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I
INTRUDUCTION

"Agricultural geography is concerned with areal
differentiation of agricultural phenomena. Its objectives
are to describe and explain the variable geographical patterns
of agricultural development and to discover the causes and

consequences of areal distributions".l

Working within this
context, the purpose of the thesis is to study and evaluate
the significance of soil type on agricultural land use in
two selected areas in Woolwich Township.2 The inherent
characteristics of the soil, namely: texture, drainage,
slope, stoniness, depth to bedrock, and erosion, will be
studied individually and collectively to determine to what
extent, if any, they influence the land use pattern and
agricultural productivitye.

Land use studies in agricultural geography usually
tend to concentrate on the relationship of crops to certain
physical conditions. This thesis will attempt to go beyond

such customary studies. To attain this goal, the term

"land use" has been broadened to include not only the

1L. G. Reeds, "Agricultural Geography° Pro%ress
and Prospects", The Canadian Geographer VITII, 2, 1964, p. 62.

2The exact definition of the term "soil type" will
be further explained in a later section.
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vegetative cover, but also the spectrum of human or
cultural factors. Such factors are usually referred to
in a generalised verbal manner with no attempt made to
properly map them at a scale which would permit meaningful
interpretation and correlation. These human or cultural
elements are taken to include: rotation methods, amount
of fertiliser applied, type of equipment utilized, the
extent of s0il improvement (eg. the installation of tiles
to improve drainage), the farm operation and types of
crops grown, the yield or return from each field, the
total productivity per farm unit and per cultivated acre,
and a measure of the man-hours or daye~hours expended per
farm unit.

The study was undertaken in two sections of
Woolwich Township, a triangular shaped area in the
northeastern portion of Waterloo County. The selected
areas are located in central Woolwich and in northwestern
Woolwich. They are separated latitudinally by 2 miles
and longitudinally by half a mile (Figure 1).

The two strips were chosen on the premise that
their chief difference was one of soils and associated
minor variations of relief. Both strips are underlain by
marine sedimentary strata of Silurian age. Specifically,
the bedrock is compﬁgaad of the Salina formation which
consists of brown dolomite, shaly dolomite, limy shale,

and gypsum. There are no rock outerops and well-log
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records indicate that the study areas are covered with
130 feet to 200 feet of unconsolidated overburden.
Available climatic statistics indicate that the
macro-climate is similar in both strips. Precipitation
averages 33 inches to 34 inches per year. The frost free
period is about 140 days with the growing season
approaching 190 days. In the spring, the last frost
occurs about May 17th and the first fall frost about
September 29th. Since there is no major physiographie

break between the two strips and no appreciable difference
in latitude and longitude, and taking into account the

preceding climatic information, it appears logical to
state that there is no significant difference in the
macro-climate.

Economic and soc¢lal conditions are generally
similar in both areas. Most of the farmers, over 85
per cent, are Mennonite and have strong agrarian customs
and traditions. Thus, the attitude of the people to
farming is similar. Indeed, the whole township is fairly
"stable" in terms of acreage of occupied farmland. For
vaxamplc, for each of the census periods, except one, from
1911 to 1961, Woolwich Township exhibited less than 500
acres increase or decrease of occupled farmland.
Furthermore, no appreciable difference occurs between

the two study sections in such factors as market



accessibllity and road service.
Both strips are almost equal in area. Calculations
have indicated that the central strip, containing mainly

uniform soils, embraces 3,321.2 acres, while the other
) §

strip, containing variable soils, covers 3, 463.0 acres.
The former section is dominated by Silt Loams (over 75 per
cent) and contains minor patches of Gravelly Loam Till,
chy Fine Sandy Loam, Very Fine Silty Loam, Gravels, Muck,
Alluvium, and others, mainly poorly dralned aroaa.z The
latter section, or variable soil strip, econtains no soil

type which has a clear majority areally and is comprised

as follows:

Silty and Sandy Loam
Gravelly Loam

Very Fine Sand

Muck

Silt Loam and Loam
Alluvium

Silty.01a{ Loam (Lacustrine)
Gravelly Loam Till
Gravel

Clay Loam and Clay Till
11) Medium and Coarse Sand

Pt
OO R~V E W N
Nt st e’ Wast? Cnut” Nawt? “anir” Sounst” g gt

The major soil types of the two areas rafleét the
differences of the parent material which can be traced
back to the pleistocene 5;01§¢? deposits. Apart from these

1All calculations, involving absolute area, were
made from aerial photographs at a scale of 4 inches per
mile with areagraph charts and are accurate to at least
97 per cent.

2A full deseription of each soil type occurs in
& subsequent chapter,
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differences and the associated differences of relief,
that is, the flat till plains of the "uniform" strip as
opposed to the rolling moraine and outwash areas of the
"variable" strip, the two areas are similar (Figure 2).
Thus, any differences in agricultural land use can be
suspected to be caused by soil type variation.

The uniforme-soil section is meant to act as a
"eontrol®” astrip to determine whether a uniformity of soils
will indicate a general uniformity of land use and
productivity. The variable-soll strip was not chosen
because it represented deliberately poorer soils, but
was rather chosen because it constituted a good
agricultural area with a variety of soil types.

Each of the two study areas contains nearly 30
farms averaging sbout 100 acres in size. Within the
uniform soil strip there are 20 full farms, or farm units
contained entirely within the boundaries of the study
area, 9 part farms, (5 of which have 50 per cent or more
of thelr area within the strip and 4 of which have 30 per
cent or more within the strip), and 3 rural non-farm
dwellings containing only a small acreage. The variable-
soil strip is comggfied of 24 full farms, four part farms
and 10 small holdings. For convenience sake, it was
decided to utilisze Township roads as the boundary for

each study area. Thus, in some cases, properties were
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split. However, the majority of farms lie wholly within
each study section (Figures 3 and 4).

In evaluating the significance of soil type on
agricultural land use and in establishing, as accurately
as possible, edaphic-land use relationships, a digital
computer is employed. The two study areas were divided
into square 10 acre grids within which a sample point was
chosen at random. Correlations between the various soil
types and land use characteristics were then eauputed.l
Certain productivity factors, such as gross income per
farm unit were analyzed qualitatively rather than
quantitatively because of the confidential nature of the
individual farm's income. Thus, gross income and associated
characteristics are presented on a 3 or more farm unit
basis which precludes statistical analysis by reason of
the small sample size. Nevertheless, income comparisons
can be made between the two study areas and between groups
of farms situated on differing soil type. The average
income and productivity per farm as established in this
study can be used for comparative purposes with other

areas of Southern Ontario.

lMothodology will be fully discussed in the
following section.
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Baxiaw af litaratuce

A study of the literature dealing with agricultural
geography has revealed numerous macro-studies which have
been carried out to examine the relationship of crop distri-
bution to the physical environment. There have been too few
intensive investigations of small areas with conclusive
findings. Excellent comments, about this branch of geography,
have been put forth by writers such as H. H. McCarty}, D. F.
Putnam®, and L. G. Reeds3. Any further elaboration on this
topic is beyond the secope of the investigation and would
consist of subject matter that has been adequately covered
elsevhere.

A review of literature pertinent to this study has
indicated few references which elucidate specifically land
use « s0il type relationshipa. Numerous writers associate
Great Soil Groups to certain crop types. C. E. Kellog, for
example, recognises that Chernosem soils are considered to
be primarily adopted to wheat, whereas Podsol soils may be

14, H. MoCarty, "Agricultural Geography", Amarisan

Wﬁm ed. P, E. James, and
Ce Jones (Syracuse University Presas, Syracuse, 1955).

Ps 259 - 277,

2

Des F. Putnam, "S0ils and Their Geographical
Sisnifiaanée" 4 ‘f pgi C. Taylor
(London: Methuen, 1962), p» 221 = 247.

BR..d“ PP» 51 - 63a
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more important for oats.l Such generalizations are quite
common and are representative of regional studies whose
areal scope may range from a township to the whole sarth.
Within these generaligations, statements emerge which are
indicative of the importance of soil types to.farm

planning as one soil type could be better suited for a

crop than anothor.z Furthermore, it is generally accepted
that "within larger regions soil variations play a prominent
part in determining the agricultural utiligzation of particular
areas."3 Such statements set the stage for other studies
which may indicate more precisely the significance of varia-
tions in soil to agricultural land use,

Soil - land use investigations have been more promi-
nent in the United States and Europe than in Canada. A major
portion of this problem can be attributed to the lack of
detailed soil maps in Canada. Indeed, at the present, pube
lished soil survey reports are unavailable for some of the
most highly developed sgricultural portions of Southern Ontario.
Thus, perhaps similar investigations such as J. B. Cruick-
shank's land use study of the Black Isle in Ross Shire which

lc, E. Rello , (New York:

The Macmilian Co., 16017 o 209
°Ibid, p. 289.

3K. H. W, Klages, Bsclogloal. Crop Gaograniy,
(New York: The Macmillan Co., 1942), p.80.



provided "an interesting example of land utilization that
has been influenced by the physical environment, especially
by the soil" are justifiably scarce,’
Detailed case studies are available for various
agricultural regions in the United States. For example, R. D.
Rudd describes in minute detail the physical and economic
characteristics of a beef catﬁle farm in the Corn Bolt,z and
W. Co Found relates the distribution of citrus fruit to certain
preferred soil types and winter temperature in Orange County,
Florida.? The Michigan State College has conducted research
into the types of farming in the State of Michigan and has
associated certain recognisable farm types with general
topography and soils., For example, the dairy and cash crops
area occurs mostly on ievel loams and silt loams.* The
Michigan study, although referring, on certain occasions, to
a range of characteristics which are representative of a

1, B, crnicklhank ”Tho Elack Inlt, Roaa~8h1ra
Land Use Study”, a2 , invxx,
No., 2 1961) s Po

2R, D. Rudd, "A Beef Cattle Farm in the Corn Balt."
%;u.am;mmw ed. R, M, Highsmith
Englewood Ciiffs, Ne Ja: Prentice-Hall, Inc., 19655. PPe 47 = Sh.
3W, C. Found, "The Relation of the Distribution of

Citrus to Soil Type and Winter Temperature in Orange County,
Florida", Canadian Geographar, IX, 2, (1965), pp. 63 « 73.

“E.B.Hmde.G.Mg Ixoas of Earuing i
(East Lansing: Michig tate Co lege, September,

5hi, Pe 34.




typical farm in each farm-type area, is limited in depth as

it encompasses the whole State of Michigan. Nevertheless,
productivity differences, though not analysed, have been
observed within the same farme~type area and have been attributed
to variations in soil and in cultural praetisea.l In spite of
the fact that the results of the three afore-mentioned studies
may not be directly applicable to this investigation, the
meathodology and the statements made with reference to land use
and soil certainly merit consideration.

Studies pertaining directly to Southern Ontario fall
into two groups. The first group deals with specific phenomenon
for limited areas. For example, R. R. Krueger established
relationships between tender tree-fruit soil and the extent
of orchards in the Niagara Peninsula? and the Louth Township
Report analysed in great detail the capabilitf and productivity
of the various soil types for orchards and vineyards.3 Further=
more, the Ontario Department of Agriculture has published a
number of pamphlets which relate specific crops to specific

1Ibid, Po 580

2R¢ R. Krueger, "Changing Land-Use Patterns in the
Nilg&r‘ Fmt B‘l‘“' LA AR GOA.S ha H : AT 3 Y
Institute, XXXII, Part 2, No, 67,

3R, M. Irving,

Axna_in_annnhg:n_?nngng Guelph: Tho Ontario Department of
Agriculture, 1957),
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s0il types and make recommendations with respect to
management and harveating.l

The second group of studies emphasises a broader,
regional approach and concerns itself with a variety of phenoe
mena. B. C. Matthews and R, W. Basil have divided Southern
Ontario into dominant Great Soil Groups and then have related
certain agricultural activity to each Group.2 The result has
been more of a physiographic than a soil type approach with a
highly generalised and rather limited discussion of land use.

L. G. Reeds has conducted numerous investigations of
agricultutal land utiliszation in Southern Ontario., Most of
his writings contain statements to the affect that "land ﬁuc
is determined to considerable degree by the pattern of soil
type"} Many of his studies are carried out within the context
of a land type or a grouping of main soil types on the basis
of similar topography, drainage, capability and other inherent

lgee Ontario Department of Agriculture, Iha Grapa in
Bulletin 487 and Ontario Department ofAgrigulture,

Publication 534, which were

used as representative axanpios.

23, C. Matthews and R. W. Basil, "The Soils of the
Great Lakese«St. Lawrsnce Lowlands"
(Ottawa: icultural Institute of Canada, March -« April,
1960), pp. 37 « 40.

3L. G. Reeds, "Land Utilisation in Southern Ontario™,
Econom ography, Pe. 29l. See also ppe. 298 « 302 for
specific exanples of statements covering soil type and land
use.
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‘characteristics. Various economic factors can then be
associated with land types or groups of land types to form
agricultural rogiona.1

H. F. Noble, in conjunction with the Ontario
Department of Agri&ulturo, has classified farms on an economic
and soil capability basis in Southeastern Ontario.? His
research conasisted of classifying randomly selected farms
into categories canp;ised of adjusted acres of crop soil,
Gross productivity and land use were noted for each farm
category or class. These results are of interest to this
invéatigation for comparative purposes as the fact emerged
that gross incomes of $10,000,00 appeared only on farms whose
total area exceeded 300 acres and whose adjusted acresage was
at least 130,3 However, apart from grouping soils according
to their capability for the purposes of adjusted acreage, no
mention 18 made of soil type and no description of soils is
offered.

