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ABSTRACT

Investigations of Podzol development in the regions
of Eastern Canada reveal that those soils possess por-
file characteristics that differ in many respects from
Podzol soils reported elsewhere. This study presents
the physical and chemical characteristics of soils occur-
ring on a given slope and evaluates the factor of topo-
graphy in their development.

Four soil profiles were selected to represent the
variations in this toposequence. Core samples were
taken of the various horizons in the several profiles
from which was obtained data on percolation rates and
bulk densities. Bulk samples of each horizon were used
for other physical and chemical analyses.

The A, horizon was present in all profiles and in-
creased markedly in thickness with decreasing slope. The
A, horizon that occurred in the well drained positions
was replaced at the base of the slope by an A; horizon.
The overall depth of profiles decreased with decreasing
percent of slope.

In order to estimate net gains and losses within the
profiles a modification of the resistant mineral method
used by Marshall and Haseman was applied. This study
used total silica, instead of zircon as the resistant
reference mineral.

Results showed that there had been a net gain in



weight in the sola of all profiles and that the A2 was
the only horizon having a net loss of materials in these
soils. Large volume changes had occurred in the Ay, 4,,
and Bp; horizons as a result of frost action, organic
activity, and organic matter addition. Even the Ay, B,,,

B3,and G horizons had increased considerably in volume,

Marked increases in silt had occurred in all horizons

of all profiles, whereas net losses in clay had taken
place in all the horizons of the 2zonal soils. The soil
in the poorly drained position showed a net gain in
clay.

All the profiles were acid in reaction. The acidity
decreased from the surface of the soil to the parent
material and decreased with decreasing slope.

The profiles showed marked gains in organic matter
content particularly in the A;, A, and B horizons. In-
creases had occurred in all horizons of all profiles ex-
cept the A of the best drained soil. Aluminum had
accumulated in all horizons except the A, and was distri-
buted relatively evenly throughout the profile. All the
zonal soils showed a small net gain in iron but without
having any definite horizon of accumulation.

The exchangeable cations calcium, magnesium, and
potassium, were largely concentrated in the surface
horizons. The predominant cation was calcium. The ex-
changeable base status of the soil increased from the

crest to the toe of the slope.
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l. INTRODUCTION

Much study has been undertaken to determine the
relationships between soil properties and differences
in environment. In such studies it is necessary to control
the conditions of an experiment in such a way that only
one variable exists 75. The groups of environmental
factors which govern the conditions under which profile
development takes place are topography,organisms and
climate. In addition the factor of age and the variables
of parent material must be similar in such an experiment.

The purpose of the present investigation was two=-
fold: first to determine the physical and chemical char-
acteristics of some Eastern Canadian Podzols, and second
to ascertain whether a quantitative relationship exists
between the position on a slope of the land surface or
topography as a group of soil development factors, and
certain profile characters of the soils.

The characteristics of Podzol soils commonly des-
cribed have emphasized certain features, as the removal
and deposition éf sesquioxides, as an essential process
in the development of Podzols. In addition many analy-
tical data have shown the accumulation of colloidal in-
organic material in the B horizon. In the United States
Department of Agriculture Yearbook (Soils and Men, 1938)

it is stated that Podzols occur most frequently on coarse



textured materials. Although the present study does
not deal with very fine textured materials, the soils
studied lie in a region where Podzols commonly develop
on parent materials containing thirty-five to forty
percent of clay.

In the comprehensive literature that has accumulated
on Podzol soils, none of the references present data which
are in accord with the characteristics of the Podzol soils
occurring in the Maritime regions of Eastern Canada.

. The hydromorphic soils of the greater parts of New
Brunswick and Nova Scotia are characterized by a thick
gray A, horizon which shows up prominently following cul-~
tivation. This feature occurs on all varieties and tex-
tures of parent materials, being particularly pronounced
on clay loam material. The patterns of colors for cul=-
tivated fields are brown and gray with brown colors being
characteristic of the better drained positions.

In the Caribou catena of soils the color pattern of
cultivated soils is brown and black, in which the hydro-
morphic positions are black. The well drained soils
possess a continuous bleached horizon typical of Podzol
soils and all other characteristics appear identical with
the better drained soils found in the other parts of the
province. The Caribou soils occur in an area underlain
by calcareous sedimentary rocks. Some connection there-

fore between the lime status of the parent rock and the



absence of gray hydromorphic soils typical for most of
the Maritime provinces might become evident on

analysis,
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2, LITERATURE REVIEW

The Podzols as a group have received a great deal
of attentions, From the earliest days of Soil Science
the processes leading to their development have been
studied extensively in Europe as well as in North America.
Among the early studies, Aarniol in Fidland and Tamm89
in Sweden conducted both field and laboratory research and
on the basis of their work the Podzols were divided into
what was called Hunus Podzols and Iron Podzols,

These terms are still in use but in much of the
subsequent work it has apparently been impossible to
differentiate the soils of a particular region on that basis.

General as well as specific descriptions of Podzol
profiles occurring in the literature agree on certain broad
characteristics but differ considerably in many of the
details. In the United States Department of Agriculture
Yearbook, 1938, Byers et §£13 considered the process of
podzolization to be comprised of two phases, namely, the
accumulation of a peaty mat of organic matter on the surface
and the eluviation of clays and iron compounds from an
upper layer to lower layers with consequent whitening of
the soil layer immediately beneath the surface organic
matter. The translocated materialsare partly assorted and
different ingredients are deposited in different horizons
of the profile. The movement and deposition of organic

matter together with a considerable quantity of iron and



aluminum compounds takes place just below the bleached
layer. The iron compounds are deposited next, while
clays are carried still deeper by the filtering waters.

The number and arrapgement of horizons of the Podzol
profile consist of an upper horizon, frequently designated
as the mor and comuonly called Ao, Below this comes the
top layer of mineral scil. In many cases this mineral
horizon is dark in colour and is then designated as Aj.

In most cases this horizon is absent. 50. ppe 63. On the
other hand Nygard et 5;62 stated that in the Pddzol

region of Minnesota a thin A] was present in most Podzols,
In the state of New York Cline<C indicated that the Aj

was absent in the well drained and moderately well drained
positions but appeared in the imperfectly drained and

more poorly drained positions where it may have a thickness
of 3 to 6 inches. A similar observation was made by
Lyfordlf8 for the Podzols of north eastern United States.

He stated that in this area the A horizon was rare on well
drained Podzols but more common on Podzols that showed the
effects of periodic or high water tables. In the soils of
New Jersey, Joffe3® showed the Podzol soils to possess an
Aj] horizon having a depth range from 12 to 21 centimeters
with an average of about 14 centimeters. However on the basis
of their chemical attributes he did not consider them to

be true Podzols, The Podzols occuring in Eastern



Canada are typically represented as having no Aq horizon
(14, 42, 84).

Below the-A; or A, Comes the light coloured bleached
layer or A2, frequently referred to as the "bleicherde".
Since this horizon is one of the most promihent horizons
in the profile, its presence or absence and its degree
of development is of prime importance in the classification
of podzolic soils. Agreement is general that the A; horizon
is present in Podzol soils and that the boundaries between
it and the adjoining layers are usually sharp. This
horizon varies considerable in thickness. According to
Lyfordhg the A, varied from 2 to 5 inches thick. A
description by Lundblad4> showed a typical Iron Podzol in
Sweden to have an A2 with 7 centimeter thickness. 1In
England however Davies and Owen?? described a Podzol profile
at Goldstone, Newport, Shropshire, as having an A, of 11
inches. In Eastern Canada, Stobbe and Leahey79 stated that
the thickness varied from one to twelve inches. McCool
et §l§7 in studies on soil profiles in Michigan gave a
range in thickness of 3 to 24 inches,

The chemical characteristics of the A3 horizon
indicate that it has been subjected to acid weathering in
most cases, and that there has been a considerable removal

of organic matter and sesquioxides accompanied by a relative



increase in silica. Its high degree of unsaturation
and low base exchange capacity as compared with the
A] horizon is typical for most Podzols (33 p. R65).

The B horizons of the Podzol have been designated
in various ways. Marbut (50 p. 66) referred to the B
as an "orterde" if not cemented. The early literature
contains many references in which the first horizon
occuring below the Ay is referred to as the By which in turn
is followed by a B, and at times a B3 horizon. All are
horizons of accumulation and in many cases the B}
contains the maximum accumulation of transported material.
As defined at the present time this horizon is now des-
ignated as Bp1 (78). The illuvial nature of this horizon
is stressed by all soil workers. Russell (70 p. 518)
stated that this horizon is enriched with organic matter,
clay, and iron and aluminum hydroxides., He stated further
that the zone of their maximum accumulation was often
at its tope In addition to these materials some silica
removed from the A2 horizon may be deposited in the B
horizon. This process is mentioned by MarbutSo who
quoted results obtained by Tamm in which a considerable
amount of silica was removed in the formation of the gray
horizon, The removal of substances from the upper horizons
and their subsequent deposition in the B horizons was

pointed out further by Mattson53, Joffe40, Lunt47 and others,



In this connection the researches of Aarniol as reported
by Marbut (§0 p. 78) are significant. It was demonstrated
by laboratory methods that sols of different kinds of
organic matter differed considerably in their protective
and precipitating influences on collodial iron hydroxide
and aluminum hydroxide. The weight relationships between
organic matter and the inorganic colloids necessary for
mutual flocculation varied considerably. It was shown
that a given weight of aluminum hydroxide prepared by the
method used by Aarnio, was precipated with a much greater
weight of organic matter than was precipitated with iron
hydroxide. It was concluded that the B horizon in soils
with a very high percentage of acid organic matter contained
under some conditions. a low percentage of iron but a
relatively high percentage of alumina if there was alumina
available. The concentration of the organic matter in

the s0il solution will be too high to permit the precip-
itation of iron. This process suggests the controlling
factor in the development of the Humus Podzol on the one
hand and the Iron Podzol on the other. Aarnio in the same
experiment determined the precipitating effect produced

by various electrolytes and it was concluded that Humus
Podzols developed in regions where the sol contained a high
percentage of organic matter and a low percentage of

electrolytes. The Iron Podzols developed in soils where
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the percentage of organic matter was relatively low
and that of electrolytes high,

A result somewhat contrary to that of Aarnio has
more recently been obtained by Deb23, His investigations
showed that the ratio of humus to iron was much smaller
than that obtained by Aarnio. His conclusions with
respect to the effect of electrolytes and divalent bases
were also at variance with many commonly accepted views,
He stated that no evidence could be found to support
the view that precipitation of iron from humus-protected
sols was effected by exchangeable calcium in the B horizons
of Podzols or that the adsorption of iron from complex
salts of organic acids was influenced by the pH or amounts
of exchangeable bases present in the soil. It was
suggested that possibly the process governing the precip-
itation was of a microbiological rather than a collodial
or chemical nature.,

