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ABSTRACT

A computer model vwhich deteraines soil suitability for use
types, given data on-honogéneoué soi) areas and the pedqeéologi—
cal requirements of use types wvas designed, iaplemented, and

tested. .

The .suitability model wvas called LASTAN..T It operates on the

assumption that the contrihution of any single soll variable to

the- soxl suitability of a land area is not constantlbut uill varyf

according_to the influences of other soil variablés present at
,that site. Thesé variations in contribution are.caligd soil fac-
tor interactions. They are incorporated into the model via a se-
.ries of relatinly simple calculatidns ihvo;ving natri; transfor-
mations. The final output generated by LASTAN is a series of
-indices signifying the relative—soii éuitabiiity of each site for
the land-use type with which the researcher is concerné&. Also

. /\ . . f
included is an indication of which soil factor(s) at each site,

if any, are most likely to be strongly 1iﬁiting for the land-use’

type being assessed.

To implement the model, the use types that werd chosen were

groups of agricultural crops vhich possess a high: dégree of in~
ternal homogeneity vith regard to soil requirememts for -growth.
These groupé)had to be derived from available data on individual
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crops. Principal éonponents, Linkage, and Information Analyses
vere the taxonomic techniques employed. From a éat of thirty
crops, five groups were created.  One of these, the field crops,.

was selected to be inpui as data into the soil suitability nodel.

L]
The homogeneous soil areas chosen were a series of one hundred

forty-five map delineations found in SE.' Nepean township, Carle-
~ n ‘
ton County, Ontario. - These delineations‘vere mapped at 1:25,000

'by MARSHALL et al, (1979).° Most soil variable data (texture,
stopiness, 510pe, drainage,, and depth) vere taken sfron this nap

sheet The pH, available phosphorus and potassium were measured

in the field,

..

To test the resnlts,generated by the model. wcoefficients _of
association (correlation) were calculated hetween LASTAH indices N
~and capability- Qlasses on eqnivalent map delineations.

-~ . . g
coefficients suggest the existence of q”sttong positive rélation-

'.These

ship between fhe tvo systéans, and are interpreted as ap indica-

tion that LASTAN is- successful in its purpose.,



s g : RESUNE -

Bt
L'étude porte sur um aodéle informatique quixperuet le calcul

-

d'ind1ces de potentiel du sol pour differents usages.' Au dapart,

ce nodele prend en compte des unités spatiales pédo-écologiques

1
N

pré gxiétantes. Dans+la” thése, le moddle est développ®, puis

-

appliqué A un exeaple et; enfin, ‘évalué.par rappobt a une antr%

mé&thode d'estimation du potentiel.

ﬁe moddle (LAST#N) est fondé sur l'hypothése suivante: la
copiributibg au potentiel d*une ‘variable pego-ecologiqua ;'est
pas constante. Elle‘varie en toncfion des antreg variableé qui
lui sont -associfes spatialement. Ces interactions sont intro-
~dni£§§/g;ns le -calénl a ;'aidérp'uﬁe série dfoperations‘nayric-
felles. Les résultats produits éar LASTAﬁ\.consistené en une
i série.d'indicés aui etérilent ie potentiei des unités gpatiales

pour chaque utilisation envisagée,

_’,La nise.én oeuvre de LLSTLR hécessitg‘ un choix da types
d'utilisations considérés.“ Le type g'utiiisation considaré iéi
était un groupe de cultures rplativenent homogéne guant aux exi-
gences pédo-&cologiques. Ce groupe' fut détermind a la suiie
d'une procedure de.classification nulérigue portant sur les indi-

‘cations des exigences des cnltnres individuelles relevaes dans la

littérature_ (ttois néthodes de taxonomie aumfrigque ont é&té

~
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utilisées: conposantes prinéipalés, "iinkaqe analysis® et; ana-
lyse d'inforgationy.A P;rli les. cing groupes formés 4 la suite de.
cette procédure,' un seul a 8té& choisi pour lrapplication deé LAS-
TAN. Ce groupe cént;ent ltorge, les faves, le pois, 1le seigle,:

lesséya et les radis. - ' :

ont, &t& considerées cent guarante ‘cing unités spatiales

»

pédo-&cologiques provenant de la carte des sols de MARSHALL et

" al, (1979),  au 1/25,000. Elles appartiennent 3 la r&gioan du SE

de la munidiphliié de Nepean, Co-pté.de Carleton_(bntario)._, La
plupart des variables p&do-&cologiques (texture de sutface,
pier;osité, pente, drainage de surface, et profondan)' ont &té
prises sur cette carte. La réaction du sol (pH), les teneurs en

phosphore et potasse dispohibles ont .&té mesurBes sur des

-
t

&chantillons prélevés sur le térrain.

Afin de vérifier la validité des résultats obtenus par LASTAN, - °

. . - : /
divers coefficients de corrélation furent calcul&es entre les

indices LASTAN et les classes de potentiel agricole (MARSHALL et
al - 1979) dans la r8gion d'&tude. L'interpretation de ces coef-
ficients d&montre l'exisgence i'une forte relation positive entre
les résultats des deux systdmes. La validité du systéme LASTAN

est par conséquent acceptée.

-
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Chapter I

INTRODUCTION

®0h mother earth, mountain-breasted and ocean~girdled,

~~—~pardomr—ae for trampling on you." (Ancient Sanscrit
prayer) : '

1.1 OVERVIEW

To the extent that it relates to agricultural land-use, soil
may be defined as:

n ,..a three-dimensional body occupying the uppermost '

part of the earth's ¢crust and having properties differ-

ing from the underlying rock ®material as a result of

interactions between climate,.living organisms (includ-

ing human activity), parent material and relief over

periods of time and wvhich is distinguished from other

tsoils' in terms of differences in external character-
jstics and/or in terms of gradient, slope-comaplexity,
microtopography, stoniness and rockiness of 1its sur-

face®, (BRINKNMAN & SMYTH, 1973, p.101).

SOil‘uaBS are a primary data source to-most physical or eco-
logical interpretations of land suitability for agriculture.
These documents provide information on basic physical, chemical
and morphological soil properties and, vhen interpreted cor-
rectly, may be used to predict the performance characteristics of
a landscape under one or a variety of different land-use types,

(STEELE, 1967, p.1)-

In the past, some griticisn has been made concerning the
ability of mapped soil types\to predict the agricultural poten-

tial of land, (BUTLER, 1968, p.233; GIBBONS, 1961, p.98-99) . The

£
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‘ 2
principal arguleni'of:these authors has been that a spec%fic'soil.
type wvas not sufficiently homogeneous with respect to factors afé
feeting productivity to allow reliahie -interpreéatibns to be
made. However, the advent of modern soil ;abping, which recog-
nizes.soils as ecological conponents of 1andscapes."(DUHAHSKI at

-al, 1972, p.29-30; HILLS et al, 1970, p. uu;uv), i‘n_agldition to

the use of" larger mapping scales and increased survey intenmnsity, -

has gone far towvards overcoming this problen.

The purpose of this thesis is to design and make operational
a nethodology with wvhich these T"second generation" {(van den
BROEK, 1978, pers. corm.) soll maps nay be inte7preted quickly,
accurately, - and at low cost. Althongh this author's principal
interest is with agriculture, the basic \fralework created_ is
deened applicable to non-agricultural landfuse types as well., As
demonstrated in Chapters 3 and 4, below, “this framework is apt
r
" because of the holistic and interactive manfier with which it as-
sesses the relevant soil/landscape factors contaiped in each ount-
~lined unit., These units or delineations are defined on maps by
neans of:
" ...a collection of symbols representing discrete
soil/land elements. Because each delineation is
'komogeneous' with respect to its characteristics, each
is a discrete, scientifically sound, pedocecological
area that can be reinterpreted at will for a multitude
of uses”, (MARSHALL et al, 1979, p.41)
Soil suvitability classifications are one of several types of.

interpretations that can be made from soil maps. Soil suitabil-

ity has been defined as:



.

