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ABSTrtACT 

H.Sc. ESA11 ABDUL-SATTAR SEDDYK Soil Science 

A Study of Ag!ic Horizons in Suebec Soils 

A physical and chemical study was conducted on soils with 

hardpan layers observed in eight profiles of gleyed humo ferric podzol 

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

Studies were confined to these horizons overlying the clay 

stratum. The ha.rdpans had a finer texture in cultivated 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 1-rere formed, precipitated, and then consolidated 

with silica and other ~etallic cations and anions, by pedogenetic pro­

cesses. The presence of lenses of silty clay indicates that migration 

or formation of clay particles has taken place in the ha.rdpan. 

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. Oxalate-extractable iron and a+uminum and the 

dithionite-extractable iron and aluminum values helped to distinguish 

between Po:izolic and Gleys:>lic soils with pronounced horizons of 

dithionite iron accw~ulation. Induration of the soil as measured by 

penetroneter increased from 14 to 19 kg/cm2 from the surface to the 

agric h~rizon overlying the clay substratwa in profiles of cultivated 

soils only. 
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RES:UNE 

H. Se. ESAN ABDUL-SAT~AR SEDDYK Soil Science 

Etude d'horizons agriques dans des sols du Quebec 

Les proprietes c.himiques et physiques de couches indurees qui 

furent observees dans huit profils de type podzol humo ferrique gleyifie 

de la Plaine du St-Laurent au Quebec, furent etudiees dans la presente re­

cherche. 

Les etudes furent c.onfinees a i'horizon de sol qui rec.ouvrait l'ar­

gile sous-jac.ente. Les couches indurees avaient une texture plus fine dans 

les sols cultives que dans les sols non-c.ultives (en boise). La composition 

c.himique indiquai.t.·· qu' une: t;ransloc.ation· :et une,' accumulation de fer> d' alumi­

nium et de matiere organique soluble (acide fulvique) avaient eu lieu, ren­

dant possible l'hypothese que des composes organo-metalliques se soient 

formes, precipites et consolides avec de la silic.e et autres cations et anions 

metalliques au moyen de processus pedogenetiques. La presence de lentilles 

d'argile limoneuse indique qu'il y a eu migration ou formation de particules 

d'argile dans la couche induree. 

Les methodes d'extraction ont revele que plus d'aluminium que de fer 

etait extrait des mineraux alumino-silicates. Elles ont indique la presence 

de goethite et/ou d'hematite dans ces sols ainsi que leur accumulation dans 

la couche induree. Les quantites de fer et d'aluminium extractibles a l'oxa­

late et au dithionite ont aide a distinguer les sols podzoliques des gley­

soliques qui ont une accumulation prononcee de fer dithionite. L'induration 

du sol evaluee par le penetrometre augmentait de 14 a 19 Kg/cm2 depuis. la 

surface jusqu'a l'horizon agrique situee a la ligne de contact avec l'argile, 

dans les profils de sols cultives seulement. 
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1. INTRODUCTION 

Cultivated soils are subjected to an environment which differs 

from that of non-cultivated soils (Horgan Arboretuzn 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 develop an agric 

horizon. An agric horizon is an illuvial horizon formed under cultivation 

that contains significant amounts of Uluvial 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 had 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 located nearby 

which vrere under forest cover. 

All results of.field observation and laboratory measurements 

were to be analyzed statistically in order to elaborate a bypothesis 

concerning some of the potential changes occurring in profiles and re­

sulting into the possible development of an agric horizon. 
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2. 

The presence of a very compact or ind.urated layer in ma...'1y 

soils h3.s been reported. for many years (Nikiforoff and Alexander, 1942; 

Gerard, 1961; Veen et al. 1971; U.S. Soil Survey Staff, 1975) and 

occurs in a wide range of climate (Litchfield, 1942; Wright, 1963), of 

topography (Litchfield, 1962; Bailey, 1964), of parent material 

(Nikiforoff and Humbert, 1942; Chang Hang, 1974) and of vegetation 

(Damrnan, 1965). 

Nikiforoff and Alexander (1942) indicated that the term 

uha.:rdpan" denotes either 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 ha.rd.pans in 

soil profiles are genetic horizons irreversibly cemented 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, vrhether pedogenic or relic, are · 

uncemented and are hard simply because of their physical make up. 

Tnese genetic horizons are developed in the profile through 

the slow, but long-continued action of soil genetic processes. They 

form groups of horizons which are further 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 

nat~e of the cementing material. 
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2.1 Pan in Hhich ~>'~ inorganic form of iron is 

apparently the main ce~enting agent. 

2.2 Iron-Organic matter p~~: Pan in ~-rhich iron is complexed. >·ri th 

organic matter, and particles are coated. 1-rith shiny, black to dusky red , 

material. 

2.J Iron-Manganese nan: Pan in which an inorganic ·form of iron 

and manganese is apparently the main cementing agent. 

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

shows maximum clay accumulation in the Et-horizon. 

Silica--oan: 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-soil horizon (p&~) that differs 

from the adjacent horizons by one or more distinctive morphological 

features such as: hardness >-Then dry and brittleness uhen moist. The 

common terms for these pans are: plow pan {or traffic pan) and fr8.oai.pan 

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-soil horizon which is hard to 

extremely hard when dry, and firm to very firm when moist, and displays 

the property of brittleness 'lvhen both dry a.~d moist. 

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

ation that contains significa.~t amounts of illuvial silt, clay and hQ~us. 

c 
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2.1 IRON-Pid'f 

2.1.1 Huir ( 1934), one of the first to descri iron-pans, noted 

that they occu.r:r-ed corr'"''i!only ,just beloH the Ae-horizon or within the B­

horizon and that they might develop either under the B-horizon of humus 

accumulation in normal podzol, or at the bourAary located between the 

water-saturated, reduced upper horizon and the aerated lower horizons of 

a soil covered >d th a peaty surface horizon. Iron-pans occur in soils 

of many regions having cool humid climate. Crampton (1963), Da.mman (1965), 

l1uir ( 19Y+) and Clark( 1966) reported a marked depletion of Fe in the Ae­

horizon and AB, afl..d a striking maximum of Fe in the iron-pan. Dithionite­

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 pa.YJ. occurred in the poorly 

drained soils developed in deep loess, than in the moderately Hell­

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 yellow 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 reached. 

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-pa.YJ.s: 

Crampton ( 1956, 1963) and Dar.u11an (1965) suggested that iron is 

mobilized by rerluction in the upper saturated part of the profile and 

oxidized after being translocated to the aerated loner part of the 
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profila. In this case the pan H:::>uld be ex:pect<::!d. to occur at the b:::n.md­

a:ry bet,·ieen fine and coarse material. 

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

that the destruction of clay o<?curs in highly acid soils, while podzoliz­

ation process caused the mobilization of released iron do•mwa.rd which 

precipitated within sub-surface horizons. The biological cycle (Kononova, 

1961 a..l'ld Aristov~T.{aya, 196.5, 1974) of iron proceeds with great intens~ty 

in soils under humid climates and influences soil morphology. Different 

living organisms use iron as an electron carrier in their enzymatic 

systems, and the change of valence of the iron is the essential part of 

important oxidation-reduction processes in metabolism. In accordance 

w~th the high requirement of microorganism for iron their biochemical 

activity is the essential factor for its mobilization 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 (H
2

, H2S, CH4) formed by micro-organisms under anaerobic 

conditions. 

2.2 

2.2.1 

IRON-ORGANIC 111ATTER PAN 

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. T'nis pa.11 occurs in soils of many regions having a cool 

humid climate. Cra.'npton ( 1962) and J.luir ( 1934) fawn also that soluble 

organic matter was markedly higher in iron-pans th~~ in adjacent hori­

zor:s. The cementing material of this pan consists mainly of an amorphous 
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iron-fulvic acid Schnitzer, 1967; T·:cK eag,ue and 

Day, 1966; Schni tzer and Desja:.'\i:..ns, 1961). 

2.2.2 Hypothesis of genesis: 

Nany organic acids Hhich are produced by microorganisms react 

with iron to form iron-org~~ic ~atter complexes, and favour the mobility 

of iron by giving it the ability to migrate over ~ 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 mobilization 

in the course of podzol formation (Kononova, 1961; Schnitzer and Skinner~ 

1965; Crampton, 1963; HcKeague, 1971). 

2.3 IIDN-i•WfGANESE PP..N 

2.3.1 This is a p~~ which contains a larger quantity of rm and. Fe 

than the soil in 1-rhich it occurs ( HcKeague et al. , 1968). The latter 

indicated also that iron-manganese pan could be distinguished from the 

iron-organic matter paq 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-fulvic acid pan. Nikiforoff and Humbert 

(1948) believed that the hardness depends largely upon a rather close 

packing of the primary particles and, perhaps, on their interlocking 

orientation during deposition. 

2.3.2 Hypothesis of genesis: 

Collins (1970) shOHed.. that the physico-chemical behaviour of 

iron a.11d manganese in natural systems is controlled, to a large extent, 

c 
• 



c. 

- 7 -

fluctuations in the Eh-pH environme::tt under acid or slightly acid 

++ ++ 
cor.ditions, the oxidation of both F'e a.:nd particularly :Hn being slow. 

It ;.;as found that the precipitation of iron at lm·rer Eh values (in the 

pH range 5 .. 8 to 6. 0) Hhich caused 
++ 

the removal of some Nn from solution, 

. t+ 
may be due to sorpt1.on of Hn by the hydrated iron oxides nhich have 

evidenced a negative charge. At pH values above approximately 5.1, the 

+t 
major part of the :Hn , however, precipitated independently of the iron 

in an exclusive manganese system. 

i>folf (1964) indicated that Fe- and Mn-oxidizing organisms 

Here involved in the formation of the pans, but biological oxidation 

would presumably occur only under pH and Eh conditions at which chemical 

oxidation could occur too. 

2.4 CLAY-PAN 

2.4.1 This a pan Hhich is formed by the infiltration of colloidal 

clay, which would clog at least the largest voids and make the pan 

al~ost impermeable (Nikiforoff and Humbert, 1948). Nikiforoff and 

Alexander ( 1942) showed that the San Juaquin and Nadera 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 bounda_ry 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-

pa.n.; The areas l'ri th clay-pan have a concave nicrotopography and collect 

more water of percolation than surrounding areas. 

2.4.2 

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

that the translocation of clay from the eluvial to the illuvial horizon 
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occ,;rred in Keakly acid soils, !=JGd.zolizaUon ic.vol verl th~ mobil:'Lz-

ation of colloiclal clay, solutL::J': ar:.d. p:::-ecipita:t.iO'l. 

2.5 

2.5.1 

SILICA-FAH 

Eric ·vrinters ( 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 predomin~~tly silt 

and usually siliceous material. The silica hardp~~ layer shows a great 

range of variation in its properties from one soil to ~~other. Tne 

range in colour is from yellow to brownish-yellow, slightly mottled with 

gray. Uniform red or brown colours have not been observed in silica-pans. 

The pan may have a coarse textured material which overlies a hea~f 

stratum that impedes drainage. It has a brittle consistency when either 

wet or dry. Nany soils in Tennessee and adjacent areas have a silica­

hardpan at 45-60 cm below the surface. 

2.5.2 Hypothesis of genesis: 

Soluble Si02 could result from silicate hydrolysis during the 

moist period of the year. Restricted drainage l-rould prevent the leach­

ing of the silica (Si02) except from the upper horizons during the late 

SWfu~er, while an extremely dry condition thxoughout 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 grains. 

In the absence of the disruptive forces of shrinking ~nd 

swelling of adjacent grains, over a period of years, the ~rains 

·Hould become cemented and gradually be held together. 

Silica-pans should develop more rapidly a,.YJ.d hence beco!lle 
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harder in a iiarm region that :fa:v01J:Cs silicate hydrolysis than in a cold 

climate Hhere chemical Heatheri:1g is slm·r. 

2.6 PHYSICO-CHENICAL PANS 

These pans include tH:::> kinds of indurated pans which may be 

differentiated as follows, acco:rd.ing to the nature of the pan development:-

2.6.A 

2.6.A1 

Plow-pan or compacted layer 

or (Traffic-pan) 

Nichols (1955) stated that 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 soils and occurs just below the soil zone disturbed 

by normal tillage operations. 

It is similar in texture and chemical properties to the 

material immediately above and beloi-r it. HcCracken ( 1963) reported that 

Southeastern U. S. A. soils contain sub-soil horizons rrhich differ from the 

adjacent horizons in distinctive morphological features such as: "brittle 

when moist, ha:rd. when dry, apparent compaction and dry appearance while 

adjacent horizons appear moist." T'nis pan layer occurs between 2.0-JO 

cm in depth. 

Gerard (1961) defined it as an indurated or compacted soil 

layer with reduced permeability 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 implenents Has important in the formation 

of this pan. This layer has the s~~e chemical and physical properties 

as other layers above and beloH. He found only small differences in bulk 
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densi between the pan and other la~-ers. 

2.6.A2 Hypothesis of genesis: 

Gerard ( 1961) in a laboratory investigation Has able to evalu­

ate the influence of certain factors on close-packing or orientation of 

soil particles in Willacy fine sa.n.d.y loam soil. He postulated that 

frequent irrigations, followed by rapid evaporation or moisture absorp­

tion by plants which resulted in frequent wetting a.~ drying cycles, 

contributed to close-packing of soil particles and subsequent hard or 

indurated pan formation. 

The physico-chemical forces are probably instrumental in in­

creasing coherence ru~ong soil particles. And the physico-chemical 

bonding of the soil particle surfaces is apparently a function of the 

rate of moisture loss a.nd probably of temperature. 

Nichols (1955) gave some reasons for the increase in compac­

tion of the layer, nhich i·:rere as follows: 

(a) The rapid adoption of new fertilizer practices, 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 

problems." 

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

influence of present day systems of management. 

2.6.3 Fra@.pan: 

Fragipan soils have been found and studied extensively in 

central and northeastern parts of U.S.A. It extends into eastern parts 

of Ca~ada, a"ld some research HOrk has been published about these soils 

in C~--:ada (NcCracken, 1963; Daniels, 1966; Da1(impe, 1970 and 197lt-; 

a.nd Cha.ng Hq,crn, 1974; U.S.D.A. 1975). 
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2.6.B1 HcCrac~:cn ( 1963) defined fragipa.n as a genetic sub-soil 

horizon, Hhic~ differs from the c.djacent horizons by one or more dis·-

tinctive morphologicc.l features, is brit·tle Hhen moist, hard >-fhen dry. 

Da.niels ( 1966) defined fragipan as a loamy sub-surface 

horizon that is low in organic matter, has a high bulk density compared 

to the solum above, and is seemingly cemented when dry. 

Chang i·fang ( 1974) defined the term "fragipann as a compacted 

horizon rich in silt and/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 topographic 

position than on changes in sediment or mineralogy. 

The brittle parts of the fragipan horizons are dense gray 

loamy sands, sandy loam or silt loams. The dense material is brittle, 

in other words, it ruptures rather than deforms gradually under applied 

pressure. 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, Hhich developed on glacial till deposits vri th podzol 

profiles. The particle size distribution throughout the profile shol-red 

an increase in the clay fraction of the fragipan level. The cumulative 

figures for the (medium +fine sand) 0.5-0.1 min on the one hand and the 

(very fine s~~ +silt) 0.1-0.002 :mm fractions on the other hand, above and 

in the fragipan, gave a similar 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. Di thioni te F'e exceeded 

oxalate Fe in all horizons, Hhereas oxalate Al exceeded dithionite Al 

belo-.-r the fra,gipan horizons. 
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DaKimpe ( 197L~) ·:he properties of' a Il)'izolic soil 

with a. fragipa:n, •·•hich had et thi::::l:, dark bro~·~C-c, hlshly pvrous podzolic 

B-horizon >-<ith a high content of amorphous Fa, Al-organic matter cam-

plex E2:t.erial and a low bulk density, underlaid abruptly by a dense 

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

is kno;-rn concerning the physical properties of such soils and very few 

micromorphological data are available. 

2. 6.B2 Hypothesis of fragipan genesis: 

Fragipans are common in soils developed from medium to coarse 

textured, ~~d acid parent materials (Stobbe, 1936; Carlisle, 1954; 

Yassoglout 1960; DeKimpe, 1970; a.'ld Chang ~·Tang, 1972; etc.) 

Yassoglou {1960) showed that the properties of the pan, i.rhich 

are responsible for its induration, have.been developed and not inherited 

from the primary material. In other words, these fragipans are pedo-

genetic horizons 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 aPn 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 undergo rearr~~gement. Tne close packing 

of the sa.nd. grains has provided the capillary intergranular spaces in 

Hhich the soil suspension is confined at a moisture level b8low field 

cap::.city. 

( 4) During the course of the soil development, alu..'ninu.u is re-

leased from the decomposing minerals, an::l a pa.rt of it is precipitated 
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fr:>!.'l the soil solution in the area of th2 p:1n, possibly adding to the 

ir:-iure.tion of the pan. 

Cline ( 1963) concluded that the genesis of the fra..::,oi.pan con-

sisted primarily of physical phenomena related to the development of 

close packing and to organization &~d orientation of clays in intergrain 

spaces as the medium t~~ugh which binding material must be transmitted. 

Nettleton (1968) indicated that a collapse of the soil matrix 

has caused the high bulk density of the fragipan horizons. The source 

of extractable aluminum is not k..YJ.own with certainty, but wetting and 

drying of the lower sola may be responsible for its accumulation. If 

ferrous hydroxide is produced by 1-rater saturation of the soil, it would 

neutralize exchangeable aluminum, thus precipitating aluminum P~droxide 

ar1d releasing ferrous iron (Cate, 1964). 

With periodic Hetting and drying, aluminum could be exchanged 

for bases as the soil becomes dry, while the bases could be removed 

during the initial vretting of the soil. Some exchangeable iron could 

be removed and aluminum accumulated. 

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, a.J'ld humus. An agric horizon may form in 

several of the other diagnostic horizons, but not in a mollic or an 

anthropic epipedon because a soil in which an illuvial horizon has formed 

in the mollic epipedon is distinguished by other means. 

2. 6. C2 Hypothesis of genesis: 

I·Ihen a soil brought under cultivation, the vegetation and 

the soil fauna as a rule a.re changed drastically. The plo~·r layer is .mixed 
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periodically and, in effect, a re;r :::;:::~ soD :fornation is started. 

Even ;.;here the cultivatocl crops -:he nati .. .re vegetation., sti:r.7i11g 

of the ploi-r layer a.YJ.d use of c-..mencLr:lents, especially lime, nitrogen and 

phospl:.ate, normally produce significant cha..J.ges in the soil structure, 

flora, and fauna. 

After long-continued cultivation, changes in the horizon 

immediately below the plow layer become ap9arent and cannot be ignored 

in classifying the soil. The large pores in the plow layer and the 

absence of vegetation iw~ediately after plowing perwit turbulent flow of 

muddy water to the base of the plow layer. Here the Hater can enter worm 

holes or fine cracks behreen peds, and the suspended material is de-

posited as the vrater is withdra;m into capillary pores. The worm channels, 

root channels, or ped surfaces become coated with a dark-coloured mixture 

of org~J.ic matter , silt, &J.d clay. The acc~~ulation on the sides of 

worm holes becomes thick and eventually can fill them. If ~rorms 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 i-rorm holes and lamellae alrrays have loHer colour value and 

chroma than the soil matrix. 

The agric horizon has somewhat different forms in different 

climates because of differences in soil fa~~a. 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 1-rere detected 

in the laboratory. 
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). FIJ:.-:::I.ill CH..-'L.T:(ACTEF.ISTICS OF THE SOILS 

All profiles used for the experiment belonged to the St. 

Damase series and are described hereinafter. 

