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INTROÐIICTION

ldater erosion in Manitoba has accounted for a consíd.erable loss

of soil during the relatively short period of time during which the soíl

has been cultivated.

trlater, as it deecends in the forn of raÍn, is intercepted by the

vegetationt ad.sorbed by the soiL or runs off the surface. tlater erosion

is due to the transporting and cutting pohrer of the water as it flor¿s

across the surface of the land. If there were no runoff, there woul-d be

no erosÍon.

Severe water erosion has occurred on the Carroll a¡d lIard.ing soil
associations in western $4anitoba especial-Iy in areas where these soÍls

are found on rolling topography. Both soils, when not eroded, are

capable of producing excellent yields of cereal crops and as such they

have been utilized almost excLusively by farmers practicÍng a grain-

fal-low rotation. General observations of the Camoll and Harding soil
associations under similar Ìnanagement a¡rd in areas where erosion has

occuned, indicate that perhaps water erosion has been more severe on

the Carroll- soil- association.

This study was underta.ken to observe and measure water perneabil-

Íty relationships of the Carroll and Harding soíJ- assocj-ations ín aa

attenpt to establish whether differeaces i.n v¡ater.permeability existed

and if this was a factor Íafluencing the erodibilLty of these soiLs.



LTTERATIIRE REVIEI¡/

SolL PemeabiLity

Ilhland and OfNeaL (63) define soll perneabíl1ty as the capacity

of a soil to transmit water and aÍr. A knowledge of the rate of move-

ment of q¡ater through each significantly different soil horizon has

many uses Ín respect to soÍI and water consen¡atíon. Ttre instalLation

of drainage systems, irrÍgatíon projects, dan and. rese::voir constructíon

and practices for the conürol of water eroslon are based largeLy on the

permeability a soíl exhibits in respect to ¡rrater.

[4any terms, such as transmissíon constant, conductivity, percola-

tion, hydraulic conductivíty and perrneabÍlity have been used to describe

the movement of water through soils. The use of so rnany terns has gíven

rise to some confusion as to e:ractly what property of the soiL ís

actually being measured or described. In order to clarífy the usage of

permeability terminology, a conmittee of the SoÍ1 Science Society of

America (6O) fras presented the following recommendations:

l. Define hydraulie cond.uctivity as the physical property whích can be

measured and e:rpressed in terms of the trDarcy K.rf

Darcyrs Law is expressed as follows¡

Q/t= *o(Hr+d-H2)d

tilhere A equals the cross sectÍon, d the thicloressr E, as the a¡nor¡nt of

water standing on the upper surface a¡rd leaving the lower surface at

head Hnr Q equals the amount of water filtering tbrough Í¡ tine t, and

K equals the hydrauLic conductivity of the body to the specified fluid.
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2. If it is in the authorrs preference to use the term permeabiÌity in

connection with the ttDarcf Kr" nake it clear at l-east once in each paper

or report that the hydraulic conductivity ls the irepLied quantity.

The fl-or+ of a liquíd through porous medía has been stuùied by

many workers, and the constant ttl{tr of Darcyrs Law, as outlined. by Chil-ds

(14)r erq)resses an interaction between the porous body and the flowing

IÍquid. Ihe rrKrt value of a soil expresses the readiness of that soil to

let a particuS-ar fluid flow through it for a given potential gradient.

Factors .A,ffecting,Foil PerneabiLity

Downward movement of water in soils must take pLace through dÍf-

ferent soil horizorrs¡ Since a nunber of factors are responsible for the

fornation of varÍous soil horizons it is of value to knou what ühese

factors are and what affect they nay have in regard. to permeabíl-ity.

The Interactíon of FLuid tdith Porous Mediu¡t

Ttre interaction thaü does occur between water and soiÌ, as

descri-bed by Reeve et al. (53), is dependent largeLy upon the mineral-

ogical makeup of the soíl-. Soils which contain consid.erable quantities

of montmorÍllonitic clays show a nuch greater physical- change upon wet-

ting and drying than soils whfch contain other t¡4ges of clay minerals.

Such solLs therefore may exhibit different rates of water movement

through the soíl depending upon its molsture content.

hJater Quality and. Exchangeable Cations

Bodman (5), I"irenen (2?), Christia¡sen (15), and. Firena¡ a¡rd

Bodman (26) trave reported that the quality of water that percolates

through the soil can have a narked effect upon the permeability, and
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that the permeabitiüy of a soil decreases wíth tíne after water fs

applied.

Bodnan (5) states that the ttÞq¡lanation of the great decrease Ín

the saturated water permeability of aLl- the soils exanined seens to Lie

in the early removaL of eLectrolytes and subseguent gradual. díspersion

aad rearrangement of the clay particles so that the cond.ucting pore6 are

reduced in si.ze more or 3-ess permanently.rt Bod,man and Harra¿ine (6),

quantitatively evaluaüed the migration of clay particles with-in solL

coLt¡mns and showed that permeability was actually reduced by a decrease

in pore síze due to movement of dÍspersed c3.ay.

Reeve et al. (53), a.ad Brooks (12), showed that soluble soùir¡m in

the soil was particularLy effectíve in causing diepersioa, sweS-Ling, and

structural breakdotm of soils. Exchangeabl.e nagaesir¡n antl potassiun had

l-ittLe effect.

Textu¡e

T?re texture of a soiL can also affect permeabÍlÍty. Soils which

have a high sand content usualJ.y exhibÍt high perneabirity due to the

J-arge ûacro pore space and interconnected conducüing pores. SoiLs with

a hÍgh percentage of si-It and clay usual-ly e¡.Jribit low permeability even

though the total pore spaee r¿ay be fairly large. In such soiLs, the

pores are small and good conducti¡rg pores are usualJ-y not present.

Strueture

Pte structure of a soil is a highly important characteristic

affecting permeability. ilhland and orNeal (6'), have recognized ten

t¡pes of soiL structure: prisnatic, colunnar, cubicaJ. blocþ,
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fraguental-, nuciforrû, granular, crumb, laminar, phylLiform, and

squanose. Prismatic and columar stnrctures are characterízed by aggre-

gates which have a long vertical axis a6 compared to theír horizontaL

aris and these types of structures iJr soil are usually an Íncllcation

that permeabiJ.ity wi-Il be fairJ"y good. Cubical blocl¡y and fraguentaL

structures are characterized by aggregates wÍth horizontaL and verticaL

axes nnore or less equal. Soí1s exhibíting these t¡res of structures

usuaLly have good perneabÍIity. Nuciforn, granular and crunb structures

are characterized. by aggregates that are nore or Less ror¡nded.. Soils

with these types of structüres üsua1Ly have good permeabilÍty i¡r that

the shape of the aggregates does not permit close packing and as such a

reLativeLy good porosity fs naintained. SoiLs extribitlng the laminart

phylliforn and squanose types of structures usually have lower perIne-

ability rates. These types of structures are al-so called platy and. are

characterÍzed by aggregates which have a long horizontaL axis relaüíve

to theír vertical axÍs.

Aggregate Stabillty

The stability of ühe structural r¡nits and aggregates has a direct

bearing upon the permeabíLity of a soiL. fÌre d.urability or stability of

the aggregates and their ease of separation as set out by Niki-foroff

11941) and contaÍned in Baver (9), classifies the grades of soil struc-

üu¡e as poorly developed, weakly developed, moderateLy developedr well

developed, and strongly developed.

Micro-orga¡risns

Peele a¡rd. BeaLe (48) nave showa that microbes a¡rd firngi i¡ the



soil are inportant in binctl¡g soil partieles üogether. Martin (l+f) ana

McCalIa (4e) nave indÍcated i-a their work that gelatinous organic

materÍalsr and gums and resins whfch occur in the sofL acü ae cenenting

agents and therefore aid 1a aggregation. I(roth and Page ß4), using an

electron nÍcroscope, were not able to prove conclusj.vely that the

gelatinous organic material-s are lnportant ín aggregate formulation.

fn sone cases, nÍcro-organisns may also be detri.nental to good perne-

abiLity. Allison (1) tras shown that 1n soils under Long periods of

submergencer the microbial bodies and slimes produced in the decornposi-

tion of orgaruic matter p3.ug the pores of the soils so that perrneability

is greatly reduced.

Natural Agencies, Clay and Orga¡:ic Matter Content.

McHenry a¡rd RusseB (41) have shown that clay partícles play aïr

important roLe in aggregate formatÍon and stabÍ3.ity because of their

cohesive properties. CIay miaerals may enclose soil particles or even

form brÍdges between soil particles, Soils which have lJ.ttle or no clay

content exhfbit little or no structure, but with the addition of smalL

amounts of clay minerals, aggregates soon appear. CIay minerals,

because of their small size aod. Iarge surface area, are perhaps the nost

acüive naterial in the soil- in respect to aggregate fornation.

Baver (9) fn¿icates that soil cracks, such as Tnay be caueed by

shrinking and swelling or freezing and thav.¡ing, and holes caused. by

rootst r¡ornsr and a¡rimals also have ar¡ affect upon ühe permeability of

ühe soíI.

ltre organic natter content of the soil is recognized. as being

very inporta¿t ia the stabi.Iizing of soil structure. Soils which have
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a Low organ^tc natter content disperse much more readíIy than do soils

having higher amounts of organÍc natter. Baver (9) also i¡dicates the

specific role played by organÍc matter tends to d.evelop a tytrle of

structure conducíve to good perneabiS-ity.

Non-honogeneity of Porous l4aterial

One of the basic assumptÍ-ons that is usually Ínvolved in the

theory of the fLow of a I1quÍd through a porous medium is that the

medium is homogeneous. such is rarel-y, if ever, the case ín soiLs. rn
most soi-ls there are several horizons in the so1l profile which may

differ 1n texture and structure and thus possess different perneabilfty.

SoiL can e:rhibÍt anisotropic properties in regarde to perneabil-

ity. The horizontaL permeabilÍty.nay be as great or even greater than

the verticaL permeability and this nay weL1 be the case especial-ty where

soils were forrned under large g3.acial lakes where sedimentation was not

r¡niform. soils with layers of sa¡rd. between layers of silt or clay uay

show greater horizontal than vertÍca1 permeabiliüy.

Direct Methods of DeternininÉt Soil PermeabÍIity

Dj-rect neasurements of soil permeability can be camied out in

the field or on so1l core sanples in a laboraüory.

