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INTRODUCTION 

From the beginnings of modern geography~ about 1750~ 

geographers have been concerned with illustrating the relationships 

between natural environment and manws spatial activity~ This 

interest has motivated my studyG The specific Telationship with 

which I am concerned is the relationship between aspects of the 

physical environment and tobacco yield and qualityQ 

Two townships~ Charlotteville and Windham 9 were chosen as 

the study area since they represent a cross section of a concentrated 

tobacco growing area in Southern Ontario. Within the bounds of this 

study area 9 the first step was to examine how accurately various 

classifications measure pertinent physical factors of locations OT 

sites 9 and secondly~ to consider whether it could be illustrated 

that this classification correlates with actual yield and quality~ 

One tobacco soil capability classification was available 9 

that was developed by the Ontario Agricultural College; but on test-

ing~ it was found to be inconsistent as a predictive modele Accordingly 9 

this paper sets out to supplement the existing classification system 

to make it more predictive of yield and qualityo Additional variables 

are analyzed with statistjcal multivariate techniques to determine 

how well they predict yi~ld and quality. 

In the following pages~ the existing classification system 
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is described and then tested by linear regression~ simple and multipleo 

The soil type variable is weighted on the basis of evidence in papers 

which suggests the influence of different soil types on tobacco growtho 

It is then tested against actual yields and qualitye Another variable~ 

the depths of the cultivated layer, 7 to 14 inches~ suggested that a 

detailed examination of the variable might prove interestingQ 

Two hypotheses are examined in this paper 9 first, the hypothesis 

that the original classification is predictive of yield and quality 9 

and second 9 that two other physical factors 9 soil type and the depth 

of the cultivated layer*are predictive of yield and qualityo To 

simplify the presentation~ the paper is divided into' three sections; 

the data sources and selection of data'i the tests 9 and the conclusions~ 

Thus reference is made in Chapter I to the unsuccessful predictive 

ability of the original classification system which lead to the 

examination of additional data? although the test of this classifi-

cation system is not described until Chapter IIe 

Cbap~er I describes all the data sources~ the selection of 

the data 9 and preparation of the data _for testing... The original 

classification system is described~ and the physical factors which 

comprise it 9 texture, drainage and topography 9 are considered in 

detailQ After the test of this classification system (as described 

in Chapter II)~ the additional variables 9 soil type and the depth 

of the cultivated layer are selected~ since the original classifi-

cation system proved inconsistent in its prediction of yieldso 

a The depth of the cultivated layer refers to the depth to which the 
soil is disturb.ed through cultivation. Tobelcco farmers normally 
cultivate to about 7 inches but this disturbed layer was found to be 
as deep as 16 inches (see Table 9 and Figure 3)s 
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Three different weightings of soil types are formulated for testing, 

and finally 9 the depth of the cultivated layer measurements are 

considered .. 

In Chapter II, all the tests are described. First.the physical 

factors are compared with yield and quality data using linear simple 

regression analysis, and secondly 9 the most important variables are 

selected by linear multiple regression as being best predictive of 

yield and quality.. The variables tested are those comprising the 

original classification system, the three different weightings of 

soil types, and the depth of the cultivated layer. 

The final chapter contains a summary and conclusions, and 

in addition9 some recommendations based on the results and conclusions 

of this paper. 
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CHAPTER I 

THE DATA 

THE SETTING 

The intention of this study is to examine relationships between 

aspects of the physical environment and tobacco yield and quality. 

With this in mind a study area was determined, and sources of data 

sought. Contact was made with Dr. T.H. Lane, of the Soils Science 

Department of the Ontario Agricultural College 9 who had developed 
/ 

a system of classification for tobacco soils. In doing so~ he collected 

data from 325 sample farms across Ontario using a stratified random 

sample. With this data made available by Lane, a study area was 

selected to encompass a minimum of 30 sampled farms. Besides con-

taining the minimum 30 sample farms, it was decided to include a 

cross section of a concentrated tobacco growing areao The section 

selected comprised the two townships of Windham and Charlotteville 

which are located in Norfolk County, t~e most productive tobacco 

growing county in Ontario (Figure 1). FoTty-one sampled farms are 

contained in the study area. Their locations are shown in Figure 2. 

THE HYPOTHESES 

Two hypotheses are a:uunincd. First is the hypothesis that 

Lane 0 s classification system is predictive of yield and quality of 

4 
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tobaccoo Second is the hypothesis that other physical factors are 

even more predictive of yield and quality. For the testing of these 

hypotheses, lane provides a considerable amount of data on physical 

soil characteristics in the form shown on Sample Forms I, II, and 

III in Appendix 1. Also made available are actual yield data for 

the 4l·sample farms for 1962, and quality data for the same season. 

Yield data for 196o are available for 39 sampled farms. The selection 

and preparation of the data for the testing of the hypotheses are 

described in the following sections. 

LANE'S CLASSIFICATION SYSTEM 

In his classification system, Lane uses four factors assessed 

and ~eighted mathematically for each farm site. The factors are soil 

texture, drainage, topography, and erosion. Although he anticipated 

finding evidence of erosion, none was found in his samples. These 

factors are evaluated numerically as on Forms I and III (Appendix 1), 

and they are added together and subtracted from 100 so that the in-. 

dividual farm site falls into one of the six categories shown on 

Form II (Appendix 1). Fo~ the analysis of this classification system, 

the data for each of the factors, texture, drainage, and topography, 

are tested against the yield and quality data. 1!his is done as a 

test of the weighting of each of these factors. These data are then 

tested as an aggregate figure against the yield and quality data. 

In recording the data for each of the sample sites, Lane 

7 
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added an additional figure which indicated the amount of the area 

of the farm site that a particular physical disadvantage covered. 

For example, if a farm site had a topographic disadvantage 9 Lane 

would record the disadvantage according to the steepness of the slopes 

found on the farm. This could be either 15 or 30~ and so on. How-

ever 9 on certain sections of the farm, there were no slope disadvant-

ages. In this case, he would record the figure 9 either 15 or 30, 

and then in another section of his record (Appendix 1, Section C. 1.) 

he would indicate the percent of the farm site that was either free 

from the disadvantage, or had a different characteristic from that 
,r 

recorded. This was also indicated by an arrow on Form I (Appendix 1). 

The reason for this was that if 50 percent of a sample farm site 

contained a topography rated 159 and the remaining 50 percent contained 

a topography rated 30 9 the sample was not used by him. Although Lane 

did not use these percent figures in the ultimate classification, they 

are considered here as a more detailed description of the sample sites. 

Consequently, these data are employed in the analysis of the rating 

system. Also, the farm site samples which are divided by 50 percent 9 

as shown above, are not rejected, instead, the figure 22.5 is derived 

by taking 50 percent of 15 9 and 50 percent of 30 9 and adding them 

togethere This method of utilizing the percent figure is used for 

all Lane~ s da.ta. These figures for the 41 samples (Appendix 2) are 

used in the linear regression analyses in Chapter II. 

A check is made on the derivation of this data by using tha 



circled figure and the arrow (representative of the percent figure) 

as shown on Sample Form II of Appendix 1. Here~ the 50 percent 

figure is used to derive the figures 80 and 65 from the follouing 

example of classification: 

I ~\~ IV v VI 8 III 
100-90 70-60 55-45 40-30 25 or less 

These figures are averaged to give 72o5• It was not felt necessary 

for the correlation analysis, which provided the check9 to subtract 

this figure from 100. These data are shown in Appendix 2. 

SOIL TYPE AS A CLASSIFICATION SYSTEM 

The Soil Survey of Oxford County presents a rating of soils 

based on the characteristics of the soil and the appearance of crops 

growing on the soil~ together with information supplied by farmers 

and officers from agricultural stations.1 The rating for specified 

crops including tobacco has siJt categories: namely, ·good~ good-fair, 

fair, fair-poor~ poor 9 and very poor (see Table 1). For testing, 

these categories are numbered from 1 to 6. 

The first problem in utilizing this rating is that although 

soil series are found to be the same for both Norfolk and Oxford 

- 1 Ontario Dept. of Agriculture. Soil Survey of Oxford County, 
Guelph 9 p 46. 

9 
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I
I DR. U:-;n. DR. U:-<o. ! 