J.1 General descr;ution of the area: 

J.1.1 Location and extent: 

All profiles were s~~pled on the Macdonald College farm and 

the f.Yorgan Arboretum, which comprise some 1550 acres. Both areas are 

contiguous and are located at the western tip of the Island of Montreal, 

appro:ximately at longitude 73°57'H a..'1d latitude 45°26'N. The area lies 

within the Valley of the St. La1~ence River, at elevations ranging from 38 

to 46 meters above mean sea level, or 15 to 20 meters above the Lake of 

Tno l>lountains which forms the western bow..dary of the Island of Montreal. 

J.1.2 PhysioB;raph,y: 

The physiographic conditions of the Macdonald College farm are 

those of the St. Lavrrence plain which exter~s as a large flat plain end-

ing rather abruptly against the Laurentians on the northwest side while 

rising slowly through a Pied~ont Zone into the Appalachia'1s on the south­

east side. The land which is mostly a clay plain, has an overall level 

or nearly level topography, which is broken by some undulations or gentle 

rolls of the glacial deposits and ridges called Monteregian Hills. On 

the I1acdonald 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 

cha'rlnel 11hich Has carved through the deep clay of marine origin. 

J.1. 3 Climate: 

The climate of the area, which is part of the St. Lawrence 101-T­

lands, has been described as hu:r.tid-temperate (Lajoie and. Stobbe, 1950). 
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It :i.s essentially a cool and hm:id climate. The su .. mmers are relatively 

short Hith hot and usually humid days. The H:i..nters arc cold and rcl-

ati vely long 1-ri th a considerable 2.1110unt of snO>·f fall. The data of temp-

erature, rainfall and sno1-;:fall have been tal<;.en at Ste.Anne de Bellevue, 

Macdonald College meteorological station for over 50 years (1926-1976) 

(Table 1). The mean ~~ual temperature ranges from 2oc as a minimum 

mean ~~ual temperature to 100C as a maximum mean annual temperature. 

The summers are moderately hot -vri th a maximum temperature of 

about 20.5°C and a minimum of about 9.9°C. The winters are cold with 

maximum temperature of -0.7°C ar~ minimQm of -7.5°C, moreover the length 

of the frost free periods can vary from a minimum of 71 days to a maxi-

mum of 214 days. The average frost free period ranges between 121 and 

178 days. Normally the mean atmospheric temperature drops below the 

freezing point in December, January, February and Narch. 

The average annual rainf2.ll is 775 mm. From the middle of 

November to early April nearly all the precipitation falls as snow, 

which averages 196 cm. From Hay to October all the precipitation falls 

as rain and averages 504.35 mm. 

).2 Description of the soil nrofiles: 

Two sets of profiles of the St.Damase series were described 

and sampled. One set, made up of four sites located on the farm, 1-ras 

under cultivation while the other, comprising four sites, was under 

forest vegetation in the I-lorgan Arboretum. 

J.2.1 General Introduction for Descrintion of the Series 

St. Damase: 

This soil type occurs from. J.'!ississquoi County ne2.r the U. S. A. 

border to DruJTl.mond and Terrebonr:e Counties, almost half 1-1ay between 
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Netoorological dat2. for 50 yea.rs av:~ra.go ( 1926-1976) 

at Ste. Anne de Bellov-ua, Hacdonald College Station. 

;·Ionth 

Nean Nonthly 
Haximurn 

November 5.0 

December -4.3 

January -7.0 

February -6.0 

Harch O.J 

April 8.0 

Hea.."l, November -0.7 to April 

Nay 

June 

July 

August 

September 

October 

Mea..11, :Hay 
to October 

Nea.."1 for Year 
(Annually) 

17.0 

23.4 

25.0 

25.0 

1].1 

17.J 

20.1 

9.7 

He an H:mthly 
Hinimum 

-1.0 

-10.5 

-1J.4 

-12.4 

-7 ,0· 

-O.lJ-

7.0 

14.0 

16.0 

15.0 

5.5 

1.6 

1.2 

Precipitation (mm) 

Averc.ge Average 
Monthly Rainfall Nonthly Snow 

55.63 151.64 

3lJ-.04 554.23 

25.91 297 .. 94 

22.61 509.78 

47.75 ]46.20 

74.42 101.09 

260.J5 1960.88 

72.9 1.48 

76.71 

107.95 

91.19 

10J.71 

514.35 1.48 

774.7 

http:3lJ-6.20
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I·::Jntreal a..nd Quebec cities, and cover.s 2.rc area of about, 85,000 c.CrEc1S i~l 

Province of Quebec. It occurs as r::321y ssall areas scattered o-:rer 

c the lO>·rlard, and as isolated spots on the clay plain or as transitions 

from the s:.tnds to the clays. It is developed from ouhrash sa..n.d capping 

marine clay as former islands, or as former bruL~ deposits on top of clay 

terraces. These sandy deposits va_ry in thickness from approximately 40 

cm to a maximum of 80 or 90 cm. \<Then the sw.dy deposits over clay are 

thinner than 40 cm they are named Courval series, while deposits deeper 

than 90 cm are designated as St. Amable, St. Sophie or Upland, as the 

thickness of the san~ 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 

r~~ging between 15 and 75 meters. 

Surface drainage is usually fairly 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 soils 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 

There is considerable variation in the depth of sandy material 

over the clay. Generally the sand is deeper at the center of the andu-

lations and becomes shallo;.rer on every side a11til it grades into St. 

Rosalie clay loam or Hideau clay loam. 

St. Dru~ase soils are partly cultivated ~~d partly used as 

sr:1all •:ood.lots. Hhere cultivated they are used for general farming 2..nd 

c 
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sometimes for gardening. The main crops are hay ~:cl grain, but yields 

are oelly fair. Due to "che variable nature of the -'.:,exture and drainage 

of these soils, crop yields are spotty, but more lli~iform than on the 

St. Aznable sandy loam. Corn can be adapted to this soil Hi th improve­

ments in drainage conditions. On the better-drained areas, potatoes 

may be gro·~ with considerable success ar~ fairly large yields are ob­

tained. The soil fertility is naturally low but it can be improved 

considerably ~~ rapidly by generous use of organic matter ani fertilizers. 

Lime is necessary for the normal growth of legumes •. Good stands 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), in which the horizons 

1-rere identified acco:rding to the conventions concerning horizon desig­

nations which were established by the Canada Soil Survey Co~~ttee (1970) 

are presented below. 

The tHo 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 Here cleared. 

The system of colour description is that of l•Iunsell (1970). 



Locati::m: I·!acdonald College fa_rn c-erea b8t>-reen high~iays I!o.20 and No)}O. 

T:fl.is pr:::>file occurs on gentle uniulations, forming a micro-relief w-ith 

individual slopes ranging. betKe_en 0. 3 - 3 %, imperfect drainage, little 

runoff and water erosion. 

A..h 0-15 cm 7. 5 YR 3/2; sod layer; sandy loam; medium angular 

to subangular blocky; slightly hard ;.rhen dry, friable 

when moist; clear smooth boundary; pH 5.2. 

Aheg 15-30 cm 10 YR 5/4; sandy loa.11; common, medium, distinct 7. 5 

YR 5/3 mottles; single grain; slightly ha:rd., dry; 

friable, moist; clear 'rravy boundary; pH 4.8. 

Bfjg 30-45 cm 10 YR 5/6; sandy loam; common, medium, distinct 7. 5 

YR 5/3 mottles; weakly cemented; single grain; loose 

moist; clear smooth boundart; pH 5.1. 

Cg 45-60 cm 10 YR 6/3; sandy loam; ma.rty, medium, distinct 7. 5 YR 

5/3 mottles; firm; structureless; abrupt smooth 

buundary; pH 5.1. 

C II 60+ cm 2.5Y 6/2; clay; many, coarse, prominent 7.5 YR 6/6 

mottles; sticky, wet; very hard, dry; strong blocky 

to subangular blocky. 

http:betii8.en
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Location: filacdonald College farm, field located b(;:)t;-reen highways 20 

and 40. This profile occurs on gentle ur::lulations forming a micro 

relief with individual slopes ranging between 0.5 ard 2%. The moisture 

regime is imperfect, erosion is minimal. 

Ap 0-15 cm Sod layer; 7. 5 YR 4/3; sarr.dy loam, fibrous; :friable, 

moist; soft, dr;; abw.dant, :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; amorphous; clear wavy bou.r..da.ry; 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 

bound~~; pH 5.1. 

c 45+ cm 2.5Y 6/2; clay; many, coarset faint 5 YR 5/6 mottles; 

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

angular blocky. 

http:bourda.ry
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Loce.tion: Hacdonald College highest land, north of highHay 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 cm 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 ern 10 YR 5/6; loamy sand; amorphous; single grain; 

loose, dry; fei.r, fine roots; clear wavy bou.nd.a.ry; 

pH 5.3. 

Bfg 40-50 cm 10 YR 5/3; loamy sand; common, distinct, 7.5 YR 5/3 

c so+ cm 

mottles; firm, moist; hard, dry; abrupt smooth 

boundary; pH 5. 2. 

2.5 Y 5/2; clay; common, coarse to medium, prominent 

7.5 YR 6/6 mottles; sticky, net; hard, dry; strong 

blocky to subangular blocky. 

http:bou.nd.a.ry
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Locatior:: Hacdonald. College farm highest lard, north of highivay 40. 

Tnis profile occurs on the nearly level topography to slightly undulating, 

0.5-1 % slope; the Sfuae parent material as previous profiles; very little 

erosion, a moisture regime imperfect to moderate. 

Ah 0-15 cm sod layer; 10 YR 3/4; loa.1JlY sand; loose, dry; 

friable, moist; abUI'.dant, fine roots; abrupt, smooth 

boundary; pH 5. 1. 

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

clear, wavy boundarj; pH 5.1. 

Bfjg 40-50 cm 10 YR 5/3; loamy sand; cow~on, distinct, 7.5 YR 5/3 

mottles; amorphous single grain; friable, moist; 

diffuse bottr'.dary; pH 5. 0. 

Cg 50-65 cm 10 YR 5/3; loamy sand; common, medium, distinct 7.5 

C II 65+ cm 

YR 5/3 mottles; clear -vravy boundary; slightly sticky, 

wet; firm, moist; pH 5.3. 

2.5 Y 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. 



c 
i'ion-cul ti vated St.. Dat1lase ( ~-roodland) 

T'nis pr~file occurs on vrooded land, on the slope of a single long 

ur.dulation having a 1-3% slope; drainage, moderate; little runoff; 

the water percolates rapidly through the sandy material until it reaches 

the clay substratum. 

L-H 0-7 cm 10 YR 2/1; sandy .loam; semi-decomposed organic matter 

layer; fibrous; abundant, fine to medium roots; 

abrupt, smooth bouP.dary; pH 3. 8. 

7-25 cm 7. 5 YR 4/6; sandy loam; single grain, dry; loose; 

friable; plentiful, moderate roots; clear wavy 

boundary; pH 4.4. 

Ah
2 

25-50 cm 5 YR 4/4; sandy loa~; common, fine to medium, distinct 

7. 5 YR 5/6 mottles; amorphous single grain; friable, 

moist; diffuse bouP.dary; single grain pH 4.4. 

Bfhgj 50-70 cm 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. 

Bg 70-82 cm ?.5 YR 5/6; loamy sand; many, medium, faint 7.5 YR 

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

clear smooth boundary; pH 5.1. 

Cg 82-92 cm 10 YR 5/1; loamy sand; many, mediu."!l, distinct 7.5 YR 

5/3 mottles; amorphous single grain; firm, moist; 

clear smooth boundary; pH 5.5. 
fl"'"" ......_, c II 92+ cm 2. 5 y 6/1; clay, many, medium to fine, prominent 7.5 

YR 5/6 mottles; sticky, l-ret; strong coarse blocky to 

suba.'lgu.lar blocky. 
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Location: T'nis profile occurs o::-:. a slope -:-rhich is undulating in one 

direction 1-3%; the parent mate~ial is medium to fine sand deposited 

over marine clay in depth about . .SOcm; the natural drainage imperfect. 

L-H 0-7 cm 10 YR 2/1; semi-decomposed organic matter; fibrous; 

sandy loam; abu:r.da..'f'lt, fine and meditun roots; abrupt, 

smooth boundary; pH 4.1. 

Ahg 7-1.5 cm 7 . .5 YR 4/6; loamy sand; single grain; loose; friable, 

wet; common to few distinct 7 • .5 YR .5/6 mottles; clear 

wa~ boundary; pH 4.4. 

Bfg 15-2.5 cm 7 • .5 YR 4/ 6; sa:r.dy loam; common to many distinct 7. 5 YR 

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

boundary; pH 4. 5. 

Bfgj 25-.55 cm 10 YR 5/4; loamy sa.."ld; many distinct 7.5 YR 5/6 

mottles; amorphous; single grain; diffuse boundary; 

friable, moist; pH 5.3. 

Bhjg 55-7.5 cm 10 YR 5/4; sand; many distinct 7.5 YR 5/6 mottles, 

friable, moist; amorphous single grain; clear wavy 

boundary; pH 5. 7. 

Cg 75-80 cm 10 YR 5/1; loamy sand; many distinct 7.5 YR 5/J 

mottles; amorphous single grain; firm; diffuse bow.dary. 

pH _5. 8. 

C II 80+ cm 2. 5 Y 6/1; clay; many, fine, prominent 7. 5 YR 5/6 

mottles; sticky, Het; strong coarse blocky to subangular 

blocky, 

http:abu:r.da
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Non-culti 

1-:Jcation: Tnis profile occurs on a gently a:::iulating to urdulating 

L: . .:dscape Hi th considerable micro-relief. Tne parent material is mecliu.rn. 

to fine sand deposited over the-marine clay in depth of about 120 cm; 

slope 0.5 - 2%; imperfectly drained. 

L-H 

A.h 

Aheg 

Bhjg 

Bb..fg 

0-7 cm 

7-20 cm 

10 YR 2/1; semi-decomposed organic matter layer; 

fibrous; sandy loam; abw.da.-rtt fine and medium roots; 

abrupt, smooth boundary; pH ).2. 

10 YR 3/4; loamy sand; friable, moist; plentiful, 

fine to medium roots; wavy clear boundary; pH 4 .. 1. 

20-65 cm 10 YR 5/6; loamy sand; common distinct 7.5 YR 5/6 

mottles; loose; amorphous single grain; diffuse 

boundary; pH 4. 5. 

65-80 cm 10 YR 5/4; loamy saP.d; co~rn.on distinct 7.5 YR 5/6 

mottles; firm, moist; amorphous single grain; clear 

wavy boundary; pH 4.9. 

80-90 cm 10 YR 5/1; sand; many distinct 7.5 YR 5/3 mottles; 

firm, moist; diffuse boundarf; pH 5.0. 

Cg 90-120 cm 10 YR 5/3; sand; many distinct 7.5 YR 5/6 mottles; 

CII 120+ cm 

hard, dry; firm, moist; amorphous single grain; diffuse 

boundary; pH 5.2. 

2.5 Y 6/1; clay; many, mediwll, prominent 7.5 YR 5/6 

mottles; sticky, 'det; hard, dry; strong co2xse block:'.r 

to subangular blocky. 

http:co~rn.on
http:mecliu.rn


Location: This profile occurs on gently urdulating topography; 

moderately uell drained; the parent material is a fine sand vrhich has a 

thickness of about 120 cm over clay. 

1-H 0-7 cm 10 YR 2/1; semi-decomposed organic matter layer; 

sandy loam; fibrous; abundant fine to medium roots; 

abrupt, smooth boundary; pH 3. 7. 

Ah 7-20 cm 10 YR 5/6; loamy sand; friable, moist; plentiful 

roots; single grain; wavy clear boundary; pH 4. 7. 

Aheg 20-60 cm 10 YR 5/6; sand; common distinct 7.5 YR 5/6 mottles; 

loose; amorphous single grain; diffuse boundary; 

pH 4.5. 

Bhjg 60-85 cm 10 YR 5/3; sand; m~~y distinct 7.5 YR 5/6 mottles; 

massive; amorphous single grain; clear wavy boundary; 

pH 4.8. 

Bfhjg 85-100 cm 10 YR 5/1; sand; many distinct 7.5 YR 5/3 mottles; 

firm, moist; hard, dry; amorphous single grain; 

diffuse boundary; pH 5. 1. 

Cg 100-120 cm 10 YR 5/3; sand; many distinct 7.5 YR 5/6 mottles; 

slightly sticky, wet; firm, dry; amorphous single 

grain; diffuse boundary; pH 5.11. 

C II 120+ cm 2.5 Y 6/1; clay; many, medium, prominent 7.5 YR 5/6 

mottles; sticky, vret; hard, dry; strong coarse 

blocky to subangular blocky. 
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L:- • 1 Field Hork 

4.1.1 Sampling 

The field HOrk uas carried out in the swr.mer of 1975. Sample 

sites were selected by preliminary auger tests to ascertain the relative 

homogeneity of the parent material and to allow an investigation of 

changes occurring in the physical and chemical properties of soil hori-

zons among profiles which originated from si~ilar parent material. 

4.1.2 Measurements made in the field 

While sampling each horizon with core samplers~ field measure-

ments were conducted by mea.."ls of a Troxler Density Hoisture Gauge Meter, 

and a Proving Ring Penetrometer for quick field checks of bulk density 

values in the field. Eight sites, four each of representative culti-

vated and non-cultivated soils ·~-rere sampled, respectiYely. 

The cultivated soil consisted of pastured fields which had 

been under cultivation for approximately 70 years. The non-cultivated 

soil (r1organ Arboretum woodland) consisted of natural hardwood stands. 

4.2 Physical Determinations 

4.2.1 Bulk Density 

Bulk density was determined at the saturation point by the 

core method as outlined by Blake (1965). 

Bulk density at the saturation point was desired in order to 

obtain comparable results between the profiles, usually at different 

natural uater contents at the time of se111pling. Over three core samples 

for each horizon were ta..1wn and brought to saturation by alloHing them 

to absorb uater for about 72 hom·s. The soil exceed.ing the edges of 



th'3 cores dL:.e to the SHelling eff,;ct \·ras trir:L'":led Off. The Hater-satu.rated 

soil cores were weighed the:-t dris-d., and their oven-dry ;..-eight (Hs) 

measured. The bulk density (Bd) expressed in g/cc was obtained by divid-

ing the oven-dry ·Height by the know-:.'1 core volume. 

4.2.2 Total porosity 

It was determined at the same time as bulk density. The water 

of saturation 1-ras calculated on a ;-reight basis from the oven-dry weight 

of soil and converted to volume to express total porosity. 

4.2.3 Particle densitz (specific gravity)· 

This represented the Height of the solid which occupied the 

vol~me of the core which was not pore volume. 

4.2.4 Particle size distribution 

4.2.4.1 Preparation of sa.'Tlples 

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

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

4.2.4.2 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 ?-Iehra 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), l·rith the modifications 

introduced by Toogood and Peters (1953) 1-ras follovred for the separation 

of particle size separates. Dispersion of the soil particles vras 

achieved by using 10 ml of 5% sodi~'Tl me~aphosphate (Calgon) solution per 
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tha silt and clay by 

Het sic::ving through a 5J r,~icr:m sieve. Both :fractions ~·rere 

then oven-dried at 80°C 2~d '· The sand fraction Has further split 

into five size sub-fractions usi::-1g the follo;;ing nest of sieves of the 

U.S.Bureau of Standards:-. 

Sieve number O:eening 

18 1.0 mm 

35 0.5 mm 

60 0.25 mm 

140 0.105 mm 

270 0.053 mm 

sha~en on a reciprocal shaker for 10 minutes. 

