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ABSTRACT

M.Sc. ESAM ABDUL-SATTAR SEDDYK Soil Science

A Study of Asric Horizons in Québec Soils

A physical and chemical study was con@ucted on soils with

hardpan layers observed in eight profiles of gleyed humo ferric podzol

. soils in the St. Lawrence Lowland Region (Québec province).

Studies were confined to these horizons overlying the clay
stratum. The hardpans had alfiner texture in cultivéted than in non-
cultivated soils (woodland). The chemical composition indicated trans-
location and accumulation of iron, aluminum and soluble organic matter
(fulvic acid), thus making it possible to infer that metallo-organic
matter complexes were formed, precipltated, and then consolidated
with silica and other metallic cations and anions, by pedogenetic pro-
cesses. The presence of lensesg of silty clay indicates that migration
or formation of clay particles has taken place in the hardpan.

Extraction techniques indicated more‘Al than Fe was removed
from the amorphous aluminosilicate mineral. They also indicated the
presence of goethite and/or hematite in these soils and their accumu-
lation in the hardpan. Oialate-extractable iron and aluminum and the
dithionite~extractable iron and aluminum values helped to distinguish
between Padzolic and Gleysolic soils with pronounced horizons of
dithionite iron accumulation., Induration of the soil as measuréd by
penetroneter increased from 14 to 19 kg/cmz from the surface to the
agric horizon overlying the clay substratum in profiles of cultivated

solls only.,
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RESUME

M.Sc. ESAM ABDUL-SATTAR SEDDYK , Soil Sciermnce

Etude d'horizons agriques dans des sols du Québec

Les propri&tés chimiques et physiques de couches indurées qui
furent observ@es dans huit profils de type podzol humo ferrique gleyifi@
de la Plaine du St~Laurent au Québec, furent étudifes dans la présente re-

cherche.

Les études furent confindes i l'horizon de sol qui recouvrait 1'ar-
gile sous-jacente. Les couches indurées avalent une texture plus fine dans
les sols cultivés que dans les sols non-cultivés (en bois&). La composition
chimique indiquait: qu'une: translocation- et une’ accumulation de fer, d'alumi-
nium et de mati®re organique soluble (acide fulvique) avaient eu lisu, ren-
dant possible 1l'hypothBse que des composés organo-métalliques se soient
formés, précipit@s et comsolidés avec de la silice et autres cations et anions
métalliques au moyen de processus pédogénédtiques. La présence de lentilles
d'argile limoneuse indique qu'il y a eu migration ou formation de particules

d'argile dans la couche indurée.

Les méthodes d'extraction ont ré&vélé que plus d'aluminium que de fer
était extrait des minéraux alumino-silicates. Elles ont indiqué& la présence
de goethite et/ou d'hématite dans ces sols ainsi que leur accumulation dans
la couche indurge. Les quantités de fer et d’aluminium extractibles i 1'oxa-—
late et au dithionite ont aidé & distinguer les sols podzoliques des gley—‘
soliques qui ont une accumulation prononcée de fer dithionite. L'induration
du sol &valuge par le pénétrométre augmentait de 14 3 19 Kg/cm2 depuis la
surface jusqu'3d 1'horizon agrique située 3 la ligne de contact avec l'argile,

dans les profils de sols cultivés seulemeat.
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1. INTRODUCTION

Cultivated soils axe subjected to an envivonment which differs
from that of non-cultivated soils (Morgan Arboretum soil). Hence, the
"equilibrium and pedological processes which prevail under cultivation
tend to alter the properties of the cultivated soils which are quantitat-
ively changed, thus forming a soil with tendency to develdp an agric
horizon. An agﬁc horizon is an illuvial horizon formed under cultivation
that contains significant amounts of‘illuvial silt, clay and humus
.(U.S.D.A. 1975). It was observed in field surveys that a dense layer
which impeded downward movement of water and root penetration through the
soil héd formed unfavourable conditions for plant growth in soils made up
of sandy alluvium overlying marine clay.

The object of this research was to detect the effects of 70
years of cultivation on the characteristics of St. Damase soil series
profiles in Quebec by comparing them to similar profiles locatedrnearby
‘which were under forest cover.

A1l results of field observation and laboratory measurements
were to be analyzed statistically in order to elaborate a hypothesis
concerning some of the potential changes occurring in profiles and re-

sulting into the possible development of an agric horizon.



2. LITERATURE REVIEW

The presence of a very compact or indurated layer in many
s0ils has been reported for many years (Nikiforoff and Alexander, 1942;
Cerard, 1961; Veen et al. 1971; U.S. Soil Survey Staff, 1975) and
occurs in a wide range of\climate (Litchfield, 1942; Wright, 1963), of
toposraphy (Litchfield, 1962; Bailey, 1964), of parent material
(Nikiforoff and Humbert, 1942; Chang Wang, 1974) and of vegetation
(Damman, 1965).

Nikiforoff and Alexander (1942) indicated that the term
"hardpan" denotes elther the soil horizon or the layer of the parent
material which is characterized by a hard stone-like consistency and
which differs in that respect from the other layers or horizons of the
same profile. Nikiforoff and Humbert (1948) assumed that hardpans in
s01ll profiles are genetic horizons irfeversibly ceﬁented by some bind-
ing material such as free silica or iron oxides. The U.S. Soil Survey
Staff (1975) reported that cultivation may bring changes in soil and
sub-horizons which could lead to the development of an agric horizon.
In many cases, however, the hardpans, whether pedogenic or relié, are -
uncemented and are hard simply because of thelr physical make up.

These genetic horizons are developed in the profile through
the slow, but long-continued action of so0il genetic processes. They
form groups of horizons which are furthér sub-divided according to the
nature of the material responsible for restricting root and water pene-
tration. The subdivisions are discussed hereinafter according to the

naturs of the cementing material.



2.1 Tron-onan: Pan in which an inorganic form of ijiron is

apparently ths main cepenting agent.

2.2 Tron-Organic matter pan: Pan in which iron is complexed with
organic matter, and particles are coated with shiny, black to dusky red

material.

2.3 Iron-Manganese pan: Pan in which an inorganic form of iron

and manganese is apparently the main cementing agent.

2.4 Clay-pan: A pan in which the particle size distribution

shows maximum clay accumulation in the Bt-horizon.

2.5 Silica~-pan: A sub-surface pan, which is less permeable than
other horizons in the same soil profile and which seems to contain some

extractable silica.

2.6 Physico-Chemical pan: A sub-so0il horizon (pan) that differs

from the adjacent horizons by one or more distinctive morphological
features such as: harxdness when dry and brittleness when moist. The
common terms for these-p;ns are: Pplow pan (or traffic pan) and fragipan
according to nature of pan formation.

a, Plow-pan or traffic pan or compacted layer: A pan layer
described as an induced pan which is found. just below the zone disturbed
by normal tillage operations.

b. Fragipan: A genetic sub-soll horigon which is hard to
extremely hard when_dry, and firm to very firm ﬁhcn.moist, and displays
the property of brittleness when both dry and moist.

c. Agric horizon: Is an illuvial horizon formed under cultiv-

ation that contains significant amounts of illuvial silt, clay and humus.



2.1 TRON-PAN

2.1.1 Muir (1934), one of the first to descrite iron-pans, noted

that they occurred commonly Jjust below the Ae-horizon or within .the B-
horizon and that they might develop elther under the B-horizon of humus
accumulation in normal podzol, or at the boundary located between the
water-saturated, reduced upper horizon and the asrated lower horizons of

a soil covered with a peaty surface horizon. Iron-pans occur in soils

of many regions having cool humid climate. Crampton (1963), Damman (1965),
Muir (1934) and Clark(1966) reported a marked depletion of Fe in the Ae-
horizon and AB, and a striking maximum of Fe in the iron-pan. Dithionite—i
extractable iron in the pan exceeded oxalate iron by a factor of about 2,
and pyrophosphate Fe by a factor of about 20;

Bailey (1964) reported that thicker pan occurred in the poorly
drained soils developed in deep loess, than in the moderately well-
drained soils.

Pan horizons tended to exhibit marked coloration, red, brown
and yellow mottling which differed from the horizons above the pan.
Moreover, pan had more &ellow and less red hues, while values remained
about the same as compared to the upper horizon. Chroma generally de-
creased about one unit when the first pan horizon was reachsd.

Pan horizons commonly showed a tendency toward compaction and

brittleness when observed in the dry or moist condition, respectively.

2.1.2 Hypothesis of genesis of iron-pans:

Crampton (1956, 1963) and Damman (1965) suggested that iron is
moblilized by redluction in the upper saturated parst of the profile and.

oxidized after being translocated to the aerated lower part of the
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profils. In this case the pan would Be expected 1o occur at the bound-
ary btetwsen fine and coarse material.

Frei (1949), Duchaufour (1951) ard Crampton (1963) suggested
that the destruction of clay occurs in highly acyi soils, wnhile podzoliz-
ation process caused the ﬁobilization of released iron downward which
precipitated within sub-surface horizons. The biological cycle (Kononova,
1961 and Aristovskaya, 1965, 1974) of iron proceeds with great intensity
in soils under humid climates and influences soil morphology. Different
living orgahisms use iron as an electron carriei in their enzyhatic
systens, and the change of valence of the iron is the essential part of
important oxidation-reduction proceéses in metabolism. 1In accordance
with the high requirement of microorganism for iron thelr biochemical
activity is the essential factor for its mobiligzation in soluble form
from stable compounds, including the crystalline lattices of minerals.

The mobility of iron may also be influenced by different re-

ducing compounds (HZ’ H, S, CHQ) formed by micro-organisms under anaerobic

2
conditions.
2.2 TRON-ORGANTC MATTER PAN
2.2.1 McKeague (1967) indicated that this pan consists of a thin,

shiny, black to dusky red layer coating the particles of the indurated
layer which is lower in value and in chroma than the indurated layer of
the iron-pan. This pan occurs in soils of many regions having a cool
hunid climate. Crampton (1962) and Muir (193%) found also that soluble
organic matter was markedly higher in iron-pans than in adjacent hori-

zons, The cementing material of this pan consists mainly of an amorphous
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iron-fulvic acid conplex (Mc¥eague and Schniizer, 1967; lcKeazue and
A o N ) P 1044

Day, 1965; Schnitzer and Desjardins, 1961).

2.2.2 Hypothesis of genesis:

Many organic acids which are. produced byAmicroorganisms react
with iron to form iron-organic matter complexes, and favour the mobility
of iron by giving it the ability to migrate over a wide range of pH con-
ditions. Moreover, the transformation of organic matter in soils of
humid regions is usually accompanied by the formation of great quantities
of humic and fulvic acids. These products apparently play the principal
role in the weathering of the parent material and in iron mobiligzation
in the course of podzol formation (Kononova, 1961; Schnitzer and Skinner,

1965; Crampton, 1943; McKeague, 1971).

2.3 TRON-MANGANESE PAN

2.3.1 This is a pan which contains a larger quantity of Mn and Fe
than the soil in which it occurs (licKeague et al., 1968). The latter
indicated also that iron-manganese pan could be distinguished from the
iron-organic matter pan by the fact that the black manganese layer
usually occurs at the base of iron-manganese pan, whereas a rusty layer
occurs at the base of the iron-fulviec acid pan. Nikiforoff and Humbert
(1948) believed that the hardness depends largely upon a rather close
packing of the primary particle§ and, perhaps, on their interlocking

orientation during deposition.

2.3.2 Hypothesis of genesis:

Collins (1970) showed that the physico-chemical vehaviour of

iron and manganese in natural systems 1s contrclled, to a large extent,



__7__

uations in tha Enh-pH environment under acid or slightly acid

ci

by fiuc
cornditions, thz oxidation of both Feﬁﬁ-and particularly Mn++.being slow,
It was found that the precipitation of iron at lower Eh values (in the
pH range 5.8 to 6.0) which caused the removal of some Mn++-from solution,
may be due to sorption of Mn+4-by the hydrated iron oxides which have
evidencedAa negative charge. At pH values above approximately 5.1, tﬁe
major part of the Mhiﬁ; however, precipitated independently of the iron
in an exclusive manganese system.

Wolf (1964) indicated that Fe- and Mn-oxidizing organisms
were involved in the formation of the pans, but biological oxidation _
would presumably occur only under pH and Eh conditlons at which chemical

oxidation could occur too.

2.4 CLAY-PAN
2.1 . This is a pan which is formedvby the infiltration of colloidal

clay, which would clog at least the largest voids and make the pan
alnost impermeable (Nikiforoff and Humbert, 1948), Nikiforoff and
Alexander (1942) showed that the San Juaquin and Madera soils of
California were characterized by a conspicuous development of clay-pan.
The topmost part of the pan usually.was the hardest, and its upper
boundary was abrupt, whereas the lower boundary was less distinct and
could not be determined precisely in most places. Sesquioxides which
were brought down from the overlying horizons accumulated in the clay-
pan, The areas with clay-pan have a concave nicrotopography and collect

more water of percolation than surrounding areas.

2.4.2 Hypothesis of genesis:

Crampton (1963), Duchaufour (1951) and Frei (1949) suggest

that the translocation of clay from the eluvial to the illuvial horizon
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occurred in weakly acid soils, while podzolization iavolved the mobilig-

ation of colloidal clay, soluticon and precipitation.
2.5 SILICA-PAN

2.5.1 Eric Winters (1942)’defined silica-pan as an indurated genetic
horizon, less permeable‘than other horizons in the soil profile. It
occurs most frequently in soils developed on smooth relief, with slopes
of less than 10%, from parent materials containing predominantly silt
and usually siliceous material. The silica hardpan layer shows a great
range of variation in its properties from one soil to another. The
range in colour is from yellow to brownish-yellow, slightly mottled with
gray. Uniform red or brown colouré have not been observed in silica-pans.
The pan may have a coarse textured material which overllies a heavy
stratum that impedes drainage. It has a brittle consistency when either
wet or dry. Many soils in Tennessee and adjacent areas have a silica-

hardpan at 45-60 cm below the surface.

2.5.2 Hypothesis of genesis:

Soluble SiO2 could result from silicate hydrolysis during the
moist period of the year. Restricted drainage would prevent the leach-
ing of the silica (SiOZ) except from the upper hoiizons during the late
sumner, while an extremely dry condition throughout the entire soil pro-
file, at such time would not only precipitate much of the silica but
would dehydrate it and form a coating on the soil grainé.

In the absence of the disruptive foreces of shrinking and
swelling of adjacent soil grains, over a period of years, the grains

would become cemented and gradually be held together.

Silica-pans should develop more rapidly and hence become
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harder in a warm reglon that favours silicate hydrolysis than in a cold

climate where chemical weathering is slow.

2.6 PHYSTICO-CHRIMICAL PANS

These pans include two kinds of indurated pans which may be

differentiated as follows, according to the nature of the pan development:-

2.6.A Plow-pan or compacted layer

or (Traffic-pan)

2.6.A1 Nichols (1955) statedrthat.a horizon or layer limiting water
and root penetration is apparently the result of recently applied compact-
ing forces such as from implement traffic or trampling upon a soil. It is
more common in medium textured (loam, sandy loam, and silt loam) soils
than in fine textured solls and occurs just below the soil zone disturbed
by normal tillage operations,

It is similar in texture and chemlcal properties to the
material immediately above and below it. McCrackén (1963) reported that
Southeastern U.S.A. solls contain sub-soll horizons which differ from the
adjacent horizons in distinctive morphological features such as: ‘'"brittle
when moist, hard when dry, apparent compaction and dry appearance while
ad jacent horizons appear moist." This pan layer occurs between 20-30
cm in depth. |

Gerard (1961) defined it as an indurated or compacfed soil
layer with reduced permeabllity which developed in the first 30 cm of the
soil profile and is usually from 8 to 15 cm thick. He stated that the
compaction factor by tillage implements was important in the formation
of thls pan. This layer has the szme chemical énd physical properties

as other layers above and below. He found only small differences in bulk
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density between the pan and other larers.

2.6.42 Hypothesis of genesis:

Gerard (1961) in a laboratory investigation was able to evalu-
ate the influence of certain factors on close-packing or orientation of
s01l particles in Willacy fine sandy loam soil. He postulated that
frequent irrigations, followed by rapid evaporation or moisturevabsorp—
tion by plants which resulted in frequent wetting and drying cycles,
contributed to close-packing of soll particles and subsequent haxd or
indurated pan formation.

The physico-chemical forces axe probably instrumental in in-
creasing coherence among'soil particles. And the physico-chemical
bonding of the soil particle surfaces is apparently a function of the
rate of moisture loss and probably of temperature.

Nichols (1955) gave soms reasons for the increase in compac—

tion of the layer, which were as follows:

(a) The rapid adoption of new fertilizer practlces, new insecti-

cides, crop varieties, etc.

(b) An increasing number of farmers who have access to power units
and tillage tools that enable them to "do something about soil compaction
problens.”

(c) Many soils are actually'becoming compact under the continuing

influence of present day systems of management.

2.6.3 Fragipan:

Fragipan soils have been found and studied extensively in
central and northeastern parts of U.S.A. It extends into eastern parts
of Carada, and some research wWork has been pubdlishad about these soils
in Canada (McCracken, 1963; Daniels, 1964; DeKimpe, 1970 and 1974

and Chang Wagn, 197%; U.S.D.A. 1975).
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2.6.81 MeGracten (1963) defined fragipan as a genetlc sub-soil
norizon, which differs from the adjacent horizons by one or more dis-
tinctive morphological features, is brittle when moist, hard when dry.

Daniels (1966) defined fragipan as a loémy sub-surface
horizon that is low in organic-matter, has a high bulk density compared
to the solum above, and is seemingly cemented wheﬁ dry. |

Chang Wang (1974) defined the term "fragipan" as a compacted
horizon rich in silt ana/or sand, and relatively low in clay content.

