is, however, very firm and massive, and has
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 so0lls with the shallower depths 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 fragipen,

Apity Serieg

inity soils are inmperfectly drained, medium~textured,
Prairie~Gray Brown Podzoliec intergrades ocourring 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 beceuse of a massive B horison 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 O
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and 12 inches and have less permeable 52 horizons than
Amity soils,

The following description of Amity silt loam is from
aamﬁling slte 75 which was grass wasteland on the top of a
nearly level ridge, one and one-=half miles wide, between

two northeast trending ereeks,

A, 0-8 inches, dark grayish-brown (10 YR 4/2,

1 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,

8-19 inches, grayish«brown (10 YR 5/2,5,
crushed drys or very dark grayish-brown

(10 YR 3/2, moist) silt loam with moderate
fine subangular blocky structure; very
friable, slightly sticky and slightly plastie;
muny grass roots; many earthworm holes;
numerous concretions that leave rust stain on
adjacent soil; strongly aeid (pH 5.2). 10

to 12 inches thick.

19-28 inches, light grayish~brown (0.5 Y

6/2, crushed dry) or dark grayish-brown

(10 YR 4/2, moist) silty clay lcam with weak
medium subangular bloeky struecture; very
friable, slightly sticky and slightly plasticj -
very porous, many wormholes; numerous con-
cretions that stain the adjacent soil; many
roots; strongly aeid (pH 5.3); smooth gradual
boundary. 8 to 10 inches thick.

B, 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 subangular blocky structure; friable,
slightly sticky and slightly plastic; very
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porous, one continuous network of 2 mm, pores;
few concretions; few roots; sirongly acid

(pH 5.5); smooth clear boundary. 9 to 12
inches thick,

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 Y 4/25
silt loam; massive; firm, slightly stieky and
8lightly plasticjy few large vertical channels
with clay flows; few roots; slightly acid

(pH 6,5); smooth gradual boundary. 8 to 10
inches thick,

3m

C 48 inches+ , brown (10 YR 5/3, cerushed 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).

Range of characteristicsg. The depth to evidence of
impeded drainage ranges from 12 to 24 inches, Depth to the

fragipan (BBm) 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 32 horizons that expresa a greater degree of
restricted drainage than the soils with shallower depths to
fragipan, The B, horizon of the soils with the deeper
fragipans are usually over 50 per cent dark grayish-brown
(245 Y 4/2, moist), while the others are over 50 per cent
dark brown (10 YR 3/3, moist). The range of thickness of
the 82 horizon is from 7 to 20 lnches, Solls having the
thicker B, 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 Serieg

The Concord series consists of poorly drained, medium-
textured, Low Humic-Gley soills associated with the other
members of the Willamette catena in nearly level to level
positions of the terrace plain. Both surface runofl and
internal dralnage are very slow, The internal drainage 1s
restricted by both a slowly permeable B, horizon and a
massive B3 horizon or fragipan. Concord soils differ from
Amity soils by belng mottled bstween 0O to 12 inches from
the surface (as opposed to 12 to 24 inches for Amity soils)
and by having heavier textured B, horlizons and lighter
colored AB and B, horigons, 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 is from
sampling site 33, which was a cultivated field on a level

plain nearly one mile from the nearest natursl drainageway,

A 0~10 inches, dark grayish-brown (10 YR 4.5/

P 2.5, crushed dry) or very dark brown (10 YR
2/2, moist) 8ilt loam with moderate fine and
very fine granular strueture; very friable,
slightly sticky and slightly plastic; many
grain roots; few concretions; few worm holes;
strongly acid (pH 5.2); smooth abrupt boundary,
9 to 10 inches thiek,



10-19 inches, pale brown (10 YR 5.5/3,
crushed dry) or dark grayish-brown (10 YR
4/2, moist) silt losm with weak fine sub=-
angular blocky structure; very friable,
slightly sticky and slightly plastie;
numerous concretions 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 thiek,

19-29 inches, light brownish-gray (1 Y
6.5/2, crushed dry) or dark brownish-gray
(2.5 Y 4/2, moist) silty clay loam with
common fine faint mottles of brown (2.5 Y
4/4)3 weak medium subangular blocky
structure; friable, sticky, and plastic;
very porous, many worm holes; many roots;
few concretions; strongly acid (pH 5.5);
smooth gradual boundary. 9 to 12 inches
thick o

29-39 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;

8ilty clay loam; weak medium subangular
blocky structure; firm ped interiors, very
friable ped coats, sticky, and plastiec;
common fine pores in peds; few roots; mediunm
acid (pH 5.8); smooth abrupt boundary. 9 to
10 inches thick,

39-48 inches, pale brown (10 YR 6/3, crushed
dry) or variegated very dark grayish-brown
(10 YR 3/2, moist) and dark grayish=brown
(10 YR 4/2, moist) silt loam with weak very
coarse prismatie structure; very firm,
slightly sticky, and slightly plastic; many

worm holes with clay flows; few roots; neutral

(pH 6.6); smooth clear boundary. 9 to 10
inches thick,

48 inches + , not described; ground water
standing at 45 inches,

29
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Renge of characterigties. The depth to evidence of

impeded drainage ranges from O to 12 inches. Depth to the
fragipan ranges from 30 to 49 inches., Thickness of the By
horizon ranges from 8 to 21 inches. The soils with the
thickest B, horizons are the ones with the deepest fragi-
pans, 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 showing evidence of impeded drainage

at the shallower depths (0 to 6 inches). The proportion of
the gray ped coating material in the 32 horizon ranges from

50 to 90 per cent of the total material.

Dayton Serieg

Dayton solls are poorly drained, medium=-textured,
Planosols associated with the other members of the Wil-
lamette catena in level and slightly depressional portions
of the terrace plain, Their surface runoff is slow or
ponded and their subsoill permeability is very slow because
of a dense claypan and e 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
claypan (B2 horizon) that has an abrupt upper horizon

boundary with the overlying A5 horison. The B, horiszons of
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the Dayton scils are also devoid of dark brown (10 YR 3/3,

moiast) ped interiors, but have, instead, 2 to 5 mm., hori-

zontal bands of alternating dark yellowish-brown (10 YR

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

The following description of Dayton silt loam i3 from

sampling site 37, which was a cultivated fileld with no

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

natural drainsageway.

Ap
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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 conoretlions; very strongly
acid (pH 4.8); smooth abrupt boundary.

7 to 8 inches thick,

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

4/1, moist) silt loam with weak medium
subangular blocky structure; very friable,
8lightly sticky, and slightly plastie;

very porous, many worm holes; numerous
coneretions that stain the adjacent soil
material; meny roots; strongly sacid (pH
5.2); smooth clear boundery. 6 to 7 inches
thiock.

14-19 inches, light grayish-brown (10 YR
6.5/2, crushed dry) or gray (2.5 Y 5/1,
moists 81lt loam with weak subangular

bloeky structure; friable, sticky, and plas-
tic; many worm holes; many roots; few cecon-
cretions; medium acid (pH 5.6); smooth
abrupt boundary. 5 to 6 inches thick.

19-29 inches, pale brown (10 YR 6/3,

crushed dry) or dark grayish~brown (2.5 Y
4/2, moist) and dark yellowish=brown

(10 YR 4/4, moist) in alternating horizontal
bands; clay; moderate medium prismatie
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breaking to moderate coarse angular blocky
structure; firm, very sticky, and very
plastic; common fine pores in peds; few
roots; neutral (pH 6,6); smooth abrupt
boundary., 9 to 1l inches thick.

Byy 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 clrcumscribed with 1 mm, rings of
dark grayish-brown (10 YR 4/2, moist) and
dark yellowish~brown (10 YR 4/4, moilst);
neutral (pi 7.0); smooth gradual boundary,
15 to 18 inches thick.

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

Range of characteristicg. The Dayton solls range from
0 to 12 inchea 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 claypans are browner (10 YR 3/2, moist) than the
surface horizons 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 claypan.
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METHODS

Eleld Procedure

The field work consisted of deseribing and sampling
one soil individual at each of 114 locations. The sampling
excavations were dug for the construction of footings for
power=line towers and were spaced approximately 880 feet
or one-sixth mile apart, Sampling began at the southern-
most site (Pigure 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 1s justifiable if we assume a random deposition of
the Willamette silts and a nonsystematic soils pattern,
because the excavations were made without regard to topog=
raphy or soll seriles,

Each site had four footing excavations with approxi-
mate dimensions of 4 feet wide by 8 feet long by 5 feet
deep, One excavation was randomly selected for sampling at
each site by drawing from four carde respectively marked
with the cardinal compass directions. A vertical section,
3 feet wide, was freshly exposed in the midsection of one

side of the selected pit, The side chosen was generally
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opposite the spoil pile because it was the least disturbed
at the surface,

The soll 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, crusth, passed through a 2 mm, sieve and

stored,

Chemical spalysjs. Cation exchange capacity; exchange=

able calcium, magnesium, potassium and sodium; and pH were
determined in duplicate for all horizons, Orgeanic carbon
end total nitrogen were determined in duplicate for the
upper two horizons of each profile.

Yo Catlion 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
s0ils were not initially leached for removal of solubdble

salta, nor were corrections made for dissolved carbonztes,

’

ﬁéﬁgﬁéiﬁﬁ‘gndléédikm. “Eichangeable 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).
Soll reaction. Soil reaction, expressed as pH

units, was determined with a Beckman model N pH meter using
a glass electrode on a 1l:1 by weight soll-water paste (1,
p. 1).

Orzaniec carbon. Organic carbon was determined by
the Walkley~Black potassium dichromate method (45, p. 36-
37). Ferroin or O-Phenanthroline ferrous sulfate complex
was used as the indicator instead of diphenylamine (1, p.
L=5)., The method was assumed to recover 76 per cent of the
organic carbon,

ITotal pnitrogen. Total nitrogen was determined by
the Kjeldahl method (1, p. 5=6).

Phvgicsl analvais. Particle size distribution of the

82 horizon of each individusal was determined, Dry crushed
color was determined for all horizons.

Mech o Partlele size distribution
was determined in duplicate by a modification of the Kilmer
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,
Mecharical dispersion was accomplished by foreing 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 silt and clay, was not
fractionated by dry sieving,

Crushed dry color. Hue, value, and chroma were
determined by comparing dry crushed soil samples with Mune
sell soll color charts under artificial light. The light
source was compossd of two 1l8-inch, l5-watt, warm-white,
deluxe fluorescent tubec in a floating fixture lamp,
Readings were made with the tubes 5 inches sbove the sam-
ple. The sample was spread on a table and the color chart,
with holes between adfoining color chips, was placed over
the sample, Color chips appearing to most nearly match
the soill were segregated for closer examinstion, and others
were masked by a sultable card with four holes spaced and
shaped like the chips on the charts,

Estimates of value and chroma not mateching a
particular chip were made by interpolation. Each unit
interval of value and chroma was divided into four asegments.
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 designated by the appropriate decimal
figure--that is, 4.5/3. Whole numbers were suffixed with
& plus (+) aymbol 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, reapectively, for the statistical anslysis.

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 IR, 1 Y, 2 ¥,
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
end 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

unites 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 & 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,
Classlfving the Individualps
dnto Serieg

The soill individuals were tentatively celassified 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 "intergrades.,® Definite classification was
required for statistical analysis of the analytical data,
The differentiating characteristics used for the final
classification were:t (1) presence or abasence 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 horiszon if there was no
pan, These characteristies 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,
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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 horison was deemed toc 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 quartenary importance, Series distinctions were made by
assigning definitive limits for the presence of a fragipan
or elaypan, the depth to evidence of impeded drainage, and
the degree of expression of the evidence of impeded drain-
age.,

The fragipan was & very compact, silty horizon under-
lying the B, 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 bloecky
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 & matrix color that was
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decidedly grayer than that of the better drained soils,
Colors appesring in mottled zones consisted of character-
istic amounts and patterns of grayishe=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 limilts
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 O through 11 inches for
Concord and Dayton,

The degree of expression of impeded drainage was mani-~
fested 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 Willsmette profiles were in this class.,

Class 2. Concentric mottling around eylindrical pores
and channels, Vertical and horizontal chennels 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 5 mm, thick. Distance between channels varied
from less than 1 inch to greater than 1 foot. This kind of
mottling was normally found in the B3 and C horizons of
Willamette and Woodburn profiles, but was observed in the
32 horizon of Woodburn and in the B3 of Anity in a few
cases,

Clase 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 dissemineted in a random manner,
Mottles ranged from 5 to 15 mm,, had no definite shape,
and were often interconnected. This pattern wes found in
the BB horizon of Amity, Concord, and Dayton profiles. This
class was not used to differentiate between scil series
since color patterns of upper horizons were more diagnostic
for differentiating purposes.

Class 4. Gray coatings on blocky ped surfaces, Dark
grayish~brown to grayish-brown (10 YR 4/2 to 2,5 Y 5/2)
silty material surrounded derk brown (10 YR 3/3) ped in-
terlors. The coatings were from 1 mm, to 1 em, 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 A, or Bj horizon and were classified
in the Concord series,

Class 5, Gray matrix colors with a 10 YR hue. The
s0il 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 yellowishe~brown mottles were com=
monly present, Horizone normally exhibiting this color
pattern wvere: B1 of Amity, Aj of Concord, and Ay 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, A, and B, of Concord, and A; and By of Dayton.