4.2.5 Penetration Resistance 

The penetration resistance of soils was assessed in the field 

by means of a cone-type Proving Ring Penetro;neter, Soil Test Co. Hodel 

CN-970. The tests ..rere done by pressing the cone penetrometer into the 

soil 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 maximllia penetration load in kilograms/cm2 using the proving 

ring calibration chart. 

4.2.6 Consistenc.r 

4.2.6.1 Liquid-Limit determination 

Liquid limit characteristics of the soil samples for each 

horizon uere determined by mea21s of the Atterberg liquid-limit apparatus 

(Black, 1965). The test Has carried out in triplicate and results ex-

pressed as percent of moisture on an oven-dry Height basis. 
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/~. 2. 6. 2 Pl2.stic Lirilit (plasticity) 

Plasi;ic linit charactoris i'o:r the s·:::~ils ~·~ere determine:l 

by SoHer's method (Black, 1965), and expressed as percent of moisture on 

an oven-dry '.-<eight basis. 

4.J Chemical Determination 

4.).1 Soil Reaction (pH) 

Soil reaction was determined in 0.01 H CaC12 solution,. using 

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

4.).2 Extractable Phosphorous 

Elemental extractable phosphorous was determined by the 

method of Bray and Kurtz ( 194-5), modified as follows~ a 2. 5 gram. air-

dried soil specimen was shaken for 5 minutes in 25 ml of approximately 

O.OJN acidified ammonium fluoride extracting solution, and measured by 

the "Technicon" auto-analyser. 

4.J.J Extractable Cations 

Elemental extractable potassium, calcium and magnesium "'rere 

assessed by the method of Smith and Hatthews (1957). Potassium and 

calcium were measured by the Technicon auto-analyser and magnesium by a 

Perkin-Elmer Hodel 290B Atomic Absorption Spectrophotometer. 

4.).4 Organic Matter 

Organic matter in all samples was determined by the method of 

Halkley-Black (Black, 1965). 

Fulvic Acid 

Fulvic acid Has extracted by a 0.5N HaOH solution uncler u
2

, 

at room temperature and determined by the method of Stevenson (Black, 

1965), as modified by Sclli~itzer (1970). 



The i\.:.lvic acid in the s::;l~J.ti:J::~ :·:as r::easurerl by T;tea.r:.s o:f the 

Beckman quartz prism absorption 

to the procedure outlined by Graha'l', ( 1943), TI".O(lified by Carol :m ( 1948) 

and by Sims and Haby (1971). 

4.).6 Di thioni te-Extractable Iron, Nanganese, Aluminum, Silicon 

Dithionite-extractable free oxides of iron, alumin~~ and 

manganese as well as silica, were extracted according to the method of 

Coffin (1963). A Perkin-Elmer model JOJ atomic absorption spectra-

photometer was used to measure iron, manganese and a1~11inum. For the 

determination of silica by atomic absorption, a Beckman quartz prism 

absorption spectrophotometer, Nodel DU i·ras used (Jackson, 1957). 

4.).7 Oxalate-Extractable Iron, l'langgnese, Aluminu.rn, Silicon 

The extraction method outlined by NcKeague and Day ( 1966) 

uas modified according to Raad and Thomas (1969). Iron, ma.nga..rtese, 

aluminu.m and silica were determined by the same methods that were used 

for the dithionite-extracted elements. 

4.).8 grophosphate-Extractable Iron, Almninum, l1anganese, 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.).9 Total Nitrogen 

Total nitrogen was determined by means of a semimicro-

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

4.).10 .PH-Depe_:nclent Cation Ex:cha.,..,_ge Capacity 

The pH-dependent cation exchange capacity Has measu.:?:"ed in 

NaCl 2N solution by the methcd developed by Singh ( 1976) based. upon 

http:Ex:cha.,.'1.ge
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Cl2.r~c' s method ( 196.5). Exchangeable Ca a~::l K >·rere neasu.red in the 

"Tecb.r,i.son" autoanalys.ar, exchange2.ble :Ig in 2.n atonic absorption spec-

tror:eter 1-:odel 290B, and exchangeable aluminu.m in ail atoiil.ic absorption 

spec-tro::n.eter, Hodel 303 Perkin-:_Elmer. 

4. 3. 11 Cation Exchange Capacit1 

The cation exchange capacity of each horizon was determinei 

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

"Tecl:'L.'1icon11 autoanalyser by the method of r<Iarshall ( 1958) modified by 

Pratt and Bradford ( 1960). 

http:autoanalys.ar
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s. 1 Physical Analyses 

5.1.1 Testing homogeneity of soil material 

Because mineralogical a..TJ.alyses were not performed on the sa..11d 

fractions in this investigation, tvro systems Here used to check the 

homogeneity of the soil material, so that changes that might be ob-

served in soil profiles could be ascertained as resulting 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 ho::t;'izons 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 significa..Dt differences Hithin 

groups, 1-rhile significant differences occurred betHeen groups of cultivated 

vs non-cultivated profiles. Thus indicating that differenc~s observed in 

particles distribution between cultivated and non-cultivated profiles 

were due to causes other than deposition. 

5.1.2 Particle size distribution 

In all soil survey reports of Eastern Canada, and in most of 

the detailed analyses of orthic podzol profiles reported in academic 

journals, results of particle size a..nalyses are given on a ·vreight basis, 

and so are values reported in the present study. 

All the values of p~ysical properties for the incli vidual pro-

files exe listed in Appendix 1, vrhich also includes particle size 

distributions values. 
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Fig-ures 1, 2, J, l~, 5 present cuinula~ive average pa:r:·ticle 

si:::::! distribution for the in.diviclual horizons of the prof'iles and shovr 

the changes in texture 1·ri th depth in soil profiles. Particle ( ( O. 2 mm, 

( 0.5 nun. and (0.005 :mm) acclLmulation with depth in soil profiles show a 

relative increase in proportion in the cultivated profiles when com­

pared against the corresponding non-cultivated soil profiles, particu­

larly within the ha:rdpan layer (Bg horizons). Moreover,- the accumulation 

of coarse particles (0.1-2.0 mm) increases more w~th depth in non­

cultivated than in cultivated soil profiles, especially in the agric 

horizons (figures 6 and ?). 

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 vm increases significantly 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 distribution 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 particles in the 

agric horizon than in the above horizons. 

In soils with contents of particles) 0.02 mm ranging between 

JO ~~d 60 percent, paired t-test analyses indicate significant (0.05 

probability) decreases in particle size in profiles of cultivated soils 

with a.'1 ac,-rric horizon and signific<:nt increases in profiles of non-

cul ti va ted soils with an 3..6-ri pa.'1. 
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TABLE 2. Paired "t" analysis values comparing the effect of particle size distribution on 
agric formation. 

Horizon 

c c 

V 

c 

V 

c 

V 

c 

V 

C-B c 2 
V 

2,0 - 0.2.5 

8.32 
37.50* 

12.20 
** 37.96 

11.5 
19.84 

8.32 12.2 
37' .50 : 37' 96 

8,)2 
37 • .50 

8.88 
27.07 

c =cultivated soil 

v = noncultivated soil 

C =Indicates. overlaying clay horizon 

B2 = Indicates overlaying c~horizon 

B
1 

= Indicates overlaying B2-horizon 

0.2.5 - 0,05 

70.16 
51.5 

61.61 

.50. 67 

64.24 
5).89 

.51.18 
58.74 

0,05 - 0,005 

* 19 .I+L~ 

8.68 

23.17 
18.74 

31.22 
17.82 

0,005 - 0,001 

6, L~J 
·X· 

2.72 

¥* 3.72 
0.81 

.5.25 
),6 

-)(· 

70.16 l 61.61 14.9 : 19.44T 
7.65 : 8,68 

6.62 6.43 
3.3.5 2.72 .51. .5 : .50. 67 

-)(· 

70.16 64.24 14.9 : 23,17T * 6.62 l 3.72 
.51. .5 .53. 89 7,6) I 18,74 * ** 3.35 : 0.81 

B
0 

=Indicates overlaying B1-horizon 

A
0 

=Indicates overlaying B
0
-horizon 

T = Indicates significant at 0.1 level ( 10%) 
* =Indicates significant at 0,0.5 level (5%) 
*·X· = Indicates significant at 0, 01 level ( 1%) 

http:l(-64.24
http:50-x-.51
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TABLE 2a. Summary of results of F test on particle size percentages of Ap and C horizons 

1.0-0 • .5 nun 0.5-0.2.5 mm 0.25-0.1 mm 0.1-0.0.5 mm 0.05-0.02 mm 0,02-0,05 nun 0,0_5-0.005 mm 

Comparison for C-horizons 
bebreen groups ( cul ti va ted 
and non-cultivated soil 
profiles) 

Comparison for C-horizons 
Hithin groups (cultivated 
and non-cultivated soil 
profiles) 

Comparison for Ap horizon 
bebreen groups ( cultivated 
2nd non-cultivated soil 
profiles) 

Comparison for Ap horizon 
within groups (cultivated 
and non-cultivated soil 
profiles) 

N. S. 

N.S. 

·* 

N.S. 

N.S. =non-significant at 0.05 (.5%) level 

* = signific~~t at 0.05 (.5%) level 

-l<-X· = significant c-.t 0. 01 ( 1%) level 

N.S. N.S. 

N. S. N. S. 

N. S. 

N.S. N. S. 

N. S. N. S. ·lH· 

N.S. N.S. N. S. l'J' s t 

N.S. * N.S. 

N.S. N. S. N.S. ' s : ... ; .. ' 
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cul ti va tecl profiles ir~dicate 

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

Hhereas those Hi th particle sizes ( 0. 0 5 r:un there is a significa..l'lt in-

crease in the Cg horizon. 

These phenomena of particle size distribution could be ex-

plained by one or all of the follo~fing phenomena:-

( 1) fine particles could be moved from the surface horizon to the loHer 

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 be associated with: 

(a) an increase in the volume of :vrater percolating through the culti-

vated profiles; 

(b) an accelerated breakdo~m of agg-.cegates a..YJ.d. coarse particles in the 

surface soil as a result of cultivation •·rhich, acco:r:ding to Baver 

(1965), results in the release of fine a..YJ.d very fine particles. The 

particles could then be carried by gravity w-ater 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. Increased risk of rapid freezing, thawing~ drying and wetting, 

Hhich tend to brea..i<::. dol-m soil aggregates (Narshall, 1959). 

iii. Shearing of aggregates by humans, anirr:als, and machinery. 

iv. Accelerated rate of 1-reathering due to in surface soil 

c temperature, resulting from land clearing. 
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The concentra-t.ior: of clay o:c t."ne c:rp_;::;"?~'2:'a..:1Ce of' cl3.y part'Lcle.;; 

in t.he B a;r.cl/o~c C horizons has bee': attrib~teri ":;o th3 presc~nce of chc::.i-

cal components such as Al, Fe, Si, etc. (Bl~~e, :969; Kodillna, 1973; ~~d 

Gui tian, 1974), and its magnitude in the soil S'l:r."face. 

'J'v.ro actions, other than leaching and :·reathering, could bring 

differences betHeen agric ( Cg-horizon) ~"ld. up?er horizons without a.Yly 

gains or losses actually ta~ing place. These are the artificial increase 

or decrease in the percentage of one or more size separates resulting 

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 str~cture. 

Bulk density and total porosity 

Bulk density and total porosity values for the individual 

layers of each profile appear in Appendix 1, Hhile Table 3 lists ·the 

mean bulk density and total porosity values for cultivated and non­

cultivated soil profiles. 

It is noteworthy that two cultivated profiles, No.2 and No • .J 

(in Appendix 1) show· a trend tmJard a definite increase in bulk density 

in w~ agric layer. This characteristic Has also evident in all non-

cultivated profiles. 

in cultivated profiles 1 and 4 (Appendix 1) the rate of 

change in bul.~ density was constant throughout the profile. Paired t­

test analyses, comparing the indura ted horizo::1 (C) 1-ri th all upper 

horizons, indicates that there is no significa.nt increase i.n bulk 

density except Hi th the surface layer ( '.I'able 3). The mean of buL~ 

density values of the a<;;ric uas sie-;nifican tly ( 0. 0 5 probability level) 

http:significa.nt
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"t" test :):£' s:l.gnifica::,c:e c1f m::::a,n v2.lues indicating ch;;L"lge;; 
in the ,\.l::; associ?_t..:;d \·rLth induraticn in cul ti vatod 
and non-cultivated soils 

Bulk Density Particle Density 
gram/cc rs.cam/ cc 

c c 1.47 2.52 

c V 1.51 2.54 

B2 c 1.38 2.47 

B2 V 1.44 2.42 

B1 c 1.29 2.43 

B1 V 1.37 2.35 

B c 1.21 2.J7 
0 

B V 1.28 2.35 
0 

C-B2 c 1.47 1.33 2. 52 : 2.47 
* C-B V 1.51 1.44 2.54 2.42 2 

C-B1 c 1.47 1.29 2. 52 : 2.43 

C-B1 V 1.51 1.37 2.54T: 2.35 

* C-B c 1.47 : 1.21 2.52 : 2.37 
0 

* 2.54T: C-B V 1.51 . 1.28 2.35 
0 

. 

T =Significant at 0.1 (10%) level 

* = Significant at 0.05 (5%) level 

** = Significant at 0.01 (1%) level 

c =cultivated soil 

v =non-cultivated soil 

C = Indicates layer overlaying clay layer 

B2 = Indicates layer overlaying C-horizon 

B1 
B 

0 

A 

= I~dicates layer overlaying B2-horizon 

= Indicates layer ov~rlaying B1-horizon 

= Indicates layer overlaying B -horizon 
0 

Total Porosity 
% volume 

41.42 

40.69 

42.89 

40.16_ 

46.98 

41.71 

48.75 

45.58 

41.42 42.89 

40.69 40.16 

41.42 46.98 

40.69 41 .. 71 

41.42T: 48.75 

40.69 : 45.58 
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the profile, due t0 either a varyir:.; particle size distribution a.Jn.ong 

different layers, 0r a different a=rc_ngem.ent of the soil pa.:r:·ticles 

(i.e. due to differential soil compaction), or to a combination of both 

effects (Baver, 1965). 

Consequently, any increase in bulk density should be accomp­

anied by a corresponding decrease in total porosity, and vice versa. 

The occurrence of a ha_-rd 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 Hhich could be due to differential induration of similar material, 

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

5.1.4 Particle densit~ 

The values of the cha.nge in particle density with depth for 

each horizon of each profile are given in Appendix 1. 

The data (Table 3) indicate that the rate of change in part­

icle density rTith depth was constant throughout all cultivated profiles; 

i.e. all increases or decreases in particle density were non-significant 

(0,05 probability level), but paired t-test a.~alysis indicates a signifi­

cant increase (0.10 probability level) in particle density of the C 

horizon with respect to the B2 horizon, and a significant increase 

(0.05 probability level) in the particle density of the C horizon -vdth 

respect to the B1 horizon, in all non-cultivated profiles. This is most 

likely associated ·;-ri th the particle sorting throughout the profile, dis-

cussed previously in section 5.1.1. 
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lo2d, in kilog;ram/cm2 for all profiles 2.pp~2.::c in Append.b::: 1~ Table l} 

lists the mean of penetration v2.l'tes :for c•.:l tivated. a."1d non-

culti':ated soil profiles. 

Paired t-test analyses indicate a significa.'1t increase (0.10 

probability level) between B2 and C horizons of cultivated. soil, but show 

no significance between the C and other upper horizons. This could be 

due to dryness of soil surface during the neasurements. 

On the other hand, t-test analyses sho;1 a significant in-

crease (0.0_5 probability level) in resista..nce in the C horizons of cul-

tivated soils when compared against ·the non-cultivated soils. The same 

relationship was evident when comparing the B2 horizons of these soils. 

The bearing capacity tests indicate the formation of a h~rd ag:ric 

horizon overlaying the clay layer in the soil profile, associated Hith 

an accumulation of, a..ni compaction of, fine particles. Hence. penetration 

resista.'1ce of the sub-surface material can be correlated, in a general 

way, vdth physical properties. It is possible, however, that it could 

be caused by deposition of mineral or chemical materials. 

5.1.6 Liquid limit and plastic limit 

Values of liquid limit and plastic limit (Atterberg Limits) 

for all profile horizons are given in Appendix 1, a.~ illustrate marked 

cha..'1ges throughout the profile. Table 5 gives the t-test of signific- · 

ance of nean values for Atterberg Limits in cultivated and non-cultivated 

soil :profiles. 

Paired. t-test ar~alyses ( T<.~ble 5) indicate that cul t:L vation 

significC1.ntly decreased. (0.0_5 probability level) the liqu:ld limit o:f the 
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ut"-te;::lt of :J"E' r;-u:::? .. !~ vc,1Ll(,~S j_niic3~tir~.g 

ch.:::..~~E::es i:1 tha profil~ c~:J3ocic1:~.ed. :·:~ t.}~ i~~~:Jllration in 
cultivated and. non-cul~icrated soils 

Horizon 

c c 

c V 

B2 c 

B2 V 

B1 c 

B1 V 

C-B2 c 

C-B1 c 

C-B2 V 

C-B1 V 

B2-B1 c 

Penetration Resistance 2 (Bearing Capacity) (Kg/cm ) 

* 13.92 

16.73 

17.63T 
16.08 

13.74 
15.27 

18.92T - 17.63 
18.92 - 13.74 

* 16.73 - 16.08 
16.73 - 15.27 
17.63 - 13.74 

T =Significant at 0.1 (10%)level 

* ~ Signific2nt at 0.05 (5%) level 

** Significant at 0.01 (1%) level 

c = I!Ul ti va ted soil 

v =non-cultivated soil 

C = Indicates layer overlaying clay l.a.yer 

B
2 

= Indicates layer overlaying C-horizon 

B1 = Indicates layer overlaying B2-horizon 

B
0 

= Indicates layer overlaying B
1
-horizon 

http:c~330cic1:~.ed
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"tu -t~s t of 3ignifi.c2.nc:; o .f r:~ :=::::...n. -:,-~~.lues of"' A tJc.srl)erg 
Lif'li :.:,s, in:i:'.-:::a tin; '~. t':-,'3 associated 
vri th indu:c2:t.ion in cul ti v:;:te:l a:::.i non-cul ti vatcd soils. 

Liquid Li:nit Plastic Limit 
Horizon d /0 % 

c c 19.9 19.1 
* * c V 23.15 22.29 

B2 c 18.53 15.5 

Bz V 23.58 22.29 

B1 c 23.32 22.71 

B1 V 22.15 21.41 

B c 27.0 26.?5 
0 

B V 15.53 11.99 
0 

C-B2 c 19.9 18.53 19.1 15.5 
C-B1 c 19.9 23.32 19.1 . 22.?1 . 
C-B2 V 23.15 23.58 22.29 21.41 
C-B 1 V 23.15 22.15 22.29 11.99 

B2-B1 c 18.53 23.32 15.5 : 22.29 

T Significant at 0.1 (10%) level 

* =Significant at 0.05 (5%) level 

**=Significant at 0,01 (1%) level 

c = cultivated soil 

V = non-cultivated soil 

C =Indicates layer overlaying clay layer 

B2 = Indicates layer overlaying a-horizon 

B1 = Indicates layer overlaying B2-horizon 

Bo 
A 

= Indicates layer overlaying B~-horizon 
l 

= Indicates layer overlaying B -horizon 
0 
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lack of 

among the C ani all other horizo~:s of cultivated s:~ils, indicates the 

uniformity of this characteristic t:rroughout the cultivated soil pro-

files. This is related to the cdequate amo~~t of fine fractions contained 

in these horizons ar.d to the degree of soil compaction 1-rithin cultivated 

soils. 