Where available, the county soil surveys by the
Ontario Department of Agriculture and the Canada Department
of Agriculturq are the most authoritative sources for the

1L, G, Reeds, "Agricultural Regions of Southern
Ontario 1830 and 1951", Economic (Geqgraphy, XXXV, No. 3,
(July, 1959) ppe 219 - 227,

2“. F. Noble, An _Kognomic o 3¢ -l ’
» (Toronto: Ontario Department of Agriculture,
M‘y. 1965 ]

33. F. Noble, Yaxiationa of Farmalncome af Farms in
Easte » (Toronto: Ontario Department of Agriculture,
ovember, 19065), pPe be
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description and distribution of individual asoil typea.1 For
each s0il series, these publications present the range of erops,
the capability and the general agricultural activity which are
prevalent. However, a specific analysis of land use and
productivity is beyongd their scope and purpose.

A review of the available and pertinent literature has
indicated a lack of studies which may be directly applicable

to this investigation, The relative abundance, on the other

hand, of detailed studies which correlate, for example, orchards

and sandy soils, and, on the other hand, of broader, regional
reports which associate certain land uses to certain land
types or capability classes, is indicative of the trend which
has existed in Southern Ontario for quite some time. Throuphe
out the majority of these references the impression or theme
prevails that "general" or"mixed farming" is a catch-all phrase
reserved for farming that occurs in any area where specialie-
sation of some sort is not obvious. The connotation also
exists that general farming areas are poorer than those which
can be associated with specialization. Finally, no precise
definition, other than that based on subjective emperical
evidence, is put forth on just what constitutes mixed farming
in terms of specific land use and productivity ratios for any

lIt has been generally accepted that asome of the finest
pedogeographical interpretations can be found in soil survey
reports. See Putnam, p. 238.
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given area.

If a study in detail of a fruit-growing area can
reveal variations in income and yield based, in part, on
variations of the "fruit" 3011,1 perhaps similar variations
obtain within a mixed farming area. Furthermore, perhaps a
detailed study of a mixed farming district could reveal the
Presence of a new kind of specialty area « ie., farming
consisting of good income and high yields based on a variety
ef land use.

Irving, p.110,
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Mt THODULUGY

The following sections outline in chronological
order the various phases of research followed in the
attempt to establish land use - edaphic relationships.
Soils and Solls Mapping

To date, no Soil Survey Report has been published
for Waterloo County. An existing generaligzed soil map,
at the scale of 1:108;000, indicated rather broad
homogeneous soil-type areas for the two study sections
and proved to be of limited use., However, the Soil Science
Dopartmont at the upimersity of Guelph 15 currently
Preparing a very d@tailnd aoil map for Waterloo Countys
and permitted this information to be used. All soil
mapping was done on aerial photographs at a scale of 4
inches to the mile, thus affording the wealth of detail\
needed in the delineating of boundaries around small
patches of differing scil type and in the establishing
of certain characteristics such as the various degrees
of slope and drainage within each soil type.

Several acil types in Waterloo County have, as
yet, not been assigned with a spa?ific'name such as, for.
example, Burford Loam or Huron Clay Loam. Thus, ail

80ils are referred to in this thesis on the basis of the
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material comprising the soil horisons. In effect, a
"Soil Type" connotes areas of soil whose profile,
drainage and parent material characteristics are the
same. Wherever an existing name for a soil type ia
available, that name will be utilised in order to allow
the reader to assocliate a certain soil with a well known
conventional socil name in Southern Ontario. However,
throughout the body of this thesis, the various soil
types will be referred to by the designations presented
in the introductory section, for example, Gravelly Loam
and Very Fine Sand.

Each 80il type area was examined for sub-areas
differing in slope and drainage characteristics. In the
Variable Soil Strip, a change in slope or drainage usually
signified a change in soll type. However, patches of
poorly drained soil, within the same soil type, were
mapped separately. In the Uniform Soil Strip, where
79 per cent of all soils sre Silt Loams, minute variations
of slope and drainage were recognised to allow for the
»compariaon of land use within a similar soil type.

Figure 5 presents the variable soil pattern occurring in
the northern strip and Figure 6 outlines the areal extent
of the 20ils in the Uniform Strip. The overlay, on
Figure 6, presents a breakdown of the drainage and slope
characteristics of the Silt Loam.

20
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To facilitate comparative analysis of land use;
80il type, yield and certain farm menagement factors, a
practical method of sampling, coding and storing data is
used. This method 18 patterned upon that developed by
Brian J. L. Berry, although the actual sampling and
storing technique has been modified to suit the purposes
of this study.l

The two study sections were divided into square
10 acre grids and & random sample point was established
within each square. The mapping of all variables took
place at a scale of 4 inches per mile. Thus each 10 acre
square is enclosed by grid lines spaced # inch apart, or
every 220 yards in the field. A random set of co-ordinates
was generated by a computer to locate a sample point to
the nearest yard for every 10 acre square. The programming
was such that these co-ordinates were printed aeross and
down the page every % 1nch.2 Consequently, these
atiatified, random sample points could be located directly

on each map by means of an overlay. This method ensu:es

1 - > an
Bo Jo Lo B‘r VRS, l .
Agricultugil Handbook No. 237, Farm Econamica

Dopartment: U, S. Department of Agriculture.

All computer programmes are presented in the
appendix.
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that the whole study area will be covered, while at the
same time allowing for random samples to be selected
every ten acres.

Since the nature of the study is such that the
smallest mapping unit 1s about 2 acres, it appeared logical
to take advantage of the fact that a computer could be
programmed to transform each set of to-ordinates into an
asterisk (*) and print this symbol at the reouired point.
Thus, the accuracy of each sample point 1s now reduced
from 1 square yard within every 10 acre grid to 0.5 acres
as only a possible maximum of 20 symbol, or asterisk,

spaces exist in each square. This fact, however, does

not detract from the sampling technique because a readsble
pen=point symbol, or dot, at this mapping scale, would
approximate closely the sisze of the asterisk. Furthere
more, it is doubtful whether a point, accurate to within
one yard, could be located either on a map or in the field.
~ Each sample point was traced unto a transparent
overlay sheet, and grid and location lines were drawn in
corresponding locations on maps containing various data,
In this way, the variables could be related at exactly
the same point in each square. The precise (yard)
co-ordinates can be utilized in the event that the
sample point occurs directly over a boundary line

separating two areal distributions.
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After suitable maps had been preparod; which
showed the actual distribution of soil type, land use
type, ylelds and certain field management factors, the
sample point system was used for coding and storing the
variables. A simple numerical system was devised which
assigned a specific number to each type of varisble
possible in the soil type and land use type categories.
Specifically, each soil type of the northern variable
section was given a nominal value, from 1 to 11, for

purposes of identification. The values assigned are as

follows:

l - 511ty and Sandy Loam

2 -« Gravelly Loam

3 = Very Fine Sand

4 -« Muc

5 =« Silt Loam and Loam

6 = Alluvium

7 =« Silty Clay Loam

8 - Gravelly Loam Till

9 « Gravel
10 - Clay Loam and Clay Till
1l - Medium and Coarse Sand

Up to this point, it does not matter what numerical
value 18 assigned to what soil type. The sequence used
here merely follows the order of areal extent of each soil
type as established in a previous seetion. Similarly,
the soils of the southern, uniform section were given
identifying nominal values. Here, however, the large
areas of the silt loams were divided into sub-areas

according to variations of slope and drainage. The
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this instance are:
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Silt Loam z to 3% slope)
Silt Loam 3; slope

Silt Logm (imperfectly drainad)
Gravelly Loam Till

Muck

Poorly Drained Soils

Gravels

Alluvium

Very Fine Sandy Loam

Very Fine Silty Loam

Fourteen types of land use were recognized in the

study area.l

As in the case of the soil types, each was

given an identification number. This land use code is

presented below.
1l - Ha - F ent P ur
2 - Oags 3 - I&fmaargaalgggs °
3 - Barley 10 - Woodland
L, - Mixed Grain 1l = Gravel Pits
5 = Wheat 12 « Farm Yards and Buildings
- Corn (Silage) 13 - Roads and Lanes
7 - Pasture 14 - Other (rural non-farm lands)

Information, with respect to yield, was obtained

for certain land uses which included, hay, oats, barley,

mixed grain and wheat. Yield data was coded as the actual

number of bushels per aere and, in the case of hay, as

bales per acre. Thus, these ordinal numbers could vary

and were represented by either a 2 or 3 digit figure.

Two management factors were considered for quantitative

1Methodology ragarding land use ¢lassifications
is presented subsequently.
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analysis. The first of these involves tiling.t 1If,

at a sample point, a field was tiled, the tiling variable
received a value of 1, If no tiles had been constructed,
the value was 0. The second factor is the amount of
artificial fertilizer applied. In this instance, as with
yields, the actual number of pounds applied per acre was
noted. Although no significant differences occurred in
fertiliger type, the amount applied to corn varied
considerably with that applied to grain and hay crops.
Thus, fertiligser applications to corn was considered
separately.

Certain productivity factors were available for
certain land use types. Agricultural statistics, for the
same year, involving the actual per bushel value of oats,
barley, mixed grain and wheat and the per bale value of
hay were coded as the absolute dollar and cent value at
each sample point for the appropriate crop.? In 1965,
the per bushel values were as follows: wheat, $1.64;
oats, $.79; barley, $1.04; mixed grain, $.87; and hay at
$.45 per bale.

lA tiled field is taken to mean an area in which
artificial sub-surface drains have been installed,

“am per unit values represent averages for Waterloo
County as found in Agricultural Statistica for Ontarig, 1965,
ggtargo Department of Agriculturo and Food, pp. 70, 72, 73,
» ®



2

Data Storing

Once the above data had been collected and coded
it was transferred unto standard 80 column punch cards.
Each data card contained all the variables that were
present at each sample point. Ten pieces of information,
involving 25 columns, were punched on each card for each
sample point. For the sake of compactness, the observations
at two consecutive sample points were recorded on one card,
thus cutting in half the number of data cards required.

A brief note is necessary here on the actual data
entry method. The first four columns were reserved for
the identification of the 10 acre grids. Since the computer
was programmed to print 20 sample points ascross the page
for 4O rows down the page, each 10 acre square could be
represented by co-ordinates whose X axis (west - east)
ranged from 1 to 20 and whose Y axis (north - south)
ranged from 1 to 40. In this way, any desired sample
point can be easily located by scanning through the data
cards. |

Column 5 indicates whether a sample point is
located in the northern variable soil strip (designated
by the numeral 1) or in the southern uniform soil strip
(designated by the numeral 2). In this menner, the same
random sample point overlay can be utilized for both study

areas. Columns 6 to 8 merely assign an identification
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number to each sample point. These numbers are in
chronological order and are numbered consecutively through
both study strips. In the case of this thesis, there were
692 observation points of which 364 existed in the variable
s0il section.

As indicated previously, up to two digits were
required to code the various soil types and land use types.
Thus, columns 9 and 10, 11 and 12, were reserved for soil
and land use data respectively. If a lend use type
consisted of either hay, oats, barley, and mixed grain
or wheat, then the actual yield was entered in columns
13 to 15.1 If none of the above land uses existed, these
spaces were not punched,

Column 16 indicates whether tiling is present (1)
or ‘absent (0) at a point and columns 17 t¢ 19 and 20 to
22 specify the absolute number of pounds of fertilizer
applied per acre for corn and for other crops respectivély.

The per unit value of certain crop types required
up to three cell spaces on each data card. Space 23 was
reserved for the dollar amount and spaces 24 and 25 for
the cent values. Thus, the aztual per unit return could
be noted at each sample point where a crop type with a
known yield existed. Table 1 depicts graphically the type

1All yilelds are in bushels per acre, except hay,
which is in bales per acre.



LAND USE
( 11-12)

Hay

Oats

Barley
Mixed Grain
wWheat

Corn
Pasture

P. Pasture
Idle
Grassland
Woodland
Gravel Pits
Farm Yards

Roads & Lanes

Other

TABLE 1

POINT DATA PERTAINING TO COLUMNS 11-25

YIELD
(13-15)

% k %k ¥k Xk

TILING

* ok ok ok ok ok Kk % k

"k %k ok ok Xk

FERTILIZER
CORN
( 17- 19)

FERTILIZER
OTHER
(20-22)

* %k % *k Xk

$ VALUE
(23-25)
45

79
1.04

1.6k

‘o€
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of information which was recorded, at each point, beyond
column 12, Each variable that was considered appears with
an asterisk opposite the appropriate land use typs.
lata ltility

This section presents what can be done with data
which has been coded and stored in the above manner, and
how this data is actually utilised for the purposes of
establishing land use -~ edaphic relationships. A
subsequent chapter will indicate the results of all
cross~sectional analysis.

Statistical Operations

Seven operations, utilizing the above data, were
carried out. In each case the first 36, sample points,
of Strip 1, were manipulated separately from the 328
sample points of Strip 2. The only exception to this
fact existed in the final operation where certain phenomena
of the two strips as a whole were compared.

1) |
In estimating the percentage cover of each phenomena

involving an areal distribution, the computer is programmed
to scan the data deck for the number of occurrences of that
particular distribution. Thus from the simple ratio of,

BHIhlE~Qi_ﬂﬂﬂHxt’gfllJMLJHURLJmnnﬂllnl.x lgg,‘ehc estimate
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of percentage cover can he calculated,l If the number

of occurrences of each phenomena is multiplied by ten,
the resulting figure represents an estimate of the number
of acres for each distribution. The phenomena considered
in this instance consisted of the various soil type and
land use type distributions and the areal extent of

tiled land.