The occurrence of strictly Humus Podzols in a given
region is emphasized principally in European literaturse.
In the New England region of the United States, Lunt4?
stated that when the data for the silica sesquioxide
ratio are compared with similar data reported elsewhere
it appears that the strongly podzolized soils of New
England would be classified as iron-humus profiles, for
both iron and organic matter are low in the A2 and high

in the B.
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Clay is one of the materials which accumulates in
the B horizon. It has not yet been proven whether it is
a transported product or if it has been formed in place.,
Richard and Chaniler®J indicated in their analysis of a
well developed Podzol in the eastern part of the province
of Quebec that the clay content of the upper part of the
B horizon was higher than that of the A3 and the lower
part of the B. A review of data from Cann et allh ghows
that the Az horizons rather than the B horizons have the
highest clay content. Data from other parts of Eastern
Canada indicate that clay does not accumulate to any
appreciable extent in the B horizons. In the Podzol profile
described by Nygard et glﬁz there was a marked accumu-
lation of clay in the B3] horizon. On the other hand
Byers et 2;13 stated that clays are moved from an upper
layer to a layer below the one containing the concentration
of organic matter and of iron. Data with regard to the
fate of the clay fraction in the Podzol profile are
lacking, although the statement is general that the
removal and precipitation of this constituent is charac-
teristic of podzolic soils,

The influence of relief of the land surface in soil
formation is generally accepted as a major factor. This
influence is expressed primarily by the effect of drainage,

runoff and erosion and secondarily through variations in
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exposure to the sun and wind and in air drainage (78),
Because of runoff, strongly sloping soils take in less
water than do level soils and those in depressions
receive water from surrounding slopes in addition to the
rainfall,
It is recognized in all soil survey work that in
an area of variatle relief a certain sequence of soils
will be found varying with the external and internal
drainages of the soil and acting independently of other
soil forming factors such as parent material or vegetation.
Such a sequence of soils in which topography was the
only genetic variable has been designated by Jeuny33
a8 a toposequence. These sequences can be expected to
differ in different regions accompanying the broader changes
that take place in soil development. The same variations
in sequences may be expscted as those which occur in
the normal profiles described for different regions.
As indicated in the literature the variations in the normal
profiles described for the Podzol soils vary considerably
from one region to another. The associated imperfectly
drained and poorly drained soils are seldom described,
Recently Clinel9 described the catenary relationship
of the Podzol soils occurring in the State of New York,
He indicated that the dominant yellowishebrown colours

of the Podzol B horizon carry through the well, moderately
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well and imperfectly drained members. In the poorly
drained positions the Ay horizon of the better drained
memhers was replaced by 3 to 6 inches of Ay with gleyed
horizons occurring immediztely below. This sequence of
horizons in poorly drained positions is not characteristic
of the majority of soils occuring in the Eastern
Canadian Podzol zone. In the latter the Ao horizon is
not replaced by an A; and the same sequence of horizons
have developed as occur in the better drained positions.,
In the regions where the Caribou soils occur and in which
the present study was carried out, the catenary relation-
ships of the soils were more nearly like those described
by Cline.

Some of the most complete studies carried out on

a catenary basis are those reported by Mattson33,54,55
and other Swedish workers8,43, The physical and

chemical characteristics of the soils described showed
a considerable range from the dry emd to the wet end
of the catena.

In southern Illinois, Norton and Smithél reported
on the influence of topography on the profile character
of certain mature podzolic soils, In this region the
depth to the zone of clay accumulation decreased as the
slope and drainage increased. Certain changes in texture,

consistency and structure also coincided with changes in
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topographic position.

A different condition was reported by Leug‘*l in
Norwaye. In the Podzol soils of that region the Ap
horizon frequently extended to a depth of 60 centimeters.,
This layer however does not decrease with increasing
grade, The effect of micro-relief was also evident in
that the thickness of the A, horizon increased toward
the depressions in the soil surface and decreased toward
the slight elevations, Similar observations have been

noted in the Podzol zone of Eastern Canada (84).
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3. EXPERIMENTAL STUDIES

3.11 Location
The area selected for this study was located
in the north western part of the province of New
Brunswick, at a latitude of47° 30' and longtitude 67° 30°,
The site chosen was adjacent to the Stewart highway
which runs diagonally across the north western part of
the province Jjoining the towns of St. Leonard and

Campbellton,

3.12 Vegetation

This area is a rolling till plain covered by
virgin and second growth stands of timber. In general
the forest vegetation consists of mixed stands of hard-
woods and softwoods (3Q) with a tendency for the various
species to be segregated according to slope and drainage.
Most frequently the pure hardwood growth occurs on the
hilltops and upper slopes, a mixed growth of hardwoods
and softwoods on the middle slopes and the pure softwoods
on the lower slopes and in the valley bottoms (59).

In the well drained positions the predominant

coniferous species are Picea rubra, Picea glauca, Abies

balsamea and Pinus strobus., Picea mariana and Thuja

occidentalis are to be found in imperfectly and poorly

drained positions, The broad leaved tree species consist

of Betula lutea, Betula papyrifera, Acer saccharum,
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Fagus.:grandifolia and Populus tremuloides. The Sugar

Maple (Acer saccharum) occurs in pure stands in this
region and also in association with Yellow birch

(Betula lutea) and Beech (Fagus grandifolia). In a

forest land classification (59) the area has been sub=-

divided as follows:

Softwood type 26.,79% of the total area

Mixed wood type 46.,01% of the total area

Hardwood type -~ 10.88% of the total area

Non forested = 16,32% of the total area

In choosing a site for this study an attempt was made
to locate pure stands of Sugar Maple since they offered
the most satisfactory locations in which the factor of
vegetation could be maintained as a constant. In all
locations however, Black Spruce and Cedar occur in the
poorly drained positions and therefore a variation in
vegetation is unavoidable in these positions (See Figure 2).

The Sugar Maple stands are an open type of vegetation
that permit the development of a ground vegetation that
is also light demanding. It consists of woody shrubs

and saplings of Sugar Maple and Beech.

3.13 Geology and Physiography
The northwestern portion of New Brunswick lies in
the Appalachian region, sometimes called the Appalachian-

~Acadian region of Canada, and belongs to a larger unit



Figure 2. Showing vegetation, looking down the slope
at the sampling site.

Figure 3. Showing vegetation looking up the slope
at the sampling sites

17
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usually referred to as the Appalachian Highlands or
the Appalachian Mountain system which stretches from
Alabama, U. S. A., in the southwest to Newfoundland
in the northeast, a distance of 2000 miles (29),

This larger region, marked throughout by Palaeozoic
deformation, is divisible into a number of physiographic
provinces that show similar surface characteristics
within themselves. In New Brunswick the Appalachian
region is the northeast continuation of the New England
Physiographic province. This region as a whole is an
upland dissected by valleys and broken by broader lowland
areas developed on belts of weak rocks.

The region has been classified as Pre-Carboniferous
and may contain sediments belonging to the Devonian,
Silurian or Ordovician. It stands at an elevation of 800
to 1000 feet above sea level and is developed on folded
Palaeozoic strata (3). Its most striking feature is the
flat topped character of its surface which is broken
only by the valleys such as those of the Restigouche and
its tributaries which are deeply entrenched in it. Thé
folded rocks consist of calcarious or lime containing
shales and slates that run from northeast to southwest
(Figure 1) in the same general direction as the mountains
of the rest of eastern North America.

The surface features of the region were modified by

the ice age of the Pleistocene period. The till deposits
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which cover the entire surface are generally shallow
and may have only slightly modified the general relief,
In this region glacial erosion is so slight that the
terrain has been considered by more than one geologist
to have escaped glaciation (2§). However it was
glaciated and probably repeatedly. The till material is
exclusively of local origin and appears to be very

uniform in composition.

3.14 Climate

This region, although considered as part of the
Maritime section of Canada, has a strongly continental
climate with considerable variation in seasonal temper-
atures. January is generally the coldest month and
July the warmest, The mean annual temperature for the
month of January is 5°F. and for July 62°F, The mean
annual temperature is 34OF, The average length of frost
free period is 90 days. The mean annual precipitation
is 35 inches and mean annual snowfall 110 inches. As a
rule ten inches of snow is counted as the equivalent of
one inch of rain, therefore in northern New Brunswick,
over 30% of the precipitation falls as snow,

The climatic conditions occurring in this area
compare favourably with conditions assumed by scientific
workers as characterizing the podzol regions. Thus

Joffe 39, p. 241) stated that according to Glinka the
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climatic conditions of the podzol zone, when a wide

range of meterological data are averaged include a

yearly rainfall of 19" to 21", and a mean annual temper-
ature of 38.5°F, The podzol zone is generally to be
identified with the humid temperate climatic zone and

as pointed out bf Joffe39 podzols are found in North
America in sections where the rainfall runs up to 41 inches
annually with a mean annual temperature as high as 500F,
Clinel® on the other hand stated the climatic limits

of Podzols to be as follows; growing season 85 to 145
days, mean annual temperature 35° to 459F., mean annual
precipitation 40 to 60 inches with a precipitation

during the growing season of 17 to 22 inches. Mean annual
temperature and

/precipitation are slightly lower in this section of New
Brunswick than the limits cited by Cline,

3.2 Method of Sampling

An effort was made to choose locations on virgin
soils for sampling and observations. The choice of a
long slope seemed preferable since it tended to minimize
any effects that might have been due to erosion. The
location selected had a slope of fourteen percent with
an overall length of one eighth of a mile,

Changes in the character of the soil were observed
from the top to the bottom of the slope. Test pits were

dug at sites which represented each major profile. Since



the profile characteristics differ only very slightly

in the well drained positions, test pits were widely
spaced over the upper part of the slope and more closely
spaced towards the bottom of the slope. Four test pits
were used to represent major profile differences., Of
these, one was located at the crest of the hill, the
second about two thirds of the distance down the slope,
the third quite near the base of the slope and the fourth
in the depression at the foot of the slope. These
locations will hereafter be referred to as Profile 1,

2, 3 and 4 respectively, as shown diagrammatically in
Figure 4.

At each location excavations were made with a spade
to a depth sufficient to penetrate well into the parent
material. In addition one excavation was made in the
well drained position to a depth of 5 feet. At that
depth bed rock was encountered. Bulk samples were
taken from each major horizon of\each profile, from the
parent material of each profile, and from the 5 foot

depth in the one location.

A series of core samples were then obtained surrounding

the test pit by means of a core sampler described by
Uhland and O'Neal®Y, The cutting head of the sampler
is designed to hold an aluminum cylinder 3 inches in
diameter and 3 inches long or three cylinders, each one

inch long. Both types of cylinders were used in

21
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sampling the surface horizons. Considerable difficulty
was encountered in sampling the parent materials and
gsome of the lower horizons of the various profiles. The
parent materials were quite compact and occasionally
stony.

A total of ten core samples were obtained from each
horizon of the profile at each of the four locations.
As suggested by Uhland, # minimum horizontal interval of
8 inches was allowed between the cores taken from the
same pit in order to prevent the outward impact of the
sampler from compacting the soil of adjacént cores. A
total of twenty pits were necessary for sampling at each
profile location,

The core samples were placed in pint cartons and
taken immediately to the laboratory for permeability

studies and determination of bulk density.