Exchangeable ions (i.e. Na, Al, Fe, Si02, etc.) can play an 

important role in water adsorption, and hence increase both the liquid 

and plastic liwit to some extent (Bear, 1965; Warkentin, 1975). The 

increase in Atterberg characteristics for sandy soils, l·ihich is approx­

imately 16%, could be due to the increase in fine particles, to chemical 

components, and/or to fibrous organic particles 1-fhich have the same 

effect as porous grains. 

CHEi"ITCAL ltNALYSIS 

5.2.1 Soil reaction (pH) 

Values of soil pH for all profiles are presented in Appendix 2. 

pH values, Hhich change vrith depth in the soils, indicate acidity in all 

profiles. Table 6 lists t-test of significance for me~~ values of pH and 

Cation Exchange Capacity in cultivated and non-cultivated soil profiles. 

Paired t-test values indicate that pH values increase 1-fith soil profile 

depth in both cultivated and non-cultivated profiles. pH differences 

between the B and C horizons of cultivated soils Here non-significant, 

but a significant (0.05 probability level) increase in pH occurred 

bctHe~n tha A and C horizons. pH differences l18h1een C horizons of culti-

vated. and non-cultivated soil uere non-significant. 
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TA!3L3 6. Jt t'' -test o~ 

c. R 
J.:.J. c. 

Horizon meq/100 gm soil 

* c c 22.27 

c V 5.18 

16.10 * 
B2 c 

B2 V 4.25 

B1 c 38.21T 

B1 V 11.35 

B c 57.1 
0 

B V 23.20 
0 

c 22.27 16.10 

5.17 

5.39 

4.99 

5.22 

4.97 

4.9.5 

5.15 

4-.47 

5.17 

** 

4.99 

vn.lues indicating changes 
of th:; soils 

pH-dependent C.E.C. 
neq/100 gm soil 

. 24.1 * 

24.1 

10 .. 3 

23.4} 

16.93 

27.61 

18.39 

32.2T 

20.65 

23.43 C-B2 
C-B c 22.27 38.21 1 5.17 4.97T 24.1 27.61 

C-B2 V 5.18 4.25 

C-B 1 V 5.18 11.35 

B2-B1 c 16.10 38.21 

T =Significant at 0.1 (10%) 

* =Significant at 0.05 (5%) 

**=Significant at 0.01 (1%) 

c = cul ti va ted soil 

v =non-cultivated soil 

5.39 5.22 

5.39 4.95T 

4.99 4.97 

le-vel 

level) 

level 

C Indicates layer overlaying clay layer 

B2 Indicates layer overlaying C~horizon 

B1 Indicates layer overlaying B2-horizon 

B
0 

Indicates layer overlaying B1-horizon 

A Indicates layer overlaying B -horizon 
0 

C.E.C. =Cation exchange capacity 

10.3 16.93 

10.3 18.39 

23.43 : 27.61 
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pe.::::-ticu~arly in 

leaching and mobilization of soil surface co:1ponents and their segreg-

a-tion co.nd precipi tatio:c ;.;ithin these horizons. 

5.2.2 Cation exch"':J.ge <;:anacity 

Values of cation exchange capacity (CEC) for individual pro-

files on a meq/100 gra.11 soil basis, are shown in Appendix 2. TabJ.e 6 

lists the t-tests of significances for mean values of CEC measurements 

in cultivated and non-cultivated soil profiles. 

The paired t-tests indicate marked increases (but non­

significant at the 0.10 probability level) in CEC values of C-horizons 

compared with B-horizons of cultivated soils, however decreases (also 

non-significant at the 0.10 probability level) occurred in the C-horizon 

Hhen compared to the A-horizon. On the other hand, B- and C-horizons of 

cultivated soils have CEC values significantly (0.05 probability level) 

higher than the corresponding horizons in non-cultivated soils. 

This characteristic of the soil is associated with organic 

matter conten·ts and fine particle deposition in the C-horizon (hardpan 

layer) overlying the clay strata. 

5.2.3 pH-dependent CEC ( LJ.CEC) 

Values of pH-dependent CEC (LJ. CEC) for the individual profiles, 

on a meq/100 gram soil basis, appear in Appendix 2, while Table 6 lists 

"t"-test of significance of mean values of LJ. CEC (pH-dependent CEC) in 

cultivated and non-cultivated soil profiles. Pc:dred t-test analyses 

indicate a marked in value (but statistically non-sign.ificant 

at the 0.10 probabili level) in the C-horizon (agric horizon) compared 

1ri th the upper layers in culti va terl soils. In the c2-se of non-cul ti va ted 

http:exch:;l:J.ge
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soils, a r.a:c~sd dGcr•:2.se (but s·tat::stic::.lly non-sig;nificant ?t. the 0.10 

ty le·.,el) Has o bservecl in the C h::n::izou. ·Jn '\:,he other hand pH-

cation excha.>1ge capacity values in cultivated C-horizcns shCH'f 

sigr:tific<:>.n t L-ccreases ( 0. 0 5 p:::-'J babili ty level) >-rh en compared to a­

horizons of nor:-cultivated soils. 

5.2.4 Extractable notassium 

Values of extractable potassium appear in Appendix 2, while 

Table 7 lists the "t"-test of significance of mean values of extractable 

potassium in cultivated and non-cultivated soil profiles. Paired t­

tests indicate significant (0.05 probability level) increases in ex­

changeable K in the cultivated C-horizons compared ~·rith non-cultivated 

C-horizons. This increase in exchangeable potassi~~ 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 fraction. 

Extractable calcium 

Values of extractable calcium for individual profiles appear 

in Appendix 2, while Table 7 lists the .. t .. -test of significance of mean 

values of extractable calcilli~ in cultivated and non-cultivated soil pro­

files. Paired t-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, vrhereas C-horizons in non-cultivated profiles shoHed a 

significant (0.05 probability level) increase in calcium content com­

par~l to all other horizons. 

This increase could play an important role in increasing the 

Atterberg Limits for horizons of non-cultivated profiles compared Hith 

http:dGcr':2.se
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TABLE: 7. "tu test of signific:~n:::e ;;f r·tean "'.ft3.lu::--;:3 :1 ~:.-.iic:ltirtg ehat1ges 
in <:<lkal:i 2.nd alk;:tli~w eil:r:th c.:;.tir.:;l:G cO~l-'::mt of the soils 

K ea 
Horizon pp m pp m 

•* c c 12.25 32.0 

c V 3.05 21.00 

B2 c 8.2 * 21.33T 

B2 V 2.21 8.55 

** 43.38 *** 
B1 c 11.95 

B1 V 2.45 5.88 

*** *** B c 14.15 83.75 
0 

B V 1.862 3.8 
0 

C-B2 c 12.25 8.2 32.0 21.33 
C..;B 

1 c 12.25 11.95 32.0 43.38 

C-B J.05 2.21 T 8.55 V 21.0 : 2 * C-B1 V 3.05 2.45 21.0 : 5.88 

B2-B1 c 8.2 : 11.95 21.33 : 43.38 

T =Significant at 0.1 (10% level) 

* ~Significant at 0.05 (5% level) 

**=Significant at 0.01 (1%) level) 

***=Significant at 0.001 (.1%) level 

c = cul ti va ted soil 

v =non-cultivated soil 

c Indicates layer overlaying clay layer 

B2 Indicates layer overlaying C-horizon 

B1 Iniicates layer overlaying B2-horizon 

B Indicates layer overlaying B1-horizon 
0 

A IY1.rlicates layer overlaying B -horizon 
0 

lifg 
ppm 

5.8 

).7 

).85 

0.87 

4.8 * 

0.69 

10.95 ** 
0.60 

5.8 3.85 

5.8 4.8 

3.7 0.84 

3.7 0.69 

J.85 : 4.8 
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o:':.e:s ire c:ul ti v2:t:d profi.:Les. 

_5.2.6 

Values of extractable rr:agrcesh.L-:: for individual profiles are 

listed in Appe~dix 2. 3xtractable ~agnesi~a changes with depth of soil 

profiles. Table 7 lists the "t"-test of significance of mean values of 

extractable magnesium in cultivated ~~ non-cultivated soil profiles. A 

marked increase in levels of extractable Hg occurs in the C-horizon of' 

both soils, 1-1hich was not statistically significant (0.10 probability 

level). A comparison of the C-horizons of cultivated and non-:-~ultivated 

soils indicates that differences in the levels of extractable Mg were 

non-significant statistically (0.10 probability level). 

5.2.7 Extractable phosuhorous 

Values of extractable phosphorous for individual profiles 

appear in Appendix 2. Extractable phosphorous vras found to decrease 1-ri th 

depth. Table 8 lists the "t"-test of significance of mean values of ex-

tractable phosphorous in cultivated an~ non-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 

soils. 

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 o:f 

mea."l values of total nitrogen in cultivated ~id non-cultivated soil pro-

files. Paired t-tests indicate a B2.rked but statistically non-significant 
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Horizon 
P205 
ppm 

c c ~5. 51 

c V 4.18 

B2 c 8.05 

B2 V 5.54 

B1 c 13.33T 

B1 V 6.73 
* B c 18.5 

0 

B V 5.19 
0 

C-B c 5.51 8.05 2 * C-B1 c 5.51 13.33 

C-B2 V 4.18 5.54 
C-B 1 V 4.18 6.73 

B2-B1 c 8.05 1).33 

T = Significant at 0.1 ( 10%) level 

* =Significant at 0.05 (5%) level 

**=Significant at 0.01 (1%) level 

c =cultivated soil 

v =non-cultivated soil 

Total Nitrogen 
% 

0.023 

0.005 

0.017 

0.007 

0.002 

0.02 

* 

0.16T 

0.05 

0.023 0.017 

0.023 0.02 

0.005 0.007 

0.005 0.02 

0.007 0.02 

C Indicates layer overlaying clay layer 

B2 Indicates layer overlaying C-horizon 

B1 Indicates layer overlaying B2-horizon 

B
0 

Indicates layer overlaying B1-horizon 



''" C-h:>r:i_zon of cultivate::l 

soils -:·rhen comp:u:ed ·.;it:::. non-culti ':2tecl C-ho:cl.z::ms. Harked inc:ceases 

(n::m-significa:tt at the 0.10 probability level) Here observed in the 

perce::1t total nitrogen of the C-hc;rizon Hhen compared to the B1- ar~:i 

B
2

-h::>rizons of cultivated soils. Hm;evar, in non-cultivated soils, a 

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

evident when comparing the C- to the B1- and B2-horizons. 

5.2.9 Organic matter content 

Values of percent organic matter in the individual profiles 

are given in Appendix. 2, rrhile Table 9 lists the "t"-test of' significance 

of mea.."l values of fulvic acid in cultivated and non-cultivated soil pro­

files. Paired t-tests indicate that the content of organic matter de-

creases with depth. A marked increase in percent organic matter in the 

cultivated C-horizon vras evident Hhen compared to the non-cultivated C­

horizon, however this increase Has statistically non-significant (0.10 

probability level). 

5.2.10 Fulvic acid 

Values of percent fulvic acid in the individual profiles are 

given in Appendix 2, vrhile 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-horizons (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 soils Hhen compared to the A-

and B-horizons. Comparison of the fulvic acid levels in the C-horizons 

of cultivated and non-ctQ tivated soils indicates that significant (0.1 

probability) level dii'ferences do n:>t exist betHeen the tvro groups. 
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n • '' 1:. test of ~C.:_j '.J.f 1 -·~;-:~n ·value;:.: }.r:d. ica.t:.l ~1;::; ch2.:~bG3 

cortpoun:is of thJ ::~:;_:_:<_s. 

---· ------
Fulvic Ac~d Total Organic 

Horizon % Hatter % 

c c ·J.OOJ 0.907 

c V 1.004 1.185 

B2 c 0.714 1.44 

Bz V 1.040 1.46 

* B1 c 0.512 J.75 
B1 V o.66o 1.66 

B c 0.418 5.2J 
0 

B V 0.417 J.J5 
0 

C-B2 c LOOJ : 0.714 1.907 . 1.44 . 
T C-B c 1.003 : 0.512 

1 

C-B2 V 1.004 1.04 

C-B 1 V 1.004 0.660 

B2-B1 c o. 714 0.512 

T =Significant at 0.1 (10%) level 

* = Significant at 0.05 (5%)level 

** =Significant at 0.01 (1%) level 

c = cultivated soil 

v =non-cultivated soil 

1.907 

1.185 

1.185 

1.44 

C Indicates layer overlaying clay layer 

B2 Indicates layer overlaying C-horizon 

B1 Indicates layer overlaying B2-horizon 

B
0 

Indicates layer overlaying B1-horizon 

* 3.75 

1.46 

1.66 

* 3.75 

http:1.44-3.75
http:0.714-1.44
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Tnis p:Jrtion of organic matte:r (:fulvic acid) is very soluble 

in Hater, acid, c:x:d alkali, and tends to form organo-metallic complexes 

in c0mbination with iron, alwninum, calcium, and magnesium salts. Ad-

sorption complexes of fulvic acid ·Hi th clay minerals, and non-siliceous 

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

might be instrumental in the development of an agric horizon. 

5.2.11 Extractable iron, aluminu~, manganese, and silicon 

5.2.11.1 Dithionite-extractable iron, aluminum, manganese and silicon 

Values of di thioni te-extractable elements for individual 

profiles are shown in Appendix 2. Table 10 lists the "t"-test of sig-

nificance of mea..n values of free iron, aluminum, a..nd manganese oxides 

and silica, in cultivated and non-cultivated soil profiles. Paired t-

tests of mea..n values for free iron in cultivated soils, indicate a marked 

increase (but non-significant at the 0.10 probability level) in C-norizon 

(agric horizon) -vrhen compared with the upper horizon (B2-horizon), This 

increase was not as pronounced in non-cultivat~~ soils. The accumulation 

of free iron oxides in the C-horizon of cultivated soils was signifi-

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 vrith the B2-horizon, h01fever non-cultivated soils showed a 

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

the free aluininum content of the C-horizon 1-rhen compared with both the 

B
1
- and B2-horizons. A marked (non-significant at the 0.10 probability 

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

soils compared nith C-horizons of non-cultivated soils >·ras evident. A 
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TABLI~ 10. "t"-test ::Jf signific:::Lnr.::e o: 1nean valu<Js indicating changes 
in the di thi::::::oi te-extractable of the soils. 

0 d• A~2o 3 . %_by F~z ) ;0_ ~Y 
Horizon D1th1on:.'-e D1th1on1te 

c c 0.47 
·Jei'-

0.18 

c V 0.25 0.03 

* B2 c 0.39 0.13 

B2 V 0.23 0.0.5 

* * B1 c 0 • .56 0.28 

B1 V 0.36 0.06 

B c 0.65 0.32 
0 

B V 0.6.5 0.14 
0 

C-B2 c 0.47 0.39 0.18 0.13 

C-B 1 c 0.47 0 • .56 0.18 0.28 

C-B2 V 0.2.5 0.23 0.03 0.05 
C-B1 V 0.2.5 0.2 0.03 0,06 

B2-B1 c 0.39 0.56 0.1} 0.28T 

T =Significant at 0.1 (10%) level 

* = Significant at 0.0.5 (.5%) level 

** =Significant at 0.01 (1%) level 

c = cul ti va ted soil 

v = non-cultivated soil 

HnO %by 
Dithionite 

0.024 

0.023 

0,016 

0.016 

0.012 

0.007 

0.014 

0.00.5 

0.024 0.016 

0.024 0.012 

0,02} 0.016 
* 0,023 0.007 

0.016 : 0.012 

C Indicates layer overlaying clay layer 

B2 Indicates layer overlaying C-horizon 

B
1 

Indicates layer overlaying B2-horizon 

B
0 

Indicates layer overlaying B1-horizon 

Si02% by 
Dithionite 

0.08 * 
0.0} 

0.09 

0.03 

* 0.0.5 

0.04 

0.09 

0~04 

0.08 : 0.09 
* 0.08 0.05 

0.0} 0.0} 

0.03 0.04 

* 0.09 ! 0.05 
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significant (0.05 probability le,·el) increase 1-:as found in the free Al 

content of the B
1
- and B2-horiz:J:·'s ::;f c·u.l tivated soils Hhen compared. 

;-Ti th the corresponding horizons of ::-.on-cultivated soils. Free manganese 

oxide content shOI·ied marked incrsas:;s Hi th profile depth, but its accu-

mulation in cultivated C-horizons s~ous 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 lii th depth 

throughout cultivated profiles, whereas non-cultivated profiles show de-

creases in silica content. Noreover, accumulation of silica in B1- an-i 

C-horizons of cultivated soils uas significantly (0.05 probability level) 

higher than the corresponding non-cultivated horizons. C-horizons of 

cultivated soils shon significant (0,05 probability level) increases 

when compared against the upper horizon (B1). 

From the above observatio~s, it appears that the crystalline 

form of free iron oxides, aluminum oxides, silica rrere 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 

incli vidual 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 significa.nt ( 0, 05 probabili-ty level) increase 

in the B 
0
-, B2- and C-horizons of c:J.l ti vate..i. soils 1-rhen compared i-ri th the 

corresponding non-cultivated horizo:ls. Paired t-tests indicate that iron 
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TABLE 11. "t''-test of signific:::.::.ce of mean values indicating changes 
in the oxalate-extractable elements of the soils. 

Horizon 
Fez03% by 

Oxalate 
Al2o3 % by 

Oxalate 

* * c c 0.16 0.27 

c V 0.04 0.04 

* 0,20T B2 c 0.13 

B2 V 0.04 0.1 

B1 c 0.23 0.42 

B1 V 0.13 0.28 

* B c 0.24 0.45 
0 

B V 0,04 0.48 
0 

C-B2 c 0.16 0.13 0.27 0.2 

C-B 1 
c 0.16 0.23 0.27 0.42 

C-B2 V 0.04 0.04 0.04 0.1T 

C-B1 V 0.04 0.13 0,04 0.28 

B2-B
1 

c 0.13 0.23 0.2 0.42 

T =Significant at 0.1 (10%) level 

* =Significant at 0.05 (5%) level 

** = Significant at 0.01 (1%) level 

c = cultivated soil 

v =non-cultivated soil 

I1n0 % by 
Oxalate 

0.03 

0.02 

0.02 

0,01 

0.01 

0.004 

0.01 

0,002 

0.03 0.02 
T 0.03 : 0.01 

0.02 : 0.01 

* * 0.02 0.004 

0.02 : 0.01 

C Indicates layer overlaying clay layer 

B2 Indicates layer overlaying C-horizon 

B1 Indicates layer overlaying B2-horizon 

B
0 

Indicates layer overlaying B1-horizon 

Si02 %by 
Oxalate 

0.06 

0.06 

0.09 

0.09 

0.22 

0.11 

0.12 

0.14 

0,06 0.09 

o.o6 0.22 

0.06 o.o9T 

0.06 0.11T 

0.09 . 0.22 . . 

http:signific2.::.ce
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D.CCUJ>!Ulation HaS markedly :i.ncrea::;ed (non-s1grrifica_n_:_ly) in the C-

horizon ( agr:Lc horlzon) compared :d th the B2-horizo-:;s of cul t:i.vated soils, 

Hhereas a marked decrease 1-fas found in the C-horizons compared Hith the 

B2-horizons of non-cultivated soils. 

Paired t-tests indicate significant increases, at the 0.10 

probability level in B2- 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 }fas evident, l-rhereas 

in non-cultivated soils a significant decrease was found rrl1en comparing 

the C-horizon with the B1- and B2-horizons (0.05 and 0.10 probability 

level, respectively). 

