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A Field Study of Infiltration on Various Agricultural Soils
Stephen J., Stephen

Abstract

The purpose of the study was to ascertain 1ir
infiltration and temperature varied significantly among the
selected soll types of the Smithfield, Otonabee, Wendigo
and Farmington Series. These data were gathered from fleld
tests performed during the summer months in Ontario and Vie-
toria Counties.

A stopwatch was used to measure the number of sec-
onds that were required for 0.8 inches of water to disappear
into the soil inside a 4 inch diameter single ring infiltro-
meter which had been placed one inch into the soll surface.
The soil temperature was recorded at the same time.

The sites were chosen by stratified random sampling
from the above soll series as depicted on the Ontario and
Victoria County Soil Survey maps. A so0ll sample from each
test site was taken to the laboratory for mechanical analy-
sis,

Analysis of the infiltration data showed that the
soll types differed in their initial infiltration response.
Also mechanical analysis differentiated some of the soil
series into separate soll types. The Student's °*t' Test in-
dicated that both initial inflltration and temperature were
indicators of soll types.
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Preface

The necessity of having an adequate supply of good
quality water is wvital to the operation and maintenance of
a farm home and farm enterprise., In the rural setting,
wells are the major source of potable water for the farm-
stead for both household and livestock needs, Therefore un-
polluted, underground sources of water are mandatory for an
efficlent agricultural economy.

Vast quantitles of water are used daily. Homes with
running water on tap may use 60 gallons per person each day
for household purposes. The dally requirements of range cat-
tle are 3% to 7 gallons whereas Holstein cows producing 80
lbs. of milk per day consume 19 gallons (U.S.A. Department
of Agriculture, 1955). Plants use soll water through trans-
piration. Watson and More as reported by Symons (1968), in-
dicate that "a field producing 3 tons of dry matter per acre
may transpire from 1200 to 2500 tons of water, equivalent to
12 to 25 inches of rain"., Water requirements vary somewhat
for each of the three examples depending on such factors as
the temperature of the day, the dry or moist food consumed
by man or animal, the type of plant (fibrous root or tap
root system), humidity and cloudiness. All this necessary
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water must come from preclpitation to supply the surface
soil, underground water table, or streams for agricultural
use., If the rainfall is not sufficient during the growing
season, then the irrigation of fields may be beneficlal
wherever it 1s economically practical which further dep-
letes the total available water supply.

The process of infiltration is the only natural
means of replenishing the soil and underground water supply,
therefore it becomes an extremely essential element of the
hydrological cyocle, particularly for agriculture, Some of
the water that enters the soll surface will be used by the
plants in growth and transpiration; some will be lost by
evaporation and some will drain through the soll and enter
the zone of saturation or ground-water, later emerging in
springs and streams., If a constant supply of water is prov-
lded to streams, the stream flow does not change rapidly.
Nevertheless, stream flow can change rapidly due to a large
surface runoff, often endangering life and causing property
damage by floods. Part of this stream flow change may be
caused by poor infiltration.

Chow (1964) states that slow progress has been made
in the development of sclentific hydrology. Increased world
population and generally improved economic conditions after
World War 11 has rapidly brought the need for solutions of
water supply and disposal problems to the attention of all.
More education and research in certain aspects of hydrology
must follow to maintain or improve the quality of life.
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If a farmer or any man of the land could different-
late his fields and/or solls by a simple, inexpensive in-
filtration method, then he could utilize the renewable (but
sometimes polluted) natural resource -- water, to the ben-
efit of everyone. Then the solls that exhibit good infil-
tration under field conditions within an area, can be pre-
served for open space and not encroached with houses and
pavement. To thlis end the present study was directed,

I wish to acknowledge the particular encouragement
and patience received from my adviser Dr., Gunars Subins
throughout. Also my thanks to Eric Bolton, retired Chief
Chemist, for his valuable assistance in the laboratory.
Lastly to my wife and famlly without whoee understanding
and cooperation in other matters this thesis would not

have been attempted.
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Chapter 1

Introduction

If a classification of soils by their initial infil-
tration response could be established, it would be useful to
many people, e.g. an agronomist interested in the varying
amounts of moisture that is avallable to certain orops grown
on various types of solls, Soll temperatures and soll tex-
ture also influence plant growth. Perhaps these could also
be useful as means of classification, These soill character-
istics are only three of the many soil factors involved in
the soil-plant complex, For geographical study, concepts of
the interrelation of many elements in the environment, their
spatial distribution and their behaviour systems provide
logical beginnings for a comprehension of man and the land.,

In order to attempt a differentiation of soll types
in the field, an infiltration test is proposed whereby a
given amount of water is poured into a cylinder at different
locations. The infiltration time 1s reco;ded. Infiltration
apparatus may range from a complicated rainfall simulator to
a simple single ring oylinder, In this case the simplest de-
vice is used,

Simultaneously the soll temperature at the different
sites 1s measured and recorded., These two experiments are
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2
gsimple, inexpensive and mobile,

At each test site a soill sample 18 collected for lab-
oratory analysis. In the laboratory mechanical analyses of
the so0ll samples are performed by sieving, the pipette and
the hydrometer method. Although they may not glive exactly
the same results, they are comparable and valid conclusions
can be drawn, These tests wlll be used to see if distinc-
tion can be made among the s80lls of the test sites, As a
check the sites selected in this study will be chosen from
specific soll types as designated on county solls maps.

If this test procedure is successful then 1t could
simplify soll classification, because the present soil
classification procedures are elaborate and expensive, re-
gardless whether they are performed in the laboratory or
the fleld. Precision and accuracy are consldered to be the
advantages of the present methods.

The following hypotheses are proposed:

(1) That the agricultural soil types as depicted by the
County Soll Survey maps can be differentiated by thelr ini-
tlal rate of infiltration.

(2) That these same soil types can be differentiated by
theilr temperature characteristics,

(3) That the same soll types as shown on the County Soil
Survey maps can be differentiated by their texture as est-
ablished by the laboratory analysis of fleld specimens.,

The study 1s conducted in the following order. Re-
view of the literature will establlish the state of the art.



3
The location eof the study area is selected and described,

The test methods are explained. The field measurements are
performed, recorded and reported. Data are analysed by sta-
tistical methods., Results are discussed and reported. It
is shown that infiltration time and soll temperature can be
used to distinguish between soll types.



Chapter 2

Literature Review

Infiltration

Although precipltation and evapotranspiration are
important parts of the hydrologic cycle, infiltration is of
particular interest to the agricultural geographer. The
amount of surface runoff and soll molisture are greatly in-
fluenced by the process of infiltration. In general, the
amount of water from rainfall that enters the soll depends
directly on the infiltration process,

Various definitions for 1nf11trat;on appear in the
literature and several attempts have been instituted to stan-
dardize its definition. A subcommittee of the Soill Scilence
Society of America on %ermlnology, chaired by Richards (1952),
defined infiltration as the downward entry of water into the
s0il, or as phrased by Hutchinson and Stoesz (1970), the flow
of a liquid into a substance through pores or other openings,
connoting flow into a soll 1n contradistinction to the word
percolation which connotes flow through a porous substance,
Infiltration rate is the maximum rate determined by the soil
characteristics at which water can enter the solil under spec-
ified conditions including the presence of an excess of water,
The rate of infilltration 1s usually stated in inches or cent-
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5
imetres per hour. Infiltration capacity, or abllity to in-

filtrate rainfall, determines how much of the rainfall en-
ters the soll and indirectly the amount of surface runoff,
Since no restrictions are placed on the divergence of flow
in the soll, it i1s necessary to describe the method employed
for each individual research project.
Factors Affecting Infiltration

Basically the soll characteristics are the principal
factors affecting infliltration. Pore-size and pore-size dis-
tribution which are directly related to soil texture and soil
structures are very important., Some of the other faoctors
that contribute to the infiltration abllity of the soil are
colloidal swelling, aggregate stability, compaction of soil
surface, organic matter content, bilologlcal activity, en-
trapped air, root penetration, freezing and previous land use,
Present temperature and the interception by vegetation affect
the amount of water available for infiltration as well as the
duration and intensity of the rainfall, slze of railndrop and
rainfall impact. These latter charaoteristics of the precip-~
itation may account fof the turbidity of the surface water
(1f any) and the depth of water over the soll surface or its
head. Subsurface factors such as thickness of the different
soll horizons, permeabllity of underlying strata and antece-
dent molisture also influence water intake.

As many varliables are involved, there are diverse
opinlons pertaining to the ones which have the greatest in-
fluence on infiltration. Horton (1940) suggested the foll-



6
owing factors which affect the infiltration of water into the

soil, He grouped them as (1) soil type and soil profile (2)
biologic and macro-structure within the soll (3) vegetal
cover, Others think that the soll mass 18 the principal con-
trol on the infiltration rate and therefore 1t 18 largely in-
dependent of surface conditions or macro-structure near the
surface of the soil, Lewis and Power (1938) listed a very
large number of factors and divided them into two major
groups, (a) factors influencing the infiltration rate at a
glven time and point, such as texture, structure and organiec
matter, (b) faotors influencing the average infiltration rate
over a considerable area and period of time such as slope,
vegetation and surface roughness. As 1t 1s generally agreed
that a large number of variables are involved, only a limited
number of factors are studied at one time.
Porosity

Porosity 18 a very important factor that influences
infiltration. The flow of the water into the soll depends
upon the sizes, continuity and distribution of pores. The
porosity of a given soll varies with its texture and struc-
ture, Soll texture 1s the size distributlion of the individ-
ual soll particles, whereas soll structure is the arrange-
ment of the soil particles into specific groupings., The
texture varies from sandy to loamy to clayey, depending on
the percentage of particles of sand, silt and clay in each
type. The structure, which is strictly a descriptive field
term, can vary from platy to crumb (Lyon, Buckman and Brady,
1952).,
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Baver (1938) classifled pores as capillary and non-

capillary. The dliameter of the capillary pores are less
than 0,05 mm. and those of the non-caplillary pores are
greater than 0.05 mm, In order that the water may continue
to infiltrate, it must be able to move relatively freely
down through the soil. However a point to be considered 1is
that there is a major difference between saturated and un-
saturated flow. As explained by Millar and Turk (1943) gra-
vity causes water to move when the soll is saturated, hence
the larger the pore the faster the flow providing that the
pores are connected. When the soll is not completely wet-
ted then forces of adheslon (mutual attraction between soil
and water) and cohesion (attraction of water molecules to
each other) act., Because of unequal tensions developed on
the curvature of the surface water film, the direction of
the flow 18 determined by the direction of this foroce,
Water can move upward or outward in a drier soil as easily
as 1t can move downward, Thilis 1s called capillary movement.
Gumbs and Warkentin (1972) noted that the swelling of so0ils
increases the porosity and conductivity of the surface lay-
ers which have a large influence on the infiltration rate.
Browning (1939) found that the moisture content of
the soll was a determining factor in its volume., As the
80ll swells or increases in volume 1t decreases the volume
of the soil pores, Now non-caplllary pores become capill-
ary in size and smaller capillary pores may be sealed to
the movement of water within the soill. Surface soll had a

greater volume change than the subsoil because of the lat-



8
ter's higher bulk density values indicating that the subsoill

was compacted, therefore it had less space for expanslon,

Zimmerman (1936), Free and Palmer (1940), and Chris-
tiansen (1944) conducted studies in the laboratory on soil
columns to observe the effect of entrapped air on infiltra-
tion and permeabllity. Complex interrelationships between
pore size and alr and water movement were noted which
pointed to the importance of pore space in the inflltration
process.
Soll Surface Factors