Class 7, Horizontsally banded grays and browns.
Alternating horizontal bands from 2 to 5 mm, thick of dark
yellowish=brown (10 YR 4/4) and grayishebrown (2.5 Y 5/2)
occurred within the blocky peds of the B, 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, coneretions 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 dreainage,

Table 1 contains a listing of the individuals within
each of the five 201l series, Individuals are listed in the
order of increasing degree of impeded drainage within each
gseries, The Willemette, Woodburn, and Amity series were
considered to correspond, respectively, to the good,
moderately good, and imperfect natural drainage classes
(43, p. 169~172)., 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 fleld and final classification
of Willamette individuals is explained by a change 1n 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 drainege into uniform l2-inch intervals to a depth
of 36 inches. Misclassification in the field for individ-
uals within series, other than Willamette, 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 Lo express a greater degree of impeded
drainage than was assumed "normal' for the specific series,
the individual was placed in the series corresponding to a
wvetter drainage class. If this horizon appeered 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 & better dreined class,



45

Table 1., Drainage Sequences of All Individuals
within Soill Series

Inches to

Degree of
Rank Sample evidence of expression Inches to
site no. impeded of impeded pan or
drainage drainagel C horizon
I, Seoils without a pan
A, Willamette series
1 116 ? 0 70
2 4 ? 0 67
3 115 ? 0 55
4 13 ? o 54
5 14 7 0 53
II, Soils with a fragipan
A, Willamette serles
6 88 50 c.M,2 35
7 93 47 u 47
8 96 43 " 43
9 12 41 " 41
10 3 40 " 40
11 1l 39 " 47
12 97 39 " 39
13 11 39 " 39
14 91 38 " 38
15 10 38 " 38
16 95 37 " 37
17 5 37 " 37
18 110 36 " 36
19 9 36 " 36
B, Woodburn series
20 107 35 " 35
21 84 34 " 34
22 20 32 " 32
23 92 31 " 31
24 94 30 " 30
25 65 30 " 30
26 15 29 " 45
27 69 29 b 38
28 60 29 " 29
29 86 28 " 38
30 64 28 * 28
31 20 28 P.Cc.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 drainagel 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 3 24 u L4
39 72 24 » 40
C. Amity seriles
40 66 23 P.C. 33
4l 57 23 " 30
42 6 22 " 36
43 17 21 " 41
L4 98 20 C.M, 35
45 109 20 " 31
46 117 20 P.C. 33
47 119 20 " 4 31
48 82 20 U.G.1 42
49 112 20 " 38
50 7 19 P.C. L4
51 106 19 " 35
52 85 19 " 33
53 114 19 " 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



47

Table 1 cont,

Inches to Degree of

Rank Semple evidence of expression Inches to
site no, impeded of impeded pan or
drainage drainagel 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 b A " 36
76 102 13 " 31
77 70 13 ol 28
D. Concord series
78 77 11 U.G.1 35
79 33 1o " 39
80 34 9 n 39
81 47 9 » 31
82 67 8 " 49
83 19 8 n 43
84 31 8 " 36
85 36 8 " 34
86 28 8 n 32
87 80 8 " 31
88 79 8 " 30
89 35 7 n 37
90 33 7 " 33
91 45 0 n 38
92 46 0 " 34
93 41 0 " 33
III, Soils with a claypan
A, Dayton series

94 23 10 U.G.1 29
95 24 10 " 28
96 22 9 U.G.2° 25
97 21 8 U.G.1 26
98 37 8 n 20
99 55 8 " 17
100 53 8 " 12
101 A8 8 U0.G.2 12
102 18 7 Uv.G.1 31
103 56 7 " 20
104 52 7 " 12
105 51 6 " 16
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Table 1 cont,
T S T T S AT S W TR

Inches to Degree of
Rank Sanmple evidence of expression Inches to
site no, impeded of impeded pan or
drainage drainagal € horizon

A. Dayton series cont,

106 43 0 U.G.1l 19
107 38 0 » 18

108 39 0 n 18

109 40 0 " 18

110 42 0 . 17

111 [va 0 " 17

112 99 0 n 16

13 49 0 " 14

114 120 0 " 13

1

For uppermost zone showing evidence of impeded drainsge,
2Mottling circumscribing cylindrical channels,

3Gray ped coatings,

LUniform 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 Fleld
Classification and the Final
Laboratory Classification

Final Tentative

classification field classification
Series No, Wi Wo WO—Aml Anm Am--Co1 Co Co-—Da1 Da
Wi 19 8 11
Wo 20 15 3 2
Anm 38 1l 1l 33 2 1l
Co 16 2 11 3
Da 21 5 16
1l
Intergrades
Statistical Analysis

The data were 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 vari-
ous characteristics,

Significance of the mean value differences between
pairs of soil series was tested by the Student t-test (30,
p. 87-99 and p. 127-128), The statistic } was calculated

according to

t = (1 -~ ¥2) with (nl + n, =2) degrees of freedom

2 (1 , 1
J’P (“1 n2)

where ?i and ?é = means of samples 1 and 2.
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si = pooled estimate of population variance,

and ny and n, = number of observations in samples

1l and 2,

Whenever minima in the frequency distribution of all
individuals combined were suggested, they were tested by
the individual degree of freedom test for goodness of fit

(30, p. 435-436). The test was calculated according to

2

" n(,2 2 2
(M]TTy + M7, + M3,

where

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

]

the obaserved frequencies within categories,
n = the number of observations,

and T = the relative frequency within categories (0.33),

Selected characteristics that had significantly differ-
ent mean values between series were analyzed collectively
by means of discriminant functions. Discriminant 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
dmpeded Dralnage

Depth to evidence of impeded drainage waa the depth of
the uppermost point in the soil profile manifesting either
a mottled color pattern or & 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 after the Dayton individuals had been dif-
ferentiated according to the presence of a claypan. The
depth intervals arbitrarily essigned to the series were 0O
to 12 inches for both the Concord and Dayton series, 12 to
24 inches for the Amity seriles, 24 to 36 inches for the
Woodburn series, and 36 to 60 inches for the Willamette
series. Five of the Willamette 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 caleulations.

The frequency distributions of this characteristic for
the five series and for the total depth interval of 60
inches asre listed in Table 3 and plotted in Figure 2. The
Concord and Dayton individusals listed in the O to 2 ineh

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

e e e ]
Depth
(inches) Will, Wood. Amity Concord Dayton Total

Q=2 1l
PLIA

4L=b

6-8

8«10

10«12

12«14 2
14=16 3
16-18 13
18-20 10
20=22 7
22«24 3
24=26
26-28
28-—30
30-~32
32=34
34=36
36-38
38-40
4L0=42
L2=L
44 =46
4L6-48
48-50
50=52
52 +
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=
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)
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The absence of individuals in the depth interval between 1
and 6 inches is the result of disturbance in this depth
range by plowing. Flow 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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Teble 4. Sample Statisties for Depth to
Evidence of Impeded Drainage

e ————— = = =
No, of Mean Dif. bet., Standard
Series obs, (inches) means deviation Range
Wi 19 45.31 16,9° 9.7 24.0
Wo 20 28,4 10.63 3.0 12,0
Am 38 17.8 11.0’” 2c6 12.0
Co 16 6.8 2.2 3.5 12,0
Da 21 Leb 4.2 12,0
All 114 20.3 14.6 60,0

1Depths to mottling beyond depth of sampling were desig-
nated 60 inches,

2Significant difference at l~per cent level,

Natural groupinga ere suggested by apparent minima at
12, 22, and 33 inches in the frequency distribution histo-
gram, These minima were tested for significance by the
individusal degree of freedom goodness of fit test. The re-
sults of the teat are presented in Table 5. The hypothesis
was that the theoretical frequency was the seame 1in the
minimal segments of the distribution as it was in the sur~
rounding maximal segments. The L«inch minimal segment
between 10 and 14 inches was significant at the l-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 besis of this evidence, one might surmise
that natursl 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-aquare Values for the Individual Degrse of
Freedom Goodness of Fit Test for Several
Intervals of the Depth to Evidence of Impeded
Drainage Distribution for All Individuals
Combined

Interval

(inches) h by Explanation

6-10 16.7 21.0 Max. for Co & Da sample
10-14 16,7 6.0 Min, bet, Am & Co+ Da
16=20 16,7 23.9 Max, for in sample

Sum 50.0 50.0

Chi-square 10.24%

16~20 13.3 23,0 Max. for Am sample
2125 13.3 6.0 Min, bet, Am & Wo
27-31 3.2 11.0 Max. for Wo sample

Sum 40.0 40.0

Chi-gquare 6.05%%

27=-31 7.6 11,0 Yax, for Wo sample
32-36 7.6 3.0 Min. bet, Wo & Wi
36-40 7.6 2.9 Max, for ¥i sample

Sum 23.0 23,0

Chi-square L,25%%

® S8ignificant minima at leper cent level,

#%sjgnificant 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



to evidence of impeded drainage for making the separation
between imperfectly drained and moderately well-drained
soils and the depth of 33 inches for making the sep-
aration between moderately well-drained and well-drained
solls in this eatensa,

The meaens and other statistlcs 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 18 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,

Horizon Thickness

When the individuals were sampled and described, one
of the first steps was to mark the limits of the differént
horizons and to measure themin inches. All 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 characteriétics. These horizons were:
(1) the Ay or Ap horizon, (2) the Ay or A, horisgon, (3)

the B, horizon, and (4) the By 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 horizonms,
for the samples of the Willamette, 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 most individuals, by the depth of plowing,
which did not vary in thickness between soll series.
Accordingly, these frequeney distributions are not listed,
The frequency distributions for thickneas of the B3 horizon
are not listed because the lower boundary of the horizon
wvas below water for many of the individuals., The results
of the statistical analysis for horizon thickness are
listed in Table 7,

The total range of thickness for the total A horiszon
among all the individuals combined was between 12 and 25
inches, and each series sample had a similar range. The

r



Table 6.

Frequency Distributions for Thickness of Horizons and Combinations of
Horizons of the Willamette, Woodburn, Amity, Concord, and Dayton

Samples, and of 411 Individuals Combined
L o .- ]

s 3 s 3
f?izig:;s: Total A R B s 4317& B&, zTotal 4, Bl.& B,
tWi Wo Am Co Da All:Wi Wo Am Co Da All:Wi Wo Am Co Da All:Wi Wo Am Co Da All
6-7 2 2 1l 5 2 2
8=9 l 4 1 4 6 16 2 1l 3
10-11 0 312 7 1 23 2 4 2 1 9
12-13 1 3 2 2 5 1311 510 2 1 19 3 6 0 O 9
1,-15 5 1 3 0 2 11y 3 3 9 1 1 1711 3 9 2 3 18
16-17 5 414 8 6 37 5 2 2 0 3 1212 2 3 2 6 15
18-19 4 310 4 5 26/ 4 0 1 0 13 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 l 1 2 4| 2 1l 313 1 5 1 1 11
24=25 2 2 2 2 1 1 6 1l 1l
26=27 2 l O 3 3 1 4
28-29 1l 0 1l 3 4 3 10
30-31 1l 0 1l 3 9 3 2 17
32-33 2 1 3 l 6 3 5 15
34-35 2 2 3 3 5 15
36-37 L 2 5 2 5 18
38-39 5 2 4 3 0 14
40-41 31 3 01 8
L2=43 l 0 2 1 A
L4=45 0 2 1 0 3
L6=47 2 0 2
L8=49 1l 1l 2
50=-51 1l 1l

8¢
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Table 7, Sample Statisties for Horizon Thickness

e ———————— e e e~ e
Dif. bet. Standard
Series No. of Mean means deviation Range

obs, (¢nches) (inches) (inches) (inches)

Total 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
All 114 17.4 2.7 14
By
Wi 19 17.1 3.4 14
Am 38 12.5 "'009 2.7 13
Co 16 11.7 4e0 13
Da 21 14.5 5.2 15
A1l 114 13.6 Le3 16
Wi 19 22.9 5.7 19
Wo 20 14.4 8,5% 5.7 18
Am 38 16.6 -2,2 4e2 16
CD 16 18.6 -2.0 5.2 22
Da 21 17.2 1.4 3.3 13
All 114 17.9 T.7 27
Total A, By, & By
Wi 19 40,3 4.6 15
Wo 20 33.0 7.3% 5.9 20
Am 38 34.3 -1.3 4.6 18
Co 16 36,0 ~1.7 5.0 19
Da 21 3304 204 3.2 12
All 114 35.3 5.3 25

#3ignificent difference at l=-per cent level,
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mean thickness 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 32 horizon thickness was significantly
greater than Woodburn's mean 32 horizon thickness, The
mean thickness of the B2 horizon of the Willamette sample
was 17,1 inches, and the mean thicknessesa of the B, hori-
zons of the other samples were about 12 inches,

The atatistical anseslysis of the thiekness of the Bl
and 32 horizons combined gave results similar to the
analysis of the B2 horizson., These results were to be ex=-
pected, Not all individuals had Bl horisons, but each
serlies had some individuals with Bl horizons, and the mean
thicknesa of the Bl horizon was about the same regardless
of series. The total thickness of the By and the B,
horizons ranged from 6 inches to 33 inches in the frequency
distribution of all individuals combined, Each of the
series had some individuals with a thickness of the B, and
B, horiszons combined between 14 and 23 inches. The amount
of overlap of the frequency distributions between series
was 80 great that there were no minima in the frequenecy

distribution tabulation of all individuals combined.
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Soll profile thickness to the 83 horizon ranged from
25 inches to 50 inches among all the observations. The
mean profile thickneases were 40.3, 33.0, 34.3, 36.0, and
33.4 inches for the Willamette, Woodburn, Amity, Concord,
and Dayton samples, respectively, Willametie's mean was

significantly greater than Woodburan's,

Meoigt Color

801l color was measured by matching the soil with
standard Munsell color charts, which allowed guantitative
determination of the three variables--hue, 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 ped interior is listed for horizons with ped interiors
of a different color than the ped coatings. The B, 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 B, horizon of the Dayton soils, the

dominant color was used in the analysis.

Hue. The frequency distributions for moist hue of four
main horizons of each series are listed in Table 8,

The moist hue of the Al or Ap horigzon was 10 YR for
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107 of the 114 observations. A few of the Willamette and
Woodburn individuals had molst 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 eolor,

More variation in hue, between and within seriles!
samples, was found in the A, or Aa horizon than in the A,
or Ap horizon. Three of the Concord individuals and 12 of
the Dayton individuals had hues of elither 2,5 Y or 5,0 Y.
A few of the Willamette, Woodburn, and Amity individuals
had hues of 7.5 YR, 8till, 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 s 10 YR hue in the
B2 horizon, and only two of the Concord individusls had
hues in the same range as the Dayton individuals. Furthere
more, a minima is suggested in the frequency distribution
tabulation of all individuals combined at the hue value
2.5 Y. The hues listed for the B, horizon, however,
represent but one of two colors for these two serles, and
the browner of the two colors is listed for the Concord
individuals and the grayer of the two eolors is listed for
the Dayton individuals, Therefore, the minima is more
apparent than real,

The B3 horizon of all individusls had & hue of 10 YR



Table 8, Frequency Distributions for Moist Munsell Hue Notations of Four Horizons of
Willamette, Woodburn, Amity, Concord, end Dayton Samples, and
of A1l Individuals Combined

b e e e e e}
A, or A : A, or A B, (ped interiors) ?* B
2 3 .2 .