Extractable manganese content in cultivated. soils Has markedly 

increased Hith depth, and showed significant (0.1 probability level) 

increases in C-horizon uhen compared to the B1-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 B -
0 

and B1-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-

izons. 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 

Values for the pyrophc_)sph::d:.o-extrae t.able cleracnts ment:lc:ned 

above for individual profiles are sho"m in Appendix 2. Table 12 lists the 

"t"-test of significa.l'lce of mean values of pyrophosphate-extractable iron, 

aluminum, manganese and silica in cultivated and non-cultivated soil 

profiles. t-tests indicate highly significant increases in the B2- and 

C-horizons of cultivated soils compared vrith the corresponding horizons 

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 B2-horizon. 

Paired t-tests indicate a sigr-ificant (0,05 probability level) 

increase in aluminum content in the C-horizons of cultivated soils com-

pared with those of corresponding non-cultivated horizons. 

l•Ieasurement of pyrophosphate-extracta"ble aluminu.rn in cultivated 

soils shows a decided increase (non-significant) in accumulation in the 

C-horizcn with respect to the B2-horizon. Extractable aluminum did not 

accumulate in the C-horizon of non-culti.n:t.ed soils, as a matter of fact 

it decreased significantly (0.05 probability level) with depth in these 

profiles. 

Only trace amounts of manganese were fouPn in both the cultivated. 

and non-cultivated profiles by this method. Tnis is attributed to the 

complimentary increase in pH and organic matter of the extracting solu-

tion (Adam, in Black, C.A., 1965). There vras a significant trend only 

beb·reen silica content of the B
0
-horizon in cultivated compared with that 

of the non-cultivated soils. Extractable silica con-tents in both cul ti-

vated and non-cultivatcrJ C-horizons shoH a non-significant accumulation 

1-1ith respect to the B1- and B2-horizons. Pyrophosphate extracts have 

http:non-cultin:t.ed
http:aluminu.rn
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TABL~ 12. "t''-test of significance of mean values indicating changes 
in the pyrop::osphate-extractable ehE.-,er,ts of the soils. 

Horizon Fe % by Al % by 
Pyrophosphate Pyrophosphate 

6** * 0.2 0,2J c c 

c V 0.0.5 0.044 

* 0.16 0.11 B2 c 

B2 V 0.05 0,06 

B1 c O.J 0.25 

B1 V 0.12 0.12 

O,JJ 0.25 B c 
0 

0.29 0.29 B V 
0 

C-B 2 c 0.26 0.16 0.2J 0.11 

C-B 
1 

c 0.26 O,J 0.2J 0.2.5 

C-B2 V 0.05 0.05 0.044 0.06 

C-B 1 V 0.0.5 0.12 0,044 0.12 

B2-B1 c 0.16 O.J 0.11 : 0.25 

T ~Significant at 0.1 (10%) level 

* =Significant at 0.0.5 (5%) level 

** =Significant at 0.01 (1%) level 

c = cul ti va ted soil 

v ~non-cultivated soil 

* 

C Indicates layer overlaying clay layer 

B2 Indicates layer overlaying C-horizon 

B1 Indicates layer overlaying B2-horizon 

B
0 

Indicates layer overlaying B1-horizon 

I'In % by sw2% by 
Pyrophosphate Pyrophosphate 

0.01 J.16 
0.008 ).1.5 

0.008 2.29 
0,007 2.JJ 

0.01T 2.11 
0,005 2.72 

0.015 4.28T 

0.004 2 • .51 

0.01 0,008 J.16 2.29 
0.01 0.01 3.16 2.11 

0.008 : 0,007 3.15 2.JJ 
0.008 * 0,00.5 3.1.5 2.72 

0.008 : 0.01 2.29 2.11 

http:ehEr,er.ts
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been reported to be the most sv_)cific for th0 remov?.l of hydrous oxides of 

iron and alu.Ininum (sesquioxide) complexerl Hi th organic material which 

accuinulate in the soil (Bear, 1965). Therefore it appears here that iron 

and alu.minwn hydrous oxides complexed. ( sesq uioxides) Hi th organic material 

(presumably fulvic acids), moved into and accw~ulated in the agric horizon 

as soluble complexes. 

5.3 CORRELATION COEFFICIENTS &~ REGRESSION EQUATIONS 

Table 13 lists only simple correlation coefficients and regres-

sion equations for selected pairs of variables vrhich are statistically 

related. The correlations are based on separate analyses of data from 

horizons of the four cultivated and of the four non-cultivated soils. 

Nul tiple regression and correlation analyses were carried out but no 

meaningful relationships uere obtained. 

High correlation coefficients behreen texture and ( 1) 

dithionite-extractable iron and (2) pyrophosphate-extractable silica in 

profiles of cultivated soils were obtained, uhereas in profiles of non-

cultivated soils the high correlation was obtained between texture and 

both C. E. C. and oxalate-extractable al uminum. Likerrise 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 relaterl to an increase in Heathering and leaching in 

cultivated profiles. "The concentration of fine pa-rticles or appearance 

of clay particles in the B- and/or C-horizons have been attributed to the 

preser.ce of chemical components such as Al, Fe, Si, etc. Sec. 5.1.1. 11 

http:5.1.1.11
http:preser.ce
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Bulk density correlates 1·:sll Hi th fu1vic acid in non-cultivated 

profiles, 1-ri th oxala.te-extractable silica in cu~ti vated 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 iri cultivated soils could be due to the mode 

of deposition 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 soils 

indicate that the explanation given in section 5.1.4 concerning the sig­

nificant accumulation of oxalate-extractable iron (amorphous iron) may 

be related to 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 vray, 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 soils 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., particularly in 

overlaying clay layers (strata), could be due to the leaching and mobil­

ization of soil surface components ~~.their segregation and precipitation 

within these horizons. Sec. 5. 2.1. u 

Extractable phosphorous i·ras highly correlated vri th di thioni te­

a.Dd oxalate-extractable manganese in profiles of cultivated soils. This 

confirms findings in the literature that various kinds of complexes 
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accwnulate to for~ ::..~-.cbrated horiz.)!",s ill prof:i.les of cultivated soils, 

>·:::ich arc as so cia te::!. ·.-::L th the 1 c.r:d. 1Jeo:thering taking place in 

the upper horizons, 

High correlation coefficients occur beb:een :fulvic acid and 

dithionite- and oxalate-extractable manganese in profiles of cultivated 

soils, 'I'Thile in profiles of non-cultivated soils this correlation 

appears betVTeen :fulvic acid and oxalate-extractable silica. This agrees 

with the theory (~fright and Schnitzer, 1963, and others) that fulvic acid 

is capable of chelating these elements after their release through 

weathering o:f surface minerals in profiles of cultivated soils. 

The :following correlations were obtained in profiles of culti­

vated soils: (1) bet>-reen oxalate-extractable iron and (oxalate- a...'1d 

pyrophosphate-extractable alumimun); (2) bet~·reen oxalate-extractable 

aluminum ~'1d (pyrophosphate-extractable aluminum and dithionite­

extractable-silica); (3) between dithio~ite-extractable aluminlli~ and 

(dithionite- and oxalate-extractable manganese); (4) betvreen pyrophos­

phate-extractable aluminum, dithionite-extractable manganese and 

(dithionite-extractable manganese and oxalate-extractable manganese), 

respectively. 

The £ollo•dng correlations were obtained in profiles of non­

cultivated soils: (1) betvreen oxalate-extractable iron and pyrophosphate­

extractable manganese; (2) between dithionite-extractable manganese and 

(oxalate- and pyrophosphate-extractable manganese and silica); (3) 

between oxalate- and pyrophosphate-extractable manganese and (oxalate 

a'1d pyrophosphate-extractable silica). 

A comparison bet;.;een these groups of correlation indicates that 

the explanations adva..'1csd in Section 5. 2.11 to explain the significant 
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accu.sulatior. of these compcnmds may be related to vrcathcring in profiles 

of cultivated soils. "Di thioni te-extractable (crystalline form) of f"ree 

iron oxides, aluminum oxides, silica imre increased in the agric horizons 

of nor:.-cultivated soils. Sec. 5.2.11.1." Oxalate-3xtractable (amorphous 

form) of iron, aluminum and manganese Here increased in the agric 

horizons o:f cultivated soils \-rhen compared 1-rith agric horizon of non­

cultivated ones. Section 5.2.11.2. "Pyrophosphate-extractable iron and 

alUJPinum indicate here that iror.. and alurninum hydrous oxides complexed 

( sesq tlioxides) wi. th organic material ( pres~.:mably :ful vie 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 \-iithin C-horizon in profiles o:f cultivated soils have been 

developed and not inherited from the original material. 

Finally the correlation between pH-dependent cation exchange 

capacity (~C. E. C.) and di thioni te-extractable silica in profiles o:f 

cultivated soils, whereas in non-cultivated soils it is betweer.. pH­

dependent C.E.C. and extractable potassium, indicates that the formation 

of genetic horizons in profiles of cultivated soils may result from the 

accumulation of weathered compor..ents in a material conducive 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 S:i.mplo 
of Correlation of Correlation 

Vuria.ble Pair freedom Cultivated Profile Coefficient Freedom Non-cultivated Profile Coefficient 

6 0.40 6 = 0,748 + 0.696 X 
·'1.-¥.· 

C.E.C. vs Texture y = 7.1 + 1.01 X y 0.917 

Y = 43.003-63,93 X 
*~-

Fedi th1 VS Textu.re u -0.96 u y = -8.13 + 50.43 X 0.515 
-)(·¥.· 

Al 2 vs Texture tl y = 12.92 - 3.32 X -0.13 11 y = -2.52 + 88.42 X 0.997 oxa ** Si0 2 3 Texture u y = 21,86- 3.12 X -0.95 " y = 2. 73 + 0, 52 X 0,2/.t-
pyr VS ·X·* 

Fe VS C.E.C. !l y = -4. 52 + 169. 53 X -0.959 11 y = -9.39 + 393,71 X o. 517 oxa +:· 

Fedith VS C.E.C. 11 y = -32. 04+ 114.53 X 0,85 11 y = -18. 73+ 95.62 X 0.75 
* 

Ald.~+h vs C.E.C, 11 y = 10.86 + 62.86 X 0,811 " y = -1.31 + 188.11 X 0.675 
.l. ...,_ .. 

* *"'· c-: 
Al VS c .E.C' " y = 11. 23 + 40. 78 X 0,82 " y = -3, 19 + 229 . 2 X 0.921 0 

oxa ·X· 

Fulvic acid vs Bulk Density " y = 1.48 - 0,01 X -0.1 " y = 5,97 - 3.29 X -0.855 

+ 1.43 X 
* SiO vs Bulk Density " y = 1.39 o. 796 " y = 1.58 - 1.23 X -0,1~9 

2 oxa 
Fe vs Penetration " y = 19.43 - .3,23 X -0,431 " y = 2.5 + 0,7L~ X 0 ,..,,.o·X· oxa Resistance 

, C<\J _; 

Ca vs pH " y = 5.073 + 0,003 X 0.977 •** 4.67+0,023X 0.747 " y = 
y = ),06 

-~<·* 
5.08 + 0,074 X 

·X··Y: 
!~Tg VS pH 11 + 0.02 X 0.933 11 y = 0.90h 

Y = 5, 04 3 + 0 . 04 X 
·X··)(-

SiO vs pH 11 0,888 11 y = ), 37 + 0. 007 X 0.05 2 pyr •** 
Phosphorous vs r1nd.i th " y = -0,01 + 0,01 X 0.896 11 y = 45.07 - 8,84 X -0.56 

·)(-

Phosphorous vs K~ 11 Y = -0.01 + 0,01 X 0,8) " y = 0,0)8 - 0,004 X -0.633 oxa -!<·* 
V. vs Ful v:i.c Acid 11 y = 0.21 + 32,53 X 0;908 11 y = 1.16 - 6,8 X -O.JJ llnd.i th 

** 
1\' vs Fulvic Acid l1 Y =0.)14 +27.43 X 0,904 11 y = 1.14 - 6,83 X -0.)6 .lnoxa 

-~ 
SW vs Fulvio Acid " Y =a. 66 +).71X 0.296 11 y = 0 • .55 + 7,6 X -0.798 2 oxa 

http:43.003-63.93
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TABLE 13 Continued. 

6 = -0.224 + 3.113 X 
·lE-

6 = -0.043 + 216.0 X Fe vs Al y 0,883 y o. 71 oxa oxa 
11 + 2.74 X 0.897 

-le--x- ·X· X· 
Fe vs Al y :::: -0.21 11 y = -0,035 + 2,18 X 0.97 oxa pyr ·lH· 

Ald. +h vs Mndith 
11 y = 0.037 - 0.07 X -0.966 11 y = o. 033 - 0, 295 X -0.515 

1. ~· *-le• 
Aldith vs N'n " y = 0.04 - 0.084 X -0.931 11 y = 0.03 + 0, 286 X -0.469 ox a 

** Al vs Al " y = 0,836 X 0.971 11 y = 0,023 + 0, 58 X 0.781 oxa pyr ·)H· 
Al vs Si02 dith 

11 y = 0,06 + 0.09 X 0.91 11 y = 0.026 + 0,2 X 0.18 oxa ·)H(· 

Al vs Si02 dith " y = 0,06 - 0.095 X 0.869 11 y = 0.038 - 0.12 X -0.1 pyr 
** -X--X· 

Mnd. +' vs l"'m 11 y = -0.003+ 1.17 X 0.99 11 y = -0,003 + 1.06 X 0.997 
1. vn oxa -Y.--X· 

Mn vs Mn 11 y =0.007+0.15X 0.537 11' y = 0,003 + 0.181+ X 0. 8-'37 '· dith pyr ·X· 
't.n vs Si02 

11 Y = 0 • 04 3 + 0 • 68 X 0.37 " y = 0.099 1.72 X -o. :::o2 '''d' 'h -
ll:,, _ oxa 

-Y.· 
lvin vs Si02 

11 y = 1.85 + 53,98 X 0,35 11 y = 6.55 1L~8. 04 X -0.89.~. cc 
' d' th -pyr t->-

l ·- ·X· 
IIL'1 vs f'..n 

,, Y = 0,008 + 0,106 X 0,46 " y = 0,004 +0,17X 0.877 I 

oxa pyr X· 
i'-1n vs Si02 

11 y = 0. 0 5 + 0, 37 X 0,237 " y = 0.09 1. 614 X -0.80 
oxa oxa ·Y.--1( 

Pln vs Si02 
11 y = 1.9 + 50.26 X 0.383 " y = 6.07 142.54 X -0.887 oxa pyr ·X· X· 

I·1n vs Si02 
11 y = 0,007 + 4.8 X 0.711 11 y = 0.137 10.03 X -0.973 -pyr oxa 

r~In vs Si02 " y = 6,42 - 297.0 X -0 • .529 ll y = 8.66 - 711.19 X 
. ,-, -)(· 

pyr pyr -O.o62 

= 3.73-9.41 X -0.11 = -1.16 + 71.81 X 
-)(··X· 

SiO vs Si02 " y " y -0.898 
2 oxa pyr 4 ·lH~· 

K vs 6. C .E. C. ' 11 Y = 28. 3 - 0, 34 X -0.59 11 y = -19.19 + 9.68 X 0.971.;, . 
11 6.68 X -0.59 = -7.94 + 499.7 X 

·:Ho:· 
Al VS A C.E.C. y = 2.5.91 - 11 y 0,904 

oxa * 
Si02 dith vs A C.E.C. 11 y = )2 • .52 - 102.42 X -0,849 If y = 1.17 + 274.6X 0.54 

Legenda: ~~~ dith = Dithionite-extractable ( 4) A C .E.C, =pH dependent C.E.C. 
oxa = Oxalate-extractable * = indicates significance at the 5% level 

(3) pyr = Pyrophosphate-extractable ** = indicates significance at the 1% level 
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6. SUHEARY .A.:'D CONCLUSIONS 
=~:.::.:.:.::.-.-:..o:...=c___c_ 

The forr:12-tion of agr:i.c horizons ir-e gleyed. humo ferric p8dzol 

soils has been investigated by comparing physical and chemical analyses 

of four cultivated soil profiles representing St. Damase soil series 

ani four non-cultivated ones (~roodlani) i·rhich included two of the St. 

Damase and tt.ro of the St. Amable soil series. Both cultivated and non-

cultivated soils 1-rere developed on similar parent materials, which were 

outt.rash sands. Each group, due to their nature and deposition in the 

region, had been subjected to similar weathering and development pro-

cesses since their time of deposition. The climate of this area is con-

sidered to be a cool, humid temperate region }dth an average annual 

0 rainfall of about 775 rrun and a maximum mean annual temperature of 9-7 C 

0 and a minimum mean annual temperature of 1. 2 C. 

The morphology of the soils was studied and described in the 

field, and major properties }rere measured by laboratory analysis. Re-

sults showed that indurated agric horizons occurred more frequently in 

cultivated profiles than in non-cultivated (vroodland) 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 cultivation and implement traffic. The follordng 

properties of the soils which were investigated agree with the properties 

of hardpan layers (referred to by American workers a.s Fragipan) revie"eC. 

in the literature:-

6.1 Soil Colour 

The a.gric layers had a reddish-brmm colour uhich is either 

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



the depositsd n:aterial. The horizons >·rhich preced_ed the agric horizon 

he.d a ligcter colour, Hhich could be associated ~d th the loss of di-, 

tri-valent cations and orgc:mic components, partict:.larly under an im-

perfectly drained system. 

It was concluded that the agric horizons tended to exP~bit 

more marked colour differences than horizons above the pan. This colour 

variation vras related to the accumulation of mobilized compounds which 

characterized the formation of variegated colours in an agric horizon 

within the soil profile. 

6.2 Particle Size Distribution 

The cumulative figures for the fine and very fine sand frac-

tions (0.2-0.05 mm) and the coarse and fine silt fractions (0.5-0.002 mm) 

increased in the agric horizon compared w~th the upper horizon in culti-

vated soil profiles. 

In cgric horizons of non-cultivated soils the cumulative 

figures for the mediurr, and very coarse sand fractions (0.2-2.0 mm) in-

creased. This indicates that agric horizons in cultivated profiles have 

a medium to fine texture, wherec:.s l:orizons in non-cultivated conditions 

have a medium to coarse texture. This coarse texture is uncommon for 

agric development. Fragipan concepts quoted or reviewed in the liter-

ature have a narrow range of particle sizes, concentrating in very fine 

sand and coarse silt fractions. Agric horizons commonly shorJed. a ten-

d.ency touard induration and brittleness when observed in the dry or 

moist condition. Consister:cy was generally h.::xd to very h2xd when d.:ry 

and firm to very firm 1-1hen moist. 

c 
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6.3 

Incre22es in bulk dersi ty ace pc.:rticle d.srsi ty vary directly 

with increases in the depth of the soil p:tofile, '.rtereas r·orosi ty er:d 

depth have a nwerse relationship. HN'E•ver, in agreement with the 

agric concept reviem:d in the literature, comparison betneen agric 

horizon der:si ty a.""!d porosity, and the clensi ty and porosity of the pre-

ceding layers in the profile, showed no significant differences result-

ing from pan formatior.. These characteristics are considered a.s a 

function of the close packing of particles. The reason for non-

significant differences in density in the agric horizons is possibly 

due to the formation of plow· or traffic pan layer or layers. These 

layers occur ccw~only at the 20-30 cm depth in the Ap-Ae transition 

horizon d.ue to sustained use of mcderately heavy field machinery. 

6. 4 Per:etra.tion Resistance of the Profiles and A~ic Ho_!'iz_£g§_ 

The compaction of a soil, as measured by a penetrometer 

. 2 
throughout the profiles, increased domn-1erd from 14 to 19 kg/cm • This 

indicates significant differences in indura.tion c:f the a.gric horizon in 

cultivated profiles vihen compared to the above horizons. This results 

:f:rom the close packing of particles by binding material or by impreg-

nation of the originally loose ma.terial with some binding substances. 