3.3 Description of Soils
The following profile descriptions of the moist

soil were taken at the time of sampling,

Profile 1

Aoo;-2-% inches., This is the typical mor that is
formed on the forest floor of well drained sites in
this region. It consists of a loose layer of freshly
fallen leaves and small twigs from the Sugar Maple, Beech



2L

and Yellow Birch.

Ao;-%2-0 inches, A thin mat of moderately
well decomposed organic material that contains a large
amount of very fine roots which tend to hold the
material together. The material retains some of its
original structure and would probably be referred to
as the 'F' layer by foresters.

A2; o0=2 inches. Yellowish grey *(1O¥R-7/2) silt
loam, This horizon is not continucus; Its maximum
thickness does not exceed two inches. The boundaries
are sharp not only with the horizon above but also
with that below. The structure is fine crumb with some
tendency for greater development along the horizontal
axis than along the vertical axis but a platy structure
does not eccur., It has a rather loose consistency.

B21; 2-8 inches. Moderate brown (7.5YR=4/4) silt
loam, The texture of this horizon is the same as that of
the horizon above, being high in silt and relatively
low in clay content. In colour this is the most
distinctive horizon in the profile having a bright uniform

colour that is produced under well drained conditions,

¥ ISCC-NBS colour names. Research Paper 1239, National
Bureau of Standards, United States Department of
Commerce, Washington, D.C.
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The structure is fine crumb which again is similar

to that of the horizon above. Consistency is very
friable and the mass crumbles readily to loose aggregates.
There are no particular physical features in this
horizon which would characterize it as a horizon of
illuviation, Lyford (45, p. 490) mentioned that this
horizon may have a thin brownish black section just
under the places where the bleicherde is thickest which
he describes as a feature of the Humus Podzols, This
is a characteristic feature of many of the soils in
this region, but did not occur at this particular
location.

B22; 8-25 inches. Strong yellowish brown (10YR-5/6)
loam, The silt content of this horizon is considerably
less than that of the horizons above while the clay
content of the two horizons are approximately equal.

The colour is distinctly lighter than that of the horizon
above and grades into that of the lighter coloured parent
material below. The structure is coarse crumb and
consistency is firm. This tendency to a stronger grade
of structure increases with depth and continues into

the parent material. The lack of a well defined structure
is characteristic of the B horizons in this region. It

is however the zone in which the finer tree roots are
concentrated with possibly a larger number occurring in

B21 than in B2,
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C.; 25 inches plus. Light grayish olive (5Y-6/3)
loam, containing some rounded cobblestones. The till
material from which these soils are derived consists
therefore of a heterogeneous mixture of coarse and fine
materials, When dry it is very hard and very compact;
moistening has a tendency to decrease the hardness but
does not affect the degree of compaction. This character-
istic of the parent material is common among the
glacial tills of this region. The material is derived from
focks of sedimentary origin, presumably from the

underlying calcareous shales and slates.,

Profile 2

Aoo;-23-1}% inches. A mat of relatively fresh
leaves and twigs which contains a large number of small
roots that tie the leaves together. No sharp boundary
is present between this layer and the one below,

Ao; 1%-0 inches. This layer consists of well de-
composed black organic matter, that is fluffy when
moist and powdery when dry. It is synonymous with the
H layer of the foresters.

A2; 0-1% inches., Light grayish brown (7.5YR-6/2)
silt loam. This is a discontinuous layer that .shows
variations in thickness within a radius of a few feet,
the range being from 1 to 4 inches. The thickest

portions are found directly beneath a decaying log or in
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a micro-depression. Boundaries are sharp between

the horizon above and the horizon below. The structure
is fine crumb and consistency is very friable. The
results of chemical analyses indicate that the organic
matter content is higher than is normal for this horizon,
probably as a rcsult of error in sampling. From a

field examination there is no noticeable difference
between this horizon and the Az horizon in profile 1,

B2y; 12-5 inches., Moderate brown (5YR=-3/4) silt
loam, This is the most distinctive horizon in the profile
and has a darker colour than the same horizon occurring
in profile 1. The structure is fine crumb and con-
sistency is loose or fluffy. This is the horizon in
which most of the small tree roots are concentrated.

B22; 5-9 inches. Strong yellowish brown (10YR-5/6)
8ilt loam. Because of the difference in colour the
boundary between this horizon and the one above is quite
marked. The structure of the material is fine crumb
and consistency loose. Colour is the only characteristic
which differentiates the various parts of the B horizon,

B3; 9-14 inches. Light olive brown (2.5Y-5/4) silt
loam. This horizon has a colour intermediate between
that of the By, and the parent material. The structure
is coarse crumb and the consistency firm. Very few roots

appear in this horizon. This is a subhorizon that did



not occur in profile 1,

C. 14 inches plus. Light olive gray (5Y=6/2)
silt loam. This material has the same characteristics
as that described for Profile 1. It is hard and

compact and contains many large shale fragments,

Profile 3

Aoo; 4=2 inches. This layer does not differ in
any noticeable degree from that found to occur in
profiles 1 and 2, The leaf material is relatively raw
or undecomposed and small roots have developed through-
out. Decomposition of leaf litter apparently is not
completed for two or more years.

Ao; 2-0 inches. Black organic layer consisting
of well decomposed material and developed into structural
aggregates of 1 mm, size, The thickness of this
horizon is variable and may attain a depth of 4 inches.

Ay; 0-2 inches. Brownish gray (10YR-3/1) silt
loam. This dark mineral horizon gives rise to the dark
coloured cultivated soils occurring in this topographic
position, The thickness of the horizon varies and may
be as much as 4 inches., This profile receives a greater
amount of water through seepage and runoff than profiles
1 and 2 but no mottling is evident.

B2; 2-7 inches, Moderate olive brown (2.5Y-4/4) silt

loam., In comparison with profiles 1 and 2 the colour of

28
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this horizon is less pronounced and is strongly
affected by the olive colour of the parent material.,
The structure is coarse crumb and consistency loose.

B3; 7-11 inches. Light olive (5Y-5/3 silt loam,
This horizon contains yellowish brown mottling through-
out the soil mass. The structure is medium subangular
blocky with a shiny coating on the surface of the
structural aggregates. Consistency is hard or moderately
compact but not as compact as the underlying parent
material,

C.; 11 inches plus. Light grayish olive. (5Y=6/3)
silt loam. This material is hard or very compact, a
condition that seems to persist even when moisture

content is high. Stone and shale fragments are plentiful.

Profile 4

Ao; 5-0 inches. This horizon consists of a
mixture of raw and partially decomposed organic matter
consisting of fallen logs, leaves and evergreen needles.
The material occurs in layers about one inch in thickness
which may represent yearly additions of organic debris.,
Fine tree roots are well distributed throughout the
horizon,

Ajg; 0-3 inches. Olive gray (5Y-4/1) silt loam.

The dark colour of this horizon indicates that some
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organic matter has filtered into the top of the
inorganic material., Structure is coarse subangular
blocky which retains its shape under moderate pressure.
Yellowish brown mottling coats the aggregates as well
as occurring within them. The designation as a gleyed
horizon is done exclusively on the basis of the
presence of yellowish brown mottling since colours normally
associated with reduced conditions are masked by the
original colour of the parent mat=rial,

G ; 3-10 inches. Light olive gray (5Y-5/2) silt
loam, This horizon is more stréngly mottlec with
yellowish brown stains than is the horizon above. Structure
is not well defined but there is a tendency to the
formation of weak medium subangular blocky aggregates.
Consistency is hard or moderately compact,.

C ; 10 inches plus. Light olive gray (5Y=6/2)
loam. The parent material of this profile is very compact,
and somewhat more stony than that of the other profiles.,
The permanent water table is apparently at some depth
since this material dries out in the summer months and
is only saturated during the wet season when a pit
readily fills with water from channels in the till,

The principal characteristics of these four profiles
are summarized in Figure 5. It will be seen that there

was a marked tendency for the solum to become shallower
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as one approached the bottom of the slope, whereas

the thickness of the organic horizons increased. The
disappearance of the A, horizon and its replacement by
an Aj in profiles 3 and 4 indicate the effect that
moisture has had on biological activity in this region.
It will be shown later by chemical analyses data that
the horizons of these profiles, designated as C are
all acid in reaction., Some alteration has therefore
taken place in the original parent materials since they

were derived from calcareous sediments,.
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4o RESULTS AND DISCUSSION.
4,1 Physical Properties

The variations found in soils are due to differences
in their physical properties as well as in their chemical
properties. Some of these physical properties such as
colour and structure can be observed without the aid of
instruments but some laboratory measurements are necessary
for showing small differences which may be due to trans-

location of clay or volume changes within the profile.

L.11 Methods of analysis

The soil cores collected in the field were prepared
for the determinaticn of percolation rate as described
by Uhland and O'Nealal, with the exception that no deter-
minations were made before the soils had been saturated
with water,

An estimate of the volume of pores drained was obtained
by placing the soil cores on a tension plate set at 60 cm,
tension according to the method of Leamer and Shaw¥,

The so0il cores were allowed to drain for 60 minutes after
which they were dried in an electric oven at 105° Centigrade.

The bulk samples collected from the various horizons
of each profile were air dried and screened through a 2 mm,
sieve. These samples were used for all subsequent

physical and chemical determirations.
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Mechanical analyses were made in duplicate by the
method of Olmstead et al63,

Specific gravity of each sample was determined by
means of a pycnometer. Porosities were calculated
using the formula:

Percent pore space = 100 - (Bulk density ) 100.
(Specific gravity)

4,12 Bulk Density and Specific Gravity

Bulk density determinations are used later for
converting weight percentages into volume relationships.
The values given in Table I are of interest as a basis
for deductions to be made later in the discussion on
chemical analysis.

The bulk densities varied according to the kind
of horizon. The organic Ap horizons had very low values
and were the same for all profiles. The bleached Aj
horizons of profiles 1 and 2 had a higher bulk density
than the horizons above and below. A less open type
of structure and lower content of organic matter are
both probably responsible for this tendency. In all
profiles the bulk density increased sharply at the bottom
of the solum and reached its maximum in the parent
material,

The bulk density of the parent materials showed a

progressive increase from profile 1 to profile 4. These



TABLE I

SUMMARY OF DATA ON BULK DENSITY AND SPECIFIC
GRAVITY IN THE FOUR PROFILES

—

Horizon Bulk Density Specific Gravity

Profile 1
Ao 14 1.06
Az 97 2,71
Boy .76 2.49
B22 1.06 2.68
c 1.64 2,68

Profile 2
Ao 14 1.57
A2 99 2,48
B2y 77 2,49
B22 .86 2456
B23 1.22 2,62
c 1.74 2,68
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TABLE I (Continued)

-

Horizon Bulk Density Specific Gravity
Profile 3
Aoo 013 1.54
Ao $17 1.68
Ay 58 2,36
By 1.13 2,60
B3 1.69 2.67
c 1.89 2.61
Profile 4
Ao 14 1.51
A .86 2.47
G 1,63 2.63
c 2,01 2.63
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differences may be due to slight weathering and con-
sequently losses of materials such as carbonates through
leaching. The result is that in relation to topography
the unweathered parent materials occurred at greater
depths at the crest of the slope than they did at the
foot.