Field Measurements

Methods of neasuring the permeabilíty of a soil in situ are

described by Luthin (18). He describes the use of the single auger hole

nethod for homogeneous soÍls, the single auger hole nethod for layered

soilt the fou¡-weIl nethod and the piezometer method for the determina-

tion of soil permeabÍIity. In these methods a hole is made in the soil
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hrith an auger to a depth well beLow the water table. After fÍrst

determinÍng the elevation of the water table by aLlowing the water

surface in the hole to reach an equilibriurn wíth the soil water, the

hole i-s then pumped out to a new water leve1 elevation and the rate of

rÍse of the water in the hol-e is then measured. Ttre permeability of the

soíl ís then calculated from this measurernent.

V/inger (65) outfined a method. of measuring the permeabil-íty or

hydraulic conductivity of a soil above a water table. Th-is method

involveç the use of two different sized cylÍnders which are driven into

the soil. I'he smaller cyLinder is placed insid.e the l-arger one and

water is poured into the outside ring until the soil in this area

becomes saturated. Vlater is then placed in the Ínner cyl-inder and a

constant head of síx inches rnai-ntained. The permeability of the soÍL

is then deternrined by the anount of water which move6 through the soíl

in a given períod of time.

Laboratory Measurements

DeterminatÍon of soil- permeabÍlity nay be camied out in the

Laboratory by measuring the fLow of water through soil- cores. Core

sampling equipnent, as designed by Lutz et aI. (¡9) ana nodified by

Bower and Peterson (10), has been used quite extensively. Toder (64)

and Coile (18) ako desÍgned. soil core sampling equipment and ühis type

of equípment, renodelLed by Uhland and OrNeal (62), is extensively used.

in obtaining core sanples of solL for laboratory stuùies of permeabil-

ity. A power dríven core sa¡npler, first designed by Kelly et al. ßt),

is used to obtain soil- cores to a depth of ten feet or ftorêo



Soil cores of the varíous soÍ1 horizons upon which permeability

neasurements are to be conducted are obtained i.n the fiel-d and then

transported to a laboratory. Ttre laboratory method of deternining

perneability of soil cores as ouülined by llhland and OrNeaL (62) is the

method generally accepted.

fndirect Methods of Assessing Soil Permeability

Ttre perneability of soiLs can be assessed by measuring in the

Laboratory sone of the properties of a soil related to perraeability., or

by observation of the characteristj-cs of the soil profile.

Laboraüory Measurements

lhe soil porosiüy, particle size, and pore and particle síze

distributíon are the soÍL properties nost commonLy determined in the

Laboratory as an indication of permeabiLity.

The pore size distributíon has been correLated wíth permeabflity

by Baver (8), Benaixen a¡ld S1ater (4), l,utz aud Leaner G9), and NeLson

and Baver (46). TLre non-capiL1-ary and capillary pores together consti-

tute the total porosity of the soil. *re d.etermination of the non-

capillary pore space ís of gtreater significance for iü ís these pores

which contribute to the nore rapid. movernent of vrater through the soil.

Baver (9), (1o), Irlchards $4), (¡5), Richard.s and Gardner (56),

RÍchards and $Jeaver (57), Peele (49), and Bendixen and Slater (4) frave

done considerable work wiüh respect to the tension under which soil

cores should be drained in order to separate the non-capillary and

capillary pore space.

A tension of sixty centimeters is generally recogaized as most
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suitable for the separation of the non-capilJ.ary and capílJ.ary pore

space. Childs and Co]-lis-George (tf) trave presented a meühod of caLcu-

lating permeabi-IÍty to air a¡rd water fLow in a porous neùir¡m at aII

ffuid contents based upon the noÍsture characterístic curre whieh is

represenüatíve of the pore size distributi.on.

FieLd Obserr¡ation

The permeabilíty of a soil can also be assessed by studying

certain soil characteristics of the eoil profj-l-e in the fiel-d. Ilhland

and. OrNeaI (ó1) list the following soil characterístics that can be used.

as field clues for the evaluatioa of permeabílity: type of struoture,

stabil-ity of aggregates, reJ-ative length of the horizontal and. verti.caL

axes of structural aggregates, the anount of overlap of the structuraL

aggregaües, the texture, conparative ease and clÍrection of natural

breakaget sÍze and number of visible pores, cracks and chan¡reLs visíble

under a hand lens, eharacter of clay ¡d.neraLs, conpactíon, size and

shape of sand graÍ.ns, nottling, organic nateríal, and. soJ.ubJ-e sa1t.

fbey aleo indicate that these soil characteristícs are more meaningful

uhen applied to the sub-surface than ts the surface or cultfvated layer

of the soil. Sone soil characteristics are more lmportant than others

in assessÍng soil permeabilLty, but the movenent of water through the

soLl car¡not be based on any one characteristic.

E\¡aluation of the Variqus Methods of Determining SoiL PerneabÍlity

The direct measurenents of soil permeability as described. by

Luthin (18) a¡ra lalinger (65) are quite costly and tine consuming. The

auger hole method is app}lcable to soils with a water table that ís not
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too deep, and the use of the method outlined by l,Jinger (65) can be best

applied 1n soíle in ¡¡hich the soiL horizon below the one upon whÍch

permeability measurements are beÍng conducted, has a greater permeabil-

ity. the use of these two methods is therefore limlted to certain soils

with specifíc characterísttcs.

The values of soil permeability obtained by these metho,ils are

quite reliabLe and. the use of such methods has a place in permeability

studies where the permeability of a particular soil may be critical 1n

view of the use to whÍch the land. may be put. These direct measurements

of soil permeabílity in situ are usually only used after the Less costly

and faster laboratory methods for dlrect permeabiJ.íty d.etermi:rations

have been carried out i¡r which the crÍtical zones of a soil profile are

identified.

The use of soil cores for Laboratory determinatíons of soíl per-

neabiLiüy has a definÍte place in permeabÍlíty studies. Such ¡neühods

are relatively sinple to camy out and do not requÍre as nuch tÍme as

field meaeurements, thus permittíng a greater number of determíaations

to be carried out in any given peri-oct of tine. Luthín (]8) reports that

perneabÍlity vaLues obtained in the laboratory are usua1-ly bigher than

those obtained r¡nder fiel-d measurement. Sueh measurenents, however, d.o

tend to characterÍze the perneability relationshíps of the various

horizons wÍthln the soil ancl between soils.

Ihere are several factors which affect the Laboratory measure-

ments of soil perraeabil,ity. The non-homogeneity of the soíl presents

one of the first problens in the deternination of soiL permeability.

Small soÍI sanples, such as those contained. in cores, are more
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honrogeneous than the soil being studÍed and therefore one has to be

careful in relating values obtained. from a small core sample to the

Large soil masses whÍch nay be nore heterogeneou,s, The nunber of repli-

cates thaü have to be taken then becones very important ín order to

obtain values which can be considered as bei:rg realistic. Tlhland and

OrNeal (ó3), found that six replicates were not suffícient to obtain

relÍable permeabiJ-1ty infornation, Toogood (61), working r¿ith fine-

textured soils in Al-berta, found that a nt¡mber of repJ-icates were re-

quired to give reliable permeabÍLlty data.

Soil cracks and holes Ín cores may be a probS-en in the J-aboratory

determiaations of permeabilíty. fn establishing standards for labora-

tory measurenents of permeability, Smith and Brownins (59) have recom-

mended that cores having obvíous cracks and hoLes, which permit the free

flow of watern be discarded due to the fact that this Ís not truly

representative of field condl-tions.

Obtaiuing complete satr¡ration of soil cores in the laboratory

presents another problem ín perneabillty deterninati.ons. SeveraL

workers, (51), Q), (28), (a9), (16), (5o), (r?), (52), (65), $g),

have investigated the problens of obtaíning coraplete saturation of soil

cores and the effect of confÍned and entrapped aÍr upon permeability

determinations. Soil core6 are usualLy wetted frorn the bottom 1n order

to obtain complete saturatÍon. Results of the above workers indícate

that conplete saturation is not achieved by the method due to the block-

ing of soil pores with confined air ar¡d the actua} explosion of soil

particles due to entrapped air. A nethod of passing CO¿ through the

soíI first, which displaces all the air, and then all-owing saturation
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with free water has been used successfully to obtain compLete saturatioa

of the soíL core. Tlris methoil is quite time consuning and since it

requlres special laboratory apparatus, it is not often used., except for

very criüical permeability deterni¡ations.

The use of indirect laboratory d.eterminatÍon of permeabilÍty has

the same advantages, the same Limitations, as the direct laboratory

neühods of evaLuating permeabílity. Baver (9) ftas been abLe to corre-

late the pore size dístribution of some soils r¡ith the permeability of

that soil, but this Ís not tbe case ia every soil, therefore, the pore

size distribution of any soil- is not necessarily a good measure of its

permeability. Pore size, particle size, and the pore and parüicle size

distrÍbution values obtained Í¡ the laboratory therefore can only be

used as an indicator of permeabillüy and not as absolute values.

The use of soÍl characteristics obsenred Ín the fieLd in assess-

ing the permeabÍlity of the soíI is the least costLy methocl and perhaps

the most rapid of all methods, The value of such determi¡ations depend.s

heavily upon the person carryi:rg out the investigation. IlhLand and

OtNeaI (6f ) frave been able to conelate permeability values obtatned in

the laboratory with certain soil characteristics. The hunan factor is

the greatest d.etenant to using thÍs method to obtain absolute values

of perneability. Even well trai¡red soils men nay give the same soíl a

different permeabÍlity value. The huna¡r factor cannot be standardizeél

and therefore compari-son of soil permeability data so obtained in

various areas is, Ín most cases, not as meani-ngfu1 as direct rneasure-

ments of soil- permeability.



MATERIAT,S AND },ETIIODS

Experinental Design and Location of Soil Sanpling Sites

TLre Carroll and llarding soil associations selected for this study

are locaùed in the Alexander-Harding area some twenty-five niles west of

Brandon, ManÍtoba. In this area the tt*o soil associatíons are for¡nd on

rolling topography under sÍnilar climatic conditions. The land use is

sinÍLar on both soiL associations in that farmers have generaLly

practised a grain-fallow rotation.

Idater erosi.on has caused severe loss of soil from both soil

associations as can be obse:rred by the numerous gullfes and extensive

areas of exposed subsoil on the lmolls and slopes (Figures I and 2).

GeneraL observations of the area would seem to i.:odLcate that r^¡ater

erosion has been nore severe on the Carroll soil associatÍon than on the

Ilarding soil associatíon.

Six soil sampling sites were located j.:o each of the two soil

associatÍons. llithÍn eaeh eoÍl association, three sites were Located on

virgin soíI and three on adjacent cultivated. la¡d. The design adopted

in this study permits one üo compare the perrueabilÍties under virgÍn and

ct¡Ltivated conditions within each aesociation a6 welJ. as to conpare

results obtained fron the two different associations.