2) Lhatimate of Percentage Occurrences of Land Use Type
pexr Soil Type. In this operation, each land use
type is tested for the amount of its areal extent on
each soil type. The dsta deck is scanned for the number
of occurrences of each land use in turn on each soil
type, taking one soil type at a time. From operation 1,
presented above, the total number of occurrences of each
80il type can be determined. Thus, the estimate of the
percentage occurrence of land use type per soil type

can be calculated from the following ratio:

SYPHY : 811 CE 3 1% ] 8 3Q]
total number of occurrences of that soil type

3)

Type. Basically, this operation is similar to

Number 2 immediately above, In this case, however, each

lFor Strip 2, 328 is substituted for 36ik.
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soil type is tested for the degree to which it has
been tiled. The ratio,

2 »

103 O

total number of occurrences of that 8oil type * % ’

DE

indicates the estimate of percentage occurrence per soil
type. Again, it is a simple matter to convert each

ratio into an estimate of the number of acres.

L, 5, & 6) Applying the "t" Test. It has been argued

that the testing of the significance of the difference
between two sample means is the most common kind of

1 The t test

problem met with in the social seciences,
is the most commonly used method of making this kind
of test. In the case of this thesis, t testing was
carried out to determine if, for each crop, there was
a significant difference in yield from soll type to
soil type, and if there was a significant difference
in the smount of fertiliser applied. A third t test
established if there was a significant difference in

2

¢rop value as soil type changed.” For esach erop,

10. McCollough and L. VanAtta, St
(Torontoé McGraw « Hill Inc., 1963), p. 233,

The common formula for ¢t 18: t & X1l = X2

: \fh—l+ na
vwhers nl and n2, x1 and x2 andC 1 and C2 represent the
number, the mean and the standard deviation of two

- distributions respectively.
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a matrix of t was constructed in turn for each of

the variables of the yleld, fertilisation and dollar
return or value per acre, Furthermore, for each crop
and each variable, the ranked mean values of the
variables were computed and printed by soil type.

Thus, for example, the mean or average yield of hay

for each s0il type was printed in ascending order below
the t matrix for hay and the yield variable. In this
way, one can tell at a glance which soil has the higher
yield and it is a simple operation to test the differing
yields of any two s0ils at a time for significant
differences by utilising the t values and the degrees

of freedom established in the t matrix. As will become
apparent in a later section, differences were considered
significant only beyond the .05 level in this thesis.1

7) Mapping of Dollar Valua. In order to obtain an
estimate of the dollar value distribution over each

study area, the computer was programmed to print,
within each sample grid, tha'prbduet of crop yield and
erop value. Since crop yield was recorded as bushels
or bales per acre, and crop value as the actual dollar

and cent value per bushel or bale, therefore each

1Euch t matrix is presented in Appendix B for
Strip 1 ivariable Soil Section) and in Appendix C for
Strip 2 (Uniform Soil Section).
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figure printed by the computer represents the dollar
return per acre, for all field crops except corn.
Since the mapping scale of this value map is the same
as the land use soil map, visual comparisons between
value and land use or soil type are possible by means

of overlays.

Land Use and lLand Use Mapping

Whereas the previous section outlined the
statistical procedure for the analysis of certain
quanti{fiable data, this section concerns itself with
the methodology of obtaining the actualiland use
charascteristics which are being related to edaphie

factors.l

Land Use Classification

The system of land use classification utilised
in this study follows closely that devised for the
Canada Land Inventory. The fourteen categories, presented
above, embrace the range of possible land uses that
exist in the study areas. Based upon empirical evidence
in the field, those categories which are not self
explanatory, or which have been modified to suit this

lThe term "land use" is applied here as defined
in the Introduction.



36

study, are defined as follows:

- Oats and Barley sowed and harvested
together.

Pasture - Improved pasture which was utilised
at the time of the land use survey as a grasing
field. In each case, lands bearing such a
designation were in the "pasture"” stage of the
crop rotation ecycle.

Permanent Pasture - Lands which are not 1nc1udod
in the rotation cycle but which are consistently
used for grasing purposes.

Kt - Lands which are not included
in the crop rotation cycle and which are unused
for anz sgricultural purposes at the present
through management choice.

Gravel Pitg - Any area whose soil profile has
been disturbed for the purposes of extracting
parent material.

Farm Yards and Farm Build « Included in this
category are any sm omestic gardens and
orchards which are 1ogifa11y a part of the farm
yard and building unit,

« All uses which do not conform to any of
the other 13 use classes are termed as "other",
In effect, onl{ rural non-farm dwellings, churches,
schools and village areas occur in this category.
Because of the almost total rural nature of the
study area and infrequent occurrence of any one
of the above uses, it was expedient to use this
broad general class.

1A previous investigation has indicated that
fruit trees, mostly apple, occur in concentrations of
less than two dogen trees and in sreas adjacent to the
main farm house. See J. A, Mage,

ol R LAand 1 D AN AT O B Y. p +¥,
¥eolwich Townahip, unpublished B. A. Thesis,
University of Waterloo, 1965.
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Land Use Mapping

All land use characteristics were mapped on a
field by field basis from air photos at a scale of 4
inches per mile. Such a scale permits readabie land
use units representing areas as small as 2 acres,
Since the smallest areal exﬁent of agricultural land
use in the study area was about 6 acres and since all
s80il type data was available at the same scale, there
was no advantage in increasing the mapping scale 3s
no increase of detall would result.

Because there was not a land use map available
8 detalled land use survey was carried out in the field
in June and July of 1966, The names of the farmers
invoived were obtained from the Waterloo County
Assessment roles. These roles also indicated the
religion of the farmers, the size of farms, end the
agsessed value of each farm holding.

Over 85 per cent of the farmers in the study
area are of the Mennonite falth. These people,
especially the 0ld Order Mennonites, tend to be very
conservative and choose to remain aloof from modern

society as much as possibla.l Since about 56 per cent

lsee R. Murdie,
» unpublished
B.,A, Thesis, Waterloo Lutheran University, 1961, for
an adequate discussion of the cultural characteristics
of the Mennonites.
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of the Mennonites in the study area are of the 0ld Order,

the method of interview became a prime consideration.

The possibility of sending questionnaires to each farmer

was quickly discarded as the probability that these

people would complete and return answers to an individual

was low,

The nature of the information desired

necessitated "on the spot™ interviews with each farmer.

Briefly, the interview procedure went as follows:

1)

2)

3)
L)

5)

6)

Requesting the farmer to delimit his property
lines on the air photo.

Requesting the farmer to indicate land use
type and yield at each sample point (which
had been plotted on tfe air photo as
outlined previously).

Noting the areal extent of tiling.

Obtaining from the farmer the rotation
cycle utiliged and the amount of fertiliger
applied.

Recording, in so fer as was possible, the
economic characteristics which would indicate
the general productivity and gross income

of each farm unit. These characteristics
consisted of: the type and turnover of
livestock and poultry, the general productivity
of livestock and poultry, and any other
economic return realized, eg. the amount

of maple syrup produced.

Noting the various input characteristics
such as the amount of hired help and the
total number of "man~days" expended, the
value of equipment and the type of farm

operation.

1All land use and yield data was for the year

1965.
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Gross Farm Productivity and Income

Since one of the primary purposes of this
investigation is to determine the total productivity
of the two study strips as well as the productivity of
individual soil types within the two strips, it became
necessary to obtain income figures in addition to
those computed from crop yield data. Although the
farmers were willing to disclos§ various productivity
characteristics, they hesitated to reveal their yearly
gross income., Thus, in order io calculate the gross
dollar return per acre, on a farm unit basis, the
writer was forced to seek other sources of information.

Census data in Ottawa for the year 1961 was
made available for groups of 3 or more farms. This
information contained over 175 categories pertaining
to gross productivity, land use and other economic
characteristics such as the amount of hired help.l

The two study areas were divided into Super-
- Blocks or sub-areas of at least 3 farms. In each in-
stance, an attempt was made to group together 3 or more
adjacent farms which existed on a similar soil type and

which were of approximately equal area. As far as possible,

1This research was allowed only after the
writer had sworn not to reveal any figures from any
one individual farm. Indeed, no figures, other than
averages for 3 or more farm units, were allowed to be
taken from the Census Building in Ottawa.
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dairy or specialty farms were placed within the same
Super-Block. This criteria worked rather well in both
study areas. In Strip 1 (Variable Soil Section) there
were no "specialty” farms and, as farm sizes were rather
equal, it was a simple matter to approximate the
boundaries of 3 farms to a similar soil type. For
Strip 1, nine such Blocks exist (Figure 7). Four of
these BSlocks are on similar soil type, four have about"
equal proportions of mixnd 80oils and one Block embraces
a group of small, part~t1mo farms which was concentrated
along the southern edge of Strip 1.

In Strip 2 (Uniform Soil Section) eight Super~
Blocks were created (Figure 8). Six of the Blocks each
contain 3 full farms, one Block contains 2 full farms
and one part farm and the remaining Block consists of
various small holdings belonging to farm units outside
of the study area, 'This last Block was not used in
the computation of per farm income for Strip 2.

By coincidence, the only three dairy farms in
Strip 2 were located adjacent to each other and thus
were placed in the same Super-Block. The majority of
the Blocks contain mainly Silt Loam soils, with minor
pockets of varying soil type occurring throughout in
no set pattern. Because of this fact and, taking into
consideration the grouping eriteria, meanirgful) results

can be obtained with respect to the farm economy.
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patterns of both Strips, even though each individual
figure, value or income range represents an average
of at least 3 farm units.

It must be noted that the various income

characteristics presented on the Super-Block basis
are representative of the year 1961, whereas the land
use type and yleld data represent the year 1965, In
spite of this discrepancy in years, meaningful
interpretation can occur for the following reasons:

a) The greater‘majority of farm units operate
in a mixed agriculture economy. Thus, the
crop type pattern will change from year to
year only on the basis of the rotation
cycle utilized.l Since it is highly
unlikely that each farm unit will be at
exactly the same stage in the cycle, it
can therefore be assumed that the present
(1965) pattern, over the area as a whole,
does not differ significantly from the
ﬁattern which existed 4 years ago. Indeed,
as was pointed out in the Introduction,

stability is a characteristic of the whole
Township.

1Rotation methods will be further elaborated upon
in the following chapter. However, the common cycle is
gggziyearl with the "initial" e¢rop appearing again in the
year. ’
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b) A check of farm ownership revealed that all
but two of the farm units, in both study
areas, were either owned or managed by the
same individual in 1961 and in 1965. Thus,
one can conc¢lude that there were no appreciable
changes in farming methods during this period.
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DESCRIPTION OF THE SOIL TYPES
Soils of the Variable Section (Figure 5)
Silty and Fine Sandy Loam (Soil Type 1)

Thq'silty and Fine Sandy Loam soil type, associated
with the Brant Series, comprises the greatest single soil

... type covering in the Variable Soil Seetion. Soil

development has produced a profile that has the charac-
teristics of the Grey-Brown Podgolie¢ Great Group. The
stony loam till, constituting the most recent geological
deposit, is covered with 5 to 6 feet of stonefree material
consisting of silty loam and fine sandy loanm.

The soil materials are calcareous alluvial deposits,
are often varved and consist of alternate layers of silt
loam and fine sand. The surface, or A horigon is dark
greyish-brown and about 5 inches thick. The Ae, or A,
horison, which shows most clearly the effects produced.
by the process of leaching, is yellowish-brown and varies
in thickness from 10 to 17 inches because of the wavy
nature of the B horison., The B horizon itself is easy
to identify because of its dark brown colour, its blacky
stucture and the concentration of clay, The general
thickness of this horison is about 10 inches. The C
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horison is usually found at a depth of about 30 inches.
It is light brown in colour, calcareous and consists of
varved fine sand and silt loam.

The topography is gently rolling and both external
and internai drainage is good. Slopes approach 6 per
cent and only very amall pockets of poorly drained
depressions are evident. The soil capability of this
soil type 15 Class 1.1

Gravelly Loam (Soil Type 2)

The Gravelly Loams, covering about one fourth |
of the total Variable Soil Section, constitute the soil
type referred to as Burford Gravelly Loam in Southern
Ontario. These are well drained soils consisting of

loam surface horisons on gravel deposita. The gravel

1l ‘

The ur?ooo of presenting a capability class
is to indiaatg that the agricultural potential of the
two strips does not vary significantly, and to allow
comparisons to be made between these two study sections
arnd any other area in Southern Ontario on the basis of
scil capability. The capability classification used
is the 7 Class System devised by the Canada Department
of Agriculture for the Canada Land Inventory. In this
system, which need not be explained in detail here, soils
are categorised, according to their inherent characteris-
tics, into one of seven classes. Classes 1 to 3
represent excellent to fair agricultural soils, Class 4
represents marginal soils, Classes 5 and 6 are suitable
for only occasional cultivation and permanent pasture
and Class 7 is non-agricultural land.
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was deposited by glacial meltwaters in the form of
spillways or outwash areas (Figure 2). Thus, these
deposits are stratified with a wide range in the sisze

of material from one stratum to the other. Although

the underlying material is usually coarse gravel, the
surface soil, to a depth of one or two feet, may consist
of fine sand. Cobbles are not uncommon and, in the study
area, several minor pockets of Burford Cobbley Loam exist.

The Burford Gravelly Loams nre also Grey-Brown
Podsolics. They have a characteristic very dark greyish
brown surface soil, A} horison, about & inches in thicke
ness, The yellowish brown A, horison is usually less
than 4 inches thick and is slightly acid. The B horiszon
always exists immediately above the calcareous gravel.

It is dark brows and varies from 5 to 10 inches in
thickness. The C horigzon, or parent material, consists
of pale brown galcareous gravel and is located at depths
below 18 inches. The upper, A and B, horiszons are
friable and range from a fine c¢crumb structure to a medium
bloaky structure.