1l 3
Hue :w1 Wo Am Co D: All :Hi Wo Am Co Da All *Wi Wo Am Co Da All *Wi Wo Am Co Da All
5.0 YR 1 1
7.5 YR| 3 4 71 5 4 2 11 |1 1 1 3
10,0 YR{ 16 16 38 16 21 107 |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 Y 1 3 4 113 14

£9
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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 diserete distribution for
all individuels,

The results of the statisticael analysis of moist hue
are presented in Table 9. The difference between the
means of the hue in the Al or Ap horizons of the Woodburn
and Amity samples was significant, but the results of the
t-test are not valid in this case. The t~test i1s based on
the assumption thet 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 t-test are not valid. Obviously, the hue
of the Ay or AP horizons could not be used to differenti-
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 Az or A3 and the 32 horizons,

Yalue. The frequency distributions for moist value
of the four main horizons of the five samples of the Wile
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 moisast



Series

No. of

Table 9,

Sample Statistics for Molst

Munsell Hue Notations

Dif. bet.

65

Mean Standard Range
obs. means deviation
A] or A
Wi 19 9,60 IR 0.93 2.5
Wo 20 9,50 IR 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 ¥R 0.00 0.00 0.0
A or Ay

Wi 19 2,34 IR 1.13 2.5
WO 20 9050 YR "0'16 1:02 2.5
CO 16 0070 Y "'0.83”* 1045 5.0
Da- 21 1.79 Y "1.09** 1.79 5.0

EZ (ped interiors)
Wi 19 9,60 YR 1.25 5.0
Wo 20 9.88 YR -0.28 0.56 2.5
Co 16 00‘7 Y -0054* 1036 5.0
DB. 21 k.05 ! ‘3.58** 1.210 205

B
—

Wi 19 10,00 YR 0.00 0.0
Wo 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 IR 0.0 0.00 0.0

% gignificant difference at S5—per cent level,
*%#3jgnificant difference at leper cent level,



Table 10.

Frequency Diastributions for Moist Munsell Value Notations of Four Horizons

of Willamette, Woodburn, Anity, Concord, and Dayton Samples, and of All
Individuals Conbined

Al or

A

B, (ped interiors)

5,

H
H]
o
.

Wi Wo Am Co Da All *Wi Wo Am Co Da All

Yalue :Wi Wo Am Co ia All
2,0 4 818 9 2 41
2,5 1 12 1 0 5
3.0 (14 11 18 3 10 56
3.5 ¢ 0 O
4.0 3 9 12
4.5
5.0

e
Wi Wo 4m Co Da All
4 8 12
1 2 3
17 15 28 2 62
1 0 1l
1l 12 11 24
1 1 2
1 9 10

19 20 38 14 91
o o
114 15
o 2 2
1 5 6

16 19 37 16 21 109

2 1 1 4
1l 1

99
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value and the minima coincide with one~-half units of molist
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 chrona,

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 Al or Ap horizons for sll
three samples. In the Az 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 valus
units in the A2 or A3 horizon, At the time of sampling, it
was noted thet some of the Woodburn and Amity individueals

had darker colors in the A, horizon than others, and it

3
was thought that perheps these individuels had developed
under a more pronounced prairie vegetation type than the
others,

All but two of the Concord individuals, and all of the
Dayton individuals had moist vaelues of 4.0 or more in the
A, or A3 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 & natural boundery between the two groups,
as indicated by a minima in & frequency distribution
tabulation or plot, if molst value had been interpolated
between chips more precisely than it was.

The frequency distributions of moist value for the 32
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 sbsolute 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 had moist values of
3.0 units. Color of this horizon is obviously an inherited
characteristiec,

Mean molst values and other moist value statistics
for the five series are listed in Table 11, The Dayton
series had & significantly higher wvalue than the Concord
series in the Ay or Ap horizon, All the differences between
means of adjacent pairs of series were significant for the
Ay or AB horizon except the difference of 0.1l value units

between the means of the Amity and Woodburn samples, Con=

cord's meen was significantly higher than Amity's mean, and
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Table 11, Sample Statisties for Moist
Munsell Value Notations
Series No. of Mean Dif. bet. Standard Range
obsg, means deviation
Ay or Ap
Wi 19 2,76 0.42 1,0
Wo 20 2,58 0.18 0.50 1.0
Anm 38 2.50 0.08 0.50 1.0
Co 16 2.59 -0,09 0.80 2.0
Da 21 3033 ‘0074*” 0066 2.0
A2 or A3
Wi 19 3.13 0.24 1.0
Wo 20 2078 0035** 0110-1 100
Co 16 3.97 -], 18%x 0.45 2.0
Da 21 bodb -0,48%% 0.50 1.0
B, (ped 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 -0019* 0054 2.0
Da 21 4.29 -], 10%#® 0.43 1.0
53
Wi 19 3.10 0.27 1.0
Wo 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,
*%54gnificent difference at l-per cent level,
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Dayton's mean was significantly higher than Concord!s mean
for the B2 horizon,

The tendency of molst value to change as the degree of
impeded dralinage increased 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 tabuletions for the 82 horizon,

Moist chroma had comparatively less variation in the
Al or Ap horizons for each series sample than 1t did in the
or A, horlzons, All the sanples had pronounced modal

2 3
values at 2,0 chroma units in their frequency distributions

A

for the Ay or A, horizons. In the Az or A, horizons, on

P 3
the other hand, the better drained soils (Willametts,
Woodburn, and Amity) had greater numbers of individuals
with chromas above 2,0 units than they did in the Al or Ap
horizons, while the more poorly drained soils (Concord and
Dayton) had more individuals with chromas less than 2,0
units than they d4id in the Al or Ap horizons,

The five frequency distributions of the series' sam-

ples for the B, horizon tend to cover slightly different



Table 12. Frequency Distributions for Moilst Munsell Chromg Notations of Four Horizons
of Willamette, Woodburn, Amity, Concord, and Dayton Samples, and of A4ll
Individueals Combined

: Al or A : A, or 53 : B2 ( ped interiors)* B

Chroma:di Wo Am Co Da 211 :wi Wo Am Co Da ALl 3Wi wo Am Co Da ATI’:Wi Wo Am cz Da A1l
1.0 1 4 3 3 11 1 5 5 5 16 10 10
1.5 01 0 3 4 01 0 0 1 0 o0
2,0 [17 18 31 13 15 94 | 4 7 23 11 16 61 2 211 15 | 4 2 2 2 3 13
2.5 |1 0o o 1|1 4 O 5 310 1 14 | 8 618 9 4 45
3.0 {1 1 2 L |8 6 8 22 | 8 12 22 12 54 | 11014 5 14 44
3.5 1 0 0 1|14 2 4 0 10 |6 2 3 11
4.0 5 2 1 g7 3 1 11 1 1

TL
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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 of minima in the frequenscy distribution tabulation of
all individuals combined.

The frequency distributions of the five series!
samples for the B3 horizon all included chroma notations of
similar magnitude,

The tendency for chroma to decrease as the degree of
impeded drainage increased is ceclearly shown by the sample
means for this characteristic in Table 13, The differences
between the means of adjacent series for the A; or Ap hori-

zon are admittedly smsll and none were gtatistically

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

3
the differences were larger and most were significant,

Within each series, the three moiat color varisbles—-
hue, value, and chroma=--showed variations with depth. The
hue of all the horizons of the Willsmette, 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 Al or AP and B3
horizons of these samples,

Mean moist value increased progressively between the

Al or Ap and the B3

and Amity samples, but the total increasse was generally less

horizon for the Willamette, Woodburn,

than 0,5 value units., The Concord and Dayton samples had
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Table 13, Sample Statistics for Moist
Munsell Chromg Notations

W
Series No, of Mean Dif. bet. Standard Range

obs, means deviation
Al or AE
Wi 19 2,08 0.25 1,0
Wo 20 2.00 0.08 C.32 2.0
Anm 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 A3
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 O.43%% 0.48 1.0
Da 21 1.76 -0.07 oo“ 1.0
B, (ped 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%x 0.36 1,5
Da 21 1.52 1,39% 0.51 1.0
B4
Wi 19 2.89 0.81 1.5
Wo 20 2,80 0,09 0.41 1.5
Co 16 2.59 0,21 0.33 1.0
Da 21 2.76 -0,17 0.37 1.0

* Significant difference at l=per cent level,
#¥3ignificant difference at 5~-per cent level,
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relatively large mean increases in value (about 1,2 units)

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

P
decreases in value between the A, or AB and deeper horizons,
Mean moist chroma quantities of the Willamette, Wood=
burn, and Amity samples had a consistent increasing trend
with depth to the 82 horizon and then a decreasing trend
to the B3 horizon. The Concord sample had a slight decrease
in mean chroma between the Al or Ap and the A2 or A3 hori=-
gon and then an increase betwesen the A, or A, and the 82
horizon., The mean chroma of the Dayton sample decreased

markedly between the Al or Ap and the B2 horizon and in-

creased between the B2 and the 83 horison,

Rry Color

The dry crushed color determinations were considered
more reliable than the moist color determinations because
(1) they were determined under constant light conditionms,
(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.
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Hue. The frequency distributions for dry crushed hue
of the four main horizons of the Willamette, Wooddburn,
Amity, Concord, and Dayton samples and of all individuals
combined are presented in Table 14. 1In each horizon the
modal value for the distribution of all individuals conm=-
bined is 10 YR, 1In the A, or Ap horizons, none of the
observations had hue notations more than 0.5 units away
from 10 IR,

The hue of the A2 or A3 eand the 82 horizons of the
Willamette catena soils tends to get more yellow as the
s0il 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 A, or AB and B, horizons, each serles

2
included some individuals that haed a hue of 10 YR, although
this quantity was at the higher end of the ranges of hue
values for the Willamette 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
Willamette catena,

The means and other statistics of the dry crushed hue

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

the Al or Ap horigons was near 10 YR for all five series!



Table 1l4. Frequency Distributions for Dry Crushed iMunsell Hye Notations of Four

Horizons of Willamette, Woodburn, Amity, Concord, and Dayton Samples, and

of All Individuals Combined

Al or Ap

A2 or A3

3 B
3

2

3
s

By

Hue :Wi Wo Am Co Da All :Wi Wo Am Co Da All Wi Wo Am Co Da All :Wi Wo Am Co Da 4ll
8.5 IR 1 111 1l

9.0 YR 0 4 1 512 1 3 1l 1
9.5 YR| 1 4 1 6 |12 0 2 L 10 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 Y 3 3 1 1 5 7 1 4 6 11 2 2 4
1.0 ¢ 1 3 4 L 6 10 1 1
1.5 % 1 o 1 1 1 2 1 1
2.0 ¥ c 3 3 0O ©
2.5 Y 1 5 6 3 3

9L



Table 15,

Sample Statistics for Dry
Crushed Munsell Hug Notations

7

B e o e S e

Series No, of Mean Dif, bet. Standard Range
obs. neans deviation
Al or Ap
Wi 19 9.97 YR 0.11 0.5
Wo 20 9,90 YR 0,07 0.20 0.5
Co 16 10,00 YR -0,01 0.00 0.0
Da 21 0.07 Y -0,07 0.18 0.5
All 114 9,99 YR 0.14 1,0
Az or AB
Wi 19 9.87 IR 0.37 1.5
Wo 20 9.80 YR 0.07 0.42 1.0
Anm 38 9.96 IR -0,16 0.2 1.5
Co 16 0.34 Y -0,38 %% 0.72 2.5
Da 21 l1.14 Y -0, 80%% 1.00 2.5
All 114 0.02 Y 0.80 4.0
B2
Wi 19 9.82 YR 0.45 1.5
Wo 20 92.95 IR -0,13 0.22 1.0
An 38 10,00 YR ~-0,05 0.13 1,0
CO 16 0044 Y "0044* 0051 105
All 114 0.,22 ¥ 0.63 4,0
El

Wi 19 9.97 IR 0.11 0.5
Wo 20 9.95 YR 0.02 0.22 1.0
Co 16 0.06 Y -0,06% 0,11 0.5
All 114 0.03 Y 0.23 2.5

¥ Significant difference at
kxgignificant difference at

l-per cent level,
5-per cent level,
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samples, The mean dry hues of the AB horizon of the Wil=-
lemette, Woodburn, and Amity samples wers also all about

10 YR, Concord's mean hue of the 4, or Ay horizon was
significantly more yellow than Amity's mean hue, and Day=-
ton's mean hue of Az 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 32
horizon. The dry hue means of the 83 horison 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 commen unit of measurement of hue., The
intefval between hue charts of the astandard color book for
soils is 2.5 hue unita. For practical reasons, the mean
difference between the hue of two classes of soils would
have to be at least 2.5 hue uniits before it could be con~
sldered as & differentliating characteristic.,

Yalue. Dry crushed value frequency distributions of
the four mein horisons of each sample and of all individuals
combined are presented in Table 16, The frequency distrie
bution tabulation of all individuals combined for the 4,4
or Ap horizons has a bimodal appearance with modal values
of 4.0 and 5,0, The frequency distributions of the

Willamette, Woodburn, and Amity samples have e gimilar



Table 16, Frequency Distributions for Dry Crushed Munsell Yalue Notations of Four
Horizons of Willamette, Woodburn, Amity, Concord, =n. Dayton Samples, &nd
of All Individuals Combined

i Al or Ap : Az or AB : Bz or 522 : BB
Value ;Wi Wo Am Co Da All ;Wi Wo Am Co Da All :Wi Wo Am Co Da All ¢Wi Wo Am Co Da All
3.50 1 1
3.75 b 2 3 1 1
4.00 5 713 1 1 27 1 2 5 8
4425 1l 4 4 2 0 11 0 2 3 5
4.50 1 2 4 1 1 9 1 1 3 5 1l 1 2
4.T5 2 3 5 2 1 13 1 4 1 1 1 8 1 0 o l
5.00 9 4 7 6 4 30 5 910 2 2 28 3 6 9 18
5.25 1 1 2 4 7 2 7 2 1 19 7 4 4 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 A7
6.00 3 3 2 2 2 6 8 11 14 33 6 512 9 10 42
6.25 1 3 4 2 4 6 1 1 2
6.50 2 6 8 1 1l
6.75 0 0
7.00 A 4