The locatioa of the soil sampl:Í:rg sites i¡c each sol} association

are shown Ín FÍgure J.

General-ized Ðescripti-on and Schenatj-c Diagrsn of Virgin and GuLtivated

Ca¡ro1l and Harding Soil Profiles

A general-ized description and schenatic diagram of virgin and
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ïendscape and water erosion of the Carroll
Soil Association - ALe:ander, i4anitoba
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Landscape and water erosion
Soil Associati-on - Harcting,

of the Harding
Manitoba

Figure 2.
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cuLtivated Carrol-I and Hardjrrg soil- profiles are shown in ligures 4 to ?.

Soil Sanpling Procedure

Three soil- horizons were identified. at the virgin Caroll sitest

nameLy the Ah, Bm and. the Ck, the core sanplÍng depths in each rorere 1-4

inches, J-8 Ínches and L8-21 inches, respectively. At the virgin

Harcling sites three horizons, namely the Ah, Bn and Cïc, were identifÍ.edt

the sampli.ng depths were 1-4 ínches, 5-8 inches and. 16-19 inches,

respectively. At the cultivated sites in both soÍL associations, three

horizons, the Ap, Bm and Ck, were ídentified. It appeared that tbe Ck

horizons of the cuLtivated profÍ1e6 vrere similar to the Ck horizons of

the virgin sites for both soil associations end therefore solL cores

were not obtained fro¡n this horízon at the cultivated sÍtes. l?re

sanrpling depths of the cultivated CarrolL Ap and Bn horizons were L-4

ínches an¿ 8-tt inches, respectively. The sampling depths of the culti-

vated Eardtíng Ap and Bm horÍzons hretre I-4 inches andl $-! inches,

respectively.

Nine soil cores were obtained from each horizon at each oite

accordíng to the procedure outlined by llhland a¡¡d OrNeaI (62).

Conposite soil. sanplee were also obtained fron eacl¡ horizon.

Laboratory ïnvestigations

In the laboratory, permeabil-ity neasurenents were carried out on

soil cores in order to charaeterize the permeabilfty of each soil

horizon of the two soiL associati-ons r¡nder virgín and cultivated

conditions.
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Virgin Corroll Soil Profile

Flgure 4. Schematic Diagram a¡rd Generali.zed Descrlption of the
Virg:in Carroll SoiL Profile.

Profile Descriptlon

Ah Horizon - O-6 lncbes in depth, very dark grey siLty clay 1oan,
fine granular structure, fríable, aeutral to sltghtly
alkaline Ín reaction, high in organLc natter, grades
into -

Bn Horízon - 6-t4 ínches in depth, dark bror,¡n silty clay to clay,
nedÍum colunnar structure, breaks Ínto finer granuLar
aggregates, firm, neutral to slightJ.y alkaliae i-n
reaction, grades into -

Ck Horizon - very pal,e brown-buff silty elay to clay, rnay be strati-
fied with finer or coarser layers, fine pseudo-crunb
structure, friable, alkaline in reaction and calcareous.
Layers of lime carbonate often occur in the upper
portions of this horizon.
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Cultivoted Corroll Soil profile

Figu¡e 5. schematic Dlagram and Generarized Ðeseription of the
Cultivated CarrolL Soil profile.

Profil-e Ðescription

Ap Eorizon : o-5 inches ia depth, rfght grey to dark bror¿a f¡a color,
silty clay to clay Loan, ffne granular aggregatee with
sone evidence of platy structure, fríable, el"ightly
al}caline in reaction, grades into -

Bm Horizon - 5-ro inches, bror,¡¡c sitty clay roarn to cray, evidence
of platy structure in the upper portion with renmants
of a mediun col-un¡rar structure in the Lower portion of
the horizon, s1ightS.y alkal.ine ín reactfon, friable,
grades into -

ck fiorizon - very pare brovm-buff sirty clay to cray, nay be süratí-
fied with finer or coarser layers, fine pseudo-crr:nb
structure, friable, alkaIíne 1n reaction and. calcareous.
Layers of Line carboaate often occur in the upper
portions of this horizon.
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Virgin Hording Soit prof ile

Figure 6. schematic Dlagran and Genera]ized Description of the
Virgin Earding Soil Profile.

t ProfÍLe Description
l/ Ah llorizon - 0-6 inches ín depth, dark grey to very dark grey sirty

clay to cl,ay, granular aggregates ¡¡hich are firn and
hard when dry, neutral to slightly alkallne Í.n reaction,
high in organÍc natter, tongues into -

Bn Horizon - gre¡¡ish brown silty clay to clay, 6-12 Ínctres i¡ depth,
fÍrn well developed bJ-ocþ coLunnar structu¡e¡ sllghts_y
allcaline in reactlon, grades Ínto -

Ck Horízon - light brown silty clay to clay, pJ.astíc and sticky when
wet, alkaLine in reaction, fÍne granular structure,
calcareous and iron stained.
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Cultivoted Hording Soil Profile

Fígure 7. Schematic Df-agran and Generallzed Description of the
Cultivated Harding Soil Profil,e.

Profile Description

Ap Horizon - O-5 inches Ín depth, dark grey to dark brown Ín color,
siJ-ty cLay to c1ay, very fine granular structure Ln
the upper portion anrd some evidence of platy strucüure
in the Lower portion, slightly alkaline il reaction,
grades into -

Bm fiorizon - 5-LO Ínches ín depth, brownish silty cLay to elay,
strongJ-y developed platy structure wi-th sone remrants
of a bloclgr colunnar structr¡re in the lower portion,
slightLy aLkaLine in reactíon, grades into -

Ck Horizon - light brown silty clay to cLay, plastic and stickry when
wet, al-kaline in reaction, fine granular structure,
calcareous and iron stained.
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Mechanical analysis and organic matter dete:minations vrere con-

ducüed on the composite soil samples obtai-ned from each soil horizon at

each site as this data is of value in assessing d.ifferences in

perneabi-lity.

PermeabiLity, Bulk Density ar¡d Pore Space EístríbutÍon

Permeability (field and satr¡rated), Uutt< density and pore space

distribution data was obtained for each soíL core by the method outlined.

by Uhland. and OrNeaL (62).

Mechanical Analysis

I'lechanical analysÍs data was obtai¡red by the method outlined by

KiLmer and ALexander (32).

Organic Matter

Organic matter data r¡as obtained by the method outlined by

Ehrlich (25).

Statistical Analysis of Data

Statistical analysÍs of the permeability data was ca:rried out in

order to deternine if the differences in permeability measurements for

the various horizons withÍn and between the two soil associations vrere

of sígnificance.

In total, twenty-seven soÍI cores were obtaÍned of each soiL

horizon (nine from each of the three sitee). Data fron some of the

cores had to be discarded due to obvious root channels, cracks, or

because they were d.amaged or broken. In order to ca:ry out the statÍs-

tical analysis, fifteen permeability val-ues for each horizon were
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selected. at randorn and the analysis of varÍance conducted. Since eome

of the permeability values obtained were zero, a square root transfor¡na-

tion of the data was conducted and these values used for the analysis of

varÍance.
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TABLE :¡

j

PER}æA TLTTS OF SOIL CORES OBTAINED AT TIIREE SITEJIRROLI AND HARDTNG SOIL ASSOCTATIONS
l

(PermeabiliW-J
i

Camoll Harding

Virgin Cultivated Virgln Cultivated

Ah
(t-4 in.)

Bn
(5-8 in. )

ck
(18-21 in.)

Ap
(t-4 in.)

Ah
(t-4 in. )

Bn
(5-B in. )

ck
(16-19 in.)

Ap
(t-4 in.)

Bm
(6-9 tn.)

B¡
(8-n

Core
No.

I
?
3
4
5
6
7I
9

3.89 1.1J*
L.ro I'ol+
1.51 O.69
r.43 o.69
L.t4 o.6L
L.37 O.?8
5.6¿ 1.o3*
6"40 2.t3*
2.25 2.59*

5.51 2.94**
5.O2 2.t3
4.L5 2.25
2.85 L.7o
4.28 z.z5
4.02 z.16
4.91 2.77**
2.29 L.l¿**
7"33 L.47**

--*
t?.45 3.93*
0.91 1.02**
o.4, o.og

--*
--*

6.92 2.98**
0.26 a.22**

Lf.48 3.87**
1.64 1.o¿[
1.]8 O.69
1.r8 o.78
t.64 ].55
L.?3 L"34
L.73 O.g5
1.86 0.86
2.31 t.to
2.59 r.73

1.68 r,4J"*
2'}8 1".43
1.go L.56
8.Jz z.z5*
3.85 L.82
2.89 r.3o
a.46 o.86
4.15 1.gO*
2.29 r.47**
o.g5 o.48
1.64 o.51

L4.I7 3.d+*
o.95 o.88
LÅ2 0.6?**
L.?t O.?8
o.35 O.29f,*
o.82 o.51**
0.69 o.32

2.68 r.o4**
L.?t 0.86
2.O? r.l2
2.16 1.ol+
1.4t o.6L**
t_.58 o.69
O.9, O.52+*
o"9g 0.69
t.60 o.86

0.26 0.11
o.3o o.L7**
o.22 O.L7**
L.86 0.69
o.22 O.I7
r.25 A.69
o.gt o.43
o.24 0.11

--*
o.22 0.o8
o,28 0.10
o.28 0.lo*'r
o.73 O.6L
0.56 0.73
1.O8 0.J5**
l-.12 0.65**
o.26 0.26
0.26 o.35**
o.oo o.oo*
L.10 0.56
2.62 2"O7*
0.64 o.3o**
o.Jo o.17**
o.80 0.56
o.40 0.26
o.3o o.L7**
1.82 l-.oo

2.59 2.59
o.v o.10*
o,1o o.o9*
o.Lt o.14
o.43 o.35
0.26 o.22
1.96 I,12
0.65 o.3L
o.85 o.rg
4.5a o.86
].6J 1"o8**
6.05 z.o?*
j.6z 0.86
l.08 o,52
2.42 0.69
2.59 1.o8**
4.ta o.86
7.O2 0.95+*