Daniels (1966) indicated that the properties of the fragipan
horizons apparently are more dependent upon drainage and tbpographic
position than on changes in sediment or ﬁineralogy.

The brittle parts of the fragipan horizons are dense gray
loamy sands, sandy loam or silt loams. The dense materiél is brittle, .
in other words, it ruptures rather than deforms gradually under applied
pressuré; It does not shatter into individual grains but breaks into
pieces, then to single grains.

DeKimpe (1970) described fragipan in Quebec, occurring in the
Appalachian hills, which developed on glacial till deposits with podzol
profiles. The particle size distribution throughout the profile showed
an increase in the clay fraction of the fragipan level. The cumulative
figures for the (medium * fine sand) 0.5-0.1 mm on the one hand and the
(very fine sand + silt) 0.1-0.002 mm fractions on the other hand, above and
in the fragipan, gave a similaf total. However, the content of smaller
particles 0,1-0,002 mm markedly increased in the fragipan.

Chemical analysis indicated an increase of 1.5 pH units in
fragipan over the values of the horizons above. Dithionite Fe exceeded
oxalate Fe in all horizons, whereas oxalate Al exceeded dithionite Al

below the fragipan horizons.
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DeXimpe {(1974) described “he properiiss of a podzolic soil
with a Tragipan, which had a thick, dark brown, highly porous podzclic
B-horizon with a high content of amorphous Fs, Al-organic matter com-

plex material and a low bulk density, underlaid abruptly by a dense

‘gray frazipan with high bulk density of nearly 2.0 g/cc. However little

is knowm concerning the physical properties of such soils and very few

micromorpnological data are available,

2.6.B2 Hypothesis of fragipan genesis:

Fragipans are common in soils developed from medium to coarée
textured, and acid parent materials (Stobbe, 1936; Carlislé, 1954;
Yassoglou, 1960; DeKimpe, 1970; aﬁd Chang Wang, 1972; etc.)

Yassoglou {1960) showed that the properties of the pan, which
are responsible for its induration, have been developed and not inherited
from tge primary material. In other words, these fragipans are pedo-
genetic horigons and the following steps are postulated for their develop-
ment:

(1) Removal of a part of the clay and, preferentially, of the ex-
panding clay.

(2) Contraction following the removal of soluble material and clay,
which results in the close packing of the sand grains.

(3) Following the contraction and the close packing of skeletal
elements, the matrix substances undsrgo rearrangement. The close packing
of the sand grains has provided the capillary intergranular spaces in
which the soll suspension is confined at a moisture level below field
capzcity,

(&) During the course of the soil development, aluminum is re-

leased from the decomposing minerals, and a part of it is precipitated
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from the soil solution in the arsa of the pan, possibly adding to the
irduration of tha pan.

Cline (1963) concluded that the genssis of the fragipan con-
sisted primarily of physical phenomzna related to the development of
close packing and to organization and orientation of clays in intefgrain
spaces as the medium through which binding material must be transmitted.

Nettleton (1968) indicated that a collapse of the soil matrix
has causedvthe high bulk density of the fragipan horizons. The souzce
of extractable aluminum is not known with certainty, but wetting and
drying of the lower sola may be responsible for its accumulation. Tf
ferrous hydroxide is produced by water saturation of the soil, it would
neutralize exchangeable aluminum, thus precipitating aluminum'hydroxide
and releasing ferrous iron (Cate, 196l). |

With periodic wetting and drying, aluminum could be exchanged
for bases as the soil becomes dry, while the bases could be removed
during the initial wetting of the soil., Some exchangeaﬁle iron could

be removed and aluminum accunmulated.

2.6.C Agric horizons:

2.6.C1  The U.S.Soil Survey Staff (1975) described an agric horizon

as an illuvial horizon formed under cultivation that contains significant
amounts of illuvial silt, clay, and humus. An agric horizon may form in
several of the other diagnostic horizons, but not in a mollic or an
anthropic eplpedon because a soil in which an illuvial horizon has formed

in the mollic epipedon is distinguished by other means.

2.6.02 Hypothesis of genesis:

When a soil is brought under cultivation, the vegeiation and

the s0il fauna as a rule are changed drastically. The plow layer is mixed
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pericdically and, in effect, a new cycle o
Even where the cultivated crops ressabls the naiive vggetation, stirring
of the plow layer and use of amsndments, especially lime, nitrogen and
phosphate, normally produce significant changes in the soil structure,
flora, and fauna.

After long-continued cultivation, changes in the horiion
immediately below the ploﬁ layer become apparent and cannot be ignored
in classifying the soil. The large pores in the plow 1éyer and the
absence of vegetation immediately after plowing permit turbulent flow of
muddy water to the base of the plow layer. Here the water can eﬁter WOIrm
holes or fine cracks between peds, and the suspended material is de-
posited as the water is withdrawn into capillary pores. The worm channéls,
root channels, or ped surfaces become coated with a dark-coloured mixture
of organic matter , silt, and clay. The accumulation on‘the sides of
worm holes becomes thick and eventually can €111 them. If worms are
scarce, the accumulation may take the form of thick lamellae that may
range in thickness from a few millimeters to about 1 cm. The coatings on
the sides of worm holes and lamellae always have lovier colour value and
chroma than the soil matrix. |

The agric horizon has somewhat different forms in different
climates because of differences in soil fauna.‘ Coatings could not be
observed in the soils under study because they had a sandy texture, but
movements of silt size particles and of organic materials were detected

in thes laboratory.
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3. FIELD CHARACTERISTICS OF THE SOTLS

A1l profiles used for the experiment belonged to the St.

Damase series and are described hereinafter.

3.1 General description of the areas

3.1.1 Location and extent:

All profiles were sampled on the Macdonald College farm and
the Morgan Arboretum, which comprise some 1550 acrés. Both areas are
contiguous and are located at the western tip of the Island of Montreal,
approximately at longitude 73°57'W and latitude 45026'N. The area lies
within the Valley of thé St. Lawrence River, at elevations ranging from 38
to 46 meters above mean sea level, or 15 to 20 meters above the Lake of

Two Mountains which forms the western boundary of the Island of Montreal.

3.1.2 Physiography:

The physiographic conditions of the Macdonald College farm are
those of the St. Lawrence plain which extends as a large flat plain end-
ing rather abruptly against the Laurentians on the northwest side while
rising slowly through a Piedmont Zone into the Appalachians on the south-
east side. The land which is mostlyva clay plain, has an overall level
or nearly level topography, vhich is broken by some undulations or gentle
rolls of the glacial deposits and ridges\called Monteregian Hills. On
the Macdonald College farm the highest land occurs north of Ste. Marie
road, on top of a clay terrace which has developed as a result of a river

channel which was carved through the deep clay of marine origin.

3.1.3 Climate:
The climate of the area, which is part of the St. Lawrence low-

lands, has been described as humid-temperate (Lajoie and Stobhe, 1950).
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It is essentially a cool and humid climate. The summers are relatively
short with hot and usually humid dzys. The winters are cold and rel-
atively long with a considerable amount of snow Ifall. The data of temp-
erature, rainfall and snowfall have been taken at Ste.Anne de Bellevue,
Macdonald Gollegé metecrological station For over 50 years (1926-1976)
(Table'l). The mean annual temperature ranges from 2°C as a minimum
mean annual temperaturé to 109C as a maximum mean annual temperature.

The summers are modérately hot with a maximum temperature of
about 20.50C and a minimum of about 9.9OC. The winters are cold with
maximum temperature of —0.700 and mininum of —7.500, moreover the length
of the frost free periods can vary from a minimum of 71 days to a maxi-
mun of 214 days. The average frost free period ranges between 121 and
178 days. Normally fhe mean atmospheric temperature drops below the
freezing point in December, January, February and March.

The average annual rainfall is 775 mm. From the middle of
November to early April nearly all the precipitation falls as snow,
which averages 196 cm. From May to October all the precipitation falls

as rain and averages 504,35 mnm.

3.2 Description of the soll profiles:

Two sets of profiles of the St.Damase series were described
and sampled. One set, made up of four sites located on the farm, was
under cultivation while the other, comprising four sites, was under

forest vegetation in the Morgan Arboretum.

3.2.1 General Tntroduction for Description of the Series

St. Damase:
This soil type occurs fron Mississquol County near the U.S.A,

border to Drummond and Terrebonne Counties, almost half way between
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TABLE 1, Meteorologlcal data for 50 years avsrage (1926—19?6)

at Ste. Anne de Bellesvue, lMacdonald Colleze Station.
Hontt Tenperaturs (°C) Precipitation (mm)

Mean Monthly Meaﬁ Monthly Average Average

Mazcimum Minimum Moantnly Rainfall HMonthly Snow

November 5.0 -1.0 55.63 151.64
December -4.3 -10.5 - . 34,04 , 55%4.23
January ~7.0 -13.4 25.91 297.94
February ~6.0 -12.4 22,61 509.78
Maxch 0.3 . -7.0: L7.75 346.20
April 8.0 -0. b 7h L2 101.09
Mean, MNovember B _ ,
to April 0.7 7.5 260.35 1940.88
May 17.0 7.0 72.9 1.48
June 23.4 14,0 76.71 -
July 25.0 16.0 107.9 -
August 25.0 15.0 91.19 -
September 13.1 5.5 103.71 -
October 17.3 1.6 ; -
Mean, May 20.1 9.9 514,35 1.48

to Cctober

Mean for Year

(Annually) 9.7 .z 777 1962.36



http:3lJ-6.20
http:Averc.ge
http:av'~ra.go

Montreal and Quebesc cities, and covers an area of aboub 85,000 azcraes in
the Province of Quebec. It occurs as nmzny small areas scattered over
the lowland, and as ilsolated spots on the clay plain or as transitions
from the sands to the clays. It is developed from outwash sand capping
marine clay as former islands,nor as former bank deposits on top of clay
terraces. These sandy deposits vary in thickness from approximately 40
cm 10 a maximum of 80 or 90 cm. When the sandy deposits over clay are
thinner than 40 cm they are named Courval series, while deposits deeper
than 90 en are designated as St. Amable, St. Sophle or Upland, as the
thickness of the sand increases and the drainage changes from imperfect
to moderate to good or excessive. All of these soils occur on gentle
sandy undulations emerging slightly above the clay>flats, at elevations
ranging between 15 and 75 meters.

Surface drainage is usually féirly good, but the internal
drainage is moderately good to imperfect, depending upon the depth of
sand over the impermeable clay and also upon the topographic features of
the clay. Where the St. Damase solls are surrounded by flat clay, the
drainage is moderately good at the center of the undulations and'im—
perfect on the sides. The sides of the sand spots are also moderately
well drained if the clay substratum is strongly sloping along gullies
and banks. |

There is considerable variation in the depth of sandy material
aver the clay. Generally the sand is desper at the center of the undu-
lations and becomes shallower on every side until it grades into St.
Roszlie clay loam or Rideau clay loanm.

St. Damase soils are partly cultivated and partly used as

smell woodlots. Vhere cultivated they are used for general farming and
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somstimes for gardening. The main crops are hay and grain, but yieslds
are only falr, Due to the variable nature of the Zexture and drainage
of these soils, crop ylelds are spotty, but more vniform than on the
St, Amable sandy loam. Corn can be adapted to this soil with improve—
ments in drainage conditions. ' On the better-drained areas, potatoes
may be grown with considerable success and fairly large yields are ob-
tained. The soil fertility is naturally low but it can be improved
considerably and rapidly by generous use of organic matter aﬁd fer{ilizers.
Lime is necessary for the normal growth of legumes.. Good standsg of
alfalfa are seen where the soil has been properly prepared.

Descriptions of the selected profile of the St. Damase and
of two profiles of St. Amable (non cultivated),kin which the horizons
were identified according to the conventions concerning horizon desig-
nations which were established by the Canada Soil Survey Committéé (19?0)
are presented below,

The two pedons of St. Amable were located in an area of St.
Damase and would have reached the thickness>of 90 cm over the clay once
they were cleared. |

The system of colour description is that of Munsell (1970).
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Location:

Macdonald College farm are

—d

T4y L3 P L BN P
Cultivated 5t. Damase

batwesn highways 110.20 and YNo.l0,

&

This profile occurs on gentle undulations, forming a micro-relief with

individual slopes ranging betwean 0.3 -~ 3 %, imperfect drainage, little

Ah

Aheg

Bfjg

c 1T

0-15 cm

15-30 cm

30-45 cm

L5 60 cm

60+ cm

- runoff and water erosion.

7.5 YR 3/2; sod layer; sandy loam; medium angulax
to subangular blocky; slightly hard when dry, friable

when moist; clear smooth boundary; pH 5.2.

10 YR 5/4; sandy loam; common, medium, distinct 7.5
YR 5/3 mottles; single grain; slightly hard, dry;

friable, moist; clear wavy bourdary; pH 4.8,

10 YR 5/6; sandy loam; common, medium, distinct 7.5
YR 5/3 mottles; weakly cemented; single grain; loose

moist; clear smooth boundary; pH 5.1.

10 YR 4/3; sandy loam; many, medium, distinect 7.5 YR
5/3 mottles; firm; structureless; abrupt smooth

boundary; pH 5.1.

2.5¢ 6/2; clay; many, coarse, prominent 7.5 YR 6/6
mottles; sticky, wet; very hard, dry; strong_blocky

to subangular blocky,
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Profils o, 2 Cultivated St. Damass

Location: Macdonald College farm, fleld located between highways 20

and 40, This profile occurs on gentle urdulations forming a micro

relief with individual slopes ranging beiween 0.5 and 2%. The moisture

regime is imperfect, erosion is minimal.

Ap 0-15 em  Sod layer; 7.5 YR 4/3; sandy loam, fibrous; friable,
moist; soft, dry; aburdant, fine roots; distinct

patches 10 YR 5/8; clear boundary; pH 4.9.

Aeg 15-26 cm 10 YR 5/6; sandy loam; distinct patches 7.5 YR 5/3
mottles; plentiful, medium to fine roots; firm, single
grain; amorpnous; clear wavy boundary; PH 4.9.

Bfg  26-45 cm 10 YR 5/3; loamy sand; many, distinct 7.5 YR 5/3
mottles; firm, moist; amorphous; abrupt smooth
boundaxy; pH 5.1,

C L5+ cm 2.5Y 6/2; clay; many, coarse, faint 5 YR 5/6 mottles;

sticky, wet; very haxrd, dry; strong blocky to sub-

angular blocky.
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Profile No., 3 Cultivated 3t., Damase

Location: Macdonald College highest lard, north of highway 40. This

profile occurs on the nearly level topography 0-0.5 & slope; parent
material as in previous profiles; very little erosion; moisture

regime imperfect to moderate.

Ah 0-20 em  Sod layer; 7.5 YR 4/3; loamy sand; soft, dry; very
friable, moist; abundant, fine roots; abrupt, smooth

boundary; pH 5.2.

Ahe 20-40 ecm 10 YR 5/6; loamy sand; amorphous; single grain;
loose, dry; few, fine roots; cleaxr wavy boundary;

pH 5.3.

Bfg  40-50 cm 10 YR %/3; loamy sand; common, distinct, 7.5 YR 5/3
mottles; firm, moist; hard, dry; abrupt smooth

boundary; pH 5.2.

C 50+ em 2.5Y 5/2; clay; common, coarse to medium, prominent
7.5 YR 6/6 mottles; sticky, wet; hard, dry; strong

blocky to subangular blocky.
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Profile lo.l Cultivated St. Damase.

Locatiorn: HMacdonald College farm highest lard, norih of highway B0,
This prefile occurs on the nearly level topography to slightly undulafing,
0.5-1 % slope; the same pareni-material as previous profiles; very little

erosion, a moisture regimes imperfect to moderate.

Ah 0-15 cm  sod layer; 10 YR 3/4; loamy sand; loose, dry;
friable, moist; abundant, fine roots; abrupt, smooth

boundary; pH 5.1.

Ae 15-40 cm 10 YR 5/8; 1loamy sand; single grain; loose; plentiful;

cleai, wavy boundary; pd 5.1.

Bfjg L40-50 cm 10 YR 5/3; loamy sard; common, distinct, 7.5 YR 5/3
mottles; amorpnous single grain; friable, méist;

diffuse bourdary; pH 5.0,

cg  50-65 cm 10 YR 5/3; loamy sand; common, medium, distinct 7.5
YR 5/3 mottles; clear wavy boundary; slightly sticky,

wet; firm, moist; pH 5.3.

CII 65+tcm 2.5Y 6/2; clay, many, medium to fine, prominent 7.5
YR 5/6 mottles; sticky, wet; very hard, dry; strong

blocky to subangular coarse blocky.
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3.2.2 Non-Cultlvated Suil Profiles (Margan Artoretun Area)

Profile ¥2.5

tfon-cultivated St. Damase (woodland)

Tnis profile occurs on wooded land, on the slope of &z single long

undulation having a 1-3 % slope; drainage, moderate; little runoff;

the watzry percolates rapidly through the sandy material until it reaches

the clay substratum.

L-H 0-7 cm

Ah 7-25 cm

Ah 25-50 cm

Bfhgj 50-70 cm

Bg 70-82 cm

Cg £2-92 cm

CII 92+cm

10 YR 2/1; sandy loam; semi-decomposed organic matter

layer; fibrous; abundant, fine to medium roots;

abrupt, smooth boundary; pH 3.8.

7.5 YR 4/6; sandy loam; single grain, dry; loose;
friable; plentiful, moderate roots; clear wavy

boundary; pH L.b.

5 YR b/lt; sandy loam; common, fine to médium, distinct
7.5 YR 5/6 mottles; amorphous single grain; friable,
moist; diffuse boundary; single grain pH &.4,

5 YR 5/6; sandy loam; ‘common, medium, distinct 7.5 YR
5/6 mottles; amorphous single grain; firm; clear
smooth boundary; pH 4.8.

