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ABSTRACT

The purpose of thls study l.Ias to evaluate the posslblllty

of using alr-filleci porosity as a so11 property ln soil drain-

age classiflcaf;ion.

TÌle ciistribuci-on of volurretric rvater content and aÍr-

filted pcrosi ty ',tas .leie¡mlned, under field conditions ,

for ten relatively unlform soil profiles. The soils ranged

in Lexbure from sand to clay and all had high t¡ater tables"

fn the la'ooratoPYr tvater content and alr-fi1led porosity

as a function of soil v¡ater tension were determined on undis-

turbed sampfes.

In the fielci, alr-filled poroslty generally lncreased

as depth of water table increased' Sinllarly, 1n the la'oora-

tory, alr-fllled porosity lncreased as so1I l'Iater tenslon 1n-

creased. In both cases, the lncreases lvere greatest in the

coarse texture soils.

fn order to test the possibillty of predlcting a1r-fllled

porosity ln the fleld on the basls of retention studies, con-

ducted ln the laboratory, linear regression analysls l^¡as con-

ducted. The resultitrg equatlon was:

Air-fi11ed
x PorosltY

( Laboratory )

A1r-filled
Poroslty = 3.046+o .969I
( Fleld )

(12=0.913, S=2.34).

Thls showed that alr-fl1led porosity ln

predlcted with reasonabLe accuracy from

conducted ln the laboraforY-

the fleld could be

v¡ater retentlon studles



A tentative a¿Sronomlcal so11 drainage classlflcation

uslng the value of l0 percent air-f1l-Ied poroslty as a llmlt-

ing value of adequate so1I drainage is proposect and the appll-

catlon for soils with a high rvater table i.s discussed.
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INTRODUCTTON

The lmportance of soll dralnage as a sol1 characterlstlc

and the direct relatlonship between dralnage, soil capab11lLy,

and other soil properbles has long been recognlzed" In order

to evaluate soil drainage quantitatlveÌy, dlfferent approaches

have been used. Sj.nce each is designed to serve a speciffc

need, the appllcatlon of any one method is restricted,

Soil drainage is an lmportant cri-terlon ln the Canadj-an

So11 Classlfication System. Two aspects, 
, 
namely, (1) actuaf

molsture content 1n excess of fleld moisture capacity; and

(2) the duratlon of the perlod during which such excess water

is present in the plant root zone, are used in definlng the

so1I dralnage cLasses. In a fleld solI survey the above crÌ-

terla are esti-mated by the soil surveyer and ln conjunctj-on

wlth other lnd.irect evidence of soil moisture status such as

mottling, topography and vegetatlon, solIs are classified

into dralnage classes.

The demand for lnformation concerning so11 drainage 1s

growing. Agronomi-sts, foresters, w11d11fe speclalists, engin-

eers, resource planners, and others are lnterested in- more

appllcable and more meaningful measures of so11 drainage"

Some shortcomings of the so11 drainage classi-ficatlon, as set

out by the Canadian Soil Survey Committee, have recently been

polnted out in the report of the Subcommittee On Soil Moisture

Reglmes of Canada So11 Survey Commlttee (fgZO). The prlnc1p1e

ones are: (1) the deflnltlons of solI dralnage classes are
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vague; frequently solls wlth wld.ely different molsture reglmes

are placed ln the same dralnage class; (2) field noisture cap-

aclty can not readlly be estlmated 1n the field and it is

not a meanlngful physical property for some sotls; and (3)

the appllcabl1lty of drainage classlficatlon in lts present

stage of development 1s very restrlcted.

one possible l{ay to make the lnformation from soll

dralnage classiflcatlon more useful to dlfferent users ls to

replace the crlterla presently used by criterla whl-ch are

more preclsely defined and allow better appllcabtllty.

For the present study alr-f1Iled porosity was used to

characberize soil dralnage. Alr-fitled porosity (AFP) is

the volume of alr per unlt bulk vol-ume of soll. This soil

property was selected because: (1) ft ls a slngle, Preclsely

deflned so11 physical property; (2) tt defi-nes quantitatively

solI aeratlon and also the degree of water saturation; and

(3) the crop response to air-filled poroslty has been str¡dled

and the relatlonshlp between air-f11Ied poroslty and rate of

oxygen diffuslon to plant roots has been establlshed.

In South-Western Manltoba, v¡here a large portion of the

fleld study of thls proJect was conducted, there ls a large

acreage of farming land wlth hlgh water tables. The soll-s

of the area have been surveyed ln detall and water table

measurements have been monltored at a large number of loca-

tlons for several- years. Thls project was lnltlated to

determlne 1f thls lnformatlon on water table depth-cou1d be
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put to use In dralnage classlflcatlon of these solls"

The objectlves of the proJect were: (1) to study dis-

trlbution of alr-fitled poroslty above lvater table for

texturally dtfferent soil proflles 1n the fle]d; (2) to test

the posslblltty of predictlng alr-fl1led poroslty ln the fleld

on the basis of water retentlon studies in the laboratory;

and (3) to lnterpret the results of the project in terms of

soll dralnage classificatlon"



II REVIEI,.T OF TITERATURE

Definltlons and Importancl of Soil- Dralnage

ItSoll dralnage in a dynamic or active sense, refers to

the rapldity and extent of removal- of water from soil, in

relatlon to additlons, especlal-1y by surface runoff and by

flow through the so1l to underground spaces.".'"In the

passlve sense as a condition of the soiL lt refers to the

frequency and duratlon of periods rvhen the soil is free of

saturation or partlal saturati-on (U.S. Department of Agrl-

culture, I95L, p. 165).

Agricultural drainage refers to the removal by artl-

ficlal means of excess of water from the soil profile to en-

hance agrlcultural productlon, more spec1fically, the re-

moval of excess gravitatlonal water from the so11 (Eclminster

and Schilfgaarde, 1955, p" 491)" According to C. tr'I" Rose

(1966, pp. 171-:.72), "In agrlculture, fj-e1d drainage refers

both to the steps taken to remove soil v¡ater present 1n

quantity exceeding that whlch is desirable, and to the mechan-

ism of thls water removal,'t

In the Canadian s011 cl-asslfication system, sol1 drain-

age cLasses are deflned 1n terms of (1) actual moisture ln

excess of fleld moisture capacÍ-ty; and (2) the extent of the

perlod during whlch such excess vlater is present j-n the plant

root zone (Canada SolI Survey Commlttee, 1970, p. 2I5)"

In other word.s, solI drainage refers to the moisture status

of a soll throughout the year" It ls thls deflnltion of soll
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dralnage that ls the concern of thts thesls.

So11 dralnage affects genesis of soils as Ít lnfluences

dlrectlon and rate of soil formlng processes. The amount of

water present in soil and its transport affects important

soil physical and chemlcal properties: (1) temperature;

(2) redox-potential; (3) transport of soil coll-olds, and sol-

uble salts; and (4) rate of v¡eatherlng. Therefore, informa-

tion of soil drainage is of great j-nterest to pedologlsts.

The important characteristics of sol1s with lnadequate drain-

age are associated wtth the process of gleylng. l4orphologi-

cal features such aS mottllng and low chroma of solL matrix

reflect sol1 moisbure status and they are utllized 1n soil

dralnage classificatlon" Mottling and col-ors of lov¡ chroma

can be attrlbuted mainly to the reductlon of iron and manga-

nese (Buckman and Brady, l-969, p. 340)"

Besl-des the propertles mentloned above, soil aeratlon '
consi-stence, Structure, ktnd and popuLatlon of ¡ni-croorgan-

isms, amount and location of soluble salts in solI profile are

also influenced by soil dralnage, These have a practical

significance and they are of lnterest mainly to the agrono-

mlst.

SoiI aeratlon, temperature and so11 strength are the

maJor areas of agronomistrs interest in informatlon on solI

drainage. If solI dralnage is lnadequate, it means that

aeratlon ls lnadequate wlth llmltatlons on planb growth and

other biologlcal actlvltles" Also, lnadequately drained solls
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are characterlzed by high heat capaclty. Accordlng to Ko-

pecky (1935, ci-ted by l¿Iesse}lng and van \'ltjk, L957 , p. 503),

the maxlmum difference in temperature between adequately and

inadequately drained fields in the soring rvas found to be as

large as 50 C. This difference usually permits earlier spring

cultlvation and may extend a grovring season" SoiI strength

is also affected by soil drainage status" Inadequately drained,

especially fine textured soils, do not provide sufficient

support to perform cultivatlon"

Evaluation of Soil_Draj-na€le

Water permeabllity of sotl-, one component of soil draln-

age: has been studied intensively. I'{any different methods

have been employed in order to evaluate it under the both fleld

and laboratory conditions (Boersma¡ PP " 23\-252, and l(Iute, PP"

2lo-233 and 253-26I, 1965) " This measure of soil drainage has

certain limitatlons. For example, it is recognized that a soil

may be relatively permeable to water and yet be poorly drained

because 1t happens to be located in a discharge area or area

with hlgh water table. Despj-te such l-lmltations, 1t ls still

a very useful parameter in assesslng soil drainage for a large

number of soi]s. This fact has been recognized by U.S" De-

partment of Agriculture and a set of Seven relatlve classes

of soil permeabillty has been establlshed (U"S" Department

of Agriculture, 1951, p" 16B)" These permeabillty classes

are then used ln deftning sol-I dralnage classes
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(U. S. Department of A6çriculture, 1951, p " 170-l-T2) 
"

Depth of the water table ls another component of so1l

dralnage, belng of lnterest to soll scientlsts, engineers

and other potentlal users of information of soil drainage

(ivlcKeague, 1970, p" 10). The relationship between depth of

water table and plant growth has been studled for different

so1ls. Results obtained by a number of i-nvestlgators are

ctted by Wessellng and van VIljk (1957 , pp. 4çB-503) " A

more detailed discussion of this aspect occurs 1n a later

se ctlon.