Duley (1939) evaluated the surface factors affecting
the rate of infiltration in cultivated soils. He noted that
when the surface was covered with straw and the rate of spr-
inkling was in excess of lintake there was much more absorp-
tion than after the straw was removed. A thin compact sur-
face layer formed on the exposed soll surface, Thus this
apparent structural disturbance of the surface layer, due
partially to the beating of the simulated raindrops, and
partially to the surface flow, had formed a relatively thin
impervious seal. His data showed that this sealing of the
surface pores had more influence on inflltration than soil
type, slope, moisture content or structure. Duley and
Russel (1939) found that leaving ocrop residues on the soil
surface greatly increased infiltration rate, reduced evap-
oration from the soil surface and also reduced water and
wind erosion. Auten (1933) conducted absorption tests on
field and forest solls. Forest solls were more porous than

Tield solls and both have a greater absorption or inflltra-
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tion rate than land grazed by livestock. Also noted was the
fact that a bare soll's abllity to absorb water was less at
the surface than at a three inch depth because of the crusted
surface formation,
Organic Matter

Organic matter influences the water intake of a soil
in various ways. Soll that 1s low in organlc matter content
1s easily eroded, Besides the litter and humus providing a
spongy protection for the mineral portion of the soll part-
icles it also alds as a binding agent in the formation of
aggregates., Most research has been done on forest solls
where the detection of the various stages of organic matter
decomposition is more easily performed. Auten (1933), Arend
(1941), and Johnson (1940) all agreed from their respective
investigations that the removal of the 'forest floor' red-
uces infiltration. Johnson (1957) found that the decompos-
ition of organic residues clogged pores, resulting in a de-
creased infiltration rate. However he concluded that this
effect was offset by the high initial infiltration rate.
Additional tests showed that percolation rates increased due
to soil structure improvement, Wischmeler and Mannering
(1965) found that wide textural ranges of soils had only
minor influences on runoff. The entry of water into the soil
was influenced much more by the organic matter and management
than by texture and topography.
Micro-organisms

S0il micro-organisms have important direct and in-

direct effects on infilltration. Previous investigators have
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observed that soils subjected to an extended perliod of water

submergence exhiblt a typlcal S-shaped infiltration rate
curve, Acocording to Parr and Bertrand (1960) the initial
rapid decline seems to be due to the slaking of aggregates
and the swelling of s0ll r3lloids whereas the final decline
in infiltration rate has been assoclated with microblal ac-
tivity which is dependent upon the amount of organic matter
in the surface soil. McCalla's (1942) work seemed to in-
dicate that microblial slimes, gums etc, increased infiltra-
tion rate,
Compaction

Stienbrenner (1955) found that under wet conditions
one pass of a tractor wheel can reduce the non-capillary
pore space by 50 percent and the infiltration rate by as
much as 80 percent, Doneen (1953) found two passes of a
tractor wheel reduced the infiltration rate from 1.4 to 0.6
inches per hour or a net reduction of 0.8 inckes per hour.
Heavily grazed pastures, because of the increased compact-
ion of the sg0ll surface are susceptible to a higher volume
of runoff and reduced infiltration. Compaction of the soil
deoreases 1ts total porosity especially under wet conditions.

Seagonal Influences

Bertoni et al (1958) from the analysis of their data
concluded that the time of year influenced the infiltration
rates, Their final infiltration rates showed a gradual in-
crease from Maroh to the middle of June and then a sharp
rise to the end of July falling off to the middle of October,
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They suggested the higher infilltration rates during July

were due to the vegetal cover protecting the soll from seal-
ing at the surface, Additional factors affecting this phen-
omenon are lower topsoll molsture, soll surface cracking as
opposed to swelling when wet, and higher soll and water tem-
peratures. Beutner et al (1940) also found higher infiltra-
tion rates during the warmer summer months than during the
cooler spring and autumn seasons,
Antecedent Moisture

Antecgdent moisture was investigated by Tisdall
(1951) using 12 inch ring infiltrometers to determine its
relationship to the infiltration rates., Observation indic-
ated the lower the soll moisture the higher the infiltration
rate, Also the longer the period of water application the
less the effects the antecedent molisture had on the infilt-
ration rates,
Soil Type

Free et al (1940) investigated 68 soils to determine
relative infiltration and the related soll characteristics.
The experiments were conducted in slitu using a tube type in-
filtrometer over a wide range of s0ll types representing
most great soll groups, parent materials and climatic prov-
inces, In the laboratory mechanical analyses of the samples
were performed and the porosity of the soils measured. A
definite assoclation was indicated between infiltration and
all indices of large pores or thcse factors affecting pore-

size. Non-capillary porosity, degree of aggregation, organic
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matter and amount of clay in the subsoll were variables that
were tested statistically. When the factors were combined
in multiple regression, the correlation coefficlent of 0,71
was obtained. From thls study the most important single fac-
tor influencing infiltration is non-capillary porosity. Or-
ganic matter and clay content affect it to a lesser degree,

Verma and Toogood (1969) measured infiltration rates
for the major soll types of the Edmonton area, High initilal
infiltration rates were noticed in all soils, The concent-
ric ring method was used in which was maintained a one cm.
head. A comparison of rainfall intensity with infiltration
rates showed that there was little erosion hazard for the
area.,

It has been shown that many variables affect the in-
filtration process., A difficulty arises as to the relative
value of each one of the individual varilables that influence
infiltration. It must be emphasized that the results from
each investigation are relevant only to the specific environ-
ment and that particular technique employed., Research res-
ults tend to show considerable varlance quantitatively but
this should neither deter one from further research nor lead
one to think that his own results are erroneous. Musgrave
and Free (1937) concluded that it was unreasonable to att-
ach a specific infiltration rate to a particular soil type
and the measured rates are essentially comparative values,

The Committee on Water Resources in their Report 1

(1966, p.94), stated the following with respect to infilt-
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ration: It 1s still possible to predict
infiltration rate from a knowledge
of the physioal properties of the
801l .+s. Difficulty has also arisen
in making valid projections from
measurements made on one square or
20 square feet of soll surface to
infiltration performance on a 40~
acre field or a 10 square-mile
watershed,

Meagsurement of Infiltration

Methods of testing and measuring infiltration are
widely varied., In many instances the method used has been
developed to meet a specific regqulrement and as such are not
easily adapted to other situations. Parr and Bertrand
(1960) classified the instruments into three groups (a) ins-
truments in which infiltration 1s determined as the differ-
ence between water applied and runoff, (b) instrumente which
impound water in-a confined area thus maintaining a head of
water, (c) instruments which allow the determinations of in-
filtration from rainfall data. Three sub-groups add refine-
ment to the above classification of infiltration instruments.
They are (1) installations that encase the soil in various
slzed enclosures, such as tubes, cylinders etc. which do not
allow lateral movement of the water, (2) those which allow
unrestricted lateral movement, (3) those which provide buffer
compartments to compensate for lateral subterranean flow of
water from the plot. Musgrave and Holtan (1964) classified
the methods used for infiltration work under two headings
(a) the analysis of hydrographs of runoff from natural rain-
fall on plots and watersheds, (b) the use of infiltrometers
with artificial application of water to enclosed areas, An
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infiltrometer is a device for measuring the rate of entry of
a fluld into a porous body, for example water 1into soil.
Hydrograph Analysis

Watershed hydrographs have been used to estimate in-
filtration. As a hydro or water graph 1llustrates the amount
of rainfall and the discharge or runoff into the stream with
respect to time then the difference between these two values
would essentlally be the amount of water infiltrated into
the soil or lost by evaporation. The smaller the drainage
basin the less elapsed time or lag occurs between the begin-
ning of the storm and the beginning of the runoff. Foster,
as reported by Strahler (1969, p.423), found that on a very
gmall watershed of one acre only 6 minutes elapsed between
initlal rainfall and increased stream discharge as measured
by a raln gauge and current meter respectively. This part-
icular storm lasted only one hour and twenty-nine minutes
during whioch time 1.2 inches of rain fell and 1 inch of water
constituted the runoff leaving 0.2 inches infiltrating, a
little of which would evaporate. However, on larger water-
sheds the time lag may be several hours. Surface retention
in puddles or small ponds and the vegetation complex (plant
transpiration) enter into the picture thus complicating the
infiltratlon calculations. Also rainfall may vary on diff-
erent portions of the dralnage basin., 2Zingg (1943) on an
agricultural watershed of 7.5 acres attempted to determine
the subsurface flow, surface storage and infilltratlion rates
from the rainfall and runoff data. Horton (1937) used water-
shed hydrographs to determine the infiltration rates for
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large drainage basins. Since any two watersheds depict many

more differences than similarities 1t 1s necessary to design
the experiments properly in order to make a comparative
study possible,
Infiltrometers

Infiltrometers may be classified into two general
types, (1) rainfall simulators, (2) cylinders, They are us-
ually used for experimental plots or very small watersheds.,
Repetitive runs for each plot are taken in order to obtain
hopefully more reliable data. Much of the work that has
been done using rainfall simulators was for erosion calcul-
atlions but some has been done for infiltration rates,