7.5 YR 5/6; loamy sand; many, medium, faint 7.5 YR

5/6 mottles; amorphous single grain; firm, moist;

clear smooth boundary; opH 5.1.

10 YR 5/1; loamy sand; many, medium, distinct 7.5 YR
5/3 mottles; amorphous single grain; firm, moist;

clear smooth boundary; pH 5.5.
2.5Y 6/1; clay, nany, medium to fine, prominent 7.5
YR 5/6 mottles; sticky, wet; strong coarse blocky o

subangular blocky.
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over narins clay

L-H

Ahg

Bfg

Bhig

C II

0-7 cm

7-15 cm

15-25 cm

25-55 cm

55-75 em

75-80 cm

80+ cm

[iad

Non-cultivated (Morsan Arboretum area) St.hznase

Tnis profile occurs ocxn z slope which is undulating in one

the parent material 1s medium to fine sand deposited

in depth about S0cm; the natural drainage is imperfect.

10 YR 2/1; semi-decomposed organic matter; fibrous;
sandy loam; abundant, fine and medium roots; abrupt,

smooth boundary; pH 4.1.

7.5 YR 4/6; loamy sand; single grain; loose; friable,
wet; common to few distinct 7.5 YR 5/6 mottles; clear
wavy boundéry; oH 4.4,

7.5 YR 4/6; sandy loam; common to many distinct 7.5 YR

5/6 mottles; amorphous; single grain; clear wavy

boundary; pH 4.5.
10 YR 5/4; 1loamy sand; many distinct 7.5 YR 5/6

mottles; amorphous; single grain; diffuse boundary;

friable, moist; 7pH 5.3.

10 YR 5/4; sand; many distinct 7.5 YR 5/6 mottles,
friable, moist; amorphous single grain; clear wavy
boundary; pH 5.7.

10 YR 5/1; 1oamy sand; many distinct 7.5 YR 5/3

mottles; amorphous single grain; firm; diffuse bouﬁdary‘

pH 5.8.

2.5Y 6/1; clay; many, fine, prominent 7.5 YR-5/6
mottles; sticky, wet; strong coarse blocky to subangular

blocky.
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Profile Ho.7 ton-cultivated (Pb:ggn.érboretum arsa) St. Anabls
scation: Tnls profile occurs on a gently undulating to uwrdulating

frai)

lzndscape with considerable micro-relief. The parsnt material is medium
tc fine sand deposited over the marine clay in depth of about 120 cm;

slope 0.5 - 2%; imperfectly drained.

L-H 0-7 cm 10 YR 2/1; semi-decomposed organic matter layer;
fibrous; sandy loam; abundant fine and medium roots;

abrupt, smooth boundary; pH 3.2.

An 7-20 em 10 YR 3/4; loamy sand; friable, moist; plentiful,
fine to medium roots; wavy clear boundary; pH &4.1.

Aheg  20-65 cm 10 YR 5/6; loamy sand; common distinct 7.5 YR 5/6
mottles; 1loose; amorphous single grain; diffuss
bourdary; pH 4.5.

Bhjs 65-80 cm 10 YR 5/4; loamy sand; common distinect 7.5 YR 5/6
mottles; firm, moist; amorphous single grain; clear
wavy boundary; pH 4.9.

Bhfg 80-90 em 10 YR 5/1; sand; many distinet 7.5 YR 5/3 mottles:
firm, moist; diffuse bourndary; pH 5.0.

Cg 90-120 cm 10 YR 5/3; sand; many distinct 7.5 YR 5/6 mottles;
hard, dry; firm, moist; amorphous singlé grain; diffuse
boundary; pH 5.2.

¢ IT 120+cm 2.5Y 6/1; clay; many, medium, prominent 7.5 YR 5/6
mottles; sticky, wet; hard, dry; strong coarse blocky

to subangular blocky.
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Profile No.8

Non-cultiveted (liorgan irboretum area) St. Amable

Location: This profile occurs on gently undulating topography;

nodsrately well drained; the parent material is a fine sand which has a

thickness of about 120 cm over clay.

L-H 0-7 cm

Ah 7-20 cm

Aheg  20-60 cnm

Bnjg 60-85 cm

Bfhjg 85-100 cm

Cg 100-120 cm

¢ IT 120+ cm

10 YR 2/1; semi-decomposed organic matter layer;
sandy loam; fibrous; abundant fine to medium roots;

abrupt, smooth boundary; 7pH 3.7.

10 YR 5/6; loamy sand; friable, moist; plentiful

roots; single grain; wavy clear boundary; pH 4.7.

10 YR 5/6; sand; common distinct 7.5 YR 5/6 mottles;
loose; amorphous single grain; diffuse boundary:

PH 4. 5.

10 YR 5/3; sand; many distinct 7.5 YR 5/6 mottles;
massive; amorphous single grain; clear wavy boundary;

PH 4.8,

10 YR 5/1; sand; many distinet 7.5 YR 5/3 mottles;
firm, moist; hard, dry; amorphous single grain;

diffuse boundary; pH 5.1.
10 YR 5/3; sand; many distinet 7.5 YR 5/6 mattles;

slightly sticky, wet; firm, dry; amorphous single

grainy; diffuse boundary; pH 5.11.

2.5Y 6/1; clay; many, medium, prominent 7.5 YR 5/6
mottles: sticky, wet; hard, dry; strong coarse

blocky to subangular blocky.
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L, METHODS OF ANALYSIS

L1 Tield Work
L.1.1 Sampling

The field work was carried out in the summer of 1975. Sample
sites were selected by preliminary augsr tests to ascertain the relative
homogeneity of the parent material and to éllow an investigation of
changes occurring in the physical and chemical properties of soll hori-

zons among profiles which originated from similar parent material,

4,1.2 Measurements made in the field

While sampling each horizon with core samplers, field measuxre-
nents were conducted by means of a Troxler Density Moilsture Gauge Meter,
and a Proving Ring Penetrometer for quick field checks of bulk density
values in the field. Eight sites, four each of represeﬁtative culti- -
vated and non-cultivated s&ils were sampled, respectively.

The cultivated so0il consisted of pastured fields which had
been under cultivation for approximately 70 yearé. The non-cultivated

soil (Morgan Arboretum woodland) consisted of natural hardwood stands.

4.2 Physical Determinations

L,2.1 Bulk Density

Bulk density was determined at the saturation point by the
coré method as outlined by Blake (1965).

Bulk density at the saturation point was desired in order to
obtain coﬁparable results between the profiles, usually at different
natural water contents at the time of sampling. Over three core samples
for each horizon were taken and brought to saturation by allowing them

to absorb water for about 72 hours. The soil excesding the edges of
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the cores due to the swelling effect was trimmed off. The water-saturated
soil cores were welghed then dris=d, and their oven-dry weight (Ws)
neasured. The bulk density (Bd) expressed in g/cc was obtained by divid-

ing the oven-dxy weight by the known core volume.

h,2.2 Total porosity

It was determined at the same time as bulk density. The water
of saturation was calculated on a welght basis from the oven-dry weight

of so0il and converted to volume to express total porosity.

h,2.3 Particle density (specific gravity):

This represented the weight of the solid which occupied the

volume of the core which was not pore volume.

L.o2.h Particle size distribution

L,2,4,1 Preparation of samples

The three core samples were air-dried, mixed, and gravel and

root fibers removed by passing the soil through a 2.0 mm sieve.

b,2,4.2 Determination of particle size distribution

A representative portion of approximately 12 grams of air-
dried soil was obtained from each horizon sample by the quartering pro-
cedure, This sample was treated for the removal of organic matter by
the Kunze and Rich's method as quoted in Black (1965). Free iron oxides
were then removed as outlined by Mehra and Jackson (1960), as quoted by
Kunze in Black (1965). The pipette method of Kilmer and Alexander
(1949), as cited'by Day (1965) in Black (1965), with the modifications
introduced by Toogood and Peters (1953) was followed for the separation
of particle size separates. Dispersion of thes soil particles was

achieved by using 10 ml of 5% sodium metaphosphate (Calgon) solution per
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wet sieving through a 53 micron (C.053 mn) sleve. Both fractions were
. . 0 < ] . .
then oven-dried at 307°C and weighsed. The sand fraction was further split

into five slze sub-fractions using the following nest of sieves of the

U.S.Bureau of Standards:-.

Sieve number Opening
18 1.0 mn
35 0.5 mm
60 0.25 mm
140 0.105 mm
270 _ 0.053 mm

shaken on a reciprocal shaker for 10 minutes.

L.2.5 Penetration Resistance

The penetration resistance of soils was assessed in the field
by means of a cone-type Proving Ring Penetrometér, Soil Test Co, Model
CN—97Q. The tests were done by pressing the cone penetrometer into the
s0il in a vertical position at a steady uniform rate of 5 seconds to
reach a depth of 15 cm and by recording the proving ring dial indicator
reading. The test was repeated three times at each location, in order to
determine the maximum penetration load in kilograms/cm2 using the proving

ring calibration chart.

L,2.6 Consistency

4.2,6.1 Liquid-Limit determination

Liquid 1imit characteristics of the soil samples for each

Pad

horizon were determined by means of the Atterberg ligquid-limit apparatus
(Black, 1965). The test was carried out in triplicate and results ex-

pressed as percent of moisture on an oven-dry weight basis.
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y,2,6.2 Plastic Linit (plasticity)

Plastic linit characteristics for iths s2ils were determined
by Sower's method (Black, 1965), and expressed as percent of moisture on

an oven-dry welght basis.

.3 Chemical Determination

b,3.1 Soil Reaction (pH)

Soil reaction was determined in 0.01 M CaCl2 solution, using

a digital Model 801 pH-meter with glass calomel electrode (Black, 1965).

L.3.2 Extractable Phosphorous

Elemental extractable phosphorous was determined by the
method of Bray and Kurtz (1945), modified as follows: a 2.5 gram air-
dried soil specimen was shaken for 5 minutes in 25 ml of approximately
0.03N acidified ammonium fluoride extracting solution, and measured by

the "Technicon" auto-analyser.

4.3.3 Extractable Cations

Elemental extractable potassium, calcium and magnesium were
assessed by the methed of Smith and Matthews (1957). Potassium and
calcium were measured by the Technicon auto-analyser and magnesium by a

Perkin-Elmer Model 290B Atomic Absorption Spectrophotometer.

4,3,4 Organic Matter

Organic matter in all samples was determined by the method of

Walkley-Black (Black, 1965).

4.3,5 Fulvic Acid
Fulvic acid was extracted by a 0.5 NéOH solution under NZ’
at room temperature and determined by the method of Stevenson (Black,

1965), as modified by Schnitzer (1970),
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The fulvic acid in the sclution was measuxred by wmeans of the
Beckman quartz prism absorption spesctropnotometer, model DU according
to the procedure outlined by Graham (1948), modified by Carolan (1948)

and by Sims and Haby (1971).

4.3.6 Dithionite-Extractable Iron, Manganese, Aluminum, Silicon

Dithionite-extractable free oxides of iron, aluminum and
manganese as well as silica, were extracted according to the method of
Coffin (1963). A Perkin-Elmer model 303 atomic absorption spectro-
photometer was used to0 measure iron, manganese and aluminum. For the
determination of silica by atomic absorption, a Beckman quartz prism

5bsorption spectrophotometer, Model DU was used (Jackson, 1957).

4.3.7 Oxalate~Extractable Iron, Manganese, Aluminum, Silicdn

The extraction method outlined by McKeague and Day (1966)
was nodified according to Raad and Thomas (1969). Iron, manganese,
aluminum and silica were determined by the same methods that were used

for the dithionite-extracted elements.

L.,3.8 Pyrophosphate-Extractable Iron, Aluminum, Manganese, Silicon

The extraction method was as outlined by Bascomb (1968).
Iron, manganese, aluminum and silica were determined accord—

ing to the procedures outlined for the dithionite-extracted elements.

4.3.9 Total Nitrogen

Total nitrogen was determined by means of a semimicro-

Kjeldahl apparatus according to Bremner's method (1965).

L,3,10 pi-Deperdent Cation Exchange Capacity

The pH-dependent cation exchange capacity was measured in

NaCl 2¥ solution by the method developed by Singn (1976) based upon
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Clarzx's method (1965). Exchangeable Ca ard K were neasured in the

"

~3

gchnicon' autoanalysar, exchangeable Il in an atomic absorption spesc-
troneter Model 290B, and exchangeable alualnum in an atomic absorption

spectroneter, Model 303 Perkin-Elmer.

4,.3,11 Cation Exchange Capacity

The cation exchange capacity of each horizon was determined

- by nesutral ammonium acetate 1N at pH 7. Cations were measured in the

"Technicon" autoanalyser by the method of Marshall (1958) modified by

Pratt and Bradford (1960).
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5. RESULTS AND  DISCUSSION
5.1 Physical Analyses
5.1.1 Testing homogeneity of soil material

Because mineralogicai analyses weré not performed on the sand
fractions in this investigation, two systems were used to check the
homogeneity of the soil material, so that changes that might be ob-
served in soll profiles could be ascertained as resuiting from cultivation.

The approach described by Rim (1955) was tested. The relative
parallelism observed among cumulative particle size distribution curves
(see figures 8 to 15) of similar horizons indicate that the original
material Was~homogeneous. |

A second test based on statistical analyses (F test) summarized.
in Table 2a and illustrated in Appendix 3, of the percentages of specific
size fractions observed in the surface and one sub-horizon of all profiles
sampled, indicated that there were no significant differences within
groups, wnile significant differences occurred between groups of cultivated
vs non-cultivated profiles. Thus indicating that differences observed in
particles distribution between cultivated and non-cultivated profiles

were due to causes other than deposition.

5.1.2 Particle size distribution

In a1l soil survey repofts of Eastern Canada, and in mdst of
the detailed analyses of orthlc podzol profiles reported in academic
Journals, results of particle size analyses are given on a weight basis,
and so are values reported in the present study.

A1l the values of physical properties for the individual pro-
files are listed in Appendix 1, which also includes particle size

distributions values.



Figures 1, 2, 3, %, 5 present cumulative average particle
size distribution for the individual hdorizgons of the profiles and show
the changes in texture with depth in soil profileé. Particle (( 0.2 mm,
(0.5 nm and {0,005 mm) accumilation with depth in soil profiles show a
relative increase in proPOrtioﬁ in the cultivated profiles when com-
parad against the corresponding non-cultivated soil profiles, particu-
larly within the hardpan layer (Bg horizons). Moreover,  the accumulation
of coarse particles (0,1-2.0 mm) increases more with depth in non-
cultivated than in cultivated soil profiles, especially in‘the agricr
horizons (figures 6 and 7).

Paired t tests in Table 2 indicate that contents of particles
with {0.05 mm in diameter increase significantly at the 0.01 probability
level, in the C and B horizons of cultivated profiles, compared to the
uncultivated sites, while in the non-cultivated profiles the weight of
particle sizes more than 0.2 mm increases sigﬁificantly at the 0,05
probability level.

The particle size distribution curves for cultivated and non-
cultivated soil profiles are presented in figures 8 through 15, illus-
trating the distributlon of fine particles in cultivated soil horizons
and coarse particles in non-cultivated soil horizons. Moreover, it was
found that there was a greater accumulation of fine pa:ticles in the
agric hoxrizon than in the above horizdns.

In soils with contents of particles ) 0.02 mm ranging between
30 and 60 percent, paired t-test analyses indicate significant (0.05
probability) decreases 1in partiicle size in profiles of cultivated solls
with an agric horizon and significent increases in profiles of non-~

cultivated solls with an agripan.
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Pailred "t" analysis values comparing the effect of particle size distribution on

TABLE 2.
agric formation.
Horizon 2,0 - 0,25 0.25 - 0,05 0.05 - 0,005 0.005 - 0,001
g 8.32 70,16 14,97 6. 62x
v 37.50% 51,5 7.65 3.35
B, ¢ 12.20 61.61 19,44~ 643"
*%
B, v 37.96 . 50,67 8.68 2.72
B, 8.88 6,2 23,17 3,72
B, v 27,077 53,89 18,74 - 0.81
B, ¢ 11,5 51,18 31,22 5,25
B, v 19,84 58,74 17,82 3.6
c-3, 8,92 1 12.2 90,1671 61,61 14,9 1+ 19,447 6.62 1 6,43
v 37.50 1 37.96 51.5 1 50,67 7,65 1 8,68 3.35 1 2,72
c-3, 8.32 1 8.88 70,16 6l 24 14,9 23.17T* 6.62:; 3,72
v 37,50 1 27.07 51,5 ¢ 53,89 7,65 1 18,74 3.35 '+ 0.81
¢ = cultivated scil BO = Indicates overlaying B, -horizon

v = noncultivated soil

Q
1

B, = Indicates overlaying C~horizon

1

= Indicates overlaying clay horlzon

B, = Indicates overlaying Bz-horizon

A0 = Indicates overlaying Bo-horizon

T
*

= Indicates significant at 0.1 level (10%)
= Indicates significant at 0.05 level (5%)

** = Indicates significant at 0,01 level (1%)
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TABLE 2a. Summary of results of I test on particle size percentages of Ap and C horizons

1-0"'005 mnm 015‘0-25 mm 0125-011 mnm O| 1"‘0.05 mm Ono5—o.02 mm 0002"'0'05 mm 0.0S"0.00_S mn

Comparison for %—borizons

between groups (cultivated ‘ % %
and non"'Cul'biVafted. Soil NcS- NIS! NOSI NuS- NoS-

profiles)

Comparison for C-horizons

within groups (cultivated o
C\,nd_ non—‘cul’tivatcd_ Soil le- NOS' N'S' NISI NoSu NvSn ;N.;J-
rofiles)

Comparison for Ap horigzon

betieen groups (cultiyated % N.S. % N.S. % % i
and non-cultivated soil

profiles)

Comparison for Ap horisgon

within groups (cultivated .S N.S N. S N.S N.S M8 -
and non-cultivated soil e te Te e B T S
profiles)

N.S. = non-significant at 0.05 (5%) level
* significant at 0.05 (5%) level
*¢ = gignificant at Q.01 (1%) level

I
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Corvers=ly, palred t-test analiyses odnducted on resulis of

cultivated profiles irdicate significant decreases (0.05 probability)

in the solls having 34 to 50% of particle size range () 0.05 mm);

whereas those with partic}e sizes <0.05 mm there is a significant in-

crease in the Cg horizon.