Another parameter of soil drainage 1s surface runoff,

sometimes called external so1l drainage. In the Soil Survey

Ivlanual, six classes of surface runoff are recognized on the

basis of relative flow of water from the soil surface"

Relatlve flow of water 1s determlned by the characteristics

of the soil- profile, topography, and sol1 cover (U.S. Depart-

ment of Agriculiure, f951, p. 166). Llke water permeabliity,

surface drainage is also used in defining soil drainage

classes (U.S. Department of Agriculture, 1951, pp" 170-l-72).

The factors, so11 lvater permeabl1lty, water table

depth, and surface runoff comblne to infl-uence soj-1 moÍsture

status. Hence a measure of soil moisture status should gi-ve

a more conplete plcture of drainage than a measure of any one

of the factors affecting lt. For thls reason lt ls often

used ln soil drainage classlflcatlon" For exarnple, actual



molsture content 1n excess of field molsture capacity is

usedasameasureofmoisturestatuslntheSystemof

sotl classificatlon for canada by the canada soil survey

Committee (1970, p. 2L5). On the other hand, in the United

states soil survey classlfication, soil moisLure status is

measured ln terms of degree of saturatlon v¡lth v¡ater'

Van't Woudt and Hagan ,195T , p. 514) stated: "It is

well recognized that the problem of excessive noisture as lf

affects crop prod.ucti-on ls one which centers around deflcj-ent

aeration.r' An attempt to use soil aerati-on ln soil drainage

classlflcatlon has been made ln Brltaln as cited by l4cKeague

(1970, p. l'2). They used the "index of aeratlon" v¡hich can

be defined as the volume of water drained from saturated

so11 at 100 cm water tension'

some other characterlstj-cs, that have been used to evalu-

ate soll dralnage, are: topography, soil morphology (color,

degree of mottling), and vegetation. TÌrese have been employed"

usually in routime soil survey, when exact measurements of

solI dralnage were not Practlcal'

Criticlsm of Current Cana{len stem of Soil Dralnage

Class ifLcatlon

According to the systern of soll Classlficatlon for canada:

ItThe soil drainage cLasses are defined ln terms of (I) actual

moisture content ln excess of field moisture capacity, and

(2) the extent of the period durlng v¡hlch such excess vrater

ls present |n the plant-root zone (Canada So11 SuEvey Commlttee'

oo.
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1970, p. 2L5) "

The field molsture capaclty (trrat 1s ernployed in the

ciefinj-t j-on of solI moisture status ) is not an easily definable

state and it is dlfficult to estlmate in the field (i4ctieague,

1970, p. 9). The ot¡er shortcoming 1n the use of fiel-d mois-

ture capacity lies in the fact that it applles maj-nly to well

drained soils and requires special interpretatlon 1f there ls

restricted drainage (Richards and l^ladleigh, 1952, ÞP " 86-BZ ) .

For example, fleld moisture capacity ls not a very meaningful

characteristj-c for some very fine textured solls of poor

strueture. Such soils are characterized by high a proportlon

of mj.cropores " Therefore, these so1Is may not exceed field

moisture capacity at any tlme of the year and yet remai-n

nearly completely saturated wlth water

The other shortcomings of the definition of soil drainage

classes apply to the lack of adequate definitlon of: "The

perloo during ivhlch such excess of v¡ater 1s present" and

ttplant root zone.rr Interpretations of these parar.reters may

vary as large differences occur among plants in their sensitl"

vity to excess water as well- as ln their rooting habits "

Crittcal Depth of l^later TabIe for Plant Growth

Hooghoudt (1952) published results of experlments on

tile dralnage and subirrigatlon conducted on sandy soils of

the Netherlands. He obtalned maximum yields when the water

table was maintained ab the depth of 90 to 170 cm below soil

surface for common arabl-e crops (gralns, Potatoesr-mangolds),
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and of Bl to 130 cm for grasslands (hay). The range in depth

of opttmum water table was due to differences ln the thlck-

ness of the organic matter enrlched surface lal/er (eO-fOO cm),

in soi-1 texture, and flnaIly, in water and aeration requirements

among dlfferent crops. Hooghoudt also established a fleld

trlal on heavy clay at irileuw Beerta, the ìletherlands, and

maintalned the water table at 40, 60, 90, 120 and 150 cm

below the surface throughout the entire year. In the last

two years of hls expeÈiment the water table was kept aL 50 cm

below the surface during perlod from October to February"

In general, gralns, peas, horsebeans' sugar beets, potatoes

and other common arabl-e crops shot'¡ed yield increases with

increasing depth of water table with the highest yields ob-

tained rvhen the water tabÌe t'¡as aE the depth of I50 cm. The

maximum ylelds ln dry years were obtalned for some crops

at shal-lower water table leveIs (60-120 cm) '

Roe (1936, cited by l¡lessellng and van I'lljk, 1957 , p"

501) carrled. out experlments in peat soils with various crops'

He found maxj-mum yields of arable crops at a water table

depth of 90 to 100 cm. In the case of horticultural crops,

the water table depth for maximum yields had been at 75 to 90

cm. The ran€5e in optlmum water table depth was influenced by

thickness of the peat 1ayer. Harmer (1941, cited by lJessellng

ancl van l¡Iljk, Lg57, p" 501) stated that the water table

should be malnbalned at a depth of 75 to 90 cm for arable muck

soils of lvlichigan or 60 to 75 for grasslands.
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The critlcal depth of v¡ater table for some crops grovln

in soll-s of dlfferent textures, based on information pre=

sented by Damaska, et al. (rySe) for concÌitions j_n Czecho_

slovaki-a ls shorvn in Table I"
several investi-gators observed that htgh water tables

had detrlmental effects on yields of crops during the vegeta-
tlon perlod as well as during wlnter. Hooghoudt (tgsz)
worklng with clay soils in the j,Tetherlands, found that the
surface horizons becane very compact and stlcky when the
water table vras kepb for 5 years aL the depth of 40 to 6o

cm. He also concluded that the effect of hlgh water tabres
in winter may be Ímportant for wlnter crops. rn general, he

observed that a water tabl-e at 5o cm during the winter had.

no effect on yields of crops, providing the level of the
water table dropped to the 120 cm level after March.

Van der Molen (1953, cited by Wesseling and van llijk,
1957, p. 498) cond.ucted experiments in the new Zuiderzee
polder of the Netherl-ands and found that most arable crops
showed no injury v¡lth winter rçater tabres at zo cm bel-ow sur-
face. The maximum allowable water table rvas, therefore, assumed

to be 30 cm bel-ow the surface in that region. The lletherl-ands
service for Land and l{ater use: on the other handr âssumed

a maximum allolvabl-e '¡¡ater tabl_e of 40 cm below the soi_l- sur_
face for grassrand and 50 cm for arabre l-and for dralnage
calculatlons (tr'lesseling and van Wijk, I95T , p. 498).

The references clted from the literature 1n thls- sectlon
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TABLE I

CRTTICAL DEPTTI OF' I^¡ATER TABLE AI.ID ROOTTNG DBPTH
FOR SOI{E COT4I'ION CROPS

Crop

Depth of
Maximum Penetratlon of So11 Critlcal
Rootlng Bulk of the Textural- Depth of
Depth Roots Group* Water Tab1e
(cm) (cm) (cm)

Winter VJheat

Fall Rye

BarIey

Corn

Sugar Beet

Pot atoe s

Rape

Flax

Alfalfa

Clover

MoC

M

IvioF

F

120- 14 0

130-150

110-120

12 0-150

150

120

110

100

> 200

150- 200

itloderately

Medium

Ploderately

Flne

30-50

25-30

25

30- 40

4o-45

4o-60

20

22

coarse

flne

M-tioF

MoC-ltl

ivl-t4oF

M-MoF

l¿l-ivloF

MoC-t4oF

M-MoF

MoC-M

M-l{oF

M-F

200

150

150-200

16 0-180

16 0-200

120-160

120

120- 130

200

60
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',^¡ere meant to lllustrate that the itelght of the t,¡ater table

is an important factor v¡hich influences soi-l dralnage and

consequently crop production. llot'tever, it can be seen that

the crltical depth of v¡ater table will depend on factors such

as soi1, cli-mate, crop, and management practices.

Alr-Fllled PorosiLy as a }leasure of Soil Drainage

Vanrt \'Ioudt and Hagan stated: "It is vrell recognized

that the problem of excessive nnoisture as it affects crop

production is one which centers around deficient aeration'l

(L957, p. 514). For example, when the soil- is saturated with

water above a certaln 1lmit, gaseous exchange between atmos-

phere, sol1 and plant ls lnadequate. For most agrlcultural

crops this lack of adequate gaseous exchange or adequate sol1

aerallon results 1n reduced yields.

soil aeration is deflned as "the process by t'vhich air in

the soil is replaced by air from the atmosphere. In a wel-l-

aerated soil, the soll air 1s very simllar in composltion

to the atmosphere above the sol1. Poorly aerated soils usually

contaln a much hlgher percentage of carbon dioxide and corres-

pondlngly lorver percentage of oxygen than the atmosphere above

the so1]. The rate of aeratlon depends largely on the volume

and contlnuity of pores vrlthln the soil-" (So11 Science Soc

lety of Amerlca, 1971) "

Aeratlon can be measured in both quantltative and quall-

tative terms. Ileasurement of the concentratlon of oxygen and

carbon dtoxide and the redox potential have been employed as
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qualltative measures of aeratlon status "

A commonJ-y used quantitatlve measure of so1l aeratlon is

air-filled poroslty (Grable, 1966), There is a cl-ose rela-

tlonship between the portlon of soj-l- voids fi]Ied with alr and

the rate of oxygen dlffuslon withln the soil-" !/hen soll 1s

saturated with water there is very little diffusion of oxy-

gen from the atmosphere to the soil alr. In addÍt1on, the

rate of oxygen diffuslon to plant roots .through water films
is 101000 times slower than'through alr (Grable, 1966)"