5.62 z.ot
25.92 te.g6r

--*
3.24 L.J,+
2.59 L.55
2.16 0.69

26.79 6.A5*
21.60 L3.82*
4.96 3.45

4.lo a.o3
1.99 l¡34**
3.O3 5.79**
3,ot 6.05**
?.34 4, 

'25.7L 6.L3
6.26 6.39
2.24 t.7l
1.64 2.25
g.5o 1.24

72.96 5.?A*
2.33 L.29**
2.O7 O.gg**
7.gg 4.1o
t.11 1.2L

--*g.5a 5.18
L7.6t ?.77*
1.go o.g5
o.95 0.65**

_-*
o,86 o.ol+
L.73 0.26
L.56 L.82

L3.82 4.?g*
2.O7 1.81*+
1.12 O.g5

2.59 2.72
1.81 1.7?
1.08 L.12
4.66 1.63"
1.94 r.B6*n
2.42 l.tg**
l.?7 o.g5
J.11 l-.82**

--*
?.95 L"ú
o.22 0.22**
l.2g o.52
2.31 0.69
1.8r 0.61
L.77 O.6L**
2.59 0.56**

12.96 ?.77*
L.5L 0.56

o.22 0"22
L.r8 0.26
l,olr o.17
L.78 O.52
o.og o.o4*
o.og o,o4*
o.45 o.L3
O.O9 O.Ot+*
2.O7 O.6L

o.19 O.0g
o.g5 o.47
0.61 0.26
o.75 o.L3**
o.3o o.L5
0.22 0.11**
0.69 o.]o
0.61 0.26**
o.22 0.72

O.O9 O.O¿+

2.33 O.?4
0.I1 O.Ol+
2.85 2.?2*
o.J9 o.ol+
0.69 o.22
o.o4 0.16
o.22 0.28
r.25 O.?t
0.oo o.clo**
0.24 0.ol+
o.Jo o.ot+*+
O.2O O.0O**
0.64 0.15**
o.24 0.o4
o.21 0.o4**
o.Ltr o,oo*'¡
o.l4 0.oo**

o.00 0.oo
o.oo o"o7**
o.oo o.oo**
o.00 0.oo
o.oo 0.oo
o.oo 0.oo
o.00 0.00
o.0o o.o9**
o.00 0.00

o.00 0.oo
o.oo o.00

--*
o.oo o,00
o.oo o.00
o.00 0.oo
o.00 0.oo**
o.oo o.00

--*
o.00 0.00
o.00 0.oo

--*
o.oo 0.00*'r
o.@ 0.00
0.o0 0.æ*

--*
O.0O O.0O**

__ {,

1.08
o.L3
2.24
1.82
,'014.ll
2.72
t:_t

1.21
2.16
2.24
2.42
2.O7
2.59
2.94
2.42
2.51

o.60
o.87
1.20
1.OO
o.40
o"46
o.t2
o.67
o.42

10 20.3L
11 27.65
12 8.gg
Lt 5.16
14 2.50
t5 6.65
16 10,28
t7 30.56
18 ro.20

4.t6*
t?.80
2.33*
r.47
o.78**
1.12* *
2.O7*
3.67*
1.82* *

L9
20
2I
?2

123
24
25
26
27

o,93 O.4t
L.4' O.?3
0.64 o.4t
2.O2 1.21
t.r? o.?8
o.w 0.61
1.J8 0.82
L"66 o.86
0.67 o.52

*discarded - root channels, damaged, etc.
**discarded at raadom to permit statistical analysis based on 15 coresrrizon
lSat. - saturated soil cores



RESTILTS AND DISCTSSION

Perneability Data--Carroll and Ïlariling Soil Associations

lhe fíeld and saturated permeability values for each soiL core

obtaÍned from the virgin and cultivated sites of the Carrol-l and Harctíng

soil assocfations are shown in Table 1.

The field permeability values obtai¡ed were of assístance in

identifying those soil cores in which the perneabÍIlty values deviated

widely fron the perneabil-ity vaLues exhibited by the najority of the

soil cores. Several factors can ínfluence the permeabiLíty of a soil

core as determiaed in the laboratory. T}re soil Í-n the core may have

been conpacted or cracked duriag the taking of the core and as sueh

would exhibit a permeabitity value different than that of the r:ndis-

turbed soí1, A root may have been removed or pulled out of the soil

core upon its extracüÍoo from the soíl thus leavi-ng a cha¡rne1 through

which water would flow nore rapidly r¡nder laboratory conùitíons as con-

paretl to the undisturbed soi1. Those soil cores, whích under saturated

permeability measurements, coutinued to show ¡rid.e cleviations Í:r respect

to perrneability values Ìrere removed from the cylinder a¡¡d obsenred

closely. Conpaction, crackÍng and root channels were all identified as

reasons for the abnormal behaviour of certain soÍl cores and as such the

perneabÍlity val-ues for these cores were discarded as shown ín Tab1e 1.

Average Perneabil-ity of the Virgin and Cultivated Carroll Soil

The perneabilities of the Alr, Bm andl Ck horizons of the virgin

CarrolJ. soil were O.?8, L.4O and O.95 inches per hour, respectively

(ta¡te 2). $re higher perneability of the Bn horÍzon can be attributed



TABI,E 2

PFjRMEABTLTTY OF EACH HORIZON OF $IE CARROLL AT{D HARDTNG SOIL .A,SSOCTAÎIONS

(Perneabílity in.lhr. )

Ah Bn Ck
(1-4 in.) (5-8 in.) (t8-zr tn.)

Core - Core
No. Perm* No. Perm,

Virefa

2 1.o¡+
7 0.69
4 0.69
5 0.61
6 o.?B

L3 L.4?
Lg o.4t
20 0.73
2L O.47
22 1.21
23 0.?8
24 0.61
25 O.82
26 0.86
27 0.52

Ave. O.?8

CarroII

2
3
4
5
6

L3
r9
20
2L
22
23
24
25
26
27

Core
No.

2.73
2.55
1.30
2.25
2.L6
0.og
L.dr
o.69
o.?8
1.55
r.74
o.g5
o.86
L.30
L.7t

1.40

Core Core
Perm. No. PeIm. No. Pern.

Ap Bm
(t-4 in.) (8-u in.)

2
3
5
6
7

t0
L1
tt
L5
18
2L
22
24
26
27

CuLtivated

L.43
L.56
1.82
l.Jo
o.86
o.48
o.51
o.88
o.?8
o.r2
l.L2
l-.04
o.69
o.69
o.86

o.g5

L
4
5
6
7I

Lo
il.
L3
14
L7
20
24
25
27

L Pern. = Saturated permeability

o.lL
o.68
o.L7
o.69
o.43
o.11
o.08
o.Lo
o.61
o.?3
0.26
o.56
o.56
o.26
L.00

o.42

I
4
,
6
?I

Lo
L1
12
Ð
14v
20
24
27

Ah
(i--4 in, )

o.54
o.5g
o.gg
1.12
r.08
1".51
r.21
L.f2
1.12
1.21
l.o¿+
L.l7
o.L7
o.09
0.04

o.8?

Core Core
No. Perm No. Penn

Vírg:ln

Bn Ck
(5-8 in.) (16-19 in.)

1 2.59 I
5 A.r5 56 o.zz 6
7 I.l2 78 o.r1 I
9 0.39 g

to 0.86 t-o
14 O.52 14
t5 0.69 t5
t? 0,86 t?
L9 z.Ot Lg
22 L.A 22
23 t,55 23
24 0.69 24
27 3.45 27

ilarding

Core Core
No. Perm. No.

2,O3
4.32
6.L3
6.tg
3.71
2.25
3.24
4.lo
I.2I
5.18
o.95
o.04
o.26
l.Ba
o.g5

2.94

Ap Bm
(L-4 ín.) (6-9 in.)

I
2
3
7

10
12
L3
14
1B
Lg
20
2t
22
25
2?

Cultivated

2.L2
L.7?
1.12
o.g5
1.08
o.52
o.69
o.6r
o.56
o.22
o.26
o.L?
o.52
o.lt
o.61

o.75

Core
Perm No. Pern.

I
2
3
5
7
9

10
11
L2
L4
L5
r6
L7
20
24

L.L3

o.og
o.43
o.26
o.15
o.30
o.12
0.04
o.74
o.04
o.ol+
o.22
o.16
o.28
o.04
o.04

o.20

?
4
5
6
7
9

Lo
11
L'
14
L5
L7
I9
20
23

o.o7
o.oo
o.oo
o.00
o.oo
o.00
o.oo
o.oo
o.00
o.oo
o.oo
o.oo
o.oo
o.oo
o.oo

o.oL

tu{
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to the prisnatic to colunnar structure of this horizon rel-ative to the

granular structure of the Ah honizon aad the fine crumb-like etructure

of the Gk horizon (Figure 4, page 1!).

The perneabilitÍee of ühe cultivated Carroll Ap and Bm horizons

were O.42 and O.87 inches per hour, respectively. lhe Ck horizoa at the

cultÍvated sites was not sanpÌed as 1t was assumed üo be identÍcal to

the Ck horfzon at the virgín sites.

*[eId obsenrations of the cultivated Cano]-l soil profiles indf-
cated that cultivation had modÍfied the soil structr¡re ín the Ap and Bn

horizons. The Ap horizons exhibited a finer granular structure and sone

degree of pLaty structure v¡hereae the Bm horizon of the cultivated. sites

showed. evidence of a platy structure fn the upper portion of this hori-
zon and remnants of the prisnatic to col-r¡¡anar structure in the lower

portÍon of the horizon (Figure 5r page 2O). ftre platy ty¡le of structure

Ln the Ap and. Bn horizons in the cultivated soils appears to have

restrlcted water movement through the soil thus reeuLtins in lowerÍng

the perneabil-ity rate by some forty to flfty per cent.

Average Perneability of the Virgin and Cultivated Harding Soil

The permeabilftles of the Ah, Bn and Ck horÍzons of the virgin

Harding eoil were 1.1}, 2.94 and O.?5 inches per hour, respectívely

(fh¡Ie 2). lhe Bm horizon exhibited. a well d.eveloped. bLocþ coluwrar

structr¡re aE compa"ed to the granular structure of the Atr hori.zon and the

fÍne crumb-like structure of the Ck horizon and as such extribited a uuch

higher permeability (Figure 6r page 21).

The perneabilities of the Ap and Bm horizons of the cultivated
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HardÍng soil were O,2O and. O.O1 j.nche6 per hour, respectively. The Ck

horizon of the cultivated sítes appeared to be Íd.entical to the Ck hori-

zon of the virgin sites and it hras assumed that the average permeability

would be the sarner nanely O.75 lnclrres per hour.