These phenomena of particle size distribution could be ex—
plained by one or all of the following phenomena:-

(1) fine particles could be moved from the surface horizon to the lower
horizons, and

(2) +this process could have been accelerated by cultivation. The
reasons for the accelerated rate of movement in the cultivated pro-
file could ve associated with:

(a) an increase in the volume df water percolating thiough the culti-
vated profliles;

(b) an accelerated breakdown of aggregates and coarse particles in the
surface s0ll as a result of cultivation which, according to Baver
(1965), resulits in the release of fine and very fine particlés. The
particles could then be carried by gravity'water to the lower horizons.

The increase in the breakdown of soil aggregates as a result of
cultivation could be attributed to:
i. Exposure of surface aggregates, by removing the protective humus
layer; to the direct impact of raindrops.
ii. TIncreased risk of rapid freeéing, thawing, drying and wetting,
which tend to break down soil aggregates (Marshall, 1959).
iii, Shearing of sgzregates by humans, animals, and machinery.
iv., Accelerated rate of weathering due to increase in surface soil

temperature, resulting from land clearing.
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The concentration clay or tne apgearance of clay particles
in the B and/of C horizons has been attributed +0 iha prescnce of chomi-
cal components such as Al, Fe, Si, etc. (Blune, 1969; Kodama, 1973; and
Cuitian, 1974), and its magnitude in the soll srface.

Two actlons, other tﬁan leaching and weathering, could bring
differences between agric (Cg—horizon) and upper horizons wifhout any
gains or losses actually taking place. These are the artificial increase
or decrease in the percentage of one or more size separates resultingA
from changes in other size separates within a horizon, and an artificial
decrease of all size separates due to an expansion of the soil lattice

during profile development. This could occur especially in the Bfh

horizons which show a very loose and open structure.

5.1.3 Bulk density and total porosity

Bulk density and total porosity values for the individusl
layers 6f each profile appear in Appendix 1, while Table 3 lists the
mean bulk density and total porosity values for cultivated and non-
cultivated soil p:ofiles.

It is noteworthy that two cultivated profiles, No.Z2 and No.3
(in Appendix 1) show a trend toward a definite increase in bulk densitj
in an agyric layer. This characteristic was also evident in all non-
cultivated profiles.

| In cultivated profiles 1 and U4 (Appendix 1) the rate of
change in bulk density was constant throughout the profile. Paired t-
test analyses, comparing the indurated horizon (C) with all upper
horizons; indicates that there is no significant increase in bulk
density except with the surface layer (Table 3); The mean of bulk

density values of the agric was significantly (0.05 probability level)
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TIRLT 3 "tY test of significancs of mean valuss indicating changes
in the profils associntad with induration in cultivated
and non-cultivated soils

Bulk Densitiy Particle Density Total Porosity

Horizon gram/ce B gram/ce % volume

1.47 2.52 L1 42

c v 1,51 2. 54 40.69

BZ 1.38 2.47 42.89

B, v 1.54 2.42 ‘ L0.16

31 1.29 2.43 46,98

B1 v 1.37 2.35 bi,71

BO 1.21 2.37 48.75

Bo v 1.28 2.35 L5, 58

C—B2 1.47 + 1.33 2.52 + 2,47 L1.42 « 42,89

% 4

C-B, v 1.51 : 1.44 2.54 ¢ 2,42 40,69 : 40,16

C-By ¢ 1.7 + 1.29 2.52 1+ 2,43 Li.42 : 16,98

C-B, v 1.51 & 1.37 2.54%: 2.35 %0.69 : 41.71

C-B, ¢ 1,477 1.21 2.52 1 2.37 n1.42T: 48,75

c-B, v 1.517: 1.28 2.5 2.35 50.69 + 45.58

T = Significant at 0.1 (10%) level
= Significant at 0.05 (5%) level
%% = Significant at 0.01 (1%) level

*
{

¢ = cultivated soil

v = non-cultivated soil

C = Indicates layer overlaying clay layer
B2 = Indicates layer overlaying C-horizon
B1 = Irdicates layer overlaying Bz~horizon
BO = Indicates layer overlaying Bl—horizon
A =

Indicates layer overlaying Bo~horizon
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zreater than the bulk density of tnz A-hoxizon,

The abosve data indicatz inat tulk donsity may vary throvsgh
the profile, due to either a varyling particle sizs distridbution among
different layers, or a different arrangement of the soil particles

i,e. due to differential soilAcompaction), or tO a combination of bqth
effects (Baver, 1955).

Consequently, any increase in bulk density should be accomp-
anied by a corresponding decrease in total porosity, and vice versa.

- The occurrence of a hard B-layer in the cultivated soils
could be due to the mode of deposition of materials or to the effect of
cultivation of the soil. This coincides with the occurrence of a firm

layer which could be due to differential induration of simllar material,

and not due to differences in bulk density and/or total porosity.

5.1.4 Particle density

The values of the change in’particle dénsity with depth for
each horizon of each profile are given in Appandix 1.

The data (Table 3) indicate that the rate of change in part-
icle density with depth was constant throughout all cultivated profiles;
il.e. éll increases or decreases in particle density were non-significant
(0.05 probability level), but paired t~test analysis indicates a signifi-
cant increase (0.10 probability level) in particle density of the G
horizon with respect to the B2 horizon, and a significant increase
(0.05 probability level) in the particle density of the C horigzon with
respzact to the B1 horizon, in all non—culfivated profiles., This is most
likely assoclated with the particle sorting throughout the profile, dié—

cussed previously in sectlon 5.1.1.
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cultivated soll profiles.

Paired t-test analyses indicate a significant increase (0.10
probabllity level) bétween B2 and C horizons of culﬁivated s0il, but show
no significance between the C and othsr upper horizons., This could be
due to dryness of soll surface during thzs measurements.

On +the other hand, t-test analyses show a significant in-
crease (0.05 probability level) in resistance in the C horigons of cul-
tivated soils when compared against the non-cultivated soils. The same
relationship was evident when comparing the B2 horizons of thsse soils.
The bearing capacity tests indicate the formation of a hard agric
horizon overlaying the clay layer in the soll profile, associazted with
an accumulation of, and compaction of, fine particles. Hence, penetration
resistance of the sub-surface material can be correlated, in a general
way, with physical properties. It is possible, however, that it could

be caused by deposition of mineral or chemlcal materials.

5.1.6 Liguid limit and plastic limit

Values of liguid limit and plastic limit (Attérberg Limits)
for all profile horizons are given in Appendix 1, and illustrate marked
changes throughout the profile. Table 5 gives the t-test of signific--

f nean values for Atterberg Limits in cultivated and non-cultivated

o
w3
@)
(4]
O

rofiles.

0
O
e
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Paired t-test aralyses (Table 5) indicate that culiivation

significantly decreased (0.05 probability level) the liquid limit of the



TABLE &, Vth-tes an velues indicating
changes 1 Witk Indunration in
cultiva

Penetration Resistance o
Horizon (Bearing Capacity) (Kz/cm™)
*
18,92
¢ v 16,73
B, 17.63T
B, v 16,08
B1 c 13.74
B1 v 15.27
T
C—B2 c 18.92" ~ 17.63
C-B, ¢ 18.92 - 13.74
*
C—B2 v 16.73 - 16.08
C-By v 16.73 - 15.27
B,-B, ¢ 17.63 - 13.74

T = Significant at 0.1 (10%)level
* = Significent at 0.05 (5%) level
*% _ Significant at 0.01 (1%) level
= cultivated soil

= non-cultivatad scil

Q < o

= Indicates layer overlaying clay layer
B2 = Indicates layer overlaying C-horizon
B1 = Indicates layer overlaying B2—horizon

BO = Indicates layer overlaying Bi—horizon
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Mgl-tast of
Limits, inﬂ'caulno cnlrées
with induration in cultivat

significances of nzzn values of Atterbverz
: ihe profile associated
I zrd non-cultivated soils.

Liquid Linit Plastic Limit
Horizon % %
c c 19.9 - 19.1

* *

c v 23.15 22.29
B2 18.53 i15.5
B2 v 23,58 22.29
B, o 23.32 22.71
B1 v 22.15 21.41
BO c 27.0 - 26.75
BO v 15.53 11.99
C—B2 c 19.9 :+ 18.53 19.1 : 15.5
0—31 c 19.9 : 23.32 - 19.1 : 22.71
C—B2 v 23.15 : 23.583 22.29 : 21.4
C—B1 v 23.15 : 22.15 22.29 : 11.99
BZ*B1 c 18.53 : 23.32 15.5 + 22.29

T = Significant at 0.1 (10%) level
* = Significant at 0.05 (5%) level
*% = gignificant at 0,01 (1i%) level

¢ = cultivated soil

v = non-cultivated soil

C = Indicates layer overlaying clay layer
32 =iIndicates layer overlaying C-horizon
B1 = Indicates layer overlaying B2—horizon
BO = Indicates layer overlaying Bi—horizon
A =

= Indicates layer overlaying Bo—horizon



C-horizouns when compared with thz non-cultivatsi soils, loreover, the

s

lack of significunt decraase (0.0; probabiliiy level) in 1iguid limit

B

hv]

among the C and all othsr horizons of cultivated soils, indicates the
uniformity of this characteristic throughout the cultivated soil pro-
files. This is related to ths adequate amount of fine fractions contained
in these horizons and to the degree of soil compaction within cultivated
soils,

Exchangeable ions (i.e. Na, Al, Fe, 810, ete.) can play an
important role in water adsorption, and hence increase both the liquid
and plastic 1limit to some extent (Bear, 1965; Warkentin, 1975). The
increase in Atterbsrg characteristics for sandy soils, which is approx-
imately 16%, could be due to the increase in fine particles, to chemical
components, and/or to fibroué organic particles which have the same

effect as porous grains,

5.2 CHEMICAL ANALYSTS

5.2.1 Soil reaction (pH)

Values of soil pH for all profiles are presented in Appendix 2.
pH values, which change with depth in the soils, indicatevacidity in all
profiles. Table 6 lists t-test of significance for mean values of pH and
Cation'Exchange Capacity in cultivated and non-cultivated soii profiles.
Paired t-test values indicate that pH values increase with soil piofile
depth in both cultivated and non-cultivated profiles. pH differences
between the B and C horizons of cultivated solls were non-significant,
but a significant (0.05 probability level) increase in pH occurred
between the A and C horigzons., pH differencas between C horizons of culti-

vated and non-cultivatsd soll were non-significant.



o1

=
=
=
G
oS

"t'"-test of significance of mean values indicating changes
in pd and exchangsable D“Oﬁe*tl of thz2 soils

c. E. C. pH-dependent C.E.C.

Horizon meq/100 gm soil pH neq/100 gm soil
¥ © X

C ¢ 22.27 5,17 ob1

v 5.18 5.39 o 10.3
B, ¢ 16.10" .99 23.43
B, v b.25 5,22 16.93
B, ¢ 38,217 .97 | 27.61
B, v 11.35 .95 | 18.39
B, 57.1 5.15 32.2
B v 23.20 L, L7 20.65
c-B, c 22.27 1 16.10 5.17 : 1.99 24,1 : 23.43
c-B, o 22,27 :+ 38.21  5.17 : L.97T 2.1 : 27.61
C—B2 v 5,18 + 4.25 5.39 : 5.22 10,3 : 16.93
c-B, v 5.18 1 11,35 5.39 1 4,957 10.3 : 18.39
B2~B1 c 16.10 : 38.21 L,99 : 4,97 23.43 : 27.61

T = Significant at 0.1 (10%) level

* = Significant at 0.05 (5%) level)

**¥= Significant at 0.01 (1%) level

¢ = cultivated soil

v = non-cultivated soil

c Indicates layer overlaying clay layer
Indicates layer overlaying C-horizon

2
1 Indicates layer overlaying Bz—horlzon

B

B

B Indicates layer overlaying Bl—horlzon
A Indicates layer overlaying B -~horizon
C.E

= Qation exchange capacity



This increzsz in soil pi values in the sub-sucface hovizons,
particularly in overlzying clay layers (strata) could be due to the

lezching and mobilization of soll surface conponents and thelr segreg-

ation and prescipitation within these horizons.

5.2.2 Cation exchazice capacity

Values of cation exchange capacity (CEG) for‘lnd1v1dual pro-
files on a meq/iOO gram soll baslis, are shown in Appendix 2. Table 6
lists the t-tests of significances for mean values of CEC meaéurements
in cultivated and non-cultivated soil profiles. |

The paired t-tests indicate marked increases (but non-

ignificant at the 0.10 probability'level) in CEC values of C—ﬁorizons

compared with B-horizons of cultivated soils, however decreases (also
non-significant at the 0.10 probability level) occurred in the C-horizon
when compared to the A-horizon. On the other hand, B- and C-horizons of
cultivated soils have CEC values significantly (O 05 probablility 1evel)
higher than the corresponding horizons in non-cultivated soils.

This characteristic of the soil is associated: with organic
matter contents and fine particle deposition in the C—horiéon (hardpan

1ayer) overlying the clay strata.

5.2.3 pH-dependent CEC ( ACEC)

Values of pH-dependent CEC (A CEG) for the individual profiles,
on a meq/100 gram soil basis, appsar in Appendix 2, while Table 6 lists
"t"-test of significance of mean values of ACEC (pH-dependent CGEQ) in
cultivated and non-cultivated soll profiles. Paired t-test analyses
irdiczte a marked incrsase in value (but statistic cally non-significant
at the 0,10 probability level) in the C-horizon (agric horizon) compared

with the upper layers in cultivated soils, 1In the case of non-cultivated
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protzbility level) was observaed in the C horizoun. On the other hand pH-
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ation exchange cavacity valuss in cultivated C-horizons show
icant increases (0.05 probabillity 1evel) when compared to C-

horizons of non-cultivated soils.

5.2.4 Extractable potassium

Values of extractable potassium appear in Appendix 2, while
Table_? lists the "t"-test of significance of mean vaiues of extractable
potassium in cultivated and non-cultivated soil profiles. Paired t-
tests indicate significant (0.05 probability level) increases in ex-
chang=able X in the cultivated C-horizons compared with non-cultivated
C-horizons. This increase in exchangeable potassium may be due to fert-
ilizer practices and/or to the presence of the crystalline structure of
primary and secondary minerals such as micas, feldspar. and the mica-

ceous minerals of the clay fractiomn,

5.2.5 Extractable calcium

Values of extractable calecium for individual profiles appear
in Appendix 2, while Table 7 lists the "t"-test of significance of mean
values of extractable calcium in cultivated and non-cultivated soil pro;
files. Palred i-test analyses indicate marked increased in calcium in
the C-horizons of both cultivated and non-cultivated soils. Differences
in extractable Ca levels in all horizons of cultivated soils were non-
significant, whereas C-horizons in non-cultivated profiles showed a
significant (0.05 probability level) increase in calcium content com-
parsd to all other horizons.

This increase could play an important role in increasing the

Atterberg Limits for horizons of non-cultivated profiles compared with
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TABLE 7. Yilotest of significance o

nean values Inadicating changes
in 2lkall and alkaline ecax %

D

tiors content of the solls

: K Ca Mg
Horizon ' jeyeic ppm ppm
c 12,25 . 32.0 5.8
c v 3.05 21,00 3.7
* T
B, 8.2 21.33  3.85
B, v 2.21 8.55 0.87
B, 11.95 53.38 b.8"
B, v 245 5.88 0.69
B, ¢ W15 83.75 10.95°
B, v 1.862 , 3.8 | 0.60
C-B, ¢ 12,25 : 8.2 32.0 : 21.33 5.8 : 3.85
c-B, ©c 12.25 1 11.95 32,0 : 43.38 5.8 : 4.8
¢-B, v 3.05 : 2.21 21.0%:  8.55 3.7 : 0.8%
c-B, v 3.05 : 2.L5 21.0": 5.88 3.7 1 0.69
B2—B1 c 8.2 : 11.95 21.33 :+ 43.38 3.85 : 4.8

T = Significant at 0.1 (10% level)

¥ = Gignificant at 0.05 (5% level)

¥*¥= Significant at 0.01 (1%) level)
x¥¥* = Significant at 0.001 (.1%) level
cultivated soil

= non-cultivated soil

S 0
f

Indicates layer overlaying clay layer

Indicates layer overlaying C-horizon

¢

B

B1 Indicates layer overlaying Bz—horizon
B Irndicates layer overlaying Bl—horizon
A

Indicates layer overlaying Bo—horizon
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5.2.6 Dxtractable masnesiunm

Values of extractable magnesiun for individual profiles are
listed in Appendix 2. Zxtractable rnagnesium changes with depth of soil
profiles. Table 7 lists the "t"-test of significance of mean values of
extractable magnesium in cultivated and non-cultivated soil profiles. A
marked increase in levels of extractable Mg occurs in the C-horizon of
both soils, which was not statistically significant (0.10 probability
level). A comparison of the C-horizons of cultivated and non-cultivated
soils indicates that differences in the levels of extractable Mg were

non-significant statistically (0.10 probebility level).

5.2.7 Extractable phosphorous

Values of extractable phosphorous for individual profiles
appear in Appendix 2. Extractable phospnorous was found to-decrease with
depth. Table 8 lists the "t"-test of significance of mean values of ex-
tractable phosphorous in cultivated and ron-cultivated soil profiles.
Paired t-tests indicate no statistically significant differences (0.10
probability level) between C-~-horizons of cultivated and non-cultivated
soils, Extractable phosphorous in the C—horizons of cultivated soils was
significantly (0.05 probability level) decreased when compared to the
upper horizons, however this phenomenon was not evident in non-cultivated

s0ils.