Therefore, a certain minimum amount of water free pores is

requi-red for adequate aeratlon. Taylor (1949) and B1ake and

Page ¡1948) have shorvn that for adequate diffusion of gases

aj-r-filled poroslty of the soil should be in the neighbour-

hood of l0 percent. A discussion of the critlcal values

of alr-filIed poroslty 1s presented 1n the next section"

Other physical propertles of the soll are also affected

by the volume of air-fill-ed porosity. For example, Russell

(1952 , p. 255) stated that ¡'knowJ-edge of the volume f rac-

tlon occupied by the gaseous consti-tuents 1s sufficient lnfor-

matlon to predict certain mechanlcal properties of so11.'l

Among these, so11 sbrength, lhermal conductivity, and speclfic

heat are of great practlcal slgnificance"

Critlcal Values of Air-Fi1led Porosity for Plant Grolth

Blake and Page (1948) conducted gaseous dÍffuslon ex-

perlments t'1n sltu" and came to the concluslon that diffuslon

of alr 1n the clay soll cannot take place lf porosity ls l-ess
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than O.10 to 0.12. Vlne et aI. (19ll3, clted by Wessel-lng

and ven ,/tj_jk, 1957, p. 1167) found that dlffusion of gases

ln soils of ?r"lnldad l+as negliglble at an air content of

0. 12. TayLor ( 19 t9 ) conducied J-aboratory experlments on

dlffusion of nil;rogen in quartz sand, glass spheres, aS

v¡elI aS in a ni;<tur:e of quartz sand and glass spheres and

found that cliffuslon ceased when air poroslty l'Ias less than

10 percent. Thus lt can be concluded that 10 percent of

air-filIed porosity is a limit to diffusion, even in a

highly permeable material such as quartz sand.

Roblnson (fgO¿l) found that 11 percent of air porosity

was adequate for sugar cane grown j-n Hav¡aiian Low Humlc

Latosol. The experiments lvere conducted ln lysimeters wlth

rvater tables maintained. at depth of L5r 30 and 4¡ cm below

the surf ace. i,llllhite et al. ( 1965 ) obtalned "*""I1ent
yields of Tinothy (Phteum Pratense) grown in lysimeters aE

essentlally zeTo air porosiby when large quantitles of nitro-

gen fertilizer ',\tere applled (400 pound per acre of nitrogen

ln urea form). The crop vlas gror'In rvlth water tables main-

talned aE 2.5, 15 and 46 cm as ure1l as vrithout the water

tabte. The best ylelds l^Iere obtalned with nater table at

depth of 116 cm belorv surface. t411Ler and I'iazurak (1958)

conducted experiments on grorving sunf lol^¡ers in lyslmeters.

As gror.rlng medla they used various so1l separates having

varlous pariicle slzes. They found that the Sreatest rate

of stem elongatlon occured at about 4 percent a1r-poroslty.
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On the other hand, 1n experiments conducte.d ln greenhouse

air poroslties greater than 20 to 30 percent viere needeci

for optimum establ-ishment and pgror^ith of tomatoes ln potted

solls ranging in texture from sandy loam to clay loam

(Flocker et al-. , L959). Kopeclty (clted by ttesseling and

van l/1jk, l-957 , p. )172) suggested minlmum alr poroslty for
dlfferent crops. The values are given 1n the Tab1e II"

MII'ITI{UM ATR

Crop

TABLB TI

POROSITY AS REQUIRED tsY DÏFFERBI{T CROPS

Air Porosity, %

Grass

t¡lheat

Oats

Barley

Sugar Beet

6-ro

10-15

10-15

15-20

L5-20

In general, a reviev,' of the llterature shov¡ed that
there is no complete agreement on the requi_red air-fiIIed
poroslty for crop growth. This was adequately expressed

by Grable (1966) when he stated: "l'lo single value of poro-

sity can be considered optimum or even minlmum, for all situ-
atlons.rr

use of Air-Fi1Ied Poroslty 1n so11 Drainage crassiflcatlon

S. A. Wilde (1940) attempted to establish a simple

drainage classificatlon of gley forest soils that woul_d

satisfy the need of sllvicuItural practlce as regards the

cholce of specles¡ possib1l1tles of natural regeneratlon,
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and technique of tree planting. The classificatlon is

based on depth of water table and upper l-imits of the l/rater

logged soll- layer (gleyed horj-zon). The Alpha, Beta, and

Gamma classificatlon of gley soils, âs set out by t^liIde,

appears to be comparable to the poorl¡¡, imperfectly and

moderately weIl dralned so11s, rêspectively in the Canadian

Soil Cl-assification System.

Wilde states, "The air content...appears to be the

single physical factor best expressing the nature and growth

conditlons of gley soils. "

The distribubion of air porosity in the profiles classi-

fied by \{ilde as Alpira, Beta and Garnma gley soils is illus-

trated on Figurre 1. From Figure I it is possible to

read the distance from the soil surface bo the point at

which air porosity drops below l0 percent for each type of

gley soil. These values are summarized and presented below:

Type of Dlstance from the So11 Surface
Gley SolI to the Polnt at 1^Ihlch Air

Porosity Drops Below 10 Percenb

- 1n. cm

Alpha 14 35.6

Beta 21 53.3

Gamma 4g rz)1.5
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III. MATERIALS AND I{ETHODS

Locatlon and General Descrlption of So11 Sites

Ten soil sltes located near water table observation

wel-Is were selected for the study" An attempt was made to

meet three basic conditlons 1n their selection: (t) maior

textural groups should be represented; (2) tne sol1 profiles

of indivldual sites should be of unlform texture; and (3)

v¡ater table should be withln 2 m of the so1l surface"

Seven of ten soil sites are located 1n South-Western

Manitoba in the Sourls and lihltewater Lake basins " The soils

are developed. on calcareous coarse to fine textured laeus-

trine parent materlals "

The other three sites are located in South-Central- Mani-

toba ln the Red Rlver basln. Two sltes are developed on cal-

careous flne textured. lacustrine and one on coarse textured

deltalc parent materlal"

The sol1s were described and classlfied accordlngly to

the system d.eveloped by the Canada Soil Survey Committee. A

summary of the locatlons and sol1 descrlptions 1s glven ln

TabIe III. Detailed soll descrlptions appear in the Appen-

dlx 
"

Physlcal and Chemlcal Analyses of So11

. Before physical and chemical analyses were conducted

so1} sanples lvere air-drled and sl-eved through a 2mm sleve.
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Partlcle Denslty. Partlcle denslty was determlned by

the pycnometer method as descrlbed by B1ake (L965, pp' 371-

373).

Partlcle Slze Dlstrlbutlon. Partlcl-e slze distrlbu-

tlon was determined by plpette method as described by Kilmer

and Alexander (1949)"

Electrlcal Conductivlty. Electrlcal conductlvlty was

determined on a llquid extract obtained from water satur-

ated so1I paste as described by Rlchards (t954, p. 91)"

So11 Reactlon. Soil reaction was determined by measur-

ing the pH of a suspenslon of solI 1n 0.01 M CaCl, solutlon
( 1:1 56i]rzCaCl, ) uslng glass and calomel el-ectrodes "

Organlc l,latter. Organlc matter was determined for

surface and subsurface horizons. The chromic acid oxidation

method. as descrÍbed by Atkinson, et al-. (1958, p. 18-19)

was used

Fleld and Laboratory Procedures and Methods

At each slte plts approximately 100 cm wlde and 200 cm

long r¡Iere dug down to or near the v¡ater tab1e. Every dls-

tlnct horizon and subhorizon ln each soiL proflle was sampled"

Undlsturbed so11 samples were taken for water retentlon, bulk

denslty, and.water content determlnatÍons" Dlsturbed samples

were taken for parblcle denslty, partlcle slze dlstrlbutlon,

electrlcal conductlvlty, pH, organlc matter content, and

carbonate content determlnatlons.
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BuIk Denstty. Bulk denslty was determlned by taklng

undisturbed core samples. Aluminum cyllnders 5.1 cm in

dlameter and.ln 4.3 cm deep v¡1th sharpened edge were used.

Six repllcates were taken for each horlzon.

I^Iater content " Gravimetrlc water content was deter-

mined on the samples used for bulk density determinatlon"

VoLumetrlc water content l¡¡as calculated by multlplying

gravlmetrlc water content by bulk denslty determlned for

each horlzon"

Water Retentlon" Aluminum cyllnders of the same size

as those used for bulk density determination were used

for taklng undisturbed samples for water retention studies.

Rings v¡ere carefully rotated and pressed vertically into

the soil untll approxlmately 4/5 of the ring was filIed.

Samples were covered with a polyethylene fllm to retai-n

molsture and carefully packed into plastic bags and sealed.

Samples were stored at minus 260 C. Shortfy before reben-

tion studles were begun, the bottom soil surface in each

ring was trimmed off in order to obtaln- good contact with

the tenslon plate. A piece of cheese cloth t^ras wrapped

around the bottom of the cyJ-inders to prevent loss of soil"

In general the water table at time of sampllng (summer)

was faIIlng. In order to ellmlnate hysteresls effects, the

drylng curve was determlned in the laboratory.

The samples were submerged 1n d1stilled water to deter-

mlne waber content at zero water tension. Then they l^Iere
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placed on the tenslon plate and water content ln equlll-

brlum with water tensions of 10, 20 and 4O cm was deter-

mlned. For these determinatlons a tenslon plate was con-

structed ln which sheets of blottlng paper were used as

the porous material. Approximately 6O samples lvere placed

on the tension plate at a time " A metal welght was placed

on top of the ri-ngs ln order to improve contact between

tenslon plates and soll samples. A plastlc cover was used

to eliminate evaporation from the samples.