." «..the physical [fitness] of soil and climate for
production of a specific CIOpP Or .group or sequence of
crops, or for other defined uses or benefits, within a
specified socio-economic context but pot considegring
economic factors specific to areas of 1lamd", (VINK,
1975, p.2u9). « " .

Id
L}

This thesis will concern itself exclusively with actual soil
suitability or "internal actoal lanad suitabilityn, (YINK, 1975,
P.249).  This concept is very sinmilar t8§ that of "capability", .
(BRINKEAN & SHYTH; 1973, p.101), as defined and described by the
C.L.I. .(1972. P-3), and KLINGEBIEL & MNCHTGOHMERY, (1961, p.1).-
Here soils are assessgd according to specific management assuup-'
tions which do ggg enconpass major land inrovenent‘practices ly-

ing beyond the means of the average farm operatort, -
\

. Recent heavy, ‘irreversible losses of prime agricultural land
to urban uses in Canpada (GIERBAN, 1977, P. 28-31), coupled with a
growing global environmental conciousness, has resulted din the
recognition that rational land planning is pecessary‘ at all
sc?les and levels of jurisdiction. This need has created an in-
-créased demand for detaiied s0il maps for interpretive purposes.
- It is hoped tha; this thesis will contribute to that theoretical
and pragmatic base which soil Surveyors and land planners use in

their interpretations of these maps.

1An interesting discussion of these different kinds of productiv-
ity ratings and so0il potentials, especially as they relate to
current and potential conditions, different levels of manage-

ment, and varying socio-economic conditions may . be found in
- BACVICAR, (1974, p.1-8). .



‘1.2 THE PROBLEN _ A '

—

Two key elements in any iqterppetatioﬁ of soil‘cdpabiliéy or
suitability .are the selectionkof soil chafacteristicé relevant to
the use(s) considered, ,and the nethodoiogy enploye@,to weigh.or
rate these characégzistics iﬁ order to arrive at § predictive
performance class or index.- Of the latter, several types have

been proposed in the literature.

1.2.1 Capability Classification Systeams

As mgn?}oned above, the results of capability classifica-
tions are equatable with those of actual soii suitability. Al-
though the particular land-use types, projeFt scales, and class
categories may differA from study to study, what is of interest
here is the way in which Capability classes, subclasses, and ia

the U.S.A., capability units, are determined.

According to NILLER, (1978, pers. comm.) and HOPFAAN, (1977,
pers. comn.), the assessment of soil capability requires a con-
siderable amount of experience in pedology as . well as knowledge
" of crop science and agrometaeorology. Essentially it is this ex-
pertise which allows the soil survey interpreter to synthesize or
integrate field conditions and crop reqnirelenis,_ weighing the
positive or negative effacts of each so;{;chabactéfistic in iso-
lation and in combination vith other soil factors, to arrive at a
caéahility rating, Tpese ratings are relative as well as quali-

" tative. Thus the meaning of a Class 1.s0il, for example, wil]

vary somewhat froa region to region depending both upon the char-

L3
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:
-acteristics of ‘the two areas and the individual scientists who

.conducted the interpretation, (DUHAﬁSKI, 1978, pers. coBm.}.

_ studies made by ANDERSON, }197H);_ﬁor?nnn, (1973); and bn?¥-"
TERSON & EACKINTOSH, (1976), in southern Ontario, "'have denon-
strated that the C.L.I. (Caﬁada Land Inventory) capability’
classe “are related to crop yie}ds qnd econoni& returns of stand-

ard field crops. Imn addition, GOODCHILD, (1976) , working in Han-
| itoba, > found that, areas of a single capability class are rela-

ti#ely homogeneous with respect to selected physical parameters.

one drawback to the capability systen is that while the data
bases are compiled and ﬁapped Hith.paidstaking scientific rigor,
the way in which interpretations are carried out relies nofe upon
a "feei for the land®™ than a clear, scientific, easily replicable
methodological franevork. According to BRINKHAN & SHYTH, (1975,
p.27}), the former is often insufficient for sound ;and aevalua-

tion.

-

other limitations of the C.L.I. have been outlined by NOW-
. LAND, (1977, p.11); and PATTERSON, (1978, p.1). -

1.%.2 Analoque Systeas

Described in detail by ANDERSON, (1971, p.9-10); HOFEBAN,
(1971, p.10-11); and NIX, (1968, p.78-79), many researcheré ﬁ&ve
attémpted to determine soil prodnctiQity using concepts based on

transfer by analogy. Here, observations of yields versus inputs

at specific soll test sites are extrapolated to other areas ‘de-

L

fined by supposedly jdentical soil types.
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Bevieus of these systemas, based on "first generatiom" soil
4

mapping concepts, by AVERY, (1962, p;302-g3): BUTLER, (1964,

 p.233-34); and GIBBONS, (1961 p.98-100) have been somevhat crit-

ical. The principal arguaent ¢f these authors 'is that soil types

usﬁally _correlate poorly with yield. ROST & ODELL, (1957,

p.174), estimate that between 50 and 150 test sites should be ex- '

aiined over at least 10 years before accnréte yigld estimates can
be made. Clearly, the time and size of test areas needed to es-
“timate yield per crop restricts the applicabilityl of these sys-
tenms. Ip addition no accounting for the effects of specific soil

properties upon soil suitability and plant growth is nade by ana-

[ ~
logue sysé;;_. - :

T.2.3 Site Pactor Methods

Similar to "seni—guantitative" hpproachgs described by YVINK,
(1975, p.304), "site factor™ methods of soil evaluvation, (NIX,
1968, p.79-80), have been strongly advocated by researchers in
Southern Ontario, particularly ANDERSON, i1911): HOFFHAN, (1975):
MACDORALD, (1972); and VAN VLIET, (1974). Other researchers in-

cluding AVERY, (1962); BUTLER, (1964); ODELL, (1958); RUST &

ODELL, (1957); and VISSﬁR.'(1950), have also employed this tech-’

nique to assess soil quality for agricultural purposes.

Basically, site factor methods attempt to relate certain
measured soil’ properiies {independant variables) to known crop
yields (dependant variable) in a multiple reqression equation.

This equation is them ©used to defipne the relationship between
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soil factors and productivity. Peffornance classes are devised
vhich pay "heed to the responsible factors and their relationship

¥with yield",'(aorrunn, 1971, p.11).

The principal dradbacks associated with this apbroach are’
elucidated by BUTLER, (1964, p.235-36). Pirst, such studies are
enpirical and cannot truly identify causes of yield variation.
second, investigations of this type can be carried out only in .-
areas already established in agriculture, and therefore _are of
1ittle use to researchers interested in virgid' ndaveloprent™®

areas unless transfers by analogy. are envisaged.. Third, the

‘technique is, in essence, a statistical survey. The lack of an

experimental element precludes the "opportunify $o sort out all

interactions®.

In addition, this author's review of the literature reveals
that establi§hed R squared values rarely exceed +0.56, (ROST &
ODELL, 1957, p.173), 6: that regression equations derived are too
complex for realistic use in productivity studies, (ANDBRSON,
1971, p.35;. Thus the ability of the system to’gffectively pre-
dict yield is mediocre at best, especially when compared to the

correlation coefficients of capability classification systeas

' ’
with yield obtained by ANDERSON, (1971); HOFFNAR, (1973); amnd

PATTERSON, (1978).




1.2.4 Parametric Nodels

. ‘Parametric ‘technignes,, defined and reviewed by RIQUiER,

{1974, p.47), are pugported to:

1. evaluate separately the different propertiés of soils
giving them separate numerical valwations according. to

their importance within and between each other.

2. combine these factor values according to a mathematical
lav vhich accoumts both for the relationships . anrd in-
teractions between factors to Broduce a performance in-

dex.

3. rank the soils according to their index values for .the

use (s} under consideration.