This a.g-rees with the results reported by Pohjakas (1966). 

6.5 Grgc:-..nic }!atter (Fulvic Acid) Content of both the~ipan and 

the Profile 

The soluble portion of ore;anic matter (fulvic acid) content 

increased sharply i·ri th an increase in d.ept.h. Its marim't;lll values appeared 

in the a.gric horizons rather than in the above horizons. This indicates 
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the a.ccumt:,lc:;.tion or precipi tatlon cf a portion of organic substaPc€S 

;:hi eh hc:.VC the ability to form C·l'€,2.nO-metc::.1 CCIT!I•lCX€:2 during their 

interaction uith di- and tri-valer.t metallic: cations. 

A high correlation betHsH fulvic acid and the2.e metals 

supports this hypothesis, in agree,mer..t with the results rE>portecl by 

vrright and Schni tzer ( 1963). 

6.6 Extractable Di- ar-c T~i-Valent Metallic Cations Cor.tent of 

the Agric Horizon and the Solum 

6.7 pH Values of the Agric Horizon and the Profile 

Extractable iron, aluminum, manganese and silicon by means 

of three chemical reagents (i.e. dtthionite, oxalate and pyrophosphate) 

showed the nature and forms of these metal cations which have been re­

distributed through a soil profile as a result of weathering and devel­

opment processes. Statistical t-test values indicate a sigr::ificant loss 

of these elements from the upper horizons and a resulting accumulation 

in agric horiz.ons due to a translocation from the bleached upper horizons 

of ir-on,· aluminu.rn 2nd Ir!anganese oxides, and silica .• 

Data from the ha:rdpan layer led to the following conclusions:­

Lower levels of oxalate-extractable iron than aluminum, and 

lov;er levels cf dithionite-extractable aluminum than iron in the pan 

layer indicated relatively high amounts of c:rystalline iron oxides com­

pared to crystalline aluminum oxides. Less amorphous iron-organic 

matter complexes than c.morphcus alu.minv.m-organic :rr:a.tter complexes oc­

curred in the agric, due to the increased susceptibility of a.luminwu to 

for:m org?,.rw-metal complexes. The observations are in ag-.ceemer..t >-rith 

those revimwd in the literature. Pyrophospf:c:.te m:tracts inclicate a 
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a1xu:ri m::Jr: • 

Noreover, the activity ratio of Blume and. Sch,,rertrr:a.nn ( 1969) 

for Fe /Fed ( oxalate-extr<:Jcta.bJ.e iron and di thiori te-extrc.ctable iron 
0 . . 

ratio) ·1-1hich decreases ·Hi th an increase in dE:pth \d thin the profile, 

ind.ica.tes a l'.igher proportion of free iro:r.. oxides than amorphc•us iron 

oxides, hydroxides, Fe-sal ts oril_ Fe-organic ma.tter complexes, occur in 

crystalline forms in the agric horizon. This is in agreement >d. th the 

results reported by 11'cKeague ( 1971). 

Under acid or slightly acid conditions, the oxidation or 

precipitation of iron, alurrinum and. m<mganese was 101-f. Moreover, lLnder 

these cor..di tions any movemer:t of free silica is hardly feasible. HoH-

ever, the presence of a .fine textured stratum l-!hi.ch impedes the do-.m-

ward percolatior.. of watE:r has caused the accumulation of the al~cve 

elements in the overlying horizon to form an a~Tic horizon. This a~ees 

with the resvlts reported(~· Collins and Buol (1970). 

11oreover the precipitation of iron in ar, agric horizon, re-

++ +r 
sul t.ing in the removal of some Mn from solution, is due to }:fn 

sorption by the hydrated oxides vib.ich shoH a negative charge at pH 

values above approximately 5.0. Therefore it is concluded that the.pre­

ser..ce cf hydrated iron oxides (oxalate-extractable iron) caused a. de-
_t+ 

crease in the amount o.f Nn · in solution. 

Since dithionite-extractable iron exceeded oxalate-extractable 

iron in a.ll horizons, and oxalate-extractable aluminum exceeded. 

di thionU:.e-extractable c:..luminum in all horizons, it is co!!cluded th~t 

the cementing or binding r.:ateria1 bebeE'r: the :particles may consist of 

free iron ox..i..des and amcr:phous c'.luminl;Jn-- and iron-orga.rdc matter ccnrplexes 

http:l-!hi.ch
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in the a7ic. To c: lesser extent, m<:ngancse oxide and its amorptct:.s 

forw., and fim:,lly free silicon ar-c its a.rr:c:q:.hov::: organic comJ=lexes, also 

influence cemE:nting cf pc,rticles. This hypcthesis is based on the ob-

servation that pyroptc•spbate-extractable aluminum, iron, ar..d m<::.nganE<se 

values were a little loHer than oxalate-and/or dithionite-extractable 

values, whereas p;yrophosphate-extractable silica. values were much 

greater than oxalate arii/ or di thior..i te- extractable values. This ind.ic-

ates adequate proportions of iron, aluminum and silica and, to a lesser 

extent, manganese accumtU.ated in the agric horizon ;.;as complexed 2-S 

organo-metal complexes, particularly fulvic acid complexes (according 

to section 6. 5). 

6.8 Extractable Bas& Elements and Phosphorous Content in the Solum 

and vri thin the Agz;:ic Horizor.. 

Extractable base elemer..ts such as calcium, potassium end mag-

nesium increased sharply in the agric horizon w-ith respect to horizons 

above, but extre.ctable phosphc:r:-ous shOl·red. no significant increases 

within the pr-ofile. 

High correlation between calcium, magnesium, oxalate­

extractable iron end aluminum, and pyrophosphc.te-extractable iron and 

aluminurn indicates the f'locculation of iron- and alumirmm-organic matter 

complexes by calcium and magr_esiurn.. More..over, iron is considerably more 

suscept.ible to flocculation than alum.inum in the agric horizon. This 

is in agreement with results reported. by \•/right and Sch.ni tzer ( 1963). 

The high correlation behieen p:t.osphorous artd each of di thioni te-

and oxa~ate-extractable maEganE:se may indicate the formatior., of precipi-

tated phosptorous sa.l t.s in the p1:csence of aluminum hydroxide. H0re-

over, iron oxides react much more sloHly than a.luminum :hydroxides and have 

http:alumim.un
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much lc::;s effect on t':-1<:! prccipii.c:-:tioF of phospr_a.tc. This og:rE.es :·:ith 

results reported. by '!'aylor ( 19t:5). 

Hotrevcr, high C:OI'relation l:etHeE:TI basic !".~!ta.ls suer. C:;.S calciu.m, 

mc:cgcesiuJn and mangansse and, to a lesser exter.t, p:,tassium Kitt ·he:::.vy 

metals such as h--en, aluwinu:m cT:d silica (d~.fferer..t forrcs and natures) 

indicate the formatior, of different types of complex com:r:;ound.s, pc:rtic­

ularly some genetic clay particles representative of clay minera~s wt-J.ch 

ca-n play an importar.t role as binding agent 1-1i thin a.gric horizons. This 

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

6.9 Permanent Cation F~change Capacity and ~H-De~ndent CEC 

Content in Agric Korizcn and a Solum of the Soils 

Paired t-test analyses ir.dicated a marked increase in perm-

anent catior.. excha..>:.ge capa.ci ty values l·Ti thin the agripan ccmpa.red "-i th 

the overlyir"g layer. It also indicated a mc::rked increase in pH­

dependent CE'C (~CFC) values within the agripanin the case of cultivat€·d 

p::t.'Ofiles. A decrease in the pH-depsr.dent CEC valuss in the agric t ... or-izon 

vras found in the case of non-cultivated profiles. 

A high cor-relation exi~ted between pH-dependent cation ex­

chc.nge cap2.ci ty and di thioni te-sxtractable silica in cultivated. profiles, 

while this co:r:xelation occurred between pH-dependent CEC and each cf 

potassiu.m and ox~ate-extra.ctable aluminum in non-cultivated soil pro­

files. It can be concluded tha.t these horizons -vrith high CE:C and. pH­

deper.d.ent CEC ccntaim;d significant q ua,nti ties o:f anorphous sesqliioxides­

organic matter cor.rplexes and. crystalline colloidal natsriBJ t a.s sho~m by 

their relatively 'high orgc..nic mc:~tter (fulvic acid) 2.nd free sesquioxicie 

conte:::.ts, and. by their exchc-,nge propsrti<:s (i[:Omc•:r-r;-..-:::ms ion sub::ti tutions, 

iord za.tion of hydroxyl groupE. Ettached to s:i.liccn c:f broker, tetrahE'<lron 
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planc-:s e-nd htcrric substane:e:::., -GJ8H, -OH). 

Thus this characterist:ic providc::C. <:· Eimplc c:.nc definitive aid 

for dc1ternining FheU:er: or not the lo.yer had inclu:r<2ted or brittle prop­

erties resulting from the accilll!t<lation of colloicial meta.llic ( sesq_t;.i­

oxides)-organic matter complexes •.rhich hc..ve little effective charge but 

a high pH-deper..der..t CEC. Finally, a pj_gh correlation between CEC w.d 

various forms of Al, Fe, and :r.rn supports this hypothesis. Generally it 

is concluded that the agric horizon in the soil profiles under study 

ar·e genetic horizons irreversibly cemented 'by cherrical binding :material7 

and that the indura.tion of the agric horizon is a function of the length 

of time during which the process has operated ari!. has formed as c;rl 

integral part of the poo.zol profile. HoFever, agric horizons vrhich are 

developei in cultivated soil profiles could be·due to the following 

environ.:::ental conditions and soil nature:-

(1) The rate of infiltration of precipitation is higher ln plm-red soil 

than ir. forest soil because of the large amount of precipitation 

reaching the surface of a field and also because of the greater 

porosity of the upper part of the plou la.yer. 

(2) Nore mineral salts are leached from plovred soil than frott forest 

soilJ because of the migration of cations and anions from aJiplied 

fertilizers. 

(3) The elu\~al processes responsible for the removal of substances 

without the destruction of minera.ls are mor-e pronounced in the 

plo;.red soil w-d_ pcdzolization is less intense then in r:on-cultiva.te·d 

soils. 

( 4) Less org<:mic matter migrates in the plo~:ed than in the forest soil, 

agreeing tiith the results r-epartee. 'by Su.vorov ( 1974). :t'!oreover-, 
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o1:J:.:.erv<:,t:ion::: Fhich prcn;ide ev:Lden::::a ir'di the txec:ckc.o,;c ru>i 

H8C.tJ:erine:; rrc ce;::;SE'!:C:· of prir<L~Y m2.nE;r2lS t p<:.rticularly clay 

minera.ls in the upper horizon;::. cf the soils under stud;> o.rc:-

(i) Oxa.latc-extra.ctc:.ble iron '"ne ;)lumintm ccni.en.ts 1-:e:r:e generally 

highest en the surface horizons, prot·ahly d.u.e to the more ir ter:sive 

weathering of the minerals of the surface. 

(ii) Iron oxides distribution through the profiles shOViS a. relative 

rate of weathering in these profiles ••hich can be ter1tatively 

determined, and ril:'..ich 1-ras generally related to the orgar.ic matter 

distribution. 

(iii) The active forces of soil weathering t1ere indicated by a. less c:f 

Ca ar.d I•1g in the A-horizon and accwT:.ulation in the agric horizon. 

(iv) Appreciable Heathe:dng of primc.:ry minerals must have occurred_ to 

produce the iro:r: and aluminum rich amorphous material in the agric 

horizon. 

http:orgar.ic
http:ccni.En.ts
http:minera.1s


c 

- )l -

LIT.t:RAT\JR!~ CITgD 

Adam, F. 196.5. Deternination of nang~:ese in soils. Jn Black, C.A. 
(ed.) Hethods of Soil Analysis, part 2. Agronomy No.9. 
AmErican Society of Agronomy, Inc .• Ha.dison, \fisconsin, 
p. 1011-1017. 

Aristovskaya, T.V. 1965. li'Iicrobiology of pcd.zolic soils. Nauka 
Publishing House, !•1osc01·i-Leningrad. 

Aristovskaya, T.V. 1974. Role of Microorganisms in iron mobilization 
and stabilization in soils. Geoderma 12: 145-150. 

Bailey, H.H. 1964. Fragipan soils: Norphological relationships. 
Soil Sci. Soc. Amer. Proc. 28: 680-683. 

Bascomb, C.L. 1968. Distribution of pyrophosphate extractable iron 
and organic carbon in soil of various groups. J. of' Soil Se. 
19: 251-266. 

Baver, L.D. 1965. Soil Physics. John i•filey and Sons, Inc., Netf York. 

Bear, F.E. 1965, Chemistry of the Soil. Second Edition, Monograph 
Series No.160, 

Blake, G.R. 1965. Bulk Density. In Black, C.A. (ed.). Nethods of 
Soil Analysis, part 1. Agronomy No. 9. American Society of 
Agronomy, Inc., Madison, Hisconsin, p. 136-138. 

Blume, H.P. and Sch;.rertmann, U. 1969. Genetic evaluation of profile 
distribution of Al, Fe and Jfu oxides. Soil Sci. Soc. Amer. 
Proc.J3: 438-444. 

Bray, R.H. and Kurtz, L.T. 1945. Determination of total organic and 
available forms of phosphorus in soils. Soil Sci. 59: 39-45. 

Bremner, J.M. 1965. Determination of nitrogen in soil by the Kjeldahl 
method. In Black, C • A. ( ed. ) Hethods of Soil Analysis, 
part 2, Agronomy No.9. American Society of Agronomy, Inc., 
Madison, Wisconsin, p. 1171-1175. 

Canada Soil Survey Committee. 1970. The system of soil 
classification for CANADA. Agriculture Canada. 

Carlisle, F.J. 1954. Characteristics of soils Hith fragipans in a 
podzol region. Ph.D. Tnesis, Cornell University, Ithaca, N.Y. 

Carolan, R. 1948. Nodification of Graha.rne' s method for determining 
soil organic matter by calorimetric analysis. Soil Sci, 66: 
241-247. 

Cate, R.B. 1964. Study of aluminum in rice soils. Soil Sci. 98: 85-93. 



c 

-- ;z -

l-iang, NoHl2.rd, J .L., ard K:xlc.:·:?L, H. 1.9711-. Proper Lies of ti·fO 
fragipa<~ soils :in ;:ova S:::otia including sca.nning electron. 
Can .. J. Soil Sci. Vol.54: 159-170. 

Chang Hang, and No1rland, J .L. 1972. Fragipan in soils of the 11a.ri time 
Provinces. Can. Agri. p.24-25. 

Clark, J .S. 1965. The extraction of exch&YJ.geable cations from soils. 
Can. J. Soil Sci. 45: 311-322. 

Clark, J .s., liJcKeague, J .A. and Nichol, \·f .E. 1966. The use of pH­
dependent cation exchange capacity for characterizing the 
B-horizons of Brunisolic and Podzolic soils. Can.J. Soil 
Sci. 46: 161-166. 

Cline, M.G. and Jha, P.P. 1963. Hor:phology and genesis of Sol Brun 
acid with fragipan in uniform silty material. Soil Sci. Sac~ 
Amer. Proc. 27: 339-344. 

Coffin, D.E. 1963. A method for determination of free iron in soils 
and clays. Can. J. Soil Sci. 43: 7-17. 

Collins, J.F. and Buol, S.tf. 1970. Patterns of iron and manganese 
precipitation under specified Eh-pH conditions. Soil Sci. 
110: No. 3: 157-162. 

Collins, J.F. and Buol, S.H. 1970. Effects of fluctua·tions in the 
Eh-pH environment on iron and/or manganese equilibria. 
Soil Sci, 110: 111-120. 

Crampton, C.B. 1963. The development and morphology of iron-pan 
podzols in mid and South \{ales. J .Soil Sci. 14: 282-302, 

Crampton, E. 1956. Tne environmental and pedological relationships of 
Peaty Gleyed Podzols. Trans. 6th Int. Congr. Soil Sci. E., 
155-161. 

Damman, A.W.H. 1965. Thin iron-pa.YJ.s: Their occurrence and the con­
ditions leading to their development. Information Rept. 
N-X-2, Can.Dept.Forestry, St.John's, Nfld. 

Daniels, R.B.' Nettleton, lf.D. I r•IcCracken, R.J. and Gamble, E.E. 1966. 
Morphology of soils with fragipan in parts of Hilson County, 
North Carolina, Soil Sci. Soc. Amer. Proc. 30: 376-JSO. 

Day, P.R. 1965. Particle fractionation and particle s:i.ze analysis. 
In Black, C. A. ( ed.) i!Jethods of Soil Analysis, part 1. 
Agronomy No.9, American Society of Agronomy, Inc., Had.ison, 
IHsconsin. 

DeKi:r:!pe, C.R. 1970. Chemicals, physical and mineralogical properties 
of a podzol soil Hith fragipan derived from glacial till in 
the province of Quebec. Can. J. Soil Sci. 50: 317-330. 

http:NOH12.rd


- 93 -

DcKinpe, C.R., and NcKeague, J.f,. 1974. Nicroraorp:'J.ological, physical 
and chemical propcr~ies of a podzolic s:Jil uith a :fragipan. 
Can. J • Soil Sci. _51.~: 29-38. 

Duchaufour, P. 151. Lessivage et podzolisation. Revue Forestiere 
Francaise, No.10. 

Eric Hinters. 1942. Silica-hardpan development in the red and yellow 
podzolic soil region. Soil Sci. Amer. Proc. 7: 437-440. 

Frei, E. and Cline, M.G. 1949. Profile studies of normal soils of 
New York: Nicromorphological studies of the gray-brown 
podzolic-podzolic se~uence. Soil Sci. 68: 333-444. 

George, F. Sowers. 1965. Consistency. In Black, C.A. (ed.) Methods 
of Soil Analysis, part 1, p.391-399. 

Gerard, C.J., Bloodworth, l1.E., Burleson, C.A., and Cowley, W.R. 1961. 
Hardpan formation as affected by soil moisture loss. 
Sci. Soc. Amer. Proc. 25:. 460-463. 

Soil 

Graham, E.R. 1948. Determination of soil organic matter by means of 
a photoelectric colorimeter. Soil Sci. 65: 181-18). 

Guitian Ojea, F. and Coladas Calvo, V. 1974. Inhibition of the 
synthesis of kaolinite by various ~ueous extracts of ~lant 
residues. Anales de Edafola.gia Agrobiologia 33 (11/12) 979-989 
Universidad de Santia~o, Chile. 

Hunsaker, V.E. and Pratt, P.F. 1970. The formation of mixed magnesium­
aluminium hydroxides in soil materials. Soil Sci, Amer. Proc. 
34: 813-816. 

Jackson, M.L. 1958. Soil Chemical Analysis. Prentice-Hall, Inc., 
Englewood Cliffs, N.J. 

Kilmer, V.J. and Alexander, L.T. 1949. Methods of making mechanical 
analyses of soils. Soil Sci. 68: 15-24. 

Kodama, H. and Schnitzer, M. 1973. Dissolution of chlorite minerals 
by fulvic acid. Can. J. Soil Sci. 53: 240-243. 

Kononova, H.M. 1966. Soil Organic 11atter, 2nd edition. Pergamon Press, 
Ne-..r York. 

Kononova, M.l'I. and Ti tova, N. A. 1961. Use of paper electrophoresis for 
fractionation of humic substances of soil and for study of 
their complex compou..nds >·ri th iron, No .11, p. 1230-1237. 