The water content at B0 and 160 cm water tenslon was

obtalned by equillbratlng the soll samples on ceramie porous

plates.* The desired water tenslons were obtalned by using

a source of vacuum which was regulated by v¡ater and mercury

columns (Figure 2 ) " Tv¡o columns of mercury were used

with fixed height of 5 and 10 cm, Desired water tenslons

of B0 and 160 cm was obtalned by selectlon of one of the

mercury columns and adjustment of the height of col-umn of

water. When the desired rvater tenslon was BO cm of water,

columns of 5 cm of mercury and 12 cm of water were used;

when desired water tenslon was 160 cm columns of 10 cm of

mereury and 2l+ cm of water were used.

In order to Í-mprove contact between soll samples and

tenslon plates a layer of medlum textured soil (1ess than

2 mm) about 3 mm thick, was placed on the tension plates"

liobtalned from Solt lvlolsture Equlpmenb Co., Santa Barbarat
Callfornla "
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A metal welght was placed on the top of the samples ln

order to improve contact between so11 samples and tenslon

plates. A plastlc cover was used to ellmlnabe evapora-

tlon from the solI samples.

The water content in soil samples of medium, flne and

very flne textured soils at BO and 160 cm water tension

was determlned after equillbratlng samples on tension plates

for 14 d.ays. The water content ln soil samples of coarse

textured solls at these water tenslons was determlned after

equillbrating them at these water tenslons for 2I days.

The calculated value was corrected for water content of the

cheese cloth at each tension. The amount of this correc-

tj_on was determined by i-ncluding two rings with cheese cloth

at each tension

After gravlmetric and consequently volumetric rvater

content for each Sampled horlzon and subhorizon was deter-

mj-ned, retenti-on curves were plotted j-n order to estinate

water content for each sampled horizon and subhorizon at

any water tension from 0 to 160 cm. Air-filled porosity

was calculated as follows:

^iã;|:îlldcør = 
F

VolumetrlJ
water I * 100

conbent J
Statlstical Analysls Conducted on A1r-Fifled Poroslty Data

The posslblllty of predlctlon of water content and con-

Bulk denslty
Particl-e densitY

etermlned ln the Fleld and ln the Laborato
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sequently air-fi1Ied oorosity ln the field from the val-ues

obtalned from water retention studles l^fas tested by linear

regresslon analysls conducted on flel-d and laboratory deter-

minatlons.

In follorving dtscussion, lt has to be assumed that a

soll profile in the fleld ls in equilibrium with water table"

Under this conditi-on a water content, sal/ aE 20 cm above

the vrater table, has a tension of 20 cm of v¡ater exerted

on lt. Therefore, 1t should be possible to evaluate water

content and consequently alr-fi1led ooroslty in the field

from the value, obtained from the retentj-on curve, deter-

mlned for the same solt horizon at 20 cm water tension"

Water content and alr-fllled porosity for each horizon,

at the same tension aS existed in the field, were estlmated

from the water retenËion curve for each lndividual horizon"

Ideally, a plot of fleld vs predicted results should yield

a strai-ght line wlth a slope of unlty passing through the

orlgln. Linear regression analysis, using alr-f1IIed

porosity observed 1n the fleld as the dependent variable,

was used to determlne the degree and nature of the relation

between actual and predicted results. The resulting equatlon

could be used to predict air-fll1-ed porosity ln soils wlth

a high water table on the basls of retentlon studl-es.



IV RESULTS AIID DISCUSSION

AÍr-Filled Poroslty Under Field Conditlons

Air-fi1led porosity under field condltions 1s dis-

cussed from the point of view of: (1) its distribution

within each textural group', (2) Affferences and slmilar-

ities among the textural groups 
"

Distribution of Air-Fi1led Porosity in Soil Profiles

for Each Textural- Group" For the coarse textured soil- pro-

files the highest values of air-filled porosity occurred in

the surface soil horizons (Sttes 1 and 2, Table IV) " There

vras a gradual decrease ln air-filled porosity as the distance

to the water table decreased" Large variations in alr-

fil1ed porosity occurred between the Souris and Long Plain

series, partlcularly j-n the surface horizons (Figure 3).

The lower air-fiIled oorosity for the Souris soll can be

attributed mainly to: (1) hlgher bulk density and flner

so1I texture (Tables IV and V) "

For the medium textured soil profiles, the hlghest

values of air-fllIed porosity occurred in the surface and

subsurface horlzons (Table IV)" If one excl-udes the air-

filled porosity values for the surface most horizons of

Sites 3 and 5, then one can see also a gradual decrease 1n

air-f11led porosity wlth decreaslng dlstance frorn the water

table. At a distance of I metre and greater, above the

water table, the value of a1r-fiLled porosity among the
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medium textured soifs was small-er than that for the coarse

textureC scll-s (Frgure 4)'
:'lre high r,'e.lue cf ai:'-.-'r-l,i:il porosity (4,8%) in the

sur.face ho¡":zcn of Si;e À- was probabJ-y due to the l-ower

bulk Censity (l-.08 g,-n 
"ro-3) 

as coinpared io the surface hori-

zons for tjt'; c;iie¡' .ì-,,.;c sites (ta¡te IV). The l-ow bulk density

in this soil- horizon ma¡r be attributed to cultivation per-

f crmed ;r-ist prior io sanoiing.

For the fine textured. soils there was no clear indi-

cations of diffe¡ences in air-filled porosity due to differ-

ences in distance from the water table. For Sites 6 and 9

the values for the surface horizons were found to be smaller

than for subsurface horizons (taUte fV), The varj-ation of

values of air-filled porosity within fine textured soiL

group was found to be still smalfer than that for medium

text¡¡rec group {nigure 5) ,

For the very fine textured Osborne soil (ta¡te IV),

val-ues of air-filIed porosity for a]I horizons were found

to be negative, The negative values may be attributed to

experimental errors, therefore, for this study they will-

be taken to be zero,

Differences and Similarities in the Distribution of

Air-Fil-Ied Porosity A"nong-the Textural- Grou.ps. The highest

values of air-filled porosity among the four textural groups

'occurred in the surface horizons of the coarse textured

soils. The highest values for fine and very fine textured

profiles lvere smaller than for the coarse and medium textured
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eral,thefinerthesoiltexture,thesmatler}¡erethe

valuesofair-flttedporosltyrvhencomparedat'theSame

dlstance above the rqater table (Table IV)'

The values of air-fill-ed porosity for coarse textured

soil proflles gradually decreased with the decreasing dis-

tance to the water table. this was not observed for medium,

fine and very fine 'r;extured soils (Ta¡te IV), with exception

of Sltes 4 and B where the highest value for air-fill-ed

porosity occurred in the surface horj-zorr" In most cases '
for both medium and fine textured soil profiles the highest

air-fiI1ed porosiLy occuffed below the surface horizon"

Thesmallestvalueofair-fil1eclporoslty,forall

textura]-groups,occurredinsoilhorizonsc].osesttothe

water tabl-e (TabIe IV). The higher values of air-fil-led

porosity for some hori-zons close to water table may be

attributed to experimental errors "

Ingeneral,themagnitudeoftheva]-uesofair-fi]-led

porositywasÍnfluencedmainlyby:(1)distanceofthe

soll- horizon above a v¡ater table ", Q) soil texture; and (3)

bulk densi-tY (Table IV).

The volumetrlc water content estimated from the reten-

tion curve, and the bulk density val-ues obtained' from field

data, v¡ere used to calculate air-filled porosity under lab-

oratorY conditlons "

There]-ationshlpbettveenvolumetrlcwatercontent,

air-f1I1ed'porosltyandwatertensloni-slllustratedfor
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the surface horizons of the coarse, medlum and flne tex-

Lured solIs in Figures 6 , 7 , and B.

Three polnts can be readlly observecl from the Fi-gures :

(1) the volumetric vtater content decreases and hence air-

fIlled porosj.ty increases gradually wlth increaslng lvater

tension; Q) the magnitude of change of alr-filled poro-

sity for equal changes in applled tension differed v¡ith

soil texture" The increase is highest for coarse, smalfer

for medium and sma]lest for fine textured soil-; and (3) ln

Flgures 6 and B ft may be seen that hlgher volumetrlc wafer

contents were obtai-ned at 20 cm than at tension of 10 cm.

Such lncreases frequenbly occurred during the retention

studies and probably may be attrj-buted to changes of bul-k

denslty durlng retentlon studles.

The values of air-filled poroslty based on laboratory

data r¿Iere smaller than those obtained from field data.

However, the laboratory data of all soi-Is showed a simllar

trend to those observed from fietd results"

Comparison of Air-Filled Porosities Obtained B Field and

Laboratory lt{ethods

The average difference between air-fllled poroslty

determined ln the field and ln the laboratory was calculated

to be 3.0 percent"

l,lhen the whoLe sol1 profile ls taken lnto consldera-

t1on, the smallest differences between field and laboratory

values of alr-fil]ed poroslty were found for medi.,* t"*-
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tured solls (S1tes 3, ll , 5, Tab1e I''/). They ranged

from 0.6 to 5.6 percent.

The diffe:.ences 3il;i{een flel-C and J-aboratory values

for th: ,iiJa:se -be:<tu.r'ed soil s '; ere found to be larger'

particularly lor su¡'Íace and su'osurface horizons. The

Iar¿est iÌiÍference , 8.0 percenc , ,,^¡as found. in the subsur-

face horizon of Long Plain soil (Table IV).

In fine and very flne textured soi1s, the difierenees

b,ei,:'lEe:: field and laboratory values were found to be larger

than those in the medium textured group, particularly for

horizons close to water table. The l-argest difference, 7.0

percent, vlas found close to the i;erter table of the Osborne

so11 (Tab le IV) .

Large differences found for surface horizons of coarse

textured soils may be attributed to high rate of evapotrans-

piratlon and sloiv rate of ,¡ater moveinent fron the water

table due to lovr hydraullc conductivity.