Rlthough several variants of the parametric approach have
been suggested, the one receiving most attention has been a mnl-~
tiplicative systén. The Storie Index, (STORIE, 1950, 1976) is
perhaps the best knovn of these in North America. Other authors
such as PRANKART et al (1970);  RIQUIER et al,  (1970); VINK,
>(1960): and in Canada, MNILLETTE & SEARL, {1969) ; and'SBARL,

(1966) , have also used a multiplicative approach.

Here soil properties are rated with values ranging between 0

-

and +¢1.”" These values are then input into an equation similar to
that shown in 1.2.4. The result, "IA", also takes values ranging
between 0 and +1 and is éontrolled essentially by the most limit-

2 A

ing factor. : =




1.2.4° IA =W XDXCXNXTMXEXEP.os

‘ ' vhere IA = an index of - production . -
1 . .
¥,D,C etc. = s0il factor values

w e

Source: MILLETTE & SEARL, (1969, p:3).

.

RIQUIER, (1974, p.51), examines the advantages and
disadvantages of parametric systems. Principal advantages are
that these systens_exauine individual soil féctdrs, can be modi-
fied for specific crops or crop groups, are supposeé&} quantita-‘
tive, .aﬁq are’ﬁarticnlarly adapted to coupﬁter’ﬁépiications with

-\ '
large data banks.

= The main disadvankdge is that the evaluation of standard

-

factor values is somewhat subjective., Another problem not de-
scribgd by RIQUIER is t;at only .negative interactions betu;en
factors are accounted for. Furthermore, even this accounting is
inflexible. It nakes no selection as to: exactly which factors
should be involved and to what degree they should be involved in
the intergction. Thus, for example, low nutrient levels have thg
equivalent negative effect on all othe: factors as, say, severe
i topography. Clearly, this-situation is not répresenﬁafive ofc;e-

ality under assumptions of even the most basic management prac-

tices.
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Also, positive interactions are neglected. Thus the syner-
gistic effects on crop gpdﬁ;;;iop of two factors existing to-

gether at an oﬁtinumﬂﬂre not recognized. Such interactions, ex-
- .

amined and documented by 5,51‘“3“: (1967, p.5); BRUSSELL, (1973
p.61-67); and DANIELSON, (1972), are seen as significant to any

study of soil suitability.

) MILLETTE & SEARL, ,(1969) ; SEARL, (1966); and BIQUIERAet al,

~

{1970) have suggestéd a way of partially eliminating thesprob en

of inflexible negative interactions discussed just abo g; o]
. . s . N
systes, to this acthor's knowledge, has yet to recognize and at-

'
[
v
t

count, for positive interactioﬁs.

¢

1.2.5 Design Criteria and Orientation of this Thesis

The methodological appro;ch proposed in this thesis attempts
to resolve some of the key ‘problens found in the four technigques
described above, It is more systgnatic, and fhus more easily re-
proauced, than capability classifications. It-is quicker to im-
plement than the analogue 'approacﬂ. It is not restricted to
areas ac¢tually under agricultufe, as 1is the site factor method.
In ad&itioﬁ, it is 1esé s£atistica1-than the analogue and site
faétor'nethods. and more an examination of the cauées and.effects

]
of soil properties upon suitability. Pinally, it is more flexi-

f

ble in its treatment of . interactions than traditional parasetric
approaches. " Its characteristics resemble those of - the ®inte-
grated" approach, (MABBUTT, 3968, P.16-14), but also include

&
broad systematic features of the parametric models.
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and using suggestioms made by VINK, (1975, p.288-249)

Its principal design criteria are that:

L

e

—

the results generated by it must confotn to the defini-
tion of "soil suitability? (see Section 1.1, above) in

terns of a flexibility to adapt to different land-use

.types as wvell as to°different sites on a multitude of

: : \
scales under different project objectives. In this.

study, for example, the land-use types chosen were crop
groups, ({(see dfg;ussion in Chapter 2), and ﬁhe ope;ht-
ing scale was 1:25,000. Houevef, the system is seen to
be equally well adapted- to wSSessing soil suitépility
for individual crops'or, alternatively, for more gen-
eral 1and-6se' types such as "geqeral" agriculture in

addition to non-agricultural land-uses.

A .

—— . .
it should .syst ically recognize and ‘flexibly account

for both positiv%;ﬂsynergistic) and negative (limiting)

interactions in addition:té the soi} requiresents of

-

each land-use'typg betveen soil factors.

it be succinct, suggest quantification, and be easily
réproduceable in a conrprehensible, scientific fashion

vhick is conducive to coaputer prograsming. -

"actual internal qualitative soil suitability".

. _ : - -
e

‘e
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The iniegrated-paraletric type model developed here is then
put into operation on a specific test study area, under a predet-
ermined land-use and soil factors following defined assuaptions

concerning
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A test of the results in Chapter 4 provides a crude evalua-

. L
tion of the success of the model. - —

1.2.6 Assuaptioms: ' "
0f paramount iaportance in understanding and assessing the

significance of resulté are the assumptions incorporated into the

-

soil suitabilit;‘model.‘\These are outlined below.

First, ;ny modern agricultural cropping sysEgl needs»certain
human:inputs the form of managament praéfzg;s before. a soil
vill produce. — These activities, ‘in combination with inherent
land gualities, determine the ultimate productivity of a soil,

(STEELE, 1967, 'p.5; SOIL SURVEY STAFP, 1962, p.367; HILLS et al,

1970, p.21i. It may be argued that, given sufficientiy,intense
+ \ .

soil management and agricultural technology, one can completely
eliminate the importance of land qualities for agriculture. How-
ever, this thesis takes a more conservative vieupoiné and exam-
ines productivity from the perspective given by PAPADAKIS, (1975,
p.10—19), and WALSH 8 GARDINER,‘(1976, p-8) . Thesé authors sti-
pulate that it is in a farmer's égst interest to take advantag:'
vherever possible of favorable site conditions in order to reduce -
input costs. - _ . .

fHere, anmn average:.%fvel of management is assumed whith in-
cludes timely tillage, ferfziizagipn, ‘liming and weed céntrol iﬂ
addition to crop rotations to maintain favorable soil structure

and nutrient levels,
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Second,jg the feasibility%kof major iuproie’en practices,

'inciﬁaing levelling, tile drainage, and irrigation is not con-

sidered or incorporated.

Third, the suitability assessment is based p%§n soilvsurvey
AN
data provided by MARSHALL et al, (1979) and field sampling wvhere

necessary. Crop soil ri?ﬁirenénts are derived from the litera- .

ture.

Pourth, social, economic, and calturyl factors are not conm-
sidered, These include locatiBn, intens;ty of. land-use, trans-
portation facjlities, etc. Also ignored are variations due to

temperament, talent, and motivation of the individual farm ope;a4

o

tor as well as the  socio-economic effects of incorporating the
crop group assessed in this study. into the regionai econonic en-

vironment of the study area.

Fifth, climate is assumed not to vary significafly across

the sthdy area.

)
-

In keeping with the nature of these assuiptions it is empha-

" sized that "so0il suitability assessment™ and "land evaluation™

are two different concepts, ' The former is concerned with deter-.

mining a degree of ecolggical» feasibility or physical potential.,

It is a means of indicating how specific uses can be éxpected to

perform in-different areas given data on climate And soils within

a specified set of manageament coﬁditions. Beca of its assuap-

tions soil suitability is essentially a static concept, re-
~_ . ,

.
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trifted to one point in time. Land evaluaticn, on the ot#er
hand, defines the land-use patterns required ,tb arrive at a ser
of predeternided objeqtives., .These objectires*sré governed by
_hunan values, economics, ecology and time. It is_a dynaric "sys-
tem vhich indicates [expresses] the relative worth or utility of
allocating a particular use, as opposed to all others considered,
to an area", (CENTBE/FOR RESOURCES DEVELOPHENT, 1977, P:B): as-
suring specified objectives. Thus, soil suitability is omly a-

part, albeit an important part, of land evaluation.