In the atudy area, these soils have formed on
gently rolling land with simple slopes varying from 3 to
6 per cent. Minor sections, adjacent to streams, have
slopes as high as 12 per cent. Such soils are recognised
as good to fair mixed-agricultural soils. The open
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nature of the soil, condueive to moisture deficiencies
in this climatic regime, and the stoniness of the soil
material, which causes a low to medium content of the
essential plant nutrients, leads to a soil capability
rating ranging from Class 2 to Class 4. The majority
of the soils pertinent to this study are Class 3. Tho
underlying gravel substratum, which is characteristic
of these soils, is much in demand for the construction
of highways and roads and the manufacturing of certain:
building materials. Thus, most of the gravel pit
operations in the study area are located on this soil
type. ‘

Very Fine Sand (Soil Type 3)

The soil type referred to as "Very Fine Sand"
actually approaches a fine sandy loam commonly known as
Waterloo Fine Sandy Loam. This soil was formed on the
. calcareous outwash sand deposits and exists adjacent to
the gravelly loams desceribed above. It also exhibits
Grey-Brown Podsolic characteristica.

The dark brown surface horison is usually quite
- thin and rests on a yellowish brown subsurface which can
vary from 5 to 30 inches. The parent materials,
originating as glacial outwash, occur at 3 to 8 feet
beneath the surface. They are very permeable and have
low moisture-holding capacities. The A} horison is dark
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brown in colour and about 3 inches thick. It is friable,
has a fine crumb structure and consists of sandy loam,

The A,y layer is the thickest of the A horigon, being

about 1l inches thicke. It is light yellowish brown in
colour and very friable. The Ay, horison is about 4 inches
in thickness and has acquired a pale brown colour., The

B horison occurs at about 18 inches. It is 9 inches thick,
brown in colour and has a firmer consistency than the

upper horisgon. ?ho parent material is calcareous, light
grey, sand of loﬁae consistency.

In the study area, deposits of this soil type
obtain on land with 3 to 6 per cent slopes. Nominal
patches ogcur with 6 to 12 per cent slopes. The soil
capability of the gently undulating Very Fine Sands is
Class 1. However, in those minor areas where slopes
approach 12 per cint, the capablility rating drops to
Class 4, or marginal, as the loose consistency and'Opon
nature of the soil creates an erosion haszard when
cultivation is practised. As a whole, these solls are
adversely affected by droughtiness and have a naturally
low fertility level.

S41¢ Losm and Loam (Soil Type 5)
The Silt Loam and Loam soil type represents the
fourth largest agricultural soil category, in terms of

areal extent, in the Variable Soil Section, although
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its absolute area accounts for less than 7 per cent

of the total acreage. The common name for this soil
type is Honeywood Silt Loam and its silty texture gives
it characteristics that are usually associated with
water-laid or wind-laid deposits. These soils, however,
occur in association with morainic soils such as the
Guelph Loams. Thus according to the Ontario Soil Survey,
modification and deposition by water was probably the
more active process. Indeed, in the study area the silt
loams exist adjacent to the kame moraine deposits and
have formed on stony loam till, (Compare Figure 2 with
Figure 5).

The silt loam deposits are generally not deep,
varying in thickness from 12 inches to 36 inches over
the calcareous loam till., They are a member of the
Grey-Brown Podszolie group and their profile is similar
to that of the well known Guelph Series. The A} horison
is about 4 inches thick and consists of a very dark
greyish brown silt loam which is friable and of a fine
crumb structure. The Ay; horison, 6 inches in thickness,
is also a friable silt loam, although it is dark brown
in colour and has a fine granular structure. The 8 inch
Ay, horigon consists of a pale brown losm of fine angular
structure and friable consistency. The B horiszon is a
yellowish brown loam about 12 inches thick. It is still



of friable consistency; however, its structure is
medium sub-angular blocky. The C horizon, or parent
material, occurs at a depth of about 35 inches and
consists of yellowish brown calcareous loam till.

These s0il deposits exist on a rolling landscape
with slopes approaching 6 per cent. They are well
drained, have an ideal texture and are considered very
important agricultural soils. Because of the small
area of these soils, they do not contribute substan-
tially to the good agricultural soils in the Variable
Soil Section. However, the Silt Loams are classified
as Class 1 soils and thus their excellence for & mixed=-

farming economy has to be recognised.

Minor Soil Deposits
The following five soil types comprise the
remaining agricultural soils in the Variable Soil Section.
a) Silty Clay Loam (Soil Type 7): Two deposits
of about 45 acres each occur in the study
area (Figure 5). This soil type consists
of brownish silty clay loam and silty clay
and formed on calcareous lacustrine deposits,
The capability of this well drained soil 1is
Class 1.
b) Gravelly Loam Till (Soil Type 8): One deposit
of about 53 acres exists in the extreme

51:
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d)
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northern tip of the Variable Soil Section.
This soil type is commonly known as Guelph
Loam and, like all the other agricultural
soils in this section, is a Grey-Brown Podzolic.
It consists of loam over a gravelly loam till
parent material and is well drained. The
agricultural capability is Class 1 and the
Guelph Loams are considered to be among the
best soils in Southern Ontario,

Gravel (Soil Type 9): Two small patches of
gravelly soil, having a total area of 43
acres, occur in the study area. The soil
material consists of stratified sands and
gravels mixed with stones. The profile is
thin, about 12 to 18 inches, and both internal and
external drainages are rapid. At best, this
is a Class 5 soil and is rather unimportant
agriculturally.

Clay Till (Soil Type 10) and Medium Coarse
Sands (Soil Type 11): These s0il types are
found in two small "pockets" of about 17

acres each. The former is a heavy, moderately
well drained soil, while the latter is open-
textured, coarse and well drained. Their

soil capability rating is Class 2.
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Bottom Land and Muck The two remaining soil groups, Bottom
Land (Soil Type 6) and Muck (Soil Type 4) were developed on

recent alluvium deposits and organic¢ deposits respectively.
Bottom Land (also referred to as Alluvium) occurs along
most of the stream channels and consists of variable
alluvial material whose texture depends on the type of
soil being eroded upstream, Bottom Land soils have no
profile development but consist mainly of alternating
layers of coarse and fine matefinls. In the study area,
these materials are eompéaaed of silt loams and loams.
These s0ils are arable when not flooded and are excellent
as pasture lands. Because of the annual hazard of
inundation by streams, the soil capability is Class 5.
Muck soils develop in areas that are water-
saturated for the whole of the year. Sucli areas are
common in undrained depressions which accumulate organic
material. These organic soils do not have profile
development but rather have various layers associated
with different degrees of decomposition. In the study
area, Muck soils are usually greater than 36 inches in
thickness and have a bush covering. All Muck areas
have a special capability rating of Class O, Such a
designation signifies that they are presently non-arable.
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St Loam (Soil Type 1 = 3) The silt loam soil types,
representing the greater majority of soils of the Uniform
Section, are associated with extensive deposits of stony till.
They are generally imperfectly drained and occur on gently
undulating areas where surface runoff is slow and internal
drainage is moderats. Previously, the Ontario Soil Survey
associated the common name of London Loam with this soil type.
Howsver, the new soil survey presently being completed, has
indicated a higher proportion of silt than is usually attributed
to the London Loams; hence, the re~classification of this
soil type.l

The parent materials consist of lacustrine sediments
and & stony loam till. The soil is a Grey-Brown Podsol., The
A1l horison is very dark brown and about 6 inches thick., It
has a fine granular structure and is very friable. The A3
horizon has a fine granular structure, is slightly mottled, and
varies in thickness from 8 to 10 inchea. The yellowish~brown
B horison is mottled, friable and of a medium blocky structure,
The wavy boundary of this horison causes the thickness to vary
from 2 to 8 inches. Some fine grit and gravel is also present

I .
“Altho he_ Waterloo County Soil Survey is yet to
be puhliaﬁ%&, gﬁ& goila Science Dtpaztnont at the Uniz;rlity

of Guelph has indicated that the name "Conestoga Silt Loam"
will probably be applied to this soil type. Such a name
appears logical as the village of Conestoga horders the southe
eastern portion of the study area.
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here. The C horizon is usually found at a depth of about

19 inches.

It is brown in colour, calcareous and consists

of a stony loam till with numerous weathered dolomitic and

sandstone pebbles.
These soils are important agricultural soils in

Woolwich Township. In areas of imperfect drainage, the
water table level remains fairly high during much of the
year. However, the water table level drops during spring

and sumner.

Thus, its effect upon the agricultural use of

the 8oil is limited to delaying seeding operations in the
spring. The s0il capability of this soil type is Class 1.

Minar Soil Deposita The following seven s0il types comprise
the remaining soils of the Uniform Section,

a)

b)

Gravelly Loam Till (Type 4), Gravels (Type 7),
Muck (Type 5), and Alluvium (Type 8). These

801l types also exist in the Variable Section

and have been previously described.

Poorly Drained Soils (Soil Type 6). This soil
type occurs in poorly drained depressions which
act as catch basins for excess run-off water,.
These solils are classified as Dark Grey Gleysolic
and consist of a silt loaam or a fine sandy loam,
The common name is Colwood Silt Loam. The small
areal extent and the poor capability rating limit
the use of these soils for agricultural purposes.
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¢) Very Fine Sandy Losm (Soil Type 9) and Very
Fine Silty Loam (Soil Type 10). These two soil
tyres each comprise about 2 per cent of the study
area. The former is well drained and occurs in
small patches as outwash and sand while the latter
is moderately drained and exists in the southe
eastern portion of the area. Both soil types are
Class 1 soils.
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VATA ANALYSIS

Statiatical Data Analvais

Percentage Estimate of Areal Phenomena
The first atatistical operation determined the
percentage estimate of the iarious soil typaé; land
use types and extent of tiled land in the study areas.
Since some of the results are only as accurate as the
estimates derived from the sampling taahnique; these
estimates were teated for any diserepancy from "reality".
The soils of Strip 1 (Variable Section) were measured
to determine their actual percentage cover of Strip l.
These results were then compared with the percentage
estimate of each corresponding soil type. The findings,
summarised in Table II, are as fellows:
a) The estimate discrepancy ranged from a low
of 0.04 per cent to a high of 0,57 per cent.
b) The sample estimate did not tend to be
consistently higher or lower as five soil
types had a higher percentage estimate and
s8ix had a lower estimate.
¢) The amount of areal extent did not influence

the degrse of discrepancy. Thus, one can

57 .
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conclude that estimates for soil types
covering small areas are just as accurate
as those for soil types covering a greater
proportion of the study area.

d) The average estimate discrepancy was 0;29

per cent,

From the above findings, it was conecluded that
for the purpose of this thesis, sufficient accuracy
could be obtained from the sample method, in estimating
the areal distribution of the various phenomena studied.

TASLE II

PERCENTAGE DISTRIBUTION OF SOIL TYPE (VARIABLE SECTION)
MEASURE OF ESTIMATE OF

SOIL TYPE PERCENTAGE PERCENTAGE DIFFEKENCE
1 37.24 36.81 043
2 204,82 25,00 0.18
z 12.35 13.§g 8.5&

. 032 .87
5 6.80 2.59 O.gl
6 3.72 hel2 0.40
7 3.68 L.d2 Oulsly
8 1.69 1.6 0.04
9 1.2i 1.1 0.14
10 C.5 055 0. g
11  Cok8 0.2 0.2
99.99 99.9

Soil Type Distribution

In the Variable Soil Section, no cne soil type
has a clear majority areally. The Silty and Sandy Loams,
covering some 36.81 per cent, or nearly 1,3LO acres;

of the study area, represent the largest single soil
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type. Gravelly (Burford) Loam accounts for 25 per cent
(910 acres) and Very Fine Sand extends over 13.46 per
cent, or about 489 acres. Of the remaining eight soil
types, two cover 6 per cent, two over 4 per cent, two
over 1 per cent and two less than 1 per cent. Table III
indicates the percentage and acreage of each soil type.
These values will be used throughout the remainder of
the thesis.

The Uniform Soll Section is dominated by the
Silt Loam deposits which cover over 78 per cent, or
about 2,591 acres of the study area., Within this soil
type there are sub-areas which are delineated according
to slope and drainage. Thus, the Silt Loams encompass
some 29.27 per cent of imperfectly drained soil, 20,43
per cent of soil with slopes up to 3 per cent and 28,96
per cent of soilslwith slopes uﬁ to 6 per cent., Each
of the remaining 7 soil types in the Uniform Soil Section
covers less than 6 per cent of the study aroa;-with 6
of these scil types combined, accounting for less than
15 per cent. Hence, the term "Uniform" can be convin-
cingly applied to this study strip., Table IV presents
the areal distribution of each soil type in this area.