The maJor possible cause of dlscussed differences for

flne and very flne textured soils may be attributed to bhe

srvelling of soil samples duri-ng retenti-on studles. Stvell-

lng of soil samples during'retention studies coul-d take

place as the overburden pressure, âctlng agalnst swe11i-ng

in undisturbed soil profile under fieLd conditions t'Ias eIÍm-

lnated. The j-nfLuence of swelling on vaLues of ai-r-fi1Ied

poroslty can be readlly seen from the follovrlng relationshlp:



f Bulk .l
Al'-rulled r =lr õä"'rrv $:rt:i"t"'l x 1o0
'roros1i7 | ,Dartiele content I

L Denslty j
The l'alu=s for bul,lc densi;¡,'aetcrnined under flel

vrere uscC j-n calculating both the fleld and labor

filled porosities. liot,¡ever, if srve11lng of soll-

place during retention studies the actual bulk de

the laboratory ',vou1d be lower than those determl-n

fleld and hence the tota] porosity vrould be highe

Alr-f11led Alr-ft11ed
Poroslty = 3.046 + 0,9691 x Porosity
(Fleld.) (Laboratory)

Itz 
"

NS

k

d condltlo

aíoîy aar-

sanple boo

nslties ln

ed 1n bhe

r than

the calculated va1ue.

Other posslble reasons for the dlfferences between

values of air-filled porosity determlned ln the fle1d and 1n

the laboratory may be due to: (1) so1I temperaturet (2)

sol-uble salts; and (3) fluctuatlon of v¡ater table under field

condltions. Experimental errors, both 1n the field and lab-

oratoryr mây also have contrlbuted to the observed differences.

Predlction of Air-Fil]ed Poroslty in the Field on the tsas1s

of Laboratory Results

A linear regresslon equatlon, shol^ring the relatlonshlp

betl¡een the a1r-fi11ed poroslty data obtalned under fleld

and laboratory condltions for aLl pils used 1n the study

was determlned to be:

(r2=0.913, s=2.34)
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The correlatlon coefflcient shows that 91.3 percent of the

total variation of al-r-fiIleci poroslty ln fleld can be ex-

piained by the relationship to alr-fi11ed porosity Cetermined

in rire iaboraiory. The stanCai'd error of oredlcted value

1.¡as calculated to be 2.34. An error of this nagnitude ls

not excessive in prredicting air-fi1led oorosity under fleId

conditions from laboratorY data

Proposed Tentative ¡\grono¡;iicaI Classificatlon Based On

An attempt Ì.¡as nade to enploy alr-fiIIed poroslty 1n

establishing a soll dralnage classificatlon. The critj-ca1

Va1ue of 10 percent of air-filIed poroslty vras chosen for

classificati-on purposes. Thris value was frequenily reported

in literature to be the limit of aclequate aeration for most

so1Is, A close relationship betl'¡een thls value and growth

li¡nitatlons of Some coñlÌnon crops has also been establlshed.

The average depth to vrhich the bulk of the roots pene-

trate, for Sone coûtnon erops, u¡as given in Tabl-e II, p.16"

On the average, the bulk of the roots are contalned ln the top

30 cm of soi1. Therefore, 1t can be concluded that inadequate

drainage v¡lthin the distance of 30 cm w111 lnterfere rvith plant

growth. As the distance from the soll surface to the point of

inadequate aeratlon (drainage) lncreases, plant gror^rth t¡i11

be restricted bo a lesser extent.

uslng the above crlterla, a so11 1n whlch lnadequate

aeratlon occurs vrlthLn 30 cm of the so11 surface, mâV be con-

a
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sldered to be PoorlY dralned. A so1l 1n whlch lnadequabe

aeratlon occurs wlthln 50 to 70 cn of the soll surface may

be considereci to be noiei'aiely r^¡e1I drained so11. In thls

case, the bulk of the roots v¡ill be located ln an adequately

aerated zone. Finally, a so11 at whj-ch adequate aerati'on

occurs to a depth ln excess of Ta cm may be classlfied as

well drained. 'ihe above d.iscussi.on may be summarized as follows:

Dralnage

C 1as ses

Dlstance of SoiI Surface aï tr'lhlch
Air-Fill-ed PorosllY is Less Than
I0 Percent ( cm)

Less than 30

50

70

I'4ore than 7O

Poorly draj-ned

ImperfectlY drained

l4oderatelY wel-1 dralned

trÍe11 drai-ned

. No attempt was made to set a time period during which

bhere should be adequate aeratlon ln order to obtain con-

dltlons for unrestricted plant growth. A reviev¡ of i1üerature

revealed llttIe information on thls aspect. rt 1s obvious

however, that the tlme period. is lmportant and that 1t would

be largely determlned by factors sueh as: !t) cllmate , (2)

crop, (3) so1I; and (4) others. In setting a time limlt

one would probably have to conslder the total tlme (complete

vegetative perlod) as weLl- as some crj-tical tlme perlods

ln which aeratlon would be most crltlcal for plant growth'

From the air poroslty data obtalned under fleld condl-

t1ons, the average dlstances from water table to tåe polnt
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above the water table rvhere air-f11Ied poroslty was greater

than 10 percent , were estlmated from textural soil groups 
"

The average distances for the coarse and medium textured soi-l-s

were found to be 60 and 115 cffi, respectlvely. In the flne

and very fine textured solls air-fi11ed poroslty was found

to be less than 10 percent in the enblre soil proflles.

To construct the tentative sol] dralnage classification

systern for soil with a hlgh water table (Tabl-e VI) tne fo1-

lowing information was used: (t) fO percent air-filIed poro-

sity as the critical value required for adequate drainage;

(2) the entire portton of the so11 proflle where air-fiIled

porosity was less than 10 percent; and ( 3) average rooting

depth of common crops.

DEPTH OF

Textural

Groups

TABLE VÏ

THE I'IATER TABLE (cm) USED IN CLASSIFYIi\IG SOILS
II'ITO SOÏL DRAII.IAGE CLASSES

ñõrit--Tm
Drained Dralned VIe1l Drained Dralned

Coarse

l¡ledium

Fine

Very Fine

60-90 9 0-110

115-145 145-165

110- r30

165-185

130

185



V SUI'IMARY AND COI{CLUSIO}{S

1. For all textural groups v¿1th exceptlon of very fine,

alr-fll-leci pc:csity was distributed under boih fleld and lab-

orabory ccnd.j-tions as fo1lo',.¡s: ihe hlghest values occurred

ln surface or close to surface horizons, ancl the Iov¡est 1n

the horlzons close to the water tab1e. All values for very

fine textured soi-I (Osborne Series), under both field and

laboratory conditions, v¡ere deterrnined to be ze?o.

2. Values of alr-flIled porosity predlcte.d on the basis

of retention studles conducted ln the laboratory were :" Lhe

average J percent smaller than values obtalned under field

condltions. The highest dlfferences \^iere determined f or sur-

face horlzons of coarse textured so1l proflles and close bo

rvater table horlzons of fine textured so1l proflIes.

3. The variatlon values of alr-fllled porosity among

soll profiles within each textural group under both, field

and laboratory condj-tions was found to be largest for the

coarse textured soil group, smaller for medium and smallest

for the flne textured group. The varlatlon was attrlbuted

malnly to dlfferences ln bulk denslty and to a lesser ex-

tent to dlfferences 1n partlcle slze dlstributlon.

4. Llnear regression conducted on air-fi11ed poroslby

data showed a close relationshlp between alr-fllIed poroslty

measured ln the f1eld and those predlcted from water reten-

tlon studles ln the laboratory. The predlctlon equatlon was:

alr-flL]ed poroslty (fleld) = 3.046+0.969I x a1r fl]Ied poro:

:

.:
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sity (laboratory) (r2=0.913, s=2.34)"

5. Value of 10 percent alr-f1lled porosity was chosen

as the crltlcal limlt for adequate aeratj-on and employed 1n

a proposed tentatlve agronomlcal so11 drainage classificatlon.
6. The dlstance from the water table to the polnt

where the value of air-f111ed poroslty, determined under

field condltlons was at least 10 percent, was on the average

58 cm for coarse textured solls, and 115 em for medium tex-
tured solls. A1r-fl11ed poroslty for fine and very fine tex-
tured solls rvas found to be less than l0 nercent in the en-

tire soil- profl1es.

7. A tentaüive agronomlcal drai.nage classification for
coarse and medium textured soil-s, classified on the basis of

water table depth was proposed:

Drainage

Class

Poorly dralned

Imperfectly dralned

Moderately well drained

l{e11 drained

ltater 'Ia¡ie Oeptf, fro

Coarse Textured So11 lvledium Textured Soil

Less than 90

g 0-110

110 -130

More than I30

Less than 145

14 5-16 5

16 5- 185

More than 185
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Slte 1

So11 Serles:

Subgroup:

Locatlon:

Vegetatlon:

Parent Material:

Topoç5raphy:

Drainage C1ass:

Water Table Depth:

VII APPENDIX

Sourls.

Sallne Gleyed Carbonated Rego tsIack"

N.W. 29-4-24Vr.

Grass (rray crop) .

Ye1low, fine sandy, calcareous

l-acustri-ne.

Level "

Imperfectly drained.

145 cm (t,/e11 13 , souris ) .

Horizon Depth (cm) DescriPtion

L-H 2-0 Btack (10YR2/1, molst) moderately to

well decomposed Ieaf mat.

Black (10YR2/1, moist), very darkAhks 0-40

gray (10YR3/1, dry) fine sand; single

gralned; very frlable; PH 9.0; effer-

vescence strong; moderately sallne;

c1ear, irregular boundarY.

ACkgs 40-53 Gray (rOyn5/r, moisü) loamy fine

sand; singl-e grained; very friable;

pH 9"3; effervescence strong; few,

medlum, distlnct Ye1lowlsh brown

mottles; ( 10YR5/6, molst ) moderately

sallne ; clear, irregul-ar boundary.

Clkgs 53-Br Pal-e ol-ive (5Y6/3, molst) loamy

fine sand; single gralned; sllghtly
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52"

Horlzon Depth (cm) Descrlptlon

sticky, nonplastlc; pH 9 " 1; effer-
vescence strong; common, rnedlum, ,

distinct yellowish brown mottles
( fOyn5/6, molst ) ; moderately saline;
gradual, smooth boundary.