1.3 STODY ABER
1.3.1 Location

The study zone, within which the soil suitability methodol-
ogy wﬁsiuade opérational, is a portion'pf sonfheast Nepean Town-
ship in Carleton County, Ontario. It comprises a square shaped
'surface of some 7050 hectares bounded‘on the east and west by the
Rideau River and Moodie Drive respectively and on the nﬁrth and
south by Falloufield Road and, Regional Road 8. Regional Road 8
forms the Nepean-North Gower Township boundary. The Jock River,
an east-uest tributary of the Rideau. River, bisects the sﬁudy re-

gion into two roughly equal portiomns, (see Piqure 13.

a

1.3.2 Reasons for Choice

There are four major reasoms why this area was chosen.
Pirst, it ¥as ea511y accessible to the author by an abundance of

-
hain highvays and secondary roads which crisscross the territory.



Figure 1: Location Maps of Study Area
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Thus, field checks were made possible with few logistich

_ problesms.

Second, it is a predominantly rural zone which has recently
undergone soievhat rapid land-use changes, Agriculture in agych
of this area 4is currently being threatened to the north, east,

and vest by urban/ﬁnd industrial sprawvl. It forns,'t

demographically aﬁd socio-economically representati
Nepean-Gloucester which,  betveen. 194 and 1973 logt some 5133
hectares of lahd to wurban uses. Soma 45 per cent/ of this loss
v&s prime agricultural land (capability classe 1. 2, amd 3),

(GIERNAN, 1976, p.26~28).

Third, 'a detailed soils map of the Area at 1:25,000 by MAR-

'SHALL et al (1979), and described by  DONANSKT et al, (1978,

p-33-42), was available as a prime data source. In addition,
~ > .

»aps of land-use and soil capability for figld-crops at the same
i : -
.scale conplemepted this sheet.
Luost‘inportant, hovever, was that the study zone possesses a
vide range of pedoecological conditioms within a relatively small

area. This natural diversity nmade it an .ideal pilot area in

which to test the nethodolog;/developed here.

1.3.3 Soils
. Several kinds of soil are répresented in southeast Hepegﬁ.
These bodies may he jdentified and described by the soil taxo-
‘momic groups as defined by the Canadfan-soil Survey Conliftee,

:\) .

e’
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(C.5.5.C., 1978}, Table 1 shows the & Orders, 6 Great Groups, 10
Subgroups, and 30 Series present. In the field MARSHALL et al,
(1979), mapped these soils intp 1? different soil Associatilons,
46 soil Landscaée Onits and 145 n#p.Delineationsz.
| A\
‘

1.3.4 Climate

Nepean Township is characterized by. a rél&tively hamid,
cool, continental clilate with warm summers and severe winters.
nig‘tenperatures range from a mean dajily ainimum of -15.6 in'Jan-
uary to a mean daily maximum of 26.6 degrees Celsius 1in July at
Ottawva Internat107:1 Airport. The mean annual temperature of the

area is +5.8. Thete are approximately 162 consecutive frost-free

days per groving season, (ATMOSPHERIC ENVIRONKRENT SERVICE, 19f3.

P.179). ,

—
S

The mean total precipitation of ‘the area is 850 millimeters

of :hich 57 per cent falls as raln betveen Nay ‘and Septeaber,

(ATMOS. EBNVIR. SEHV., 1975, p.18,43,68).

S0il climate \n Nepean has been qlassified as humid, aild,
and mesic, This; fers that soils are never dry longer than 90
consecutive days iost years and that the anpual soil ten@éra—
ture regime ranges from between 15 to 22 degrees Celsius, (CLAY-

TON et al, 1977, p.73-80; MARSHALL et al, 1979, p.12).

T

2See NARSHALL et.al (1979, p.40-487) and DUMANSKI et al, (1972,
p.27-30) for definitions and explanations of these mapping con-
‘cepts and their relationship to soil tarxa.



TABLE 1

Soils of southeast Nepead Township

ORDER

GREAT GRODP

sSUBGROUP

SERIES

J.—'——J

Brunisol-

Gleysol.

Luvisol

Organic

Nelanic

Sombric

Humic

Rego

Gleyed

Humisol

Gleyed

Gleyed Eluviated

Eluviated

Orthic

Gleyed
Orthic

Orthic

Grey Brown

Terric
Terric_!esic '

-Kars

. Carlsbad

Achigan
Castor
Dalhousie
Franktown
Piperville
Ridean

Hatilda

Chateauguay’
Grenville

Queensway

Farmington
Oka
Nepean

Mountain
Ramsayville

Mille Isle

Allendale
Bainsville
Brandon
Carsonby
Lyons .
North "Gower |
Ste. Rosalie]
St. Samgel |
Yaudreuil

Borthwick

(unnaned)
]

v

t
|
|
|
Carp 1
|
!
1
I

._4E;_J
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The number of degree days (+5 degrees Celsius base) ranges

between 1720 and 2220. The mean thermal periodd is 120 days.

1.3.5 Present Land DOse

The most intensive agricultﬁral land-use in tha study area
occurs on the flat crescent formed by the Rideav amd Jock River
plains. © In Figure 1 this sector is delineated as Flatland Arc'
and Manotick. Here 6ne finds 'a predominance of viable dairy and
mixed farms interspersed with smaller areas of abandonred land and
resident;al homes, Non-égricultural land ;n-this sector is nost'
concentrated along Highway 16 and the,-Rideau River im the sector

called Manotick.

West of the Jock River plaims, 1inm the saector called Sand
Ridge in Pigure 1, 1lie predominantly light-textured sands and
sandy-loams., Much of the northern section oﬁfﬁhis ridge has been
taken over by imdustrial pit:Bperators, counstruction firms, Nep-'
ean's municipal dunp, and several reforestation plots. Intermin-
gled are patches of relic péSturé and hay fields. To the‘éouth,
agricultural land-use has a stronger hold, much of the area being

-

1ﬁ—basture. hay, small grains, soybeans and, occasionally, corm.

Northeast of the Jock and Rideau River crescent is'an area
called Barrhavean im Pigure 1. Here one finds a large expanse

(1214 hectares in 1975) of pasture, hay and recently-abandoned

- - D -

IThermal period = Number of days soil temperature to 50 cm. depth
is greater than +15 degrees C.
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Although this sector, especially ﬁetveen iooﬂroffe Avenue and
Cedarview Road,\cont§ins large portions of capability class 1 and
2_1and, farming is fragmented due primarily to urban exban;ion,

sever and road construction, as well as topsoil removal.

To the east, betve;n Pallowfield Road and the Jock River,
the situation is much the same. Hearts Desire subdivision on the
Jock River between Jockvale Road and Highvay 16 is the sain agent

of urban grouth‘auidst these fertile clays.

The amount of abandoned agricultural land-in the study area
is a strong indication of a changing land-use. ‘Privately owned
faras are slowly being squeezed out of existence by commercial
reai estate companies, industrial materials eitractors. municipal

installations and speculators.
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Chapter II A N

TUP/GROUPING

depth and substance of gur soil and the colour of our
ground and then to consult carefully vhat plants are
natural to such a sdil and which plant will grov most
freely upon it. . or if ve do not take care to adapt
our plants to our, sgil-we-must not hope for any tolera-
ble success." {VIRGIL, 100 B.C., from HOPPNAN, 1971,

. P.#) ’

T
n...learn the temper 5;% quality of our ground, the

2.1 OVERVIEW
Integrated-parametric type approaches " to soil suitability

require, among other things, two kinds of information. On the

one hand, tﬁe researcher must have access to a soils data base of

sufficient detail to allow interpretations to be made at the

scale he vishes to operate. In this thesis most of that informa~
, , _

tion was readily available from recent work by MARSHALL et al,

(1979) . On _the other hand, the researcher must also possess data

on the land or soil useltypes with which he is concerned. Soil
and climatic requireneﬁts, response to specif;ed management prac-
tices, and, soil 'property interactions all contribute to'this
second body of data.  Purpheruore, this information and'-the

land-use types to which it relates IBS£ exist in or .be tranmns-

formed to a form éonpafible vith the séale and objectives of the

/

étudy. ' " .