Distribution of Tiled Land
For both study strips the amount of tiling

was calculated as a percentage of each total area by
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TABLE III

AREAL BXTENT OF SOILS
OF THE VARIABLE SECTION

NUMBER
SOIL TYPE UF ACRES PERCENTAGE
1 Silty & Sandy Loam 1,339.88 36.81
2 (ravelly Loam 910,00 25,00
3 Very Fine Sand 488,99, 13.46
4 Muck 230,04 - 6.32
5 Silt Loam & Loam 239.8 6459
6 Aluvium 149,96 bel2
7 Silty Clay Loam 9.96 hel2
8 Gravelly Loam Till 06 1.6%
9 Gravel 40,04 1.10
10 Clay Loam & Clay Till 20,02 0.55%
11l Medium & Coarse Sand _,_,9.121 :
TOTAL 3,639.42 99.99
TABLE IV
ARk TENT OF 80
OF %ﬁEgﬁﬂ gnufsgc%ggﬂ
NUMBER
SUIL TYPE OF ACRES PERCENTAGE
1 Silt Loam (up to 3% slope 670.1 20,
2 Silt Loam f % to & aslops 9i,9.88 28.33
3 Silt Leam {Z.r. -fectly drained) 0,05 29.27
4 Gravelly Loam Till 189.9 5479
g Muck 129.8 3.96
Poorly Drained Soils 80.03 2.ag
7 Gravels ‘ 129.88 3,96
8 Alluvium 0,01 1.22
9 Very Fine Sandy Loam 9.9 2.13
10 Very Fine Silty Loam —80.02 W x}
TOTAL 33279.65 - 99.99

soil type and as a percentage of each soil type itaself.
This indicates on what so0il type tiling occurs and the
degree to which each soil type is tiled.
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In the Variable Soil Section nearly 20 per cent
of the total land area is tiled, Of that 20 per cent,
over 9 per cent occurs on Soil Type 1 (Silty and Sandy
Loanm), nearly 2 per cent occurs on Soil Type 2 (Gravelly
Loam) and over 3 per cent occurs on Soil Type 3 (Very
Fine Sand). These three soil types, representing over
75 per cent of the study area, contain over 70 per cent
of all tiling. However, a much more meaningful way of
depicting tiling is to state the actual degree to which
each s0il type is tiled. Table V presents this information.
Note that, of the three dominant soil types, tiling exists
on nearly one~fourth of Soil Type 1 and 3, while it covers
 less than 7 per cent of Soil Type 2. This latter
phencmenon is not surprising in view of the fact that
Soil Type 2 (Gravelly Loam) contains a fairly "open" or
permeable sube-stratum which permits water to pass through
‘rather quicklye.

For the purposes of statistical analyais, the pere
centage occurrence of tiling is considered valid only if the
soil type in question covers more than 5 per cent of the to-
tal area.d Of the two remaining soils, in this category,

1Th1- practice arose because certain minor patches
of s0il exhibited suspiciously high percenteges of tiling
ogourrence. Such findings need not neces ly be
and they can best be ained by the fact that these
minor patches occur in assogiation with soil types of
greater extent which are tiled. Thus, one can reason
that it is highly unlikely that a farmer would break his
line of tiles to exclude & soil type of very limited extent.



LTINS SN STNSTN SN ITINSN SN

-

HOoOWwoo~Io\ W
PN N NN

SOIL TYPE

Silty & Sandy Loam

Gravelly Loam
Very Fine Sand
Muck

Silt Loam & Loam
Alluvium

Silty Clay Loam
Gravelly Loam Till
Gravel

Clay Loam & Clay T

Medium & Coarse Sand

Total

TABLE V
DEGREE OF TILING IN THE VARIABLE SECTION

TOTAL
PERCENTAGE OF PERCENTAGE OF PERCENTAGE OF

AREAL EXTENT TILING EXTENT SOIL TYPE TILED
36.81 9.1 24,6
25.00 1.6 6.6
13.46 3.0 22.4
6.32 0.3 4.3
6.59 1.9 29.1
i1z 0.3 6.6
4,12 1.4 33.2
1.65 1.4 83.0
1.10 0.6 50.0
ill 0.55 0.0 0.0
0.27 0.2 100.0

99.99 19.76
(717.1 acres)

rzg
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Silt Loam and Loam deposits have over 29 per cent of their
area tiled (the highest percentage of any soil in the
Variable Soil Section) and Muck has over 4.3 per cent
of its area tiled, This iatter figure indicates that
about 10 acres out of a possible 230 have been reclaimed
by the installation of sub-surface drains.

In the Uniform Soil Section over 45 per cent,
or about 1,480 acres, of the total area is tiled. Of
this 45 per cent, 33 per cent exists in conjunction with
the Silt Loam deposits., Thus, as expected, the S5ilt
Loams not only embrace over 78 per cent of the total
area, but also contain nearly 85 per cent of all tiled
soil.

An analysis of the degree to which each individual
801l sub-type and soil type is tiled reveals an interesting
fact. Soil Type 3 (the imperfectly drained member of
the Silt Loam) has over 65 per cent of its areal extent
tiled. As anticipated, this figure represents the
highest degree to which any individual soil is tiled.
However, a comparison of Soil Type 1 (slopes up to 3%)
and Soil Type 2 (slopes 3 to &%) indicates that Soil Type
2, with over 43 per cent of tiling occurrence is tiled
to a greater degree than Soil Type 1 which has nearly
30 per cent of tiling occurrence. Since, as will be
shown in the following section, the amount of cropland

does not vary appreciably between these two sub~types,
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one can suspect that economic factors determining the
ability of a farmer to install drainage tiles come into
play.

Table VI summarizes the drainage data for the
Uniform Section., Note that Soil Type 4 (Gravelly Loam
Till), the only other soil type, apart from the Silt
Loams, which covers over 5 per cent of the study section,
has over 47 per cent of its area tuiled. the, further-
more, that over 15 per cent of the Muck deposits have

been tiled and are thus utiliszsed for crop land purposes.

Summary of Tiling - An analysis &G'the extent of tiling

on each of the two study areas revealed the following

facts:

a) The Variable Soil Section has less than 20

per cent (717 acres) of its area tiled whereas
the Uniform Soil Section has tiles installed
over more than 45 per cent (1,482 acres) of
its area. This phenomenon can be attributed
to the differences in topography, the
relatively flat till areas of the Uniform
Section as opposed to the more diversified;
though only gently rolling, moraine and out-wash
areas of the Variable Section, and the
differences in the inherent characteristics
of the soil types. Thus, the imperfectly
drained member of the Silt Loams ( in the



TABLE VI

~—

DEGREE OF TILING IN THE UNIFORM SECTION

TOTAL

PERCENTAGE OF PERCENTAGE OF PERCENTAGE OF

SOIL TYPE AREAL EXTENT TILING EXTENT SOIL TYPE TILED
( 1) Silt Loam (up to 3% slope) 20.43 6.1 29.8
( 2) Silt Loam (3% to 6% slope) 28.96 12.5 43.1

( 3) Silt Loam (Imperfectly
drained) 29.27 19.2 65.8
( 4) Gravelly Loam Till 5.80 2.7 47.3
( 5) Muck 3.96 0.6 15.4
( 6) Poorly Drained Soils 2.44 1.8 75.0
( 7) Gravels 3.96 0.9 22.9
( 8) Alluvium 1.22 0.0 0.0
( 9) Very Fine Sandy Loam 2.13 1.2 57.2
(10) Very Fine Silty Loam 1.83 0.0 0.0
Total 99.99 45.2

(1,482.6 acres)

99
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Uniform Section) has over 65 per cent, or
over 640 acres, of its area tiled, while the
highest occurrence of tiling, on the three
dominant soil types of the Variable Section,
is only about 25 per cent (335 acres) on Soil
Type 1 (Silty and Sendy Loam).

In the Uniform Section a greater percentage
of the Silt Loams, with slopes up to 6 per
cent, are tiled than those with slopes up

to 3 per cent. This fact appears to contra-
dict the general trends established in the
above section. However, a s:bseQuent check
revealed that about 2% per cent of Soil Type 1
(slopes up to 3%) occurs in the south-central
section of the study area. Here, in conjunction
with most of this deposit, exiat the three
dairy farms of Super-Block I. No portion

of these holdings on Soil Type 1 is tiled.
Nevertheless, this area contains two fairly
extensive surface drainage ditches which;
sccording to the farmers, provide an adequate
means of drainage. This explanation appears
a3 a logical reason for the discrepancy of

tiling occurrence.

¢) In both study sections, a certain percentage



of Muck soils are utiligzed for c¢rop land
purposes. In the Variable Section over
L per cent (about 10 acres) has been re-
claimed, while in the Uniform Section over
15 per cent (about 20 acres) has been tiled.
d) The average percentage occurrence of tiling
of all agricultural solls covering more than
- 5 per cent of eaeh'studj area, approaches,
to within 1 per ecent, the total tiling
occurrence of that section. More specifi-
cally, in the Variable Section the average
is 20,7 per cent per soil type and the total
ogcurrence i3 19,7 per cent., In the Uniform
Section the average occurrence is 46,2 per
cent per soil type and the total occurrence
is 45.2 per cent. Thus, the individusl
occurrence of tiling for minor soil deposits
is treated with caution. Although, as was
pointed out earlier, there is no reason to
suspect the share of the total distribution.
The actual aresl distribution of tiled fields
and drainage ditches is shown on Figure 9 (Variable
Section) end Figure 10 (Uniform Section).



FIGURE ©

VARIABLE SOIL SECTION

ARTIFICIAL DRAINAGE

LEGEND

TILED AREAS

ODRAINAGE DITCHES

XX

I

2000

1000
4

1000

JAM's?

IN FEET

SCALE




10

FIGURE

UNIFORM SOIL SECTION

ARTIFICIAL DRAINAGE

LEGEND

TILED AREAS

— . ——

DRAINAGE DITCHES

- —

i

2000

1000
n

1000
[l

IN FEET

SCALE

JAM ‘6T




70

Land Use Type Distribution

An examination of the percentage distribution of
land use types in the study areas reveals several interesting
facts. In the Variable Section (Figure 11) over 56 per cent
of the total area is devoted t0 cropland which is ampp?,tud
of hay, oats, barley, mixed grain, wheat and corn. Pasture
and idle grasslands acsount for over 16 per cent and woodlands
add another 20 per cent. The remaining 8 per cent consists
of gravel pits, farmyards and buildings, roads and lanes and
other uses. |

Mixed grain, covering over 21 per cent of the total
area, represents the largest single land use type in the
section, Woodland follows closely with over 20 per cent and
hay is third with nearly 20 per cent. Thus, the cropland is
dominated by mixed grain and hay, with corn (6 per cent), oats
(5 per ednt). wheat (3 per cent) and barley (0.5 per cent)
existing as minor cropland types. Farmyards and buildings
collectively extend over more than 2 per cent (about 30 acres)
of the area. Table VII indicates the areal extent of each
land uss type and the corresponding percentage distribution,

From the above information, the land use type come
position for a hypothetical "average" farm for the Variable
Section can be determined. Such & composition, based on
the number of full farms in the study section, assumes that
each land use type is equally distributed among all the farms,
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This assumption may or may not be true for any or more

farms in the study area. However, for purposes of comparison
with other areas, this hypothetical farm unit is valid for

it eliminates the bias associated with choosing a "typical"®
farm. Further substantiation of this method exists in the
fact that the study area is one of relative homogeneity in
‘terms of farm operators and agrarian customs. The actual farm
unit characteristics will be presented, as far as census data
permits, in a subsequent section.

The average farm unit in the Variable Section embraces
slightly less than 135 acres. It contains sbout 26 acres of
hay; 28 acres of mixed grain, 3 acres of corn, 7 acres of
oats, 4 acres of wheat and less than an acre of barley. The
non-c¢ropland land uses consist of about 10 acres of pasture,

7 scres of permanent pasture, 5 acres of idle grassland and

27 acres of woodland. Each farm unit also includes over 2
acres of gravel pits, nearly 3 acres of farmyards and buildings,
over 3 acres of roads and lanes and over 1 acre of other uses.
Table VII presents the actual average values for such a farm.

In the Uniform Section (Figure 12) about 64 per cent
of the total area is devoted to eropland, over 10 per cent
to pasture and idle grassland and nearly 20 per cent to
woodland. The remaining 6 per cent consists of gravol'pic-;
about 1 per cent, farmyards and buildings, leas than 2 per
cent, and roads and lanes, about 3 per cent. Land use type
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14 did not occur in this sample.

Hay, covering nearly 20 per cent of the total
area, represents the largest single land use type in this
section, although woodland, also covering nearly 20 per
cent 1s a mere fraction of a per cent behind. Mixed grain
and corn are third and fourth respectively as they both
extend over more than 16 per cent of the area. Thus, in
this study section, the cropland is dominated by hay,
mixed grain and corn. Oats (7 per cent), wheat (nearly
3 per cent), and barley (about 2 per cent) represent the
minor eropland types. The areal extent of each land use
type and the corresponding percentage distribution are
outlined in Table VII.

As in the Variable Section, a hypothetical "average"

farm unit can be constructed. This farm embraces slightly
more than 136 acres. It contains about 27 acres of hay,
22 acres of mixed grain, 22 acres of corn, 9 acres of oats,
nearly 4 acres of wheat and over 2 acres of barley. The
non-cropland lahd uses camprilo‘nearly 10 acres of pasture,
about 2 acres of permanent pasture, nearly 3 acres of idle
grassland and about 27 acres of woodland. The remainder
of each farm unit consists of about 1 acre of gravel pits,
nearly 3 acres of farmyards and buildings and over 4 acres
of roads and lanes. The actual average values for each
land use are presented in Table VII.