Field obsenrations of the virgin and cultfvated Harding soil
profilee i¡dÍcated that cultivation had modified the structure of the

Ap and Bm horizons of the soil. f?re Ap horizon of the cultívated soil

showed a verlr fine graauLar structure fn the upper portion and faírLy

strong evj-dence of a pJ.aty structure in the lower portion. Ðre Bm hori-

zon of the cul-tivated soiL showed almost conplete destruction of the

bloc!ry colu¡nnar structure e:rhibíteit under virgin conditions and the

formatj-on of a strongly developed platy structure particularly Ín the

upper portíon of thÍs horizon (figure 7, page 22).

Ilhland and orNea]- (62) ln¿icate that a platy structure results in

a lov¿er pernreability rate as coûpared to those horiaons exhibiting gran-

u3.arr blocky, colunaar or prisnatic structure. A reducti-on of eighty to

alnost one hr¡ndred per cent in the average permeability of the .Ap and Bm

horizons of the cultÍvated llardi-rag soil as compared to the Ah a¡ld Bn

horizons of the virgÍn soil can probably be attríbuted. to a Large degree

üo the platy structure which was fo¡med as a resulü of cultivation.

Statistical Analysis of Permeabilíty Data

Ttre analysis of the perneability d.ata (tbbles 4 and 5) indÍcates

ühat as ari average of both nanagements, there is no sÍgnificant differ-

ence between the Carroll and. Hardj¡g soÍl associations in respect to

permeability.



TASIE 
'

SQUARE ROoT IRAÌ\ISI'ORÌ{ATTON OF PERMEABILITy

DATA--STATISTTCAI, AiVA],TSIS

Carroll

Virg:in Cultivated

3o

Ilarding

Virgin Cultivated.

Site
Core
No. ApAp

t5L5L515L5L5r5

I
2
7
4
5
6
7I
9

10
11
T2
13
It+
t5
16
T7
LB

19
20
2L
22
2t
24
25
¿a
27

No.

L.z4 r.68
t.og t.66
1.Og t,l,4
1.O5 1.66

''..:' '::'

îY
o.96 1.24
L.11 L.og
0.96 L.Lt
L.3L r.4t
L.!3 1.36
1.05 1.2O
1.15 L.L?
1.17 L.A
l-.or 1.49

o:It t:3t

1.Og L.o4
o.82 L.22
1.Og I.27
o.96 t.26
o.-,-u ,:?
a.76 L,Jr
o.77 L.27

L.27
1.O5 L.3lt:lt 

':2'
o.8Z r.z9

',: 
:ï

L.O3 0.77
o.8?

I.22 O.77

''.it '::'
o.92 2.2O
o.85 2.5?
L.z? z.6a
o.go 2.o5
0.94 t.66

':i ':i
L.oL z.r4
L.og L.3L

r.Lz z.j8

,,Jr tþ
1.36 o.T3
L.43 o.8?t:l '::
L.99 1.20

o.77
0.96 o.?5
o.8?

o'7L
o.BL o.?L

o.7L
o.89 o.?I

o.?8 o.?L
o.73 O.7L
1.11 0.71
o.73

o.7l
o.73 O.?L
o.84 o.?I
o.8Lo:lt o:lt

o.7L
o:'-t o'-!'

o.7l

':7-t ::

Sample
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Î^ABI,E 4

.ANATYSIS OF VARIANCE OF PER}'IEABTLITY DATA FOR lHE

CARROT,L A¡{D HARDING SOIL ASSOCTATTONS

D.F. S.S. M.S. F Value

Locatione o.or o.01 o.27

Managenent I 6,o7 6.vl 160**

location x !,lanagenent I e.10 2.LO 55**

Depth L.æ L.22 32**

Ï,ocatÍon x Depth o.ol o.01 o.27

l,tanagenent x Deptb 1 o"72 o.72 lP**

Iocatíoa x Managenenü x Depth t o.66 o.66 L7*n

Error 112 4.t6 0.0r8

Total 119 T5.L5

NOTE F vaLue shouLd exceed 3.94 at tb¡e 5% Ievel of sigrråficaace a¡rd
6.9O at tlrre l% leveL of significance.

** = eiggíficant at 1# Level.

Iocatíon x Managenent L.S.D. = O.2O
Iocation x Depth L.S.D. = O.2O
Iocatioa x l4anagenrent x Depth L.S.Ð. = 1.18



t2

Location

TABI,E 5

TA3T,E OF }@ANS--STÂ.ITSTTCAL .A}IATYS IS--PERI\MABTLITY DATA

Management Horizon Mean Mearr Mean

CarrolL (1)
Vlrgln Ah L.12 L.23

CuLtivated Ap o.95 r.05
Bm r.15

1.14

Vlrgin Ah 1.25ffi 1.49
Hardlng (2) l.l,

CuLtlvated Ap o.82
Bm O"?L o.?6

Deptb (L) (¡n an¿ Ap horizons) L.0¿+

Depth (2) (Bm horÍ.zons) L.2t

Location (1) Depth (t) l.olr

Location (L) Depth (2) L.25

Iocation (a) Depth (1) 1.ol+

Location (2) Depüh (2) 1.22

Management (f) (Virgin) L.36

Management (2) (CuLtivated) o.91

Ffanagenent (I) Ðepth (1) l-.18

Ì4anagement (t ) Depth (2) 1.54

Managenent (2) Depth (1) o.89

l,lanagenent (2) Depth (2) o.g3
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Managenent differences were sígnificant, that is, the permeabíI-

ity values for virgin soils were signifícantly greater than those of the

soils under cultivation.

the signfficant location x nElnagenent interaction ind.icates that

the affects of nanagenents are not the same at both Locations. Vlrgia

soils were nore permeable and cuLtivated soils less perrneable for the

Harding soil assocÍation tha¡r for the Carrotl soil association. This

would suggest that while virgin soil-s $¡ere more perneabLe than the

cultivated soils at both locations, the nagnitude of the ùifference

between managenents Ís not the sêr[êr In parüicu]ar, the difference Ín

permeabílity of the virgin and cultivated Harding soíL is significantLy

greater than the dÍfference between virg"in and cuLtívated conditions of

the Carroll soil. Depths or horizona were found to be sígnificantly

differeat.

The sÍgnificant management x depth interaction suggests that

although under virgin and cultivated conditions ühe nore permeabl-e soils

were at the lou¡er depth, the magnitude of this difference was not

constant" Permeability was signifÍcantly higher in the virgin soils a¡rd

the difference in permeability of the two horizons in the virgin soils

was signífica:rtl,y greater thaa the smalL non-significant d.ifference

obsen¡ed between the horizons of the culüivated soi.ls.

The second order interaction, locati-on x nanageneat x depth was

significant. RelativeLy greater &ifferences in pernreabiLity were

detected. between the horízons ln the virgin soíl of the Harding soil

assocíation than those of the virgin CarroLL solL assocÍatíon. By
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contrastr relatively little difference ín permeabilÍty is d^etected

between horizoas in the cultivated soil of the HardÍlg soiL association

while at the Carroll soiL association the differeace in perneabilÍty for
the horizons of the cuLtivated soil was essentiaLLy as large as that

noted for the virgi-n soil. The perraeability of the cultivated soiLs has

decreased reratlveLy nore on the Harding soil assocÍation than the

Carroll associaüion. Consequently, the difference between nanagenent on

the Carroll soil association, as an average of both horizons, is signif-
ícantJ-y smal-ler thaa the difference between maaagernents on the llarding

soil assocíation in respect to permeabiLíty.

Bulk Density Measurenente of the Caîroll ancl Hardi¡g SoiL .Associations

The average bulk densÍty vaLues for ühe various horízons of the

carrorL and Harding soí1 assocÍations ere shown i¡ Table 6.

Virgln Car:rolL

The average buJ.k density val-ues of the virg:in Carroll .Atr, Bn and,

ck hori-zons !ùere o.9o g,/cc. ¡ 1.0o g/cc. and 1.I2 g/cc., respectively.

T?re l-ncrease in bulk density aan be attributed, in part, to the decrease

in the organic natter content with depth and. a]'so st¡rr¡ctr¡ral dífferences

that erieü among the horizoas.

Cultivated Carroll

the average bulk denslty of the Atr horizon was l.o\ g/ce. and.

I.Q4 g/cc. for the Bn horizon. I?re Ck horizon rdas assuned to have the

sa¡ne average bulk denslty as the Ck horízon of the virg:ia soil, namely

L.JZ g,/cc.



Ah Bm
(r-4 in.) (5-8 tn.)

BIIII( DE'ISfInf OF EACH HORIZ0[{ OF

(nut¡

Canoll

Core - Core
No. BDr No. BD

Virgtn

2 0.81 2
7 O.8O t4 0.?6 4
5 0.93 5
6 o.89 6

13 0.77 L3
19 o.g8 Lg
20 O.g7 20
2t o.gg 2L
22 0.82 22
2t o.94 23
24 o.g8 24
25 O.gg 25
26 O.gO 26
27 0.97 27

Ck Ap Bn
(t8-at in.) (t-4 1n.) (B-rr rn.)
Core
No.

o.93
o.96
L.O7
L.L2
o.96
o.90
1.05
L.oL
L.04
o.gg
1.04
1.10
L.01
o.g7
o.91

1.OO

TABI,E 6

3HE CARNOI,T AND HARDTNG SOTL ASSOCIATTONS

DensLty g"/ce.)

Itrarding

2
t
5
6
7

Lo
L1
L3
L5
18
21
22
24
26
27

CuLtivated

BD

r.05
1.05
1.OO
o.g3
1.08
r.20
1.2L
1.05
I.OB
r.Ig
1.2r
r.28
L.20
t.08
1.18

r.12

Core
No. BD

Ave. O.gO

I
4
5
6
7I

10
11
tt
l_4
L7
20
24
25
2?

t BÐ = BuLk densiùy

Core
No. BD

o.gg
o.g5
r.05
o.96
l.02
r.o7
l-.cÉt
L.O3
1.06
r.01
l.or+
1.11
1.1_1
L.L3
L.07

1.O¿l

I
4
5
6
7I

10
1L
)2
L3
t4
L7
20
24
27

A?¡

(1-4 in.)

o.g3
L.oo
1.OO
l.05
1.15
1.1.o
o.94
o.96
o.g5
o.90
o.96
o.g5
L.L3
1.¿8
L.35

L.ott

Core
No. BD

Virgd.n

Bm Ck
(5-8 rn.) (16-19 rn.)