Bennin':!tun silt loam G G I 
Berrkn sandv loam f-P P F F-P . 
Bookt,•n samk loam 1 F-P F-P 1 

B·H~um land · \'P P 
· Br,1dv loanw s.md F F-P F F-P 

Bri,bane s:uidv loam F F-P F F-P 
Brookston cb\· loam F P F P 
Brook,;wn silt-loam F P F P 
Burford loam G-F G-F 
Burfurrl sandv loam G-F G-F 
Crombie silt lo.un F P G-F F-P 
Ovnnvbrook sanclv loam P P 
Embro silt loam · G-F F G G-F 
Fox lo~1!11\' sand P P 
Fox sand\· loam F F 
Fox fine sandv loam F F 
Gilf•Jrd s.lllrlv.lo:ml F-P VP F P 
Granby sandy loam P VP F P 
Guelph loam G G 
Guelph silt loam G G 
Ho:1evwuod silt loam G G 
llon:·)·wood-C:udph Complex G (; 
Hur{Jn dav loam G U 
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Lmdon loam G-F F G G-F 
I.undon silt l!t:tm G-F F G G-F 
:\bplewo()d silt loam F P G-f F-P 
:\l11ck 
l'~lrkhilll•,:tlll 
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\\'au~l·on ~andy loam 
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p 
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VP 
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}L\y 

DR. L~l>. 
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F P F I' 

F F 
F c ;.r 

F F-1' F F-l' 
F F-P F 1'-P 
G-F F c;-F F 
G-F F C-F F 

G-F Ci-1' 
c;-I.- c;.r 

C~-F F '-e-F F 
p p 

G G-F (; c;.r 
p p 
F 1· 
F F 

F P F P 
F P F P 

G G 
G G 
c.; (; 
G c; 
(;.}-' (;_F 
G G 

G G-F G G-F 
G (i-F G C;-F 
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I G G-F 
! F p 
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*The~(· ratings arc hased on ~t'n~ral farm management practices and apply specifically to Oxford Coumy. 
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Counties gcnerally 9 soil types are noto To overcome this problem~ 

it was decided to interpolate the Norfolk County soil types into 

the Oxford rating systemg On looking closely at the Oxford rating 

of tobacco soil types 9 a trend is found to be apparente Within the 

soil series 9 soil types are ranked in the soil survey according to 

textural compositiono The Fox series is the best illustration of 

the trends The soil types are ranked as follows (from Table 1):: 

Fox loamy sand 
Fox sandy loam 
Fox fine sand 
loam 

G-F 
G 

G 

Sandy loams are ranked one category highe~ than loamy sandso Also 9 

in the Burford series (see Table 1) 9 sandy loam is one category 

higher than loamQ The soil types, therefore 9 appear to range from 

those with silt loam textures~ to .sandy loam textures 9 through loamy 

sand 9 sands and gravelso A tentative ranking of textural composition 

on this basis is shown in Table 2o The next step· is to select the 

pertinent ranked soil series and their soil types from the Soil 

Survey and group them in preparation for the interpolationo These 

soil series selected from the Oxford rating are grouped in Table 3. 

All the soil types on which the 41 sample farms are located are 

taken and interpolated in the rating syst~m in Table 4 on the basis 

of the textural composition. Watrin is the only soil series not 

rated in the Oxfo~d rating~ but Watrin soils are so-named because 

11 



TABLE 2$ 

A RANKING OF TEXTURAL COHPOSITIONS SUGGESTED BY THE OXFORD SOIL 
SURVEY RANK 

Fine sandy loam 
Medium sandy loam 
Coarse sandy loam 
Loamy sand 
Gravelly sandy loam 
Fine sand 
Medium sand 
Gravel 

~ Taken from the Oxford Soil Survey 

TABLE 3* 

SOIL SERIES AND SOIL TYPES WHICH OCCUR IN BOTH NORFOLK AND OXFORD 
COUNTIES / 

Fox fine sandy loam (G) 1 
Fox sandy loam (G) 1 
Fox loamy sand (G-F) 2 
Brady loamy sand (VP) 6 
Granby sand (VP) 6 

~ Taken from the Oxford Soil Survey 

TABLE 4 

INTERPOLATION OF THE NORFOLK SOIL TYPES ON WHICH THE SAMPLE FARMS 
OCCUR INTO THE OXFORD SOIL SURVEY RATING SYSTEM 

Fox fine _sandy loam 
Fox sandy loam 
Fox loamy sand 

*Fox gravelly sandy loam 
$Fox coarse sand 
~Plainfield sand 

I(;.Watrin sand 
*Brady sandy loam 
Brady loamy sand 
Granby sand 

1 
1 
2 
3 
3 
3 
4 
5 
5 
6 
6 

0 Denotes interpolated Norfolk soil types 

12 
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they contain watere Accordingly, they have a low rank~ Plainfield 

sand is the soil type name used on the Norfolk County Soil Map~ but 

it is now called Fox sand, rolling phase. Three soil types of the 

Fox series are rated 3: Fox gravelly sandy loam 9 Fox coarse sand~ 

and Plainfield sand. Watrin, because of its water content is rated 

5. Brady sandy loam is rated one category better than Brady loamy 

sand, just as Fox sandy loam is rated one category better than Fox 

loamy sand in the Oxford Soil Survey. 

Another problem presen~ed itself in that textural compositions 

recorded by Lane for the sample farm sites were not the same as those 

indicated by ~he soil type name on the Norfolk County Soil Map for 

the same site (see Table 5). This textural composition information 

recorded by Lane for each of the sites was ranked as it was compared 

with the soil type infoTmation provided by the Norfolk County Soil 

Map for the farm siteseThree fractional figures, .5 and .25 9 and .75 are 

assigned according to the difference between Lane~s recorded textural 

information, and the textural information provided by the Norfolk 

County Soil Map. For example~ if the site is on Fox sandy loam accord-

ing to the soil map 9 and Fox sandy loam is rated 1, (se~ Table 4), and 

if Lanevs textural information for the site indicates a texture of 

sandy loam, the rating is l.Oe But if Laneas information indicates 

-
the texture is fine sandy loam, this is considered to be better than 

sandy loam so the rating is .75. If Lane indicated loamy sand were 

on the site, the rating would be 1.25. The fraction, .2·5, .5, or 



TABLE 5 

COHPARISON OF TEXTURAL COHPOSITIONS INDICATED BY 
THE NORFOU\ COUNTY SOIL MAP AND THOSE RECORDED BY LANE. 

SAMPLE 
SOIL 

NUf.ffiER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
2? 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

NORFOLK SOIL MAP 
SOIL TYPE 

Fox coarse sand 
Fox coarse sand 
Brady sandy loam 
Fox sandy loam 
Fox coarse sand 
Watrin sand 
Fox gravelly sandy loam 
Fox gravelly sandy loam 
Fox gravelly sandy loam 
Watrin sand 
Fox gravelly 
Fox gravelly 
Fox gravelly 
Fox gravelly 
Fox gravelly 
Fox gravelly 
Granby Sru"'ld 
Watrin sand 

sandy 
sandy 
sandy 
sandy 
sandy 
sandy 

Plainfield sand 
Plainfield sand 
Plainfield sand 
Fox coarse sand 
Plainfield sand 
Plainfield sand 
Fox fine sandy loam 
Fox fine sandy loam 
Plainfield sand 
Plainfield sand 
Watrin sand 
Fox fine sandy loam 
Plainfield sand 
Plainfield sand 
Watrin sand 
Plainfield sand 
Plainfield sand 
Fox coarse sand 
Fox coarse sand 
Brady sandy loam 
Fox coarse sand 
Fox sandy loam 
Fox coarse sand 

loam 
loam 
loam 
loam 
loam 
loam 

LANEes TEXTURAL COHPOSITION 
RECORD 

coarse sandy loam 
sandy loam 
sandy loam 
sandy loam 
loamy sand 
sandy loam 
sandy loam 
sandy loam 
loamy sand~ gravelly sandy loam 
loamy sand 
sandy loam~ gravelly sandy loam 
sandy loam~ gravelly sandy loam 
sandy loam, gravelly sandy loam 
medium sandy loam- to gravelly loam 
sandy loam 
sandy loam 
sandy loam 
sandy loam 
medium sandy loam 
sandy loam 
sandy loam 
loamy sand 
loamy sand, sandy loam 
loarny·sand 
loamy sand, sandy loam 

·t-ine sandy loam 
sandy loam 
mediumL sandy loam 
loamy sand 
silt loam 
fine sandy loam 
sandy loam 
loamy sand 
loamy sand 
loamy sand 
sandy loam, gravelly sandy loam 
sandy loam 
heavy sandy loam 
sandy loam, loam over gravel 
loamy sand 
sandy loam 



o75, is added or subtracted. The final rating 9 called Rank I~ has 

the data recorded under the heading ~iRank pv in Appendix 2.. These 

data are tested by graph analysis, and linea~ regression analysis 

in Section II. 