In Figure 6 is shown the relation between loss on
ignition, organic carbon and bulk density. When the
dataare treated statistically the correlation was =.877
% ,052 for carbon and «.673 $,120 for loss on ignition.
It is evident that it was the organic rather than the
inorganic colloids that controlled the density of these
soils,

The real specific gravities of soils vary with the
kind and amount of minerals composing them and the
amount of organic matter present. An average figure
for the density of humus is 1.37 (7) and of mineral part-
icles 2.65. All profiles with the exception of the Ap
horizon in profile 1 showed an increase in specific

gravity from the surface horizon to the parent material.

4.13 Percolation Rate and Porosity
The rate at which water moved through the soil core

was calculated by means of the following equation:

rate, inches/hr. = No, ml. water/hr
Volume of 1" core
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The figures thus obtained indicated the permeability
of the horizons of the soil profile., Since the
continuity of the pores have been destroyed between
successive horizons there is no way of evaluatin:g the
movement of water for the profile as a whole. It may be
assumed that it is the horizon with the slowest percolation
rate that would have the greatest effect on the movement of
water through the entire profile. On the other hand
high percolation rates for some so0il cores may be caused
by cracks in the soil. This condition will be most
evident in those cores which show high percolation rates
but low values for percent pore space drained,

The data for percolation rate are given in Table II.
A considerable range in values occurred between the
samples within a given horizon as indicated by the
variability of means, The most extreme ranges occurred
principally in the surface horizons, that is the combined
Ao and Ay horizons, Because of the difficulty of sampling
thin horizons these two surface horizons were included
in the same cors,

Since saturated cores were used in this study,
the relation between percolation rate and infiltration in
which the latter refers to the entrance of water into
soils under field conditions, can only be inferred. The

rate of infiltration is a variable factor varying with

39
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changes in soil structure, the temperature of the

air, water and soil, the moisture content of the soil

and the degree of biological activity within the soil
profiles Some of these factors vary seasonally and others
vary during the course of a single storm. Despite these
facts it is recognized that the relative amount of
infiltration of water into soils is associated with their
relative physical characteristics (26),

A comparison between profiles (Table II) shows that
all pessessed high percolation rates in the surface
horizons and became progrescively less with depth. The
parent material had increasingly lower percclation rates
and higher bulk densities toward the foot of the slope.
The greatest effect on the water movement in these
profiles is therefore the depth to the parent material,
The thin sola . of profile 3 and 4 limit the water movement
to the surface horizonsy In the case of profile 4 almost
the entire hydrology of the profile is associated with
water movement through the Ay layer.

The choice of 60 centimeter tension in measuring
the percent pore space drained, is used to conform to the
minimum depth of tile placement in soil drainage work,
Nelson and Baver®O suggested 40 centimeter tension for
the purpose of obtaining a simple index of water removal,
This tension_is sometimes used as a means of differentiating

capillary and non capillary pore space, when the tension



is applied for a sufficient length of time for the
moisture value to come to an equilibrium,
By applying the capillary rise equation, h = 2T |

. rdg
the size of the largest pore that would remain

filled at any given applied suction can be calculated (71).

In the present study a 60 centimeterstension drained
all pores to a size of 0,025 millimeters.,

The percentages of pore space drained in one hour at
60 centimeters tension are summarized in Table II, A
comparison of the profiles shows that the upper parts of
the solum drained readily under applied suction and
reveals the open and porous nature of the B horizons of
these soils. This tendency is less marked in profile 3,
indicating that towards the bottom of the slope the
physical condition of the soil changed considerably and
that at the base>of the slope, as in profile 4, the pore
space which can be drained from the mineral layers
approached that of the parent material.

The amounts of total pore space which are present
in the various profile horizons are shown in Table II,
All profiles showed a progressive decrease from the
surface to the parent material,

If it can be assumed that the pore space drained

in one hour at a tension of 60 centimeters differentiates

L3



between capillary and non-capillary porosity a more
significant relaticnship between the various profiles
can be established. In Table II calculations for non-
capillary and capillary porosity have been based on that
assumption. It may be seen that the pores which are
available for drainage by gravitational forces are highest
in the A and upper B horizons. Profiles 1, 2 and 3 showed
a sharp decrease of non-capillary porosity with depth
in the lower parts of the B horizons.

In the case of profile 4 water movement by this
means was largely restricted to the Ay horizon. A
decrease in capillary porosity from the surface horizons
to the parent material was also evident but was less
striking than that of non-capillary porosity, In this
characteristic the profiles are again similar and the most
sudden decrease occurs between the base of the solum and
the parent material. The permeability of the parent
material was very slow. It has been found that soils
with a non-capillary porosity as low as two percent of
the entire soil volume are almost completely impervious

to water (7).

4oll Particle size distribution
The distribution of the soil separates, sand, silt,

and clay, in the various profiles is given in Table III

L



TABLE III
PARTICLE SIZE DISTRIBUTION (PERCENT BY WEIGHT)

zggfﬁigizon Gravel V.%.S. C%S. M%S. F%S. V.%.S. Si%t C%ay
Profile 1
A2 13.8 3.5 l1.C 7.1 9.0 9.8 595 9.7
B21 10.8 3.9 1.l 5.5 7.5 7.7 63.9 1042
Bso 25.9 8.4 Reh 11.5 12,2 8,5 L7.7 8.9
C 30.6 11.9 2,9 10.5 9.7 7.7 L5.1 11.9
5' depth 3hek 5.7 2,0 6.9 11.5 15.6 43.9 14,1
Profile 2
Ay 7.9 0.5 0.5 3.0 6.0 8.7 69.9 13.1
By 26,1 6.8 1.2 7.5 8.5 7.8 54ke2 13.1
Ba2 17,6 5.3 1.2 8,7 11.0 9.2 5244 11,2
B3 12,0 3.6 1.7 8.,210.3 8.9  56.7 10.3
c 8.0 2.5 leh €47 9.2 9.0 54,7 1642

L5



TABLE III (Continued)

rrOfile Gravel VoCoSo C.S. MoSo F.S. VoFoSo Silt Clay
and Horizon % % % % % % % A
Profile 3
Al 7.7 2.1 O.8 h.z 9.0 15.0 60.2 8.0
Bz 12.5 5.0 lol+ 6.2 703 903 5900 1105
By 13.8 3.0 1.5 7.2 8.9 10.1 5645 12.4
C 20,7 3.0 1.5 7.5 &.9 9.1 52,3 17.4
Profile 4
g 2.8 1.7 0.8 L7 7.6 8.2 52,0 24,7
G 20,5 L8 1.7 8.0 8.7 8.2 51.6 16.8
C 13.9 563 2.2 9.9 11.7 11l.2 41,5 12.8
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and shown geaphically in Figure 7. Although all profiles

do not have the same depth of solum they are plotted

to a depth of thirty inches and it is assumed that the
parent material of a given profile has a uniform composition
to that depth.

In a comparison between profiles it is evident that
the silt fraction was the largest in each case and was
relatively evenly distributed throughout the profile.
Profile 1 showed the greatest variation in this constituent
having considerably higher silt content in the surface
8 inches than in the lower horizons. This was to some
extent true of profiles 3 and 4 although the differences
were not as great,

Variations in the parent material are evident in
comparing profiles 1 and 4 with profiles 2 and 3. It
may be questioned whether these samples represented the true
parent material, Since the samples for profiles 2, 3
and 4 were taken at an approximate depth of 24 inches it
may be assumed that they were below the horizons at
present undergoing Podzol development and that they
represented normal variations within the parent material.

The percentages of sand occurring in the various
horizons fluctuated in general with the changes in silt
content, In profiles 2 and 3 the distribution of sand

was relatively even throughout the profile. No explanation
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can be given for the variations occurring in profiles 1
and 4. It will be observed that the parent materials
varied in sand content to a considerable degree and in
the same manner as that of silt,

The percentage distribution of clay in these profiles
is at variance with many published results, From an
examination of profiles 1, 2 and 3, it is evident that
there was no accumulation of clay in any of the horizons
of the sola . as the amount of clay in the parent
material was higher in all cases. The lower clay content
of the horizons of the solum as compared with the parent
material is difficult to explain on the basis of the
present study. If losses in this constituent have
occurred it would be necessary to assume their complete
removal in some form by percolating water. The highly acid
condition of these soils will be referred to later but the
accelerated weathering in acid soils may be responsible
for the destruction of silicate clays as postulated by
McCaleb and Cline56,

The higher clay content in the surface horizons
of profile L was probably due to surface deposition
or weathering in place since the percentage was considerably
higher than that in the parent material. Soils lying in
this position in the landscape are subjeett to deposition

of materials through geological erosion. If the clay had
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formed in place there would probably have been a decrease
in the silt rather than in the sand fractions,

A comparison of these four profiles in a toposequence
indicates that there is very little difference between
them from the standpoint of particle size distribution
except in profile 4.

The evidence of clay movement or accumulation in
Podzol soils from various regions in the United States (77)
is of interest when compared with profiles under consideration,
on a regional basis, An analysis of the data (77) indicates
that horizons of clay accumulation are common in Podzol
soils of the western and central states but are not
evident in those from some of the New England states. This
condition is further confirmed by the data presented by
Lunt4® for Podzol soils occurring in New Hampshire. On the
other hand Brown and Byersl? showed that the Hermon soils
which are considered to be typical Podzols in New England
had a slight accumulation of clay in the B horizon,

Data on Podzols as published by Robinson70 gives
evidence of mechanical eluviation in the Podzol soils
in certain parts of England and Scotland and the conclusion
is reached that there is generally a certain amount of

mechanical eluviation in Podzol profiles,
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4.2 CHEMICAL PROPERTIES
4.21 Analytical methods

The samples used for analyses were prepared in the
following ways:

1. After passing through the 2 millimeter sieve the
material was thoroughly mixed and used for the following
determinations; soil reaction, easily soluble P03,
and exchangeable bases.

2. 100 grams of each of the above samples were ground
to pass through a .5 millimeter sieve. These samples
were used for the determination of total nitrogen.

3. In the analyses of total amounts of other consti-
tuents an additional 50 gram sample of material that
had passed the 2 millimeter sieve was ground until it
passed through a 100 mesh sieve.

Soil reaction was determined by means of a glass
electrode using a water-soil suspension having a con-
sistency of smooth paste. No definite soil-water ratio
was used.

Hygroscopic moisture was determined on duplicate
2 gram samples dried in an oven at 105 degrees Centi-
grade.

Loss on ignition was obtained by heating the sample
in a muffle furnace at 650 degrees Centigrade for 1

hour.



Organic carbon was determined by the dry combustion
method. The CO, was collected in 0.1 N Ba(OH)2 solution.
The percent organic matter was calculated by using the
factor 1.724.