C2kgs 53-142 Llght otlve gray (5y6/2, rnolst)

fine sand; single gralned, sllghtly
sticky, nonplastÌc; pH 8.9; effer-
vescence strong; conmon, medium,

distinct yellorvÍ-sh brown mottles
(royn5/6, moist ) ; moderately saline;
gradual, smooth boundary"

C3kgs I4Z+ Llght ol-ive gray (5y6/2, moist) fine
sand; single gralned; sllght1y
stlcky , nonplastlc ; pH 8,9 ; effer-
vescence strong; conmon, medium,

distinct gray mottles (10yR6il, molst);
noderately sa11ne.

Slte 2

Soil Series: Long Plaln"

Subgroup: Gleyed Orthlc Regoso1.

Loc atlon : Àt. C " ZZ-B-5r¡l 
"

Vegetatlon: Grass (permanent pasture),
Topography: Leve1"

Dralnage Class: Imperfectly dralned.



L-H

53"

Parent Materlal: Llght broln, flne sandy, deltalc

deposlt.

135 cm (l^lett l, E1m Creek)"l.later Tabl-e Depth:

Horlzon Depth (c¡) Descriptlon

2-0 Black (10YR2,/1, moist moderately to

clg

well decomposed leaf mat"

0-18 Gray (fOYn4.5/t, moist), (fOYn

5.5/I, dry) fine sand; weak, medium,

granular; slightly stlcky, nonplastic;

pH 6. 4; clear, irregul-ar boundarY.

18-51 Graylsh broln (royn5.5/2, molst)

fine sand; slngle grained; nonsticky,

nonplastlc; PH 6 "9; few, medium dis-

tlnet yeilorvish red mottles (5y5/6,

motst ) ; gradual ' lvavy boundarY "

5L-94 Grayish brown (rOyn4 .5/2, moi-st) fine

sand; single gralned; s11ghtIY

stlckY, nonPlastic; PH 7.2; common,

medi-um, dlstinct yellowlsh red mottles

$YSlø, molst) ; diffuslve boundarY"

94-135 Graylsh brown (10YR4.5/2, molst)

c2g

c3s

flne sand; s1ngIe grained; s1lghtlY

sticky, nonplastic; PH 7.2; many,

medlum, distinet yellowlsh red

mottles (5Y5/6, molst); diffuslve

boundary.

Ah
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Slte 3

So11 Serles:

Subgroup:

Locatlon:

Vegetati-on:

Parent l4aterial:

Topography:

Drainage CIass:

I¡'later TabLe Depth:

13 5+

Depth (cm)

0-20

Horlzon

Apks

5u.

Graylsh brown (I0yR5/2, moist ) , flne

sand; slngle gralned; sllghtly

stlcky , nonplastic; pH T .2; many,

medium, di-stlnct ollve yelJ-ow mot-

tles (2.5Y6/6, moist ).

llartney.

Saline Gleyed Carbonated Rego B1ack"

s.r,.r. 10-6-22w.

Al-falfa, wi1low trees withln the

distance of 5 m.

Yell-ow, medium textured, calcare-

ous Ìacustrine.

Leve 1 .

Imperfectly drained.

lBB cm (t^Ie11 6 , Sourls ).
Des crlption

Black ( 10YR2 .5/I, moist ) , gray

(roYn5/r, dry) very fine sandy

clay loam; amorphous; flrm; pH 8.1;

effervescence strong; rveakly

sallne; abrupt, smooth boundary"

Dark gray (fOVn{,zf , molst) very

flne sandy clay loam; amorphous;

frlable; pH 8.0; effervescence

strong; clear, wavy bourrdary.

ACk 20-38



Horlzon

Clkg

CZkg

c 3i<e

C4kg

Depth ( crn )

3B-5 3

53-7L

7t-86

B6- 10 7

55"
Des crloL lon

Gray (fOYn5/f, moist) very flne

sandy clay loam; anorphous; very

friable; pH B"O; effervescence

strong; few, fine, distlnct, Vel-

lowish brown mottles ( fOYn5rzB ,

moist); clear, wavy boundary"

Gray (10YR5.5/t, moj-st) very fine

sandy clay l-oam; amorphous; very

friable; pH B.O; effervescence

strong; few, medium, distinct, Vel-
lowlsh brorvn mottles ( f OVn57g,

moist); clear, wavy boundary.

Gray (10YR4/1, moist) very flne

sandy l-oam; amorphous ; friab le ;

pH B. O ; effervescence strong;

few, medium, distlnct, yellowish

brown mottles (fOYn5/8, moist);

cl-ear, wavy boundary.

Light olive gray (5Y6/2, moist) very

fine sandy loam; friabl-e; plI 7 .9;

effervescence strong; common, medium,

distlnct, Vêl.lowish brown (fOYn

5/8, moj-st; gradual, vravy boundary"

0live gray (SV5/2, moist ) sitty

loam; amorphous; sticky, slightly
plastlc; pH 7 .9; effervescence weak;

many, medlum, dlstlnct, f"llowish

c5ke r0 7-15 0



Horlzon DePth (cm) Descrlptlon

brown mottles ( fOYn5/8, moist ) ;

abruPt, smooth boundarY '

c6ke r50-1BB ollve grav $ys/z' moist) very

Site 4

So11 Serles:

SubgrouP:

Locatlon:

VegetatÍon:

Parent i4aterial:

Topography:

Dralnage Cl-ass:

Water Table DePth:

)o.

fine sandY loam; amorPhous; stlckY,

s1ightlY Plastlc; PH 7.9; effer-

vescence weak; distinct YeIlowlsh

brown mottles (10YR5/8, moist)"

Hartney.

Gleyed Rego Black"

s.E. L9-6-21W"

Freshly cultlvated summer-faLlow

fle1d.

Yellow, medium textured, calcare-

ous lacustrine "

Leve.I to very gentle sloPe.

ImperfecttY drained.

92 cm (I,lell 29 , Souris ) .

Ap

Horlzon DePth (cm) Descriptlon

o-r5 Brack (royne,zr, moist), dark gray

(10YR4.5/t, dry) l-oam; weak' medium: .

granul-ar ; f riab 1e ; PH B '2 ; ef fer-

vescence strong; c1ear, smooth boun-

darY '



Horlzon

ACk

Cca

Clkg

CZkg

C3ke

Depth (cm)

15-25

25-38

3B-51

51-91

g 1-I14

57"

Des cript ion

Dark grayish brown (fOYA3.5/2,

moist) silty clay loam; amorphous;

stieky, slightly pl-astic; pH B.Z;

effervescence sirong; abrupt,

irregular boundary.

Grayish brown (rcYA5/¿, moist)

sllty clay loan; amorphous;

sticky, slightly plasti-c; pH B.Z;

effervescence very strong; grad-

ua1, smooth boundary.

trihite ( I0YR8,/1, dry ) silty clay

loam; amorphous; sticky, slightly
plastic; pH B. f; effervescence

weak; conmon, r,redi-um, distinct
yeIlow mottles ( l0YRB/6, dry ) ;

gradual, smooth boundary,

I¡Ihite ( IOYRB/I , dry ) loam; amor-

ÞH B.O; effervescence lveak; many

medium, distÍ-net yellow mottles

(10YR8/6, dry); g¡aduaI, smooth

boundary.

I,,Ihite ( 10YRB,/1, dry ) silt loam;

amorphous; sticky, slightly plas-

fic; pH T.T; effervescence weak;

many, medium, dÍstinct yellow



Ilori-zon Depth ( cm) Description

C4kg

mottles (10YRB/6, dry); grad-

ual, smooth boundary.

114+ Pale brovrn (10YR6/3, ory); silt
loarn, amorphous ; sticky, slightly

plastle; pH 7.8; medium, distinct

broivnish yel1or.v inottles ( 10YR

6/6, dry).

Site 5

Soil Series:

Subgroup:

Location:

Vegetatlon:

Parent MaterlaL:

Topography:

Drainage Class:

Water Table Depth:

)Õ.

Hartney.

Saline Gleyed Carbonated Rego

Black.

8.C.33-6-22W.

Oats, very poor crop.

Yel-1ow, medium textured, câlcare-'

ous lacustrlne.

Local- depression.

Imperfectly drained.

178 cm (I,',te11 30, Souris ) .

dark gray (10YR3/1, dry) tloam;

strong, medium, pri-smatlc ; f irm;

moist; pH 7.8; effervescence weak;

pseudomycella of sa1ts, moderately

sallne ; abrupt, smooth-boundarY"

llori-zon Depth ( cml Descriptlon

Apks 0-l-B Black ( 10YR2/1, rnoist ) , very



Horlzon Depth (cm)

Ahks 1B-2 B

ACkgs 2B-38

CIkgs 3B-69

59"

Descrlptlon

Very dark gray (lOYn3rzf , rnoist)

loam; vieak, rnedium, subangular

blocky; friable; pti 7"8; effer-

vescence strong; pseudomycelia of

saIts, moderately saline; clear,

smooth boundary.

Dark gray ( 10YR3 .5/I, moist ) cl-ay ;

amorphous; very friable; pH 7.9;

effervescence strong; pseudomy-

celia of salts and gypsum crys-

tals , rveakly saline ; few, fine,

distlnct yellolish brov¡n mottles

( fOYn5/B , moist ) ; gradual, wavy

boundary.

Light olive brown (2"5V5.5/4,

moist) sltty clay loam; amorphous;

very friable; pH T "9; effervescence

strong; pseudomycelia of salts

and gypsum crystals, weakly saline;

common, medium, distlnct yellowish

brown mott l-es ( f OYn5/B , moist ) ;

gradual, smooth boundary"

Llght ol-ive brown (Z . \YS/ U, moist )

silt loam; amorphous; stlcky, plas-

t1c; pH 7.9; effervescsnce strong;

C2kgs 69-toz



60 
"

Horlzon Depth (cm) Descrlpblon

pseudomycella of salts; weakly

saline ; many , medlum, di-stlnct
gray mottles (2.5Y6/0, molst ) ;

gradual, smooth boundary"

C3kgs 102-130 Light o1lve brovrn (2.5y5/\,

motst) sl1ty loam; amorphous;

sticky, s1lghtly plastlc; pH

T .B; effervescence strong;

pseudomycelia of salts and gypsum

crystals, weakly saline; many,

medium, distlnct gray mottles (2.5y

6/0 , molst ) ; gradual, smooth boun-

dary.