5.2.8 Total nitrogen

Values of total nitrogen (in percent) for individual profiles
are given in Appendix 2. Table 8 lists the "t"-test of significance of
mean values of total nitrogen in culitivated and non-cultivated soil pro-

files. Palred t-tests indicate a mzrked but statistically non-significant
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R £ significence of mean wvalues indicnting changes
n oho and total nitrogen conteut in the solls
PZOE Totzl Nitrogen
Horizon ppm %
5.51 0.023
L, 18 0.005
*
BZ 8.05 0.017
B, 5.54 0.007
B, 13.337 0.002
B1 6.73 0.02
. 18.5 0.16"
Bo 5.19 0.05
C-B, 5.51 : 8.05 0.023 : 0.017
*
C-B, 5.51 :+ 13.33 0.023 : 0.02
G—-B2 4,18 : 5.54 0.005 : 0,007
C-B, 4,18 : 6.73 0.005 : 0,02
BZ—B1 8.05 : 13.33 0.007 : 0.02

T = Significant at 0.1 (10%) level
¥ = Significant at 0.05 (5%) level

¥z

cultivated soil

non-cultivated soil

Significant at 0.01 (1%) level

Indicates layer overlaying clay layer

1 Indicates layer overlaying

c
vV
c
B2 Indicates layer overlaying C-horizon
B
B

Indicates layer overlaying

Bz—horlzon

Bl—horizon



4

ircrense in the content of total ~lirogsn in C-horizon of cultlvated

9]

s501ls when compared witin non-cultiwvoeted C-horizons. HMarked increzses
(non—significant at ths 0.10 probahility level) vwers observed in the

- ad

Bz—horizons of cultivated soils. However, in non-cultivated soils, a

marked decrease (non-significant at the 0.10 probability level) was

parcent total nitrogen of the C-horigon when compared to the B

evident when comparing the C- to the Bl~ and BZ—horizons.

5.2.9 Organic matter content

Values of percent organic matter in the individual profiles
are given in Appendix 2, while Table 9 lists the "t"-test of significance
of mean v@lues of fulvic acid in cuitivated and non-cultivated soil pro-
files. Paired t-tests indicate that the content of organic matter de- |
creases with depth. A marked increase in percen£ organic ﬁatter in the
cultivated C-horizon was evident when compared to the non—cﬁltivated C-
horizon, however this increase was statistically non—significantr(o.io

probability level).

5.2.10 Fulvic acid

Values of percent fulvic acid in the individual profiles are
given in Appendix 2, while Table 9 lists the "t"-test of significance of
mean values of fulvic acid in cultivated and non-cultivated soil profiles.
Paired t-tests indicate a significant increase in the content of fulvic
acid in the C-horizons of cultivated soils when compared to the A- and
B-horigzons (0.05 and 0.10 probability levels), respectively. It also
indicates a highly significant (0.01 probability level) increase in the
contents of C-horizons of non-cultivated solls when compared to the A-
and B-horizons., Comparison of the fulvic acld levels in the C-horigzons
of cultivated and non-cultivated soils indicates that significant (0.1

probability) level differences do not exist between the two £roups,



TABLE 2, "i-tast of oignificancs of roan values irdicating changes

in organic compounds of the =0ils

Fulvic Acid Totzl Crganic
Horizon % Matter %
c c ~1.003 0.907
C v 1.00% i.185
B, 0.714 : 1.4
B, v 1.040 1.46

*

B1 c 0.512 3.75
By v 0.660 . 1.66
o _ 0.418 5.23
B, v 0.417 ' 3.35
C~B2 c 1.003 : 0.714 1.907 : 1.44
Cc-B, o 1.003%: 0,512 1.907 1 3.75
C-B, v 1.00% : 1.04 1.185 3 1.46
C-B, v 1.004 : 0.660 1.185 : 1.66
B,B, c 0.71k : 0,512 1.4 2 3,75

T = Significant at 0.1 (10%) level
¥ = gignificant at 0.05 (5%)level
** = Significant at 0.01 (1%) level

¢ = cultivated soil

v = non-cultivated soil

c Indicates layer overlaying clay layer
B, Indicates layer overlaying C-horizon

B1 Indicates layer overlaying Bz—horizon
BO Indicates layer overlaying Bl—horizon
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Tnis portion of organic matter (fulvic acid) is very soluble
in water, acid, ard alkall, and tends to form organo-metallic complexes
in combination with iron, aluminum, calcium, and magnesium salts. Ad-

sorption complexes of fulvic acid with clay minerals, and non-siliceous

forms of sesguioxides may also have been formed, all phenomena which

might be instrumental in the development of an agric horigzon.

5.2.11 Extractable iron, aluminum, manganese, and silicon

5.2.11.1 Dithionite~extractable iron, aluminum, manganese and silicon

Values of dithionite~extracfable elements for individual
profiles are shown in Appendix 2. Table 10 lists the "t"—fest of sig-
nificance of mean values of free iron, aluminum, and manganese oxides
and silica, in cultivated and non-cultivated soll profiles. Paired &~
tests of mean values for free iron in cultivated soils, indicate a marked
increase (but non-significant at the 0.10 probability level) in C-horizon
(agric horizon) when compared with the upper horizon (Bz—horizon). This
increase was not as pronounced in noﬁ—culﬁivateﬁ soills., The accumulation
of free iron oxides in the C-horizon of cultivated soils was sigﬁifi~
cantly (0;01 probability level) higher than in the corresponding horizon
of non-cultivated soils.

Cultivated soils showed a marked increase (but non-significant
at the 0.10 probability level) in free aluminum content of the C-horizon

when compared with the B_~horizon, however non-cultivated soils showed a

2
marked decrease (but non-significant at the 0.10 probability level) in
the free aluminum content of the C-horizon when compared with both the
Bl* and Bz—horizons. A marked (non-significant at the 0.10 probability

level) increase in the free aluminum content of C-horizons of cultivated

solls compared with C-horizons of non-cultivated soils was evident. A



- 70 -

TABLE 10, "t'-test of significance of mean values indicating changes
in the dithicnite-extractable slements of the soils.
Fez04 % oy A1203 % by Mn0 % by Si0, % by
Horizon Dithionite Dithionite Dithionite Dithionite
0.47"" 0.18 0.024 0.08"
c v 0.25 0.03 0.023 0.03
*
B, 0.39 0.13 0.016 0.09
B, v 0.23 0.05 0.016 0.03
* * %
B, 0.56 0.28 0.012 0.05"
By v 0.36 0.06 0.007 0.04
B, 0.65 0.32 0.014 0.09
B, v 0.65 0.14 0.005 0.04
C-B, c 0.47 : 0,33 0,18 : 0.13  0.024+ : 0.016  0.08 : 0.09
C-B, ¢ 0.7 : 0.5 0.18:0.28 0.024: 0.012 0.08": 0.05
C-B, v 0.25 : 0.23 0.03 : 0.05 0,023 : 0,016 0.03 : 0,03
*
C-B, v 0.25 : 0.2 0,03 : 0,06 0,023 : 0,007 0.03 : 0,0%
B,-B, c 0.39 : 0.56  0.13 : 0.28° 0,016 : 0.012  0.09 : 0.05

T = Significant at 0.1 (10%) level
* = Significant at 0.05 (5%) level
*% = Significant at 0.01 (1%) level

Indicates layexr

Indicates layer

Indicates layer

= cultivated soil

= non-cultivated soil

Indicates layer overlaying B

overlaying B

overlaying C-horizon

2

overlaying clay layer

-horizon

~horizon

1
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significant (0.05 probabllity level) increase was found in the free Al

content of the Bl— and Bz~horizons of cultivated soils when compared
with the corresponding horizons of ron-cultivated soils. Free manganese
oxide content showed marked incrsasss with profile depth, but its accu-
nulation in cultivated C—horizéns shows non-significant increase at the
0.10 probability level, when compared to C-horizons of non-cultivated
soils. However C~horizons of non-cultivated soils showed significant
(0.05 probability level) increases when compared with the upper horizons.

Silica content data indicate marked increases witﬁ depth
throughout cultivated profiles, whereas non-cultivated profiles show de-
creases in silica content. Moreover, accumulation of silica in Bi“ and,
C-horizons of cultivated soils was significantly (0.05 probability level)
higher than the corresponding non-cultivated horizons. C-horizons of
cultivated soils show significant (0.05 probabilit& level) increasés
when compaied against the upper horizon (Bl)' |

From the above observations, 1t appears that the crYstalline
form of free iron oxides, aluminum oxides, silica were increased in the
C-horizon (agric horizon) layers of cultivated soils when compared with
C-horizons (agric horizon) of non-cultivated soils. This could be due
to genetic and surface weathering processes which might occur more

intensively in cultivated than in non-cultivated soil profiles.

5.2.11.2 Oxalate-extractable iron, aluminum, manganese, silicon

Values of oxalate-extractable elements mentioned above for
individual profiles are given in Appendix 2. Table 11 lists "t"-test of:
significance of mean values of oxalate-extractable iron, aluminum,
manganese and silica in cultivated and non-cultivated soil profiles.
Paired t-tests indicate a significant (0.05 probability level) increase

in the BO~, B~ and C-horizons of cultivated soils when compared with the

2

corresponding non-cultivated horizons. Paired t-tests indicate that iron
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TABLE 11. "t"-test of significznce of mean values indicating changes
in the oxalate-extiractable elements of the soils.

Fey03 % by A1,04 7 by Mo % by Si0, % by

Horizon Oxalate Oxz2late Oxalate Oxalate

c 0.16" C0.27 0.03 0.06

c v o 0.04 0.04 0.02 0.06

* T

B, 0.13 0.20 0.02 0.09

B, vV 0.04 0.1 0.01 0.09

B, c 0.23 0.42 0.01 0.22

B, v 0.13 ' 0.28 0.004 0.11

B, 0.24" 0.45 0.01 0.12

B, Vv 0,04 0.48 . 0.002 0.14
c-B, ¢ 0.16 : 0.13 0,27 : 0.2 0.03 * 0,02  0.06 : 0.09
c-B, 0.16 : 0.23  0.27 : 0.b2  0.03%: 0.01  0.06 : 0.22

T

c-B, v 0.04 : 0.04 0,04 : 0.1 0.02 : 0,01  0.06 : 0,097

G-B, v 0.0h : 0.13  0.04 : 0.28°  0.02°: 0.00b 0.06 : 0.11F

BZ—B1 c 0.13 : 0.23 0.2 : 0.42 0.02 : 0.01 0.09 : 0,22

T = Significant at 0.1 (10%) level
= Significant at 0.05 (5%) level
Significant at 0.01 (1%) level

cultivated soil

*
*
1

1l

It

non-cultivated soil

Indicates layer overlaying clay layer

c
v
C
B2 Indicates layer overlaying C-horizon
B1 Indicates layer overlaying Bz—horizon
B

Indicates layer overlaying Bl—horizon
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accunnlation was markedly increased (non—significantly) in the C-

horizon (agric horizon) compared with the Bz—hOriz92s of cultivated soils,
whereas a marked decrease was found in the C-horizons compared with the
Bz—horizons of non-cultivated s?ils.

Paired t-tests indicate significant increases, at the 0.10
probability level in BZ— and at the 0,05 level in the C-horizon of culti-
vated soils when compared with equivalent horizons in non-cultivated
profiles.

In cultivated soils, a marked increase (non-significant) in
extractable Al (aluminum) accumulation with depth was evident, whereas
in non-cultivated soils a significaﬁt decrease was found when comparing
the C-horizon with the B,- and B,-horizons (0.05 and 0.10 probability
level, respectively).

Ektractable manganese content in cultivated soils was markedly
iﬁcreased with depth, and showed significant (0.1 probability level)
increases in C-horizon when compared to the Bi-horizon. Non-cultivated
soils also showed a marked increase with depth and indicated.significant
(0.05 probability level) increase in the C~horizons compared with the Bo—
and Bl—horizons.

Silica content in cultivated soil profiles showed a marked de-
crease with depth, and paired t-tests indicate a significant (0.10
probability level) decrease in the C-horizon compared to all upper hor-
igons. In non-cultivated soils, silica also sharply decreased with
depth. Paired t-test analyses indicated a significant (0,10 probability

level) decrease in silica in the C-horizon compared to that in all upper

horizons.
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5.2.11.3 Pyrophosphate-extractable iron, aluminunm, manganese, silicon

Values for the pyrophosphate-sxtractable elements manticned
above for individual profiles are shown in Appendix 2. Table 12 lists the
"t"-test of significance of mean values of pyrophosphate-extractable iron,
aluminum, manganese and silica in cultivated and non-cultivated soil
> and

C-horizons of cultivated soils compared with the corresponding horizons

profiles. t-tests indicate highly significant increases in the B

of non-cultivated soils (0.05 and 0.01 probability level, respectively).
Paired t-tests indicate an accumulation (non—significant) of iron in the
C-horizon compared with the Bz—horizon.

Paired t-tests indicate a sigrificant (0.05 probability level)
increase in aluminum content in the C-horizons of cultivated soils com-
pared with those of ccrresponding non-cultivated horizons.

NMeasurement of pyrophosphate-extractable aluminum in cultivated
soils shows a decided increase (non—significant) in accumulation in the
C-horizen with respect to the Bz—horizon. Extractable aluminum did noi
accumulate in the C-horizon of non-cultivited solls, as a matter of fact
it decreased significantly (0.05 probability level) with depth in these
profiles.

Only trace amounts of manganese were found in both the cultivated
and non-cultivated profiles by this method. This is attributed to the
complimentary increase in pH and organic matter of the.extracting solu-~-
tion (Adam, in Black, C.A.; 1965). There was a significant trend only
between silica content of the Bo—horizon in cultivated compared with that
of the non-cultivated soils. Extractable silica contents in both culti-
vated and non-cultivated C-horizons show a non-significant accumulation

with respect to the Bi— and Bz—horizons. Pyrophosphate extracts have
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TABLE

12, "{"'-test of significance of mezan values indicating changes
in the pyropnosphate-extractable elerments of the soils.

Horizon Fe % by Al % by Mn % by Siop % by
Pyrophosphate  Pyrophosphate  Pyrophosphate  Pyrophosphate

c 0.26 0.23" 0.01 3.16

C v 0.05 0.04L4 0,008 3.15
*

32 0.16 0.11 ' 0.008 2.29
B2 v - 0,05 0.06 - 0,007 2.33
B, 0.3 0.25 0.017 2.11
B1 v 0.12 0.12 - 0.005 2.72
B, 0.33 0.25 0.015 4,287
B0 v 0.29 0.29 0,004 2.51
C~B2 c 0.26 :+ 0.16 0.23 : 0.11 0.01 : 0,008 3.16 : 2.29
C—31 c 0.26 : 0.3 0.23 :+ 0.25 0.01 : 0.01 3.16 ¢ 2.11
C~B2 v 0.05 : 0,05 0,04l : 0.06* 0.008¥: 0.007 3.15 ¢ 2.33
C~B1 0.05 : 0.12 0,044 : 0.12° 0.008 : 0.005 3.15 « 2.72
BZ—B1 c 0.16 :+ 0.3 0.11 : 0.25 0.008 : 0,01 2.29 = 2.11
T = Significant at 0.1 (10%) level
* = Significant at 0.05 (5%) level
*% = Significant at 0.01 (1%) level
¢ =~ cultivated soil
v = non-cultivated soil
c Indicates layer overlaying clay layer
B2 Indicates layer overlaying C-horizon
31 Indicates layer overlaying Bz—horizon
Bo Indicates layer overlaying Bi—horizon
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been reported to be the most specific for the removal of hydrous oxides of
iron and aluminum (sesguioxide) complexed with organic material which

A accumulate in the soll (Bear, 1965). Therefore it appears here that iron
and aluminum hydrous oxides complexel (sesquicxides) with organic material
(presumably fulvic acids), moveé into and accumulatéd in the agric horizon

as soluble complexes.

5.3 CORRELATION COEFFICIENTS AND REGRESSION EQUATIONS

Table 13 lists only simple correlation‘coefficients and regres-~
sion equations for selected pairsvof variables which are statistically
related. The correlations are based on separate énalyses of data from
horizons of the four cultivated and of the four non-cultivated soils.
Multiple regression and correlation analyses were carried out but no
neaningful relationships were obtained.

High corielation coefficients between texture and (1)
dithionite-extractable iron and (2) pyrophosphate-extractable silica in
profiles of cultivated soils were obtained, whereas in profiles of non-
cultivated soils the high correlation was obtained between texture and
- both C.B.C, and oxalate-extractable aluminum. Likewise the high cor-
relation between C.E.C. and dithionite-and oxalate-extractable iron and
aluminum in cultivated soils while C.E.C. of non-cultivated soils cor-
related highly with oxalate—extractable aluminum, indicate that the
explanations advanced in 5.1.1. concerning the occurrence of increases
in fine particles and in some extractable elements into a potential
agric horizon are related to an increase in weathering and leaching in
cultivated profiles. "The concentration of fine particles or appearance
of clzy particles in the B- and/or C-horizons have been atiributed to the

presence of chemical components such as Al, Fe, Si, ete. Sec. 5.1.1.%
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Bulk density correlates w21l with fulviec acid in non-cultivated
profiles, with oxalzte-extiractable silica in cultivated ones. This
indicates that the explanation given in section 5.1.2 for the possible
formation of an agric horizon in cultivated soils, may be valid. "The
occurrence of a hard B-layer iﬁ cultivated solls could be due to the mode -
of depbsition of material or to the effect_of cultivation of the soil,
Sec. 5.1.2."