Kunze, G.l•f. and Rich, C.I. 1959. Nineralo~ical methods. In Rich, C.I., 
Seatz, L.E. and Kunze, G.VT. (eds). Certain Properties of 
Selected Southern United States Soils and }uneralogical 
Procedures for their Study. Southern Coop. Series Bull. 61: 
135-iL~6. 



c 

Kur:zE:·, G. H. 1965. Pretreatment :'::;r mincralocic2.l ;:."".<>lysis. In 
Black, C. A. ( cd.) 11e thccls of Soil .~:\nalys~ . .:::, pc:.rt 1. Ag:c<:nc•r;·~· 
No.9, American Society of Ag:conc•n:y, Inc., :·Iat1c~.son, 1-:isccnsln, 
p. 568-577. 

Lajoie, P. and StobbE,, P. 1950. Soil survey of Sa.:lru1ges and Yacd.reuil 
Counties in the Province cf Quebec. Can. ~ept. of Agriculture, 
Ottam: .• 

Litchfield, i·T.J. 1962. Hardpan in soils of semi-a:rid Hesterr: Au~tr~~ia. 
J. Soil Sci. 13: 148-159. 

1-farshall, T. J. 1958. Deterrdnation .cation exchange capacity by NE40Ac 
at pH 7. In Jackson, 11.1., So.i.l Chemical P.na~ysis. 
Prentice-HalJ Inc., Englewood Cliffs, N.J. p.195. 

Marsh2.ll, T.J. 1959. The diffusion of gases tbrcugh pcrous med.ia. 
J. Soil Sci. 10: 79-89. 

McCracker.., R.J. and lveed, S.B. 1963. Pan-horiz.cns in Southeastern U.S.A. 
soils: Micromorphology and associated chemical, mineralogical 
and physical properties. Soil Sci. Soc. ft~er. Proc. 27: 330-334. 

l-lcKeague, J .A. and Day, J .H. 1966. Dithionite- and oxalate-extractable 
Fe and Al e.s aids in d:!..fferentiating various classes of soils. 
Can. J. Soil Sci. 46: 13-22. 

l•1cKeague, J.A., and Sd-,nitzer, N. 1967. Properties of iron-p&.n humic 
poc12'.ol from NeKfoundland. Can. J. Soil Sci. 4-7: 2.3-32. 

11cKeague, J.A., Dam .. rnan, A.if.H., and Heringc. .. , P.K. 1968. 
ar,d other pans in some, soils of 1\m-rfoundlc:.nd. 
48: 24-J-250. 

Iron-m<:mgc:mese 
Can. J. Soil Sci. 

McKeague, J.A., Nowland, J.L, Brydon, J.E. and ruJEOs, N.r'!. 1971. 
Ch<:•.racterization ard cla.ssification of five soils :from es.stern 
Canada having prominently mottled B-hori~on. Can. J. Soil Sci. 
51: 483-49('. 

Mel:',ra,, C,P. and N.L.Jackson. 1960. Iron oxide removal from soils and 
clays by a dithioni te-citrate system ht;.ffered l·d th sodium bi­
carbonate. In Clays and Cla.y-r·!inera.ls, P:roc. 7th Conf. 
p. 317-327 (Natl. Acad .. Sci., Nat.Res.Cotlncil pu.bl.) 

Muir, P_. 1934. The soils of the Teind. I.and State Forest. · Forestry 8: 
26-55. 

l1t:.nselJ, 1970. Revised standc:~.rd soil calor ct.arts, Japan. 

Nettlcton, H.D., NcCrc.cken, R.J., 2.r.cl r:aniels, R.B. 1968. T1-ro Nortl~. 
Carolina cor.;..stal pla.in catenas: II Hicro::•orpholoe:,-y, ccr:ty:os­
i tion, and fragip:.n genesis. Soil Sci. Soc. P:mer. Proc, ]2: 
582-58?. 

http:standc~.rd
http:Clay-r,riners.ls
http:Me1:'.rs
http:p0cl2'.ol
http:Marsh2.II
http:AgTonc.ny


c 

- 95-

r::~chols, N.L. and Cocper, A.H. 1955. ani use of' rrt<:tch:i.nery tc 
loo::::er~ coDpact soil. Soil Sci. Soc. Am::,r. Prc.e:. 19: 128-134. 

::ikiforof'f, C.C. an:l Alexander, L.T. 19L}2. 
in c.. San Joaq_uin scil. 2o~l Sc:L 

Th<: hard p<.m c.nd tte cla;rpc:n 
53: 157-172. 

Poh~1ak;::,s, K. 1966. The effect of soluble ;:o:c;.l ts on tbe compc.ctibili ty 
of four Sasv.c,tcheKan soDs. C.sr1, J. Soil Sci. 46: 47-52. 

Raact, A. T., Protz, P. .• , and Thomas, R.L. 1969. Determination c,f Na­
di thioni te CJr:d NH4 -oxa~a.te e>:trz.ctable Fe, .. U and Hn in 
soils by atomic c..l1s0rption spectrcscopy. Car.. J. Soil Sci. 
49: 89-94. 

Rim, M. 1955. A quc:ntitative criterion for soil pclymorphy, ap:plica.ble 
to soil in the Eastern Medi terranea,.-:. Region. Soils and 
Fertilizers, vo1.18, p.209. 

Schni tzer, 11., and Desjardins, J .G. 1962. r1olecular a.nd eq_uivalent 
weights of the organic me.tter of a podzol. Soil Sci. Soc. 
Amer. Proc. 26: 362-365. 

ScPnitzer, M., and Skinner, S.I.M. 1963. Organo-metallic interactions 
in soils. 2. Reactions bet1-reen a number of metal ions and 
the organic m2.tter of a. pcdzol Eh-horizon. Soil Sci. 96: 
86-93. 

Schni tzer, N. and Skinner, S.I. M. 1964. Orgcmo-:metallic interactions 
in so~ls: 3. Propert-ies of iron-· and alund.num-organic matter 
conplexes prepared in the laboratory and E:lXtre.cted frcr.1 a 
soil. Soil Sci. 98: 197-203. 

Scr..ni tzer, M., and. Skinner, S. I. M. 1965. Orga:no-meta.llic i:r:teractions 
in soils: 4. Carboxyl and hydroxyl grcu11s in organic ma.ttcr 
ana. r.~etal retention, Soil Sci. 99: 278-284. 

Schni tzer, liJ. 1970. Chara,cteristics of organic me;.tter extracted from. 
podz.ol E-horizons. Can. J, Soil Sci. 50: 199-204, 

Sims, R,J., and Haby, A. V. 1971. 
of soil orgaric matter. 

Simplifie~ calorimetric determination 
Soil 8ci. 112: 137-141. 

Si:r:gh, S.S. 1976. Determir.a.t.ion permanent charge and pH-dependent 
cation exchange ca.paci ty in soil by NaCl e)~traction. In 
McKeague, J. A. ( ed.) Manual on Soil Sampling c:r,d Nethcds of 
Analysis. Soil Research Institute. 

Srr.itt., J.A. and Natthe>·is, B.C. 1957. Release cf potassium by 18 
Onta:do soj.ls during cor:tirmous crc.p:ping in the greenhouse. 
Can. J, Soil Sci. 37: 1-10. 

So;.rers, G.F. 196.5. Consister..cy. In Black, C.A. (eel.) Hethocls of Soil 
Analysis, Part 1, :p.391-J99. 

http:Consister..ey


c 

- 96 -

StoV'3!1SOn, F •. I. 1965. Gross cr.crr:'i.cc..l fraction<:tion (:f orgc:.Li.c r.:a.t.tc:r. 
Blc.c\-:, C.A. (L-e.) Hetho:is cf so:.l /<nc:.lysis, p<::.rt 2. 

Ag-r·o!:orr.y I:o.9, A'!!Eric:<~l'. Sod.Ety 
Hisconsin: p 1.4 1 1420. 

Inc., Ec:.dis·:::n, 

Stobte, P.C. 1936. Adc:.pta.tion o: q•J.·le sites in Quebec to special soil 
ty:r,;es. Sci. Agr. 17: 329--JJ?.. 

Suvorov, A.K. 19('4. Cr.aratteristics of' thF· rr,ovement of organic and 
mineral su.bstances in ploughed der:.lo-pod.zclic soils. 
Pochvcvedenie No.2, J-10, U.S.S.R. 

Taylor, A.W. and Gurney, E.L. 1965. Precipitation of phosphate by 
iron oxide and. aluminum hych."Cxide from solution containing 
Ca and K. Soil Sci. Soc. P~er. Proc. 29: 18-22. 

U.S.D.A. Soil Surveys Staff, 1975. Soil Taxonomy. Agrictllture 
HaPnbook Ko. 4)6. 

Toogood., J. A. and Peters, T. W. 1953. Compc.rison of methods of 
mechanical analysis of soils. Can. J. Agr. Sci. J3: 159-171. 

Veen, A.li.L. and Haaskant, P. 1971. Electron microprobe analysis of 
plasma. in an impervious horizon of a. tropical grown m:.ter 
poclzcl. Geoderma 6: 101-107. 

\-falkely, A., and Black. I. A. 1965. Determination of' orgc-wic matter. 
In Bla.ck, C. A. (eel.) J'1ethods cf Soil Analysis, part 2. 
Agronomy No. 9. American Society c:f Ap;roromy, Inc., Hadison, 
~fisconsin: 1372-1376. 

1·lo1f, R. S. 190-l-. Iron and mang<:mese ba.cteria. Principles and. 
82-97. Ap:plication of' Aquatic JIJ.crobiology: 

vlright, J. R., and. Scr..ni tzer, 11. 196}. I-1etallo-crgar.ic interactions 
associated vi th podzolization. Soil Sci. Soc. Amer. Proc. 27: 
171-176. 

Yong, R. and viarkentin, B.P. 197_5. Soil p:'Opertie,s etnd. behaviour. 
Elsevier Scier:tific Publishing Company, Amste:rxia~, Oxford, 
New York. 

Yassoglou, N.J,, and. \·:hi teside, E.P. 1960. Norphology and genesis of 
some soils containing fragipar..s in northern ~lichigan. 
Soil Sci. Soc. Amer. Proc. 24: 396-400. 

.. 

http:I,zetallo-ergar.ic
http:cr.crr:l.cc


APPENDICES 

Results of Laboratory Analyses 

c 



Appendix 1 

Values of Physical Measurements 
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0 

Complete averaged results of physical an~s for 8 cultivated and non-cultivated profiles 
Particle size distribution, percent 

Depth 2.0-1.0 1. 0-0.5 0.,5-0.25 0.2,5-0.1 cm 0.1-0.05 0,0_5&0,02 0,0,5-0.02 0.02-0.005 O,OC5-0.002 0, 002-0. OO:l. 

Profile No.1. St. Damase 

0-15 0.41 2.32 13.44 19.98 12.63 29.?2 ).56 11.51 6.43 

15-30 0.01 1.45 17.84 24.46 12.26 20.17 6.61 11.56 5.64 

J0-45 0.22 30.85 2'+. 73 14.91 ?.89 6.91 ?.91 6.4 

45-60 0.08 0.44 14.19 45.15 9.31 2.54 ?.50 8.34 8.94 3.51 

Profile No.2. St. Damase 

0-15 0.13 2.00 4.00 )6.,58 18.56 ?.64 10,72 13.91 f,, 46 

1.5-26 0.11 0.,56 ,5.17 )4.?6 19.93 22.19 ),04 3.33 8.91 
26-4.5 0.45 ,5.44 .55.59 15.03 10.15 2.?1 6.32 4.32 

Profile N~ ... 1~ _ _§t. Damase 

0-20 0.45 6.40 6?.22 9.84 0.85 2.33 10.14 2.?? 
20-40 0.70 ?.58 67.75 8.84 2.10 4.11 4, 79 4.12 

40-50. 0,04- 0.5? ,5.12 64.25 15.15 0.06 2.58 4.41 ?.82 
------------------------------------------------------------------------------------·-----------------------------

Pr.9file No. 4. St. D~ 
0-·15 0.11 0.66 6.05 61.61 9.85 0.17 7.41 10.07 4.0? 

15-40 0.0? 0,24 2. 94 71.58 16,44· 4.12 2.30 2.31 
40-50 1.23 1.18 2.20 ,58.,50 17.07 8. 78 . 4. 69 6,JO 

50-65 1.89 1.73 J.JJ 60.42 15.75 8.49 ).98 2.52 1.89 
-----------------------------------------------------------------------------------~---~----------M--------------
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Continued ---·----- -------- ----..,-
Depth 2.0-1.0 1. 0-·0, 5 0.5-0.25 0.25-0.1 0.1-0,05 o.o;&o. 02 0.05-0.02 0,02-0.00.5 0,00,5-0.002 0,002-0.001 
err. 

------ ---·- ---
Profile No, ,2. St. Damase 

0-·7 0.15 1. )6 14.63 48.42 5. 76 2.23 8.11 11.00 e.J4 
7-2.5 0,04 1.25 16.33 47.62 5.)6 16.6) 4.54 4.96 ).27 

2.5-50 0.11 2.18 21.29 )8. 10 4.6) 16.17 6,0) 7.90 ).59 
50-70 0.08 1. SJ.i. 24.00 35. 6J.!. J,JJ 18.27 4.)4 9.58 2.92 
70~·82 1.34 J0,02 50.75 4.82 4.65 J,40 1.11 3.92 
82-92 O.OJ 0.73 13.8 59.2 5.33 0.0? 5.94 5.4 9.5 
-----------------------------------------~-----------------------------------------------------------------------

Profile No. 6. S.b_ Ai'llc.ble 

0-7 0.15 1.83 11.67 4).28 8.91 1.83 11.8 :1.2. ;.8 8.06 

'?-15 0.)6 2.24 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 0.04 2.12 22.61 l.jl~ • JO 6.73 17.19 5.58 1.12 0.30 

55-75 0. ~22 2.63 40.21. 48.33 1. 6:1. 2.)9 0,)0 4.)1 

7.5-80 0.31 3.99 32.04 47.71 1.02 5.54 5.8 ).59 
-------------------------------------------------·~--~------------------------------------------------------------

Profile No.z. St. Amabl~ 

0-·7 0.12 0.79 9.87 52.72 8.44· 12.70 2.87 7.87 4.62 

7-20 0.78 11.82 56.46 8.16 7.54 . 6.20 LJ •• 94 4·.10 

20-·65 0.08 0.96 11.24 6).86 8.06 5·33 2.0l.J· 6.43 

65-80 0.02 1.59 16 • .53 60.92 4.99 .5. 05 4.00 6.90 
80-·90 0.02 2.77 36.65 4).00 2.86 4.24 4,)0 4.26 

90-120 ),80 68.14 20.26 1.40 J,40 2.70 o.;o 
-----------------------------------------------------------------------------------------------------------------
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0 

Con t-i:!l.!1.§.9-_____ , ___ ---------- .... 

Depth 2.0-·1.0 1. 0-·0, 5 0.,5-0.25 0.25-0.1 0.1-0.05 0,0_5&0,02 0,0,5-0.02 0,02-0.005 0,00,5-0.002 0,002-0.00! cm 
- --·------- -------

Profile No. §_._St. Ama.'ble 

0-7 0,88 15.74 46.01 9.64 2.)8 s.oe. 10.46 8.98 

7-20 1.15 16.90 .58.)1 7.)) 11.)2 1.35 ).64· 

20-60 1. 78 28.94 56.)2 4.40 ).57 1. 35 ).64 

60-85 0.25 2.34 )6.87 54.40 3.23 1. 0.5 0,)6 1.50 

85-100 1.29 )4. 69 49.48 1.84 4.46 5.54 2.70 

100-120 0,20 ).85 2).12 67.53 ).55 0.8.5 0.90 
-------- -------· --------·--
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Penetration Resistance Atterberg Characteristic 
Depth Bulk Density Particle Density Total Porosity (Bearing Capacity) 
cm gra'n/cc gram/cc % on vol. basis kg/cm2 Liquid Limit Plastic Limit 

Profile No.1 - St. Damase 

0-15 1.14 2.)) 51.00 10.0 )0.8 J0.49 

15-30 1. 35 2.5 45.9 16.69 20.5 21.10 

J0-45 1.11-6 2.52 1-1-1.82 17.93 22.5 22.0 

1.~5-60 1.44 2.48 42.0 19.23 19.9 19.11 
----------------------------------------------------------------------------------------------------------------

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 1,5.90 11.11 
2G-1.:-5 1. 1.~6 2,42 39.74 18.?7 17.3 1G.55 
---------------~-----------------------------------------------------------------------------------------------

Profile No.2- St. Damase 

0-20 1.38 2.46 43.36 1,5.21 20.5 20.02 

20-40 1.52 2.51 39.32 18.26 20 • .5 20.00 

i.J-0-50 1.54 2. 64 38.82 19.48 21.4 19.7 

Profile No,4 - St. Damase 

0-15 1.28 2.4 46.55 1.5 • .57 23.2 2).0 

15-40 1.48 2.51 41.3 17.99 22.2 22.17 
40-50 1.49 2.51 40,71 18.42 20,0 20,0 

50-6.5 1.46 2.52 42.12 18.19 21.0 20.91 



Continued 

Depth 
cm 

0-7 

7-2.5 
2.5-.50 
50-70 
70-82 

82-92 

Bulk Density Particle Density Total Porosity 
gram/cc gram/cc %on vol.basis 

Profile No.2- St. 
0.88 2.16 .59.17 
1.02 2.3 55.51 
1. 31 2.37 4,5.18 

1.30 2.32 4,5.66 
1.48 2.50 40,77 

1..56 2.71 38.67 

Penetration Resistance Atterberg Characterishc 
(Bearing Capacity) 

kg/cm2 Liquid Limit Plastic Limit 

Damase 

7.73 
8 . .54 

12.7.5 
16.10 

17.58 
18.63 

30.2 

9.8 
6.9 

21.7 

25.5 
21.8 

30.13 

20.9 
25.0 
21.00 

--------------------------------------------------------------------------------------------------------~--------

Profile No.6 - St. Amable 

0-7 0.85 2.02 57. 51+ 8.,56 37.2 J?.O 
7-1.5 1.07 2.18 ,50.89 9.01 26,0 25.0 

1.5-2.5 1.2.5 2.32 46.18 14.20 25.2 25.0 

25-55 1.21 2.17 47.00 14.27 2).6 23.1 

55-75 1.41 2.42 41.78 15.50 22.4 22.1.5 

7.5-80 1.43 2.45 41.73 15.65 24.0 23.89 
----------------------------------------------------------------------------------------------------------------

Profile No.? - St. Amable 

0-7 0 . .51 1.16 )6,09 6.5 42.2 L~1. 99 

7-20 1.05 2.29 54.39 9.25 26.2 2.5.94 
20-65 1.25 2.44 48.89 11.67 ),0 

65-80 1..53 2.55 39.98 15.99 20.9 20.65 
80-90 1.47 2 • .51 41..57 16.17 21.0 20 . .51 
90-120 1. .51 2.54 40.57 16.80 23.2 22 . .5 
----------------------------------------------------------------------------------------------------------------
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Continued 
Penetration Resistance Atterberg Characteristic 

Depth Bulk Density Particle Density Total Porosity (Beari~ Capacity) 
cm gram/cc gram/cc %on vol.basis It. cm2 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 14.72 22.4 21.0 

85-100 1.41 2.23 39.50 15.05 25.4. 21.5 

100-120 1.54 2.4? 37.69 15.85 23.6 21.75 



Hoisture % Dry Bulk r'loisture % Dry Bulk 

0 Depth Based on Density Dept:--1 Based on Density 
cm Dry Ht. gram/cc cm Dry t-rt. gram/cc 

Profile No.1 -St. Arnable 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 
40-50 21.52 1.284 40-50 16.14 1.464 
Profile No.2 - Ste. So I? hie 50-60 21.82 1.430 