A comparison of the land use type distribution in



TARLE VII
PERCENTAGE DISTRIBUTION OF LAND USE TYPE

VARIABLE SECTION UNIPORM SECTION
JAND USE TIFE & ARES PRR. ‘ ACRES PER
(1) By 799 - 26.60 19.78 27.08 19.82
( 2) Oats 190.0 7-03 5.2 9.57 7.01
( 3) Barley 20.0 o 0.55 2.50 1.83
( 4) Mixed Grain 769-8 2.5 A.15 2249 1646
( 5) Whest 120-R bl 3.30 3% 2
{ 6) Com 230.0 8.51 632 2.08 1636
( 7) Pasture T 259.8 9.62 7.3 9.57 7.01
( 8) Parmenent Pasture 190.0 - 7-00 - e 49.8 2.07 1.52
( 9) Idle Grasslands w01 5.18 3.85 600 2-50 1.83
(10) Woodland 729-8 27.02 20.05 639+9 26+66 19.51
(11) Gravel Pits 60+0 2.22 1.65 29.8 1.2, 0.91
(12) Ppein Yards & Buildings  80.0 2.96 2.20 60.0 2.50 1.83
(13) Roads and Lanes 899 3.32 2.47 109.8 k57 335
(14) Other Q=0 —hehll 5] —0 0.0 020

TOTAL 3,639-4 134.63 99-99 3,297  136.57 99-99

QL
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the Variable and Uniform Sections reveals the following

phenomena:

a)

b)

Over 7 per cent less area is devoted to cropland
in the Variable Section than in the Uniform
Section, Of the cropland area, significant
differences between the two sections ogcur

only in the distribution of ccrn, Indeed, corn
occupies about 16 per cent of the Uniform
Section and only about 6 per cent of the Variable
Section., Doubtless, the presence, on the latter
Section, of three large dairy farms and a feed
farm, whose entire crop consists qf corn, has
inereased the percentage ocourrence of this

cfop type. Minor variations exist in the dise
tribution of mixed grain, barley and ocats. The

former crop covers nearly 5 per cent more of the

- Variable Section, while the latter two crops

encompass slightly more of the Uniform Section,
Hay occurs with a nearly identical frequency on
both sections and there is less than one-half
of one per cent difference in the occurrence of
wheat. Thus, with the possible exception of
corn, the crop type distribution of both study
strips is similar.

Of the non-¢ropland land uses, pasture occurs
on about 7 per cent and woodland on about 20
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per cent of both areas. Permanent pasture
and idle grassland are more prevelant on the
Variable Section where they are found on about
5 per cent and 4 per cent of the area respec-
tively., On the Uniform Section, each of these
uses occupies less than 2 per cent. No appre-
ciable difference exists in the percentage
distribution of farmyards and buildings and
roads and lanes.

¢)a The total acreage of a hypothetical farm on
either section is similar, differing by less
than 2 acres. On a per farm unit basis the
expected acreage of each land use is governed
by its percentage occurrence within the study
section. Note, with the aid of Table VII, that
the number of acres of the majority of core
responding land uses of both sections is similar,
Discrepancies do, however, arise. The average
farm on the Variable Section can be expected to
contain nearly li) fewer acres of corn, 6 acres
more of mixed grain, about 5 acres more of
permanent pasture and nearly 3 acres more of
idle grassland than its counterpart on the
Uniform Section. Thus, one can conclude that
& variability of soil will signify a greater
proportion of mixed grain, permanent pasture



and idle grassland and a lesser extent of total

ecropland.
Land Use Type Occurrence FPer Soil Type

Genaral Balationships The relationships between soil type

and land use are presented on the basis of the matrix of
percentage occurrence of each land use for each soil typel
and the matrix of percentage occurrence of each land use
out of the total number of occurrences of that land use
throughout the study area for each soll type. That is,
the first matrix indicates the percentage distribution of
all land uses found only on any one given soil type, the
total of which equals 100 per cent for that soil type; the
second matrix reveals the proportion to which any one land
use type, the total of which equals 100 per cent, can be
attributed to any soil type.? Table VIII serves as a
representative examplozof the above statements. In this
case, Column A indicates the percentage occurrence cf land
usi on Soil Type 1 and Column B portrays the percentage
distribution of Land Use Type 1 (Hay) on each soil type in
the Variable Section.

1l

2))) matrices are found in é{fongix B (Variable
Section) and Appendix C (Uniform Section).

As defined under "Methodology",
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TABLE VIII

RLPRESENTATIVE LXAMPLE OF MATRIX
OF LAND USE OCCURRENCE IN THE VARIABLE SECTIUN

Column A Column B
Soil Type 1 Land Use Type 1 (Hay)
Land Use Percentage Soil Type Percentage
1 21.64 1l 40,28
2 6,72 2 26,39
3 0.75 3 18,06
[ 28,36 b 0.00
5 3.73 9 8.33
6 5.97 6 1.39
g 21 7 1.39
6.72 8 1.39
9 2.2 9 1.39
10 12.6 10 1.39
11 0.00 11 0.00
12 1.49
13 0,00
1l Lkl —
99.99 99.99

Based on the matrices of occurrence, several
statements can be made with respect to the number of land
use types which occur within the study areas and within
each soil type itself. By constructing a scatter diagram
which combines land use type and soil type occurrence, a
visual correlation can be achieved. Figure 13 represents
such a scatter plot for the Variable Soil Section. Each
of the 11 soil types occupies a cell space along the top
east-west axis, The s0il types are arranged in descending
order of areal extent from west to east. Similarly, each
land use type occupies a cell space along the western
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northesouth axis with the areal extent arranged in
ascending order from south to north. The numbers along
thess two axes represent the code form for the various
land use types and soil types and are not necessarily in
chronological numerical order. The lower east-west axis
shows the number of differing land uses which exist for
the appropriate soil type immedietely above, and the eastern
north-south axis portrays the number of differing soil
types which any single land use type occuples.
Several inferences for this study can be drawn
from Figure 13. |
a) As an agricultural soil increases in area it
will contain an increasing number of differing
land use types. Thus, the number of differing
land uses raenges from a high of 13 on Soil
Type 2 (Gravelly Loam) to a low of one on
Soil Type 1ll. Wherever this direct correlation
is absent, such as on Soil Type 3 (Muck), Soil
Type 6 (Alluvium) and Soil Type 2 (Gravelly
Loam,, which contains one land use more than
would be expected) the discrepancy can be ex-
plained by the presence of a non-agricultural
s0il or a none-agricultural land use that is
characteristic of only a certain soil type.
Both explanations hold true in this case as
Muck and Alluvium are considered to be non-
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agricultural and Land Use Type 11 (Gravel
Pits) was indicated to be present only on
Soil Type 2 (Gravelly Loam). In this way,
the three dominant soil types of the Variable
Section, representing nearly 37 per cent, 25
per cent and over 13 per cent of the area
respectively, each contain at least 12, or
about 85 per cent, out of a possible 1, land
use types.

b) Since, for the purposes of this aﬁudy,
agricultural land uses are those comprising
Land Use Types 1 through 10, as defined in the
"Methodology", it can be stated that for all
as?icultural soils, ie., those oscurring in
capability classes 1 through 3, that embrace
at least 13 per cent of the total area, contain
90 per cent or 9 out of the 10 agricultural
land uses. ?urthoruore, any combination of
the remaining asgricultural scils that comprises
13 per cent of the total study area also
contains 90 per cent of all agricultural land
uses and nearly 80 per cent of the total land
use types,

Taking into account the inferences presented above,
one can derive a definition of a mixed agricultural area

based on land use occurrence and distribution. The premise
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within which such a definition can be formulated is that
each of the 80il types in question be an agricultural soil
ie. capability class 1, 2 or 3. For the study area, the
following definition holds trus.

a) Any agricultural soil, embracing more than
13 per cent of the study area, contains 90
per cent of all agricultural land use types
and 85 per cent of all land use types found
within the study area.

b) Any combination of agricultural soil types that
constitutes 13 per cent of the study area also
contains the above percentage of agricultural
and total land use types.

¢) Any soil type displaying the preceding
characteristics can be suspected to give rise
t0 mixed agricultural farming.

A similar scatter diagram was constructed for the

Uniform Section (Figure l4) and each agricultural soil,
including the breakdown of the Silt Loam, was tested
against the definition established previously. The per
centage requirements for land use type were met by all
agricultural soil types, except one, and by a combination
of the remaining asgricultural soils. Soil Type 1 (Silt

11t should be remembered that each of the study
sections contains over 3,200 acres.
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Loam up to 3 per cent slops) ééntains only 70 per cent of

the required agricultural land uses.t Thus, according to

the definition, a type of farming other than mixed agriculture
is taking place on this soil type. A subsoqupnt check
revealed that is the case as three large dairy farms, re-
ferred to previously, exist on about 25 per cent of this

801l typs. One can therefore conclude that the definition
appears to be satiataatory'in both study sections and can

be utilised as an indicator of the presence or absence of
mixed farming.

- This

section relates the specific percentage occurrence of a land
use type to a soil type. In the Variable Soil Section, 14
land use types and 11 scil types were recognised. Thus, in
order for any given land use type to occur simultaneously
at least once on each soil type, that land use type has to
occur at least 1l times., Since the total number of possible
occurrences is 364, each land use type has to cover at least
3 per cent of the study area. Similarly, each soil type has
to occur at least 1, times or cover 3.8 per cent of the area
before it could contain all land use types. In this way,
only those soil and land use types that exceeded the above

lgarley, Fermanent Pasture and Idle Orasslands
were absent.



areal requirements were considered to be valid for this
analysia.l The soil types consist of Soil Types 1 through
10 and land use types consist of Land Use Types l, 2 and &
through 10, as Land Use Type 3, barley, embraces less than
1 per cent of the area.(Table VII). | |
The previous section indicated that the majority
of agricultural soil types contained at least 90 per cent
of all agricultural land use types. Such a finding ia not
surprising in light of the premise that the study area
represents mixed agricultural farming. However, it is of
some importance and interest to note the degree to which
a specific land use occurs on each soil type. For this
purpose, a ratio of occurrence was devised as follows:

a) The percentage occurrence of each land use type
was noted.? This figure represents the pro-
bability of occurrence of a land use on a soil
type, but, utilized alone, it cannot indicate
the percentage difference of a certain land use
tyre over a variety of soil types.

b) The actusl percentage distribution of each land
use within the study area was divided into the
percentage occurrence of that land use on each

86

1Tho total area of all wvalid uoils'roprtaonta
nearly 97 per cent of the study area.

‘ 258 defined under "Methodology" and presented in
Appendix B (Variable Soil Section).
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soil type. The resultant figure represents
a ratio of occurrence for a land use which can
then be compared from one 30il type to another.

Table IX portrays these ratios for all valid} land
use types and soil types in the Variable Section, Note, for
example, that the ratio of occurrence of Land Use Typo 1l
(Hay) on Soil Type 1 (Silty and Sandy Loam) is 1.09. This
signifies that it occurs 9 per cent more frequently on Soil
Type 1 than for the study area as & whole. No claim can be
made at this time whether or not the ratio of occurrence
can be used to indicate any significant preference of one
land use type for one soil type. In fact, it may be futile
to do 80 in view of the general associations established
Previously and the rﬁct that each farm unit regardless of
80il types will contain a variety of 1§nd use types. The
ratio merely indicates whether a land use type occurs to a
greater or lesser degree from one soil type to another when
all other factors are considered to be equal,

For the purposes of this investigation, any.rntio
exceeding 2.00 was regarded as indicative of a strong rela-
tionship between a land use type and a s30il type. At this
level a land use would have to occupy & so0il type in twice
the percentage proportion that it occupies the whole study

1As defined above.
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1 2
1.09 1.28
1.05 1.05
13 .39
1.26 -9

+33

*33

2.20

TABLE IX
RATIO OF OCCURRENCE IN THE VARIABLE SECTION

1.13
1.00
1.23

1.26

1.1,
1.53

1.28

1.73
1.73
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area. Specific explanations or further study are required
where a land use - s0il type combination exhibits very
high or very low ratioo.l

From Table IX, several land use - soil type
associations emerge. Hay, oats, wheat, corn and paaturo
occur on all agricultural soil types well within the ratio
limits. Moreover, mixed grain exceeds the 2,00 ratio only
on Soil Type 7 (Silty Clay Loam). This latter soil type
embraces only about 4 per cent of the study area and so
offers the theorstical possibility that each land use type
could occur at least once. However, in view of its marginal
areal extent and, taking into consideration the fact that
mixed grain represents the largest single land use type,
it appears logical to accept, without further questioning,
the high occurrence of mixed grain. Based on the above,
one can conclude that all valid cropland types appear with
a similar percentage occurrence frequency on all valid
agricultural soils.

Permanent pasture exists in a surprisingly high
proportion on Soil Type 7 (Silty Clay Loam). The fact that
this 801l type is at the marginal end of the validity scale
has been pointed out. Furthermore, a field check indicates

1, check revealed that variations from the mean,
of valid distributions, approached 2 standard deviations
only when the ratio exceeded 2,00,
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that on 3 farms in the northern portion of the Variable
8011 Section the farm boundaries have created several
odd-shaped small fields which have reverted to permanent
pasture use. These fields occur on Soil Type 7. Thus, it
is highly probable that permanent pastures are not a
characteristic use of this soil type.

Idle grasslands occur with twice the expected
frequency on Soil Type 2 (Gravelly Loam) as over the whole
study area. In this instance idlé grasslands are a distinct
characteristic of Soil Type 2. This mediocre agricultural
soil has prompted several of the less enterprising farmers
to abandon fiolds.l Associated with the idle grasslands
are gravel pits which dot the landscape occupied by this
soil type. Gravel pits present a hazard to animals that
are grasing and impede, to a certain extent, cultivation.
A logical consequence is the preponderance of idle grass-
lands.

Land Use Type 10 (Woodland) is a distinct charac-
teristic of Soil Type 4 (Muck) and Soil Type 6 (Alluvium)
with ratios of occurrence of 4.33 and 2.32 respectively,
and 1s the only land use type that exists on all valid soil
types. Note, in Table IX, that Alluvium gives rise to hay,

17¢ 18 of interest to note that 3 of the 6 farm
holdings which exist for the most part on Soll Type 2,
are operated on a part-time basis and the farm operators
are not of the Mennonite faith.



corn, pasture, permanent pasture, idle grassland and
woodlgnd, with permanent pasture exhibiting a high ratio

of occurrence (3.83). Muck, however, contains only mixed
grain and woodland. Such findings are not surprising in
view of the fact that tiling has reclaimed a certain amount
of these soils.l Nevertheless, their main use is devoted
to woodland and permanent pasture.