- 21 -
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In this thesis it was decided té create a scanario in which
soils could be_réied for groups of agricultural crops. Crop’
groups as opposed to jindividual crops were cho§en as the land-use
‘type for two reasons. First, the masses of data to assess and
manipulaﬁe coupled with the high deqree of duplication vhich
would undoﬁbtedly result fronm éalculafing the s0il suitability
for single agricultural crops vould be unwieldy. Second, the ag-
‘ricnltural planner's uofk voﬁ;d be significantly reduced if, when
attempting to plan land-use, only four or five* indices of suita-
bility needed to be coapared instead of twenty or thirtyS. How-
ever, data concerning soil and climatic requirements and soil
factor interactions for gqroups of crops was not readily qyailaf
~ble. It ﬁad to be derived from infofnation contained in the 1lit-

erature concerning individual crops.

®

ﬁhis chapter ‘descrihas the processes and techniques which
were employed to obtain crop groups which ;ossess both a rela-
tively high degree of internal homogeneity and, at the same tinme,
remain extergally distinct from one ‘another with respect to soil

requirements for optimum growth.

[N

' Because these groups - were derived for a 'special purpose to

deal with a specific problea they constitute elements of an apti-

*Each index in this case would represent the suitability of an
aerial unit.for a group of similarly behaving crops. '

sHere ome would be dealing ‘with an index of suitability for each
single crop. i

g -
) : r'4
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ficial or interpretive,- as opposed to a patural, classification
systgn,*(HhBVB!, 1971, p.329; SINONSON, 1971, p.3).

r * .

o T : . u
2.1.1 Crops Chosen .
The choice of crops to be grouped was based upon two crite-
. “ - .
ria. )

4

First, and most inportant,'_they uére linited to those
"grains, legumes, fruits, and vegetables uhich are, apriori, cli-
matically suited‘ to.the area. | Pfinéipal data sources on crop
climatic requirements vere A.LI—KBAN & ZIMNER, . (1976); BRADT ET
AL, (1975, 1977); CHONG, (1975 a,b); GOLIN, (1975)'; ‘cn.uc;,. (1975,
1976) ; DOROVAN ET AL, (1974); HALL ET AL, (1975);"“03NEC§I,
' {1975); O.M.A.F., (1978 a,b); OUELLET, (1975); 'Rznb, _(19';7);
RIEKELS ET AL, (1976): and ROWBERRY ET AL, '(1976) .k Consultations
with agricnltural representatiyes at O.N.A.F. (Onggrio Ministry
‘of Agriculture and Food), carleton County office, -and'crop spe=~
cialists at Kemptville College of Agricultural Techmology, On-
tario filled any gaps in the-literatﬁré.

- - ‘)«:'

Crop climatic requireﬁénts vere then coipared with the cli-.

matic conditions of the Ottawva area. Data examined were air
temperatures (meaﬁ daily, mean daily maximum, mean daily mini-
aum), spring and fall probabilities of frost occurrence, frost
free periods, | cumulative heat units over the groving season,
hours of daylight over the growing season, soil temperatures to
100 cm. depth, amd precipitation during the growving season. This
data,came from the(following sources:  EDEY ET AL, (1968, 1977);

’




P
ATNOS. ENVIR. SEAV., (1973, 1975); HOLMES & ROBERTSON,
MARSHALL BT AL, (1979); H.R.C., (1978); and OUELLET

(1975). HMuch of it has been suamarized in Chapter 1. By

this climatic criterion it was felt that the only other

24
.(1965)=‘
BT AL,
meeting

natural

factor affecting ﬁ/'brop's chances of flourishing in the area

(other than macts of God", human input, and diseases unrelated to

soil) would be soil conditions themselves.

The second condition of.ébceptance for aicrop was that data

had to be available which specified how this crop responded to

varying soil and climatic copditioans. :

Using these criteria as guidelines the following

shown in Table 2, were chosen for grouping.

o

crops,
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é:gLE 2
(o] éhosen

NO

CROP

CODE

SELECTED ACCEPTABLE VARIETIES

Asparaqus
Beet

Brocloli

Brussels
Sprouts
Cabbage

Carrot

Cauliflower

Celery

Corn.

1

- Cucumber

Pea

Peppers

N
-

Lettuce

. ASP

BEE

.

BRO

BRS

CAB

CAR

CAU

CEL
COR
cuc
PEA
PED

LET

Viking

Little Egypt

A Egypt Select
A Early Redball

Detroit Dark Re
Burpees Golde \7
" Italiam Sprouting

Green Mountain
Walthan 29
Spartan Early
Jade Cro o
Jade Cros

- Evergreen Ballhead

Storage Green
Barly HRarvel

.Viking Extra Early

Gold Pak

" Imperator

Danvers

Spartan X
Nantes

Pioneer

Extra Early Saowball
Idol Original
Dominant

Clou

Florida

Nonbolting Green
Utah

Northern YVee
Garden Treat

Tasty Vee

Blitz

Tablegreen
Marketmore 70
Shamrock

Gemini

Thomas Laxton
Green Arrow
Lincoln .
Barly Hybrid (Stokes)
Early Canada Bell
Stadons Select
Fulton

Evergreen K-1

)
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Onion

Parsnips

A

Potato

Radish

Snap Beans

Spinach

Squash -

Tomato

Turnip

Apple

- Blueberry

Raspberry

Strawberry

ONI
PAR
POT
RAD

BNS

SPI

5Q0

TOM

TOR

APL

BLB

RAS

STB

Ithaca H-1

Black-seeded Simpson
Stokes Importer - .
Canada Maple

Superspice

. Storage King
Hollow Crown Improved
Harris Model

Onavay .
Superior

- - Norchip-

Chieftan
Kennebec
Belleisgle

(all varieties

accepted)
Contender

Spartan Arrow
Japroved Tendergreen

Harvester
Melody
America

Cold-rest Savoy

Dark Green

Longstanding Bloo-

mingdale

{a¥l varieties

accepted)

" New Yorker

Springset
Veebright
Moira

Quinte ~—~~

Veepick
H1350

Purple .Top Whiteglobe

York
Laurentian
Shogoin
Delicious
Jonathan

Yellow Trans ydren

McIntosh
Cortland
Berkley
Blueray
Heritage
Craston
Comet
Veestar
Redcoat
Earlidawn
Vibrant
Midway

L e e e e

.26_



Barley BAR Herta
e ' ‘Bruce
Pequis
Perth '
Trent . N
. Vanier -
Oats - OAT, : Elgin
' Garry
oxford v
Scott
RYE {(most varietiesg
: accepted) ' -/
sSoY - Maple Arrow
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2.2 COMPONENT PARTS OF GROUPING PROCEDURE

The grouping procedures used here followed, in gemeral, the
traditional approach taken by. nu—ericqlktaxononists concerned
vith classifying a poéulation of individuals (in this case,
crops) with respectﬂfg a series of defined attributes (soil con-
ditions for optimua growth). Several excellent reviews of these
techniques exist in thé li terature by DALE & ANDERSON, (1972);
" SOKAL & SNEATH, (1963); SPENCE & TAYLOR, (1970) ; WILLIAMS & DALE,

(1965) ; . WILLIANS, LAMBERT & LANCE, (1966);: and YEATES, (1974).
‘It is mainly from these sources that the mathematical methods em-

ployed here were chosen.

2.2.1 The pata matrix !

".. Rith the set of ‘crops alréady chosen, the next step in the
grouping process was to choose variables or attributes with whitch .
to dedcribe these crops. Each soil variable. met the following ™~

conditions:
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1. it was important to the growth of the crops chosen;

r ’ )
2. values associated with it varied significantly over the ;

group of crops;

3. data concerning the response of all crops in the popu-
lation to changes in the value of this vari&bla vere

readily available in the literature.