Total nitrogen was determined by the Kjeldahl method.

The total amounts of other constituents were deter-
mined according to methods approved by the American
Association of Agricultural Chemistry.

The exchangeable cations and exchange capacities were
determined in the leachate from neutral ammonium acetate.
The calcium was precipitated as the oxalate at

pH 4.6 and titrated with .05 N. potassium permanganate.

The filtrate from the calcium determination was
used for the deteruiration of exchangeable magnesium.

The magnesium was precipitated as magnesium ammonium
phosphate, dissolved in sulphuric acid and determined
volumetrically by back titrating with 0.1 N sodium hydro-
xide.

Exchangeable potassium was precipitated as the
cobaltinitrite. The precipitate was titrated with stan-
dard .05 N potassium permanganate.

Exchangeable hydrogen was obtained by difference,
that is, by subtracting the sum of the metal cations
from the exchange capacity as determined by the ammonium

absorption method.



L and

The readily soluble phosphorus was determined color-
imetrically by the modified Truog method. The extracting
solution was .002 N sulphuric acid buffered at pH 3.0
with ammonium sulfate. The blue phospho-molybdate colour
formed on the reduction of ammonium molybate by stannous
chloride was read in a colorimeter and the readings

compared with a standard grarh.

L.22 Reaction, Exchange Capacity, Exchangeable

Bases, Base Saturation and Easily Soluble Phosphorus

A consideration of the chemistry of these soils showed
that the weathering processes by which they developed
operated in a very acid medium, How the pH's of the
various profiles varied with depth is shown in Table IV
and Figure 8,

In all cases there was a general decrease in acidity
with increasing depth and much the same pattern was
exhibited by all the profiles. In this comparison the A,
horizon has been included since it is the most acid horizon
in each of the profiles.

The variations in acidity between profiles was most
marked in the horizons below the A, horizon or below a
depth of 5 inches., In the lower parts of the profiles
the curves have a tendency to be parallel. In their relation

to topography therefore the most acid mineral portions of
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the profiles occurred at the crest of the slcpe and

became progressively less acid towards the foot. The

acid water percolating through these soils has removed

the carbonates from the mineral soil to a considerable
depthe In profile 1 the material lying on the bedrock

at a depth of 5 feet had a pH of only 6.75. These results
agree with those reported by Bailey6 for a number of
Podzol soils in the United States.

Some investigators have used pH values as a measure
of the approximate degree of base saturation or the degree
of calcium saturation of the soil, where calcium is the
predominant exchangeable metal ion. That the percentage
base saturation at a given pH may differ in soils of
similar origin has also been demonstrated (65),

The variability in the percentage base saturation
of the profiles studied and the exchangeable calcium are
shown in figures 9 and 10.

A comparison of figure 9 with figure 8 shows that
base saturation values fluctuated more widely by horizons
than did the pH values. There is little agreement in
the shape of the curves with the possible exception of
those for profile 4.

The high base saturation in the surface soil of
these profiles (Table IV) was the most conspicuous feature

with regard to the exchangeable cations. In the well
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drained positions the nutrients circulate in the profile
by means of the vegetation and the content of bases,
particularly calcium, contributed by leaves from deciduous
t rees may be relatively high. Chandl=rl6 has shown that
hardwood vegetation in which the species sugar maple,
ba sswood, beech and yellow birch are prominent contribute
morxre calcium to the soil through their leaves than do
mi xed species or softwood trees, If this relationship
holds in the region in which this study was conducted
it should be expected that the exchangeable calcium should
be greatest in those soils situated on the highest
el evations and least in the soils near the foot of the
Slopes where the evergreen trees occurred in greater
Numbers,

The three better drained profiles 1, 2 and 3 show the
lowest percent base saturation in the B horizon (Figure 9).
This indicates that the B horizons in these profiles are
Not zones of accumulation of bases and that the occurrence
Of bases is not associated with the zones of illuviation
Of organic constituents. The lack of a more definite
increase in base saturation in the lowest horizon of
Profile 1 would seem to indicate that leaching of bases
Oc curred to a greater depth in this location than in any
OFf the others.,

The importance of calcium as affecting the base

STatus of the various profiles is evident in figure 10,
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With the exception of profile 4 the shapes of the curves
are very similar to corresponding curves in figure 9.

The higher calcium content in the organic horizons as
compared with the B horizons may indicate that at least

in the surface it may be associated with the organic
matter. It will be noted further that in this surface
horizon there was an increase in exchangeable calcium from
profile 1 to profile 3.

Figure 11 in which the values for milliequivalents
of calcium are expressed on the conventional weight basis
is included for comparison. It is apparent from the
appearance of these curves that the values for calcium
expressed on a volume basis coincide more closely with the
values for percent base saturation.

This result suggests the following conclusion. The
expression of plant nutrients on a volume basis may offer
some interesting possibilities in studies of plant nutrition.
The milliequivalents of calcium per 100 cubic centimeters
in the Ap horizons of profiles 1, 2 and 3 increase directly
with the milliequivalents of calcium per 100 cubic centimeters
in the underlying mineral horizons. Since these three
profiles were all sampled under sugar maple trees it appears
that the base status of the mineral soil had a pronounced

effect on the composition of the organic materials.

In the methods employed in this investigation it was
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stated that exchangeable hydrogen was obtained by difference.
In these profiles the hydrogen cation predominates in the
exchange capacity. The exchange capacity of the various
profiles is shown in Figure 12 and exchangeable hydrogen

in Figure 13.

Referring to Figure 12 it will be seen that in the
upper horizons the variations between profiles are quite
marked. If the curve of profile 1 is taken as the normal
pattern for the well drained soils in this region, the drop
in the exchange capacity in the depths two to four inches
coincides with the A; horizon. This is followed by a
relatively high exchange capacity in the B2] horizon and a
subsequent decrease to the parent material. In view of the
fact that there is no accumulation of clay in this profile,
the increase in exchange capacity of the B horizon may be
attributed to the organic matter comtent, and the higher
bulk densities of the mineral horizons.

The &g layers consisted of leaves and undecomposed
forest litter, a material much different from the dis-
seminated organic material in the B horizons,

The effect which decomposition of the organic matter
has upon the exchange capacity is further exhibited in
profile 3. The well decomposed organic material in the A,

horizon has a higher base exchange capacity per gram than
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does the less decomposed organic matter in the Ay, horizon.
If one assumes that all the exchange capacity of these

two layers is due to the organic material and that the

loss on ignition is a fair estimate of the organic content,
then their exchange capacities per 100 grams are 173 and
152 milliequivalents respectively.,

Although there are variations between individual
horizoné in all four profiles, the profiles are similar in
one important respect. In each one there was a mineral
horizon which showed the highest exchange capacity per unit
volume for that profile. (Figure 12). Since there was no
zone of clay accumulation this increase must be attributed
largely to the high bulk densities of the mineral horizons
but it is partly due to the occurrence of well decomposed
organic matter in the mineral soil.,

The low quantities of exchangeable magnesium as shown
in Figure 14 do not warrant any deductions as to comparisons
between profiles. The same holds for potassium shownin

Figure 15. These quantities were too small to have any

significance on a comparative basis. It is of interest that

there was an indication of more exchangeable potassium

than magnesium in every horizon of every soil studied,

The distribution of easily soluble phosphorus
shown in Figure 16 showed a trend that may bear some
relation to drainage within the profile and consequently to

its topographic position. In all profiles the content
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of easily soluble phosphorus was very low in the surface
mineral horizons and much higher in the deepest mineral
horizons. The contrastingly high values in the lower
horizons of profiles 3 and 4 indicate the high contents
of phosphorus that may occur in the more poorly drained

positions.
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4e23 Organic Matter and Nitrogen

In forested regions it is generally assumed that
most of the organic matter added to soil is deposited
on the surface in the form of leaf litter, branches and
fallen logs. Upon decomposition by microorganisms certain
intermediate products become mobile and are carried
down into the profile.,

Coile?l determined the carbon content of these added
organic materials and studied also the variability in
base content with different species of trees, A high
ratio of carbon to nitrogen provices a poor ration for
bacteria. In addition high acidity retards bacterial
decay but provides a medium that is quite suitable for
fungal decomposition,

The data reported in Table V make it possible to study
these profiles from the standpoint of organic matter,
nitrogen. and carbon.. The loss on ignition is usually
considered as having little diagnostic value and is in-
cluded here as a comparison with the organic matter
content. In general the figures parallel the differences
in the organic matter content and in all cases they are

higher than those for organic matter. Since carbonates

are lacking in these soils it is to be expected that the

relationship in these two constituents should be very close.
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TABLE V

LOSS ON IGNITION, ORGANIC MATTER, NITROGEN,
ORGANIC CARBON AND CARBON=NITROGEN RATiOS OF PROFILES
EXPRESSED AS PERCENTAGE BY WEIGHT OF SOIL

Horizon Loss on Organic Nitrogen Organic C:N
Ignition Matter % Carbon

Profile 1
Ao 70,64 65440 1.69 37,92 22.4
A 2.32 1.05 0,08 60 7.5
B2] 13.36 10.75 0.33 6.22  18.8
B22 7,10 Le17 0.13 S 2,41 18,5
c 3.54 0,90 0,07 052 7ok

Profile 2
Ao 78445 72440 1.78 42,00  23.4
A2 5,87 Le35 0.21 2.52 12,0
B21 10,61 6455 0.27 3.79  14.0
B22 6.36 3.65 0.15 2,11 14,0
Bj 6.03 2,37 006 1.37 8.5

C 3.78 0.67 0.06 55 9.1



TABLE V (Continued)
Horizon Loss on Organic Nitrogen Organic C:N
Ignition Matter Carbon
% %
Profile 3
Aoo 87.56 79.70 1.72 46,23 26,8
Ao 71.81 66,66 1.28 38.65 30.1
Al 14,13 7.65 0.33 Lebl 13.3
B2 6.20 2.53 0.12 1l.46 12.1
Bj 3.21 0.33 0.02 .19 9.5
c 3.46 0.24 0.04 14 3.5
Profile 4
Ao 92.39 74480 1.66 43.36 26.1
A1g 10.81 567k 0425 3,31 13.2
G Le39 0.78 0.08 45 5.6
c 3433 0.25 0,05 olh 2,8

7h



The distribution of the organic matter is the
most distinctive feature of these profiles. Profile
1 which is the best drained of the group represents
the zonal soil in this region,

The high organic matter content of the surface
layer Ao was common to all profiles, The contrast between
the Ao horizon and the A, horiszon wasmost marked in
profile 1, and indicates that little of the organic
fraction remained to become incorporated with the A3
layer, In profile 2 some incorporation of 6rganic matter
occurred in this horizon either through error in sampling
or as a result of macro-organic activity. The accumu-
lation of organic materials in the Aj horizons was evident
in profiles 3 and 4.