C4kgs 310+ Light o1lve brown (Z"SVS/U, moist)

s1Ity loam; amorphous; sticky,

slLghtty plastic; pli 7.9; efferve-

scence strong; pseudomycelia of

salts and gypsum crystals, weakly

sal1ne; many, medium, distlnct
gray mottles (2.5Y6/0, moist)"

Slte 6

Soil Serles: Cameron"

Subgroup: Gleyed Rego Bl-ack.

Locatlon: S.E. 26-6-2IW"

Vegetablon; Freshly cuLtlvated summer-fallow

fle Id "



6r-

Parent l4aterial: YeIIow, moderately fine textured,

calcareous lacustri-ne "

Topography:

Dralnage Class:

I¡iater Ta'oIe Depth:

Level to depresslonal"

fnperfectly drained.

L52 cm (I¡IeIl 1, Souris).

Horizon Depth (cm) Description

Aps 0-20 Black (2.5Y2/0, moist), very dark

gray (roYn3rzr, dry) loam; weak,

fj-ne granular; pH T.3i friable;

pseudomycelia of salts; abrupt,

smooth boundary.

ACks 2o-AB Grayish brown (z.5yS/2, moist)

Ccasg

loam; aniorphous; friable; pH

7 .B ; effervescence weak; pseudomy-

celia of salts; diffusive boun-

dary.

28-41 Cllve- (5Y5/3, noist) clay;

amorphous; very sticky, very

plastic; pH T .B; effervescence

very strong; pseudomycelia of

salts and crystals of gypsum;

few, medium, distinct yellowlsh

brown mottles (fOYn5/8, moist);

diffusive boundary"

4r-Bf Olive (5Y5/3, molst ) silty clay

loam; amorphous; very stlckY'
Csakg
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Horlzon Depth (cm)

C1kgs B r- r5e

C2kgs L52+

Soil Series:

Subgroup:

Locatlon:

DescriptLon

plastlc; pH 8"2; effervescence

very strong; PseudomYcella of

salts and gypsum crYstals, weaklY

sallne; comrnon, medium, dlstlnct

yellovrish brown mottLes (fOYn

5/8, moist); diffuslve boundarY.

Llght ollve brown (2"5Y5/\, molst)

silty clay loam; amorPhous; very

sticlty, plastic; PH B. O ; ef fer-

vescence strong; PseudomYcelia of

salts and gypsum crYstals; many '
medium, prominent yellowi-sh brov¡n

mottles (1oYR5/8, molst) ; diffuslve

boundary "

Lfght ol-ive brown (2.5Y5/4, moÍ-st)

silty loam; amorPhous; very stÍckY,

plastlc; pH 8.0 ; effervescence

strong; pseudomycella of salts

and. gypsum crYstals; many, medium,

promlnent yellowish brorvn mottles

( 10YR5/B , molst ) "

lleuhorst "

Gleyed Rego Blacl<"

tl"E" 4-3-51'I.
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63"

Vegetatlon:

Parent l¡later1aI:

Topography:

Drainage Class:

\^Iater Table Depth:

Freshly cul-tivatecl sunmer-fal-

1ov¡ f 1eId.

Llght brov¡n, fine textured, cal-

careous lacustrine.

LeveI "

Imperfectly drained.

84 cm (l^1e11 5, iiorden).

Des criptlon

Black (2.5Y2/0, molst), black

(zYz.5/0, dry) clay loam; weak,

medlum granular; friable; pH

6.f; lrregular, abrupt boundary"

Bl"ack (2 .5Y2/0, moist ) very dark

graylsh broivn (2.5Y3/2, moist)

clay; medium, angular blockY;

very stlcky, very plastlc; pH

7.3; few, dlstinct, olive brown

mottl-es (2.5Yt+/\, moist ) ; abrupt ,

lrregular boundary.

Dark gray ( 2.5Y3 .5/0, rnolst )

silty clay; amorphous; very stickY,

very plastlc; pH 7 .9; effervescence

strong; large amount of gypsum

crystals; conmon, medJ-um, distinct

light yellollsh brown mottles

(2,5Y6/\, moist) gradual, smooth

i{orl-zon

Ah

fUeg

CIkgs

Depth ( cm)

0-20

20-4 B

4 8-66



I{orlzon

C2kgs

C3kgs

Stte B

So11 Serles:

Subgroup;

Locatlon:

Vegetatlon:

Parent Materi-al:

Depth ( cm)

66-8r

Bt+

6q.

Des crlpt lon

boundary 
"

Graylsh brown (Z.5YS/2, moist)

silty clay; amorphous; very

stlcky , very plastic; pH B " O;

effervescence strong; large a-

mount of gypsum crystals,

vreakly saline; common, medfum,

dlstlnct 11ght yellowish brown

mottles (2.5Y6/4, moist ) ; abrupt,

smooth boundary"

Grayish broivn (2.5Y5/2, molst)

very flne sandy clay loam; am-

orphous; stlcky, plastic; pH

8.2; effervescence very strong;

large amount of gypsum crystals,

weakly saline; conmon, medÍ-um,

distlnct 1lght yellowish brown

mottles (2.5Y6/4, moist ) .

Plpestone,

Saline Gleyed Carbonated Rego

BIack "

s"E. 2-4-2]hr"

Barley,

Yellow brown, flne texiured, cal-

careous lacustrine "



65,

Topography:

Dralnage Class:

lJater Tabl-e Depth:

LeveL,

Imperfectty drainedn

I32 cm (Wett 39 , Vtrhlte 't'later

Lake ) ,

Horl-zon Depth ( cm) Des crlption

Apks 0-15 Black ( loYR2/1, molst ) , very

dark gray (1oYR4/1, dry) s11tY

claY; moderate, medlum granular;

frlable; PH 8"3; effervescence

stight; PseudomYcella of salts

and carbonates, stronglY saline !

abruPt, smooth boundarY.

L5-36 Very dark gray (lOYR4/I, moist);

s11ty claY; amorPhous; very stÍ'ckY,

very Plastic; PH 8.5; effervescence

strong; PseudomYceÌia of salts

and carbonates; gradual, smooth

boundarY.

36-102 ollve gray (ty5/2, moist ) silty

claY; amorPhous; very stickY,

very P1astlc; PH 8.3; efferescence

strong; large arnount of gYPSum

erYstals; few, medium, dlstincf

Yellowlsh brown mottles (fOYn

5/8 , molsb ) ; diffusive boundarY '

1O2-I27 Pale ollve (5Y6/3, mo1-st) slÌty

Ahks

ACkgs

Clkgs
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tlorlzon Depth ( cm) Descrlptlon

C2kgs

loam; amorphous; stlcky, plas-

tlc; pH 8,4; effervescence strong;

large a:rount of gypsum crystals;

conmon, medlum, dlstlnct ye11ow-

ish brown mottles (fOVn57g,

molst) ; dlffuslve boundary"

L27+ Ol-ive (5Y5/\, moist ) loam;

amorphous; sticky, plastic;

pH B. 3; effervescence strong;

large amount of gypsum crystals;

common, medlum, distinct yellow-

ish brown mottl-es ( 10YR5,/8,

moist ) "

Site 9

Soil Serles:

Subgroup:

Locatlon:

Vegetat ion :

Parent Material:

Cranmer.

Gleyed Carbonated Rego Black.

N.\^¡.30-6-22W"

I¡lheat.

Ye1low, fine textured, calcare-

or,rs lacus trlne .

Topography: Very gentle slope"

Dralnage Class: Imperfectly dralned"

Water Tabl-e Depth: I32 cm (l^1e11 5, Souris)"

ilorizon Depth (cm) DescriÞtlon

Apk 0-20 Black (10YR2/1, moist), very
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Horlzon

Clkg

c3ks

C&ke

Depth ( cm)

20-6tl

64-r37

r37+

Descrlptlon

dark gray (10YR3/1, dry)

clay loam; weak, r¡edlum gran-

ular; sticky, plastlc; pH T .T

v¡eak effervescence; abrupt,

smooth boundary.

011ve (5Ytt/3, molst ) ; s1lty cÌay

loam; amorphous; very stlcky,
plastlc; pH T .7; effervescence

strongi ferv, rnedlum, distlnct
yellowlsh brown mottles (fOYn

5/8, molsþ); graciual, smooth

boundary.

Brown gray (2.5Y4/2, moist)

s11ty clay loam; amorphous;

very stlcky, plastlc; pH T .T;

effervescence very strong; coill-

mon, medlum, distÍnct ye1low-

1sh brown mottles (foVn57g,

molst ) ; gradual; smooth boun-

dary.

Dark, graylsh brown (2.5Y14/2,

molst) s1lty clay; noderate,

nedium, subangular blocky;

very stlcky, plastlc; pH 7 .7;

effervescence strongl many, med-
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Horlzon Depth (cm)

Slte 10

So11 Series

Subgroup:

Locatlon:

Vegetatlon:

Parent Materlal:

Des crlpt l-on

1um dlstlnct yellowish brown

mottl-es (fOYP.5/8, mol-st).

Osborne.

Carbonated Rego Humlc Gleysol"

River Lot 1, Parish of St " l.lor-

bert (Tp" B, Rge. 3E)"

Freshly cultlvated after harvested

barley "

Gray, very fine textured, calcare-

ous lacustrlne.

92 cm (Glen1ea).