L
5
6
7I
9

Lo
14
t5
t7
19
22
23
24
27

Core
No. BD

o.98
1.OO
1.16
L.O3
L.L6
L.14
1.Ol_
o.98
l.02
L.O3
o.88
o.77
o.98
o.Bg
o.67

o.98

L
5
6
7I
9

l_o
14
15
L7
19
22
23
24
27

Core
No.

o.g4
L.05
o.80
a.g5
o.gg
o.64
r.IL
L.lt
L.L2
L,og
o.91
l_.o,
1.09
o.97
o.8t+

o.98

Ap Bm
(t-4 tn.) (6-9 tn.)

I
2
3
7

10
L2
L3
T4
1B
19
20
2L
22
25
27

Cultivated

1.10
L.00
l.07
1.11
1.lg
L.14
1.L5
1.lJ
L.22
1.28
L.r7
1.1_6
L.22
L.e4
L.'L

1.L6

Core
No. BD

I
2
3
5
7
9

l_o
11
L2
14
L5
r6
L7
20
24

Core
No" BD

L.to
1.28
r.29
r.32
L.35
L.27
l.40
1.2¿l
r.20
1.IB
L.28
r.L7
t.7g
L.02
l.Ll

r.22

2
4
5
6
7
9

10
L1
L3
1"4

t5
t7
19
20
23

1.24
L.27
1.24
L.25
L.2?
L.27
1.18
L.27
L.40
1.18
1.24
L.15
1.L7
r.24
r.18

I.22

\¡lvr
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Cultivation of the CarroLl- soil has resulted in a loss of organic

matter (tUUte 11, page 45) fron the Ap eoil horizon and thís in turn has

resulted in a change in structure (Figures 4 and !, pages L9 and zo).

lhe lower organic matter content of the Ap ancl Bm horizons coupled with

a structure which is more dense can be cited as reasons for the bulk

clensity values increasing for the Ap soil horizons iu the Canroll soil

associatÍon under cultivation.

Vlrg:in Earding

l?re average bulk densitÍes of the vtrgin lÌard.íng Ah, Bn and Ck

soil horizons rúere o.98 g,/cc., O.9B g,/cc. and 1.16 g/ec., respectively.

The Áh and Bm horizons displayed similar average bulk density values.

Íhe well developed blocky columrar structure of the Bm horizon can be

cited as a reason fo¡: the l-ouerÍng of tbe bulk density of this horizon

rerative to the value which wourd be expected as beíng nearer that

displayed by the Ck horÍzon.

Cultivated Harding

The average bulk density for the Ah horízon was L.22 g/ea. êtrd

L.22 g/cc. for the Bm horizon. tre Ck horizon wae assuned to have the

sane bulk density as the ck horizon of the virgin soir, namely L.L6 g,/ec.

CultivaüÍon of the Harding soil has resulted in a loss of organic

matter (taUte 11, page 45) an¿ also a nrodÍfication of the structure

(l'igures 6 and 7r pages 21 and 22). I?re combi¡ed affect of lor+er

organic matter conùent and a dense platy structure in the Ap anct Bn

horizons of the cuLtivated soil appears to have caused the marked.

increase ín bulk d.ensity as conpared to the åh and Bn horizons of the
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virgin Hardtng soil.

Pore Space Measurements of the Ca¡roL1 and llardi¡rg Soil Associatioas

The average macror capilLary ancl aÍr pore space of the virgin aad

cultivated carroll and Ha¡dfng soils are shown in Tables ?, 8, and 9r

respectively.

Virg'in Camoll

The average nacror capillary and. air pore 6paee of túe virg:in

carrorÌ soil Ah, Bm and ck borizons, e:qpressed as a perceatage of the

toüal soil volume, was 6.?8, 4g.g? and 9.1Or respectÍvely, for the Ah

horizon; 8.5?, 44.90, and 8.66, respectively, for the Bnr horÍzon and

8.24, 43.02, a¡¿d 6.63, respectiveJ-y for the Ck horl"zon.

Cultivated Canoll

the average &acror capilJ-ary and air pore space of the cultlvaüed

carrorr soir Ap a¡¡d Bn horizone, e:çressed as a percentage of the total
soi.r volume, wa€r 1o.28r 4L.59, and 9.54, respectÍvely, for the Ap

horizon a¡.d, Lo.i7, 39.58, and ro.Z8r respeetively, for the Bn horizon.

the Ck horizon of the cultivated soil v¡as assuned to be the ea¡ne as the

ck borizoa of the virg{-n soil in respect to pore 6pace distributi.on

neasurenents.

VÍrgin Harding

lhe average nacror capilrary and air pore space of the virgin

Hard.ing soil Ahr Bm and ck horizons, erq)ressed as a percentage of the

total soiL voluroe, was 7.361 4?.42, and 8.18, respectively, for the Ah

horizon, 8.82, 48.43, and 5.85, reepectively, for the Bn horizon and



MA,CRO PORE SPACE OF EACH HORTUON

(Per cent of

Carroll

Ah Bm Ck Ap
(1-4 Ín.) (5-8 tu.) (18-21 in.) (rJ+ rn.)

Core - Core
No. I,iPsr No. MPg

Virgd.n

2 9.66
3 8.O?
4 8.o?
5 7.2o
6 BJ6

L3 6.34
19 6.6,
20 5.48
21 5.L9
22 LAa}T
2t 6.92
24 4.32
25 6.92
e6 4.32
27 4.90

Ave" 6.?8

2
,
4
5
6

L'
r9
20
2L
22
2t
24
25
26
2?

t2.39
LL.5'
10.95
L7.26
12.rO
4.go
5.7L
6.63
8.93
7.20
5.76
6.o5
7.20
6.92
9,65

8.5?

Core
No, I,{PS

TABLE ?

OF ITIE CARROT,L .AND HARDTNG SOII AS,SOCTASTONS

total soÍl core voh¡me)

Hardiag

2
3
5
6
7

L0
L1
L3
15
I8
2L
22
24
26
27

Cultivated

Lo.og
LO.37
11.82
10.09
g.g7
5.L9
5.L9
6.54
6.92
l+.90
7.49
7.20
7.20

1r.8e
10.08

8.21+

Core
Ii[o. MPS

Bn
(8-11 in.)

L
l+

5
6
7I

L0
11
L'
14
t7
20
24
25
27

I MPS = l4acro Pore Space

9.22
il..8e
7.2o

LL.53
10.95
6.61
7.2o
7.78
9.80

L3.26
12.68
L2.10
12.IO
9.5L

L2.39

10.28

Core
lilo. MPS

1
4
5
6
7I

10
tL
12
t3
14
L?
20
24
27

Áh Bm
(t-4 in.) (5-8 Ín.)

12.97
10.09
9.80
9.51
9.22

L0.66
12.1O
t2.tg
1"O.95
LO.37
10.95
1.2.19
lJ.8e
?.?8
4.6r

ro.r7

Core Core
No. MPS No. MPS

Virgin

l_

5
6
7
I
9

Lo
14
L5
L7
r.9
22
23
24
27

8.36
?.49
5.76
g.16
5.r9
6.92
6"74
6.92
6.63
6.o5

10.66
6.05
9.5L
7.2o
8.91

?.16

Ck Ap Bn
(16-Lg fn.) (tJr 1n.) (6-9 i¡.)

I
5
6
7
I
9

10
14
L5
t7
19
22
23
24
27

9.80
8.64

Ll.21+
l2.Lo
8.65
5.?6
6.92
7.2A
6.63
?.49

10.95
2.59
9.22

16.4t
8.65

8.8a

Core
No.

1
2
3
7

Lo
t2
Lt
14
t8
r.9
20
2L
22
25
2?

Cultivated

MPS

l.L.e4
12.68
u.82
9.5L
5.48
4.go
6.63
5.48
5.76
6.6t
6,54
9.22
9.9L
6.92
B.g,

8.0?

Core
No. MPS

L
2
1
5
7
I

Lo
L1
t2
L4
L5
L6
L7
20
24

Cone
No. MPS

2.3L
5.76
7.46
2.59
4.oj
4.9o
L.73
5.?6
1.L5
2.O2
4.32
L.44
5.L9
3.r7
5.L9

1.51

2
4
5
6
7
9

TO
L1
L3
14
L5
L7
tg
20
23

2.88
2.tL
o.5g
o.86
2.O2
o.29
o.eg
l.?t
o.86
o.29
0,86
o.86
o.86
0.59
o.2g

L.ot+

\.¡¡
oo



TABT,E 8

CAPTLT^ART PORE SP.ACE OF EACTT TTORIZON OF TITE CARROI,L AI\ID TIARDTNG SOIL .A,SSOCTATTONS

(Per cent of totaL soiL core voh¡ne)

CamoII Harding

Ah Bn Ck
(1J+ tn.) (5-8 rn.) (r8-al in.)
Gore INo. CPS*

Virgf.n

a 48.99
t 48.4r
4 52.45
5 40.63
6 45.24

L3 56.¿o
19 50.72
20 +9.86
2L 52.t6
22 þg.e8
2' 51.00
24 5L.3O
25 48.13
26 52,45
27 52.?4

Ave. 49.17

Core
No.

Core
CPS No.

2
t
4
5
6

L3
L9
e0
2L
22
23
24
e5
26
27

38.62
t9.?7
36.jr
32.56
40.92
54"?6
4?.84
4?.55
4?.a6
5L.8?
51.O0
40.35
47.55
49.e8
4?.84

44.9o

2
3
9
6
7

10
1_1

L3
L5
18
2t
22
24
26
27

Ap Bm
(t-l+ in.) (8-lt in.)

Cul"tivated

40.35
t?.L8
41.al
40.35
37.46
48.?o
4?.84
50.72
46.9?
42.55
39.77
4o.92
42.o?
43.52
40.6t

4r.oz

Core Core
No. CPS No. CPS

I
4
5
6
7
I

to
l-1
tt
r4
L7
20
z4
25
27

I CPS = CapÍl3-ary pore space

4?'.62
40.gz
4?.36
4r.al
40.05
4t.49
42.o?
42.65
40.92
4f .8o
40.06
4:-.?g
38.6a
41.al
44.09

4L.59

L
4
5
6
7
I

to
Lt
J2
L3
T4
L7
20
24
27

Ah Bm
(L-4 Ln.) (5-8 in.)

42.97
41.41
4o.o5
79.76
36.59
38.ù
4o.92
40.92
,8.48
41.50

'BÕ238.62
40.6t
35.45
4t.al

39.58

Core Core
No. CPS No. CPS

VingÍn

I
5
6
7
R

9
10
14
L5
T7
r9
22
23
z4
27

46.4o
52.74
4L.79
45.82
44.6?
45.82
48.4r
46.69
4a.oz
5o.14
48.lf
47.55
48.Lt
,o.43
52.45

4?.4¿

Ck Ap Bm
(16-19 in.) (1-4 in.) (6-9 rn.)