It is clear that too many of the interpolated soil types in 

Rank I fall into the rating 2.5 (see the data in Appendix 2) with 

the result that trends of association of these individual interpolated 

soil types with yield data are likely to be less discernable. To 

overcome this clustering of the soil types within th~ 2Q5 rating 9 

it was decided to take the interpolated soil types, which fall in 

either category 3 or 5 (Table 4) and rank them so they fall in four 

categories~ 2 9 39 4, and 5. This was done in Table 6. This time 

the somewhat subjective fractional additions used in Rank I, .25, 

.50, and a75, were expanded to .1, Q2~ .3, .4~ .5. These were 

intended to be directly associated with the ranking of Fox series 

soil types (see Table.?). This fractional ranking is expanded to 

.2, .4, .6 9 .8, 1.0~ to make the ranking continuous. The soil type 

information, as provided by the Norfolk soil map, is also ranked 

again. The Fox series is placed in three ranked soil type categories, 

the sandy loams (1)~ the loamy sands (2), and the sands (3). The 

gravel in Fox gravelly sandy loam takes it out of category 1, and 

places it in category 2. Plainfield sand, now known as Fox sand 

rolling phase 9 was placed one category lower than the soil types 

ranked according to sand content, because of its rolling topography. 

15 



16 

This new ranking of soil types is sho~~ in Table 6. 

In Rank II the fractional rank is derived in the same manner 

as that for Rar~ I. Lane 0 s textural infonnationv and the Norfolk 

soil map textural information are compared as in Table ?. If the 

Norfolk soil map indicates Fox coarse sand (.6) and Lane's information 

indicates fine sandy loam (.2), then the difference is -o4. This 

fraction is added to the Fox coarse sand rating (3) to give the 

fractional rank, 2.6. According to the rating system, fine sandy 
~ 

loam is better than coarse sand by .4. The data for this ranking, 

called Rank II, is shown i~ Appendix 2 for each of the 41 sample 

farms. In the analysis 9 the ranked soil texture information and the 

ranking of the Norfolk soil types are tested separately against yield 

and quality data to determine the value of their weighting before 

they are tested together as Rank II. 

To this point 9 both.the data from the 1928 Norfolk County 

Soil Map, and that textural. information recorded by Lane were assumed 

to have been found by Lane, within an area designated a particular 

soil type by the Norfolk County Soil ~~p. There is an obvious anomaly 

here. Soil types are named on the basis of the soil texture charact-

eristics found within a soil series. Thus either the Norfolk County 

Soil Map textural characteristics are incorrectly recorded, or Lane's 

textural information is incorrectly recorded. Evidence supporting 

the verity of Lane~'s data is derived from the comparison of the Oxford 

County Soil Map, and the Norfolk County Soil l1&p. The Oxford County 



TABLE 6 

NOP,.FOLK COUNTY SOIL NAP DATA 
RATED FOR RANK II 

Fox fine sandy loam 1 
Fox sandy loam 1 
Fox loamy sand 2 

*Fox gravelly sandy loam 2 
Fox coarse sand 3 

*Plainfield sand 4 
Watrin sand 5 
Brady sandy loam 5 
Brady loamy sand' 6 
Granby sand 6 

0 Denotes new catagories 

TABLE 7 

RANKING OF LANE'S TEXTURAL DATA 
ACCORDING TO THE RATING OF NORFOLK 

COUNTY SOIL -r'YPE DATA 

NORFOLK SOIL TYPE RATED FOR RANK II LANE Q S TEXTURE RANK ( x. 2) 

Fox fine sandy loam 
Fox sandy loam 

Fox loamy sand 
Fox gravelly sandy loam 
Fox coarse sand 

1 
1 
1 
2 
2 
3 
4 
5 

fine sandy loam o2 
medium sandy loam e2 
coarse sandy loam o2 
loamy sand .4 
gravelly sandy loam .4 
coarse sand • 6 
silt loam .8 
gravel 1.0 

17 



Soil Hap is considerably more detailed. The Oxford County Soil }'f.a,p 

was completed in 1961 so that it is assumed that more modern and 

accurate methods of assessing soil type were useds Consequently~ 

it was decided to use the soil series data provided by the Norfolk 

County Soil Map 9 but to name the soil types on the basis of textural 

information provided by Lane. 

With the renaming of the soil types, a number of new soil 

types unaccounted for by the Norfolk County Soil Map were found to 

occur. These are shown in Table 8, Rank IIIo It is interesting to 

note that no soil types containing sand compositions alone are found 

to exist (see Table 5). The "newn soil types are interpolated into 

the raru<ing of soil types on the basis of textural trends as before. 

Rank III is then tested in Section II. Rank III data are shown for 

each of the 41 farms in Appendix II. 

THE DEPTH OF THE CULTIVATED LAYER AS A PREDICTIVE VARIABLE 

18 

In collecting data for his classification system, Lane expected 

to find evidence of erosion. This evidence was to have been included 

in the classification system as a weighted figure in assessing the 

productive capability of the site. Erosion figures were to have been 

recorded in Section C. of Form II under "Depth of Cultivated Soil" 

(see Appendix 1). Instead of finding evidence of erosion 9 it appeared 

that the ~epth of the cultivated layer was increasing. Tobacco 

farmers generally cultivate to six or seven inches; Lane found that 
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TABLE 8 

RANK III 

Fox fine sandy loam 1 
Fox sandy loam 1 

*Fox coarse sandy loam 1 
Fox gravelly sandy loam 2 
Fox loamy sand 2 

*Fox silt loam 2 
Fox coarse sand 3 

ePlainfield sandy loam 3 
ePlainfield loamy sand 4 
Plainfield sand 4 

"'Watrin sandy loam 4 
... Watrin loamy sand 5 
Watrin sand 5 
Brady sandy loam 5 
Brady loamy sand 6 

... Granby sandy loam 6 
Granby sand 6 

(I Denotes "new" soil types .. 
Note, no soil types containing pure sand texture~ are now found. 
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average depths of this layer for each of the sample farms ranged 

from 7 to 14 inchcsa Lane took at least three sample measures from 

each site. Inputs, it appeared, were being added to the soil during 

or aft~r cultivation (see Figure 3). 

Three possible sources for this material which was causing 

the increase were suggested: soil slump or redeposition from high 

area$ to low areas, wind deposition, and inputs resulting from 

cultivation practices. If soil creep were occurring,at least one 

area of the farm site, the high area~ vould have a continuous depth 

of cultivated layer measure of 7 inches or lesso If slump were the 

case he should have always found a minimum measure of 6 or 7 inches, 

but his minimum measures ranged from 7 to 12 inches (see Table 9). 

With wind erosion two things would occur; a large area would show 

signs of erosion 9 and a large area 9 the area of the thickest cult-

ivated layers, would hav~ fine textural compositions, textures suit-

able for wind transportation. ·First 9 Table 7 shows a ranking of 

textureo This ranking to some extent indicates the ease which the 
~ 

material could be wind transported. F~r example~ fine sandy loam 

could be transported more easily than coarse sand or gravelo Fine 

sandy loam is designated .2, and coarse.sand and gravel are .6 and 

1.0. Silt loam occurs in the wrong place in this index of ~ind 

transportability, but silt loam only occurs on one sample site. 

Comparing data in Appendix 2, where the deepest average depths of 

the cultivated layers occur, the fine material, indicated by .2, 
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TABLE 9 

DEPTHS OF THE CULTIVATED LAYER PROVIDED BY LANE 

SAMPLE RANGE OF SAMPLE AVERAGE MEASURE 
NUMBER IN INCHES IN INCHES 

1 8 - 10 9.0 
2 9 - 11 10. 
3 no data 9.4•* 
4 9 - 12 10.5 
5 8 - 12 10.0 
6 9 - 14 11.5 
7 9 - 12 10.5 
8 no data 9.4•• 
9 8 - 11 9.5 

10 8 - 12 10.0 
11 8 - 12 10.0 
12 10 - 12 11.0 
13 8 - 10 9.0 
14 8 - 10 9.0 
15 6 - 9 7-5 
16 8 - 10 9.0 
17 6 - 8 7.0 
18 no data 9.4** 
19 6 - 8 7.0 
20 7 - 11 9.0 
21 6 - 8• 7.0 
22 8 - 10* 9.0 
23 6 - 10 8.0 
24 6 - 8 7.0 
25 6 - 12 9.0 
26 12 - 16 14.0 
27 6 - 10 8.0 
28 7 -. 9 B.o 
29 8 - 12 10.0 
30 10 - 12 11.0 
31 10 - 12 11.0 
32 10 - 12 11.0 
33 10 - 12 11.0 
34 6- 10. 8.0 
35 8 - 10 9.0 
36 8 - 12 10.0 
37 8 - 10 9.0 
38 8 - 10 9·.o 
39 8 - 10 9.0 
40 11 - 13 12.0 
41 no data 9.4•• 

*This field had only been cleared from timber for six years. 
Its rotation field ranged from 12-13 inches. 

**Where no data were available, the average figure 9.4 is used. 



does not necessarily occuro Secondly~ isopleth maps of ranked text

ural data (Ffgure 4) and average depths of the cultivated layer 

(Figure 5) show little visual correlation. Finally, the textural 

data from Table 7 are correlated with depth of cultivated layer data. 