The high content of organic matter occurring in the
B horizon was evident in all profiles. In general it
appeared that the upper part of the B contained a
greater amount than the lower parts of this major horizon,

In.its relation to topography the organic matter
in the various profiles showed some rather marked trends.
Considering the profiles in the sequence 1 to 4 the
purely organic layers increased in depth in that order.
In the surface mineral layer there was a marked decrease
in profiles 1 and 2 and a lesser decrease in profiles 3

and 4. In the latter two profiles therefore the organic
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matter had accumulated nearer the surface of the
profile. In the B horizons the organic matter was highest
in profile 1 and decreased markedly to the G horizon
of profile 4., Accompanying this decrease in quantity
snbsoil

present in each of the '/ . -horizons there was also a
decrease in depth. It is evident therefore that in the
better drained positions profile development had proceeded
to a greater depth than in the more poorly drained
positions,

The ratio of carbon to nitrogen showed as great
a variation as the organic matter content., The carbon-
aceous nature of the material was most marked in the
surface horizons. The ratio in the A, horizons of
profile 1 and 2 was close to the frequently quoted figure
for soils of temperate regions namely 10:1, The wide
ratios which characterized the B horizons of profiles
1l and 2 indicate that considerable energy bearing material
was still available,

Several reasons for this anomaly in regard to the
ratio of carbon to nitrogen may be presented. The
cause for the variation may be attributed to differences
in composition of roots of plants as compared with
their stems, branches and leaves, differences in the

composition of the eluviated organic fractions, or the
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difference in the character of the microbiological processes

at and near the soil surface and at lower depths. It



seems reasonable to assume that the processes of decay
taking place at the surface and in the upper portion
of the soil profile would result in different residual
materials from those occurring under widely different
conditions at lower levels,

It has also been assumed by many workers that consider-
able translocation of organic matter takes place in}the
process of podzolization, This translocated material
is colloidal in nature and is therefore an alteration
product of microorganic activity, Some alterations should
therefore be expected in its translocation through the
profile,

It would appear from these results that the com-
position of the organic matter in the B horizons of the
best drained profiles is not greatly different from that
occurring in the Ay horizon.

In view of the low base status of the horizons
of the solum in these profiles it is improbable that
the soluble organic matter has been precipitated at lower
levels as a result of change in pH, as has been suggested
by different workers.

The total nitrogen content in the A, layers was
over one percent. This content dropped to a low
figure in the mineral layers and particularly in the Aj

horizon since in well developed Podzol profiles it is the



poorest part of the profile as a result of leaching.
With the exception of the A, horizon there was a general

decrease in nitrogen content with depthe . : .

Le2L4 Total Silica and Sesquioxides

The composition of the horizons of the various
profiles is presented in Table VI.

As is generally the case the SiO; content was high
in the A2 horizon, decreased in the B and increased
again in the C horizon. This sequence held wherever
an A2 horizon was present, but when that layer was absent
as in profiles 3 and 4 there was a general increase in

8ilica from the surface to the parent material. ~ .

!

O e . The sample taken at a depth of 5
feet in profile 1 showed a ailica content less than that
of the C horizons of the various profiles, Two inter=
pretations may be made of this fact, first that an
accumulation of silica had occurred at the base of the
solum or secondly that it represented normal variations
in the 8ilica content of the parent material. The latter
supposition is probably more correct.

The changes in total sesquioxides and alumina

showed a reverse trend to that of silica. The A, and
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and A, horizons contained relatively small amounts of
these constituents. Since plants take up little of
these compounds it can be expected that there will be
little return of them to the A, layer. Some accumulations
of sesquioxides probably occurred in the B horizons of
profiles 1 and 2 and in the A] horizons of profiles 3
and 4. The increase over that occurring in the parent
material was not large and was considerably less whef
compared with that of the sample at 5 foot depth,

It is evident from Table VI that of the total
sesquioxides occurring in these soils iron oxide makes
up a relatively small amount, Within each of the

profiles the lowest quantities occur in the A, and Ay

horizons. The Bj; horizons of profiles 1 and 2 and
the A} horizons of profile 4 all have higher values for
iron than is found in their respective parent materials.
If it is assumed that some accumulation has occurred
in some of the B horizons it will also be necessary to
assume that some losses have taken place in others
since they have lower quantities than is found in the
parent material,

The differences in iron content between horizons
may not be significant within the range of the figures

presented since it has been shown (73) that the losses

of iron during sodium carbonate fusion of silicates
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and rocks may be considerable.

The characteristics of profile 4 are of interest
from the standpoint of the process of gleying.
Investigation of the literature on this subject reveals
that the word is not always used in a very precise
sense., In extreme cases notable deposits of hydrated
ferric oxide may be formed, represented by bog iron ore
formations, whereas in other cases there may be little
iron deposition but some impedance is indicated by
the greenish grey or bluish grey colours of the various
horizons,

Various theories in regard to the mechanism of gley
formation have been reported (9), (2), (13), some of
which indicate that the role played by soil micro-
organisms may be of great importance in this respect,
since it is the creation of an oxygen deficit by some
active agent which gives rise to reducing conditions,

The effect of reducing conditions in the soil is
for the accessible trivalent iron to be reduced to the
divalent condition. This change increases its solubility
in the soil solution. The iron is therefore mobile
while aluminum remains relatively immobile as it cannot
be converted to a more soluble form by reduction., The
movement of aluminum is therefore considered to be

more characteristic of well drained soils than poorly
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drained soils, Examination of the data for profile 4,
Table VI reveals some increases in percentages of
alumina in the B horizons of profiles 1, 2 and 3 and
the A; horizon of profile 4. Iron on the other hand
showed a decrease in the G horizon as compared with that
occurring in the parent material,: It would appear that
in the poorly drained positions in this region some
losses of iron do occur, These soils do not remain
saturated for the entire year but dry out to some extent
during the summer period. It is quite possible that the
upper parts of the profile is subject to reducing
conditions for only a part of the year and to normal
oxidizing conditions for the remainder. These alternating
effects may be responsible for the mottled appearance
of the G horizon,

The derived data in Table VII shows the weight

changes in the soil constituents expressed in the form

of ratios of silica and sesquioxides calculated for the
various horizons in the four profiles. This data reveal
that the horizons showing the greatest amount of
variability in these constituents were the Ay and A,

The composition of the B horizons and the parent matefial
was relatively constant in respect to ratios of these
constituents. Following the high ratios which were
present in the Ay horizons there was a narrowing of the
ratios in the B2] and By, followed by a slight increase

in the parent material,




TABLE VII

RATIOS OF SILICA AND SESQUIOXIDES FOR
GENETIC HORIZONS IN PROFILES

Horizon _figgz 5105 Si0g Si03
Fe203 R203 ATZ03 Fe203
Profile 1
Ao 15.8 53 5.6 89.8
Ap 2k 9.2 9.6 234.8
B2y 15.3 2.2 23 35.7
B22 16,7 2.5 2.6 L4.8
c 14.7 2,9 3.1 47.0
5! depth 11.1 2.5 2.8 31.2
Profile 2
Ao 14,8 2.9 3.1 47.5
A2 19,6 . 6.1 6.4 125.7
Bz 5.3 2.4 2.8 15.3
Bao 7.1 2.2 2.5 18.5
By 11.6 2,6 2.8 333

C 10.0 209 302 3209
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TABLE VII (Continued)

Horizon Al20 Eigg 5105 510,

3203 R203 AEEB; Fe203

Profile 3
Aoo 7.0 2.0 2.3 © o 16.3
Ao 2445 1.3 1.4 3449
A1 15.5 2.1 2.3 36,0
Ba 14.2 2.4 2.6 37.3
B,y 7.9 2.8 3.2 25.6
¢ 9.5 2.9 33 31.6

" Profile 4
A, 12,3 2.3 2.5 31l.1
Ayg 12.8 Re2 ek 31.5
G 25,0 3.0 3.2 8044
c 12,9 3.1 3.3 43.8
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The evidence from many investigators with respect
to the fate of the sesquioxides in Podzol soils is
often conflicting. Deb?3 obtained results which fail
to support the general assumption that the precipitation
of iron in Podzol B horizons is due to flocculation by
the divalent cations present in the exchangeable form,

The movement of iron from the A horizon and its
precipitation in the B horizon is considered to be a
fundamental characteristic of Podzol profiles. It has
been suggested that iron may move as (a) a negatively
charged humus - protected iron-oxide sol, or (b) a
complex organic ion,

The question as to the amount of humus necessary
in the soil solution to peptize the iron oxide has
been studied by Aarniol and Deb23, The data given by
Aarnio suggests that the amount of humus required for
peptization exceeds the amount of ferric oxide 2,5 times,
Deb"dn the other hand found that the amount of humus
necessary to peptize iron-oxide sol varied considerably
with the source of humus and the concentration and pH
of the iron-oxide sol, and that over a wide range of
concentrations of iron-oxide sol full precipitation
occurred with about 7 parts of humus per 100 parts of

ferric oxide. Furthermore the amounts of humus required
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to peptize one half of the coagulated complex of
humus and iron oxide was on the average about 10 parts
of humus per 100 parts of ferric oxide.

These results would seem to indicate that any
iron oxide sol formed by weathering in the upper horizons
of Podzols will be fully peptized by the humus in soil
solution and carried down the profile by percolating
water,

The effectiveness of calcium in precipitating a
humus—protected iron-oxide sol was also investigated
by DebZ23, On the basis of his experiments he concludesb
that "the precipitation of iron in the B horizons of
Podzol soils is not due either to colloidal flocculation
of a humuseprotected ironeoxide sol or to the
chemical precipitation of complex salts of iron and
organic acids.™

The losses of silica, sesquioxides and basic com=-
pounds from the soil have been mentioned by many workers
but few data are published to indicate the extent of
the losses. Analyses of the water from springs and
rivers show that some of the silicon is washed out of the
profile altogether and this appears to be true for the
iron and aluminum also. Russell7? presents figures
from Rode that showed a considerable loss of silicon,

iron and aluminum from the A and B horizons of a Podzol
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soil in Russia, and a net loss of iron and aluminum
from the B horizons of a Swedish soil according to

O, Tamm,

L.25 Total CaO, MgO, K20 and P05

The content of bases occurring in the profiles
of Podzol soils is considered by some workers (46)

(47) (36) to coincide to a certain extent with organic
matter distribution. Although this tendency appears

to hold for the available calcium and magnesium it is

not so evident for the total percentage.of these elements.
The data in Table VI show the amounts of CaO, MgO, K20
and P205 occurring in the selected profiles,

The quantity of calcium found in these soils was
small and indicated that the portion which is designated
as parent material had suffered considerable removal
of bases. The calcium status was much lower than that
of magnesium, a condition that was also reported by
Lunt4?, The magnesium content increased with depth in
the profile whereas no such concomitant increase was
evident in the case of calcium. No difference between
the various profiles was shown by these constituents,

The content of phosphorus was extremely low and
no particular trends could be detected in the distribution

of this element. The same was true for potassium,
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5. ESTIMATED NET CHANGES IN THE PROFILES STUDIED

The use of reference minerals as a means of
evaluating net changes in soils brought about by soil
development processes has been described by Marshall
and Haseman5l, Although these investigators used
Zircon as the index mineral they pointed out that the
coarser soil fractions might be useful as indicators
in soil genetic studies., Recently Cannl> studied the
genesis of a Gray Brown Podzolic - Podzol Intergrade
soil profile in Michigan using quartz as the resistant
reference mineral, He showed the possibilities of using
this mineral as a basis of calculating the gains or
losses in the profile under the environmental conditions
found in that region.