The high correlation coefficients between penetrometer resist-
ance and oxalate-extractable iron in profiles of non-cultivated soilsv
indicate that the explanation given in section 5.1.4 concerning the sig-
nificant acdcumulation of oxalate-extractable iron (amorphous iron) may
be related t0 a slow rate of weathering in profiles of non-~cultivated
soils. “Penetration resistance of the sub-surface material can be cor-
related, in a general way, with physical properties.. It is possible,
however, that it could be caused by deposition of mineral or chemical
materials. Sec. 5.1.4."

The high correlation coefficients between pH and pyrophosphate-
extractable silica in profiles of cultivated solls indicate that increase
in pH with depth and pyrophosphate-extractable silica might be related to
the intensity of weathering of the surface profiles of cultivated soils,
"Increase in soil pH values in the sub-surface horizons, paiticularly in
overlaying clay layers (strata), could be due to the leaching and mobil-
ization of soil surface components and thelr segregation and precipitation
within these horizons. Sec. 5.2.1."

Extractable phosphorous was highly correlated with dithionite-
and oxalate-extractable manganese in profiles of cultivated soils, This

confirms findings in the literature that various kinds of complexes
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accumulate to form irdurated horizons in profiles of cultivated soils,
which are associatel with the leaching and weathering taking place in
the upper horizons.

High correletion coefficients occur between fulvic»acid.and
dithionite- and oxalate—extraciable manganese in profiles of cultivated
soils, while in profiles of non-cultivated soils this correlation
appears between fulvic acld and oxalate~extractable siliéa. This agrees
with the theory (Wright and Schnitzer, 1963, and others) that fulvic acid
is capable of chelating these elements after their release through
weathering of surface minerals in profilés of cultivated soiis.

The following correlations were obtained in profiles of culti-
vated soils: (1) between oxalate-extractable iron and (oxalate— and
pyrophosphate-extractable aluminum); (2) between oxalate-extractable
aluminum and (pyrophosphate-extractable aluminum and dithionite-
extractable—silica); (3) between dithionite-extractable aluminum and
(dithionite- and oxalate-extractable manganese); (4) between pyrophos-—
phate-extractable aluminum, dithionite-extractable mangasnese and
(dithionite-extractable manganese and oxalate-extractable manganese),
respectively.>

The following correlations were abtained in profiles of non-
cultivated soils: (1) between oxalate-extractable iron and pyrophosphate—
extractable manganese; (2) betwéen dithionite-~extractable manganese and
(oxalate- and pyrophosphate-extractable manganese znd silica); (3)
between oxalate- and pyrophosphate-extractable manganese and (oxalate
and pyrophosphate-extractable silica).

A comparison between these groups of correslation indicates that

the explanations advanced in Section 5.2;11 to explain the significant
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accunmulatior of these compounds may be related to weathéring in profiles
of cultivated soils. '"Dithionite-extractzble (crystalline form) of free
iron oxides, aluminum cxides, silica were increased in the agric horizons
of nor-cultivated soils. Sec._5.2.11.1." Oxalate-zxtractatle (amorphous
form) of iron, aluminum and manéanese were increased in the agric
horizons of cultivafed soils when compared with agric horizon of non-
cultivated ones. Section 5.2.11.2. "Pyrophosphate-extractable iron and
aluminum indicate here that iron and aluminum hydrous oxides complexed
(sesquioxides) with organic material (pfesumably fulvie acids), moved

and accumulated into the agric horizon as soluble complexes. Sec.
5.2.11.3." This could support the idea that formation of various kinds
of complexes within C-horizon in profiles of cultivated soils have been
developed and rct inherited from the original material.

Finally the correlation between pH-dependent cation exchange
capacity (AC.E.C.) and dithionite-extractable silica in profiles of
cultivated soils, whereas in non-cultivated solls it is between pH-
dependentvC.E.C. and extractable potassium, indicates that the formation
of genetic horizons in profiles of cultivated soils may result frbm the
accumulation of weathered comporents in a material conducivé to cement-

ation by agents which tend to plug the interparticle spaces.
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TABLE 13, Simple correlation coefficient and regression equations for selected pair of variables

degree Simple Degree Simple

of Correlation of Correlation

Variable Palr freedom Cultivated Profile Coefficient Freedom Non-cultivated Profile Coefficient
C.E.C. vs Texture 6 Y=7.1+1.01X 0.40 6 Y =0.748 + 0,696 X c.o17
Fe, .1 Vs Texture WY =43,003-63.93 X -0.96 " Y = -8,13 + 50,43 X 0.515
AL vs Texture " Y =12.92 - 3.32 X '—0.13** " Y =-2,52 + 88,42 X 0.997
510, pyr3 ve Texture " Y =21.86 - 3,12 X -0.95 » " Y= 2,73 +0,52 X 0.24
Feg s ve C.E.C. n Y = -4,52 + 169,53 X -0.952~ " Y =-9.39 +393.71 X 0. 517
Feg1in vs C.E.C. " Y = -32,04+ 114,53 X 0.85 . " Y = -18,73%+ 95.62 X 0.75
ALt in vs C.E.C, " Y = 10.86 + 62,86 X 0'81i " Y =-1,31 + 188,11 X 0.675*%
LSO vs C.E.C, " Y =11.23 + 40,78 X 0.82 . Y =-3,19 +229,2 X 0.921
Fulvic acid ve Bulk Density " Y =1.,48 -0,00X  -0.1 " Y = 5.97 - 3,29 X -0.855
§10, . vs Bulk Demsity " Y =1,39 +1.43X 0.796" " Y = 1,58 - 1,23 X -0.49
Feoxa Vs g:zigfgézn Y =19.43 - 3,23 X -0.431 Y = 2,5 +0,7% X 0.863"
Ca ve pH no Y =5073 +0,003%X  0.977 W Y= 4,67 +0,023 X 0,747
Mg vs pH " Y =506 +0.02X 0,933 "oy = 5,08 +0,07 X 0.904" "
$10, o Ve PH Wy = 5,043 + 0,04 X ’0.888: mo Yy = 5,37 +0,007 X 0.05
Phosphorous vs Mndith " Y =-0,01 +0,01 X 0.892 " Y = 45,07 - 8,84 X -0, 55
Phosphorous vs M ___ " Y =-0,01 +0,01 X 0.83 " " Y =0,038 - 0,004 X -0.633
Mas i vs Fulvic Acid " Y =0.21 +32.53X 0;908** " Y =4,16 =~ 6,8 X -0,33
M vs Fulvic Acid L Y =0.314 +27.43 X 0,90k i, Y =1,14 - 6,83 X -0,136 .
310 vs Fulvic Acid " Y =0,66 *+ 5,71 X 0.296 " Y =0.55 +7,6X -0, 798"

2 oxa
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TABLE 13 Continued.

re vs Al 6 Y =-0.224 +3.113 X 0.883" 6 Y =-0.043 +216.0 X 0.71
oxa oxa % Yo
Fe Vs Alpyr " Y =-0,21 +2, 74X 0.897 " Y =-0,035 +2,18 X 0.97
*%
ALysen ve Mngseo Y =0.037 - 0,07 X no.966** Y =0,033 - 0,295 X -0.515
Al vs Mn " Y =0.04 - 0.08% X -0,931 " Y =0,03 +0,286X -0.469
dith oxa .
Al vs Al " Y =0.836 X 0.971 " Y =0,023 +0,58 X 0.7581
oxa PYTL X
. 1" = + " = -+
AJ_OXa Vs Sw_o2 dith Y =0.,06 0.09 X 0.91 " Y = 0,026 0.2 X 0.18
Alpyr vs Si0, 4i4p Y =0.,06 - 0,095 X 0.862* Y =0,038 - 0,12 X -0.1 "
1" = _ + 1 = _ o+ e
My s vs Mo Y 0,003+ 1,17 X 0.99 Y 0.003 + 1,06 X 0.997**
‘ 5 " = + = +0.18 .88
My an vs anyr Y =0,007 +0.15 X 0.537 Y = 0,003 o.; I X 0 7*
M - K " - + " — — . 209
My vs S10, Y =0,043 + 0,68 X 0.37 Y = 0,099 1,72 X o.doc%
" - Qs " = + " = - 1l ! -0, 84!
M34 tn vs 810, o Y =1.85 + 53.98 X 0.35 ‘ Y = 6.55 148,04 X o,v6+%
Mn vs Mn " Y = 0,008 + 0,106 X 0,46 " Y =0,004 + 0,17 X 0.877
oxa YT v
x o K} 11 - + " = - -
MOy vs 810, . Y =0.05 + 0,37 X 0,237 Y = 0,09 1,614 X 0.80 o
Mn vs 510 " Y =1.,9 + 50,26 X 0,383 " Y = 6,07 -~ 142,54 X -0.887
oxa 2 pyr o
Mn ve 810, " Y =0.,007 +4,8X 0,711 " Y =0.137 - 10,03 X -0,973
M vs 5105 Lon "y =642 - 297.0 X -0.529 v Y =866 - 711.19%  -0.862"
.)(..)\'.
- - . " - — - ] = - + -0,
sJ_o2 oxa vs 810, pyr Y =3,73 ~9.41 X 0,11 Y 1,16 71,81 X 0 89§*
X vs AC.E.C, % " Y =28.3 - 0,34 X -0,59 " Y =-19,19 + 9,68 X 0,974
. .‘)(-.‘/_.
AL .. vs A C.E.C, " Y =25.91 - 6,68 X -0,59 " Y =-7,94 +L499,7 X 0,904
9 *
510, dith VS ACE.C, " Y =32,52 - 102,42 X -0,849 " Y =1.17 + 274,6% 0.54
Legendat dith = Dithionite-extractable (4) AC.E.C, =pH dependent C.E.C.

¢

(3) opyr

oxXa,

= Oxalate-extractable
= Pyrophosphate-extractable

* = indicates significance at the 5% level

*¥ = indicates significance at the 1% level

e
-
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The formation of agric horizons in gleyed humo ferric podzol
solls has been investigated by comparing physical and chemical analyses
of four cultivated soil profiles representing St. Damase so0ll series
ard four non-cultivated ones (woodland) which included two of the St.
Damase and two of the St. Amable soll series. Both cultivated and non-
cultivated soils were developed on simlilar parent materials, which were
outwash sands. Fach group, due to their nzture and deposition in the
region, had been subjected to similar weathering and development pro-
cesses since their time of deposition. The climate of thls area is con-~
sidered to be a cool, humid temperate region ﬁith an average annual
rainfall of about 775 mm and a2 maximum mean annual,tem?erature of 9.700
and a minimum mean annual temperature of 1.200,

The morphology of the soils was studied and described in the
field, and major properties were measured by laboratory analysis. .Re—
sults showed that indurated agric horizons occurred more frequently in
cultivated profiles than in non-cultivated (woodland) ones. This could
be due to the fact that cultivated soils have been subjected to more in-
tensive weathering and development processes, which resulted from more
than 70 years of cultivatior and implement traffic. The following
properties of the soils which were investigated agree with the propefties
of hardpan layers (referred to by Anerican workers as Fragipan) reviewed

in the literature:-~
6.1 Soil Colour
The agric layers had a reddish-brown colour which is elther

darksr or brighter than the above horizons, depending upon the nature of



the deposited raterial. The horizons which preceded the agric horizon
had a lighter colour, whlch could be assoclated with the loss of di-,
tri-valent cations and orgenic components, particularly under an im-
perfectly drained system.

It was concluded tﬂat the agric horizors tended to exhibit
more marked colour differences than horizons above the pan. This colour
variation was related to the accumulation of mobilized compournds which
characterized the formation of variegated colours in en agrié horizon

within the soil profile.

6.2 Particle Size Distribution

The cumulative figures f&r the fine and very fine sznd frac-
tions (0.2-0.05 mm) and the coarse and fine silf fractions (0.5-0.002 mm)
increased in the agric horizon compared with the upper horizon in culti-
vated =s0il profiles.

In agric horizons of non-cultivated solls the cumulative
figures for the medium and very coarse sard fractions (0.2-2.0 mm) in-
creased. This indicates that agric horizons in cultivated profiles have
a medium to fine texture, wherees horizons in ron-cultivated conditions
have a medium to coarse texture. This coarse texture is vncommon forx
agric development., Fragipan concepts quoted or reviewed in the liter-
ature have a narrow range of particle sizes, concentrating in very fine
ssnd and coarse silt fractions. Agric horizons commonly showed a ten-
dency toward induration and btrittleness when observed in the_dry oxr
moist condition. Consistercy was generally hexd to very harxrd wher dry

and firm to very firm when moist.
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6.3 Density and Porosity of the Soil Frofiles

Incfeaees in bulk dersity andé partilcle dersity vary directly
with increases in the depth of the soill profile, whereas porosity ard
depth have a reverse relationship. However, in agreement with the
agric corcept reviewed in the literature, comparison between agric
horizon dernsity ard porosity, and the density and porosity of the pre-
ceding layers in the profile; showed no significant differences result-
ing from pan formatior. These chafacteristics are considered ss a
function of the close packing of particles. The reason for non-
significant differences in density in the agric Ecrizons is possibly
due to the formation of plow or traffic pan layer or layers. These
layers occur ccmmonly at the 20-30 cm depth in the Ap-Ae transition

horizon due to sustalned use of mcderately heavy field machinery.

6.4 Peretration Resistance of the Profiles and Agric Horigzonrs

The compaction of a soll, as measured by a penetrometer
throughcut the profiles, increased downwerd from 1L to 19‘kg cmz. This
indicates significant differences in induration cf the agric horizon in
cultivated profiles when compared to the above horizons. This results
from the close packing of particles by binding material or by impreg-
nation of the originally loose material with some binding substances.
This agrees with the results reported by Pohjakas (19€6).

6.5 Crgznic Matter (Fulvic Acid) Content of both the Agripan and
the Profile

The soluble portion of organic matter (fulvic acid) content
increased sharply with an increase in depth. Its meximum values zppeared

in the zgric horigonrns rather than in the above horizons., This indicates
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the accumtlation or preclpitation c¢f a portion of organic substarces
wnich heve the ability te form crgzno-netal cemplexes during thelr
interaction with di- and tri-valernt metallic cations.

A high correlation betweer fulvic acid and these retals
supports this hypothesis, in agreemert with the results reported by

Wright and Schnitzer (1963).

6.6 Extractable Di- ard Tri-Valent Metallic Cationg Corntent of

the Agric Horigzon and the Solum

6.7 pH Values of the Aeric Horizon snd the Profile

BExtractable iron, aluminum, manganese and silicon by means‘
of three chemical reagents (i.e. dithionite, oxalate and pyrophosphate)
shoved the nature and forms of these metal cations which have teen re-
distributed through a soil profile as & result of weathering and devel-
opment processes. Statistical t-test values indicaté a sigrificant loss
of these elements from the upper horizons and a resulting accumulation
in agric horizons due to a translocation from the bleached upper horizons
of iron, aluminum end manganese ¢xides, and silica.

Data from the hardpan layer led to the following conclusions:-

Lower levels of oxalate-extractable iron than aluminum, and
lower levels of dithionite-extractable aluminum than iron in the pan
layer indicated relatively high amcunts of crys{alline iron oxides com-
pared to crystalline aluminum oxides. Less amorphous lironrn-organic
matter complexes then zmorphcus aluminum-organic matter complexes cc-
curred in the agric, due to the increased susceptibility of aluminum to
form orgaro-metal complexes. The observations arxe in agrgement with

thcse reviewed in the literature., Pyrophosphzate extracts indicate a
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significant increase in content of amorphtus hydrous crxidez ¢f 1lxcn ard
aluminur,

Moreover, the activity ratic of Blume ard Schwertmann (1949)
for Feo/Fed (oxalate~extractable'iron and dithiorite-extrectable ixon
ratio) which decrezses with zr increase in depth within the profile,
indicates a higher proportion of free iror oxides than amorphous iron
oxides, hydroxides; Fe-salts ard Fe-organic matfer complexes, occur in
crystalline forms in the agric herizon. This is in agreement with the
results reported by McKezgue (1971).

Under acid or slightly acidAconditions, the oxidztion or
precipitation of iron, aluminum and nangznese was low. Moreover, under
these corditions any movemert of free silica is hardly feasible. FHow-
ever, the presence of a fine textured stratur which impedes the down-
ward percclatior of water has caused the accumulation of the zhcve
elements in the overlying horizon tc form ar egric horigzon. This zgrees
with the results reported by Collins and Buol (1970).

Moreover the precipitation of ivon in ar esgric horizcn, re-

sulting in the remcval of some Mn++'from solution, is due to MnT+
sorption by the hydrated oxides which show a negative charge at pH
values above approximately 5.0. Therefore i; is concluded thzt the pre-
serce cf hydrated iron oxides (oxalate-extractable iror) caused =z de-
crease in the amount of Mn%+-in solution,

Since dithlonite-extractable iron exceeded cxalate-extractable
iron in all horizons, and oxalate-extractable aluminum exceeded
dithionite-extractable 2luminum in all horizons; it is corncluded thzt

the cementing or binding raterial tetweer the particles may consist of

free iron oxides ard amcrphcus sluminum- and iron-orgsric matter ccmplexes
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in the angric. To z lesser extent, mengancse oxide and its amorphcus
form, and Tinzlly free silicon arnd its amcrphovs Organic complexes, also
influence cementing cf pexrticles. This hypcthesis 1s based on the ob-
servation that pyrophcsphate-extractable aluminum, iron, ard menganece
values were a little lower ther ovalate-and/or dithionite-extractable
values; whereas pyrophesphate-extractable silica values were much
grezter than oxalate and/or dithiorite-extractable values. This indic-
ates adequate proportions of ircn, aluminum end silica ard, to a lesser
extent, manganese accumulated in the zgric horizon was ccmplexed as
organo-metal complexes, particularly fulvic acid complexes (according

to section 6.5).