Because of the extreme variations in the depth of the culti

vated layer, and evidence suggesting that it was increasing due to 

cultivation practices since farmers may put up to'l 9 4o0 pounds of 

fertilizer per acre per season on their farms, 2 it was tested to 

determine its predictive capability in terms of yield and quality. 

YIELD AND QUALITY DATA 

Yield data are provided by Lane in the form of the average 

number of pounds per acre of tobacco each of the tobacco farms 

yielded for the 1960 and 1962 growing seasonso Yield data were 

unavailable for sample farms 18 and 21 for 1960. Taken as represent

ative of the quality of tobacco for each of the 41 samples~ is the 

av®rage price per pound of tobacco for each farmer received at the 

end of the 1962 growing seasono There.are some ~roblems with taking 

these data as representative ~f quality. for curing difficulties can 

lower the market quality of the tobacco~ Also since tobacco is sold 

at auction, and although minimum prices are set for different quality 

categories of tobacco, there may be a considerable r~~ge of prices 

2 J. M. Elliot, Ontario Flue-cured Tobacco Soils? Guelnh, ~ 12. 
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received by tr.'O different farmers foi" the same quality tobacco. Prices 

received depend very much on the dcrnand of the buyersa These data~ 

1960 yield 9 1962 yield 9 ~~d 1962 quality (se~ Appendix 2) are used 

as dependent variables in the analysis of the classification systems. 



METHODS OF ANALYSIS 

CHAPTER li 

THE TESTS 

Three methods of analyzing of the data are used; graphic 

analysis, simple regression, and multiple regression. Regression 

analysis enables the investigation of trends in the relationships of 

two or more sets of data by measuring the nature of the function 

linking X and Yw Y = f(X)', where Y is considered to be an 'effect' 9 

X a 0 cause't and f is the symbolic statement of 0 function of~e· To 

determine the function, the best-fit regression line (the line which 

best fits the series of points if plotted on a graph) is found 

mathematically. This line is of the general form Y = a+ bX. 

When an effect is not explicable in terms of one cause but 

in terms of a group of cauaes 9 there is an eAl'ression in which an 

effect (Y) can be associated with a number of causes in combination 

(X1X2 ~-~Xn}. This mathod'of analysis is called multiple-regression 

analysis 9 where in mathematical terms~ Y is given by: 

Y = a + bX + cX2 •• " + zX n. 

When certain variables are found to be significant as they 

associate with dependent variables, it is useful to plot these data 

27 
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on graphs to get a more detailed in~ression of their association. 

These methods of analysis are carried out in this chapter in three 

stages: the simple linear regression analysis is considered first 

for all the data, then the multiple linear regression analysis, and 

finally, selected variables are plotted on graphs. 

SIMPLE LINEAR REGRESSION ANALYSIS 

In analysis of data pertaining to agricultural geography, 

correlations are expected to be low because of the complex variables 

that must be dealt with. Accordingly, significant cor~elations are 

those of at least +/-.32. 

The data for Lane's classification system (listed in Appendix 

2) are compared with yield and quality data (also listed in Appendix 2). 

The results are shown in Table 10. There are two methods of deriving 

the data for testing Lanevs classification system. The second method 

is used as a check on the first. These two sets of data correlate 9 

with r = .9?. This indicated it is possible to proceed with the test 

utilizing these datao 

No significant correlation takes place between Lane 0 s classi-

fication system and 1962 yield data (r = -.15). Significant corre-

lation takes place between Lanevs classification system and 1960 yield 

data and 1962 quality data where the association with the 1960 yield 

data has r = -.53~ and the association with the 1962 quality data 

has r = -.52. The drainage data, which are comprised in the classi-



TABLE 10 

CORRELATION J.L\TRIXI!! 

r=: 
0 

..-1 
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~ ro (\J 
0 '-.0 
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CLASSIFICATION eS ,.-: 0 & 0 (!) c.) &l & dtS •rl .•d & r:l 0 ........ tl) E--fp:; >-r ;>! 

Texture -c06 .,0!10 ~1)02 .o1 oOl -elO .,49 -o08 -.11 =.,QL} &08 o06 ell 
Drainage ..,.36 o99 .96 .73 .66 .... 15 .69 .65 -o02 -~~16 =e52 =o52 
To}JOgraphy -c30 .23 -.29 ... .,41 .40 -.35 .,.,13 olO e09 C>o05 oll 
Classification -97 .?3 c65 -.,10 G68 .65 ~.01 £>.15 c.e53 ""o52 
(Class., Check) -.72 -.02 ,09 

RANK I 

Rank I -.14 ~.35 

RANK II 
~ 

Norfolk soils -.19 o98 .83 =.35 ~~38 -1)51 =,..L}3 
Ranked texture -~~08 .10 .10 o02 -.,13 .18 
Rank II " .,89 ~.,32 -.38 -.54 .,..43 

RANK III 

,. 

Rank III ""'c23 ~o39 ~~~59 -.L~6 
D. of cultivated .34 ol2 el7 
Layer 

(t 
f\J 
\.0 

Data in Appendix 2 
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fication system, also have a significant correlation with r = -e52 

as it compares with 1960 yield and 1962 quality datae The other 

data within the classification system for topography and texture have 

little significant relation to the dependent variables~ 

The first ranking of Norfolk County soil type data, called 

Rank I, is correlated with 1962 yield data. Here r = -.35. At this 

stage in the investigation no correlation was made uith 1960 yield 

and 1962 quality data. 

Rank II is comprised of ranked Norfolk County soil type data 

taken from the Norfolk County Soil Map, and ranked textural·information 

provided by Lane. The ranked data from the Norfolk soil map and Laneas 

ranked textural data were correlated separately against yield and 

quality data to test the success of the ranking. The ranked textural 

data are compared with Lane's mathematically weighted textural data 

and found to correlate at'r = .49. In association with yield and 

quality data 9 the ranked textural data are only slightly better 

correlated than Lane 0 s mathematical weightingo Neither are signifi-

cantly correlated with this data. The correlations of the ranking 

of the Norfolk County Soil Map soil type data with yield and quality~ 

and Rank II with yield and quality data are essentially the samee 

Both are significantly correlated with r = -o38 for 1962 yield, and 

r = -.43 for 1962 qualityo In the correlation with 1960 yield the 

soil type data correlated at r = -.51, and the aggregate Rank II 

(which comprised the additional weighted texture data) correlated 

at r = -e54. The addition of the textural data only brings a slight 
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improvement in the correlation., 

Rank III makes a new assessment of the soil types to be found 

in Norfolk County based on the textural information provided by Lanea 

These assessed soil types are raruced in the same way that the Norfolk 

County Soil Map soil types were in the preparation of Rank II. A 

correlation of r = .65 is indicated between Rank III and Lane;s classi-

fication system~ a relatively lo~ correlation considering the two 

classification systems are dealing with the same material. However 

this figure does suggest some intercorrelationo Rank III correlates 

significantly with 1962 yield data~ r = -.39, with 1960 yield data, 

r = -.59, and with quality data, r = -.46D In every cas~ Rank III~ 

which is a ranking of assessed soil types 9 is better correlated with 

yield and quality data than the ranked Norfolk County Soil Map soil 

type information~ 

The depth of the cultivated layer as an independent variable 

.correlates significantly only with 1962 yield data, r = e34. It does 

not correlate significantly with Lane's raru~ed textural information. 

This tends to indicate that this material is not wind deposited. 

LINEAR l1ULTIPLE REGRESSION ANALYSIS 

All of the data are included in the linear multiple regression 

analysis in order to see whether or not individual factors within 

the classification systems (both La.ne 0 s and the Rank r; II, and III 

• 
systems) may be mora important as predictive variables than the 
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classification systems the~sclves. In no cases are these factors 

selected over the classification systems themselves aa being signi-

ficantly associated with·yield and qualitya This suggests that all 

the factors have some value within the classification systems. 

In tHe multiple regression analyses, all the independent 

variables are examined in combinations· to determine which combinations 

are best predictive of yield or quality. Criteria are established 

so that only significant combinations are chosen. This process proceeds 

as follows. The partial F criteria for each variable x1 and x2 is 

evaluated and compared with a pre-selected percentage point of the 

appropriate F distributiono This provides a judgement on the con-

tribution made by each variable as though it had been the most recent 

variable entered. If either variable provides a non significant con-

tribution it is removed from the modalQ This process continues until 

no more variables will be admitted to the equation and no more are 

rejectedo The F levels are selected according to the sample size. 

For this test 9 F
1 

is lo87~ the significant level required to enter 

a variable into the regression equation~ and F2 is lo7~ the signi

ficant level required to remove a variable from the regression equation. 

All of the data are first correlated against 1962 yield data. 

Rank III and the depth of the cultivat~d layer variables were selected 

as being significantly associated with the 1962 yield data, with r = ~47o 

In the analysis with 1960 yield data, Rank III and Lane's classifi-

cation system are selected as significant variables, with r = .62. 