0-10 36.72 1.024 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 23.8.5 1.29.5 
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-.50 21..56 1.143 
Profile No.2 - St. Da.rnase .50-60 22.36 0.719 

0-10 37.09 0.868 60-70 23.12 1.818 
10-20 45.02 0.902 Profile No.10- St. Amable 
20-30 4.5.72 1.009 0-10 11.21 1.308 
30-40 14.32 1.464 10-20 17.90 1. 29.5 
40-.50 15.64 1.397 20-30 17.1.5 1.360 
Profile No.4 - St. Arnable 30-40 18.76 1. 4.5.5 

0-10 39.36 1.-06.5 40-.50 21.29 1.480 
10-20 39.28 1.083 Profile No.11 - UI?land 
20-30 24.31 1.207 0-10 19.79 1.294 
30-40 11.87 1.366 10-20 17.87 1.376 
40-.50 10 • .52 1.216 20-30 21.21 1.410 
.50-60 18.42 1.39 30-40 22.84 1.4.52 
Profile No.2 - St. Damase 40-.50 24.2.5 1.4.58 

0-10 33.46 1.084 .50-60 29.9.5 1.402 
10-20 33.36 1.128 60-70 30.99 1.273 
20-30 36.09 0.92.5 Profile No.12 -St. Damase 
30-40 10.70 0.908 0-10 13.76 1..352 
40-50 9.23 1.161 10-20 1.5. 78 1.342 
50-60 16.57 0.804 20-30 11.32 1.326 
60-70 14.8.5 1.431 30-40 11.98 1.371 
Profile No.6 - St. Damase 40-50 17 • .54 1.J50 

0-10 14.40 1.312 Profile No.1J- 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.l~56 20-30 27.6.5 1.007 
40-50 16.47 1.337 30-40 19.26 1.254 
Profile No.?- St. Damase 40-50 1_5.l~5 0.917 
0-10 15.73 1.094 50-60 19.51 1.322 

10-20 1?.61 1.152 

c 20-30 17.42 2.000 
30-40 17.95 1.298 
lf.O- 50 17.61 1.362 



c 

Continued 
Ho is ture <jb Dry Bulk 

Depth Based on Densi Ly 
cm Dry iH. gram/ cc 

Profile No. 11-1- - St. 
0-10~ 15.82 

10-20 15.53 
20-JO 16.35 
30-40 11.91 
40-50 15.05 
50-60 16.83 
60-70 20.85 

Arnable 
1.}23 
1.}88 
1.191 
1.355 
1.525 
1.555 
1.988 

Profile No.15 - Ste.Sophie 
0-10 6.61 1.286 

10-20 11.31 1.323 
20-30 10.74 1.407 
30-40 16.75 1.412 
40-50 17.92 1.331 
50-60 22.11 1.403 
60-70 27.34 1.141 
70-80 30.45 1.320 

Profile No.16- Ste. 
0-10 15.16 

10-20 24.58 
20-30 27.80 
30-40 24.81 
40-50 27.74 
50-60 24.42 
60-70 29.13 
70-80 30.21 
80-100 31.08 

Profile No.17- Ste. 
0-10 39.45 

10-20 30.09 
20-30 27.17 
J0-40 24.10 
40-50 26.96 
50-60 26.64 
60-70 22.26 
70-80 23.68 
80-90 32.62 

Sop hie 
1.260 
1.245 
1.267 
1.337 
1.303 
1.340 
1.343 
1. 361 
1.238 

Sophie 
0.831 
0.944 
0.989 
1.081 
1.132 
1.251 
1.298 
1.)41 
1.393 

Depth 
cm 

i·:olsturc % 
Based on 
Dry Ht. 

Dry Bulk 
Density 
gram/cc 

Profile No. 18 St. Amable 
0.498 
o. 891 

-------
0-10 

10-20 
20-30 
30-40 
40-50 
50-60 
60-70 
70-80 

123.91 
44.34 
39.82 
26.4} 
25.46 
32.06 
34.86 
28.14 

Profile No.19- St. 
0-10 220.53 

10-20 67.47 
20-30 40.96 
30-40 24.85 
40-50 32.09 
50-60 38.58 
60-70 43.51 

Profile No.20 - Ste. 
0-10 324.98 

10-20 46.64 
20-30 48.62 
J0-40 46.98 
40-50 32.48 
50-60 22.65 
60-70 24.17 
70-80 24.18 

1.036 
1.245 
1.352 
1.342 
1.2l~9 . 
1.404 

Amable 
0.281 
0.601 
1.080 
1.305 
1.393 
1.314. 
1.242 

Sophie 
o.237 
0.736 
0.791 
0.856 
1.157 
1.)80 
1.167 
1.488 



Appendix 2 

Values of Chemical Measurements 

c 



0 

pH-Dependent 
Depth C.E.C. C .E.C. K ea Mg Phosphorous 
Ct1 Meq/100 gm soil pH Meq/100 gm soil ppm pp m pp m (P2o5

) -ppm 

Profile No.1 - St. Damase 
0-1_5 88._58 5.2 38.13 21.1 120,0 19.8 28.6 

15-JO 28.69 4.8 2_5.42 22.15 32.0 6.40 6.55 

J0-'+5 15.47 5.1 20.81 12.9 17.5 2.65 3.7 
4_5-60 8.98 5.1 22.4 19.8 17.0 4.00 _5.55 
--------------------------------------------------------------------------------------------~------

Profile No.2 - St. Damase 

0-15 101.05 4.9 36.82 16.35 98.5 10.20 19.75 
15-26 27.45 4,6 30.39 9.8_5 . 39.0 10.6 7.2 
26-l.ij 38.42 5.1 21.32 11.8_5 12.5 2.20 2.5 

Profile No.2 - St. Damase 

0-20 8.11 5.2 25.82 _5.25 42.5 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 2_5._58 _5,1 26.26 ?.0 47.5 2.09 8.4 

15-40 14.97 _5,0 22.)8 4.0.5 1.5.0 0,80 10.35 

h0-50 14.22 5.0 21.93 4.15 13.8 1,23 9.1 
_50-65 27.69 5.3 28.23 8.5 6?.5 12.20 6.22 



0 

Continued pH-Dependent 
Depth C.E.C. C, E. C. K ea Mg Phosphorous 
cm Meqj 100 gm soil pH Meq/100 gm soil pp m pp m ppm (P 2o 

5
) ppm 

Profile No.2 - St. Damase 
0-7 94.81 J.8 26.48 9.8 42.0 4.8 10,0 

7-2.5 1.5.60 4.4 20.13 J,6 4.0 0.40 4.3 
2.5-.50 28.44 4.4 22.87 2.1 4.0 0,80 ?.9 
.50-70 23.9 .5 4.8 19.89 J,J.5 10 • .5 0.90 6.3 
70-82 11.98 .5.1 30.12 2.3 1.5.0 1.1 ?.8 
82-92 .5.24 .5.45 5.92 J,O 22,0 J,JO 6.15 
--------------------------------------------------------------------------------------------------

Profile No.6- St. Amable 
0-7 52.4 4.1 2.5. 9.5 4.9 5.5 ?.53 2.85 

7-1.5 21.21 4.4 21.13 2.2.5 4 • .5 2.10 2.3 
1.5-2.5 29.94 4 • .5 22.17 1.85 1.0 0,5 2.2 

25-.5.5 14.97 .5.3 31.64 2.45 9.0 0.92 8.4.5 

.5.5-7.5 2 • .5 .5.7 J0,4 1.9 ?.0 1.06 6.? 
7.5-80 12.48 .5.80 2?.54 4.? J4,0 ?.6 4 • .5.5 
--------------------------------------------------------------------------------------~-----------

Profile No.? - St. Amable 

0-7 128.5 3.2 35.8 6.7.5 38.0 . _5,06 2.15 
7-20 42.42 4.1 19.87 2.2 2.8 0,6? 1.53 

20-6.5 23.9.5 4.5 20.05 1.9 4.7 0.61 0.9 
65-80 4.49 4.9 18.73 2.1 ?.0 0.78 J.?? 
80-90 1..5 5.0 J.9 2.8 7.2 0.60 4 • .5 
90-120 1.0 5.2 J.8 2.25 6.0 0.90 . J, 68 
--------------------------------------------------------------------------------------------------



0 

Continued 
pH-Dependent 

Depth C.E.C. C.E.C, K ea Mg Phosphorous 
cm r1eq)100 gm soil pH Meq/100 gm soil ppm pp m pp m (P 20 .2) ppm 

Profile No.8 - St. Amable 

0-7 '+5. 54 . ).7 19.84 4.7 17.) 2.)0 2.2 

7-20 14.3.5 4.? 1?.47 1.85 4.0 0.5? 1.5 
20-60 10.48 4,) 17.5 1.6 ,5.) 0.)0 9.75 
60-85 2.0 4.8 ).28 1.9 J,O 0,)8 8.4 
85-100 1.0 5.1 J,J 1.85 ).0 0.70 J, 14 
100-120 2.0 5.11. ).9) 2.25 22.0 2.88 2.32 



Fulvic Acid Fe2o3
% by Al20J% by MnO % by Si02 % by Depth Total Nitrogen % based on total Organic Matter 

cm % based on wt. organic matter % Dithionite Dithionite Dithionite Dithionite 

Profile No.1 - St. Damase 

0-15 0,22 0.41 6.65 0.81 O.J8 0,013 0.12 

15-30 O,OJ 0.74 2.19 0.48 0,24 0,007 0.05 

JO-LJ-_'5 0.02 0,94 1.39 O.J2 0.19 0,009 0.2 
1~_5-60 0.013. 1.38 1.240 0.34 0.1 O,OJ 0,09 
------------------------------------------------------------------------------------------------------------

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 0.08 O.OJ 0.07 

26-45 0,06 0.32 3.87 0.53 0.44 0.01 0.12 

Profile No,] - St. Damase 

0-20 0,002 0.56 2.78 0.37 0.21 0,02 0.05 
20-40 0,02 0.51 1.68 0.25 0.09 0.02 O.OJ 

40-50 0,01J 1.04 1. 31 0.45 0,09 O,OJ 0.07 

Profile No.4 - St. Damase 

0-15 0.1 0.43 J,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 

lJ-0-50 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 
------------------------------------------------------------------------------------------------------------



Continued Fulvic Acid 
Depth Total Nitrogen % based on total Organic Matter Fe2o

3
% by Al2o

3
% by MnO % by Si02 % by 

cm % based on wt. organic matter % Dithionite Dithionite Dithionite Di thionite 

Profile No.2 - 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 0.47 2.26 0.56 0.16 0,01 0,04 

70-82 0,01 0.65 1.39 0.45 0,08 0.03 0,0_5 

82-92 0,01 0,82 1.17 0.27 0.05 0,02 O,C2 

------------------------------------------------------------------------------------------------------------
Profile No.6- St. Amable 

0-7 0.15 o. 39 6.18 0.6.5 0.13 0.004 0.1 

7-15 0,08 0.27 4.75 0.91 0.15 0.01 0.07 

15-25 0,09 0.19 6.25 0.83 0.22 0, OOI+ o. o:.~ 

25-55 0.02 0.66 1.75 0.47 0.09 0,01 0.0) 

55-75 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 o. 67 7.82 0.45 0,07 0.01 0,03 

7-20 0.1 0.36 5.JJ 0, 62 0,11 0,004 0,02 

20-65 0,04 0.5 2. 67 0,94 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 1.1.3 0,16 0.04 0,02 0.05 

90-120 0,00) 1.17 1.24 0.19 0,0) 0,01 0.01 
------------------------------------------------------------------------------------------------------------



0 

Continued 
Fulvic Acid Fe2o

3 
%by Al2o

3
% by MnO % by Si0 2 % by Depth Total Nitrogen % based on total Organic Matter 

cm % based on wt. organic matter % Dithionite Dithionite Dithionite Dithionite 

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 .1.5 0 • .53 0,001 0.11 

20-60 0,02 0.44 1.9 0.11 0.32 0,002 0,10 

60-85 0.01 1.23 1.17 0.0'3 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 O,OJ 0.02 O,OJ O.OJ 



Depth Fe2o3
% by A12o3

% by MnO % by Si02 % by Fe2o3
% by Al203% by MnO % by Si02 % 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 

J0-45 0,10 0.29 0.01 0.11 0.13 0.12 0.01 3. 81-i-

45-60 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 o. 68 0.01 0.18 0,6 0.53 0.01 1.31 

1.5-26 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 0.49 0.57 0.01 2.78 

Profile No.2- 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 0.0) 0.09 0.27 0 .1.5 0,01 3. 9'+ 

Profile No,4 - St. Damase 

0-1.5 0.22 0.5 0,01 0.1 0.2.5 0.2) 0.01 2.75 

15-~-0 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 

50-65 0.16 0.16 0,04 0.04 0.13 0.09 0.01 ).)8 
-------------------------------------------------------------------------------------------------------------



Continued 

Depth Fe2o3
% by Al2o3

% by MnO % by Si02% by Fe2o3
% by Al20J% by MnO %by Si02 % by 

cm Oxalate Oxalate Oxalate Oxalage Pyrophosphate Pyrophosphate Pyrophosphate Pyrophosphate 

Profile No.2 - St. Damase 

0-7 0.24 0.13 0.01 0.14 0.26 0.11 0,01 J,J1 

7-25 0.24 0.49 0.01 0.1 0.13 0.3 0.01 J.41 

25-50 0.16 0.39 0,003 0.1 0.29 0.23 0,004 2.94 

50-70 0.26 0.47 0.01 0.16 0.22 0.18 0.01 J.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 O,J4 O,J6 O.OOJ 0.09 0.46 0,22 0,01 J.97 

7-15 O,J6 0.45 0,002 0.09 0.53 0.34 0,01 4, 69 

15-25 0.49 0.75 0,002 0,24 0.54 o. 61 0.004 4.28 

25-55 0.18 0.39 0.01 0.12 0.15 0,15 0.01 1+. 6')1 

55-75 O.OJ 0.15 O,OOJ 0.09 0,04- 0,07 0,004 J~66 

75-80 0,04- 0,06 0.03 0.07 0.05 0,06 0,01 J.lJ 
----------------------------------------------------------~--------------------------------------------------

Profile No.{ - St. Amable 

0-7 0.15 0.14- 0.004 0.1 0.30 0.12 0,01 J,J8 

7-20 0,19 0,46 0.002 0.1 0,)2 O,J 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 O,OO.J 0.06 0.08 0.09 0,01 o. 67 

80-90 O,OJ 0.08 0.02 0.09 0,04 0.05 0,01 0.34 

90-120 0,04 O,O.J 0.01 0,08 0.05 0,04 0,01 5.56 
-------------------------------------------------------------------------------------------------------------

http:0.34-0.01
http:0.34-0.36


0 

Continued 

Depth Fe2o3
% by A1203% by MnO% by Si02 % by Fe2o3 

% by Al203% by MnO % by Si02 % by 

cm Oxalate Oxalate Oxalate Oxalate Pyrophosphate Pyrophosphate Pyrophosphate Pyrophosphate 

Profile No.S - St. Arnable 

0-7 0.18 0,32 0.003 0,07 0.27 0.14 0.01 1.84 

7-20 0.15 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 

60-85 0.03 0.1 0,002 0.11 0.05 0,06 0,004 1. 56 

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 O,OJ 0,01 1.13 



Appendix J 

Analysis of Variance Tables 



/l.n<:~Jys1s of ·varian~:s 

Source cf Var'Lancs 

1._.0-.S. ~ mrn 

Tc+.al 
Group 
Profiles (replicates) 
Er::r·or 

o.co.~ 

Total 
Group 
Profiles (replicates) 
E:rror 

0. 2. S-0. 1 nun ---
Total 
Group 
Profiles (replicates 
Error 

O.J-0. 0 5 nun 

Total 
Group 
Profiles (replicates) 
Error 

O.O'l-0.02 mrrl 

Total 
Group 
Profiles (replicates) 
Error 

0.02-0.00S mm 

Total 
Group 
Profiles (replicates) 
Error 

0,00'1-0,002 nun 

Total 
Gro1).p 
Profile~. (replicates) 
Error 

es of Sum of~ 

F:r.·(~CdOIT! 

7 
1 
3 
3 

7 
1 
J 
3 

7 
1 
3 
3 

7 
1 
3 
3 

7 
1 
3 
3 

7 
1 
3 
3 

7 
1 
3 
3 

J.546 
2.910 
0.0:'.0 
0.625 

185 . .573 
53.991 
96.258 
3.5.324 

1140.179 
921.389 
47.483 

171.308 

106.079 
31.292 
48.?09 
26.079 

86.89 
71. 2.5 
0.43 

1.5.21 

22.272 
18.318 
1.920 
2.0JJ 

13.057 
7.2)6 
0.177 
5. 64!:: 

F L:n e:1 of' 
Rat:lo Sicr.t Clccx.ce 

2. 91.0 
0.00}4 
0.2085 

.53.991 
32.090 
11.775 

921.389 
1.5.828 
.57.10 

13.952* 
0.0163 

4.58.5 
2.7253 

16.136* 
0.277 

31.292 3 • .5997 
16. 236 .1. 868 
8.693 

71.250 
0.14.3 
5.070 

18.318 
0.640 
0.678 

(.2]6 
0.059 
1.881 

14. o s-x­
o.ozs 

27.022* 
o. 94l~ 

3.847 
0,0)14 

5% 
H. S. 

N.S. 
N.S. 

5% 
:N.S. 

N.S. 
N.S. 

5% 
N.S. 

5% 
K.S. 

N.S. 
N.S. 

--------~--------~----~-~---~----------....-.-.~--·---------



cf \lCl.J:"lc.:::ce tables for 'Lclc SlZ~·s in the C-b::::rizcn: 

SJurcc cf 

~0--0. 5 mrr_ 

Total 
Group 
Profiles (replica.tes) 
Error 

0, 5-0.£5. mm 

Total 
Group 
Profiles (replicates) 
Error 

0.25-0.1 mm 

Total 
Group 
Profiles (replicates) 
Er:r.·or 

~1.:-~QS mm 

Total 
Group 
Profiles (replicates) 
Error 

o,oc;-o.oz mm 

Total 
Group 
Profiles (replicates) 
Error 

0.02-0.00j_ngn 

Total 
Group 
Profiles (replicates) 
Error 

0. oc .5-0. 002_!@ 

Total 
Group 
Profiles (replicates) 
Er:ror 

Jeg-..cee~ of ~Ltr.! et :·::~c2:. f:' Level of 
Frc:edom E-::n:~re Ratio Sigrd fiear..ce 

7 
1 
J 
J 

7 
1 
J 
3 

7 
1 
3 
3 

7 
1 
3 
3 

7 
1 
J 
3 

7 
1 
3 
3 

7 
1 
J 
3 

19.165 
,5.J94 

10.534 
J.2J7 

3252.295 
716.856 

1485.670 
1049.764 

1597.510. 

5.394 
).511 
1.079 

716.856 
495.233 
349.923 

4.999 
3.000 

2.0486 
1.452 

474.923 474.923 0.1173 
117.8875 39.295 1.4181 

100L~. 699 334.899 

281.267 
5-715 

241.339 
34.212 

31.998 
21.698 
0.122 

10.178 

47.94-4 
38.849 
7-392 
1. 703 

101.2824 
70.798 
11.472 
19.0!.2 

5.715 
80.447 
11.40 

21_. 698 
0. OL~1 

3-393 

6.395 
0.01.21 

38.849 68.396** 
2.464 4.338 
0.568 

70.798 
3.824 
6.337 

11.17* 
o.6o3 

N.S. 
K.S. 

N.S. 
N.S. 

N.S. 
N.S. 

N.S. 
N.S. 

N.S. 
N.S. 

1% 
N.S. 

5% 
l{. s. 

http:0,05-0.02