6.8 Extractable Base Flements and Phosphorous Contert in the Solunm

and within the Agric Horigon

Extractable bese elements such as calcium, potassiﬁm end meg-
nesium increased sharply in the agric herizon with respect te horizons
above, but extractable phosphcrous showed no significant increases
within the profile. |

High correlation between calcium, magnesium, oxalate-
extractable iron end aluminum, and pyrophosrhate-extractable iron and
aluminum indicates the floceulation of iron- and aluminum—organic mztter
complexes by calcium and magresium. Moreover, iron is considersbly mocre
susceptible to flocculation than aluminum in the agric horizon. This
is in agreement with results reported by Wright and Schnitzer (1963).

The high correlation tetween phosphorcus and ezch of githionite-
and cxazlate-extractable marganese may indicate the formation of precipi-
tated phosphorous salts in the presernce of aluminum hydroxide. IMore-

over,iron oxides react much more slowly than aluminum hydroxides ard have
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much less effect orn the precipitation of phezprate. This z2grees with
results reported by Taylor (19€%5).

However, high correlation between basic reials such as czleium,
magresium and manganess and, to a lezser extent, potassium with hezvy
metals such as ircn, aluminum-énd silice (different forms and natures)
indicate the formation of different types of complex cempounds, pertic-
wlarly some genetic clay particles representative of clay minerals which
can play an important role as binding zgent within zgric horizens. This

agrees with the results reported by Hunsaker and Pratt (1970)}.

6.9 Permanent Cztion Exchange Capacity and pH-Dependent CEC

Content in Agric Horizcn and a Solum of the Soilsg

Paired t-test analyses irdicated a marked increzse in perm-'
anent catlor exchange capacity values within the agripan ccompared with
the overlyirg layer. It also indicated a marked increase in pH-
dependent CEC (ACEC) values within the agripan in the case of cultivated
profiles. A decrease in the pH-deperdent CEC values in the agric horigon
was found in the case of non-cultivated profiles.

A high ccrrelation existed between pH-depsndent cation ex-
chenge capecity and dithionite-extractable silica in cultivated profiles,
while this correlation occurred between pH-dependent CEC and each cf
potassium and oxalate-extractable aluminum in non-cultivated soil pro-
files. It can be concluded thet these horizcns with high GEC and pH-
deperdent CEC contained significant quantities of amorphous sesquioxides-—
orgenic matter complexes and crystalline colloidzl nmaterial, 2s showm by
their relatively kigh orgsnic matter (fulvie acid) znd free sesguloxide
conterts, ard by their exchange properties (isomorrhous ion substitutions,

lonization of hydroxyl groups attached tc siliccen cf Troken tetrahedron
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planes ernd hunic substancez, -C20H, -CH).

Thus this characteristic provided = simple and definitive aid
for deterrining whether or not the layer had indurcted or brittle prop-
erties resulting from the sccumulation of cclloidal metsllic (sesqui—
oxides)-organic matter compleiés which heve 1ittle effective charge but
a high pH-deperdert CEC. Finglly, a high correlation between CEC and
various forms of Al, Fe, and Mn supports this hypcthesis. Gererally it
is concluded that the agric horizon in the scil profiles under study
are genetic horizons irreversibly cemented by chemical binding material,
ard that the induration of the zgric horizon is a function of the length
of time during which the process has cperated and hzs formed as sn
integral part of the podzol profile. However, agric horizons which are
developed in cultivated soil profiles could be-due to the following
environzental conditions and soil nature:-

(1) The rate of infiltration of precipitation is higher in plowed soill
than ir fcrest soil because of the large amount of precipitation
reaching the surface of a field and alsc because of the greater
porcsity of the upper part of the plow layer.

(2) tore mineral salts are leached from plowed soil than from forest
s0il, beczuse of the migration of catiéns and. anions from applied
fertilizers.

(3) The eluvial processes responsible for the removal of substances
without the destruction cf minerals zre mere pronounced in the
plowed soil and pedzoligation is less intense than in ron-cultivated
soils.

(4) Less orgenic matter migrates in the plowed thaen in the forest soil,

agreeing with the results reported by Suvorov (19?4). Yoreover,
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ovide evidence irdicating the breskiowrm and
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weathering prccesses of prlmufy ninerals, perticularly clay
minerals in the upper horizcns of the so0ils urnder study are:- .

(1) Oxalate-extractable iron ard aluminum contents were generally
highest con the surface horizons, vrobably due to the more irtensive
weathering of the minerals of the surface.

(ii) Iron oxides distribution through the profiles shous a relative
rate of wgathering in these profiles which can be tentatively
determined, and which was generally related to the orgaric matter
distribution.

\ N . . e as )
ii} The active forces of scil weathering were indicated by a less of

(

l_lo

Ca axd Mg in the A-horizon and accumulation in the agric horizon.
(iv) Appreciatle weathering of primery minerals must have occurred to
produce the iror and zluminum rich amorphcus material in the zgric

hoerizon.
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APPENDICES

Results of Laboratory Analyses



Appendix 1

Values of Physical Measurements



Complete averaged results of physical analyses for 8 cultivated and non-cultivated profiles

Particle size distribution, percent

Depth 5 0.1.0 1,0-0.5 0.5-0.25 0.25-0.1 0.1-0.05 0.05%0.02 0.05-0.02 0,02-0,005 0.0C5-0,002 0.0C2-0.001

Profile No.1l. 8t. Damase

0-15 0.41 2.32 13.44 19.98 12.63 29,72 3.56 11.51 6,43 -
15-30 0,01 1.45 17,84 24,46 12,26 20.17 6.61 11,56 5, 6l -
30-45 - 0,22 30.85 24,73 14,91 7.89 6.91 7.91 6.4 -
145-60 0.08 0.4 14,19 45,15 9.31 2.54 7. 50 8,34 8. 94 3,51

Profile No.2. St. Damase

0-15 0.13 2,00 4,00 36, 58 18,56 7. 64 10,72 13.91 b L6 -
15-26 0.11 0.56 5,17 34,76 19.93 22,19 5,04 3.33 8,91 -
26-L5 - 0.45 5,4l 55,59 15,03 10,15 2.71 6,32 L.32 -

Profile No.3. St., Damase

0-20 - 0.45 6.40 67.22 9.84 0.85 2.33 10, 14 2.77 -
20-40 - 0.70 7.58 67.75 8. 84 2.10 b, 11 L,79 b,12 -
40-50. 0,04 0,57 5.12 64.25 15.15 0.06 2.58 b1 7.82 -

i Profile No.4, St, Damase

0-15 0,11 0.66 6.05 61.61 9.85 0.17 7,41 10,07 4,07 -
15-40 0,07 0,24 2,94 71.58 16,44 h.12 2,30 2,31 - -
40-50 1.23 1.18 2,20 58, 50 17,07 - 8.78 4,69 6,30 -

50-65 1,89  1.73 3,33 60,42 15,75 8,49 3,98 2,52 1,89 -
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Continued

gipth 2,0-1,0 1,0-0,5 0.,5-0,25 0.,25-0,1 0,1-0,05 0,080.02 0,05-0,02 0,02-0,005. 0,005-0,002 C.002-C,001

Profile No,5, 8t. Damase

0-7 0.15 1.36 14,63 b8, b2 5.76 2,23 8.11 11.00 8,34 -
7-25 0,04 1.25 16,33 L7, 62 5.36 16,63 b, g 4,96 3.27 -
25-50 0.11 . 2.18  21.29 38.10 b, 63 16,17 6.03 7.90 3,59 -
50-70 0.08 1,84 24,00 35, &4 3.33 18.27 b, 34 9.58 2.92 -
70--82 ~ 1,34 30,02 50.75 4,82 4,65 3.40 1.11 3.92 -
82-92 0.03 0.73 13.8 59.2 5.33 0.07 5,94 5.k 9.5 -
o Profile No.6. St. Amsble
0-7 0.15 . 1.83  11.67 43,28 8.91 1.83 11.8 12,28 8,06 -
7-15 0.36 2.2 14,7 56,94 8.68 13,16 - - 2.99 0.93 -
15-25 - ©1.25 11.53 47,82 9,78 21.23 2,76 4,81 0.72 -
25-55 0.0l 2.12  22.61 Ly, 30 6.73 17.19 - 5,58 1.12 0.30
55-75 0.22 2,63 40,21 b&,33 1,61 2,39 0,30 L, 31 | - -
75-80  0.31 3.9  32.04  h7.71 1.02 - 5. 54 5.8 3.59 -
Profile No.7. St. Amable
0-7 0.12 0.79 9.87 52,72 8.4k 12,70 2,87 7.87 L,62 -
7-20 - 0.76  11.82 56,46 8.16 7.8 . 6,20 L, 9k 4,10 -
20--65 0,08  0.96  11.24 65.86 8,06 5,33 2,04 - 6.43 -
65-80 0.02 1.59 16,53 60.92 4,99 5,05 14,00 6,90 - -
80-90 0.0z 277 38.65 43,00 2.86 - b, 24 L, 30 k.26 -
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Continued - .
Eipth 2,0-1,0 1,0-C.5 0,2-0,25 0,25-0.1 0,1-0,05 0,0%0,02 0,05-0,02 0,02-0.005 0,005-0,002 0,002-0,0C1
Profile No.8&, St. Amable

0-7 - 0.88 15,74 b, 01 9,64 2,38 5,08 10,46 - 8,98 -

7-20 - 1.15 16,90 58,31 7.33 11.32 1,35 -~ 3,64 -

20-60 - 1.78 28,94 56,32 4, L0 3.57 1.35 - 3, G4 -

60-85 0.25 2.34 36,87 54,40 2,23 1.05 0,36 1.50 - -
85-100 - 1.29 3k, 69 Lo, L8 1.84 - L.L6 5, 54 2,70 -

100-120 0,20 3.85  23.12 67,53 3. 55 0.85 0.90 - - -
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Penetration Resistance Atterberg Characteristic
Depth Bulk Density Particle Density Total Porosity (Bearing Capacity)
em gramn/cc gramn/cc % on vol.basis kg/cm Liquid Limit Plastic Limit

Profile No,1 - St, Damase

0-15 1,14 2.33 51,00 10.0 30.8 30,49
15-30 1,35 2.5 45,9 16.69 | 20.5 21,10
30-45 1,16 2,52 41,82 17.93 22,5 22.0
l15-60 1,44 2,48 42,0 19,23 | 19.9 19,11
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Profill e No.2 - St, Damase

0-15 0.96 2.26 57.36 5,06 "~ 30,08 28, 56
15-26 1,06 2.32 49,71 15.90 11.11 -
26-45 1,46 2,42 39.74 18,77 17.3 16,55

Profile No.3 - St. Damase _

0-20 1.38 2,46 43,36 15.21 ' 20.5 20,02
20-40 1.52 2.51 - 39.32 18,26 20.5 20,00
140-50 154 2. 64 38.82 19,48 21.4 19.7

Profile No.4 - 8t. Damase :

0-15 1,28 2.4 46,55 15,57 23,2 23,0
15~40 1.48 2.51 41,3 17.99 22.2 - 22,17
10-50 1,49 2.51 40,71 _ 18,42 20,0 20,0

50~65 1.46 2.52 42,12 18.19 : 21,0 20.91
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Continued
Penetration Resistance Atterberg Characteristic
Depth Bulk Denslty  Particle Density  Total Porosity (Bearing Capacity)
cm gram/ce gram/cc % on vol.basis kg/cm? Liquid Limit Plastic Limit
v Profile No.5 -~ St. Damase
0-7 0.88 : 2,16 59.17 773 30.2 30,13
7-25 1.02 2.3 55.51 8. 54 9.8 -
25-50 1,31 2.37 45,18 v 12.75 6.9 -
50-70 1.30 2.32 L5, 66 16.10 21,7 20.9
70-82 1.48 2.50 40,77 17.58 25.5 25.0
82-92 1.56 2,71 38,67 18.63 21.8 21,00
. Profile No.6 - St. Amable
0-7 0.85 2.02 57. 54 8.56 37.2 37.0
7-15 1.07 2.18 50.89 9.01 26.0 25.0
15-25 1.25 2,32 46,18 14,20 25.2 25.0
25-55 1.21 2,17 47,00 14,27 23.6 23.1
55-75 1.41 2,42 41,78 15,50 22,4 : 22.15
75-80 1,43 2,45 41.73 15,65 2k.0 23.89
Profile No.7 - St. Amable
0-7 0.51 1.16 | 56,09 6.5 42,2 41,99
7-20 1,05 2.29 54,39 9.25 26,2 25,94
20-65 1.25 2, by . 48,89 11,67 5.0 -
65-80 1.53 2.55 39.98 15.99 20,9 20,65
80-90 1.47 2,51 h1.57 16,17 21.0 20,51

90-120 1.51 2.5 40,57 16,80 23,2 22.5

v - = e an P Y P S G Sy GRS A W SO . RS NS SRR A A PO AR L A - D Y G P gt TV WY LR B TS S el oS 0 S et S S e o Sk L L WOe TP G B et S0 D ey B SN S OV G et S e gt S e et VI A G A A S P T e o PO NP P N G R P Pev A BT e WA e A am WY e e oy W
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Continued
Penetration Resistance Atterberg Characteristic

Depth Bulk Density Particle Density Total Porosity (Bearing Capacity) ,

cm gram/cc gram/cc % on vol,basis kg?cmz Liquid Limit Plastic Limit

Profile No.8 - St. Amable
0-7 0,82 2,01 55.58 6.36 28,3 27. 54
7-20 1.08 2,27 52.57 9.77 30.5 26.05
20-60 1.33 2.3 42,07 ' 13.64 25.0 22.99
60-85 1.43 2.35 39.18 1k, 72 22,4 21,0
85-100 1.41 2,23 39.50 15.05 25.4 v 21.5
75

100-120 1.54 2.47 37.69 15.85 23.6 21,




o

lMoisture % Dry Bulk

Voisture % Dry Bulk

Depnth Based on Density Depth Based on Density
cm Dry wt. gram/cc cm . Dry wt. gram/cc
Profile No,1 - St. Amable Profile No.8 - St. Damase
0-10 36.25 0.951 0-10 24,34 1.197
10-20 38.94 1.038 10-20 24,50 1.287
20-30 92.92 0.637 20~30 24,98 1.152
30-40 16,74 1.247 30-40 22,99 1.204
L0-50 ' 21.52 1.284 L0-50 16.14 1.464
o . 50~60 21.82 1.430
ngiéle Noé%.?ZSte' Sop?fgzu 60-70 21.77 1.177
10-20 31.48 1.056 Profile No.9 - St. Amable
20-30 22,49 1.004 0-10 23.11 1.276
30-40 13.46 1.211 10-20 23.85 1.295
40-50 6. 54 1.406 20-30 24.53 1.231
50-60 7.45 1.430 30-40 23.53 1.333
60-70 16.97 1.213 40-28 '21.52 : 1.143
. _ 50- 22.3 0.719
ngfgle Noég.098t. Dama8?868 £0-70 23.12 1'818
10-20 45,02 0.902 Profile No.10 - St. Amable
20-30 Ly, 72 1.009 0-10 11.21 1.308
30-40 14,32 1464 10-20 17.90 1.295
L0-50 15.64 1.397 20-20 17.12 1.360
Profile No.4 — St. Amable 30-20 18,7 1.455
010 938 1.065 10-50 21.29 1.480
10-20 39.28 1,083 Profile No.11 - Upland
20-30 2h.31 1,207 0-10 19.79 1.294
30-40 11.87 1.366 10-20 17.87 1.376
L,0-50 10.52 1.216 20-30 21.21 1.410
50-60 18.42 1.39 30-40 22,84 1.452
. 10-50 24,25 1.458
Profile No.5 - St. Damase 50_20 29.95 1.102
0-10 33.46 1.084
10-20 33.36 1,128 60-70 30.99 1.273
20-30 36.09 0.925 Profile No,12 -~ St. Damase
30-40 10.70 0.908 0-10 13.76 1.352
L0-50 9.23 1.161 10-20 15.78 1.342
50-60 16.57 0,804 20-30 11.32 1.326
60-70 14.85 1.431 30-L0 11.98 1.371
Profile No.6 - St. Damase h0-50 17.5% 1.350
0-10 14.40 1,312 Profile No.13 - St. Damase
10-20 14,49 1.330 0-10 16.97 1.107
20-30 8.91 1.403 10-20 23.46 1.176
30-40 12,43 1.456 20-30 27.65 1.007
L0-50 16.47 1.337 30-40 19.26 1.254
o _ se 40-50 15.45 0.917
Botide ool o Bt Denede 50-£0 19. 51 1.322
10-20 17,61 1.152
20-30 17.42 2.000
30-40 17.95 1.298
40-50 17.61 1.362



Continued

Moisture % Dry Bulk toisture %  Dry Bulk

Depth Based on Density Depth Based on  Density
cm Dry Wi, gram/cc cn Dry Wt. gram/cc
Profile No.1#4 - St. Amable Profile No.18 - St. Amable
0-10 15.82 1.323 - 0-10 123.91 0.498
10-20 15.53 1.388 10-20 Ll 34 0.891
20-130 16.35 1.191 20-30 39.82 1.036
30-40 11.91 1.355 30-40 26.43 1.245
bo-50 15.05 1.525 L0-50 25.46 1.352
50-60 16.83 1.555 50-60 32.06 1.342
60-70 20.85 1.988 60-70 34.86 1.249
Profile No.15 - Ste.Sophie 70-80 28. 1 1.h04
0-10 6.61 1.286 Profile No.19 ~ St. Amable
10-20 11.31 1.323 0-10 220.53 0.281
20-30 10.74 1.407 10-20 67.47 0.601
30-40 16.75 1.412 20-30 40.96 1.080
Lo-50 17.92 1.331 . 30-40 24.85 1.305
50-60 22.11 1.403 40-50 32.09 1.393
60-70 27,34 1.141 50-60 38.58 1.314.
70-80 30.45 1.320 60-70 43,51 1.242
Profile No.16 - Ste. Sophie Profile No.20 - Ste, Sophie
0-10 15.16 1.260 0-10 324,98 0.237
10-20 24, 58 1.245 10-20 L6, 6 0.736
20-30 27.80 1.267 20-30 ug, 62 0.791
30-40 24,81 1.337 30-40 46.98 0.856
10-50 27.74 1.303 Lo-50 32,48 1.157
50-60 24 42 1.340 50-60 22,65 1.380
60~70 29,13 1.343 60~70 2L, 17 1.167
70-80 30.21 1.361 70-80 24,18 1.488
80-100 31.08 1.238