On the basis of these criteria "eight s6il variables were
chosen. They are: Soil reaction (SPH), soil textufé (TEX) ,
available nitroden (NHN), available potassien (KKK), available
phosphorus (PPP), optiﬁhn rooting depth (ORD), soil water availa-

bility (WCN), and soil‘dra}nage requiremghts (ODR).

Several other soil variables were originally considered for
inclusion as well but were suhsequentlf’rejected for various rea-

SOnsS.

Stoniness, topography, and soil structnre, for example, all
play significant roles in deternining crop grovth. Howvever, the
response of most crops to variations in these variables is reia-
. tively uniforn and hence unsuited as input in the calculation of
the similarity coefficients described below. Their iﬁclusion in
the data matrix would inflate these coefficients . and thus jeop~-

ardize the accuracy of the crop groups.

Optimum organic matter. content and carbomate content re-

quirements were omitted because of a lack of data. Tolerance to
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soil salinity is another important variable,ffor vhich data is

both available and vhich varies, in some cases significantly, be-
tveen individual crops. It was neqglected in this thesis because
the study area contains no soils adversely affected by soluble

salts, (MARSHALL ET AL, 1979, p.118-121).

Each variable was divided into a series of classeé designed
to: a) ‘accommodate both euryecious and stenoecious differences
in crop requirements, (KNIGHT, 1965, §.18—19), b) cut down on po-
tentially ambiguous correlation coefficients anrd, c¢) match the

level of accuracy given by the available data.

The data sources used to desc?ibe each crop were nhny. Na-
jor inputs include BLAND, (1971); HUGHES & NETCALPE, (1972):
KNOTT, (1937); LEORARD & MARTIN, (1963); NIEOWHOFF, (1969);
O0.M.,A.F., (1978 a,b); PARKS, {1955) ; RODALE, (1976, 1977); SALTER
& GOODE, (1967) ; THOMSON & KELLY, (1957}; WARE' & HMcCOLLUN,
(1975) ; WEAVER & BRUNER, (1927): WEAVER, (1926); and WORK & CA-

REW, (1955).

A binary wmatrix was_copstructed; The rows represent indi-
vidual crops. The‘colunns-are the individual states of the vafi-
able used to deécrihe the crops. 2Zeros (0) represent sub-optingl,
conditions whereas ones (1) imply optimal éonditions for the crop
in.guestion. The matrix has thirty rows (1ndiviﬁual crops) an&
thirty-nine columns (classes of sodl variables). Portions.of it

@re reproduced in Table 3 below, and in Tables 12 to 17 of Appen-

dix E.
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K . : ) TABLE 3
The first five rows & twenty columns of the data matrix plus a

.description of variable classes
/

r Lj

| SPR TEX - HNW |

M - * [l

1 123856 123456 12345

L - - ']

| ASP 000100 1171001 0000 1]

| BEE 000110 010001 0000 1§

} BRO 0006100 011100 00100 ]

| BRS Q00100 010000 00100

[ CAB 000100 011100 00100 |
| . VARIABLE 'CLASS DESCRIPTIOH [
[ | i ]
[ : , ' ‘ |
] SPH~ -1 very strongly acid <5.0 N
1 2 strongly acid - - 5.0-5.4° i
| 3 moderately acid 9.5-5.9 |
I 4 slightly acia 6.0~6.7 |
i 5 neutral : 6.8-7.2 {
| 6 slightly alkaline >7.2 I
| |
( TEX 1 fine sand i
| 2 sandy-loan |
i. 3 . loam : L
| 8 > clay-loanm {
| 5 clay |
| 6 mack s 1
| |
f / MEN 1 very low 0-26 (kg/ha 1
1 2 low 27-53 available) {
1 7 3 moderate 54-80 i
| S 4 high 81-107 i
| s very high 108-134 I




. 5.1

2.2.2 Ihe GrouElnﬂ hlgorithns ) ' E L/‘%}

Accordlng to WILLIAMS, LANBERT €& LANCE, (1966, p.247), prob-
leas of numerical taxonomy allow for a \Bphoice in the overall
type of cla551ficat1on [thdt can) qp\fdopted, namely between hi-

"(\
erarchical and non-hxerarchlcal (ie. YTeticulate) systeas". The

difference between these two typey is that hierarchical {aggglom-

erative) methods attempt t divide a population accordihg to a
rﬂ_fﬂ/pfs

progression of its most efficient steps whereas non-hierarchical

érouping methods attenpg‘;;—agftne the most efficient or homoge-

neous groups without regard to the ‘*route® by which they are ob-

tained. 1In their inmtroduction, WILLIAMS, LAMBERT & LANCE, (1966,

-,
-

p.247) state that: =~
n,..since no method is yet available which sihultane-
ously maximizes hierarchical efficiency and group hono-
geneity, the user must decide vhether to optimize the
groupings or the route®.

Because of the ultimate limitations of any grouping techni-
que, three independant methods wvere chosen to help define worka-
ble, logicallcrop groups based on edaphic propéerties. They were
principal componants, linkage, and informafion analysis. Figure
2, balow, shows the‘flowuof informatipn and decision—nak;ng gsed
hefefﬁand the role of these analyses within this process.

| ‘

2.2.2.1 Matrices of Interconnection
0f these thre¢ methods, ' principal components and linkage

analysis operate from the same ® similarity matrix. Information

analjsis uses a matrix of - information statistics. It vas hoped

that the use of two independant interconnection matrices would

—
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further aid in obtaining both mathematically and -edapbically

1ogical'groqpé vithdout fear of intermpal or external bias.

The 30[§]30 correlation matrix was composed of coefficients
of correlation betveen each pair of crops. Described by KEITH,
(1972, p.67) and SOKAL & su'za'rn,' (1963, p.134-135), $ vas de--
signed for nmominal data and takes a valué of +1 under conditions
of perfect similarity, O wvhere no pairvise relationshiplexists,

and -1 in cases of péffect diss?nilarity or negative correlation.

See equation 2.2.2.

FOﬁ/any tvo individuals defined by *n' variable states:

2.2.2 [ (A x D)-(B'x C)

V(R¢B) 8 (C+D) & (A4C) #(B+D)
where:

A= nusber of variable states for which
both individuals X & Y have positive (1)
entries.

B= number. of variable states for which
individual X has a positive. {1) and
individual Y has a negative (0) entry.

C= number of variable states for which
individual ¥ has a negative (0) and
individual Y has a positive (1) entry.

D= number of variable states for vhidh
both individuvals X & Y have megative (0)
entries.

“N= A+B+C+D ' \
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: BINARY ENTRY o
DATA MATRIX
KN RN
0 SIMILARITY INPORMATION STATISTIC
COEFFICIENT KATRIX |
HATRIX
&
PRINCIPAL COMPLETFE INFPOEMATION
COMPORENTS LINKAGE ANALYSIS
ANALYSIS ANALYSIS ° {Agglomerative
(Non-hier- (Agglomerative polythetic)
archical) polythetic) CENTROID
CLUSTERING NERREST
NEIGHBOFR
: t
ESTABLISHNENT OF
MEANIXGFOL CRCP
GROUPS
|
[ ] I | l |
GROUP GROUP GROODP GROUP GROUP UNGROUPED
A B C D. E CROPS

Figure 2: Box diagran shoving the flow of information employed
by the author in crop grouping procedure .
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The second matrix of interconnections employed in the crop
groupin@_procedure todg Fhe samne dinens;ons as the first. TIts
entriégg“houever, \;ere information statistics. In this study
pairs éf crops .are exauined;-nisorder, or AI, is a measure of the
degree to which these crop pai:s possess dissimilar optimua
grovth requirements with regard to the soil variables used to de-
fine then;
AT is calculated using the formula outlined in DALE & ANDERSON,
(5972, é.GQO) vhere for every éair of crops 'it*. and *k* defined

by variable state 'j' out of a tota f *m* states:

2.2.3 ATj= (I(k,H-IE,I)-I(k,3)]
and |
AT = 3 A:rj . a
i
vhere

-

I(ik,j)= the total information contained in
both crops at variable state 'J'.