Many types of rainfall simulators have been devised.
Most of them are rather elaborate and once they have been
installed are difficult to move although several portable
devices have also been bullt. They employ a serles of noz-
zles that spray water into the alr allowing it to drop on
the surface as artificial rain. Then arose the difficulty
of rain drop size and intensity. Diebold (1941) tested
P and FA type inflltrometers on forest soils. Both of these
infiltrometers used the type F nozzle which produced drops
varying in size from 3.2 to 5.0 mm. in diameter., A tent was
used to protect the spray pattern from the wind. Type F has
a pressure of 35 p.s.l. and type FA operates at 15 p.s.li.
The type F has 13 nozzles that'disperqe the artificlal rain-
fall onto a 6,6 by 12 foot plot in an arch-like pattern.,
The rainfall is measured by two 1l2-foot trough gauges. Mod-
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ification of these infiltrometers have led to such instru-

ments as the Rocky Mountain infiltrometer or the North Fork
infiltrometer. Some experimenters also studied the effect

of buffer areas on infiltration rates using the sprinkling

infiltrometers,

Many varied types of cylinder infiltrometers have
been used for collecting infiltration data. They are us-
ually metal rings but sometimes square compartments, that
are driven into the soil to depths ranging from a few in-
ches to one or two feet, Water 1s added in known amounts
to include such principles as falling heads, constant heads
or even a sprinkling application. Single ring, double ring
or multi-ring devices have been used, The latter two which
attempt to control the lateral water movement in the soil by
creating a buffer zone have been used in later studies. Sup-
posedly the high varlability of infiltration with the single
type was due to lateral movement of water but since results
are to be congidered relatively then this data can be useful.,

Caution and uniformity must be exercised when the
rings are pregsed into the soll surface, It 1s important to
disturb the soil structure as little as possible so that re-
plicated infiltratlion runs show a minimur of variation. Also,
water may seep down the sides of the infiltrometer which re-
sults in unnatural flow., With columns that are driven deeply
into the ground entrapped air inside the soll column will im-

pede the downward movement of the applied water,

Auten (1933) used rings 2 inches deep and 12 inches
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in dlameter pressed 3 centimetres into the solil surface to

study infiltration characteristics., In further experiments
he used a 12-inch square metal compartment and he obtalned
similar results., Musgrave (1935) used a 6-inch diameter
cylinder jacked into the soll to reach the B horizon to ob-
tain his infiltration data. Smith et a1l (1937) followed
Musgrave'’s procedure to study the effect organic matter had
on infiltration. The 6-inch dilameter steel cylinder was
forced into the s0il to a depth of 12 inches by a Jack screw
set against a tractor. Although varlablility was obvious
after repeated runs it was evident that organic matter in
the form of barnyard manure significantly influenced the
rate of infiltration,

Tests were conducted by Burgy and Luthin (1956) using
single and double ring infiltrometers, They found no signif-
icant difference between the two types under the conditions
of their experiments., Single ring cylinders 4% inches in
diameter and 4% inches long were placed half their depth into
the so0il by Slater (1957). The infiltration rates were then
compared with those results from an FA type infilirometer.

It was found necessary to conduct 15 replications for a 20
percent accuracy of the single ring type. The median was
comparable to one run with the FA type or three runs on hand
sprinkled plots.

From this brief review of the many papers written
on diverse infiltration aspects it should be re-emphasized

that the conclusions drawn should be considered relative
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to the other variables in each experiment. The results of

studies completed at different times in different places may
or may not be comparable, The individual focus of each study
may also make it difficult to relate several studies in a

general manner,



Chapter 3

Present Study

Purpose
During the summer, fleld tests were conducted to as-

certain if infiltration and temperature varied significantly
among the selected solls., The resultant data plus the labor-
atory findings were used to test the following hypotheses:
(1) That the agricultural soll types as depiocted by the
County Soil Survey maps can be differentlated by their init-
ial rate of infiltratlon,
(2) That these same goil types can be differentiated by their
temperature characteristics,
(3) That the same soil types as shown on the County Soil Sur-
vey maps can be differentiated by their texture as established
by the laboratory analysis of field specimens,
Location

The inset in Figure 1 indlcates the general location
of the study area. Situated basically in the small Talbot
Biver drailnage basin that flows south-westerly into Lake
Simcoe from near the edge of the Canadian Shield, the study
area has been divided into three smaller, more specific areas
as shown by Figure 1. Two of which are located in Mara Town-
ship, Ontario County at approximately 44° 29°'N, 10°'W, and

19
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gsecondly at 44° 32'N, 79° 07'W; the third in Carden Township,
Victoria County at 44° 36°'N, 78° 58'W, Portions of the Tal-
bot River form sections of the Trent Canal water transport-
ation system which links Lake Ontario to Georglan Bay on
Lake Huron.
Palaeozolc Geology

Hydrologlcal explanation of the inflltration pheno-
menon will be facllitated by a brief review of the geolog~
ical history, topography, climate, soll development and pres-
ent land use of the study area.,

The Lake Simcoe drainage basin lies on the Southern
Ontario Palaeozoic Plain known physiographically as the Great
Lakes Lowlands specifically Interlake Ontario (Hough, 1958).
Chapman and Putnam (1966) have classified this portion of
the study area as the Lake Simcoe Basin of the Simcoe Low=-
lands, About half of the Lake Simcoe basin is occupled by
the waters of Lake Simcoe. At the highest level of the hle-
rarchy it is the eastern extremity of the Interior Plains of
North America situated between the Precambrian Canadlan
Shield to the north and the Appalachian Highlands to the
south, The study of the stratigraphy of the lLake Simcoe area
by Liberty (1969) reported limestone to the depth of approx-
imately 500 feet overlying the Precambrian and Cambrian rock.
The strata which are of the Ordovician Perliod have a regional
dip averaging about 25 feet a mile to the southwest,

A portion of the Table of Formations (Liberty, 1969)
that pertailn to the study area is outlined in Table 1. The
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TABLE 1

Stratigraphy and Lithology of Simcoe Group
after Liberty (1969)

S

Stage Group Formation Lithology
Lindsay Grey lithographic
limestone
Upper Fine, medium-coarse
Trenton member | crystalline limestone
Verulam
Lower Interbedded limestone
member | with shale
Simcoe
Upper Calcarenites and
member | sublithographic limestone
Bobcaygeon
Mlddle | Sublithographic
member limestone
Lower Arglllaceous limestone
menber | and calcarenite
Upper Lithographic semi-
member | crystalline limestone
Gull River
Black Middle | Lithographic
River member limestone
Lower Dolomitic and
member | 1ithographic limestone

two formations of the Simcoe group which form the surface

bedrock of the research area are the Bobcaygeon and Verulam

formatione.

Part of the study area 18 located on the Verulan
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formation as shown in Figure 2 and the rest of it 1s located
on the Bobcaygeon formation. Glaclal drift covers most of
the Palaeozoic bedrock in the area but where it does outorop
the Bobcaygeon weathers more towards a greyish colour whereas
the Verulam tends to a brownish colour,

Pleistocene Geology

With the waning of the Wisconsin ice-front the glac-
ier left unconsolidated materilal of glaclal, glaclo-fluvial
or glacio-lacustrine origin (Deane, 1950). As the study
lies at the southern edge of the Canadian Shield which is
composed of hard granitic rocks, the depth of till varies
from several inches to several feet within a distance of
twenty miles from the shield, Figure 3 depicts the glacial
features of the region. The distribution of drift is not
uniform as there are outcrops of limestone bedrock occurr-
ing throughout the area. The drumlins and roche moutonees
indicate that the last or most recent glaclier advanced from
the northeast. Some granitic erratics appear mostly on the
t1ll plain throughout the area,

As the glacier retreated, kames, eskers and moraines
were formed. Glacial Lake Algonquin reworked these deposits
below 825 feet creating clay and s8ilt filled depressions
(Deane, 1950), It also removed much of the till from the
limestone plains at approximately the 800-825 foot altitude
which settled differentially into deposits of stratified
sand, s8ilt, and c¢lay usually only a foot or two thick.
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Topography
The outlined research sections on Figure 3 show that

two of the three study areas lie southwest of the two thin,
discontinuous Mara moraines which extend across the limestone
plain in a northwest-southwest dlirection marking the trend of
the ice-front (Chapman and Putnam, 1966). The subdued top-
ography and the stratified material suggest deposition in
water according to Deane (1950). Note the frequency of gaps
in the moraines, Logan's Hill forms a high ridge of strat-
ified sand and gravel south of Canal Lake in direct line
with the moraine. This 18 a kame deposit at the mouth of a
glacial stream. A few drumlins are scattered throughout the
study area but they are much lower and shorter than the major
portion of the Mara drumlin field Just north of Brechin,

The latter are long narrow ridges less than 50 feet high,
some with steeper sides due to Lake Algonquin wave action.
These drumlins may be up to 8,000 feet long eand 600 feet wide.
As noted in Figure 3 the whole study area lies below the ab-
andoned Lake Algonquin shoreline so therefore most of the mat-
erials have been reworked by water since the last glaclatilon.
Also spreading out on either side of the Talbot River south-
west of Canal Lake there 1s a relatively large section of
sandy outwash material formed by the melt waters of the glac-
ler. Ground moraine is the predcminant glacial feature for
the study area, Certalnly much of it was covered by water
but it was close to the shoreline and most of the lacustrine
deposlits were shallow and subsequently washed away by the
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receding water, A few rock outcrops and small drumlins break
the otherwise flat surface of the ground moraine. Beside the
drumlins are either clay and silt filled depressions or muck
areas.
Climate

Putnam and Chapman (1938) allocate this area to the
Simcoe and Kawartha Lakes climatic region, which lies bet-
ween the physical features of the Oak Ridges moraine to the
south and the Haliburton Highlands to the north. The win-
ters tend to be colder and the springs come later here than
in the area closer to Lake Ontarlo.

Briefly, the mean annual temperature is 42° to 44°F,
with summer 65° to 67°F., The frost-free period ranges from
120-140 days while the growing season varies from 188-195
days (Gillespie and Richards, 1957).