It is intended in this section to apply a similar
method of calculation as that used by Marshall and
Haseman’0 to the profiles used in this study in order to
assess the formation and movement of materials, using
silica as the standard reference materidl., A few basic
assumptions will be necessary, namely,

(1) that the SiOy contents of the mineral layers

have not been altered by soil formation and

development and



(2) that the profiles have developed from material

similar to that now regarded as the C horizon.

That the first assumption may not be entirely
valid has been mentioned with reference to data quoted
by Russell’?, The loss of silica from the A and B
horizons of these profiles would therefore affect the
calculations particularly of the original weights of
various constituents ig the profile. These weights
would be somewhat greater than that calculated in Table
IX,

The selection of the C horizon as representing
the true parent material may be questioned since it is
acid in reaction and may therefore have lost some of
its original carbonate content. This loss can not be
great since the sample occurring at a depth of 5 feet
had much the same chemical characteristics as that of
the various C horizons,

In this study the total amount of SiOs found in each
of the soil horizons was used as a basis of calculating
the gains or losses in the profile, The profile changes
due to soil development were calculated as grams of
constituent gained 6r lost from a column one square
centimeter in cross section to the depth of the solum,
This involved the calculation of: (1) a volume change
factor, (2) the original weight in grams of each con=-

stituent, (3) the present weight of each constituent and

v

92



93

(4) the difference between (2) and (3) to give the
net gain or loss,

The volume change factor represents the number of
cubic centimeters of parent material required to
produce one cubic centimeter of the present horizon.
This was obtained by multiplying the percentage of
silica (by weight) in each horizon by the bulk density
of the layer timesone hundred and dividing each figure
thus obtained by that of the C horizon.

The original weight of each horizon was found by
multiplying the volume of each horizon (= depth in
centimeters) by the volume change factor and by the bulk
density of the C horizon. This weight multiplied by
the decimal fraction (ie. %/100) of each constituent
in the C horizon gave the original weight of each
constituent. The present weights were calculated from
the present weight and the decimal fractions of
constituents in each horizon,

The volume change factors for the various horizons
are given in Table VIII and the calculated net changes
in weight of organic matter and of the soil separates
are shown in Table IX. The grams of SiO2 per 100 cubic
centimeters (Table VIII) show a greater variation
within each profile than when expressed as percent by

weight, This variation is due to volume changes in the



TABLE VIII

VOLUME CHANGE FACTORS FOR PROFILE HORIZONS

Pne Homizon gt SR pm0cc MR e
Profile 1
As 86.89 85.15 .73
Boi1 6J.48 L5.96 «39
B2z 65.87 69.82 <60
C 70,69 115.78 1.00
Profile 2
A2 80,46 79.65 .66
B21 61.80 47.59 «39
B22 63448 54459 45
Bj 65.33 79.70 «65
c 69.55 121,02 1.00
Profile 3
Ay 56,95 33.03 e25
By 63.05 71.25 «55
By 67,62 114,28 .87
c 68.93 130.28 1.00
Profile 4
A1g 59.36 51,05 37
G 69,20 112,80 .81
c 69,26 139.21 1.00

94




95

LO® + LS* 08 SL° 4+ 05°T GL® L 69°T+. 06°T T2° mmyog
LO® + 8z° T2° 9T° + LY 1€ L2® + 9€* 60° €q
10° + ST* TT° 62° + rA M LT 92° + (2 s0° r44: |
20° + rA o oT® €%° « 8g° sT° L + 16° %0° T2g
90° = 20° g0° 60° - €0° 2T 8T° + T2* €0° Cy
T6° + T6° Lt Oy
2 eTTIoad
gh* - 2°1 oL°'T g%1°z = €LY 12°L HT°€+ G9°¢ T6° mTos
LT - 80°T G2Z°T €1°1- €Ty 92°$ 2T+ 06°T ge* (£4:
LT - TT° gz* 8L° - AN 02°T 9T° T+ 2T 80° T2g
2T - ¢o* LT LS* - 8T’ GL® go° Go* cy
9%° + 9% oy
T eTIFoxd
*gweas sweasd sweas3d surexd swead smead swexs3 suread swead
e3uey) y3STeM q3teM o3ueyd  YIToM y3teM e3usy) IYITeM Ju3IToM
99N AJuesaxd TOUTETaQ Q8. juasaxd TBUTITJIO qeN A9quasexd TeuidtaQ
pues esJde0) | puss @8JE00 AJep Jeq3ey 9fuesdao UOZ TJOH

ITIA08d FHL NI SININLILSNOD LNISTYd ANV TVNIDIHO

XI FT19VL



96

e - es° 9L*  9t° - 65°T G6°T 8 T+ 26°T 80° - mtos
LT - AN 9  91° - LhT £€9°1 GT® + XA Lo*® )
Lo - 0° 2T oz* - AG 1% 9€°* + LE® T0° 3y
€€ T+ €€ T v
4 aT1Foxd
ghe g7°*  6T° + 62°T . OT'T 19° T+ 2L°T GLO® - umfyosg
20° + Lz gz* 60° - 8h* LS*® TO* + S0°* 10° €q
oz* 0zZ* TE°* + 9L* Ghe €E® + 9¢* €0° [£:
20° - 10° €0* €0° - ok 80° T2° + zz* $00° Ty
LS® + LS Oy
29° + rA' Ooy
¢ aT1yoxd
* swex3 suead sureaxd swead swead swead suea3 swexd gurex3
eJueyy 2y3teM  ySTeM eSuey) IYSTOM Jy3teM e3uey) IU3TeM y3TeM
39N A3uesaxd TeWT3ITI0 99N quesaxd TeurdtaQ 39N AQuesaxd Teutr3dTtIQ
pues asJeo) pues osa800 AJap - J9%3%[ dTuURiIQ UOZTJIOH

(penutquog) YI FIEVL



97

LE" +

GO0* + 22°¢ LT € €he + LS € 1€ GL°z g€ 2 umTog
LO® + LE'T 0€° T e + £9°1 62°T Lz *+ G2°1 86° €g
80° + 08* 2L 92° + L6*® T.° 22° + 9L Hae ceg
T0° - 19° 29° 10°* + 99° 29° 1T° + 8g° Lhe T2g
60° - e €g° 2° - 1€ A% €2 - 91 6¢° cy
Oy
2 ®T13oad
16° + 82°¢ LEN €€° T+ £8°9 0$°$ 0T* + 91°9 90°9 umTog
oL* 68°¢€ 6T°€ 26 T+ £€6°¢ T0°% 18° + €2°¢ rA A (24
6T* 26° €L LO® - ¢g* 26° €Y - 8g° T0°T T2g
rAoN L Ghre 2T - gHhre LS gz* - gg* £€9° ey
Oy
T ®TTJoxd
smead suead smuexd suead smead sweas3 suread smead suea3
93uey)  IYSToM Jy3tem e3uey) YUITOM qy3tem e3usvy) IYSTOM Jy3ToM
18N AJussaJ eUT3TJI0 39N Jussaxgd Teut3Ta0 99N Aaquasaaxd Teul3taQ
pues eutlJy YN pues 8utj pues uMTpaN UOZTJIOH

(penutauo)) XI HIAVL



98

00° T~ 66°2 66°€ 06° = 90°¢ 96°¢ 98° = 09°2 9Y° ¢ mToS
L8 - L2 e € L - LS°2 T€°¢€ 09° - 0€°2 06°2 9
€1 - 2¢6° $9° 9T - 6%° 59° 92* -  o¢f° 95° 31y
Oy
4 aTtyoad
8L* + 26°¢ L2 OT* + 18°2 TL°2 LO® - €22 o£°2 umTog
SE€* +  LL°T 2T ST® +  §S°T o*T  90° + §2°T 6T° T tg
8T + 0€°1 21T oT* - TO°T TT°T LO® = L8® h6° cg
GZ* + ghe oz* G0* + G2° oz* 90° - TT° LT Ty
oy
OO<
€ oTTJoad
swead swead surea3 sureas sureJa3 sweasd sweaxd suexd suex3
e3uey) uIToM 2y3tem eJuey) IYSTaM y3Tem 8Buey) USTeM y3TeM
99N quasaJg BUT3 TIQ 98N 3ussaid Teut3taQ 99N _3quasaad TeutrdTJa0
pues aulJy Aasp pues autyg pues umtpsp UOZTJIOH

(penutauoc)) XTI ATLVL



99

9€° 1~ rA Al 8L°S _ 9L° T+ 26°02 9T° 6T um{os
. - 99° T LE°2 G6° + 08°8 $g°L 1-
Lz - 0°1 T€°T 12° + 9% ge Y [44:
oT* - H0°T H1° T 2h + 6T°Y LL°€ T2g
gz - 89° 96° 8T° + LE°€E 61°€ (44
Oy
2 9TtrJoad
LG°T- 9L°G €€ L 12°9+ 12°2¢ 00°92 umTyos
€€ T~ 20°% GE°¢ 68°2+ 18° 12 G6°8T T2g
90° + 82°T 221 G0°€+ 6€°L nEY ey
o€ - 9%* 9L* LZ® + 86°2 A A Oy
T oTtJoud
sureJ3d suread surex3 smea3d gswead smead
e3uwry) IUSToM U3 ToM e3uey) y3ITeM y3TeM
29N quasaa Teut3taQ 19N qussald Teur3txQ
- A®eT) 1TSS UOZTJIOH

(penutquo)) XI FTAVL



100

G2+ £€9°9 gy G2z 2+ 91° 8T 16°6T m71og
T2° 1+ 96°% GL°€ 6%° T+ 08° 1T T€° €T D
N6 + L9° 1 €L 9L + 9€ ¢ 09°2 3Ty
Oy
4 eTTJoxd
e T 9z 0L°S 8G° 2+ 9L°6T 8T°LT mTog
gL - 02°2 $6°2 €L + 29°6 68°8 €g
g - 6L°T €€z GE° T+ LE°8 20°L [4:
GT* - Lz* AN 05° + LL°T L2°T Ty
Oy
004
€ eTTyoxd
suel3d smea3 suesd swea3 surea3 surexs3
a3uey) 1u3TeM Iy3TeM e3uey) ySTem U TOM
a9N quesaJg Teut3Ta0 28N quasedd Teutstao
eTd ATTS UOZTJIOH

(penutiauo)) XI ATAVL



101

profile as a result of soil development.