I(i,3)= the tota? information contained in
crop 'i' at variable state *'jt.

I(i,k})= the total information contained in
crop 'k' at variable state 'j'.
Large values of AI indicate that the joinimg of two crops to
form one group can only be made by sacrificing a large amount of

information. Thus, the crops are relatively dissimilar. Con-~
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,versely, if two érops have nearly identical soil requirements for
growth then the amount of information lost by fusing then into

one group will be very small.

-

2.2.2.2  Principal Components Analysis (P.C.A.)
P.C.A. is a non-hierarchical taxonomic techniqué. "When used
in probleas of classification or grouping it searches to create
~and maintain group efficiency irrespective of the route by which
these groups are‘obtained. First developed by HOTELLING; (1933),
its oper;tional characteristics have been well described else-
where by CATTELL, (1965); DURAN & ODELL, (1974); RONMEL, (1967);
YEATES, (1974), and numerous others. GOODALL, (1&5“), provides
an excellent review of its use in vegetatidn studies, and PHIPPS,
(1968 a,b,c), demonstrates its applicability to land-use apnaly-

sis.

Here Q-mode P.C.A.. (as opposed to ﬁ-node) vas enploged.be-
cause the objective was "to discern patteérns of individuals
[crops]", (RUMMELL, 1967, p.446), rather tham patterns of varia-
bles. ,#~The factors which are ultimately createﬁ represent combi-
nations of the eight soil property variables. ' The loadings on

each factor reveal the extent to which each crop is influenced by

changes in that factor.

Followving recommendations made by KING, (1969, p.174), and
yEaTES, (1978, p.221), factors which explained less than £ive

percent of the total variation in the set of crops were ignoredf(

. N

-



) : 36
Irplementing this convention left five relevant factors which are

interpreted in Appendix D. s

. »

AR tentative grouping of crops was made by examining each
relevant factor - graph, Those groﬁps of points (crops) most
tightly clustered (internally homogeneocus with resp;ct ‘to each
factor graph) and autonomous with respect to other clusters (ex-
ternall& heterogeneous or unique) were taken to be the logical
groups derived by the analysis. Factbr Ioadings, factor eigen

values, percent explanation of total variation by each factor,

and cumulative pércentage explanation are shown in Table 4.

&)

2.2.2.3 Linkage nndlysis _

This grouping procedure vas implemented both as a reliabil-
ity test on the groups formed by P.C.A. and as an aid to better
_ nnderétandigﬁ the hierarchical structure involved in. crop group
formation. l Ii‘ is an agglomerative, polythetic, hierarchical
classification tool which uses, as input, the same similarity ma-
trix as P.C.A., (VILLIANS, LAMBERT & LANCE, 1966, p.428). The
agtual implementation of this technique was greatly-simplified by
using the I.M.S.L.® computer library suh—routineé "OCLINK" and

"JSTREE".

¢INSL = International Mathematical and Statistical Libraries, 6th
floor, GRB Building, 7500 Bellaire Blvd., Houstomn, Texas, 77036.



TABLE 4
. Y
- Factor scores
r - Y ¥ : | T T
| PACTOR { GPNERAL|NUTRIENTS |WATER |TEXTURE{REACTION
{EIGEN VALUE | 12.78 | 3.06 | 2.33 | 1.98 | 1.62
|% BXPL. | 42.62 | 10.22 { 7-79 | 6.62 ] 5.39
|CUML % BEXPL |: 82.62 | 52.84 160.64 | 67.26 | 72.66
L [ 1 L 1 1
| § L | | | k | L)
1 1-ASP | 0.49 | 0.51 [-0.37 | -0.183 | 0.25
| 2-BEE i 0.60 1 0.25 | 0.84 | -0.22 ¢ ~0.24
| 3-BRO | 0.73 { -~-0.08 | 0.89 | ‘0.22 | -0.01
| 4-BRS I 0.62 | 0.02 | 0.56 | 0.13 |} 0.05
| 5-CAB | 0.74 1 0.08 } 6.43 ¢ 0.04 | -0.22
| | I | i [
| 6=-CAR I 0.59 1| 0.54 1-0.28 | -0.28 | -0.05
t 7-CAU | 0.77 | 0.12 i 0.49 | ©0.15 1 0.10
| 8-CEL [ 0.61 1 0.06 I 0.33 { 0.08 1 0.37
| 9-COR I 0.64 | 0.24 1-0.07 | ~0.18 | -0.12
110-CUC § 0.81 1 0.08 |-0.08 | 0.06 | -0.01
|- : [ i | 1 |
| 11-PEA i 0.70 | =-0.53 1-0.08 § -0.20 { "~0.06
| 12-PEP i 0.66 | 0.00 | 0.16 | 0.45 } =-0.29
[ 13-LET 1 0.69 | 0.35 { 0.00 | -0.39 t -0.10
1 14-0N1 [ 0.74 | 0.38 1-0.10 | -0.37 | -0.06
| 15-PAR i 0.67 1} 0.54 1-0.25 { -0.16 | -0.06
| | t | 1 )
1.16-POT | 0.55 | 0.36 t 0.18 | 0.09 } -0.04
1 17-RAD i 0.68 | -0.35 1-0.16 § -0.28 | -0.26
| 18-BRS ]. 0.78 1 =-0.43 1-0.09 | -0.07 | 0.03
| 19-5PI I 0.57 1} 0.03 1-0.31 1 0.49 | =0.12
120-800 i 0.64 | 0.02 1-0.24 | 0.49 | -0.27
i ‘ 1 | | i }
{21-TON i 0.54 } 0.05 1-0.32 ! 0.35 ¢ 0.12
{22-TUR ! 0.65 | 0.11 (~0.39 ] 0.26 | -0.06
{23-APL 1 0.58 | =0.23 ¢ 0.12 | =-0.29 1 0.35
| 24~-BLB i 0.47 ) -0.39 | 0.0 | -0.31 1 0.38
}125-RAS | 0.66 | 0.08 }-0.69 } -0.11 | D.25
| | | i } |
126~-STB 1 0.63 1 -0.06 1-0.03 § 0.27 ¢ 0.53
127-BAR | 0.61 ) =-0.52" [(-0.28 | _=-0.15 ) -0.28
| 28-0AT | 0.60 | -0.22 1-0.3"1 )1 0.18 § 0.u85
1 29-RYE i 0.75 1 =-0.44 1-0.13 | 0.08 | =-0.12
130-S0Y 1 0.49 | -0.51 ! 0.00 | ~0.25 | -0.28%
1 i . A 1 A b G |

b-———-————-n-—————————-———_——-u-_———_——-——.n—d

™
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Completg descriptions of linkage analysis way be found in
ANDERBERG, ¢1973, p.131-139); HARTIGAN, (1975, P-191-214) ; and

" YEATES, (1974, p.93-97).

The crop groups formed by' linkage analysis were quiée simi~
lar to those SUggested.by P.C.h.,  However, the cut-off correla-
tion level at which gﬁese major groupihés occurred was at times
very low (§= 0.305. ‘In these cases raising the correlation level
created groups so small that. they corresponded'poérly 'vith_the

clusters suggested by P.C.h.

In addition several 6f the groups formed by linkage analysié
Acontaiﬁed crops w«hich, vhen cross-referenced with the original
data -matrix, had important soi;rproéerfy preferencés which did
hot correspond well with the preferences of the rest of the
group. Information anaiysis ua# chosen to help clarify the

-

groupings.

2.2.2.4 Ihforﬁation Analysis
~Described in:dEtail by WILLIAMS & DALE, (1965) ; WILLIAMS,
LAMBERT & LANCE, (1966); and DALE & ANDERSON, (1972), tae actual
mechanics of this technique hre_very similar to'tgpse of linkage
analysis except that instead of using a mearest neighbor approach
to update thedIl statistic matrix a cengroid algorithm iiigsed.
- When group X is -formed by joining individuals (or groups)) Y and

Z, all the records and coefficients involving either Y or Z are

deleted. Instead of feplacing them with one or other of the val-

L
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t
ves of Y or Z (nearest neighbor) the algorithm returns to the

data matrix. A new AI is then calculated between the new group‘&

and all remaining crops or groups.