The precipitation ranges from 27-34 inches per year
and the growing season recelves slightly more than one-half
of this amount. June, July and August receive 7-9 inches.
Tables 11 and 111 give the temperature and precipitation
data for the two climatological stations Orillia and Lindsay,
which lie on either slide of the research area. These tables
are adapted from Soil Survey Report 23, prepared by 0Olding,
Wickland and Richards, (ca.1956), that have been obtained
from records for a period of 38 years for Orillia and 57
years for Lindsay. As noted from Table 11 the yearly mean
temperatures are identical, and in Table 111 the yearly mean

preclpitation varies by 0.5 inches for the study region.
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TABLE 11

Monthly and Annual Averages of Dally Mean Temperature

J F M A M J J A S 0 N D YR.
Orillia 17 1% 26 40 53 63 68 66 59 47 34 21 42
Lindsay 16 16 26 41 sh 64 68 66 59 46 34 21 42

TABLE 111
Mean Monthly and Annual Precipitation in Inches

J F M A M J J A S 0 N D YR,
Orillia 206 2.2 2,0 1.9 207 208 2.8 206 301 3.2 3."" 3.0 3203
Lindsay 2.9 2.4 2,4 2,2 2,8 2,9 3.1 2.8 3.1 2.7 2.9 2.6 32.8

Agricultural productivity is directly related to the
amount of water that 1s avallable for plant growth whenever
water is the limiting factor. Evaporation plays a very im-
portant role in the amount of water that remains avallable
for plant growth. Thornwaite (1948) proposed a method to
estimate the potential evapotranspiration from climatic rec-
ords, The potential evapotranspiration values obtained are
defined as the volume of water the soil would lose to the
atmosphere by evaporation and traASpiration if it were con-
stantly avalilable. If the soll's storage capaclty, the
evapotranspiration and precipitation are known for an area,
then it would be possible to obtain the moisture deficiency

for any soll series,
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Sanderson (1950) applied Thornwalte's classific-

ation technique to Southern Ontario., According to her
calculations the study area lies in the Humid By region
with a Potential Evapotranspiration Index of 40-60 possibly
4s.i46 from Figure 4, Except on rare years the area has a
moisture deficiency. The Otonabee loam solls showed a def-
iciency of 1.7 inches in August calculated on the monthly
means for 57 years (Gillesple and Richards, 1957). This
result indicates that except for extremely dry years grain
and hay crops should not suffer from lack of moisture.,

Clay soils, which have a

greater water-holding cap-

acity than loam so0ils should

have a very small deficiency

in moisture in August but

the coarse textured sandy

soils which may not hold

more than 2.0 to 2.5 inches

of water will have serious

moisture deficiencies in

July and August (Gillespile
and Richards, 1957, p.17)

Soills can be classifiled in many ways. The criteria
used depends on the objective e.g. applied classification --
texture, pH, stoniness, structure, erosion or any one of the
many other soil properties or e.g. present use -~ continuous
row crop, forests, permanent pasture, ranchland, industrial,
residential énd 80 on. Soil capability classification for
agriculture indicates the optimum or major limitations that
a farmer can put his land to use. Seven classes are recog-
nized, e.g. ¢class 5 -~ s80ils unsuited for cultivated field

crops except perennial forage crops and are responsive to
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improvement practices; they have serlous soil, climatic or
other limitations which deems them unsuited for the prod-
uction of field cropss adapted grasses and legumes may be
grown with improvement practices which may include cultiv-
ation, seeding, fertilizing and water control (Webber and
Hoffman, c&.1967). Solls may be taxonomically classified
with their descending hierarchy being: order, great group
subgroup, family, serles and type., Based on the propert-
ies and arrangement of horizons as shown in a soll profile,
each soll can be classified. Final classificatlion of the
so0il type into clay loam or clay is determined by the tex-
ture of the so0ll surface horizon.

Soll-forming processes gradually differentiate the
20l1l material into layers or horizons distinctive from the
weathered parent material and parent bedrock. The three
parts are referred to as the solum (A & B horizons), sub-
soil (C horizon) and the bedrock (D horizon) respectively.
Organic horizons overlying the mineral soil are different-
lated into L, F and H depending on the amount of decay pres-
ent, The mineral horlzons are designated as A, B and C,
Each one of these may be further divided depending on its
distinguishing characteristics such as colour and organic
matter content, e.g. Ap -~ horizons greatly disturbed by
cultivation or pasturings; Ac -~ horizons eluviated of clay,
iron, aluminum and/or organic matter; Bf -~ horizons en-
riched with iron; Bg -- horizons thich show chemical red-
uction and yellowish brown mottles; Ck -~ horizons contain-

ing lime. A theoretical profile is shown in Appendix A,
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The soils investigated in this study belong to the

Podzol, Gray-Brown Podzolic and Brown Forest Great Soll
groups., The Podzol soils have developed under a mixed for-
est or coniferous vegetation where the leaf litter accumul-
ates, The decaylng organic matter has a strong leaching
effect which gives an eluvial grayish layer near the surface,
A distinct 1illuvial horizon is formed by the translocated
clay, organic matter and sesquioxides, They are found on
well-drained sites where the climate is moist and cool. The
Gray-Brown Podzolic soll which is more alkaline than the Pod-
zél s0il is inhabited by bacteria whereas fungil are preval-
ent in the Po@zol. These are developed under a slightly
warmer climate than the Podzol. The Brown Forest soils dev-
elop under similar conditions as the Gray-Brown Podzolics.
They do not have the distinct eluvial or illuvial horizons.,

The principal agricultural solls on which the infil-
tration tests were investigated belong to the Smithfileld Ser-
les, Otonabee Series, Wendigo Series and Farmington Serles,
The specific soil types for each series are delimited in
Figure 5 which contain only the portions of the Ontarilio Cou-
nty and Victoria County soll surveys maps as they appertaln
to this thesis, The solls as shown by Figure 5 are Smith-
field clay loam, Otonabee loam, Wendigo sandy loam and Farme
ington loam. The A horizon 1s described for each series.

The Smithfield Series which is the imperfectly
drained member of the Schomberg catena, has been developed
on the lacustrine deposits of calcareous clay. They are

generally stonefree with a few bonlders scattered on the
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surface. The 801l texture varies from a clay to & loam. It
belongs to the Gray-Brown Podzolic Great Soil Group. Olding,
Wickland and Richards (ca,1956) describe the A horizon of a

Figure 6.

Smithfield Series
Profile

typical cultivated profile of the Smithfleld Series as:

Ag === 0-7 inches very dark grey
(10 YR 3/1) clay loam; coarse
granular structure; friable
congistency; pH == 7.2,

A3 ==~ 7=13 inches grey-brown (10 YR 5/2
clay loam; medlium subangular blocky
gtructure; firm consistency; mott-
led; pH «= 7.0,

The colouring of soils is from the Munsell Notation of the
S01l Survey Staff (1960) as follows:
10 YR -~ hue -~ dominant spectral (rainbow) colour, related
to wave length
3 «= value -~ relative lightness of colour function
total light
l -~- chroma or saturation -- purlty or strength of spectral
colour and increases with decreasing greyness.
These solls are very fertile and their productivity is only

limited by drainage for general farming. Figure 6 illustr-
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ates the profile of Smithfield Seriles observed in the study

area. From this picture it can be seen that the layer of
topsoll closely approximates the typical profile in depth
and colour, The earth removed from the hole has coarse
granular appearance,

The Otonabee Series has developed on ocalcareous
sandy loam till which contains a moderate amount of stone.
It belongs to the Brown Forest Great Soil Group. Good
drainage, both internal and external, is a characteristic
of this soil. A profile description by 0lding, Wickland
and Richards (ca.1956) of the A horizon is as follows:

Ay === thin layer of partially decom-
posed leaf litter,

Figure 7.

Otonabee Series
Profile
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Ay === 0-4 inches very dark greyish

brown (10 YR 3/2) loam; fine

crumb structure; very friable

consistency; stony; calcar-

eouss pH == 7.6,
The solls are of medium fertility but high in lime, PFigure
7 1llustrates the profile of Otonabee loam observed in a
fence row within the study area. The depth of dark soll in
the picture is approximately 18 inches but this includes the
A and B horizons., The A horizon is only 6 inches deep and
is slightly lighter in colour than the B but darker than the
C. Small stones dug from the hole appear on the surface and
also can be seen in the profile. The plle of earth beside
the hole has a fine, crumbly appearance,

The Wendigo Series has developed on outwash coarse

sands and gravels, The profile is characteristic of the

Figure 8,

Wendigo Series
Profile




37
Podzol Great Soll Group. Very good drainage is a feature of
this s0ll type but it has a tendency to be droughty. The A
horizon of a ocultivated profile has the following descript-
ion according to Olding, Wickland and Richards (ca.1956):
Ag === 0-6 inches dark brown (10 YR 4/3)

sandy loam; fine crumb structure;

extremely friable consistency;

pH -~ 6,0,
These solls are generally low in natural fertility. Figure
8 1llustrates the profile of Wendigo sandy loam observed on
a road allowance near site #8 in the study area. Directly
below the stakes in the picture the depth of the darker
801l 18 5 inches., Even within the few feet shown, the A

horizon becomes lighter in colour and thinner., The C hor-

izon 18 very s8andy and light in colour,
The Farmington Series has developed from a thin

Figure 9.

Farmington Seriles
Profile
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layer of till over limestone bedrock. A member of the Brown

Forest Great Soll Group it varies from a few inches to one
foot in thickness. A virgin profille has the following
characteristics as described by 0Olding, Wickland and Hichards
(0301956) H
Aq ~=- 0-4 inches very dark brown

(10 YR 2/2) loam; medium

crumb structure; friable

consistency; calcareouss

stonys pE ~- 7.2,
The so0ill is saturated easlly because of depth and poor drain-
age. Figure 9 1llustrates the profile of Farmington Series
observed in the ranch at site #1 of the study area. The
total depth is 8 inches and even then it is interlaced with
prleces of limestone which jut out. It 1s difficult to dist-
inguish the horizons here,

Land Utilization

Figure 10,
Corn Field
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Infiltration data were gathered from solls on which
various economic activities were conducted therefore it
seemed in order to describe the agricultural scene of the
study areas. Ranching or pasturing of beef cattle utilize
the poorer areas of the shallow solls over the limestone
bedrock and the droughty, sandy or gravelly soils of the
kames and eskers. Intermingled with these are the pockets
of lacustrine sediments of clay and sllt on which mixed
farming is practised. Most of these require artificiel in-
ternal and external dralnage for maximum production. Al-
though they are sometimes very stony, the solls developed
on the sandy loam till make very good farmland,

With proper management very good yields of ensilage
corn or grain corn can be obtained., Figure 10 shows the
writer's wife, who 18 5 feet 7 inches tall, standing in a
field of corn grown on Otonabee loam, By early August the
stalks show large well-developed ears for this part of Ont-
ario, Many farmers grow 8-10 acres of corn to store in the
g8llo for winter feed. With the development of earlier mat-
uring hybrids, some farmers in the area grow an additional
25-40 acres of graln corn., Mixed graln, usually of barley
and oats as shown in Figure 11 is grown mainly for feeding
livestock on the farm. This fleld has also been seeded
down to a hay mixture which utilizes the grain crop as prot-
ection for the new seedlings, most clearly seen in lower
right of the picture, Although Figure 10 and Figure 11 are

of crops on Otonabee loam, equally as good or better yilelds
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Figure 11,
Mixed Grain

can be produced on the Smithfield Serleg, particularly with
artificlal drainage using clay field tile or the newer poly-
propolene drainage pipe.

A fleld of Birdsfoot Trefoll appears in Pigure 12,
Dotted by golden yellow blooms, the heavy crop stands waite
ing for the mower which will cut it in preparation for stor-
age. Under this vegetatlive cover lles the fertile Smithfield
clay loam at one of the test sites. In the foreground sits
the infiltrometer used for the 1ﬁf11tration tests. Nearly
any crop may be grown on these soils subject to ¢limatilc
limitations and drainage mentioned gbove. These crops are
produced to supply winter feed for fhe beef animals and a

few dairy (oream producers) animals, Some winter wheat is
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Figure 12,
Hay Fleld

grown on the better drained soils as a small income cash orop.