Des crlptlon

Bl-ack (10YR2,/1, moist), very

dark gray (rOYn3/r, dry) elay;

strong, medium granular; firm;

pH T "l+; effervescence very weak;

few, fine, distlnct yellowlsh

brown mottLes (fOYn5/6, moist);

abrupt, smooth boundary.

Very dark grayish brown (2.5Y

3/2, molst ) clay; weak, medium

angular blocky; very stlcky,

very plastic; pH 7.\; efferve-

scence strong; conmonr- medl-um,

irlater Table

Horlzon

Apgk

ACkg

Depth:

Depth (cn)

0-13

13-23
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Horlzon Depth (crn) Descrlptlon

CIkg

dlstlnct Yellowish brown mottles

( roYn5/6 , moist ) ; clear, smooth

boundary "

?3-t+B oark brown gray (2"5y\/2, moist)

clay ; weak, medlum subanP5ular

bl-ocky; very stlckye very PIas-

tlc; PH 7 "7 ; effervescence sfrong;

many, medium, dlstlnct Yellow-

lsh brown mottles (rOvn576,

molst); gradual, smooth boundarY.

I+8-76 Dark grayish brown (¿"5V4/2,

moisb) claY; weak, medium,

subangular blockY; very stlckY,

very Plastlc; PH 7"7; effer-
vescence strong; many, medium,

dlstlnct yellowlsh brown mottl-es

(fOYn5/6, molst) ; gradual,

smooth boundarY.

76-122 Dark graylsh brown (2 "5Yt+/2 ,

CZkg

c3ks

molst ) clay; amorphous; very

stlcky, very plastlc; PH 7 "T i

effervescence strong; many,

medlum, dlstlnct Yellowlsh

brown mottles (10YR5/6, molst).
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TABLE ].4

PERCENTAGE OF VOLUIIETRIC WATER COhITENrIl FOR SOURIS SERTES
(SITE T)

Water Tenslon, em

Horizon
Sample
Depth

cm

Total
Poroslty

ol 2010 40 B0 160

Ahks

Clkgs

C2kgs

c3kgs

Horlzon
Samp le
Depth

cm

TotaI
PorosltY

ol

38 35" B 33"6 35 "7

58 35.\ 36.7 36 "2

91 36.8 37"5 37-9

145 39 .2 37 "2 35"5

l^later Table Depth: 145 cm.

36"1

35 "9

37 "T

34.9

3q"4

34. 1

36 "5

33.9

30"9

28. B

32.3

26"4

27 "5

23"4

23"2

rB"2

TABLE 2A

PERCENTAGE OF VOLUYIETRIC WATER CONTENT FOR LONG PLAIN SERIES
(srrE 2)

Water Tension, cm

2010 40 BO 160

Ah

c1g

Ç29

c3s

c4e

B

4B

79

114

l-35

Water

23.9

Lg.2

18"9

20"3

24"4

12. B

9.1

7.7

11" 4

15. 4

t15 "6 42 "2

ttz.g 36 "3

41" 4 36.5

40. o 32. B

41" 2 37 "5

Table DePth:

tt}.5 43"1 112.3

36"1 36 "7 36" 4

36 " 3 36.2 36 "2

36"8 36"9 36"7

37,2 37.3 3T.t+

135 cm.
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TABLE 3A

PERCENTAGE OF VOLUMETRIC I.trATER CONTEI'IT FOR HART}.IEY SERIBS
(srrn 3)

Water Tenslon, cffi
Horlzon

Sample
Depth

cm

Total
Poroslty

,d
þ 100 zo 40 90 170

Apks

ACk

CIkg

CZkg

C4kg

c5kg

c6ke

Horizon

B 39"6 43.0 )12"9 43.3 43"0 41"7 1t0.1

33 43"6 117 "7 116 "2 t46 "2 46 " 0 4¡"4 t42"7

51 115.7 )t7.3 t+5"6 4¡.: 43.5 40"3 36'0

68 tt3.¿ 43.4 4r"6 41"3 39"7 36.2 30.8

94 4e"o \2"5 41"2 4r.r 40.1 37"2 28.6

L3T 41"9 45.8 42"9 \3"2 42"2 39.6 22"8

178 43.r 4g"4 4U.2 44"1 44"1 \L"2 39"9

l¡later Table Depth: lBB cm"

TABLE 4A

PERCENTAGE OF VOLUMETRIC I^TATER CONTENT FOR HARTNEY SERÏES
(srrn 4)

Sample Total
Depth Poroslty

cmí
Water Tenslon, cffi

10 20 40 B0 160

Apk

Cca

Clkg

C2kg

C4kg

t2 57"7 48"4

2T 48.1 51.6

44 110"2 3g"B

7t4 43"2 40 " 5

92 42" B \2.\
VJater Tab1e Depth i 92

43"0 36"8 33.4

51. 10 4 B. 6 116 "7

38"9 35"8 33"2

39"1 35. 4 33. o

40"6 38.7 37"0

u7 "r
5t.9

39.0

4r"5

41. 5

cm.

tJ5 "3

51" 6

38. 6

4o"r

41. 3
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TABLE 5A

PERCENTAGE OF VOLUI4ETRTC UIATER COI{TENT FOR HARTì{EY SERIES
(srre 5)

Samp Ie Total i/ater Tenslon, cil
Horizon Depth Poros i-ty

cm /" o I0 20 40 90 I7o

Apks B

ACkgs 28

4z "5 4S.S 44. B 4:).4 4S.A 45. r 44 " I
49"4 46.r \5.5 44.6 41.3 36.2 31.8

48.o 4r"r ri3.4 38.B 36.8 31.9 28"T

4tt"s 43"8 44.4 43.3 ttz.z 40"6 39"2

Ut1.z ll4.4 t12.3 4t.T 4r.6 40"6 39.3

\2.4 5r"2 47.6 \7.4 t+6.9 4¡.8 44"1

Tabl-e Depth z 17 B cm"

c3kgs 1l-4

C4kgs 135

Water

Clkgs

C3kgs

Horizon

53

B4

TABLE 6N

PERCEI'ITAGE OF VOLUi'{ETRIC WATER CONTENT FOR CAIVIERON SERIBS

(srrs 6 )

Sample
Depth

em

Total
Porosity

øl
tb

Water Tension, cm

402010 B0 160

Aps

Ccags

Csakg

C lkgs

C2kgs

10

3B

7LI

T214

152

l.riater Tab Ie

46"3

t+T "t
5r+ .6

48"¡

52 "O

Depth:

5r.9 5r.5
rr3. B 4¡. e

57 "o 56.5

48.4 48.2

56.3 56.3

I52 cm"

52.3 50 "T

45.0 42.4

56.5 54.3

48.¡ 47.3

56. I 52.r

49.o tr6"7

40.7 38.6

53"0 49,0

46.4 44.t

51"1 ttg.z
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TABLE 7A

PERCENTAGE OF VOLUIYIETRIC WATER CO}.ITENT FOR I{EUHORST SERIES
(srrE 7)

Water Tenslon, cft
Horizon

Sample
Depth

cm

Total
Poros lty

4
lo 10 20 40 Bo 160

Ah

Ahg

C1kgs

C2kgs

C3kgs

Horlzon

13

3B

5I

69

B4

hlater

52"7 50.3

)16"5 46"0

\6 "2 4S"g

50"3 t17.7

46.1 44"4

)t7 .z \tt "2

44. 4 42"7

44"6 ttz"g

44"r 40.6

40.4 36 "6

48"3 57"5 54.3

46 "5 46. r 46. r

44" 4 t15"5 t+¡"6

49"2 5L"5 50"B

46"0 47.0 46"8

Table Depth: 84 cm.

TABLE

PERCEI'ÍTAGE OF VOLUMETRIC WATER
( srtn

Ba

COI.'ITENT FOR PIPESTOì'IE SERIES
B)

l"later Tension, cfrSample
Depth

cm

Total
Poroslty

d
lo 10 20 40 Bo 160

Apks

Ahks

ACks

Clkgs

C2kgs

10

33

79

117

132

l,Iater

59.7

4B"B

50"8

4g "s

35 "2

TAbIe Depth:

59.r 5B.B

50 .9 51. r

52"6 5o " 5

4T "7 tt5"Z

39 "9 38. 7

l-32 cm"

59.5 57 "2 55.0

52.3 50 " B 49 .5

50" B \9.3 48"2

44"¡ 43.0 4e.4

38 " 7 37 "T 37.0

5L.7

\T .2

46.2

40"4

35 "9
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TABLE 9A

PBRCENTAGE OF VOLUT4ETRIC WATER COIJTEI'IT FOR CRAì{I'IILR SERIES
(srrE 9 )

SampIe
Horlzon Depth

cm

Total
Poroslty

d
lo

Water Tenslon, cm

10 20 40 B0 160

Apk

Clkg

CZkg

c 3ks

Horizon
Sample
Depth

cm

TotaI
Poroslty

øl
lo

13 41. B

4 3 \5.2

84 45.6

I32 I17.II

lnlater Table Depth:

\3"2 ttq-T 45.r

u2"3 44.r 44"0

45.1 46.1 45"ø

4Z.o 48.2 48"o

I32 cm.

44.¡ 43.0 41"7

t+2.3 40"7 39.4

43"3 41.9 40"5

4T"z tt6"T 45"8

TABLE 10A

PERCETITAGE OF VOLUI'TETRIC I,IATER CONTENT FOR OSBORI'IE SERÏES
(sITs 10)

VIater Tenslon, cm

10 20 40 Bo 160

Apgk

ACgk

Clkg

CZkg

c3ks

10 52.8 63.1 62"6 6z"o 59 "2 59 "4 57 "0

zo 5t1.2 6r.9 6r.6 61"1r 60.9 59.4 57"L

36 52.5 62.6 6r.B 6r.6 6r.r 59"7 56"9

64 5L.5 6o.z 58.B 58.5 57"r 55.\ 53.0

92 5r.5 59"8 59.2 58"9 57"7 56.1 5t1"3

Water Tabl-e Depth: 92 cm.