6L
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appearance, The most likely explanation for this pattern
of distribution 18 the impracticability of meking the
scrupulous interpolations that the procedure called for,
Interpolations of value and chroma to 0.25 units were
attempted in the dry color determinetion, The fact that
the two modes of the frequency distribution of value for
the 4, or Ap horizons coincide with whole numbers indicates
thet 1t is not feasible to accurately read the dry value of
soil material when it occurs between whole numbers. The
mean values of the distributions under discussion were mid-
way between whole numbers, Had the means been in the
vicinity of a whole number, the insensitivity of the in=-
terpolation methed 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 Aj or A horizons, But in the

P
A, or A, horizons, four of the Dayton individuals had dry

3
values that were 1.5 units higher than the highest value
among the individuals of the Willamette sample. The Dayton
individusls renged in dry value from 4,5 to 7.0 units in

the 4, or A, horizon, while the Willamette individueals

3
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 soll 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,
end Amity samples all had about the same range of dry value
notationa, 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 Ay or Ap and the Az or AB horisons, Wood~-
burn's mean dry value was significantly less than Willame
ette's in the A, or A3 horison, The only significant
difference between the means for the 52 horizon was the one

between the Amity and Concord samples., All five of the
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means for dry value of the 33 horizon were between 5.68 and
5.84 units, which is a small range when compared to the unit
of measurement,

The mean dry values for the Woodburn and Amity sanmples
were less than the mean dry values of the Willamette sanmple
for both subdivisions of the A horison. This is a reversal
of the usual trend for value as related to the degree of
impeded drainage, The reason for this anomaly is possibly
related to differences in the native vegetation types be-
tween some of the Willamette 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 Woocdburn
and Amity individuals hed comperatively derk A horizons
that were suggestive of & native prairie vegetation,

These date show that dry velue does not segregate the
soils of the Willamette catena into natural groupings.
Although the means of dry value were significantly differ-
ent between some of the adjacent peirs of serles, 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 ell individuals combined,
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Table 17,

No. of

Sample Statistics for Dry Crushed
Munsell VYalue Notations

Mean

Dif, bet,

Standard

Range

83

obs. means deviation
Al or A
Wi 19 454 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 4093 "0057’ oolb? 1.75
Da. 21 5.27 ‘0.34** 0051 2.00
All 114 4,69 0.60 2,62
Az or Az
Wi 19 5.04 0.37 1.50
Wo 20 4.74 0.30“* 0039 1025
Co 16 5.61 "‘0075* 0049 1088
Da 21 6010 -0051*’ 0.63 2025
All 114 5.24 0.70 3.38
22
Wi 19 5.25 0.27 1,00
Wo 20 5.25 0.00 0.31 1.25
Anm 38 5.42 -0.17 0.38 1.50
Co 16 5.93 ~0,51% 0.21 0.88
All 114 5.55 0.42 1.88
5
Wi 19 5,71 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 5084 "’0015* 0016 0062
Da 21 5.80 0.04 0.15 0.62
All 114 5.74 0.20 0.76

* gignificant difference at l=per cent

level .

#x5ignificant 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 A, or A3 and B2 horizons,

The frequency distributions of all individuals com=-
bined have two or three apparent maxima in the Ay or AP
and the A, or AB 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 Al or A_ horizons; so

p
dry chroma of this horiszon is obviously not a differentiat-
ing charaéteristic. The same phenomenonrn was observed in
the B3 horizon,

In the A2 or A3 horigon, however, the two ranges of
chroma units of the Willamette and Dayton semples 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 chroma units of 3.00 or less,
Yet, about one=~fifth of the individuals of both samples had
dry chroma 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 units for



Table 18, Frequeney Distributions for Dry Crushed Munsell Chr« 1g Notations of Four
Horizons of Willamette, Woodburn, Amity, Concord, and Dayton Samples, and
of All Individuals Combined

Chroma sW1l Wo Am Co Ds All Wi Wo Am Co Da All ;Wi Wo Am Co Da All ;Wi Wo Am Co Da All
1,75 1 1l
2,00 1 1 8 5 6 21 2 212 16 l1 3 4
2.25 0 1 5 2 1 9 2 6 0 8 1 3 4
2.50 2 2 4 4 4 16 1 5 1 1 8 1 1 2 4
2.75 2 4 9 2 5 22 3 6 2 3 14 1 2 2 5
3.00 11 9 6 3 5 34| 5 310 4 4 26 1 314 8 8 34 ! 8 71011 15 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 1 0 1 2 | 2 2 1 4 5 6 5 16 3 5 6 14
3.75 1l 114 3 5 12 5 310 18 2 2
4.00 2 5 5 12 | 5 3 8
4.25 2 2

¢8
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the three samples of Woodburn, Amity, and Concord over-
lapped considerably with the ranges of each other and with
the ranges of Willamette and Woodburn,
The frequency distributions for dry chroma of the B,
horizon of the five samples resembled thoae of the Az 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 Ay or A_ horizon was significant, The

P
differences between the means of Woodburn and Amity, and
between the means of Amity and Concord were significant for
the A, or A4 horizon. These same differencee were also
gsignificant in the B2 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
charscteriastic in each horizon of the Willamette catensa
soils. It also appears to be related to the degree of im=~
peded drainsage of the soils. However, it does not naturally
segregate groups of the soils from other groups of the total

population, but varies continucusly from one extreme to the

other,



Table 19,

Series No, of

Sample Statisties for Dry Crushed
Munsell Chroma Notations

Mean

Difo tho

Standard
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Range

obs. means deviation
Al or AE
wi 19 2.85 0.31 1.38
Wo 20 2,82 0.03 0.38 1.62
Am 38 2.56 0026*’ 0044 1038
Co 16 2.39 0.17 0.37 l.00
Da 21 2.47 -0,08 0.37 1,00
All 114 2,62 0.45 1.62
A, or Az
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 2048 0-51* 0043 1012
Da 21 2.29 0.19 0.43 1.38
All 114 2.90 0.60 2.38
B2
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
B
wi 19 3.15 0.16 0.50
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

* gignificant difference at l-per cent level.
##gignificant difference at 5-per cent level,
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i3 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 32 horizon of the
Dayton sample resulted from using only the dominant color
of a multicolored material in the molst determination.
Other discrepancies resulted from the lack of interpolation
between hue charts for the moist determination,

Value increases markedly when the soil driea. 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

32 and B, horisons because the dominant moist color selected

3
for reading was normally the one having the lower value,
An exceptional case was the Bz horiszon of Dayton, where the
dominant ecolor 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,
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Table 20, Comparison of Dry Crushed and
Moist Munsell Notation Means

S R

Series Hue mean d4if. Value mean dif, Chroma mean 4if,

(dry - moist) (dry - moist) (dry - moist)
Al or AP
Wi 0.37 1.78 0.77
Wo 0.40 1,78 0.82
Am -0101 1086 0.63
Co 0,00 2;34 0-58
Da 0.07 1.94 0.68
Mean 0.14 1.91 0,69
Az or A3
Wi 0.53 1.91 0.29
Wo 0.30 1.96 0.71
Am 0009 2.07 0.87
GO "0036 1.64 0079
Da "‘0.65 1065 0053
Mean 0.01 1.89 0.67
Ea
Wi 0.22 2.25 0.08
Wo 0.07 2.25 0.39
Am 0.07 2;42 0035
Co -0,03 2.74 -0,09
Da ‘3.19 1065 1.13
Mean -0o46 2 026 0.39
5
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
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Chroma also appeared to increase upon drying of the
soil, but to a leasser 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 units higher
in the B horizons., The lesser increase noted in the B
horizons is a reflection of the reading of the higher
chroma moist color in multicolored horizons., The Dayton
32 horizon is an exceptional case again where the lower

chroma color was read for the moist determination,

Horisopn Boundary Distipnciness

The distinetness and topography of horizon boundaries
were described at the time of sampling. Horizon boundary
distinetness was identified by the four conventional clas=-
ses--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 statistical analysis, the distinctness classes identi-
fled in the fileld were assigned the values, 0.5, 1.5, 3.5,
and 7.5 inches, respectively.

The frequency distributions for the horigon boundary
distinctness values of several horizon boundaries of the
Willamette, Woodburn, Amity, Concord, and Dayton samples,
and of all individuels combined are presented in Table 21,

The boundary between the A and the B horizons waas the



Table 21. Frequency Diatributions for Horizon Boundary Thickness (distinctness)
of the Willanette, Woodburn, Amity, Comncord, and Dayton Semples, a&nd
of All Individusls Combined
: A to B (Bl or Bz) : B2 to above : 82 to B
Thickness : 3 (A5, Aq °r<El) :
inches class fWi Wo Am Co Da All3Wi Wo Am Co Da All3Wi Wo Am Co Da All
0.5 abrupt 12 12 19 19 4L 3 2 17 33
1.5 clear 7 3 16 10 L 40| 3 7 10 12 2 34 4 12 26 7 L 53
3.5 gradual |12 17 22 6 5 62|16 13 28 A 61|14 4 9 27
6.5 diffuse 1l 1l

16
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boundary between elther the AB or A2 horigon and the Bl or
B2 horizon., The A to B horizon boundary of all the Wil~
lemette, Woodburn, Amity, and Concord individuals was in
the two distinctness classes=-clear and gradual. Nine of
the Dayton individuals also had A to B horizon boundaries
in these two classes, but 12 of the Dayton individuels had
A to B horizon boundaries in the abrupt distinctness class.
The boundary between the A and B horizons became somevhat
more distinct as the degree of impeded drainage increased,

The boundary between the B, horizon and the horizon
above the B, horizon was between the 82 horizon and &n Az,
A3, or Bl 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 horlzon above
the Bz, 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 varlied in a continuous
manner from one end of the range to the other end, and
would not have naturally segregated groups of solls by the
presence of a minima within the frequency distribution
tabulation of all individuals combined,

The frequency distributions of the 32 to B3 horizon

boundary distinctness classes indicate that this horizon
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boundary tended to become more distinet as the soll became
more poorly drained.

The results of the statistical analysis for horizon
boundery 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 Willamette, Woodburn,
Amity, Conocord, and Dayton samples, respectively. The
differences between the Woodburn and the Amity samples and
between the Concord and Dayton samples were signifieant,

The mean thickness of the boundary between the 82 and
the overlying horizon was about 3,0 inches for the Wile
lamette, Woodburn, and Amity samples, Concord's sample head
a mean of 2,0 inches, and Dayton's sample had a mean of
0.6 inches for this characteristic,

Mean thickness of the B, to BB boundary was 3.2, 1.7,
1.9, 0.9, and 0,7 inches for the Willamette, Woodburn,
Amity, Concord, and Deyton 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 Horiszon
Boundary Thickness

Dif. bet, Standard
Series Ko, of Mean means deviation Range
obs. (inches) (inches) (inches) (inches)

A to B (By or B,)

Wi 19 2,8 1.0 2.0
Wo 20 3.2 -0, 4 0.8 2,0
An 38 2,7 0,5%% 1,0 2.0
Co 16 2.3 0.4 1.0 2.0
Da 21 l.4 0,9% 1.3 3.0
B, to above (45, Ay or By)
Wi 19 342 0.8 2.0
Wo 20 2.8 0.4 1.0 2,0
Am 38 3.0 ~0eR 0.9 2.0
Co 16 2,0 1.0% 0.9 2.0
Da 21 006 104—* 0.3 100
B
2 to B3
Wi 19 3.2 1.2 5.0
Wo 20 1.7 1,5% 1.0 3.0
An 38 1-9 "0.2 009 3-0
Co 16 0.9 1.0*% 0.5 1.0
Da 21 0.7 0.2 0.4 1.0

® S3ignificant difference at l-per cent level,
#%gignificant difference at 5-per cent level,

Soll Texture

The texture of esch horizon was determined at the time
of sampling. The frequency distributions for the field~
determined textures of four main horizons of each serles are

listed in Table 23, The texture of the 32 horigzon veried



Table 23, Frequency Distribution for Field-lDetermined Texture of Four Horizons
of the Willamette, Woodburn, Amity, Concord, and Dayton Samples

——

Toxt. . Ay or A, : Ay or A4 : By : By

elass 3 VW1 Yo Am Co Dat Wi Wo Am Co Das Wi Wo Am Co Dea:t Wi Wo Am Co Dea
sl 1 1l 1

sil 19 20 38 16 21; 18 20 38 11 17| 7 13 23 1l 17 19 37 15 19
sicl 1 5 4| 12 7 15 14 5| 1 1 2
sie 1 9

c 7

$6
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more between series' samples than the texture of the other
horigons, The B2 horizon of each individual was therefore
analyzed for particle sige distribution. The frequency
distributions for the sand, silt, and clay fractions of
the 32 horizons of each serlies' sample are listed in

Table 24.

The percentage of clay in the B, horizon differen-~
tiated the Dayton individuals from theConcord individuals,
None of the Dayton individuals had less than 34 per cent
e¢lay, 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 serles! samples was very 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 per cent or more, The percentage of sand of
the B2 horizon tended to decrease as the soll became more
poorly drained.

The percentage of sand occurring in the B, horizons of



Table 24.