The cultivated portions of the farms have not increased
in acreage during the last two generations but ranch land has
been added to the farmstead which removes the summer burden
of pasturing from the tillable acres, thus allowing more fod-
der to be produced for winter feeding and consequently in-
creasing the number of cattle and other animals (pigs) that
can be raised per farm,

The ranches, located on the shallow till soll of the
Farmington Seriles, provide rather sparse grass vegetation but
the cattle fatten quite well on it, providing the level of
grazing intensity is one animal to fifteen or twenty acres.,

These ranches usually become quite dry during the summer mon-
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Figure 13,
Ranch Land

ths because the shallow soil does not have any water reserve,
yet the beef cattle still thrive on the withering grasses of
the sun-burned pastures., In the centre of the picture rests
the remnant of a past era -- a large, uprooted, white pine
stump, Lumbering and forest fires have cleared thousands of
acres, Natural reforestation on these solls is extremely
slow, In the background cedar, birech, poplar and elm are
establishing forest cover.

On the sandier outwash materials, Figure 14, it is
necessary to provide additional supplements for the live-
stock during the pasturing period whereas salt is all that
18 required on the limestone plains, Weeds such as Golden-

rod and Canadian Thistle infest the field in this picture.
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Pigure 14.
0ld Pasture

Also the grass has been grazed in the lower part of the pic-
ture but not in the middle. On the Wendlgo sandy loam the
cattle tend t¢ do this, probably because the grass 1s sweeter
in some places than other parts of the fleld., Some farmers
st1ll grow grain on these soils but the crop must be planted
early to gain full benefit from the avallable moisture and
mature before midsummer when this sandy loam usually becomes
droughty., This is the main reason why most of the Wendigo

Serles are pastures or abandoned farms now,



Chapter 4

Materials and Methodology

Figure 15,

Field Infiltration
Equipment

Field Materials
(1) A cylinder 15.5 centimetres high and 12,3 centimetres

in dlameter, constructed of thin tin plate was used for the
infiltration studies., A remodelled flour sifter was the
basls for the infiltrometer 1llustrated in Figure 15. The
handle as shown wag for carrying purposes only. Hand press-

ure placed the infiltrometer into the soil surface,
by
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(11) The water supply was obtained from a dug well and tran-
sported to each site in the 2 gallon pail shown in Figure 15,
The cup in Figure 15 was used to measure the constant quan-
tity of water that was poured into the infiltrometer at each
site,
(111) A stopwatch measured the time in seconds that was re-
quired to complete each test,
(V) To measure the temperature of the soll a mercury cent-
igrade thermometer was employed. A one-quarter inch steel
rod was used to make the hole in the topsoil into which the
thermometer was placed.,
(V) A field notebook was carried to each test site for the
purpose of recording the infiltration times, temperature and
any other remarks that the writer considered had changed
from the previous day.
(V1) Soil sample bags and a spade were used to collect a sam-
ple of the topsoll for each test site once during the test
period.
Fleld Methods

Actual sites on which the infiltration tests were
conducted were chosen without bias, To accomplish this un-
blased location or stratified random sample, a clear, square
grid was placed over the county solls maps of the general
study area., Numbers were called from a table of random num-
bers (Freund, 1960). When the coordinates coincided with
the previously sélected soll types of Smithfield clay loan,

Otonabee loam, Wendigo sandy loam and Parmington loam, the
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positions were recorded on Figure 5 to give a total of 4 sep-
arate locations on each soll type. An identification number
such as 2 Warren was entered in the field notebook, or 1l
Trefoll. The complete set of test sites is given in Appen-
dix B, In the field each plot was located from the soils
map and marked., Each individual plot had a radius of five
feet.,

As the infiltration equipment had to be transported
from place to place the single ring infiltrometer was chosen.
Because of 1its very thin metal construction, it could be
pressed into the topsoll to a depth of 3 centimetres at each
location. The insertion was facilitated by a one-quarter
clockwise turn of the infilltrometer. This technique reduced
the disturbance of the soll surface. However it was necess-

ary to insert the infiltrometer carefully as a stone in 1ts

Figure 16.

Test in
Progress
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path could bend 1it.

In Figure 16 the constant volume of water has just
been poured into the infiltrometer at the site 9 Bush Field.
The receding water is observed and the length of time it
took to disappear is measured by the stopwatch which 1s held
in the hand.

The volume of water that was used for each test, at
each site, for each day the experiment was performed meas-
ured 240 cubic centimetres, This particular volume of water
was chosen as it gave an initial head in the infiltrometer
of no greater than 2 centimetres or 0.79 inches, Brown,
McKay and Chapman (1968) state the probability of this am-
ount of water occurring from a daily rainfall during the
year is less than 4 percent at Lindsay, therefore this
present infilltration test could more reasonably be related
to the natural phenomenon of rainfall. Also they state the
probabllity of precipitation of 1 inch or more on a given
day is generally less than 2 percent but it is greatest in
the summer because of thundershowers, The depth of the in-
itial head would vary slightly depending on the rapidity of
infiltration.

The stopwatch was started at the beginning of the
pouring and stopped when the last film of water disappeared
into the so0il inside the infiltrometer. All the pouring and
all the readings were done by the writer in order to reduce
any operator error existent. The number of seconds was re-

corded in the field notebook immediately upon completion of
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the test. The tests were taken at 3 to 5 day intervals
(Appendix B) during the summertime July 1 to September 14,
1968, However, they were not run during rain showers as
this would change the constant volume of water supplied to
the infiltrometer, A total of 21 observations for each site
are recorded in Appendix B.

The soll temperature was recorded at the same time
ag the infiltration test was run. The one-quarter inch rod
was pushed 5 centimetres into the soil to make a hole for
the thermometer, This was done any place on the 5 foot rad-
ius site., After the temperature had stabilized, 1t was ob-
served and recorded in centigrade degrees in the field note-
book., Appendix B ocontains this data.

A so0ll sample from the uppermost 6 inches of the
profile was taken once during the summer from each site,
From the side of a hole, a 2 inch thick layer was sliced off
with the spade. The sides of this layer were trimmed to pro-
vide a core of topsoll 2 inches square and 6 inches deep.
Then the core was deposited in a waxed paper bag inside a
paper box and labelled in readiness for the laboratory tests
to be performed on it later,

The vegetal cover was noted in the field notebook at
the initial pouring. Any noticeable change was recorded thr-
oughout the testing period.

Laboratory Methods
Additional information was gathered by conducting

further tests on the s0il samples in the laboratory. Detailed
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procedures for each test can be found in the appendlces, A
summary of each method for the tests used 1s glven below,

A particle size analyses followlng the procedure of
Bouyoucos's (1962) improved hydrometer method, was performed
on the soll samples collected from the fleld sites., A sam-
ple splitter was used to obtain a representative sample of
approximately 50 grams., To this 50 gram sample of alr-dry
80il which had passed through a 1 mm, sleve, was added 100 cc.
of 0,5% solution of Calgon. This mixture was thoroughly
stirred and allowed to stand overnight or 12 to 15 hours,
Then the contents were washed into the soll cup from the dis-
persing machine using distilled water., The cup was filled to
about 3 inches from the top and put on the dispersing machine
travelling at 16,000 r.p.m. for 2 minutes. These contents
plus enough distilled water to reach the 1 litre mark, were
thoroughly mixed by manual agitation, The cylinder was
placed in the water bath of 68°F, The initial hydrometer
reading was read at 2 hours.

The combined amounts of sand, silt and clay as deter-
nined by this hydrometer method classified the scill particle
s8lze according to Canadian Department of Agriculture specif-
lcations which are sand 2,00-0.,05 mm; silt 0,05-0,002 mmj
clay less thar 0,002 mm. To calculate the results the hydro-
meter reading at the end of 40 seconds was divided by the
welght of the soil used and multiplied by 100. This gave the
amount of soll particles still in suspension. The difference

between this value and 100 was the percentage of sand in the



50

soil sample, Similarly, this calculation was performed for
the 2 hour reading, indicating the proportion of clay that
remained in suspension. The difference of these two values
gave the percentage of silt. This hydrometer method did not
use pretreated solls, therefore the organic matter remained
within the sample for this test, The detalled procedure 1s
given in Appendix C,

For the wet sieve tests about 40 grams of soil was
thoroughly pulverized with a rolling pin and was put in the
oven at 105°C. to dry overnight. The samples were cooled
in the desiccator and weighed., The sample was then washed
into a nest of sieves comprised of 1 mm., 0.50 mm,, 0,250
mm., 0.125 mm,, and 0,074 mm, The soil was washed down
through the sleves, being careful not to overflow them, un-
t1il the clear water flowed from the bottom of the nest. The
sieves were put in the oven at 110°C, to dry. After they
had dried and cooled sufficiently to allow the soll particles
to be whisked from each slieve they were welghed cumulatively.

Statistical analyses of the data were performed on
the results collected in the field and in the latoratory.
The mean and the standard deviation were calculated for the
infiltration and soll temperature data. In addition to the
tabulation and graphing to discover correlations or inter-
actions, the infiltration data was subjected to an analysis
of variance. Gregory (1968) applied this test and other
statistical tests to various geographical problems. The an-

alysis of varlance was employed to see if the inflltratlion
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times as recorded varled significantly between the soil ser-

les as well as within each soill series. Such an assessment
of whether the difference between several sets of data is
glgnificant or not is essential before any consideration 1is
given to what is causing the difference, A null hypothesis
is assumed that there is no significant difference between
the samples, and that the two variance estimates are not
significantly different. Using Tables for F ratio calcul-
ated at 95% or 99% level and the necessary degrees of free-
dom the test either indicates an acceptance or rejection of
thg null hypothesis.

The Student's 't' Test was applied to ascertain if
the difference between the infiltration means and the temp-
erature means of the soil types, as reported from the field
work, were statistically significant. As the standard error
of the difference and the number of degrees of freedom are
part of the 't' equation, this refinement assists one to

evaluate the significance of the difference between means,



Chapter 5

Analysis

The results presented and conclusions drawn apply to
the main part of the summer beglinning July 1 and concluding
September 14, 1968, The infiltration values were obtained
by timing the disappearance into the specified soills of the
given volume of water within the inflltrometer. Seasonal
slte and soll series means were calculated for the initial
infiltration. The dally mean values for each soil type
were calculated by dividing the sum of the dally results by
the number of sites on each soll type, thus no weighting
was given to the time between the testings.