In the Uniform Soil Section, 13 land use types
and 10 soil types were recognised. Based on methodology
presented above, each land use type has to embrace at
least 3 per cent of the total area and each soil type
has to cover at least 3.9 per cent of the total areal
extent in order to be considered valid. In effect only
b soil types, comprised of the Silt Loams (Types 1 - 3)
and Gravelly Loam Till (Soil Type &), met this requirement.
Of the 10 agricultural lend uses only 6 exceeded the
necessary percentage. These 6 are: Land Use Type 1 (Hay),
2 (Oats), 4 (Mixed Giain). 6 (Corn), 7 (Pasture) and 10
(Woodland). Table X presents the ratios of occurrence
for the Uniform Section.

An analysis of Table X indicates that all valid
soils contain all valid land use types. The ratio of
occurrence exceeded the 2,00 level only in the case of
oats and Soil Type 4. Oats then, represents the only

lAs discussed previously.
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characteristic land use of a soil type in the Uniform
Section, The three sub-areas of the Silt Loams, although
not giving rise to any characteristic land use types, did
display variations in the degree of association. Each
sub=area contained two land use types whose ratio of
occurrence exceeded that of similar land uses on the other
sub-areas. In this way, hay and woodland tended to
associate with Soil Type 1 (up to 3% slopes), oats and
corn tended to exist more on Soil Type 2 (slopes 3% to &%),
and mixed grain and pasture occurred to a greater degree
on Soil Type 3 (imperfectly drained).

The dominant feature of the Uniform Section, in
this inatance; is that only 6 of the 10 agricultural land
use types are valid. A possible explanation for this
phenomenon lies in the existance of the specialty farms,
which together embrace some 23 per cent of the total area.
It appears logical to conclude that the presence of these
farms is sufficient to upset the mixed agricultural ba- |
lance and concentrate land use type to only 6 valid cate-
gories over the area as a whole. Even when the Silt Loams
are treated as one 8soil type, no additional land use types

become valid.

Summary of Ratdiq af Oacurrsncs - It is submitted that the
ratio of occurrence is a useful technique to indicate the

degree to which a land use type occupies any soilftypoy
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compared to the occurrence of that land use type in the
study area as a whole. By placing & high degree of
association only when the ratio exceeds 2,00, one can
state qualitatively if a land use type is characteristic
of a soil typo.l
As utiligzed in this investigation, the ratio has

pointed out characteristic trends over all valid soil

9%

types in the study area. It has indicated that the Variable

Section is indeed a mixed agricultural érea as 90 per cent
of all agricultural uses are valid and are distributed

in relatively the same proportion over all valid agricule
tural soils. In the Uniform Section, where only 60 per
cent of agricultural land use types are valid, one can
suspect that certain non-mixed farming elements have
affected the patterns of land use.

A corollary to the definition of a mixed farming
area as it applies to the Variable Section is to be noted.
The fact has emerged that 90 per cent of all agricultural
uses in the study area must be valid. This study of land
use occurrence and distribution has indicated that the
Uniform Section exhibits certain elements that are not
typical of mixed farming.

iThis point raises the philosophical problem which
is not unique to agricultural geography, ie. just how deep
does one probe to establish significant differences which

become obscured when any meaningful statement is t0o be made

about an area greater than an individual field, farm unit
or even soil type.
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Yield « Soil Type Associations

This section analyses the variations in yield that
occur from soil type to soil type. Significant differences
were established by the use of the t test. Since the per
acre value of each c¢rop type is a function of the yield,
the range of values and any significant differences are
also discussed here., The characteristics of the Variable
Soil Section will be dealt with first. All specific
values of t are presented in Appendix B for the Variable
Section and Appendix C for the Uniform Section.

Land lUse Type )1 (Hayl - The average yields of hay ranged
from a low of 90 bales per acre on Soil Type 3 (Very Fine

Sand) to a high of 125 bales per acr'e on Soil Type 6
{Alluvium), Slightly over 95 bales per acre were obtained
from Soil Type 1 (Silty and Sandy Loam) and Soil Type 2
(Gravelly Loam or, conventionally known as Burford Gravelly
Loam). Soil Type 5 (Silt Loam and Loam) averaged over
116 bales per acre with each of the remaining 4 soil types
yielding 100 bales to the acre. The per acre dollar re-
turn, as explained under "Methodology", varied from a
low of $40.50 to a high of $56.25, ie. in the same pro-
portion for each soil type as ylelds. Table XI presents
yield and value data for hay.

The t test indicates that significant differences
exist only in the case of s0ils whose yields fall below



TABLE XI

PER ACkE YIRLD AND VALUE OF LAND USE TYPE 1 (HAY)
IN THE VARIABLE SECTION

Soil Type Yield in Bales Dollar Value Percentage of

‘ Hay Area
g 90.20 :.o.go 122.1
1 88:33 5:51 03
7 100,00 45.00 1.3
8 100,00 45,00 1.3
9 100,00 45,00 1.3
10 100,00 45.00 1,3
5 116.67 §2.50 8.3
6 125,00 56,25 1.3

96 bales per acre when compared with soils whose yields
exceed 116 bales. Thus, the yields of Soil Types 1, 2
and 3 vary significantly from the ylelds of Soil Types

5 and 6.1 Since Soil Types 5 and 6 embrace less than 10
per cent of all hay while Soil Types 1, 2 and 3 contain
nearly 85 per cent of the total hay area, it follows that
the average hay yield for the Variable Section is about
95 bales per acre. This figure represents a dollar re-
turn of nearly $43.00 per acre. However, the high yields
of Soil Types 5 and 6 should be noted, especially in view
of the fact that Soil Type 6 (Alluvium) is generally
considered non-arable. It may be concluded that a varia-
bility of soil type has produced significant differences

lpifferences were considered significant only
beyond the 0.05 level of significance.
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of hay yields in only 10 per cent of the total hay area.

Land Use Tvpe 2 (Oata) - Oats were prevalent on only 5
soil types and ranged in yield from a low of 68.3 bushels
per acre on Soil Tyra 1 to a high of 80 bushels per acre
on Soil Type 8. The ylelda of each of Soil Types 2, 3 and
5 were 70 bushels. The corresponding values varied from
$53.98 per acre to $63.20 (Table XII).

TABLE XI1

PER ACHE YIELD AND VALUE OF LAND USE TYPE 2 (OATS)
IN THE VARIABLE SECTION

Soil Type Yield in Bushels Dollar Value Percentage of

Oats Area
1 68.38 3.98 b7e3
;R S
3 030 LR 1373

Significant differences existed only between
Soil Type 1 and Soil Type 8 (Gravelly Loam Till or Guelph
Loam) as there was nearly a 12 bushel per acre difference.
The average yield per s0il type was 71l.7 bushels per acre.
However, the average yield of Soil Types 1, 2, 3 and 5
(which embrace over 85 per cent of all the oats acreage)
was just under 70 bushels. Hence, it may be concluded
that the average yield of oats for the Variable Strip is
about 70 bushels per acre. Furthermore, it has been
established that the higher yields of Soil Type 8 are



superior only to the lower ylelds of Soil Type 1l.

Land lae Typa 3 (Barlay) - Barley occurred on Soil Type 1
and 2 with respective yields of 75 bushels per acre and 50

bushels per acre. Because of the limited sample size, a
statistical test revealed no significant difference hetween
these two yields. The corresponding values were $78,00 and
$52.00 per acre. As these two soil types each contained
50 per cent of all barley acreage, the average yield for
the Variable Section is 62,5 bushels per acre.

Land Use Tvpe A (Mixed Grain) - Mixed grain was found
over a variety of soil types and ranged in yield from 60

bushels per acre on Soil Type 4 and 9 to over 85 bushels
per acre on Soil Type 5. As may be suspected, such a
range in yield contains significant differences. These
significant differences, however, do not necessarily
occur whenever yicida appear to vary substantially. Table
IIII presents the average per acre yield and value of
mixed grain.

Because the test for significance was carried
out for only 2 scil types at a time and because of the
rather complicated patterns which emerged, the results
can best be stated by means of a table. Table XIV
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indicates all cases where s0il types portrayed significantly

greater yields. In each instance, the soil type in column
A exhibits significantly higher yields than each soil type
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TABLE XIII

PER ACRE YIKLD AND VALUE OF LAND USE TYPE § (MIXkD GRAIN)
IN THE VARIABLE SkCTIUN

Soil Type Yield In Dollar Percentage
Bushels Value of
Mixed Grain
(4) Muck 60,00 52.20 2.6
9) Gravel 60,00 52420 1.3
2) Gravelly Loam 60,36 §2.51 18.1
3 V‘ry Fine Sand 69.29 60,2 9.1
% Silty and Sandy Loam 70,00 60,90 49.3
(1 Claz Lodm and Clay Till 70.00 60,90 1.3
7) 8ilty Clay Loam 7214 62.76 9.0
(11; Medium and Coarse Sand 75.00 65.25 1.3
(5) S1lt Loam and Loam 85.83 7467 7.8

in coluan B. Any soil type that does not appear in column
A does not have a significantly higher yleld of mixed
grain when compared to any other soil type.

TABLE XIV

SIGNIFICANT VARIATION UF
MIXED GRAIN YIELDS BY SOIL TYFE

A B
Soil Type Soil Type
1 2, 9, &

lg 20 ]
| 2,9, 4
1 e 1, 2’

Four soil types displayed yields significantly
greater than one or more of the other soil types. The
yields of Soil Types 1, 10, 7 and 11 were all significantly
higher than thoss of Soil Type 2. Furthermore, Soil Types
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1l and 7 were significantly better than Soil Types 4 and
9; with Soil Type 11 surpassing Soil Type 1. The average
yield per soil type was 68,07 bushels per acre while the
average yleld of the four leading mixed grain soil types,
in terms of aresl coverage of mixed grain was 67.9.1 One
can assume that the average mixed grain yield for the
Variable Strip is about 68 bushels per acre.

Several relationships should be noted. Whenever a
significant difference existed, Soil Type 2 (Gravelly Loam
or Burford Loam) always exhibited lower yields. Moreover,
next to Soil Types 4 (Muck) and Soil Type 9 (Gravel),
Gravelly Loam portrayed the lowest per acre yield of any
soil. Therefore, low yields of mixed grain are a charac-
teristic of Gravelly Loam when compared with other agri-
cultural soils in this area. Finally, the highest average
yields were recorded on Soil Type 5 (Silt Loam and Loam),
although these yields did not achieve the required level
of significance when compared with the yields of other soils.

In the case of mixed grain, variations in soil type
produced a variation of yield. |

Land liae Typa 5 (iWheat) - Wheat occurred on 5 soil types
and ranged in yield from a low of 30 bushels per acre on

- ;

These four soil types embraced over 85 per cent

of all mixod frninc and consisted of Soil Type 1 (59.3%),
8.26), Soil Type 3 (9.1%) and Soil Type 7

MILLS MEMORIAL LIBRARY
McMASTER UNIVERSITY
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Soil Type 8 (Gravelly Loam Till) to a high of 37.5 bushels
per acre on Soil Type 3 (Very Fine Sand). The corresponding
dollar return values were $4,9.20 and $61.50 per acre
respectively. The t test failed to‘ruvnal any significant
differences in ylelds. Table XV indicates the average per
acre yileld and value of wheat by s0oil type. The average
yield for the Variable Strip as a whole was nearly 3/ bushels
per acre. In this instance, & variability of soil did not
produce a significant variability of yleld, although yields
tended to be higher on the gravelly loams and sands,

TABLE XV

PER ACRE YIELD AND VALUE OF LAND USE TYPE § (WHEAT)
IN THE VARIABLE SECTIUN

Soil Type Yield in Bushels Dollar Valus Percentage

of Wheat
8 30.0 59-20 803
1 31.2 51.17 bl.6
: 3320 3ok R
3 37.5 61.50 16.6

The following section comprises crop ylelds in
the Uniform Strip. |
Land Use Type 1 (Hay) - Hay ylelds varied from a low of 80
bales per acre on Soil Type 5 (Muck) to a high of 112 bales
per acre on Soil Type 4 (Gravelly Loam Till), This range
represents a respective dollar value of $36.00 and $50.40
per acre (Table XVI)., Significant differences existed in
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TABLE XVI

PER ACRE YIBLD AND VALUE OF LAND USE TYPE 1 (HAY)
IN THE UNIFORM SECTION

Soil Type Yield in Bales Dollar Value Percentage

of Hay Area

5 80,0 36.00 1es

3 87.6 39.44 ol

6 91.6 4l.25 bye

2 96, 43450 27.7

9 100,0 45 .00 3.
10 103.3 46.50 4.6

1l 110,7 49.84 6

4 112,0 50, Te7

all cases between ylelds of over 100 bales and under 88 bales
per acre. Specifically Soil Types 1, 4 and 10, each obtained
significantly higher ylelds than Soil Types 3 and 5, while
Soil Typ; 2 portrayed superior ylelds to Soil Type § only.
The low yields of Soil Type 5 (Muck) are not surprising in
view of the fact that they are representative of a reclaimed
non-agricultural soil. However, at least 26 per cent of the
total hay area gives rise to gignificantly lower yields
because of the association with Scil Type 3 (Silt Loam,
imperfectly drained). One can conclude the imperfectly
drained member of the Silt Loams and Muck soils occasion
significantly lower hay yields. The average hay yield for
the Uniform Section is slightly over 98 bales per acre.

Land Use Typa 2 (Oata) - Oats existed on 4 soil types and
varied in yield from 82 bushels per acre on Soil Type 3 to

88 bushels on Soil Type 1. These ylelds represent a value
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range from $65.37 to $69.73 per acre. No significant
differences were noted, with the average yleld of oats
for the Uniform Section being nearly 86 bushels per acre.