TJtBLE 11 

REXiRESSION EQUATIONS 9 CORRELATION COEFFICIENTS? 
AND STANDARD ERRORS OF ESTIMATE FOR 1960 YIELD~ 

1960 YIELD 11 AND 1962 QUALITY OF TOBACCO 

DEPENDENT REGRESSION EQUATION STANDARD CORRELATION 
VARIABLES 

1962 Yield Y = 123"18-86o27X
1 

+67o81X2 1960 Xield Y = 194o50-75a23X1- 44o08X3 

1962 Quality Y = 535o63-15o04X3 

~ = Rank III 
~2 = Depth of the Cultivated Layer 
X} = Lane~s Classification 

ERROR OF COEFFICIENT 
ESTINATE (r) 

34o01 Oo47 
2lo09 Oo62 

38o27 Oo53 
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This figure may be considered somewhat high since there is some 

intercorrelation between Rank III and Lane's classification system 

as indicated in the simple regression analysis. 'Finally the data 

are analyzed with 1962 quality data. This time, only Lane's classi

fication system is selected as being predictive of quality, r = .52. 

Again there is the problem of intercorrelation. It is clear, that 

the factors comprising the soil types, ranked in Rank III, which 

are associated with the quality of tobacco, are largely the same as 

those factors which are comprised in Lane's classification system. 

(For the multiple regression equations~ see Table 11). 

THE GRAPHS 

In this study, graphs fulfill two purposes; first, they are 

used to give a more detailed picture of the association of two variables, 

and secondly, they are used to help illustrate the effect of a suspected 

additional variable. In the linear simple and multiple regression 

analysis, it is shown that in 1962 the depth of the cultivated layer 

is an important predictive variable, but in 1960 it is not. In 1960, 

Lane's classification.system proved to be an important predictive 

variable. This suggested that an additional unaccounted-for seasonal 

variable is at work. To illustrate this situation, graphs were plotted 

for 1960 and 1962 seasons and compared. 

The first graph plotted was to illustrate the relationship 

between Rank I and 1962 yield data. This graph is shown in Figure 6. 
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It is clear that there is a clustering of the plot in the area of 

rank 2.54 Tha result is that on the graph it is difficult to discern 

a trend of association between particular soil types and yieldQ The 

reason for this can be seen with reference to Table 4. ~he interpo-

lated soil types are ranked 3 or 5. The addition of the fraction 

representing Lane's textural information puts soil types in rank 3 

in either rank ~.25, 2.5 or 2.75, and too many fall in class 2.5. 

A ranking was carried out again to distribute the soil types which 

fall in rank 3 among categories 2 9 3 9 and 4. Thus~ whereas the 

addition of Lane's textural data as a fraction in Rank I created only 

three ranks for the interpolated soil type data, 2.25, 2.5 and 2.75~ 

the ranking of the interpolated soil types in Rank II with the add-

ition of the fraction became much more complexc This results in the 

spread of the data on the plot (see Figure 7), and the overall success 

of the ranking becomes discernable. That is, th? interpolated data 

can generally be seen as forming a linear trend of association with 

yield, or a non-linear association. This trend is not illustrated 

by the interpolated data in the plot of Rank~I. 

On the basis of the plot of Rank I~ it was felt that another 

device would be useful in discerning trends of association on the 

graphs. Future graphs are plotted using symbols instead of dots so 

that as far as possible, individual soil types could be recognized 
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on the graphso A COQputcr program was worked out with the aid of 

D.Re Ingram~ a graduate student in the McMaster Geography Department, 

which plots these graphs with symbols. The symbol key is shown in 

Table 12. Two keys are required since two different assessments of 

soil types located in Norfolk County are made by the Norfolk County 

Soils Map of 1928,- and the assessment made in this paper in Rank III. 

The Rank II data are plotted against 1962 yield data and 1960 

yield data in Figures 7 and 8. The success· of the new ranking in 

the expression of linear or non-linear.trends of association is apparent. 

Comparing the distributions in Figures 7 and 8~ it can be seen that 

distribution of the plot for the year 1962 is considerably more ex-

tended than that for the year 1960. It can also be aeen that the 

raru~ing of the data seems to correlate with yields for all soil types 

except that designated nAti. This soil type is Fox fine sandy loam 

and is rated ngoodn by the Oxford Soil Survey (see Table 1). According 

to both graphs it appears that it should be rated as low as Plainfield 

loamy sand. 

Rank III data are plotted against 1962 and 1960 yield data 

(Figure 9 and 10). Again the same distension of the 1962 distribution 

as compared with the 1960 distribution of the plot is noted. Also 9 

Fox fine sandy loam which retains the designation 11An still appears 

to be too highly ranked. Those soil types designated "D" and "E", 

Fox loamy sand and Fox silt loam, appear to be ranked too high 9 

particularly Fox silt loam. 



A-

B-

C-

D-

E-

TABLE 12 

GHAPH SYNBOL KEY 

NORFOLK SOIL MAP DATA• 

A- Fox fine sandy loam 

B- Fox sandy loam 

D- Fox gravelly sandy 

E- Fox coarse sand 

P- Plainfield sand 

W- Watrin sand 

X-. Brady sandy loam 

Z- Granby sand 
.:. 1928 symbols 

loam 

RANK III SOIL TYPE DATA$ 

Fox fine sandy loam and sandy 

Fox coarse sandy loam 

Fox gravelly sandy loam 

Fox loamy sand 

Fox silt loam 

Y- Plainfield sandy loam 

P- Plainfield loamy sand 

W- Watrin sandy loam 

loam 

X- Brady sandy loam and loamy sand 

Z- Granby sandy loam 
* 1962 symbols 
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Lanevs classification system data are plotted against 1962 

and 1960 yield data (Figure lland 12). The trend of the distension 

of the distribution of the plot continues for the 1962 season. Fox 

fine sandy loam and silt loam remain poorly associated with increasing 

yields. As might be expected from the correlations, the trend of 

the distension of the distribution is reversed for the plot of the 

depth of the cultivated layer against 1962 and 1960 yield d~ta, with 

the 1960 plot having poorer linear distribution (Figure 13 and 14). 

The depth of cultivated layer is significantly correlated with 1962 

data and not significantly associated with 1960 yield data. 

The only two variables which are significantly correlated 

with quality 9 Rank III 9 and Lane's classification system 9 are graphed 

in Figures 15 and 16G There is a marked visual similarity between 

the two distributions. This is also suggestive of the intercorrelation 

that appears evident in the regression analysis between Rank III and 

Lanevs classification. Even the soil types~ though derived differently, 

appear to have the same locations in the distribution. This again 

suggests ihtercorrelation.-

SDlrnARY OF ANALYSES 

The two hypotheses are tested, that Lane's classification 

system is predictive of yield and quality, and that other selected 

physical fa~tors are more predictive of yield and quality. The 

results show that Lane's classification system is predictive of yields 
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in 1960~ but not in 1962~ It is predictive of 1962 quality. The 

ranking of soil types 9 known as Rank III, is predictive of 1962 and 

1960 yields 9 and 1962 quality. The depth of the cultivated layer, 

under certain seasonal conditions, is predictive of yield. 

The linear multiple regression analysis shows that Rank III 

and the depth of the cultivated layer combined are predictive of 1962 

yields, while Rank III and Lane's classification system are best 

predictive of 1960 yields. Only Lane's classification system is 

selected as being best predictive of 1962 quality 9 although Rank III 

shows a high correlation with quality. This is due to the problem 
/ 

of intercorrelation between the independent variables. 

In the course of the analysis, the mathematical weighting 

of the factors which make up the existing classification system were 

testedv These tests show that the weightings for topography and 

texture in the classification system have little significance. Lane's 

classification system is cl~arly reliant on the assessment of soil 

drainage. In the test 9 the textural data were weighted differently 

through a ranking of the data. These data were employed in the 

formulation of Rank II. This ranking of textural data 9 as a method 

of weighting 9 proved slightly better in its correlation with yield 

and quality than Lane~s method of mathematical weighting 9 but it still 

remained insignificant in its correlation with yield and quality. 

Rank II is clearly based prliflarily on the raru~ing of Norfolk County 

Soil Map data. The Norfolk County Soil Map data considered to be 



incorrectly representative of present day soil types-; and so a new 

assessment of soil types was made. This new assessment was employed 

in the formulation of Rank III. A slightly better correlation was 

obtained between Rank III and yield data than for the ranking of 

the Norfolk County Soil Map soil type data. 