The infiltration data are reproduced in Appendix B,
Infiltration time graphs are constructed for between and
within each soil series. Since the infiltration times plot-
ted on the vertical axis, ranged from 3 seconds to 609 sec-
onds, the graphical presentation is done on semi-log paper.
Time in days is plotted on the horizontal axis.,

Infiltration Between Soil Series

The daily infiltration data that was collected for
each 801l series was averaged and plotted to present the
infiltration curves in Figure 17. The results show a separ-

ation among the three tillable agricultural soills, except
52



100

SECONDS 50

10

v

* SMITHFIELD X
L OTONABEE V e e
WENDIGO Q == = =
FARM'NGTON Q@eecsees
A A 1 4 N 1 i
1 i1 21 31 41 51 61 71

A
T, o /’/': ///\\A o o v
\ CRSPL N ‘eo . _0 e N e,
.9 ° //o .\ — N /. e e h ¢
\O\ \o//. e \0/ , /O s o s 0°® 7\ &/ \o_-B \a./ao\.ﬁ

DAYS

Figure 17. Soil Series Mean Daily Infiltration Time in Seconds

€S



sk
on three days. Thus there appears to be a distinct infil-

tration response pattern among the Smithfield, Otonabee and
Wendigo Series, The inflltration curve of the Farmington
Series which is an uncultivated, shallow soll developed on
limestone bedrock, passes back and forth across the curves
of the Wendigo and Otonabee Series, It is difficult to
visually interpret whether the Farmington Series responds
to infiltration similar to the Wendigo Series and/or the
Otonabee Serles.,

In Table 1V the soll serles infilltration means for
the Smithfileld, Otonabee and Wendigo Series also show a
distinoet infiltration response., The Farmington and Wendigo
Series show an average difference of only 0.1 seconds. To
substantiate the visual interpretation of Figure 17 an an-
alysis of variance produced an F ratio of 21,45, Further
analyses revealed that each soil series with the exception
of Wendigo and Farmington had statistically significant
different infiltration responses,
Inflltration Within Soll Series

Smithfield Series:

Figure 18 shows the infiltration times plotted for
the Smithfield Series from sites #2, #3, #10 and #11 shown
on Figure 5. The Smithfield Series give the greatest range
of times, from 600 seconds to 3 seconds; yet they give the
lowest series mean of 45,5 seconds, At site #10 the infil-
tration time never exceeds 98 seconds thus giving a much

lower seasonal mean of 18.9 seconds as shown in Table 1V,
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TABLE 1V

Seasonal Infiltration Means for Each Test Site
and Soll Serles

Smithfield Otonabee Wendligo Farmington

Site | Mean | Site | Mean Site | Mean Site | Mean
#2 58.5| #5 101.9 | #8 209.1 | #1 376.6
#3 52.4 | #6 99.0 #12 | 273.2 | 13 |191.9
#10 |18.9| #7 177 4 #14 | 150.8 | #15 |[103.3
#11 | 52.3 | #9 105.9 #17 |102,3 | #18 64,2

Series Series Series Series
Mean 645.5| Mean 121 Mean 183.9 | Mean 184

Although time varlations appear within the data, they gen-
erally show a clustering toward some common parameter(s) as
all the Ainflltration curves cross each other several times
during the testing period. Analysis of varlance shows that
there was neither a statistically significant difference
within nor between the sites, therefore the test sites #2,
#3, #10 and #11 appear to be located on a soil series with
a common response pattern., The calculated F ratio is 0.73.
From Freund (1960) this value is less than the value of
F,05 at 3 and 80 degrees of freedom which lies between 2.76
and 2,68,
Otonabee Series:

Inspection of the curves of the infilltration times

in Figure 19 for the Otonabee Series sites #5, #6, #7 and



57

L2

BOTJI9S 90qBUO]Q JO SOWE], UOTSBIZTTIUI °6T oanltJd

L9

LS

194

SAva
LE

12

s3lls

1z

1t 1

ot

0S

001

SANOD3Ss



58
#9 located in Figure 5, does not show any trend in the time

variations. Figure 19 data are listed in Appendix B, The
data range from 600 seconds to 12 seconds. From Table 1V
g minimum mean difference of 71.5 seconds between #7 and
#9 can be calculated., The series infiltration mean of 121
seconds clearly separates it from the other solls series.
An F ratio of 2,33 for the analysils of varlance test does
not establish a statistlcelly significant difference nelther
within nor between the sites #5, #6, #7 and #9. Therefore
there is an infiltration time homogeneity at these sites
which are of the same population,
Wendigo Series:

In Figure 20 the infiltration curves of the Wendigo
Series sites #8, #12, #14 and #17 located on Figure 5, cross
each other several times durling the first portion of the
sampling period. In the first week of July the infiltration
curves of #14 and #17 have lower values and actually separ-
ate from #8 and #12 which maintain the higher infiltration
times for the remainder of the summer. The data range is
now 600 seconds to 31 seconds. From Table 1V a mean differ-
ence of 48,5 seconds between #17 and #14 can be calculated
and greater among the others that are indicated on the soils
map as belonging to the Wendigo Series. The series mean of
183.9 seconds is the next highest, being only 0,1 seconds
less than the Farmington Serles. From the analysis of vari-
ance an F ratio of 11.05 was obtained. This value is stat-

istically significant at the F.05 level. Therefore, the
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observation above is substantiated that the sites #8, #12,

#14 and #17 appear to be drawn from at least two different
populations.
Farmington Series:

Figure 21 depictse the criss-crossing of these infll.
tration curves of the Farmington Series sites #1, #13, #15
and #18 located in Figure 5. The data range from 609 sec-
onds to 16 seconds with a series mean of 184 seconds. To-
ward the end of the summer, the infiltration at the #l site
acted very differently from the rest in that its infiltrat-
ion times were muoch longer than the other sites, Laborat-
ory tests also showed erratic results at this site as com-
pared to the other sites on the Farmington soils. Also in
Figure 21 it 1s noted that #18 curve 1s distinct from the
other curves, having much faster infiltration times for
nearly three weeks, late in the testing period. The larg-
est variation of the site means of any soil serles is shown
in Table 1V. The observed F ratio was 23,99 and this 1is
significant at the F g5 level. Therefore, these sites #1,
#13, #15 and #18 are significantly different in their time
infiltration response pattern.

To summarize, from both the visual interpretation of
Figures 17 and 18 and the statistical analyses of these data
the sites on the Smithfield Series and the sites on the Oton-
abee Series had an homogeneous response to the infiltration
tests. The Wendigo Series was observed to separate into two

groups beginning the first week of July. The analysis of
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variance test supported this observation and further indlc-
ated that there were two significantly different populations
from which the infiltration data were obtained. By the last
week of July, the Farmington Serles developed an infiltrat-
ion response pattern that generally showed three separate
groups, Statistical analyses supported the observation that
the infiltration data were obtained from different populat-
ions for this series, although it was not evident in the
early summer from Figure 21, The trend toward differentia-
tion of the infiltration response within the Farmington and
Wendigo Serles beginning in July was not evident in the
Smithfleld and Otonabee Serles.

Particle-size Distribution of Soil Samples

One soll sample was collected from each inflltration
test site. Mechanical analyses were made of these sixteen
topsolils. Sampling was done mainly to verify that the sites
utilized were located on the soil type indicated on the Ont-
ario and Victoria County Soil Survey maps in Figure 5. The
clasgification of the analysed samples 1s shown in Flgure 22,
The chart 1s subdivided into textural classes as used in ag-
ricultural soll science and it is explained in Appendix G.
Smithfield:

Samples taken from sites #2, #3, #10 and #11 as
specified by Flgure 5 as Smithfleld clay loam, are in the
clay and silty clay reglion of Figure 22, The hydrometer
method used did not destroy the organic matter, thus the
8lightly higher percentage of clay-sized particles when
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compared to the mechanical analysis with the organic matter

destroyed. This interpretation agrees with the conclusions
of Bouyoucos (1962) which he felt was a more accurate deter-
mination of the clay-sized particles still in suspension
after 2 hours, From the tabulation of hydrometer results
given in Appendix D the sum of the percent silt and percent
clay for any of the Smithfield soils gives 81% to 89%.
Webber and Tel (1966) obtained results of 83.6% and a short
calculation gives an average 84% for this study. Sample #2
is very close to being classified as a clay as it contains
only 4% more silt than it should by this chart. The aver-
age of the mechanical anslyses for the soll samples of the
Smithfield Series in Figure 23 show it to be a clay, which
is 9.5% more clay than necessary to classify it as a Smith-
field clay loam, thus the results of this study would place
it as a Smithfield clay.
Otonabee:

The analyses of the Otonabee Series samples #5, #6,
#7 and #9 are located along the division between loam, sandy
loam and sandy clay loam in Figure 22, Theilr average mech-
anical analysis plotted on Figure 23 indicates that the
Otonabee Series soll samples can be classified as Otonabee
loam similar to those shown in Figure 5.
Wendigo:s

The mechanical analyses of #8 and #12 show them to
locate in the sandy loam region of Figure 22 whereas #14 and
#17 lie in the sand region. Although the Ontario County Soil
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Survey map (0lding, Wickland and Riechards, ca.1956) is

identified and coloured the same a8 the Victoria County Soil
Survey map (Gillesple and Richards, 1957) which is "Wes and
yellow”, the written description is about sandy loam for the
former and about sand for the latter. Thus by looking at
the s0l1l survey maps no difference can be noted, Figure 23
shows the two Wendigo soil types for the Wendigo Serles as
obtained from the data in Appendix D.

Farmington:

The mechanical analyses of #1 locates it in the loam
region of Figure 22 whereas #13, #15 and #18 lie in the sandy
loam region. However when the average results are plotted in
Figure 23 they lie in the sandy loam region. Therefore the
Farmington Serles 1s treated as a Farmington sandy loam in
this study.

Cumulative curves of a representative sample from
each soll series are given in Figures 24, 25, 26 and 27, To
obtain a more extensive view these curves are graphed by com-
bining the particle-size data obtailned by a wet sieve analy-
sis and the mechanical analysis obtained by a hydrometer test
for each soll sample, This procedure gave graphs which show
the percentage of soll particles passing the indicated diam~
eter size between 1,000 and 2 microns. Some small variations
often occur between the hydrometer and the wet sieve results
around the 50 micron particle size, All the curves are of
the same general shape -~ concave downward in the coarser

particle divisions and convex downward in the finer particle
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divisions. If hydrometer readings had been taken between
the 40 seconds and the 2 hour readings which gives the 50
micron and 2 mlcron particle slzes respectively, the con-
vex downward portion of the curve would have been more app-
arent. It is noted that the curves in Figure 24 are grou-
red, show less bending than any of the other soil types,
and are located in the upper part of the figure. The cum-
ulative curves in Figure 25 are also grouped and show more
of the characteristic 'S' curve, running from the upper
right to the lower left. Figure 26 shows the division of
the Wendigo Series into two distinct sets of curves even
though #12 shows more change than #8, between 125 and 50
microns. Although large variations are observed in the
Farmington Serles the mechanical analyslis did not give a
clear pattern as in the Wendigo Seriles, In Figure 27 the
samples from #15 and #18 group together and are separate
from #1 and #8 yet at the 125 micron particle size their
curves cross with #1 and #8. In Figure 22 the Farmington
Serles 1s shown to be loam and sandy loam for this study.