Frequency Distributions for Percentage Sand, Silt, and Cley of B,

Horizons of Yillamette, Woodburn, Amity, Concerd, and Dayton Semples

and of All Individuals Combined
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the soils 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 very-fine
sandy loam textures or alternating strata of very-fine
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 awalts a more comprehensive
understanding of the origin and composition of the Wil-
lamette 8ilt deposit,

The silt content of the Bz horizons did not vary much
between series' samples but varied considerably within the
samples. The range in percentage of silt for all individ-
uals combined was from 33 to 63 per cent. Woodburn's
individuals ranged from 35 to 63 per cent silt, The
individuals of Willamette and Amity varied bstween 35 and
55 per cent silt, Concord's individuals ranged from 38 to

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

The results of the mean statistical analysis for the
mechanical analysis of the B2 horigzon 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 were significant., The s81ilt percentages
were between 41 and 47 per cent for all five series,

The mean percentages of clay in the B2 horlzon were
24.8, 21,4, 23,5, 29.0, and 40.3 for the Willamette, Wood-
burn, Amity, Concord, and Dayton samples. All the differ-
ences between means of adjacent pairs of samples were

slgniflcant,



Series

Table 25,

No. of

100

Sample Statistics for Mechanieal
Analysis of B, Horison

Mean Dif. bet, Standard Range
obs. (¢) means (%) deviation (%
sSand
Wi 19 30.4 8,6 28
Wo 20 31.2 l.2 7.4 27
Am 38 29.9 1.3 4.7 18
Co 16 25,2 LoTh® 4e? 15
Da 21 18,2 T7.,0%% Leb 15
All 114 26,9 7.9 36
Silt
Wi 19 AT 5.8 20
Wo 20 47.3 "'3010 7.7 28
Am 38 4L6.6 0.7 he? 20
Co 16 45.7 0.9 4.3 13
Da 21 41.5 Le2® 4e9 21
All 114 45.1 5.9 33
Clay
Wi 19 24.8 L6 16
Wo 20 21.4 3.4% 3.2 12
Am 38 23.5 -2.1'.’ 2.2 11
CO 16 29.0 “505** 2.9 8
Da 21 40,3 =11 ,3%% 3.8 12
All 114 27.9 7.8 33

# Signifieant difference st S5«per cent level.
k¥%5ignificant difference at l-per cent level.,

Soll Structure

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

Soil strueture was described for type, size, and grade

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,

Struetural type. Table 26 presents the frequeney
distributions of structural type for four main horizons of
the Willamette, Woodburn, Amity, Concord, and Deyton samples.
Only the smaller type is listed for those horizons having
compound structure. The type of structure did not vary
between series in the A, or Ap and A3 or A3 horizons. The
individuels of each series' sample had either granular or
subangular blocky structure in these horizons.

The two poorly drained series, Concord and Dayton, and
the well-drained series, Willamette, had more individuals
with angular blocky structure than subangular blocky
structure 1n the B2 horizon, The other series, Woodburn and
Amity, had more individuals with subangular blocky than with
angular bloecky strueture 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 horigzons of all five

serles.



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

] : ~ Ajer A, : A, or A, : B, or B,, ' B,
Type Wi Wo Am Co Da :Wi Wo Am Co Da Wi Wo Am Co Da Wi Wo Am Co Dea
gr 8 4 14 9 9 i 1 1 1
sbk 11 16 24 7 12 |19 19 37 15 20| 6 16 29 5 0|8 6 11 1 5
abk 13 4 9 11 2@ |4 Oo O O O
pr 3 1 5 2 0O
mass 4L 13 22 13 16

20T
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Structural slze. 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 f£ipne granular and the f£ing 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 exanple,
medium granular and yery fine 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 mm,

The frequency distributions for structural size of
four main horizons of the five series' samples are pre-
sented in Table 27, The distributions prominantly show that
structural size increased with increasing depth of horizon
regardless of soll series. Structural size did not vary
appreciably between soil series in the Ay or Ap, Ay or A3
and the B3 horizons, The size did increase with the degree

of impeded drainage in the B, horizon. The range of size



Table 27. Frequency Distributions for Structural Zize of Four Horizoms of
Willamette, Woodburn, Amity, Concord, and Dayton Samples

H 3 s 3
A2 or A3 82 B3

Size $ Al or Ap H H H

(mm) *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 1l 1l 1l 1l 1
3.5 12 16 22 6 12 (12 13 30 12 17 3
7.5 1 5 6 7 3 3|10 7 25 3
15,0 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 A 13 22 13 16

%01
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values for any one series overlapped consideralbly with ths
range of values of other serles, however, and structural
size did not completely differentlate one series from
other serles,

Table 28 shows that the mean structural sizes of the
Ay or Ap, A, or A3, and By horlzons were about the same for
all five series! samples. The mean structural size was

about 2.6 mm, for the Ay or A, horizon, 4.3 mm. for the A,

P
or A3 horizon, and 60 mm, for the 33 horizon for all five
series,

The mean sizes of aggregates in the B, horizon were
14,2, 12,1, 13.2, 23,6, end 29.3 mm, for the Willamette,
Woodburn, Amity, Concord, and Dayton samples., The differ-

ence between the mesns of the Amity and the Concord samples

was significant,
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Table 28, Sanmple Statistics for Structural Size

Dif. bet. Standard

Series No, of Mean means deviation Range
obs, (mm) (mm) (mm) (mn§
AJ or An
Wi 19 2.6 l.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 0.0 102 3.0
Ag or A!
Wi 19 L7 2.0 6.0
Wo 20 4,6 0.1 2.0 6,0
An 38 L.2 0.4 1.6 6.0
Co 16 bel 0.1 1.7 6.0
Da 21 .0 0.1 1.6 6.0
Bz or B22
Wi 19 14.2 9.8 27.5
Wo 20 12.1 2.1 9.0 31.5
Am 38 1302 -lol 10.0 27‘5
Co 16 23.6 «10,4% 12.0 27.5
Da 21 2903 -507 9.2 705
By
i 158 57,7 &/ 2/
Wo 7 6306 "509
An 16 67.5 -3.9
Co 3 75.0 «7.5
Da 5 51.0 24.0

# significant difference at 5-per cent level,

l/ﬂassiva observations were disregarded when calculating
the mean size of peds for the B3 horizons.

g/bould not be caleulated because the observations with
magscive struedture had infinite sige.
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Structural grade. 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 Aj or Ay and the A
or Aj horigons, The Willamette, Concord, and Dayton
samples each nad more individuals with strong greades of
structure than of other grades in the 32 horizons, The
Woodburn and Amity samples had a total of 13 individuals with
a weak grade of structure in the 32 horizon, 4ll the sam~
ples had some individuals with a moderate grade of struc-
ture in the B2 horison,

The degree of aggregate distinetions was less in the
B3 horizon than it was in the B2 horizon for all five
series. The well-drained 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' means for



Teble 29. Frequency Distributions of Structural Grade for Four Horizons of
Willamette, Woodburn, Amity, Concord, and Dayton Samples

ne—

: Al or Ap : Az or A3 : Bz or 522 : 33
Grade :W1 Yo Am Cc Da sWi "o Am Co Da stWi Wo Am Co Da :Wi Wo Am Co Da
mass (0) 4L 13 22 13 16
weak (1)| 3 l 10 4 1 FA 4 8 6 11 1l 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 13 2 4 1 111 3 3 10 16

80T
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Sample Statistiecs for Structural Grade

Table 300

Standard Range
deviation

bet,
means

Mean Dif,

No. of
obs.

Series
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% g4gnificant difference at l-per cent level,
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structural grade were not significantly different between
any of the series for the 4, or Ap and the A, or A4 hor=-
izons., The more poorly drained socils 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-
cantly stronger structural grades than the Woodburn and
Amity series in the 32 horizon, The Willamette sample's
structural grade was significantly stronger than that of the
Woodburn and Amity serles in both the B2 and the B3 hori=-

zons,

Soil Copsistence

Both moist and wet consistence were described according
to the definitions presented in the Soil Survey Manuel (43,
p. 232-233), Four terms were used to express soil con=-
sistence in each moisture condition. Moist consistence vas
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 ternms
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 nonsticky, slightly sticky, sticky, and very
sticky, and were quantified with the respective numerals 1,
2, 3, and 4 for the statlstical snalysis,

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 Al or A, horizon, and all but four were friable or very

P
friable in the A, or A, horizon. 1In the B, horiszon, each
series'! sample had some individuals with firm consistence,
and in the B, horizon, each sample had some individuals with
very-firm consistence, Therefore, moist consistence did not
differentiate all the individuals of one serles from the
individuals of the other serles.

Almost all of the individuals had slightly sticky con=-
sistence in the A3 or Ay, Ap or A3, and the B3 horizons,
All but two of the Willamette, Woodburn, and Amity individ~
nals taken together also had slightly sticky consistence in
the B, 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 sll individuals combined between the two

groups, so the groups were not naturally segregated,



Table 31. Freguency Distributions for Fileld-Determined Molst and Wet Consistence
of Four Horiszons of Willemette, Woodburn, Amity, Concord, and
Dayton Samples
s Ay or A 3 4, or A 3 B, or B : B
Consist-~t 1 ] 2 3 : 2 22 : 3
ence tWi Wo Am Co Ds Wi Wo Am Co Da Wil Wo 4m Co Da tWi Wo &m Co Da
Mﬁﬂm
vfr (1)(10 15 33 10 10 5 13 28 11 16 1l 4 6
fr (2) 9 5 5 6 11 |11 6 10 5 5 112 13 20 9 7 4 1 4
£1 (3) 3 1 6 3 12 7 Y |7 6 14 9 12
vfi (4) 8 13 20 7 9
Het consigstence
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
s (3) 101 12 8 1
ve (4) 2 13

[49¢
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Table 32 presents the means and other statistical data
for moist consistence of four horizons and for wet con-
sistence of the B, horizon. The mean moist consistence of
the Amity sanmple was significantly more friable than the
Concord, Dayton, and Willamette sample means for the Ay or
Ap horizon, Willamette's mean moist consistence of 1.9
for the A, 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 B, or the 33 horizons.

The B, 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, Concord's mean
wet consistence was significantly more sticky than Amity's

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

Concord!s mean,



114

Table 32, Sample Statistics for Consistence

b-————— e —— e —— ]
Series No, of Mean Dif. bet. Standard Range

obs, means deviation
Molst consistencs
AJ or A
Wi 19 1.5 0.5 1.0
Wo 20 1.3 0.2 0.4 1.0
An 38 1.1 0.2 0.3 1.0
Co 16 1.4 -0, 3% 0.5 1,0
Da 21 1.5 -0.1 0-5 100
A, or A
-3
Wi 19 1.9 0.6 2.0
Wo 20 l.4 0.5%* 0.6 2.0
Am 38 1,3 0.1 0.4 1.0
Co 16 1.3 0.0 0.5 l.0
Da 21 1.2 0.l 0.4 1.0
B2
Wi 19 2.3 0.6 2.0
Wo 20 2.0 0.3 0.6 2.0
Anm 38 2.2 (0,2 0.7 2.0
CO 16 2.4 ‘-0.2 0'5 lno
Da 21 2.7 "‘0.3 0-5 1.0
El
Wi 19 3.2 0.8 2.0
WO 20 306 “0.4 0'6 2.0
Am 38 3.4 0.2 0.7 2.0
Co 16 3.4 0.0 0.5 1.0
Da 21 3.4 0.0 0.5 l.0
Het congistence
B2
Wi 19 2.1 0.2 1.0
Wo 20 2.0 0.1 0.2 1.0
Am 38 2,0 0.0 0.0 0.0
CO 16 3.0 -1.0* 0.5 2.0
Da 21 3.6 "'006’ 0.5 1.0

* gignificant difference at l~per cent level,
#%5ignificant difference at 5-per cent level,
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Sodl Reactlon

Soll reaction, expressed in pH units, was determined
colorimetrically in the field and electrometrically in the
laboratory., The laboratory determinations were statisti-
cally analyzed because they were made with greater pre-
cision,

The frequency distributions for pH of 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 Al or Ap
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 soils
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 Al or Ap 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



Distributions for pH Values of Four Horizons of Willamette,

Amity, Concord, and Dayton Samples, and of All

Individuals Combined

Frequency
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Table 33,
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but one maximum occurred in the frequency distribution
tabulation of all individuals combined. Consequently, thers
was no netural segregation of groups of s0ils in the Wil-
lamette catena,

Table 34 shows the mean values and other statistiecs
for pH of the Willemette, Woodburn, Amity, Concord, and Day~-
ton samples and of all individuals combined. Amity's 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 A, or Ap horizon., The difference of

1l
0.3 units between the Amity and Concord means was signif-
icant in the A, or A3 horizon, Willamette's mean pH was
significantly more &ecid than Woodburn's mean in the 82
horizon., All the differences between means of adjacent

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

3
0.2 pH units between the Woodburn and Amity sample means,
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Table 34, Sample Stetistics for Soill Reaction (pH)

S S T T s S S e T T
Series No. of Mean Dif. bet. Standard Range

obsa, mesans deviation
AJ or A
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
Aa or AE

Wi 19 545 0.2 1.3
Wo 20 5.6 -0,1 0.2 1.1
Am 38 5.5 0.1 0.3 2.1
Co 16 542 0.,3% 0.2 0.7
Da 21 5.2 0.0 0.2 0.9
All 114 5.3 0.2 2.1

EZ
Wi 19 5.4 0.3 1.3
Wo 20 5.7 -0,3% 0.3 1.2
Aﬂ 38 5.8 "O.l 003 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

B

-3
Wi 19 5.6 0.3 0.9
WO 20 6.0 ""O.A* 004 1.8
Am 38 6.2 "002 0.3 1.6
Co 16 6., () 2% 0.4 l.4
Da 21 6.7 -, 3R 0.4 1.7
All 114 6,2 0.4 2.7

# Significant difference at l=per cent level,
*3ignificant difference at S~per cent level,
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Cation Exchange Cgpacity

Cation exchange capaclty is an accessory character-
istic of the kinds and amounts of inorganic and organie
collodial material in the soill, 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
ahould 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 capaec~
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 catlon exchange capacity values for each series in the
Ay or Ap, Ay or A5, and Bj horizons, However, the distri-
butions for the Concord and Dayton observations in the 92
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

Samples, and of All Individuals Combined
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5«per cent level when compared with the frequencies at 22
to 23, and 26 to 27 m.e,./100 g, Thus the soils of the
Willamette catena 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 mean cation exchange capacities of the
five serlies for either the Al or Ap or the A2 or AB 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, Neverthelesa, the mean cation exchange capacity
of the Dayton sample was significantly less than the mean

of the Concerd sample in the Ay or A, horizon., The mean

p
catlon exchange capacities of all the series were between

2 or AB horizon, All the

differences between the means of adjacent pairs of series

15 and 16 m.e./100 g. for the A

vere significant for the Bz horizon, which was to be ex~
pected since these differences were all significant for the
clay percentage of the B, 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 exchenge capacity was significantly

greater than Woodburn's for the B3 horizon, and Concord's
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Table 36, Sample Statistics for Cation
Exchange Capaclity Values

Mean
Series No, of (m.e./ Dif. bet, Standard Range
obe, 100 g) means deviation
Al or A]E
Wi 19 17.6 2.5 9
Am 38 17.5 0.2 2.7 12
Co 16 16.2 1.3 2.4 7
Da 21 15,0 1.2 2.7 10
All 114 16.7 3.0 15
Ag or Aﬂ
Wi 19 14.8 1.8 7
Wo 20 1503 "005 200 7
Co 16 16.2 0.0 2.4 9
Da 21 15.5 0.7 3.1 11
All 114 15.6 2.3 11
B2
wi 19 20.0 2.3 10
Wo 20 18.5 l.5%% 2.2 7
Am 38 1909 "104** 2-10' 8
Co 16 25.9 -6,0% 1.8 7
Da 21 30.7 -l 8% 3.2 11
All 114 23.0 Leb 21
k)
Wi 19 21.1 1.7 6
Wo 20 20,3 0.8 1.2 5
Am 38 21.2 "'009* lol 5
Co 16 23.2 -2.,0% 1,8 5
De 21 23.4 ~0,2 2.5 8
All 114 21.8 2.1 10

# gignificant difference at l-per cent level.
##gignificant difference at 5-per cent level,
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mean was significantly greater than Amity's,
Base Saturation!