I
5
6
7
B

9
Lo
14
L5
L7
L9
22
23
24
27

46.4o
44.67
50.L4
46.69
50.14
59.oB
45.53
44Õ8
46.lt
46.4o
45.eu
55.ú
4?,84
46.tl
52.74

48.43

Core
No.

I
2
3
7

10
12
t3
14
18
1g
20
2L
22
25
27

CuLtivated

46.40
44.o9
46.4o
4j.Bz
48.7o
48.4t
46.lt
47.55
46.69
44.¡8
44.6?
45.82
42.94
46.to
36.aa

45.14

Core Core
No. CPS No. CPS

1
2
:(

5
7
I

to
11
t2
L4
L5
r6
L7
20
24

41"50
40.35
42.65
39.7?
43.8o
3?.75
4e,65
46.tt
9t.3L
52.L6
46.9?
53.3L
37.t7
54.4?
6o.5a

46.tT

2
4
5
6
7
9

IO
Lt
L3
I4
t5
L7
t9
20
2t

49.5?
49.57
5l.87
51.8?
5l'.B?
51.8?
55.A4
48.99
45,,a4
46,40
5L.87
55.31
54.t8
5L.8?
55.O4

5:-.37

\.¡.1\o



Ah Bm Ck
(t-4 in.) (5-8 in.) (t8-zr in.)

ATR PORE SPACE OF EACII HORIUON

(Per ceat of

Carroll

Core ., Core
No. APS- No. APS

VirgÉ-tr

2
3
4
5
6

L3
19
20
2L
22
23
24
25
26
27

10.?8
L3.1t
9.80

L7.26
L2.82
8.4o
5.67
g.06
5.29
9.4L
6.6t
7.4o
?.59
B.z7
5.76

2 L3.9O 2 g.g4 l-
7 )2.47 3 rz.Bt 4
4 vJ6 5 9.23 55 1"1.92 6 L4.4? 6
6 Lo.?5 7 L3.36 ?tt 6,l,8 to o,B] I

Lg 6.?8 11 2.3! 10
20 7.7t L3 3.69 ir2L 4.56 L5 5.36 13
22 7.5? 1B 2.64 1,4
23 t.gg 2! 7.O8 L?
24 Jz.Og 22 t.58 20
25 7.L4 24 5.45 24
26 ?.aa 26 J.gL 25
27 g.L7 2? 4.?6 2?

Core
No.

TABUÛ g

OF SIIE CARROT¿ A¡ID EARDTNG SOIL ASSOCTAITONS

total soil core volune)

Harding

Ap Bn
(t-4 ia.) (8-rr in.)

Cultivated

AP8
Core
No. APS

Ave. p.lO

1 APS = Air pore space

11.80
Ll.41
l_o.82
11.OJ
l_o.51
lL.50
11.48
ro.70
9.28

L4.83
B.oL
4Õ5
7.52
6.?6
2.96

9.54

Core
No. APS

I
4
5
6
7I

10
11
L2
L3
I4
t7
20
24
27

9,66

Ah
(tJ+ ¿n.)

9.8?
LO.g7
72.42
IL.11_
lo.Bo
9,80

11.51
10.46
L5.72
L5.L7
14.50
L3.r4
\.gz
g.3B
2.96

10.78

Core
No. APS

Virg'iir

Bm 0k
(5-8 i:r. ) (16-19 :i¡r. )

6.61

I
5
6
7
R

9
Lo
14
L5
L7
19
22
23
24
27

7.26
2.O3
B.6g
6.94
6.77
4.24
7.14
9.41

12.81
4.94
B.oI

17.*
5JB
Br?g

L3J4

B.rB

Core
No. APS

L
5
6
7
I
9

Lo
L4
L5
t7
r.9
22
23
24
27

9.33
7.O7
8.43
5,36
3.85

10.92
5.66
5.78
5.OO
4.Bg
9.47
1.50
L.81
o.85
6.gL

5.85

Core
No.

L
2
3
7

10
I2
T3
t4
18
L9
20
2L
22
25
27

Ap Bn
(t-4 in.) (6-9 in.)

CultÍvated

APS

o.85
5.49
1.40
2.?8
o.gr
3.6?
7.86
4.13
1.5r
o.69
4.84
L.2L
r.51
o.19
5.62

2.59

Core
No. APS

1
2
,
5
7
9

10
L1
32
1"4

L5
r.6
17
2A
24

Core
No. A-PS

7,3L
4.59
5.Ll-
7.83
L.23
9.43
2,79
L.34
o.?6
1.30
o.41
1.1-o
5.19
3.8?
o.oo

3.45

2
4
5
6
?
9

10
1l_
L3
14
L5
L7
1g
20
23

o.76
o.eo
o.76
o.09
o.07
o.oB
o.t4
L.36
2.O7
r.23
o,48
l.L7
o.81
o,76
o.L4

o.67

Fo
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8.A7t 45Õ4, and.2.59¡ respectively for the Ck horizon.

CultÍvated Hardine

fhe average macror capillary and air pore space of the cuLtivated

HardÍng soil Ap and Bm horizons, expressed as a percenüage of tb.e total

soÍl volumer was 3.53¡ 46.L?, ana 3.45, respectively, for the Ap horízon

and 1.O¿r, 5L.3?, and 0.67r respectively for the Bra horizon. Ihe Ctc

horizon of the cultivated soiL waa assu¡ned to be the sa¡ne as the Ck

horizon of the virgin so1I i¡r respect to pore space dfstribution

neasurements.

Discussion

Several workers, (4), (39), (46), have found relatíonships

between the nacro pore 6pace displayed by a soil and the perrueability of

the sotl. I:n general, similar conclusions can be made on the basis of

thÍs investigation even ühough the values for ¡aacro pore space did not

always prove to be good indicators of the actual permeabiLLty of each

soil horizon.

lhe virgin Carrol-l aad }larding soils dispLayed sinÍlar values i-n

regards to the average per cent maoro pore space for each of the conpara-

tive horizons (TabLe ?t paee l8). The average permeabiJ-Íty val.ues for

each of the conparable soil horÍzons of the vÍrgin Carroll and HardÍ:xg

soil (Tab1e 2, page 27) were not sinllar and as such the nacro pore

space values, Íf used to predict the perneability of each soiL horizon,

t¡ould. have given vaLues d:ifferent fron those found by actrral &êâsl¡rê-

nents of permeabil-fty. ltre sane is true in respect to these soiLs under

cultivatíon.
(\t UNIYEâBè

LIBRTRY
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The relatÍonship of the per cent macro pore space and ühe actual

perneabil.ity values for the various horizons of the Carroll and ilardi:rg

soils, r¡rder virgin and cuLtivated. conditions, indicated that rnêasürê-

nents of the macro pore space was not a gootl Í.ndicator of actual perme-

abilÍty but only a guide to possíble perrneability relationships,

In regards to the capillary pore space, as related to the CarrolL

and Hartling soil assocíations under virgin and cuLtivated. conditions, it

is interesting to note that both soils had simlLar values fo¡r each

horizon under both types of managenent (ta¡le B, page 39).

fhe air pore space measurements of the Caruoll- and Harding soíJ-s

association indicated that r¡nder virgin condiüÍons sÍnilar aÍr pore

space was found. in each conparable horizon. ïI¡rder cultivation, the air

pore space remained similar to that of the virgin soiL in the case of

the Canoll association whereas there tras a narked reduction in the air
4if4$

pore¡\of each horizon ln the HardÍng assocÍation (fabte 9r page 40). the

reduction of the aj-r pore space in the liarùing soil association as a

result of cutti-vatÍon nay be worthy of futr¡re ínvestigations in relation

to pLant growth.

Mechanical AnaÌysis of the CarroLl and Harding SoiL Asggciatíons

Ttre results of the mecha¡rical analysis of each soil profile at

each site in the CarrolL and lIardíng soil assocfations are shown Ín

Table 10.

Generally, the nechanical analysis of each soil profile indicated

that the field sel-ection of these profiles by hand texturing resulted. in

the obtaining of soíL profiles havíng a sinÍLar textr¡re.



Soil
Assoclatioa Site Horizoa

MECITANICAI AI\¡ATTSTS OF EACH PROFTLE

Virgin Profiles

Cano11

I
t-
l"
2
2
2
3
1
7

Ah
Bsr

ck
Ah
Bn
ck
Ah
Bm

ck

96

Sand

5.8
54.2
35.9
LO.7
14.o
2.9

27.t
3L.5
2?.6

16 îó
SiLt Cla¡r

ïlarding

TABÏ,8 10

OT TgE CARROI,L

56.8 t?.4
24.7 2r.1
t5.4 28.?
50.8 t8.5
5O.7 75.3
48.8 48.7
55.L L7.6
5O.9 l?.6
55.9 L6.5

1
I
I
2
2
2
3
3
3

Ah
Bn
ck
Ah
Bn
ck
Ah
Bnr

ck

Texture

silty cLay
clay loan
clay loan
silty cLay
sllty clay
clay
ei3-ty clay
silty cJ"ay
clay loan

7.2
r0.8
?.4
4.r
2.O
L.1
2.Þ
2.2
o.1

Æ{D ITARDING

57.2 35.6
50.2 j9.O
4o.5 jz.L
4o.B 55.L
77.9 60.1
t8.4 6o.5
51.2 43.2
46.o 5r.84gJ 49.6

SÍte Horizon

SOIL ASSOCIATTONS

CuLtivated Profilee

I
I
I
2
2
2
3
3
3

silty clay
s1l-ty cLay
elåy
clay
clay
clay
siLty clay
clay
siLty clay

loam
Loam

Ap
Bm

ck
Ap
Bm

ck
Ap
Bm

ck

%

SaDd

27.5
9.2

35.9
L5.4
7.o
2.9

23.o
8.1-

27,6

"Ásilt
49.8 zz.?
43.8 4?.o
35.4 28.?
59.6 25.O
l;6.3 ?6.?
48.8 48.3
52.7 24.3
6o.0 tL.9
55.9 L6.5

%
Clay

I
L
L
2
2
2
t
3
5

Ap
Bn
ck
Ap
Bn
ck
Ap
Bn
ck

silty clay
cJ.ay
clay loam
síIty clay
cJ-ay
clay
sllty cLay
silty clay
cLay loan

Texture

L5.A 5r.3
t0.6 44.0
?.4 4o.5
9.4 48.6
3.2 41.O
1.1 18.4

11.5 53.4
8.2 47.3
o.1 49.3

33.7 eilty clay
45.4 clay loam
52.L cl-ay
46.o clay
55.8 clay
6o.5 clay
t5.L silüy clay
48.5 clay
49.6 cray

loam

F
Ur
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Organic Matter Determinations of tbe Ca¡rolL and

Harding SoiL Associations

Organíc natter deternj-naüions were caxried out on the Ah horizons

of the virgin soils and the Ap horizons of tbe cultivated soils of the

Carroll- and Ifarding soil assocÍations. 1Ìre results of theee deternina-

tions are shown in Table 1l-.