The graphs clearly illustrate a similarity in seasonal vari

ation which affects the function of the selected physical factors 

in predicting yields. This suggests an unaccounted-for seasonal 

variable, or combination of variables~ which act on the selected 

physical factors to make them more or less predictive of yields from 

season to season~ The graphs also show that certain soil types may 

be incorrectly ranked. 
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CH~PTER III 

CONCLUSIONS AND OBSERVATIONS 

SUHHARY 

Relationships between aspects of the physical environment 

and tobacco yield and quality have been examined by regression analysis .. 

With the knowledge that a tobacco soil classification system was 

available, the hypothesis was tested that this existing classification 

system was predictive of yield and quality. Ano'ther hypothesis was 

also considered, that other selected physical factors could be more 

hi~hly predictive of yield and quality. i The selected physical factors 

were soil type .and the depth of the cultivated layer. ·These hypotheses 

were tested by simple and multiple regression analysis (linear case only), 

and selected variables were plotted on graphs for visual examination. 

CONCLUSIONS 

Conclusions based on the testing of the hypotheses are as 

follows: 

(1) Lane's classification system is not consistently 

predictive of yield and quality of tobacco within the study 

area., 

(2) The ranking of soil types has been shown to 
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be consistently predictive of yield and quality. 

(3) Under certain seasonal conditions, the depth 

of the cultivated layer will be a factor· in predicting yields 

of tobacco. 

OBSERVATIONS 

Lane's Classification System is clearly heavily reliant on 

his assessment of the drainage characteristics of soils. It is the 

data for the drainage factor which are.predictive of yields in 1960 

but not in 1962~ and are also predictive of quality in 1962. This 

drainage factor is in reality a complex variable. Drainage is 

associated ~ith soil structureQ The texture and structure of the 

various soil horizons determine to a large degree the quantity of 

water which moves through the profile of the soil.3 Soil structure 

has associated with it at least two factors, drainage and aeration~ 

Returning to the problem of extreme seasonal variation in 

the predictive capacity of the classification system~ it can be seen 

that if the drainage factor is to be predictive it must have water. 

In other words 9 if t~ere is little rainfall the drainage factor will 

not be able.to function as a variable. On the other hand, if there 

is too much rainfall~ and the soils approach the state of supersat

uration, the variable will again be incapable of prediction. This 

appears to be the case in the 1962 season 9 either too little, or 

3 H. O. Buckman, The Nature and Properties of Soils, New York, p 185. 
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too much rainfall has fallen.* 

TI!ere is an additional complication. The tobacco plant 

requires varying amounts of rainfall during critical periods of its 

growth. For ex~mple 9 it is desirable that there be little rainfall 

shortly after it is planted in the field in order that a deep root 

is formed. For a few weeks after this critical period an overabun-

dance of rainfall may not greatly affect plant growth. Thus, if 

average seasonal rainfall were to be considered as a variable, it 

would have little use since it would not reflect the amount of rain-

fall uhich fall within the critical periods of plant growth. 

Accordingly~ if Lane's classification system is to be more 

predictive of tobacco yield, rainfall should be considered as a 

variable; but average seasonal rainfall data is not suitable. Data 

for potential rainfall during the critical periods would have to be 

evaluated and then the percentage possibilities of critical amounts 

falling in particular years during the important stages of plant 

growth could be assessedo Using this percentage possibility of the 

occurrence of this rainfall during critical growth periods, and 

assuming the importance of rainfall to the classification system, a 

relatively accurate assessment of the predictive capability for Lanevs 

classification system could be worked out. 

Drainage is associated with the structure of the soil, and 

the structure of the soil is associated with such other factors as 

aerationc Since it would appear that the drainage factor did not 

* That is, rainfall in an area may be assessed according to a spectrum 
ranging from aridity~ to semi-aridity, through saturation to super
saturation. VIi th aridity there would be too little rainfall for differences 
in drainage capacities in the various soils to make any difference in 
yields. ~vith super-saturation t~e soils would be temporarily water-logged 
so differences in drainage capacity would make little difference. This 
could occur during a continuous rainfall, ·during a uwetn season. 



function in 1962.9 but the data associated with the drainage factor 

were predictive of quality 9 it might be speculated that the quality 

of tobacco is not associated with the ability of the soil to drain 

water 9 but that it is associated with some other factor related to 

soil structure. This may be the aerationo 
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Soil series are established on the basis of profile characteris

tics through a study of the various horizons as to number~ order, 

thickness, texture 9 structure, color, and so on. Soil types are 

named on the basis of differences of textures of the A horizon within 

the soil series. Thus the ranking of soil types encompasses all the 

factors utilized by Lane in his classification system, except the 

topographic factor (the topographic factor may be encompassed if soil 

phases are raru{ed within the soil types). Consequently~ the reasons 

for the intercorrelation of Rank III and Lane~s classification system 

can be understood since both deal with the same materiala The ranking 

of soil type encompasses many soil factors, which nevertheless are 

unique to it as a soil type. Its consistency in predictive capability 

appears to result from the fact that the soil structure 9 which is 

unique to the soil type, and which Lane is also measuring, is pre

dictive of 1960 tobacco yields and 1962 quality data. It is pre

dictive of 1962 yields because ~ther soil factors 9 unique to it as 

a soil type 9 and unnaccounted for by Lane 9 function.as predictive 

variables when others do not function. Lanevs classification system 

is obviously lacking a variable that the soil type, as an all inclusive 



variable, conl~ins. 

The rankin~ of soil types, it hns been shown, is consistent 

in its TH'Cdi.ction of both yjeld nno fi1Fllity .. fl. correJ:,tion \-/;)[~ rnnch! 

Conscquen t ly it vmuld .seem Lh:1 t. thor:;c :::oil types Hhich pr.orlnc c the 

During the tests, Norfolk County soil dnta, as provided by 

the Norfolk County Soil Map, was felt to be inadequate ns heine 

representative of the existing soil types. This suegests two 

possibilities: either the soil types assessed for the Norfolk County 

Soil Map were incorrect, or the soil types have changed~over time. 

Table 5 illustrates the difference between the textural data provided 

by the soil map and the data provided by Lane. The soil map data 

indicate the presence of pure sands in the A horizons, while Lane 

has found no evidence of pure sands. 

The Norfolk County Soil Map was published in 1928, about the 

year that the tobacco industry got started in this area. Many 

experienced •tobacco farmers moved here at this time from the southern 

United States and from south-western Ontario. They were aware that 

tobacco soils required a great deal of fertilizers. The tobacco 

experimental station at Delhi recommends that 1200 pounds per acre 

of a combined fertilizer be added to the soils. 4 In addition, 

4 J. M. Elliot, Ontario Flue-cured Tobacco Soils, Guelph, p. 12. 
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considerable amounts of organic material must be added to replenish 

the soils each ycaro The inorganic residues from this organic matter 

would remain in the soilso This evidence of considerable amounts of 

inorganic material being added to the soils each year might suggest 

that the textural compostion of the tobacco soils has indeed changed 

from pure sands to loamy sands~ through the addition of this material. 

The depth of the cultivated layer has been shown to be pre-

dictive of tobacco yields under certain conditionso Since it is 

significantly predictive of yield when the classification system is 

not~ it wight be suggested that this factor could be employed in 

Lane 0 s classification system to make it mor~ consistently predictive 

of yield and quality0 

The apparent increasing depth of the cultivated layer seems. 

to be due to cultivation practices~ and not to natural depositional 

processeso Evidence presented above of the~onsiderable amounts of 

material added to the soils during cultivation~ would tend to explain 

the sources of the increaseo5 If this is the case~ the longer the 

farm is under cultivation~ the deeper will be the depth of the 

cultivated layero Since the depth of the cultivated layers is in 

certain seasons related to yields 9 it follows that the longer a farm 

has been under cultivation 9 the better the productive capacity it 

vill have in terms of yields~ It should be noted that the depth of 

of the cultivated layer is not a simple variableo This measure of 

5 Recent information indicates some farmers may level land by 
bulldozer, or may plough deeply once to break up a hard pan. 
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the depth of the cultivated layer may be actually measuring the 

physical thic~ness of the layer which itself may be a factor in 

influencing plsnt yield; or the data on physical· thickness may be 

representative of increasing concentrations of chemical material 

such as nitrogen, that has accumulated due to cultivation practices. 

In summation, it can be said that despite technical innovations 

in farming practices, the physical resources of the farm sites remain 

significant factors in the potential productive capacity of the farms. 
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Sloping (6~12.% ciopes) - gently sloping to rolling 
. l 

Rolling(~ 12% slopes)- strongly· sloping; considerable:slope and usuallY 
some irregularity. 

,·, 

·. ·, 

. ~ ' -~.; 

·. ·.:· . .. 

,. 