Profile No.17 - Ste. Sophie

0-10 39,45 0.831
10-20 30.09 0.94L
20-30 27.17 0.989
30-40 24,10 1.081
40-50 26.96 1.132
50-60 26,64 1.251
60-70 22,26 1.298
70-80 23.68 1.341

80-90 32,62 1.393
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Appendix 2

Values of Chemical Measurements



pH~Dependent
Depth C.E.C. C.E.C. K Ca Mg Phosphorous
cn Meq/100 gm soil H Meq/100 gn soil PPN M PPN (P205) PR
Profile No.1 - St. Damase

0-15 88,58 5,2 38,13 21,1 120.,0 19.8 28.6
15-30 28,69 L,8 25,42 22,15 32,0 6,40 6.55
30-45 15,47 5.1 20.81 12.9 17.5 2.65 3.7
L45-60 8.98 5.1 224 19.8 17.0 L.,oo 5.55

Profile No,2 - St. Damase

0-15 101,05 4,9 36.82 16.35 98. 10,20 19.75
15-26 27.45 L,6 30.39 9.85 39.0 10.6 7.2
26-45 38.42 5.1 21.32 11.85 12.5 2.20 2.5

Profile No.3 - St. Damase :

0-20 8.11 5.2 25,82 5.25 L2.5 1.80 16,65
20-40 7,24 5,27 20.58 5.9 15,0 0.9 12,2
40-50 13.97 5.2 24,45 8.85 31.0 4.8 75

Profile No.4 - St. Damase

0-15 25.58 5.1 26,26 7.0 7,5 2.09 8.4
15-40 14.97 5.0 22,38 4,05 15.0 0.80 10,35
L0-50 14,22 5,0 21.93 L,15  13.8 1,23 9.1
50-65 27.69 53 28.23 8.5 67.5 12,20 6,22
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Continued

pH-Dependent

Depth C.E.C. C.E.C, X Ca Vg Phosphorous
cm Meq/100 gm soil H Meq/100 gm soil DM o ppm (P205) ppm
Profile No.5 - St. Damase
0-7 ok, 81 3.8 26,48 9.8 42,0 4.8 10.0
7~25 15,60 L 20,13 3.6 4,0 0.40 b,3
25-50 28,44 Ly 22.87 2.1 4,0 0.80 7.9
50~70 23.95 4,8 19.89 3.35 10.5 0.90 6.3
70-82 11.98 5.1 30,12 2.3 15.0 1.1 7.8
82-92 5.24 5.45 5,92 3.0 22,0 3.30 6.15
. Profile No.6 - St. Amable
0-7 52,4 b1 25,95 4.9 5.5 7.53 2.85
7-15 21.21 L, by 21.13 2.25 4,5 2.10 2.3
15-25 29.94 b.5 22.17 1.85 1.0 0.5 2.2
25-55 14,97 5.3 31,64 2,45 9.0 0,92 8.45
55-75 2.5 5.7 30.4 1.9 7.0 1.06 6.7
75-80 12,48 5.80 27, 54 L,7 34,0 7.6 b, 55
Profile No.7 - St. Amable
0-7 128.5 3.2 35.8 6.75  38.0 5,06 2.15
7-20 b2,42 b,1 19.87 2.2 2.8 0,67 1.53
20-65 23.95 k.5 20.05 1.9 4.7 0.61 0.9
65-80 .49 %.9 18,73 2.1 7.0 0.78 3.77
80-90 1.5 5.0 3.9 2.8 7.2 0.60 4,5
90-120 1.0 5.2 3.8 2.25 6.0 0.90 3.68
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Continued
pH-Dependent
Depth C.E.C. C.E.C. X Ca Mg Phosphorous
cn Meq/100 gnm soil pH Meq/100 gm soil ppM ppM ppM (PZES) ppm
Profile No.8 - St. Amable

0-7 L5, 5l 3.7 19.84 L,7 17.5 - 2.30 2.2

7-20 14,35 b,7 17.47 1.85 4.0 0.57 1.5
20-60 10,48 L,5 17.5 ‘ 1.6 5.5 0,50 9.75
H0-85 2,0 4,8 3,28 1.9 3.0 0. 58 8.4
85-100 1.0 5.1 3.3 1.85 5.0 0.70 3.14
100-120 2.0 5.11. 3.93 2.25 22.0 2,88 2.32




Tulvie Acid .
Depth  Total Nitrogen % based on total Organic Matter Te203 % bY Al 04 % by M0 % by Si0, % by
cn % based on wt. organic matter % Dithionite Dithionite Dithionite Dithionite

Profile No,1 - St. Damase

0-15 0.22 0.41 - 6.65 0.81 0.38 0,013 0.12
15-30 0.03 0. 7L 2.19 0.48 0.24 0.007 0.05
30-45 0,02 0,94 1.39 0.32 0.19 0,009 0.2
14560 0.013 1.38 1,240 0. 34 0.1 0.03 0.09

. 1 8 it o O "t S D o e} B Nt S S ok L G TS P g S i A A B0 R oy P s S B e ek S e O ot S g B o St e e A ) A el e S P S St W b o A o i SR B P G D S S P W Y M S o S S b T Ot W T s S o o S e e Bk s 4t e S = e

, Profile No.2 - St, Damase
0-15 0.25 0,29 7.75 0.9 0.45 0,02 0.04

15-26 0.01 0.81 1,17 0.39 10.08 0.03 0.07
26-15 0,06 0.32 3,87 0.53 0. Ly 0.01 0.12

e e e e e e o e ok (ks gren e D et S S P S Nt Tt st v T M o i A o e ey e R e i Y A b o A P S o G o i 0 et e e P S At S Y b i St At Sy S o Y et - s W o VR R S R St = s e A S AP i VY e v e e b P e T o o

_ Profile No.3 - St. Damase
0-20 0,002 0.56 2,78 0.37 - 0.21 0.02 0.05

20-40 0.02 0.50 1.68 0.25 0,09 0,02 0.03
LO-50 0.013 1.04 1,31 0.45 0,09 0,03 0.07

- an  — —— - o T 2 T 2 R Pt S s D Gt P S iy S Sk Y o S8 O A o a8 st St i e T O o VBt (P B g D A GO L Y D TS i G S A ek W e O e ARt G (il G Y S B M e W o P A S U G et S St Al 2ok e P A o e e e n S e M

Profile No.4 - St. Damase

0-15 0.1 0.43 3.8 0.48 0.25 0.02 0.05
15-40 0.04 0.47 2,27 0,50 0.2 0.01 0,07
%10~ 50 0.02 0.6 1.53 0.61 0.16 0.01 0,07
50-65 0,01 1.26 1.21 0.56 0.1 0.04 0.06
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Continued s .

Depth  Total Nitrogen % iZi:;céﬁciital Organic Matter [e203% by ALDO;% by M0 % by 810, % by

cm % based on wt. organic matter % Dithionite Dithionite Dithionite Dithionite
Profile No,5 - St. Damase _

0-7 0.25 0.5 1.68 0.55 0.11 0.01 0.11
7-25 0.07 0.26 3.58 0.43 0.18 0.01 0.09
25-50 0,06 0,54 2.56 0,47 0.2 | 0.01 0,001
50-70 0.03 0.7 2.26 0.56 0.16 0,01 0.04
70-82 0.01 0.65 1.739 0.45 0,08 ~0.03 0.05
82-92 0.01 0.82 1.17 0,27 0,05 0,02 0,02

; Profile No.6 -~ St. Amable

0-7 0.15 0.39 6,18 0,65 0.13 0.004 0,1
7-15 0,08 0.27 b,75 0.91 0.15 0.01 0.07
15-25 0,09 0.19 6.25 0.83 0.22 0.00% 0,08
25-5 0.02 ‘ 0,66 1.75 0.47 0.09 0,01 0.05
5575 0,01 0.86 1.32 0,19 . 0,05 0,01 0,02
75-80 0.01 1.22 1.24 0.28 0.05 0.03 0,05

_ Profile No,7 - St. Amable

0-7 0.6 0,67 o 7.82 0. L5 0.07 0,01 0,03
7-20 0.1 0.36 5.33 0.62 0,11  0.004 0,02
20-65 0,04 0.5 2,67 0.9% 0.09 - 0.01 0.07
65-80 0.01 0,28 1.46 : 0,26 0,05 0,01 0,03
80-90 0.01 0.72 1,13 0,16 0.04 0.02 0,05

90-120 0.003 1.17 1.24 0.19 0.03 0.01 0,01
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Continued . .
Depth Total Nitrogen % g:igécogciital Organic Matter FGZOB % by A1203 %oy MO % by SiOZ % by
cm % based on wt. organic matter % Dithionite Dithionite Dithionite Dithilonite
Profile No.8 - St. Amable _
0-7 0.13 0.43 6.79 0.18 0.32 0,003 0,07
7-20 0.05 0.43 3.29 0.15 0.53 - 0.001 0.11
20-60 0.02 0,4k 1.9 0,11 0.32 : 0.002 0.10
60-85 0.01 1.23 1,17 0.03 0.1 0,002 0.11
85-100 0,004 1.91 1.13 0.02 0.03 0,001 0,07
100-120 0,003 0.81 1,09 0.03 0,02 0,03 0.03




Depth F‘e203 % by A1203 % by MnO % by 810, % by F3203 % by A1203 % by MnO % by 510, % by
cm Oxalate Oxalate Oxalate Oxalate Pyrophosphate Pyrophosphate Pyrophosphate Pyrophosphate
Profile No,1 - St. Damase
0-15 0.26 0.4 0.01 0.15 0.41 0.27 0.02 5.81
15-30 0.21 0.31 0,004 0.5 0.25 0.18 0.01 3.63
30-45 0.10 0,29 0.0 - 0.11 0.13 0.12 0.01 3.8k
L5-60 0.08 0.16 0.03 0.06 0.13 0.1 0.02 0.53
Profile No.2 - St. Damase
0-15 0.42 0.68 0,01 0.18 0.6 0.53 - 0,01 1.31
15-26 0.16 0.1 0.03 0.09 0.1 0.06 0.01 0.56
26-45 0.26 0.67 0,003 0.04 C.49 0.57 01 2.78
Profile No,3 - St. Damase
0-20 0.12 0.31 0.02 0.13 0.15 0.14 | 0.01 1.91
20-40 0.07 0.14 0.02 0.05 0.14 0.1 0,01 2,06
40-50 0.13 0.09 0.03 0.09 0.27 0.15 0.01 3,94
Profile No.4 - St, Damase ‘
0-15 0.22 0.5 0.01 0.1 0.25 0.23 0.01 2,75
15-40 0,16 0.37 0.004 0.09 0.20 0.14 0.01 1.59
40-50 0.18 0.29 0.01 0.14 0.27 0.16 0,01 2,69
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Continued :
Depth FeZO3 % by A1203 % by MnO % by SiOz% by Fe203 % by Ale3 % by MnO % by 510, % by
cm Oxalate Oxalate Oxalate Oxalage Pyrophosphate Pyrophosphate Pyrophosphate Pyrophcsphate
Profile No,5 - St, Damase
0-7 0.24 0.13 0.01 0.14 0.26 0,11 0.01 3.31
7-25 0.2k 0.49 0,01 0.1 0.13 0.3 0,01 3,41
25-50 0.16 0.39 0,003 0.1 0.29 0.23 0.004 2.9
50-70 0.26 0.47 0.01 | 0.16 0.22 0,18 0.01 3.94
70-82 0.09 0.14 0.02 0.09 ' 0.10 0.09 0.01 3.41
82-92 0,04 0,04 0,02 0.06 0.05 0.06 . 0.01 2.78
Profile No.6 - St. Amable
0-7 0.34 0.36 0.003 0.09 0.46 ‘ 0.22 0,01 3.97
7-15 0.36 0.45 0.002 . 0.09 0,53 0.34 0,01 L, 69
15-25 0.49 0.75 0.002 0.24 0. 54 0,61 0,004 4,28
25-55 0.18 0.39 . 0.01 0.12 0.15 0,15 0.01 4,69
55-75 0,03 0.15 0,003 0.09 0.04 0,07 | 0,004 3,66
75-80 0,04 0.06 0.03 0.07 0.05 0,06 0,01 3.13
Profile No.7 -~ S+, Amable
0-7 0.15 0.14 0.004 0.1 0,30 0.12 0,01 3.38
7-20 0,19 0.46 0.002 0.1 0,32 0.3 0.004 4,22
20-65 0.19 0.46 0,002 0.14 0.18 0.2 0,004 0,91
65-80 0,04 0.17 0,003 0.06 0,08 0.09 0,01 0,67
80-90 0.03 0.08 - 0.02 0.09 ‘ 0.04 0.05 ‘ 0.01 0.34

- o o 2o 0 ot VO VI b s U Pt S Oy U Gty 0 W O g Gt Y e P e U i S RN G M Y D G St ke St 0 o D et v S SR e e e et A e oy o B B S S e D e A0 B S e D (e ey S I aeh Y e Y e P o P S e SR A Ven W g A Y A W . o


http:0.34-0.01
http:0.34-0.36

O | - O

Continued .
Depth 'FeZOB % by A1203 % by MnO % by 8102 % by Fe203 % by A1203 % by MnO % by 8102 % by
cm Oxalate Oxalate Oxalate Oxalate Pyrophosphate Pyrophosphate Pyrophosphate Pyrophosphate
Profile No.8 ~ St. Amable

0-7 0.18 0,32 0.003 0,07 0.27 0,14 0.01 1.84

7-20 0.15 v 0.53 0.001 0.11 0.21 0.26 0.003 2.09

20-60 0.11 0.32 0.002 . 0.10 0.14 0.11 0.01 1.91
85-100 0.02 0.03 0,001 0.07 0,03 0.05 0,004 1.91

100-120 0,03 0.02 0.03 0.03 0.05 0.03 0.01 1,13
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Appendix 3

Analysis of Variance Tables



O

Anzlysis of variance tables Tor particle cizes in the Ap-Horizon

Source of Variance Degrees of  Sum  of Heon ¥ Levcel of
A e Preedom Squerss  Sgusre Ratico  Sigriflcarce
1.0-0.5 mm ,

Tctal 7 3. 546 ’

Group 1 2.910  2.910 13.952% 5%
Profiles (replicates) 3 0.010  C.0C34 0.0163 H.S.
Error 3 0.625 0.2065

0.5-0,25 mm

Total 7 185.573

Group 1 53.991 53.951 4,585 N.S.
Profiles (replicates) 3 96,258 32.090 2.7253 N.S.
Error 3 35.324 11.775

0.25-C.1 mm

Total 7 1140.179

Grour 1 921.359 921.289 16,136% 5%
Profiles (replicates 3 7,483  15.828 0,277 N.S.
Exror 3 171.308  57.10

0,1-0,05 mm |

Total 7 106.079

Group 1 31.292  31.2%9z - 3.5997 N.S.
Profiles (replicates) 3 48,709  16.236 1.868 N.S.
Error 3 26,079 8.693

0.05-0.02 mm

Total 7 86.89

Group 1 71.25 71.250  14.05% 5%
Profiles (replicates) 3 0.43 0.143 0,028 H.8.
Error 3 15.21 5.070

0.02-0.005 mm

Total 7 22,272 :

Group 1 18.318 18.318 27.022% 5%
Profiles (replicates) 3 1,920 0,640  0.94L4 K.S.
Error 3 2.033 0.678

0.005-0.002 mm

Total 7 13.057

Group 1 7.236 7.236 3,847 N.8.
Profiles (replicates) 3 0.177  0.059  0.0314 N.S.
Error 3 5, 6L 1.881



Analysis of varlezrncs tables for particle sizes in the C-norizon

Source of Variarce Jegrees of  Sum of Veen F Level of
pouree ©Ldariance Freedom Squares  Squere Ratio  Significance
1.0-6.5 mn

Total 7 19.165

Group 1 5.4 5.39% 4,999 N.S.
Profiles (replicates) 3 10.53%  3.511  3.000 N.g.
Erroxr 3 3.237 1.079

0.5-C.25 mm |

Total 7 3252.295 _

Group 1 716.856 716,856  2.,0486 N.S.
Profiles (replicates) 3 1485.670 195,233 1,452 N.S.
Error 3 1049. 764 349,923

0.25-C.1 mm

Total 7 1567, 510 .

Group 1 Lok, 923 Lyh,925  0.1173 N.S.
Profiles (replicates) 3 117.8875 39.295  1.4181 N.S.
Error 3 1004, 699 334,899

0.1-0.05 mm

Total 7 281.267

Group 1 5.715  5.715 0,501 N.S.
Profiles (replicates) 3 21,339  8C,Lh7  7.057 N.S
Error 3 34,212 11.40

0.05-0.02 mm

Total 7 31.998

Greup 1 21.658 21,658  6.395 N.S.
Profiles (replicates) 3 0.122  0.0k1 0.0121 N.S.
Error 3 10.178 3.393

0.02-0.005 mn

Total 7 L7, 9Lk

Group 1 38.84G 38,840 68,396%% 1%
Profiles (replicates) 3 7.392 2.46r 4,338 N.S.
Error 3 1,703 0. 568

0.0C5-0.002 mm

Total 7 101, 2824

Group 1 70.7968 70,798 11.17¥ 5%
Profiles (replicates) 3 11,872 3.82L  C.603 N.g.
Error 3 19,072 6.3%7
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