The ratio of the sum of the exchangeable bases, calcie
um, magnesium, potassium, and sodium, to the cation ex~
change capacity times 100, here called percentage base
saturation, 1s of interest to the field of soll genesis
because its magnitude 1s related to the degree of leaching;
and it is of interest to the field of so0il fertility because
it 1s related to plant nutrient availability. Since man is
primarily interested in the soil from the astandpoints of
its genesis and of its use, base saturation data are very
useful, The frequency distributions for percentage hase
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 Al or Ap horizon, These

values were 10 to 15 per cent greater than all the other

lThe term "base saturation? 1s 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 sodlum
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 A1l Individuals Combined

— —
—— — m—

Base 4y or Ap H AZ or A3 H By 3 B3

?;g' :Wi Wo Am Co Da All :Wi Wo Am Co Da All :Wi Wo Am Co Da All ;Wi Wo Am Co Da All
30=34 2 1 2 5

35-39 0 2 2 4 1 1 2

4LO0=44 2 1 4 3 10 2 o 0 1 3

45-49 010 4 7 21 0 2 4 O 6

50=54 2 3 5 3 2 15 2 1 4 3 2 12

55«59 5 3 7 1 3 19473 310 3 1 20

606/ A 6 4 1 1 16 5 6 3 1 4 19 1l 1

65=-69 3 2 6 0 11 3 7 4 3 4 21 2 1 1 0 A

TO=T4 2 2 2 0 6 0O 2 8 0 4 14 7 3 2 0 12 1 2 1 4
T5=79 1 1 0 0 2 4 1 4 0 1 10 3 3 6 © 12 2 0 0 2
80-84 0 0 O 0 0 2 1 2 5 3 6 8 0 3 20 5 3 1 g9
85-89 0O 0 0 0 0 2 2 2 413 4 0 23 5 5 6 l 17
90~94 l1 1 o 1l 3 0 2 6 7T 8 23 2 617 3 3 31
95-99 1 0 1l 1 1 1 1 6 10 L 212 6 5 29
100=104 1l 1l 1 1 3 4 9 l1 0 3 4 8
105-109 l1 0 4 6 11
110-114 1 2 3

et



125

individuals and apparently were from sites that had been
limed recently.

The frequency distributions of the Al or AP 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 B, and 33

horizons. Soil reaction showed the asame 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 sach serles 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 wh#n com=
pared with the frequeney 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 scils, however,
since the number of individuals in the minimal segment 1is
only three less than the number of individuals in one of the

maximal segments, The validity of the minimum should be
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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-
gzons, Concord's mean was significantly higher than

Amity's mean for the A; or A, and the A, or A, horizons,

P
and significantly lower for the B, and B3 horizons., The
Dayton mean percentage base saturation was significantly
greater than Concord's meean for the A, or A3 horizon. The
Willamette, 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 for Percentage
Base Saturation

Series No. of Mean Dif. bet,. Standard Range

obs, (%) means deviation
AJ or A
Wi 19 65.3 12.4 48
Wo 20 61.4 2.9 11.8 51
An 38 56,1 5.3 13.0 68
Co 16 45.3 10,8% 8.6 31
All 114 55.6 14.0 70
Ag or A3
Wi 19 62.1 10.3 36
WO 20 64‘6 ""205 505 23
Am 38 63.6 1.0 10.5 46
Co 16 56,2 T 40" 11.8 48
Da 21 67.9 -11,7% 1G6.9 43
A1l 114 63.2 8,0 51
B2
Wi 19 78.3 9.6 36
Wo 20 81¢3 "‘3-0 801 33
Anm 38 84.3 -3.0 609 33
GO 16 90.6 -’6.3* 9‘6 41
Da 21 9309 "303 905 22
A1) 114 85.6 10.0 42
L}
Wi 19 86.6 7.0 25
Wo 20 89.7 "301 802 33
Am 38 92.6 -2.9 6.2 40
Co 16 100.0 "‘704* 4-9 12
Da. 21 10104 "‘1-4 604 21
A1l 114 94.0 7.5 40

¥ Significant difference at leper cent level,
#tgignificant difference at 5-per cent level,
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Excha able Catilo

Calcium, Calcium was the dominant exchangeable cation
in 8ll of the horizons of each series. Frequency distri=
butions for exchangeable calcium values of four main
horizons of the Willemette, 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 A] or Ap horigzon, and
it had the opposite tendency in the B, and B3 horizons. It
had an over-all tendency to increase in relation to depth
of horizon for each series. The unususally high values of

some of the individuals in the Ay or A horizon were proba-

P
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 A; or A, and A, or A3 horizons,

P
and significently higher for the 32 or 33 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 B,
horizon,

Although the amounts of exchangeable calcium in the B2

and 33 horizons vary according to soll 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

me/ 3 Ai or Ap : Ay or A4 : By : By
100 g :Wi Wo Am Co Da All ;Wi Wo Am Co Da All Wi Wo Am Co Da All ;Wi Wo Am Co Da All
2-3 1 4 5} 1 1 2

4=5 1l 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 8 611 1 0 26| 2 611 3 2 24 | 4 4 4 12 1 1l
10-11 2 1 2 l1 6,1 1 & 2 8| 8 611 1 26 | 4 6 1 11
12-13 0O 0 1 1 5 414 2 25 | 8 418 2 5 37
14-15 o 2 2 2 3 7 6 3 21 |6 916 9 12 52
16-17 2 2 1 711 19 |1 3 5 4 13
18-19 6 6
20-21 1 1

62T
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Table 40, Sample Statistics for Exchangeable
Caleium Values

Mean
Series No., of (m.e./ Dif, bet., Standard Range
obs. 100 g) means deviation
AJ or A
Wi 19 8.6 3.1 11.2
Wo 20 8.1 0.5 2.5 8.9
Am 38 7.3 0.8 1.8 9.6
Co 16 5.2 2.1* 1-3 5-0
Da 21 469 0.3 1.8 8.0
All 114 6.9 2.5 13.8
Az or A3
Wi 19 6.3 1.6 6.6
UO 20 7.1 -0.8 1.6 6.4
Am 38 7.3 -0,2 1.7 7.1
Co 16 6.1 1,2%% 1.6 5.9
Da 21 6.6 _005 1.9 7'4
All 114 6.7 1.8 8.0
B
-2
Wi 19 11.0 2.1 7.4
Wo 20 10.5 0.5 204 802
Am 38 1108 "'1;3* 1.9 804
Da 21 17.0 "2.0' 106 6.6
All 114 12.8 3.1 14.0
El
Wi 19 12.9 l.6 5.5
Wo 20 12.7 0.2 1.8 5.6
Am 38 1306 “'0-9“. lcl 5'6
Co 16 14.9 -1,3% 1.2 4.0
Da 21 1404 0-5 1'2 406
All 114 13.7 1.5 7.9

% Significant difference at l-per cent level,
¥23ignificant 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 By horizonm,

Magpesium. 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 B, horizon. The minimum at 6 m.e. mg./100 g.
of soil was significant at the 5=-per cent level.

The exchangeable magnesium mean values are listed in
Table 42. Dayton's sample mean for the 32 horizon was five
times greater than it was for the A, or Ap horizon, while
Willemette's sample mean was only two times larger in the
Bp horigon than it was in the 4, or Ap 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 A; or Ap

horison,



Table 41.

Frequency Distrlbutions for Exechangeable Magnesium Values of Four

Horiszons of Willamette, Woodburn, Amity, Concord, and Dayton Semples,
and of All Individuals Combined

-

M H H H] H
ma? . Ay or Ap Ay or A4 . By . 33
100 g Wi Wo Am Co Da All :Wi Wo Am Co Da All :Wi Wo Am Co Da All ;Wi Wo Am Co Da All
1 L 711 5 6 33 3 2 1 2 8
2 12 9 24 11 12 68 {12 14 25 5 2 58 1 1 1 1l
3 3 4 3 3 13 3 410 7 8 32 8 7 5 20 1 3 5 9
4 1 1 0 7 9 7 8 9 1 25 (11 13 19 33
5 1 1 2 4 3 517 0 25 5 311 19
6 1 1 2 1 5 1 7 1 1 3 2 7
7 1 1l 1 5 1 7 g8 4 12
8 5 1 6 4L 10 14
9 2 3 5 0 13 3
10 1 3 4 1 1 2
11 1 4 5 1l 2 3
12 6 6 0 0
13 2 2 1 1
14 0 0
15 1 1

eeT
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Table 42. Sample Statisties for Exchangeable Magnesium

b e e~

Meean
Series No, of (m.e./ Dif., bet. Standard Range
obs., 100 g) means deviation

A; or A
Wi 19 2.0 0.5 1.9
Wo 20 1.9 0.1 c.7 2.6
Am 38 1.9 0.0 0.5 2.3
Co 16 1.8 0.1 0.3 1.0
UB. 21 1.9 "'Ovl 0.6 205
All 114 1.9 0.5 2.7

Ag or Az
Wi 19 2.2 0.6 2.4
Wo 20 2.1 0¢1 0.5 109
Am 38 2.5 ’004 0.7 304
CO 16 2.8 "0.3 1-2 406
Da 21 307 "009** 104 4.9
A1l 114 2.6 1.0 6.1

Bg or B22
W1 19 3.9 0.8 3.5
Wo 20 3.9 0.0 0.8 2.8
Anm 38 zﬁo6 "'007* 1'0 408
CO 16 7.8 "’3.2* 106 700
Da 21 11.0 "302* 200 308
All 114 6.0 3.0 13.0

L& ]

Wi 19 bed 0.8 3.3
WO 20 5.0 ”0.6** 006 300
Am 38 5:10 -OOA** 008 303
CO 16 7.6 ""202* 1.1 A09
Dsa 21 8¢6 "100** 106 6.7
All 114 6.0 1.8 11.0

# Significant difference at l=-per cent level,
*#gjponificant difference at 5-per cent level,
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Mean exchangeable magnesium values of the A, or Ag
horizon were 2.2, 2.1, 2.5, 2.8, and 3.7 m.e./100 g. for
the Willamette, Woodburn, imity, 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 A, horizon, the mean per-

3
centage magnesium saturation varled 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 exchangeeble magnesium values of the 32 horizon
were 3,9, 3.9, 4.6, 7.8, and 11,0 m.e./100 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=-
slum saturation varles between soils, whereas calelun
saturation does not.

The exchangeable magnesium date showed the same trends
in the B3 horizon as they d4did in the 32 horizon, Both the
m.8./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 Willemette, 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.

Potgggium. Potassium was the third most abundant
exchangeable metallic cation in nearly all horizons of all
five series' samples. The B, horizon of the Dayton sample
had slightly more exchangeable sodium than potassium, The
frequency distributions for exchangeable potassium values
are tabulated in Taeble 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 distribution for the B, horizon
is noticeably wider than those of the other soils., The
wide apread of these distributicens 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
individusals 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 n.e,

/100 g. for the Ay, A3, By, and B3 horizons, respectively,



Table 43. Frequency Distributions for Exehangeable Potassium Values of Four
Horizons of Willamette, Woodbura, Amity, Concord, and Dayton Samples,
and of All Individusals Combimed

—_—

K

me/ : Al or AP : Az or 53 : 82 : 33
100 g Wi Wo Am Co Da All ;Wi Wo Am Co Da All ;Wi Wo Am Co Da All ;W1 Wo Am Co Da All
C.1 1 111 13 2 2 510 11 l 1
0.2 3 614, 7 30 316 9 11 39 6 6 12 4 3 8 15
c.3 1 512 0 2 20 2 312 2 19 2 422 14 14 56 5 13 26 13 12 69
0.4 1 1 6 1 1 10 2 3 2 7 5 4 8 2 6 25 6 6 7 19
0.5 1 0 3 4 4L 3 2 9 3 3 1 1 8 3 0 3
0.6 4 3 3 10 3 4 2 9 3 1 1 5 2 0 2
0.7 2 1 3 6 3 0 O 3 0 O 0 3 1l 4
0.8 1 2 1 4 0 0 1 1l 3 1 A

c.9 2 2 0 4 3 0 O 3 1l 1

1.0 1 1 2 4 0 1 1 2 0 0

1.1 4 0 0 A 1l 1l 0 0

1.2 0 0 0 0 0 0 1l 1

1.3 0 1 1 2 0 0 1l 1l

l.4 0 0 1l 1l

1.5 (4] 0

1,6 1 1l

2.0 1 1

9¢T
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None of the other individuals had potassium values higher
than 0.7 m,e./100 g. in the B3 horigzon, 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 Willamette 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 Ay or A_ horizon, Amity's mean

P
wag significantly greater than Concord's mean. The
exchangeable potassium values had been confounded by dis-
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 AB horizon than they were in the 4, or
Ap herizon for each series. The mean values were also lower
in the B, horizon than they were in the A or A3 horizon
for the Willamette and Woodburn series, but they were
higher in the B2 horizon than they were in the A, or A4
horizon for the Concord and Dayton series. The poorly
drained soils had about the same amounts of exchangeable

potassium in the 33 horizon as the moderately well and im-

perfectly drained soils, This phenomenon is a departure
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Table 44. Sample Statistics for Exchangeable
Potassium Values

Mean
Series No. of (m.e./ Dif. bet. Standard Range
obs, 100 g) means deviation
A] or A
Wi 19 0.87 0.41 1,65
Wo 19 0.56 0,31%% 0.31 1.04
An 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
Az or AE
Wi 19 0.66 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
Bg or ng
Wi 19 0.62 0.29 1.00
Wo 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
All 113 0.39 0.21 1.13
By
Wi 19 0.47 0.14 0.44
Wo 19 0.33 0.14% 0,04 0.16
Anm 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 0,0 0.59

# Significant difference at l-per cent level.
*x3ignificant difference at 5-per cent levsl,
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from the trends observed for caleium and magnesium, where
it was noted that the amounts of exchangeable calcium and
magnesium increased in the B3 horizon as the degree of
impeded draeinage increased,

Sodjum. 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 vealues
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 A or Ap and the A, or A5 horigons. They
were 0,15, 0,13, 0,16, 0,11, and 0.1l m.e./100 g. for the

Ay or A horizon; and 0.16, 0.14, 0.17, 0.12, and 0.13 m.e.