In summary, the particle~size distribution of the
Smithfleld Series shows variations among the differently
located sites., When the mechanical analyses are taken in-
dividually or grouped as in Figure 23, the Smithfield Ser-
les 18 observed to be distinctly different from each of the
other seriles and also all other sites in the study. The
Smithfield Serles is classified as a clay. Varlations are

noted within the Otonabee Series but they remain clustered
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as a group. Together they are classified as loam. They are
not distinct from the Farmington Series nor #8 and #12 of the
Wendigo Series in their mechanical analysis. The soll samp-
les from #14 and #17 are seen to be distinctly different from
each of the other series. There 18 also an apparent differ-
ence within the Wendigo Series so that #8 and #12 are sandy
loam and #14 and #17 are sand. The shallow Farmington Ser-
ies generally give an obscure picture but were considered as
sandy loam in this study.
Infiltration and Soll Type

So far the infilltration data have been visually in-
terpreted from the graphs and statistically tested by analy-
sls of varlance to ascertain which soil series showed diff-
erent initlal infiltration times. The so0ll samples have
been delimited into five soil types or textures by mechan-
ical analyses, To add valldity to the hypothesis that soil
types can be differentiated by their initial infiltration,
the Student's *'t' Test was performed. To calculate the in-

dices the equation t=.Jjﬁ;;§zl_ was used as the samples
S,
n n

1 2

were large, that is more than 30 items (Freund 1960). The
variables s? are located in Appendix B.

Table V presents the results of the 't®' test that
gives the difference between the inflltration means and the
standard error of the difference by soll types. With only
one exception all the *'t' indices are statistically signif-
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TABLE V

Taken by Soil Types

Index for Infiltration

Smithfleld| Otonabee Wendigo Wendigo|Farmington
clay loam sandy loam| sand gsandy loam
Smithfield
clay 0 16.4 8.84 L,76 6.32
* * * *
Otonabee
loam 0 5.17 0.29 2,69
%* - 4%
Wendigo
sandy loam 0 h,85 2,08
* *
Wendigo
sand 0 2.45
*
Farmington
loam 0

* gignificantly different infiltration times at .05 level
- not significantly different

locant at 5% level of probability.

This means that a differ-

ence in the initial infiltratlion means as large as the times

observed would occur no more than one time in 20 by chance,

From Table V it 1is noted that Wendigo sand and Oton-

abee loam are the only soll types that cannot be different-

lated from each other by their initial infiltration response.

When the untillable Farmington sandy loam is omitted from

Table V then the level of probability reaches 1% with the

previously noted exception.
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TABLE V1

for Each Test Site and Seriles

Smithfield Otonabee Wendigo Farmington
Site | Mean | Site | Mean | Site | Mean | Slite | Mean
#2 21.4 | #5 21,5 | #8 22,0 | A1 22,6
#3 21,3 | #6 19.8 | #12 [22.,1 | #13 |23.0
#10 | 24,3 | #7 22,3 | #14 | 23.8 | #15 |22,0
#11 | 20.7 | #9 22,6 | #17 [ 23.4 | #18 |22.4
Series Series Series Series

Mean 21,9 | Mean 21,5 Mean 22.8 Mean 22,5

TABLE V11

Student's 't’' Index for Soil Temperature

Smithfield Otonabee Wendigo

Wendigo Farmington

clay loam sandy loam sand sandy loam
Smithfield 0 0.71 0.15 2,42 1.05
clay - - * -
Otonabee 0 0.72 2.87 1,67
1°a-m - * +
Wendigo 0 1.96 0.71
sandy loam + -
Wendigo 0 1,49
sand -
Farmington 0
loam

# gignificantly different at .05 level
+ significantly different at .1 level
- not significantly different
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Temperature

The temperature data that was gathered in the fileld
1s recorded in Appendix B. During the summer variations of
a few degrees are noted among the soll types and also with-
in the sites. The seasonal means and serles means are tab-
ulated in Table V1, The highest overall temperature 1is
24,39C, for #10 site in the Smithfield soils and the fast-
est infiltration mean from Table V1 is also for the same
site. As the temperature means vary no more than 3°C. the
Student’s *t' Test was applied to the data., Table V1l
shows the 't' indices of the soll temperature by soll types.
The temperature data of Smithfield clay and Wendigo sand,
along with Otonabee loam and Wendigo sand, are the only 't‘
indices which are statistically significant at the 5% prob-
ability level. At the 10%Z probability level Wendigo sandy
loam can be differentiated from Wendigo sand and Otonabee
loam from Farmington loam by soll temperature., It appears
from the temperature data obtained in this study that there

is only limited temperature response to soll series and/or
soll types,



Chapter 6

Summary and Conclusions

Summary

The statistical analyses performed on the collected
data have shown that the Smithfield Seriles has a homogene-
ous response to infiltration tests in this study. The mech-
anical analysis showed that the soll samples which were cho-
sen at random from the same soil type were closely related
in their particle size distribution. They were classified
as clay in this study and not clay loam as in Figure 5,
Bouyoucos (1962) found that clay content was higher by his
method which 1s the method used in this study. The 't*' test
signified that the so0il type, Smithfield clay, could be dif-
ferentiated from the other soil types in thls study by its
initial infiltration response. Also noted was the fact that
the shortest inflltration times resulted on thls higher clay
content soil. From the literature solls high in clay con-
tent have the slowest dally infiltration rates. However,
from this study it 1s observed that the Smithfleld clay has
a fast initial infiltration rate during the summer months.

Analyses of data also proved that the Otonabee Ser-
ies was homogeneous in its infiltration response, The mech-

anical analysis agreed with the information in Figure 5,
76
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that it was a loam soil even when samples were analysed from
different Otonabee Series locations within the Talbot River
basin. The infiltration response was not distinct from all
the other soll types in the study. However, Otonabee loam
oan be differentiated by its initial infiltration rate from
a clay soll such as Smithfleld clay or a sandy loam such as
the Wendigo sandy loam.

Analyses of the data for the Wendigo Series showed
that it was not homogeneous in its inflltration response
and its mechanilical analysis. It was found that this series
in the present study was composed of two soil types, Wend-
igo sand and Wendigo sandy loam. The 't' test of these two
types on thelr infiltration data showed that thelr response
was significantly different to each other as well as all
other soll types in the study except Otonabee loam,

The Farmington Series data analyses gave varying
results for its infiltration response as all four sites had
large mean differences, Sites #15 and #28 were the closest
in infiltration response. Mechanlical analysis divided this
series into three groups. As noted earlier in thils study
the Parmington Serles is not an important agricultural soil
type;, therefore the three groups as indicated by Figure 22
were examined as one type based on Flgure 23, When the 't‘
test was applied to the data 1t was noted that the Farming-
ton's sandy loam infiltration response was significantly
different from the other soil types. However the previous

decision to treat 1t as one 801l type may have bilased the

final results,
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Very little variation was observed in the temper-
ature means but when the 't' test was applied, a signific-
ant difference was noted between the Wendigo sand and the
other soil types except Farmington loam.
Conclusions

From this study 1t is concluded that the cultivated
s0ils of Smithfileld clay loam, Otonabee loam, Wendigo sandy
loam and Wendigo sand as shown on the county soll survey
mapg are in fact as depicted, The Farmington loam was a
sandy loam on three of the four shallow ranchland sites,

Soil types do have different initial infiltration
responses., In this study 1t was possible to differentiate
s0il types by their initial rate of infiltration 30% of the
time. The Wendigo Series was separated into two distinct
s0ll types, sand and sandy loam by its initlal infiltration
response.

The higher the percentage of clay in the soll the
fagter the initial infiltration.

A sandy soll showed a greater tendency toward differ-

entlation by soll temperature than other types,
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Soil Profile Horizons

Y | 1litter
F,H
— raw hunmus
An incorporated with
solum organic matter
M
Ag eluviated of clay, iron,
aluminum and/or organic
By enriched (illuvial)
with clay

parent
material

bedrock
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Appendix B

Dates Tesated, Site Identification, Infiltration and

Temperature Data
Smithfileld Clay Loam

Date 2 Black 3 Warren 10 Lake%odge 11 Trefoil
Ce

July T. °c. T. °c, T. T. oc.
1 225 21 600 20 98 21 600 17
5 37 20 37 20 9 25 19 19
8 106 25 14 25 11 27 3 21
13 12 25 21 26 18 29 8 21
16 28 24 23 23 13 34 1 28
19 46 22 19 23 6 23 17 20
22 15 24 6 25 &4 25 32 20
27 47 24 15 25 4 22 8 18
31 53 19 12 18 6 22 5 18
ME s a1 18 2 17 26 23 21
8 27 25 20 24 10 28 20 24
13 8 27 19 26 9 21 15 19
20 49 21 100 22 7 28 10 23
23 22 18 30 18 62 20 57 19
27 46 13 15 12 13 22 b9 18
31 32 20 20 18 16 22 10 21
PEE 262 21 3 20 7 25 10 26
6 b4 21 19 21 15 20 120 20
9 15 24 19 21 24 2l 21 24
12 90 17 36 17 13 21 19 18
% 31 18 21 19 34 25 b2 20
To == 8% = 9,194 T, -- Infiltration Time in Seconds.
0C, -- 82 - 12.6 o T Vamibrearure:



Otonabee Loam

A
1l 320 20
5 262 20
8 98 24
13 83 25
16 199 26
19 48 22
22 70 27
27 838 24
Aaé. 138 18
2 Lo 22
8 85 25
13 18 26
20 98 22
23 26 17
27 82 12
31 100 19
Sept.
3 190 21
6 90 21
9 28 23
12 2k 16
14 54 21

T, -- 82 = 13,393
oCc Lol 82 = 14.6

Appendix B (continued)
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6 Warren

T.
210
93
58
60
342
50
14
15
76
130
141
12
56
191
b1
20
20
77

55
248

171

oc.
19
18
22
23
24
21
22
21
17
19
22
22
21
17
11
17
20
21
21
16
21

7 Housge

T.
600
kg
32
120
162
121
104
39
362
173
62
187
90
510
92
234
166
bly2
140
k6
95

OC.