It will be observed from Table IX that there has
been a net increase in organic matter in all horizons
of all profiles with the exception of the A; of profile 1
which shows no net changes, A comparison of the sola of
the profiles indicates that profile 1 has a greater
total net increase than any of the other profiles.,

The sand separates show a considerable variation.
In profile 1 there has been a net loss of the coarsest
fragments with an increase in very fine sand and silt.,
Profiles 2 and 3 show a slight net gain in sand of all
sizes whereas all horizons of profile 4 show a net
loss., The greatest net gains are in silt and all
horizons of all profiles show a net increase. Some change
has therefore taken place in the coarse fragments of
these soils followed by an increase in silt. An
explanation for this change may be as follows. It was
stated previously that the parent materials of these
soils were derived from thinly bedded calcareous shales
which have probably suffered considerable metamorphism
as a result of diastrophic movements, Some alteration
of the various minerals in the original sediment then
probably occurred. In the region in which these soils
are found physical weathering is probably the pre-
dominant process. The breakdown of these hard meta-

morphic rocks is chiefly through frost action and the



102

comminution of coarse fragments may still be taking place

in this way. This would account for the increases in the

sand and silt fractions of the soils at the expense of the
fractions coarser than one millimeter.

The clay content of these soils showed a net decrease
in all profiles except in profile L4 which showed a net
gain. It is evident therefore that in the zonal soils of
this region clay destruction or eluviation is more active
than clay formation and illuviation. The net increases
shown in profile 4 are considerable. This increase may be
due to depositional differences or possibly to clay forma=-
tion. It is to be expected that soils in this position in
the landscape could allow mobile products of weathering
produced in the soils on higher ground to accumulate

The net gains or losses in weight of the sola of
the various profiles are shown in Table X and the
changes in volume in Table XI. All profiles show a net
gain in weight. However when examined by horizons,
only the A2 horizons show a net loss of materials in
these soils. Large volume changes occur in the Ay, A3
and B2] horizons where additions of organic matter are
taking place. The loasening effects of plant roots and
frost action are probably also important influences on

the volumes of the soil horizons, even those still low



TABLE X

NET CHANGE IN WEIGHT OF HORIZON

Horizon Original Present Net
Weight Weight Change
grams grams grams
Profile 1
Aoo .66 + .66
Lo 71 + .7
A2 6.08 4 .98 21.10
B2y 9.7k 11.58 +1.84
B22 42.49 4577 *3.28
Solum 58431 63.70 +5.39
Profile 2
Ay, «66 + .66
% 7 + .7
A 5.83 5.03 - «80
By 6.89 7.82 + .93
B22 7.95 8.74 s 79
B, 14.35 15.49 +1.14
Solum 35.02 38.45

+3e43




TABLE X (Continued)

Horizon Original Present Net
Weight Weight Change
grams grams grams
Profile 3
Aoo .66 + 66
Ao 086 ’ 086
A 2.40 2.95 + 55
B2 13.19 14.35 + 1.16
B3 16.71 17.17 + 46
Solum 32.30 35.99 + 3.69
Profile 4
Ag 1.78 +1.78
Ay 5.67 6.55 + .88
G 28.94 28.98 + 04
Solum 34.61 37.31 + 2.70
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TABLE X1
NET CHANGE IN VOLUME OF HORIZONS

forizon  Colome”  Votame'  Change  Change
Cubic Cubic Cubic
Centi- Centi- Centi-
meters meters meters
Profile 1
Aoo 5.08 + 5,08 0o
Ao 5.08  + 5.08 o
Ay 3,70 5,08 +1.38 + 37.29
B21 5494 15.2,  +9.30 +156.56
B,y 25.90 4318 +17.28 + 66,71
Solum 35454 73.66 +38.12 +107.25
Profile 2
Aoo 0 5.08 + 5,08 00
Ao 0 5.08  + 5.08 ®
A 3.55 5.08 + 1,73 + 51,64
B21 3.96 10.16 . 6.20 ;156.56
B22 Le57 10.16 + 5,59 $122.32
B23 8425 12.70 f Lok5 % 53.93
Solum 20.13 4,8.26 +28,13 +139.74




TABLE XI (Continued)

Horizon Original Present Net Per Cent
Volume Volume Change Change
Cubic Cubie Cubic
Centi- Centi- Eanti-
meters meters meters
Profile 3
Ago 0 5,08 + 5,08 00
Ao 0 5.08 + 5,08 00
A 1.27 5,08 + 3,81 +300.00
B2 2.79 5,08 + 2,29 + 82,08
B3 11.04 12.70 + 1,66 + 15,03
Solum 15.10 33.02 417.92 +118.67
Profile 4
Ao 0 12.70 +12.70 00
Ay 2.81 7.62 + 4,81 +171.17
G 14.40 17.78 + 3,38 + 23.47
Solum 17.12 38.10 +20.89 +121.38
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in organic matter,

Similar calculations were made for Al;03, Fe~0,,
Ca0, MgO and K20. Those are shown in Table XII, A net
increase in alumina has taken place in each profile,

the increases being greatest in profiles 1 and 3. The

A2 horizons are again the only horizons showing a net
loss. These gains in alumina are difficult to explain
since it has been generally assumed that aluminum is a
relatively mobile cation in acid soils. A gathering of
aluminum by the vegetation from a volume greater than
that assumed for the solum in each soil might account

for this increase., The much greater amounts of A1203

than Fez03 in A, horizons would indicate that this is

probable. The chemical composition of the gravel

fractions in these profileé - not included in the chemical

analyses which were made on the less than two millimeter

fractions - might be responsible for some of the
observed differences, if those gravel fractions are
disintegrating to sand and silt sizes, In addition if,
as seems probable, the layers chosen as the parent

materials of each profile are also partly weathered

then these increases may be only apparent rather than real.

More detailed investigations extending to greater
depths in carefully selected profiles representative of

the zonal and hydromorphic soils in this area are
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needed to clarify the situation,

The changes in the weight of iron were less sig-
nificant than in the case of aluminum., A very slight
net gain was obtained in profiles 1, 2 and 3 and a net
loss in profile 4. Although losses are indicated in
the Ay horizons of profiles 1 and 2 there are also losses
in other horizons of the other profiles. It would
appear that there has been little change in this con-
stituent within the various profiles but they indicate
different general trends in Zonal and Hydromorphic
solls of the area,

The other cations namely calcium, magnesium and
potassium are present in very small amounts. However all
profiles show a small gain in calcium and a net loss
of magnesium, As suggested for aluminum and iron the
vegetation might affect the distribution of these cations
to different degrees relative to the leaching effect
of percolating waters. The C horizon., assumed as
parent material, of each profile studied was acid in re-
action and very low in total calcium and magnesium,
even though the soils are believed to be formed from
slightly calcareous rocks. Sufficient weathering must
therefore have taken place in the horizons designated
as "C horizon"™ to have reduced the calcium and mage

nesium to their present small quantities,
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A net loss of potassium was shown in profile 1
with small net increases in the other three profiles.
The loss of potassium may be expected in these well

drained acid soils,
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6, CONCLUSIONS: RELATION OF SCIL CHARACTERISTICS
TO TOPOGRAPHY

This investigation of a toposequence of soils
in an upland region in the province of New Brunswick
revealed that the characteristics of Podzol soils
occurring in this region are considerably different
from those reported in many other parts of the country,

The soils studied were considered to belong to
the Caribou catena, a group of soils also occurring
in the State of Maine. The area was heavily wooded and
much of the soil was still in a virgin state.

In cultivated soils striking differences were seen
in the colours of the soils in the well drained positions
as compared with those in the poorly drained positions.
These colour characteristics were associated with
horizon differences in the various profiles occurring
on any given slope. The Ay horizon increased in
thickness with decreasing slope and reached its maximum
in the poorly drained position. The A, horizon was
replaced by an Aj horizon near the foot of the slope
and this layer became gleyed at a still lower position.

The influence of slope on profile development was
further revealed in the depth of profile. The deepest
profiles occurred at the crest of the slope and
became progressively shallower towards the foot, Accom-

panying the decrease in depth of profile development



were certain physical changes in the soil. This study
showed that the percolation rate decreased with depth
for each of the individual profiles and that the less
permeable horizons came closer to the surface towards
the foot of the slope,

The mechanical analysis data showed that the silt
fraction made up fifty percent of the soil material in
all profiles. A net gain in silt had taken place in all
horizons as a result of soil development processes. A
net loss of clay had occurred in profiles 1, 2 and 3,
indicating a feature that may be characteristic of all
zonal soils in that region. A net increase in clay had
occurred in profile 4 which may have been the result of
clay formation or alluvial deposition. Only the Aj
horizons showed a consistent net loss of materials in
these soils,

A1l the profiles in this study were acid in reaction.
A decrease in acidity from the surface to the parent
material was noted in each profile, a difference of
about one pH unit. The soils became less acid as the
slope decreased and in profile 3 the surface Ago horizon
had the same pH as the parent material of profile 1.

In the poorly drained position this increase in pH was
confined to the mineral horizons of the profile as the
relatively thick A, horizon was strongly acid.

The exchangeable bases occurred in largest quantities
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in the surface organic horizons and in the parent
materials, Calcium was the predominant cation and

showed much the same relation to the slope as the .

soil reaction, that is an increase in calcium accompanying
a decrease in slope. No particular trend could be
discerned between the various profiles with regard to

the exchangeable cations, magnesium and potassium,

The soluble phosphorus on the other hand indicated a
relationship with slope since there was an increase in

the lower horizons from profile 1 to profile 4,

The analyses for total organic matter showed that
in addition to the Ay and Aj horizons there was a marked
accumulation in the By horizons. A net increase in
organic matter was obtained for all horizons of all
profiles except the Ay of profile 1 which showed no change.
The net gains in the sola of the various profiles showed
that organic matter did not change in relation to slope.

The carbon-nitrogen ratios of the Ag horizons
ranged from 22,4 to 26,8 and of the B, horizons from
12. 1 to 18.8., The higher values in the B horizons
occurred in the profiles with the deepest development
and the best drainage near the top of the slopes.

The data for silica and sesquioxides revealed a
net gain in aluminum in all horizons of all profiles
excepting the Ap horizons which showed a net loss. The
gains in the other horizons were relatively uniform

and no particular zone of accumulation could be detected.

116



117

Iron was present in very small amounts and slight gains
were obtained for all profiles excepting profile 4
which showed a net loss. It would appear therefore that
small increases in iron content have taken place in

the zonal soils of this region but does not seem to be
confined to any one particular horizon in the profile,

.The analysis of the data used in this study
reveals certain possible sources of error that need
further study. Within the region in which these soils
occur there are other locations where the till deposits
may be as much as fifteen to twenty feet in depth. These
soils should reveal whether anyunweathered parent material
is present and how it compares with that used in the
present study.

In order to test the validity of the use of silica
as a resistant reference mineral the determination
of Zircon, either chemically or mineralogically, might
be used to compare with the results obtained by this
method.,

A mineralogical study particularly of the feldspars
would provide information on the formation and move-
ment of the clay. A comparison could then be made
between the processes taking place in the zonal and

Hydromorphic soils,
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