I • 
'.-
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CL\.SS I (100- )0) 
Hell-· irainL:;d lo~ww :.;.J.nd 
Depth to clay - 5 feet or J;-~ore 

Slopo - levol 
e.g. /ox coarse sand 

/ox fine sandy .J.oam 

CLASS II (85-75) 
r:oderatel,y "dell-drained loamy sand 
Hell-clrained. sandy loam, gravelly sandy loam) verj' coarse sand 
Depth to clay - 3 to 5 feet 
Slope - 3 to 6;b 
Depth to gravel - 2-3 feeL 
e.g. Fo.x sandy loam 

Fox gravelly sandy loam 
Imperfectly dru.ined loamy sand with tile drainage' 

CIJ~S III (70-60) 
Imperfectly drained loamy sand 
~bderately well-drained sandy loam 
Well-drained loam 
Depth to cl~ - 2 to 3 feet 
Slope - level to undulating 
Slope - 7-12?; · 
Depth to gravel -- less than.2 feet 
e.g .. Brady 
Poorly drained loamy sand with tile drainage 
Imperfectly drained sandy loam with tile drainage 

CLASS IV ( 5 5-45 ) 
Moderately poorly drained loamy sand 
Imperfect~ drained sandy loam 
Depth ·to clay - less than 2 feet 
Slope - level. 

- CLA3S V (40-30) 
Poorly drained loamy sand 

. lvloderateiy. poorly drained sandy loam 
Depth to clay - less than 2 feet 

·slope- level 
e.g. Granby 

CL1\SS VI (25 or less) 

Eli.03ION ( 1t1ind or water) . 
None - no noticeable erosion (5-6 11 depth of cultivated layer) 
J:V:odornte - up to one-hG.lf of cultivated layer removed 
Severe -most of cultivated layer.removed 

'l'OPOGitAPHY - refers to the lay of the land 

Level (0-2% slopt:s) - ~and is flat or very nearly fiO. 

Sloping (3-6% slc,pcs) ..:. usually no abrupt change in steepness or direction of slope • 
Rolling (? -12/b slop~:fs) - considerable slope and usu.J.lly some irregulari t.y. 



Ar.iPLE 
ARLIS 

1. 
2 
'3 
4 
5 
6 
7 
8 
9 

10 
1 ] 
12 
13 
14 
15 
16 
17 
18 
19 
?.0 
?1 
22 
23 
24 
25 
?.6 
27 
?.8 
29 
30 
31 
32 
33 
31~ 

35 
36 
37 
3.3 
39 
40 
41 

TEXTURAIJ 
DATA 

o.n 
o .. o 
o.o 
o.o 
o.o 
o.o 
ego 
3.0 
o.o 
o.o 
o .. o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
OoO 
o.o 
o.o 
o ... o 
o .. o 
o.o 
o.o 
o.n 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
3.8 
OaO 
o.o 

DTI.AINAGB 
DATA 

0Co0 
2loC 
54o0 
09a0 
19o5 
37.5 
C6o0 
oo.o 
oo.o 
22.5 
no.n 
01.5 
?.So5 
oo.o 
C9o0 
3 L~" 5 
49o5 
!+50 0 
03.0 
04.5 
oo.o 
OOoO 
]5.0 
02c3 
oo.o 
oo.o 
?.2o5 
l3e~5 

36e0 
oo.o 
24o0 
16o5 
45'. 0 
] 9 0 5 
07.~ 

0 ,, Gt s 
03.0 
34.5 
18.8 
02.3 
::c.o 

THE DATA 

TOPOGRAPHY CLASS .•. DE?TII 0~' 
D~~TA LANE Is C1TLTIVATED 

LAYER 

0. p, oo.s 09.0 
o .. o 21.0 10 .. 0 
o .. o S4o0 (19 • '+ 
o .. o 09 .. 0 lu.? 
o.o 1.9.,5 10.0 
o .. o 37o5 11 .. 5 
o.o 0.6.0 10.5 
OoO 03 .. 0 ()9,.6. 

3o0 03.0 ()9.5 
o.n LL:o? J.UoU 

o.o ()(),.() l u 0 u 
1 .. 5 03 .. 0 11.0 
o.o 28o? CJ').U 
o.o oo .. o 09.0 
o .. o 09.0 07.5 
o.o 34.5 09.0 
o.o 49.,5 07.,0 
o.o I+ !J a 0 ()!}.4 

o.o 03.0 07.0 
o.o 04.5 09.0 
o.o oo.o 07.0 
0.8 oo.s 09.0 
o.o 15.0 08o0 
2.3 04.6 07.0 
4.5 04.5 UlJ•U 

o.o no.o l4oU 
o.o 22.5 08110 
1 0 5 )5.0 ()8.0 
o.o 36.0 10.0 
'+ 0 5 04.5 lloO 
c.o 24.0 11.0 
1. 5 18.0 11.o 
o.o 4?.0 lloU 
o.o 19.t5 ns.o 
o.o 07.r:, ()C).() 

o.o 04.5 1n.o 
o.o ()3.0 09.0 
o.o 34.5 09.0 
o.o 22.6 OlJ.O 
2.3 04.6 12.0 
o.n nn.G n9.4 

CLAS:.>. 
LA~TE' S 
(CII~CK) 

100 .. 0 
I '2. • 'J 

'?U.f,; 
87.~ 

74.'-:J 
7.5 
loO 
().? 
o .. s 

I /. • :J 

lUUoU 
o.s 
Lo'J 

lOG.O 
87.5 
59 .. 5 

4.U 
_job 

90.~ 

lJ.'J 

100.0 
2.5 
o.s 
7.5 
':feU 

lUUaU 
2·5 

87.5 
58.5 
81+ 0 0 
66.5 
f'J.'J 
4?oU 

74.j 

8 I. 'J 
pn.s 
90.5 
59.0 
I L • '-J 
e 1. ':J 

100.0 

64 

R.h.: :!.. 
I 

2 .. 5() 
L .. ') 

~.u 

l.() 
2e5 
L!. • 5 
2e5 
:-:~.n 

I .. 5 
4 o I :> 

"' • I ') 
L .. I? 
L: .. (:, 

1 .. 75 
2 .. 5 
~ c:: 
~ .. ---
6.U 
4o..J 

~.'; 

Lo'J 
').j 

2.5 
'? ~ ,_ • :J 

1.75 
l 0 :> 
1 • () 

2.25 
LoL5 
4.5 
z.o 
?.25 
LoL? 
L+ • ( ) 

).~ 

;.') 
?.7r:.. 
:::.s 
0 .. '-:J 

3.() 

2.? 
? ~ 
,_.:J 



NORFCIIJT( QLL\.LITY 
SOIL I'·.T.AI' 
SOIL TYPE 

"3. lt 0 .31 
·-• 5l+o.?4 

l • 50 • 8 L, 

3 • 5 J • [) 7 
5. 4B.5l 
?. 53.1S 
;?. 53.22 
~ • 5 t+ • 1 R 
5. 55.17 
z. 51.27 
2. 51.05 
z. 53.82 
z. 52.83 
2. 51.52 
2. 47.2C 
n. J J. '1-] 

5. 41.98 
1..; • '+ 6 0 () 9 
4 • 5 J • 3 ] 
4. 52.95 
3. 56.05 
4. 53.29 
~~ • 51 • 9 3 
1. 49.76 
1o 53.59 
4. 53.75 
4. 53.02 
5. 4 0 .1+4 
1 • 53 o 0 It 
4. 51.58 
4. 52.52 
5. 48.35 
4. 5? .• 51 
4. 5].1+8 
3. 55.,52 
3. 58.18 
5. 48.43 
). 53.67 
1. 5'3.09 
3. 48.43 

*Data unavailable for 1960 

YIE.LD 
1960 

?085. 
101.Q. 

J770e 
1 7 '".) -~. 
1 (; () 5 .. 
l 7 lf 6. 
l C)~~ 3 u 

1 7 7 '1,. 

lC!()?. 
1 :) I+ (l o 

2080o 
1921. 
?030. 
2108. 
1702. 
1 1+4 7. 
1154. 

1Bl9. 
1611. 

15n9. 
1 1+ e 5. 
15r~1ct 

1610. 
} 8 3 Lt- o 

1358. 
1496. 
1476. 
1507. 
16Cl. 
1380. 
877. 

1667. 
1601. 
1983. 
1570. 
1420o 
1.731. 
1638. 
]994. 

YIETJD 
1962 

871. 
?(lAO. 
1616. 
17 'F1 • 

1469. 
1763. 
2 2 n J • 
166'?,. 
~16P.. 
1 51+') 01 

121-l;. 
1 9 9/~ 0 

2073. 
151+8 .. 
1578. 
l6R6. 

[.j. 59 .. 
1907. 
]lt?.·8 .. 

lf-30/+. 
11+32. 
1867 .. 
1614. 
11P.e. 
J.67lo 
1 R 2 5. 
1 71+ 2. 
1714. 

599. 
1823. 
2107. 
}') 0 lo 
16~36~ 

] 59'~ 0 

1487 0 

1939/JI 
2020. 
1646. 
1870. 
1637. 
11.93. 