20
22
24
26
33
24
22
21
22
26
29
20
28
20
14
20
23
19
22
18
15

9 Bush

T.
130
56
56
65
28
25
210
37
45
74
138
75
62
k57
Lo
53
59

247

97
158
112

oc.
22
22
26
29
35
20
26
23
20
22
26
21
25
20
20
18
21
19
23
17
19
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Appendix B (continued)

Wendigo Sandy Loam

et et T s T M S (e -3
1 87 22 193 21 91 26 71 25

5 120 26 600 23 228 26 46 25

8 72 26 234 27 165 28 192 30
13 113 26 144 24 228 26 124 25
16 196 32 307 29 160 30 106 30
19 140 24 300 22 179 24 232 25
22 202 25 306 28 93 28 55 29
27 262 21 126 21 180 23 209 23
31 343 17 392 17 263 28 372 26
Mg 113 25 57 27 81 28 100 25
8 235 25 256 23 188 26 31 25
13 326 23 164 26 240 25 92 22
20 234 22 600 22 228 25 116 25
23 144 218 80 18 138 17 40 18
27 420 13 288 12 118 16 48 18
31 137 15 300 16 140 16 59 17
ST 162 23 329 22 134 23 37 19
6 422 22 236 24 85 21 60 22

9 146 21 339 21 70 22 64 22
12 332 19 210 21 96 19 45 20
14+ 186 18 276 21 62 22 50 21

8 and 12 T, == §° = 15,914 14 and 17 T. -- 82 = 7,493
OC. - 82 = 1207 OC. - 82 = 1502
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Appendix B (continued)

Farmington Loam

Ty 3 Ste . PRy Py T
1 236 25 41 25 37 24 23 26

5 275 22 . 356 23 269 21 37 21

8 31 25 609 30 75 26 66 27
13 278 29 600 25 62 26 139 24
16 301 31 133 28 76 23 125 28
19 290 24 250 24 M 22 16 23
22 392 26 468 28 78 28 37 29
27 L2522 124 23 102 22 214 21
31 506 21 356 29 79 22 56 23
Auge 76 23 43 25 W2 24 70 24
8 157 27 72 26 107 28 67 24
13 114 23 132 22 277 23 8l 24
20 490 27 72 25 26 23 60 23
23 600 19 101 18 172 19 35 18
27 593 13 73 17 71 16 21 18
31 600 18 198 16 180 17 25 17
ST o 53 21 71 21 39 21
6 600 18 109 20 63 20 b2 21

9 325 22 173 21 119 21 61 21
12 252 16 32 18 25 18 86 18
1 530 20 35 20 64 19 45 20
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Appendix c
Particle Size Distribution

Bouyoucos, G,J., Hydrometer Method Improved for Making Part-
icle Size Analyses of Soils, Agronomy Jour. 54:464,

The new procedure in detail is as follow: Dissolve
50 g« Calgon in a litre of distilled water. Pour 100 coc. of
this solution into a pint jar. Add 50 g. of air-dry soll
(100 g. in the case of very sandy soil). Mix thoroughly and
let stand in covered jar overnight or 15 to 20 hours. Then
wash contents into the soil cup (milk shake cup) with dis-
tilled water, Fill the cup with water to within 3 inches
from the top., Connect cup to the dispersing machine (milk
shake machine) and stir for 2 minutes. Disconnect cup and
wash contents into soil cylinder using a water jet from the
plastic bottle, Fill soll cylinder to the litre mark.

Bring cylinder and contents to 68°F. by placing in a water
bath, Remove cylinder and close mouth with rubber stopper.
With right hand holding and pressing on the stopper, and
left hand holding the bottom of the cylinder, turn cylinder
completely upside down and back 20 times, BRBeturn cylinder
to water bath and immediately start a timer or stopwatch.
Quiockly put 3 drops of amyl alcohol on top of soil suspen-
sion column to dissipate froth and at 15 seconds gently
place hydrometer in the soil susRension column and prepare
to take a hydrometer reading at 40 seconds. Remove the
hydrometer and wash it. The last hydrometer reading is to
be taken after sedimentation has continued for exactly 2
hours.

When floating in a 0.5% solution of Calgon the hyd-
rometer has a stem reading of 6.5. This reading must be
subtracted from every hydrometer reading obtained with soil
suspensions prepared in the described manner,

To calculate the amounts of ocombined sands, of silt,
and of clay as determined by the hydrometer method, the pro-
cedure is ag follows for the U,S. Department of Agriculture
8011 particle size classification:

The corrected hydrometer reading at the end of 40
seconds 1s divided by the amount of dry soil taken and mult-
iplied by 100, This result is the percentage of material
s8t1ll in suspension at the end of 40 seconds. This percent-
age 18 subtracted from 100, and the result is the percentage
of material that settled out at the end of 40 seconds, which
represents all the sand in the soil (2.00-0,05 mm.). The
corrected hydrometer reading at the end of 2 hours 1s also
divided by the dry weight of the soil and multiplied by 100.
The result is percentage of material still in suspension at
the end of 2 hours, and is the clay (below 0,002 mm.). The
percentage of silt (0.05-0.002 mm.) 1is obtained by difference.
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Appendix D

Mechanical Analyses of Agricultural Soils Showing
the Percentage Composition of Sand, Silt and Clay

Sample
Number

10
11

MEAN

O N 0N W\

MEAN

12

MEAN
14
17

MEAN

Locatlon and Field Descriptlong

Lot 5 Con 2 Mara Twp Ont Co.
Smithfield Silty Clay

Lot 5 Con 1 Mara Twp Ont Co.
Smithfield Clay

Lot 16 Con B Mara Twp Ont Co.
Smithfield Clay

Lot 15 Con B Mara Twp Ont Co.
Smithfield Clay

Lot 6 Con 1 Mara Twp Ont Co.

Otonabee Loam

Lot 5 Con 1 Mara Twp Ont Co.

Otonabee Loam

Lot 15 Con B Mara Twp Ont Co.
Otonabee Loan

Lot 15 Con B Mara Twp Ont Co.
Otonabee Loam

Lot 5 Con 10 Thorah Twp Ont Co.
Wendigo Sandy Loam
Lot 5 Con 10 Thorah Twp Ont Co.
Wendigo Sandy Loam

Lot 5 Con 1 Bexley Twp Viec Co.
Wendigo Sand
Lot 2 Con 1 Bexley Twp Vic Co.
Wendigo Sand

Lot 13 Con B Mara Twp Ont Co.
Farmington Loam

Percentage

Sand, S11tj Clayy

15
19
11
19

16
56
52
Lyl
5h

51.5
53
63

6045
85
89

87
W7

Wl
39
27
28

34.5
34
33
28
26

30.3
41

30

3545
14
11

12.5
L2

b1
L2
62

53

k9.5
10
15
28
20

18.3

0.5
11
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Appendix D (ocontinued)

Sample Location and Fleld Descriptiong Percentage
Number Sand, 811t3 Clayy,
13 Lot 6 Con 8 Carden Twp Vie Co. 56 36 8

Farmington Sandy Loan
15 Lot 5 Con 10 Carden Twp Viec Co. 56 38 6
Farmington Sandy Loam
18 Lot 1 Con 8 Carden Twp Vic Co. 68 23 9
Farmington Sandy Loam
MEAN 56.8 34,7 8.5

1, Fileld description as per Ontario (Ont) or Viectorila
(Vie) County Soils Surveys.

2, Particle dlameter between 0.05 and 1.0 mm,

3+ Particle dlameter between 0,002 and 0.05 mm,

k., All particles less than 0,002 mm., in diameter,
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Appendix E

Mechanical Analyses of Soil
Samples by Hydrometer Method

Numper Welght em. W0 seconds = 3 mowrs C
2 sk b6 22
3 64 52 27
10 59.5 53 37
11 k5.6 37 24
5 50 22 5
6 50 24 75
4 50 28 14
9 50 23 10
8 L46,2 22 2.5
12 50 .4 16 l
14 54,7 8 0.5
17 50 5.5 0
1 b7 25 5
13 59.2 26 5

15 50 22 3
18 50 16 k.5
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Appendix F

Data of Particle Size Distribution
of Soil Samples (40 grams)

10007
C.W
No. Grol % Poz

2 « 1 99.8
3 « 1 99.8
10 .1 99.8
11 « 2 99.5
5 « 6 98.5
6 « 4 99

7 .8 98

9 . 6 98,5
8 « 1 99.8

12 .05 99.9
14 1,5 96.3
17 .7 98.3
1 1.3 96.8
13 .2 99.5
15 «+1 99.8
18 +1 99.8

500 250
G’ £ B, GR.
5 98.8 1.2
o 99 1.4
2 99.5 5
L 99 1
2 95 5.7
2.4 o4 6.1
2,1 94,8 5.1
1.9 95.3 4.7
2 99.5 ol
5 98.8 1.5
7.1 82.3 20.8
3.9 90.3 17.7
6.3 84,3 14.7
1.7 95.8 6.5
3 99.3 1.3
3 99.3 2.2

l. Cumulative Weight
2, Percent Passing.

3. Microns.

in Grams,

% P.

97

9645
98.8
97.5
85.8
8l.8
87.2
88.3
99

96.3
48

5548
62.3
83.8
96.8
94,5

125

CuW,
Gr.,
2.2
2.7
1.5
k.3
14,7
11.6
11.2
943
5.4
5.4
30.1
28,3
21.7
12,7
16.6
21.5

£ P,

9k.5
93.3
96.3
89.2
63.3
71

72

76.8
86.5
86.5
24 .8
29.3
k5.8
68.3
5845
46,3

7t
CeW,
Gr.
3.6
545
1.8
5.2
17.2
18.2
12,8
14,5
10.8
25
31.1
32,1
28.3
19.5
18.8

2543

% P.

91
86.3
9545
87
57
5ke5
68
63.8
73
37.5
22.3
19.8
29.3
5143
53
36.8
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Appendix G

801l Textural Classes

Percent
Clay

Percent Sand

Prom the soil classification system of the Canada
Department of Agriculture (1970) the triangular figure 1s
divided so that it indicates the percentages of clay and
sand in the main textural classes of g0ils. The remalnder
of each class 1s silt. For a so0oill to be named clsy loam
the clay content can range from 27 to 40 percent and the
sand content from 20 to 45 percent. Therefore a specific
gsoil sample could contain 40 percent sand, 35 percent clay
and the remaining 25 percent would be silt. This would be
point A. The identificatlon of the symbols are as follows:

HC «= heavy clay 81 -~ silt

C -= clay SC =« sandy clay

S1C == 8ilty clay SCL == sandy clay loam
L «= loam S -~ sand

SiCL =~ 8ilty clay loam IS ~=- loamy sand

CL == clay loam SL ~=~ sandy loan

SiL -~ sllty loam
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