1
/100 g. for the A, or A, horizon in the usual order of
listing.

The exchangeable sodium means of the B, horison were
0.23, 0.20, 0.24, 0.27, and 0.4l 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 All Individuals Combined

—_  — — — —— — ———————————

H 3 s 3
ns/ 3 Ay or A . Ay or A, . B, or B,, : By

100 g 3Wi Wo Am Co Da All :Wi Wo Am Co Da All :Wi Wo Am Co Da All :Wi Wo Am Co Da All

.05 3 356 3 1152 1 3 2 811 1l
.10 2 5 9 914 39| 3 6 5 8 8 30| 1 2 3 6 |1 1
«15 5 5 5 1 4 205 710 5 7 34| 4 7T 5 4 2 22 3 4 5 1 1 14
.20 7 512 2 1 27 4 412 1 1 22 3 5 9 4 0 21 3 7 5 4 2 21
25 2 2 51 0 10{ 4 2 3 1 1 11| 6 3 7 2 2 202 0 7 4& 3 16
.30 2 0o 2 1l 5 11 8|2 2 9 1 3 17 | 4 5 6 1 6 22
.35 1 1 1 10 1 5 1 6 13 1 314 2 3 23
40 0 1 1 2 1 01 2 2 6
45 4] 1l 2 3 1l 1 o 3 5
.80 1 2 2 5 | 2 0 0 2
«55 1 2 3 0 2 1 3
.60 1 1
1.45 1 1

oYt
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Table 46. Sample Statistics for Exchangeable Sodium
W

Mean
Series No. of (m.e./ Dif, bet. Standard Range
obs, 100 g) means devistion
A] or A
Wi 19 0.15 0.07 0.19
Wo 20 0.13 0.02 0.06 0.22
Co 16 0.11 0.05% 0.05 0.20
Da 21 0.11 0.00 0.06 0.27
All 114 0.13 0.06 0.31
A_or A
A
Wi 19 0,16 0.07 0.22
Wo 20 0.14 0.02 0.05 0.19
An 38 0.17 ~0,03 0.07 0.25
Co 16 0.12 0.05% 0.06 0.20
All 114 0.14 0.06 0.29
B2
Wi 19 0.23 0.12 0.48
Wo 20 0.20 0.03 0,07 0.26
Anm 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
A1l 114 0.27 0.15 1.39
By
Wi 19 0.32 0.20 0.88
Wo 20 0025 0.07 0.09 0032
Am 38 0.28 -0,03 0.08 0.27
Da 21 0.32 -0.03 0.11 0.41
All 114 0.29 0.08 0.88

* Significant difference at l=-per cent level,
##gignificent difference at S-per cent level,
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Orgenic Carbop

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 A, or AP 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.l per cent were from sites that had

been recently burned., Charcoal and ash were observed in



Frequency Distributions for Percentage of Organic Carbon of Two

Horizons of Willamette, Woodburn, Amity, Concord, and Dayton Samples,

and of All Individuals Combined

Table 47.
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Table 48, Sample Statistics for Percentage of Carbon

Series No. of Mean Dif. bet. Standard Range

obs, (%) means deviation
A
] or A
Wi 19 2edy 0.8 2.7
Wo 20 2.3 c.1l 1.1 Lo
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 5.1
Az or Az
Wi 19 0.8 0.4 1.1
Wo 20 0.9 -0.1 004 108
Am 38 0.9 .0 0.5 1,6
Ce 16 0.7 0.2 0.3 0.8
De 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, Most 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
leaser range of values in the A, or A4 horison than in the
Ay or Ap horizon. The trend of the frequency distributions
within a horizon was toward lower values as the soil became
more poorly dreined, 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 A4, or A horizon were 2.4, 2.3, 2.2, 1.9,

P
and 1.6 for the Willamette, Woodburn, Amity, Concord, and
Dayton samples, None of the differences between means of
adjacent pairs waa significant, although Dayton's mean was
significantly lower than the means of the Willamette,
Woodburn, and Amity samples.

Mean carbon percentages for the Az or A3 horigon 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, DPayton's sanmple

mean was significantly lower than the means of the other

soils,

lotal Nitrogen

Total nitrogen percentage of the upper two horizons
vas determined so that the carbon=-nitrogen 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 sam=-
ples 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-
uals combined was 0,15 per cent in the A; or A  horizon and

P
0.07 per cent in the A, or Aqg horizon,



Table 49.

Frequency Distributions for Percentage of Nitrogen of Two
Horizons of Willamette, Woodburn, Amity, Concord, and Dayton Semples,
and of All Individuals Combined

[ )
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4 4 10 2 5 25

3 1 1l 1l 6 4 6 5 9 2 26

2 5 1l 6 17 2 2 4 1l 2 11

2 5 3 5 22 2 3 5

A 4 1 4 15 0 5 5

1 8 4 2 21 0 0

2 9 4 1l 17 1 1l
4 3 1l 0 8
1l 2 1l 1l 5
0 1 0 1
1 0 1
0 0
1l 1l

CAAS
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Table 50, Sample Statistics for Percentage of Nitrogen

Series No., of Mean Dif, bet, Standard Range

obs. (%) means deviation

A] or AE
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

Aa or A3
Wi 19 0.06 0.02 0.06
Wo 20 0.08 -0,02 0.03 0.14
Am 38 0.08 0.00 0.03 0.11
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 Ratlog

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 ce¢arbon=nitrogen ratio has been found to be
among the more constant parameters for characterizing soil
organic matter of a particular climatic or vegetative zone,

The frequency distributions for the carbon~nitrogen
ratios of four main horizons of the Willametts, Woodburn,
Amity, Concord, and Dayton samples are tabulated in Table
51, Five of the individuals had carbon-nitrogen ratio
values greater than 21 in the Al or Ap horizons, These
individuals were all sampled from sites had had never been
cultivated, and three of them were from gites that had been
recently cleared and subsequently burned. Even 1. these
five individusals are disregarded, the frequency distribution
tabulations indicate that the carbon=-nitrogen ratio tended
to become narrower as the degree of impeded dralinage in-
creased,

The sample means for the earbon-nitrogen ratilos are
listed in Table 52. The carbon-nitrogen means in the Al
or Ap 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 significant-
ly narrower than Wlllamette's sample mean, Concorcd's sample
mean was significantly narrower than Amity's sample mean,
and Dayton's sample mean was significantly narrowor than

Concord's sample mean,

The carbonenitrogen ratio means were three to four



Table 51. Frequency Distributions for Carbopn-Nitrogen Ratios of Two Horizons
of Willamette, Woodburn, Amity, Concord, and Dayton Samples, and
of All Individuals Combined

e —

C X : Ay or Ap : Ay or Aq
ratio Wi Wo Am Co Da All Wi Wo Am Co Da All
4=5 1l (S 7
6=7 1l 4 3 6 1%
8-9 1l 1l 2 4 15 6 5 32
10-11 2 5 14 21 5 8 11 5 4 33
12-13 1l 12 22 9 6 50 1l 5 8 1l 15
14-15 4 5 10 1l 20 8 2 10
16=-17 7 1 2 1l 11 3 3
18-19 4 0 0 4
20-21 1l 1 0 2
22-23 1l 0 0 1l
24-25 0 0 1l 1l
2627 0 1l 1l 2
28«29 1l 1l

671
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Table 52, Sample Statistics for Carbon-Nitrogen Ratios

Series No. of Mean Dif. bet. Standard Range

obs. means deviation
Ay or Ay
Wi 19 17.2 3.7 16
Wo 20 1405 2.7*' 305 lk
Am 38 13.8 0.7 2.9 15
Co 16 12,1 1,7%% l.5 6
Da 21 11.1 1,0%* 1.1 4
All 114 13.7 3.5 19
Ap or 44
Wi 19 13,0 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
All 114 9.9 2.8 13

» Significant difference at l-~per cent level,
##g4gnificant difference at 5-per cent level,

units smaller for each sample in the A2 or A3 horizon than
they had been in the Aj or Ap horizon, The means were 13,0,
10.7, 9.8, 8.8, and 7.2 for the five series' pamples in
the same order of listing as above. The differences be~
tween the means of the Willamette 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 serjeg. Significant differences between the
mean values of the predetermined soil series were found for
some of the morphological, chemicel, and physical character-
istice, One of these characteristics had beer used to
classify the 114 individuals into four natural drainage
classes-~-that 13, depth to evidence of impeded drainage.
Others were directly related to the characteristics used as
differentia, such as the percentage of clay in the B, hori-
zon which was related tec the texture, and Munsell color
notations which were related to the degres of impeded drain-
age,

Certain of the characteristics associated with the de-
gree of impeded dralnage were statistically analyzed jointly
to test thelr combined abilities for discriminating the
individuals, Five characterisiies that showed large differ-
ences beitween the means of the Willamettie and Dayton
samples, and consistent trends in relation to degree of im-
peded drainage were selscted for the multiple characteristic
analysis, They were (xl) inches to evidence of impeded
drainage (mottling), (x;) dry hue of the A, or A, horizonm,

(x3) dry chroma of the Ay or A5 horizonm, (XL) dry hue of the
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B, horizon, and (15) dry chroma of the B, horizon,

The multiple characteristic analysis was performed by
the disceriminant function analysis method of Fisher (18,

p. 179-188; 19, p. 376~3863 and 20, p. 422=-429). Fisher
has shown that the discriminant 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. Discriminant function analysis simplifies
the problem by reducing the n measurements to a single
variate by using a linear compound of the several varlables
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 = byxy) 4+ byxp 4 +++e¢ byxy,
where by = specific characteristic coefficient,

and x, = value of specific characteristic,

The square of the maximum difference (D?) in mean

values of this compound for p samples 1is

(1) (bydy 4 bpdp 4 +o=eee bpdp)?,
where d4 = maximum mean difference for a specific character-

istie.

The variance (s2) of the compound function is

"
(2) S5 SSy4byby,
vhere SSij = sums of squares or products within popula-
tions.,

The coefficients are detsrmined 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

SSyyby # SSypbp+ ceesee SS1sbs= dj
SS12by + SSppba4 ccctcc SSysbs= dp
§S14b + SS,3by4 cecene 8Sy5bg= dy
$Sq,by+ SSp,bp+ eecter SS,sbg= 4y

SSl5bl+ 8325b2+ ses v SSs5b5= ds .

The sums of squares and products of the five character-~
istics related to degree of impededdrainage 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 (bi) 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 series 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, Woodbura, Amity, Concord,
and Dayton Samples

Depth to Dry hue, Dry chroma, Dry hue, Dry chroms,
mottling Ay or A4 Ay or A, By B,
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
A, or A
3
Dry chroma, 36.39 -12,05 27.63 -6.26 9.97
A, or A
2 3
Dry hue, -23.15 80198 -6¢26 22.31 "9065
B
2
Dry chroma, 19.22 1,46 9.97 =9.65 14.36
B
2

139 4



Table 54.

—

Matrix of Multipliers Reciproecal to the Sums
of Squares and Products, within Series

—

—p——
it

——-
—

——
—

Depth to Dry hue, Dry e¢hromna, Dry hue, Dry chroma,
mottling Az or As An or Aj By By
Depth to 0.0003994 0.0006751 -0.0000834 -0.0000593 -0,0004478
mottling '
Dry hue, 0.0006751 0.0404671 0.0212263 -0.0193291 ~0,0245157
Az or A3
Dry chroma, -0,0000834 0.0212263 0.0599464 -0,.0117786 ~0.0472656
A2 or AB
Dry hue, -0,0000593 -0,0193291 -0,0117786 0.0726389 0.0551056
BZ
Dry chrona, =0,0004478 -0,0245157 -0,0472656 0.0551056 0.1375921

By

9¢T



Table 55.

Observed Means for Five Characteristics of the Willamette, Woodburn,
Amity, Concord, and Dayton Samples and Their Greatest Differences

e ]

Difference(d)
Wi Wo An Co Da (Wwi-Da)
Depth to 45.3 28.4 17.8 6.8 4.6 L0.7
mottling
A, or A
2 3
Dry chroml’ 3.34 3.26 2,98 2,51 2,29 1.05
A, or A
2 3
Dry h“B’ "0018 "'0.05 0001 0044 0.86 -1.04»
By
Dry Chrcna, 3-55 3«51 3.21 2.85 2065 0.90

By

LST
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equivalent to -~0,.13,
The resultant coefficients were b, = 0,0150, b, =
-0.0036, b

0.0030, b, = «0,0162, and b5 = 0.0298, The

3= 4
coefficient for dry chroma of the A2 or AB horizon (b3) was

gssigned unlity and the resultant discriminant function was

I = 5.OBx1 -], 20x, ¥ x -S.LBxL + 10,00x..