T?re data shows that the Ah horizon of tbe vírgin Ca¡roll soil had

an average organic matter content of B.J per cent ar¡d the Ah horizon of

the virgín Harding soil had an average per cent organic matter content

of 7.4. Ttre X,p horizon of the cultivated Caruol-l soil displ-ayed an

average organlc uatter content of 4.8 v¡iri1e the Ap horÍzon of the cuLtí-

vated Harding soil displayed an average per cent organic matter content

af 3.6.

cultivation a:rd erosíon have resurted Í-n a loss of a 42.5 and

11.4 per cent, respectively, of the organic matter in the surface hori-
zons of the CanoL1 antl llarding soilo. The lower organic maüter content

of the Ap horÍzoas relative to the A?r horÍzons of both the CarroLl and.

Ilarding soÍL associations no d.oubt has been a factor in reducing the

permeabiLity of these soils r¡nder culüivation.
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TABI,E 11

ORGA¡ITC MATIE,R CONTM¡T OF THE SURFACE EORTZONS OF TFTE

CARROLL A¡ID HARDING SOTL ASSOCTATTONS

SÍte
%

Organic Matter
Ãve. %

Organic l4atter
Ave. % Loss of
OrganÍc }4atter

L Virgin Ca¡rolL - Ab.

2 Virgfn Caroll - Ah

3 Virgin Ca¡roll - Ah

7.?

7.2

10.o

8.3

1

2

t

Cultivated Carroll - Ap

Cultivated CarroIl - Ap

CuLtívated Camoll - Ap

4.4

4.4

5.5

4.8 42.5

L

2

3

Virgfa ltrarding - Ah

VirgC-n Hardi:rg - Atr

Vlrgin liarding - Ah

7.7

8.8

6.l-

7.4

1 Cultivated Harding - Ap

2 Cultivated Hardlrrg - Ap

3 Culüivated ltrarding - .Ap

4.1

3.5

3.2

3.6 5L.4



cÐ[iRrl], DISCUSSION

Perneqbi!.li'9f,

Water permeabilíty studies of the Carroll and. Iiardlng soil asso-

clatj-ons in Ma¡ritoba provided some i-nteresting informatÍon Ín regards

to the movement of water through the various hori.zons of these soiLs

under virgin a¡rd cultivated conditions.

The Áh horizons of virgin soils, because they contain the naximqnr

anount of organf.c matter and have the greatest concentraüion of plant

roots relative to the lower horizons, have aI¡¡ays been regarded as

probably havÍag a kighe:r permeabíHty rate as compåred to the other soíI

horizons. lhe results of this study indicated that rrnder vírgin cond.i-

tions the Bm horizons of both the Carroll and Harding soils had a higher

average permeabilíty rate tha¡r the respective Ah horizons of these soil-s

(raUte 2, page 2?).

Baver (9) states that the anot¡nt of water percolating through a

soÍI profíIe is d.etermlned by the permeabiÌity of the reast pervÍous

horizon. rt becomes inportant to loow the permeabillty rate of each

soÍl horÍzon ín that the horÍzon having the Lowest permeabÍIity regu-

lates the rate of movement of water through the soiL profire. Ttre

resuLts of this study indicate that in the case of the virgln Carroll

soilr the permeabitity rate of the Ah horizon d.etermines the rate of

novement of water through the profile as the average permeabiJ-ity rates

for the Ah, Brn and ck horizons were o.Z8r 1.4o, and. o.9j inches per hour,

respectively (taUte 2, page 27). In the case of the virgin Harding

eoiLt the perneabili.ty rate of the Ck horizon regulates the amount of
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water noving through the soil as the average permeabíLiüy rates of the

Alr, Bn and Ck horizoas were L.L], 2.94, al;d O.?5 inches per hour,

respectÍve1y. Tb,e anot¡nt of water ùhat could percolate through both the

virgC.n Carroll and Earding soíL would be about the sane because the

l-east pervious horizon of the Ca¡roll soil had an average permeability

rate of o.Z8 inchea per hour vhereas tbe reast perneabre horizon of the

IÍarding eoil had a permeabÍlity rate of o.75 ínches per hour.

fn the case of these soils under cultivation, the Ap horizon of

the Cauoll proved to be the least perneabLe horizon havlng an average

perneability rate of O.42 fnches per hour a6 compared to 0.8? inches per

hor¡r for the Bm horizon and O.95 inches per horrr for the Ck horizon.

The Bm horizon of the Harding soil was the least perneable hav5.ng an

average permeabilíty raüe of O.Ol inches per hour as comparecl to O.2O

for the Ap horízon and O.75 inches per hour for the Ck horizoa. lfhese

results wou1d. tend to l-ead to the conclusÍon that r¡nder cultivation, the

Ifardiug soil would be nore susceptible to water eroslon than the CapolL

soi1.

Cultivation of the soil does have an affect upon the soiL perne-

abil:lty. It is important to kaow this effect Ín order to recormend

management practices that will increase the rate of water novenent in

the eofl in order to conserve nolsture for plant use and to prevent

serious soil erosion.

Studies of the v:irgÍn and cultl,vated Oarrol"l and Harding eoils

showed. that the perneabiHty rates for the soil horlzons affected by

cultÍvation were lower then the coruespotlding horizons t¡nder virg"in

condiüions.
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statÍsticar analysis of the permeabitity daüa indfcates:

(r) nre perneabirity varues for the virgin soÍls of both the

Carroll- and Harding soil associations were significantly greater

than the perneability values for these soÍIs r¡¡der cul-tivation.

(2) Îre dífference in permeability of the virgin and cultivated

Harding soil is sigaÍficantLy greater than the dÍfference between

virgin and cuLtÍvated conditions of the CanoLl soil.
(3) nre Bn horizons of the vÍrgin soils have a significantly

greater perneability than the A?r horizons,

(4) tte permeabiLíty of the cultivated soils has decreased

rel-ativeLy more on the Harding soil association as compared to the

Carroll association. lbe dlfference between virgin and cuLtivated.

conditíons on the camol-I soíL association as an average of the

upper üwo horizons is significantLy snaLLer than ühe difference

between virgin and cultivated conditions on the Hard.ing soil associ-

atÍon Ín respect to permeabil-ity.

The practical application of this information can be reLated to

recornmendations regarding soil- nanagement praetices. The incorporation

of trashr depth and. type of tillage, crops groh'n in a rotation alL have

an affect upon the soil structure and consequently upon the permeabi-lity.

Those practi.ces which increase the perneabirity of a soil for water

result in a greater amount of water being nade available for plant use

a¡rd also reduce the susceptibility of a soit to water erosion.

Bul-k ?ensíty and Pore Space Distribution

Cultivation of the Carroll and Harding soils has resuLted. in an

increase í¡r the bul-k density of those horizons affected by cultivation.

A reduction in the sÍze anrd. amangement of the soíJ- aggregates and the
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loss of orgaaic matter due to cultivation a.nd erosion have contributed

to this increase in bulk densíty.

The capillary pore space of the Carroll and Ilarding soils was not

appreciable affected by cultivation.

The air pore space was for.¡nd to have been reduced greatly in the

Ilarding soil- association due to cultivation although f-ittle or no change

was obsen¡ed in respect to the air pore space in the Carro1r soíl

association due to eultivation. The severe reduction in respect to the

air pore space of the llardíng soil- r¡nder cultivation nay warrant further

investigatÍons relative to plant growth.

In general, a relationship was found between the macro pore space

exhibited by the varÍous soi1- horÍzons of both the Carrol-I and Ïlarding

soil-s and their permeability. The rcacro pore space was for¡¡rd useful

only as a guide to the permeablLity that a horizon night exhibÍt but d.Íd

not provide an accurate assessment of the actual permeabÍllty.

Soi.l Core SampLÍ4g Technique

Results of this study Índicate that the taking of twenty-sêvêrl

soíL cores of each horizon, upon whlch permeability values were obtained.,

was not sufficient. Th5.s is particularly true ín the case of sanpling

the Al¡ and Br¡ horizons of virgin soiLs where the affect of root chaunels

and structure ln the soil cause a wide range in perneabiLity values

obtained.. I\rrenty-seven cores are probably sufficient in the case of

sanpling cultivated soils or the lower horízons of vÍrgin soiLs.

DetaíIed soil horízon d.escriptÍons should be prepared ín the

field at the ti.me the soil corea are obtaíned so that the permeability

values obtained can be closely related to the structural anaagement of

each horizon.



coNcLusIoNs

1. lhe Canoll and ÏIarùing soil assoclations have higher perneabiliff

rates under virgin conditions thaa when cultivated.

2. The Bm horizons of the virgin CarrolL and HardÍ¡g soíJ- associatíons

ext¡ibit higher perneability valuee than the Ah and Ck horizons.

7. The perneability of the culüivated soÍls has decreased relatívely

more on the lia¡ding soll association as conpared to the Carroll soil
association. fhe dlfference between virgin and cultivated. condl-

tions on the Carroll soil- as an average of the uppèr tr¿o soíJ-

horizone is sÍgnificantly smaller than the difference betrueen vÍrg:in

and cultivated conditíons on the Earding soil aesociation in respect

to permeabiliüy.

4. Cultivation of the Carroll and lfarcling soil associations hae

resulted Ín a¡r inerease in the buLk densíty of those horizons

affected by tillage.

5. No constant reLatj-onship between permeability values and pore space

values was obsenred.

6. lhe air pore space of the lfardilg soíI association was red,uced by a

greater degree due to cultivation than was that of the Ca¡rolL soil
associatíon.

7. CultÍvation had líttle or no affect upon the capiJ-lary pore space of

tbe CarroÌl and llarding soil associationsr

8. Cultivatíon of the Carroll and ltrardi'rg sofl associatíons has

resulted in a loss of forty to fifty per cenü of the orgarric natter

fron the Ap soÍI horizon.
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9. The Harding soil

than the Carroll

associatj-on Í6 more susceptible to water erosion

soil association under cuLtivated conditions.
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