Land Usa Type 3 (Barlay) - As indicated previously, barley
constituted minor portions of only 2 soil types. Yields

on 5011 Type 3 were 82 bushels per acre and on Soil Type 7
were 90 bushels per acre. The corresponding values are
$35.28 and $93.60 per acre respectively. As in the case of
oats, no significant differences were evident. The averags
yield for the Uniform Section is 86 bushels per acre,

Land lse Type 4 (Mixed Grain) - Mixed grain yields fluetuated
Irom a low of 60 bushels per acre on Soil Type 5 (Muck) to a

high of 100 bushels per acre on Soil Type 6 (Poorly Drained
Soils) with the appropriate dollar values bsing $52.20 to
$87.00 per acre. Significant yleld differences did not
energe bqtuuen any two members of the Silt Loams., Never-
theless; each of the Silt Loams had a significantly better
yield than Soil Type 9 (Very Fine Sandy Loam) and Soil Type
5 and; the yield of Soil Type 6 was significantly higher
than that of each of the Silt Loams. This latter phenomenon
can probably be attributed to the excellent efforts of the
farmers as 75 per cent of the Poorly Drained Soils have
been tiled and are cultivated.

The average per s0il yield of mixed grain is about
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82 bushels per acre. DBecause the Silt Loams contain
nearly 91 per cent of all the mixed grain, the average
yield for the Uniform Section as & whole 48 about 86
bushels per acre. Apart from the yield variations produced
by the minor soil doposiua; the yleld of mixed grain is
similar throughout this area. Table XVII presents the
yield and value data for this erop.

TABLE XVII

PER ACRE YIELD AND VALUE OF LAND USE TYPE 4, (MIXED GRAIN)
IN THE UNIFURM SEGTION

Soil Type . Yield in Bushels Dollar Value Percentage of

Mixed Grain
Area
5 60,0 52420 1.8
9 70.0 60,90 1.8
& 85.0 73.95 1.8
10 35.0 7392 18
3 85.2 . 0.7
2 86,2 73‘95 241
1 88.2 075 25.9
6 100,0 1.8
Land Use Type 5 (Wheat) - Wheat was found on 4 soil types

and varied in yield form 31 bushels per acre on Soil Type

3 (Imporfbetly Drained Silt Loam) to 48 bushels per acre on
Soil Type 1 (Silt Lonm; slopes up to 3%). Although re-
presenting one of the highest per bushel values, the dollar
retwrn per acre was one of the lowest of the grains because
of the inherently lower yields of wheat on a bushel per
acre basis. These values ranged from $50.84 per acre to
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$79.95 per acre.
The above values did not differ significantly.

Consequently, the average yield of about 37 bushels per
acre is representative of the Uniform Section as a whole.

Summary of Yiald - Sail Type Relationabina - In each study
area several characteristic patterns emerged. In the Variable

Section, only 4 agricultural soils exist that have an areal
extent of over 6 per cent of the total area. Soil Type 1
(Silty and Sandy Loam), 2 (Gravelly Loam), 3 (Very Fine Sand)
and 5 (Silt Loam and Loam) collectively embrace nearly 82
per cent of this section. In this way, yleld patterns in
the Variable Strip are dominated by these soil types.
Significant variations in yield exist in the case of hay
and mixed grain. Soil Type 5 gives rise to significantly
higher yields of hay than any of the other 3 soil types and
Soil Type 1 produces significantly more mixed grain than
does Type 2. Morsover, in each of the sexamples of hay and
mixed grain, Soil Type 5 obtained the highest yields and
Soil Types 1, 2 and 3 the lowest yielda of any agricultural
soil in the Variable Section. Indeeu, the latter 3 soil
types also displayed the lowest yields in the case of ocats.
The conclusion reached is that a variability of
s0il has produced significant differences in yleld for at
least 10 per cent of the total hay area as the more permeable
Sandy Loams, Gravelly lLoams and Very Fine Sands fall behind
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the Silt Loams and Loams., Furthermore, the Gravelly Loams
have significantly lesser yields of mixed grain than the
Silty and Sandy Loams. Finally, the Silt Loams and Loams
(Soil Type 5) have emerged as excellent agricultural soils
as they portray significantly higher yields of hay and
substantially higher yields of mixed grain. The general
conclusion is that a variability of soil has produced more
of a variability in the yleld of mixed grain than it has
in the yield of hay.

In the Uniform Section, where nearly 79 per cent of
the total area is compgiacd of the Silt Loams, significant
differences in ylelds within this soil area existed only in
the case of hay. Yields, in this instance, were aignificantly
lower on 26 per cent of the hay area which occupied the
imperfectly drained member of the Silt Loams. With the
exception of the preceding, there is § general uniformity
of yield. It should be noted, that in all cases where all
the members of the Silt Loam ogcurred, ie. hay, oats, mixed
grain and wheat, the lowest yields were always recorded for
Soil Type 3 (imperfectly drained Silt Loam) and the highest
were prevalent on Soil Type 1 (Silt Loam, slopes up to 3%).
The yields of Soil Type 2 always fell somewhere in batween,
As a result, lower yields are associated with imperfect
drainage. ‘

A comparison of the average yleld of each crop in
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the Variable Section, the Uniform Section and in Waterloo
County leads to several specific characteristics., Table
XVIII presents the average yields by crop type for each of

the above areas.

TABLE XVII1

AVERAGE YIELDS IN THE STUDY AKEAS
AND IN WATERLOO COUNTY

Land Use Variable Uniform Water:

Type Section® Section Count

1) Ha 9 98 92

2| e £, = :
L ® )

k% Hixodyﬁrain 68 86 65

5) Wheat 34 37 33

8)1) yields are in bushels per acre, except hay
which is in bales per acre,

bAftor,

ggta§§o Department of Agriculture and Food, pp. 70, 72, 75.
'] [ ]

Note that all crops displayed higher yields inthe
other two areas with cats, barley and mixed grain, having
substantially higher ylelds. Each of the yields of the
Variable Section was slightly higher than the average for
Waterloo County. However, this latter difference did not
exceed 4 bushels or bales per acre except in the case of
barley when 7.5 more bushels per acre werse recorded for the
Variable Strip. A logical conclusion is that, on the basis
of crop yields, the Variable Section is representative of
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the county as a whole. A second conclusion is that a
uniformity of soils produced substantially higher yields
of ocats, barley, and mixed grnina.l

Fertilizer - Soil Type Aaaoeiltiona

Research into the amount of fertiliszer applied
per acre in the study areas has raised more questions than
provided positive answers. Non-specialty farmers seemed
more intent on applying manure to all their crop fields
at least once every two years than in utilising artificial
fertilisers in an amount recommended by a soil sample
analysis. The majority of farmers, nevertheleas, did
apply artificial fertiliser and did indicate the number
of pounds per acre. Usually two figures wers quoted, one
for corn and one for all other crops. This was charac-
teristic of all farmers. Since no yield data was available
for corn; the amount of fertiliser applied to corn fielda;
although noted, was not analysed.

The number of pounds applied per acre varied,

lResearch into climatic statistics has indicated that,
for the study year, the precipitation for May and June was
1.8 inches and 0,97 inches respectively, whereas the normal
precipitation for these same months is 5.17 inches and 3.14

inches respectively. (See Agricultural Statiatics for

Qnﬁg:iﬁ._lﬁ%ﬂ, Ontario Department of Agriculture and Food,

Pe 139). The interesting possibility exists that the

511t Loams of the Uniform Section with their excellent water

- retention characteristics have given riss to higher yields
because of certain climatic factors attributable to the study

ear. Speculations of this sort, however, are beyond the

resent scope of this thesis.
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on a farm unit basis, from 100 pounds to over 200 pounda.l

Corn fields consistently received between 200 and 250
pounds per acre. The amount of fertilizer varied in an
inconsistent manner from farm unit to farm unit and seemed
dependent more on the personal whims of the farmer than on
8oil type. In spite of this fact, by noting the pounds
applied per acre at each sample point involving a crop type
within the farm unitn; & general pattern has emerged for the
study area as a whole. |

In the Variable Soction; for the four dominant
agricultural soil types, the average amount of fertiliser
varied from a low of 132 pounds per acre on Soil Type 1
(Silty and Sandy Loam) to a high of 172 pounds per acre on
Soil Type 3 (Very Fine Sand) (Table XIX). For each crop,
whenever a significant difference in yleld occurred on any

TABLE XIX

AVERAGE AMOUNT OF FERTILIZER
APPLIED PER ACRE IN THE
VARIABLE SECTION

Soil Type Pounds Per Acre
(1) Silty and Sandy Loam 132
(2) Oravelly Loam 156
13; Very Fine Sand 171
5) 511t Loam and Loam 162

lthe popular ratio of Nitrogen, FPhosphate and
Potash was 10, ggf 20, ’
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of the above soil types, the varying differences in the
amount of fertilizer applied to that crop were tested for
significance. In the case of hay, Soil Type 5 obtained
significantly better ylelds than Soil Type 2 or 3, but
no corresponding significance occurred in the amount of
fertiliser applied. For mixed grain, the ylelds of Soil
Type 1 were significantly higher than those of Soil Type 2,
but the amount of fertiliser applied to Soil Type 2 was not
significantly higher than that applied to Soil Type 1. MThus,
from the above statements, the general conclusion arises
that Soil Type 5 (Silt Loam and Loam) is a far superior
producer of hay inherently than either of Soil Type 2
(Gravelly Loam) or Soil Type 3 (Very Fine Sand). Moreover,
in the case of mixed grain, the inherent inferiority of
Soil Type 2 becomes evident again as yields are significantly
lower in spite of the greater average amount of fertiliser
applied. On the basis of the above statements, it appears
that, in certain cases of hay and mixed grain, a variability
of soil has produced a variability of crop return when the
amount of fertiliser did not differ significantly.

In the Uniform Section, the amount of fertiliger
applied on the Silt Loams ranged from 153 pounds per acre
on Soil Type 3 (imperfectly drained) to 190 pounds per
acre on Soil Type 1 (up to 3% slope). Table XX indicates

the averages in pounds per acre for each of the Silt
Loams,
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TABLE XX

AVERAGE AMOUNT OF FERTILIZKR
APFLIED PER ACRE IN THk
UNIFURM SikCTIUN

Soil Type Pounds Per Acre
1) Silt Loam (up to 3% alOpo) 190
H Silt Loam 533 pe) 165
3) Silt Loam (1nporfoet1y druinod) 153

As indicated previously, significant differences
in yields among the Silt lLoams existed only in the case of
hay as Soil Type 1 obtained better yields than Soil Type 3.
Corresponding significant differences were not evident in
the amount of fertiliser applied to hay fields. Although
no significant yield differences occurred in the example
- of mixed grain, the t test indicated that both Soil Types
1l and 2 received a significantly greater amount of fertiliser
than did Soil Type 3. Furthermore, the fact emerges that
the s0il types were ranked in the same order for ylelds
and the amount of fertiliser applied. (Compare Tables XVI,
XVII and XX). In each case Soil Type 1 had the highest
and Soil Type 3 the lowest avereges.

Because fertiliszer data was presented, by the
farmers, on a per farm basis and included a variety of
cropa; it is difficult to state specific conclusions
other than general observations which seem to hold true
over the area as a whole. For example, in the Uniform
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Section, lower and higher average ylelds on the Silt
Loams are associated with lower and higher amounts of
fertiliger applied, and, in the Variable Section, although
the average number of pounds spread per acre is higher on
Soil Type 2 (Gravelly Loam), the yields of hay, barley and
mixed grain are higher (the latter being significantly
higher) on Soil Type 1 (Silty and Sandy Loam).

The inconclusive results of the above section can
be resolved only through further research. At this time,
it is not apparent that a variety of soil type has led to
significant variations in the amount of fertiliser utiliszed,
which in turn would influence the crop yield or productivity.
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ECONGMIC DATA ANALYSIS

Eroductivity and Groas Income

This section presents an analysis of the Census
data pertaining to the agricultural activity and economic
return of each Super-Block. Whenever possible, the Census
data is supplemented with materials obtained in the
field during the summer of 1966. All statistics, unless
indicated otherwise, are representative of the year 196l.
The supplementary material has been useful in providing
further details of production and in understanding the
characteristics of the economic patterns.

Land Use Characteristics

In the Variable Section the 9 Super-Blocks include
30 farms. Two of these Blocks (Block IV and Block IX) are
composed of part-time farmers and semi-retired farmers and
will be discussed separately. Direct comparisons can be
made, however, between the remaining seven Blocks. At
the preasent time the simplest way of illustrating the range
of characteristics for each group of farms is by means of a
table. The following diascussion is based on the statistical
data found in Table XXI.1

lAppnndix B presents more specific data,

113
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The average sise of farms varied from 116 acres
to 133 acres with the average for the strip as a whole
being 121 acres. About 80 acres are devoted to cropldnd,
and uoo&land ranges from 6 acres to over 31 acres per
unit. The dominant crops consist of hay and mixed grain
(nearly 25 acres each) with one field, 6 to 8 acres,
being devoted to corn. This latter acreage is sufficient
to fill a 12 foot by 40 foot silo, a sise which is most
popular in the area. Pasture lands occupy about ll acres
of the average full-time farm,1

Although rotation methods are not strictly adhered
to, aad farmers claim that they decide on a year to year
basis, the common practice is to grow grass or hay for 2
Years, then corn, oats and some wheat tha third year and
finish with 2 years of mixed grain. During this cycle
the cropland is heavily manured at least 3 times. The
Mennonite farmers take great pride in utilizing as much
of their land as possible every year. Hence very little
workable soil is left fallow and pasture lands are kept
down to a minimum. An analysis of the Super-Blocks with
a high occurrence of pasture land reveal<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>