2 3 5

The discriminant funection index value (X) was deter-
mined for each of the 114 individuals. The results of the
analysls 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 solls are segregated according to drainage class,
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to be sure, but of even more importance for the objective

of this study 1s 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 Willamette 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 funection.

The minimum at 215 index units does not exactly cor-
respond with the class boundary between the moderately well
and the well=dralned soils as they were defined for this
study. Two of the 20 Woodburn individuals are within the
natural group comprised of the Willamette individusals.,
Perhaps 1t 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~drailned
soils would have index values less than 210,

The minima in the diseriminant funetion histogreanms
reflect the minima in the depth to evidence of impeded
drainage histogram. The differences beiveen 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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individuals with zero depth to evidence of impeded drainage
were spread over 40 discrimlinant function indices, because
of variations in hue and chroma. The five Willamette
individuals assigned the value of 60 inches to depth of
evidence of impeded drainage were spread over 20 discrimi-
nant function index values for the same reason. The maxima
of the Amity and Woodburn samples are better defined in the
diseriminant funetion histogram than they are in the depth
to evidence of impeded drainage histogranm.

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-
ence 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 4, or A3 horison (Table 55). The one difference is
40 times that of the other, Depth to evidence of impeded
dralnage also had a much greater variance than the other
characteristics, however, Subsequently, its coefficient
for the compound function was only flve times greater than
the coefficient for dry chroma of the A2 or A3 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 wes
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 catena soils are naturally grouped

into four bell-shaped 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,

A second discriminant

function was used to discriminate the Concord and Dayton
individuals., 8Six characteristics were selected that had
significant mean differences between the two series. They
were (x;) percentage of clay of the B2 horizon, (xz) per-

centage of silt of the B, horizon, (13) dry value of the

2

Ay or A, horizon, (xL) dry value of the A, or A4 horiszon,

P
(x5) distinctness of the By to the above horizon boundary,
and (x6) pH of the By horizon.

The means and the differences between the means of
each series are presented in Table 58. The matrices of the
sums of squares and products and of the multipliers re-

ciprocal to the sums of squares or products are presented

in Tables 56 and 57, respectively., The discriminant



Table 56. Sums of Squares and Products, within Serles, for Six

Characteristics of Concord and Dayton Samples

——
——

— —

]

: Per cent ! Per cent 32 Dry value,®! Dry value,®B, to above ?
s clay s silt ! Ay oraA A, or A3 *hor. bound. ! pH, B4
3 B, : B, : P ! thickness °*
3 3 3 3 3
Per cent 416.94 -244.83 24,20 13.57 6.93 10,58
clay, 32
silt, 32
Dry value, 24.20 -14.04 8.79 7.26 -2.,96 2.91
Al or A
P
Dry Value, 13057 "20087 7.26 11043 -’2014 3'03
A, or A3
B, to above 6.93 -22.55 -2,96 -2.14 13.81 1.02
horizon
boundary
thickness
pH, B, 10,58 -24,17 2.91 3.03 1,02 5.29

€91



Table 57. Matrix of Multipliers Reciprocal to the Sums of Squares

and Products, within Species

e
! Per cent ! Per cent

—_—
Dry value,® Dry value,?! B, to above !

]
clay : silt $ A, or A 3 A, or A3 ! hor. bound. ! pH, B3
$ B, 3 B, s P ! +thickness
H 3 3 i 3
Per cent 0.0036996 0.0010925 «0,0153338 0.0060271 -0,0026532 0.0030871
elay, B,
Per cent 0.0010925 0.0019502 =0.,0046594 0.0037366 0.0017130 0.0068180
silt, B2
Dry value, -0,0153338 =~0.0046594 0.3363081 =0.1708679 0.0521780 -0,0878145
Al or A
P
Dry value, 0.0060271 0,0037366 ~0.1708679 0.1993341 -=0.0015599 -0.0148611
A, or A
2 3
B> to above -0,0026532 0.0017130 0.0521780 «0,0015599 0.0898453 =0,.,0320002
horizon
boundary
thickness
pH, B3 0.0030871 0.0068180 «0,.0878145 =~0.0148611 =0.0320002 0.2770021

79T



Table 58,

Observed Means for Six Characteristics of the Concord and
Dayton Samples and Their Differences

! Per cent

! Per cent

! Dry value,® Dry value,? By to above

:
3 clay 3 silt ! A. or A_ % A, or A, ! hor. bound. * pH, B
: B, : B, s 1 P 2 3 : thickness @ > 3
z 3 ] : H :
Concord 29,1 45.7 493 5.61 2,00 6.41
Dayton 4003 4105 5027 6.10 0059 6.70
(Concord -
Dayton)

S9T
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function coefficients were by = ~0.0394, b, = =0,0039,
After assigning unity to the coefficient for the percent-

age of silt of the B, horizon (bz), the discriminant

2
function (X) was

X = 9.981l + X, -56.07x3 + 22.703:4 -39.52x5 + 23.97x6.

The resulis of the diseriminant 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 separsted by
a minimum at the index value of 340. Thus it might 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 semples when analyzed separately. Five of them had
ranges of values that overlapped between the two samples.
Values of percentage of clay of the 82 horizon did not

overlap between the series, but they were not discontinuous

between the series, either,
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Figure 4. Frequency histograms for discriminant function wvalues
of the Concord and Dayton 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. 1In other words,
neither histogram has a well-pronounced 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 deseribed

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
characteristica, Some characteristics had average values
that became greater as the soll became more poorly drained,
and others showed the opposité 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 Willamette's mean was
expressed as the ratio of a specific series' mean to the
mean of Willamette's sample, The ratios sare summarized in
Table 59.

The ratios indicate the proportionate difference of
each series' mean for a specific characteristic from the
mean of the Willamette 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-
nals 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 conflieting 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
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Table 59, Summary Analysis of Some of the Characteristics
Expressed as the Ratio of the Mean Value of
Each Series' Sample to the Mean Value of the
Willasmette Sample

et el
Ratio of dissimilarity
from the Willamette sample

Characteristic Wi Wo Am Co Da
Depth to mottling 1,00 0.63 0.39 0.15 0.10
Per cent clay, B " 0.86 0.95 1.17 1,62
Per cent silt, B, J 1,06 1.04 1,02 0.93
Per ecent sand, Bj " 1.03 0.98 0.83 0.60
Dry value, Ay or A, " 0.98 0.98 1.07 1,18
Dry value, A, or A3 " 0.94 0.98 1,12 1,22
Dry value, B, " 1.00 1.04 1.14 1.14
Dry value, B " 1.00 1,00 1,12 1.12
Dry chroma, il or A " 1.00 0.93 0.86 0.89
Dry chroma, Ap or Aj " 1.00 0.91 0.76 0.70
Dry chroma, Bjp " 0.97 0.89 0.78 0.73
Dry chroma, B " 1,00 1,00 0.94 0.94
Dry hue, Ay of A, " 0.96 1,00 1,00 1,60
Dry hue, Ay or A, " 0.96 1.04 1,17 1.46
Dry hue, 3, " 1.04 1.08 1,26 1.49
Dry hue, Bj " 0.96 1.00 1.04 1,08
Hor., thickheas, By n 0.68 0.73 0.68 0.85
Hor, thickness, " 0.63 0.72 0.81 0.75

By B
Solum thickness, to

0.82 0.85 0.89 0.83

B
Bou%d. thickness

B> to above hor, " 0.88 0.94 0.62 0.19
B, to B " 0.53 0.59 0.28 0.22
2%t0 B (B or By)  ° 1.15  0.96 0.81  0.51
M. consistence, 43 " 0.80 0.73 0.93 1,00
or A
M. congistence, A, " 0.74 0.68 0.68 0.63
or A
W. congistence, B, " 1,00 1,00 1.50 1.80
Struc, size, By " 0.85 0.93 1.66 2.06
Struc, grade, Ay to " 0.95 0.95 0.85 0.75
A
strae. grade, By " 0.76 0.76 1.04 1.12
PH, Ay or A, " 1,00 0.96 0.91 0.89
pH, Ay or A, " 1.04 1,02 0.96  0.96
pH’ B2 n 1.07 1.07 1.07 1011
pH, B3 " 1.07 1.11 1.14 1020
C., E."Cap., 4; or A, " 1,01 0.99 0.93 0.83
co EO capo’ B?_ " 0093 1000 1030 1054
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Ratlo of dissimilarity
from the Willsmette sample

Characteristic Wi Wo Am Co Da

C. E. Cap., B3 1,00 0.97 1.01 1.10 1.11
Per cent base sat, " 0.94 0.86 0.69 0.74

Al or A
Per cent base sat, : 1.04 1.02  ©.90  1.09

Al or A
Per cent base sat, B, " 1.04 1.08 1,16 1l.20
Per cent base sat, By " 1.04 1.07 1,16 1.17
Exch, Ca., A3 or Ay " 0.94 0.85  0.60  0.57
Exeh., Ca., A, or A3 " 1,12 1.16 0.97 1,05
Exch., Ca., B | " 0.96  1.07 1,36 1,54
Exeh, Ca,, 33 " 0,98 1,05 1.16 1.12
Exch, Mg., A3 or A, " 0.95 1,14 1,27 1.68
Exch., Mg., B2 " 1.00 1,18 2,00  2.82
Exch., Mg., Bj " 1.14 1.23 1.73 1,96
Exch, K, Ay or Ap n 0.64 0.51 0.24 0.19
Exeh. K, Ay or Aj " 0.64 0.48 0.27 0.21
Exch. K, B? " 0.62 0053 0052 0055
Exeh. K, B " 0.70 0.68 0.64 0.57
Exch, Na, 22 or A, " 0.88 1,06 0.75 0.81
Per cent C, Ay or Ap n 0.96 0.92 0.79 0.67
Per cent C Ay or Ajg n 1.12 1.12 0.88 0.62
C~=N ratio, Al " 0.84 0.80 0.70 0.64
Sum 55,00 50.64 50,77 52.06 54.90
Adjusted sums*

a) pocitive no, 0.00 0,97 1.59 5.76 10,48

b) negative no. 0,00 =5.33 =5.8] =8,70 <-10,38
Totel 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 less than
1,0, Then the positive and negative numbers were added
separately. These sums are also shown in Table 59, Wil=~
lamette's net value was zero in both instances, naturally.
Positive trending characteristies increased proportion-
ately more between the Amity and Dayton series than they
did between the Willamette 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 Willamette series,
The values are 0.00, 6.30, 7.40, 14.46, and 21.06 for the
Willamette, Woodburn, Amity, Concord, and Dayton samples,
reapectively. The degree of dissimilarity increased pro-
gressively as the degree of impeded drainage ilncreased.
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 incresses 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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character was less between the Woodburn and the Amity series

than it was between the other 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 characterlistics.

Significant minima were found in the frequency distri-
sution tabulations for the four characteristicss (1) depth
to evidence of impeded drainage, (2) cation exchange
capacity of the 82 horizon, (3) base saturation of the BB
horizon, and (4) exchangeable magnesium of the B4 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 dralnage for the natural
drainage clesses in this catens,

The frequency distribution tabulations for the cation
exchange capacity of the B, horizon, and for the exchange-
able magnesium of the B3 horizon each had one minimum which

sepaerated 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-
uals,

Natural groupings among these soils were also indicated
by the results of the discriminant 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 filve
variables: (1) depth to evidence of impeded drainage, (2)
dry hue of the A, or A5 horison, (3) dry chroma of the A,
or Aj horizon, (4) dry hue of the B, 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 individuels
occurred in the natural group containing the well-drained
Willamette individusals.

The poorly drained Concord and Dayton individuals were
segregated into two natural groups by a discriminant func-
tion comprised of the six variables: (1) percentage clay
of the By horizon, (2) percentage silt of the B, horizon,
(3) dry value of the 4) or Ap horizon, (4) dry value of
the A2 or A3 horizon, (5) thickness of the boundary between
the B, horizon and the overlying horizon, and (6) pH of the

33 horizon,
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The evidence presented here for natural groupings of
soils suggests that a large proportion of the recognized
soll series are in reality natural grouping. The soill
series may not eppear to be naturally separsted from
neighboring soil series according to any one characteristie.
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 individuals of one
mixed population was suggested in this study by discriminant
functions, which in effect reduced the n-dimensional aspace
to one dimension by replacing the several measurementa by a
suitably chosen linear compound,

One of the several characteristics used in each of
the discriminant 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

overlappingz ranges between populations would probably not
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completely diseriminate between populations., Discriminant
functions are best for classifying individusls when they
contain the variables that differ the most ir mean values
between populationsa, 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 diseriminant funetion has a refined mathematical
basis, and i1s the best linear compound function for classi-
fication when the selected variables are multivariate
normal and the variance i1s the same within populations,
However, it has limitations as far as practical application
i8 concerned, The means and varlances in the probability
distributions used to determine the coefficients are usually
not known. The only solutlon is to obtain thelr best esti-
mates from a sample and substitute them for the unknown
values in setting up the diseriminant funetion. 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 semple 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
8ilt 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 whols population. The proportionate amounts of

each series are not known for the population, but the
proportions of the series in the sample are roughly con-
mensurate with the proportions mapped in Marion County.

The rslative amounts of the scries represented by the same-
ple were 17, 19, 32, 14, and 18 per cent for the Willamette,
Woodburn, Amity, Concord, and Dayton éeries, respectively.
The relative proportions of the series mapped in HMarion
County are approximately 43 per cent for the Willamette

and Woodburn series combined; and 42, 7, and 8 per cent

for the Amity, Concord, and Dayton series (42, p. 12),

The accuracy of the measurements made on some of the
norphological characteristics may be questioned because of
its dependence upon the perceptiveness and Judgement of
the obaserver., One observer made all of the morphological
measurements to the best of his ability according to the
standards and definitions of the Soil Survey Manual (43,

503pp.). Any errore made in the measurements requiring
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personal 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 influ-
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 Willamette 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 natural
groupings are homogeneous enough for practical use objee~-
tives, care must be exercised in defining classes to avoid

meking class separations at points not representing natural
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limits, Arbitrary separation of classes at values other
than natural 1limits 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 serles, 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, pedologists 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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