HANKED 
TEX~:urn~ 
DATA 

• 1 
0 1 
.. 1 
• l 
0 1 
0 1 
• 1 . ] 
Gl 1 
• 1 
• 1 
• 1 
• 1 
• 1 
• 1 
• 1 
• 1 . ] 
• 1 
• l 
• l 
• 1 
• 1 
• 1 
0 1 
• 1 
• l 
• 1 
• 1 
• 1 
• 1 
• 1 
.. 1 
• 1. 

.. 1 
• 1 
.. 1 
• 1 
• 1 
• 1 

. • 1 

HANK 
III 

? 0 

? • 
?. 
?. 
L:, • 

2 • 
? 0 

6o 
4o ,, . 
3. 
? 
_) . 
3. 
? ...... 
/ 
{_ . 
2. 
? • 
? • 
? 0 

?. 
2. 
4. 
? 
~·. 

4. 
3. 
? • 
? • 
? • 
4. 
(3. 

? • 

? • 
I; • 

4. 
4. 
3 0 

2. 
4. 
f.. 
4. 
2. 
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HA!TK 
II 

2.(:; 
? 0 (, 

5.0 
l • () 
2 • F3 

J • (1 
2.0 
?.n 

1 • ') 
l. 9 
1 .. ') 
l • c; 
1 • 8 
1 • 8 
5.6 
;_. • (l 

3.6 

2.3 
3.7 
?·. 8 
1 .. 1 
1 • () 
3.6 
3 c () 

4.3 
l • 6 
3.6 
3 (J (, 

3.8 
'3 .. 8 
2,7 
2,6 
5.2 
3 • ·J 
l • 2 
2.A 



APPENDIX 3 

A PROJECTED STUDY OF TOBACCO FAR!"vl POPULATION HOVEME."NT 

In the course of the 9evelopment of the classification system 

for predicting tobacco yield and quality~ a futher cxnmination \'Jas 

projected. Ibving developed a clnssificution system, a study was 

suggested to determine to what extent tobacco farmers tended to 

gravitate toward these potentially more productive siteso To this 

end, the site selections made by the pioneering tobacco farmers 

could be determined~ and then it would be possible to determine the 

length of t_ime particular sites remained in tobacco production. It 

is hypothesized that the first tobacco farmers to enter the area 9 

having the choice of any site in the whole area 9 would choose what 

they felt to be the best 9 or most potentially productive site. It 

is also hypothesized that a few of the early farmers may not have 

succeeded in selecting the best site,· but that over time 9 through 

accumulated knowledge of the area 9 they would realize which were the 

most productive sites 9 and so tend to gravitate over time touard the 

better~ or more productive sites~ 

A few measures of the tendency of farmers to locate on certain 

sites are derived 9 and a few tests have been carried out to determine 

the extent to which settlement patterns tend to concentrate around 

the potentially most pro'ducti ve tobacco producing areas o 

66 

A brief history of Norfolk County and tobacco growing in the 

area is in order. In the 1920's the area was agriculturally depressed~ 
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Farmers were leaving~ w~d conservation measures were being undertaken 

to reforest the area due to its apparent poor productive capacityQ 

The soil conditions? however? were ideal for tobacco farmerso A 

tobacco industry had already developed in southwestern Ontarioo Thus~ 

when it was realized (about 1925) that this was potentially good 

tobacco growing area 9 many expert tobacco farmers were prepared to 

come into the area. Horeover 9 due to the abandonment of earlier 

forms of agriculture 9 there was little to impede the introduction 

of toba~co~ In addition, papers indicate that the early methods of 

growing tobacco employed large plantations, and sharecroppers to 

work them. Later9 sharecropping was slowly abandoned9 and as a result9 

farms became smallerQ Today, the Ontario Tobacco Marketing Board 

has ruled that no new tobacco farms may be brought into cultivation. 

With land at a premium, it is presumed it sold for a high price 9 and 

therefore further reduced the size of farms established. Consequently, 

the working hypothesis is that large farms will be found on the most 

productive s·ites., since they were the earliest farms and had the best 

.sites to choose from, and that the smallest farms will be found on 

the least productive sites, since they ~ere the last to be established 

and only the poorest tobacco land remained. A test is carried out 

comparing the size of the tobacco farms with the Rank III classification 

system. 

It was speculated in the development of the classification 

system, that the depth of the cultivated layer was increasing due 



to massive fertilizer inputsG Papers indicate that tobacco farming 

practices are largely the same for most of the tobacco farmers. This 

is due l~rgely to the delicacy and value of the crop. Consequently~ 

i·c is hypothesized~ that if farming practices are the 5arne~ and the 

same amount of fertilizer is added every year~ differences in the 

depths of the cultivated layer will indicate the length of time that 

the farm site was under continuous cultivation. A test is carried 

out comparing the depth of the cultivated layer with the Raw< III 

classificationo This test is carried out to determine whether over 

time, farmers tended to sell their existing farms after a short period 

of time if they were.located on poor sites and buy farms on better 

sites and remain for longer periods of time~ 

The two hypotheses deal with the location of the first tobacco 

farmers 9 that is~ where they were established~ and the later movement 

of farmers among the established farmsQ It is assumed that the size 

of farms is fixed once it is establishedQ The establishcment of the 

tobacco farm indicates the first choice of available tobacco land • 

. Later the farmer could move, but the established farm size would 

remain permanently fixedo 

The second hypothesis assumes that in some cases the farmerws 

first choice was not his ideal choiceo It assumes he later left his 

first purchased 9 or established farm 9 and moved to a more productive 

farm. It also also assumes that the farmers uho buy the smaller 

farms located on poorer soils, move to larger, better situated farms, 
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and stay for longer periods of timee This length of time that the 

farmer stsyed, it is hypothesized~ is recorded in the depth of the 

cultivated layer. 

The method of testing attempts to predict settlement patterns 

by relating these patterns to the sites which are classified in the 

foregoing section. Over time it is eA~ected that concentrations of 

settlement patterms will be located near optimal available sites. 

The two variables which are employed to represent the settlement 

pattern are farm size (first choice of site) and depth of the culti

vated layer {continuous use of site)~ Isopleth m~ps are drawn to 

illustrate the distribution of the size of farms, and the depths of 

the cultivated layero Figures 5 ~~d 1? show the isopleth maps. ~hese 

isopleth maps are compared with a hypothetical settlement map.of 

Norfolk Cou~ty based largely on accessibility of sites developed by 

Colin Ho Wood in a study of the area. His map is shown in Figure 18. 

The maps are compared to see if a settlement pattern is illustrated 

by the size of farms and by the depths of the cultivated layerw 

Data for size of.the 41 farms ~re cor~elated in linear simple 

regression analysis with Rank III. The correlation with Rank III 

is r = -.52e , Depth of the cultivated layer data are also correlated 

with Rank III. Here~ r = -o23. 

The isopleth maps appear to be similar. The largest farms 

generally appear to be on the periphery of the study area and the 

smaller farms in the centre~ In the same ~ay, the deepest depths 
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of the cultivated layer occur on the periphery nhile the shallowest 

occur in the ccntreo Size of farms and depths of the cultivated 

layer correlate at -oOlo This may be expected because as has been 

suggested~ the first choice of sito for establishment of the farm 

was not necessarily the besto The isopleth maps have a marked sim

ilarity to Woodus hypothetical settlement mapo This suggests that 

accessibility to the farm site played an important part in where 

the tobacco farmers first settled~ and later9 where they tended to 

remaina This also suggests that records of size of tobacco farms~ 

and data for the depths of the cultivated layer can be used as in~ 

dicative of settlement pattermso 

Lack of time prevents further pursuit of this analysis and 

few concrete conclusions ·ea~ as yet be dra~n as to the hypothesis 

that farmers will tend to locata over time on the most pote.ntially 

productive siteso Many other tests are necessaryo 

In summary, the only significant correlation is between the 

size of farms and Rank III which tends to indicate that the first 

tobacco farmers in the area selected the better siteso The depth 

of the cultivated layer was not significantly associated with P~nk 

III which tends to indicate that farmers did not remain on the better 

sites any longer tr~n they remained on the poorer siteso This rnay 

be due to speculation that began as the Ontario Tobacco Marketing 

Board introduced·agreage quotas, and finally closed tobacco farming 

to the outsiders who ~ished to establish tobacco farmse The isopleth 
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maps s~ow that distl"ibutions of size of farms and depths of the culti~ 

vated layer do not appear to be randor.t. The size and depth of culti

vated layer maps are similar.. Both of them appear to be similar to 

Woodus hypothetical map of settle~ent patternQ This may suggest that 

tobacco farm location and continuous use is dependent on its accessi

bility to transportation routes. 
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FIG.18 
HYPOTHETICAL SETTLEMENT 
PATTERN OF NORFOLK COUNTY 
BY COLIN H. WOOD 
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