The groups suggested at reasonable entropy levels in inform-
.ation analysis, and the data clusters projected by P.C.A. vere
very similar to one anothér. This mutual support enabled'the
folloving examinations to be made before crop groups were final-
ized.

1. The numerous clusters outlined in P.C.A, could be
checked by information analysis to determine the amount

'Y
of information lost by considering component members of

-a cluster as a single group.

2. The potential groups could ther be cross-referenced
vith the original data matrix to ensure that the soil'

conditions of that group vere indeed homogeneous,

By juggling potential groups hack and forth between 'the
stréngth of ‘their loadings on different factors, the degree of
information lost by fusion, and known soil conditions as revealed
in the data matrix, five main groups were formed. They‘ar; seen
as very efficient both qith respect to intprﬁal, homogeneity of

soil requirements as well as with respéct\to the amount of in-

formation lost from the system by way of their creation.
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2.3 RESOLTS P
In all, ¢£ive groups vere finalized which represent the di-
mensions qf variation present within the total set of crops. In
addition‘?here . remained seven crops vwhich, by nature of their
particular soil requirements, did not appear to fit into any one

group. -
2.3.1  group 3

Group A is composed of six crops: barley (BAR), beans (BNS),
field peas (PBA), radishes (RAD), rye (RYE), and soybeans {soY) .
0f all the groups exarined it is one of the most homogeneous with .
respect to sail-reguirenents. In P.C, a., it consistently'nain-
tained tightly grouped clusters vhen graphed against all combina-
tions of factor pairs. ‘Most of these clusters vere well sepa-
rated {ie. distinct) from the rest of the crop population.. Some,
however, nmerge with group B, and occasionally with group C as
vell, Seé‘Appendix D for graphical representation of crop group
factor loadings ﬁlotted against all pairvise combinations of §hé

first five factors.

This group is also well defined by linkage ana1y31s in which

it appears at a correlation level of 0 475,

Information analysis provides the final confirmation of the '
validity of this group. The total ‘entropy of the set of crops
vas calculated to be 1.11. This group is formed at a level of

-~

0.3729, It 1is composed of the ‘legulinéus field crops (field
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peas, soybeans, and beans) plus tud.suall grain fiela crbps (bar-
ley and rye); and a root crop {radish). Group A crops prefer
noderately acid to’ slightly a1;L11ne sandy-loams to 1oals con-
taining noderati nmitrient reserves. They are not especially deep

rooting but require lots of water in vell-drained sites.

2.3.é Group B
Group B is composed of seven crops: asparagug {(ASP), .beets
EE) ; carrot (CAR), corm (COR), lettuce (LET), onion (ONI), " ana
parsnip (PAR). It appears to be the second =most homogeneous
-group of crops derived im this study. P.C.A. displays this group
in relatively well) defined, Q}stinct clusters when graphed
against most pairs of factors. This is especially true when one
of these-is factor 2, {(nutrient requirements). In cases where
this group 4is graphed againﬁt factors other than nutriénts it
forns a close association Hith.-gronp A, .- Therefore, apart fronm
nutrient requirements, these two groups can grow well under verl
similar soil conditions. p, C.A. suggests that this is especiallj
the case with regard to pH, soil.noi;ture and drainage require-

ments,

Linkage and information analysis agree in general with the
clusters suggested by PVC.K. The linkage algorithn unites thg
cére of this group (parsnip, carrot, asparagus, onion, lettucg;
corn) at a correlation level of 0.368. tn addition, it incluedes
cucumber (COC) in its sidst, but fuses beet (BEE) to what is de-

fined below as group C. Information analysis, although recogniz-

ing the éore, represents this group im a sfightly different way.
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Here, asparagus, lettuce, omion, carrot, and parsnip are joined
at AT = 0.4765 vhile both beet and cormn are included in gpther
" groups. l ’

R final decision as to the crops to be contained in this
group thus became a classical c¢ase of reviewing factor loadings;
fusion lévels, and perhaps most i-portantly; the original data
;atrix in order ¢to dérive gfoups which' made practical sense. . '
BEE, for example, grows optimally under a wider pH range thé;:// B
most group C crops. In addition it grows well in muck soils and
‘has very high NNN requirements vhereas most group C crops do not.
These characteristics sade it much more suited to groﬁp B.

2.3.3 .vggggg c

_ The third group c93§$§£s of tpe cole crops: broccoli (BRO),‘
Brussels sprouts A(BRS),. cabbage (CRB), and cauliflover (CAD) .
These late-harvested, cool season crops form tight clusters when
graphed by P.C.A. against all pairs of factors. Thus the homo-
geneity of reguirements of this group, as confirmed by an exani-

nation of Table 15 in Appendix E is assured.

Linkaée analysis does not single out this gro;p. . Cauli-
flovef, cabbage, beet; potéto, Brussels sprouts, broccoli, and
green pepper are joined vhere § = 0.372. Inforration amalysis,
on the other hand, fuses broccoli, Brussels sprouts, cabbage, and
cauliflover together at aﬁléntrppy level of only 0.3432. Remen-
ber, of course, that high values of § and lov values of AI mean

strong pairwise assbciptiou.

v
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2.3.4 Group D
Group D is composed of three crops: spinacﬁ (SPI), squash
(SQU), and green pepper (PEP). It is a readily distinguishable
cluster in P.C.A. and in four out of nine cases it emerges as a
tightly packed, isolated groap, ostensibly showing different
characteristics from the rest of the ¢Grop population as a whole.
. In the other five cases the clusters are less readily identified
- ‘becanse it merges in close association with either group C, A, or
other individual crops which, by their pariicular unigque soil re-

quirements, were not grouped. ’

Linkage analysis identifies the core of this group (spinach,
squash) ° at a correlation level of 0.73% but fails to recognize
green pepper as a potential member. Instead it prefers to place
this crop.with broccoli which eventually becomes a member of

group C at the 0.312 level.

. ! :
Information analysis, on the other hand creates this group

}V/«"> at an entropy level of 0.3897. 7 .

2.3.5 Growp E

ﬁeyond the four major groups identified above one'othe; pair
of crops was génsiﬂéred to have soil requirements sufficiently
similar to warrant their grouping. These vere strawberry (STB)

b d , .
and oats (OAT). In over half of the factor graphs these two

e

crops form a distinct gnd isolated cluster. 1Im other cases groyp

E exists in close association with other groups, particulan}y

(/,- groups C and D. ‘

' . t;\
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Linkage and infornati&n analysis alsgo recognize t?is‘group.
The former creates the fusion at a correlation level of 0.734 and‘
éhe latter at a very low entropy level of 0.2236.
2.3.6  Ungrouped Crops )

“In addition to the five groups established by P.C.i., 1link-
age, and infornation‘analysis there renained'severﬁr crops which,
by nature of thei; specific and sometimes particular soil re-
quirements did ‘not iaffant being placed in one specific group.
Blueberry (BLB), for example, has pH reguirements which would be
toxic to most other crops. It vas, therefore, left ungrouped.
‘Most other crops meet the partial requiremen&s of several differ-
ent groups vwhile never meeting all -the requirenenﬁs of one group
exclusively. - These crops are tona;o (TOM) (associated vitq.
groups A,B,D,E)~anﬂ apple (APL) (aégbgiated with grdups A,B,D,E).
Finally, two crops, potato (POT), ‘ggé raspberry (RAS) are some-
times aésociated with a partjcular ggﬁﬁg;. but more often, are
isq}ﬁ&eﬂ, unique individuals Potato,’for example, finds itself
nos# strongly associated with group‘B crops but is frequently de-
picted by P.C.A. faétor graphs as possessing somewhat unique soil
requirements. This is due, if is suspected, to a lack of a char- .,
gcteriséic pattern of soii-reqnireients for optinum growth on the
part of potato. -Sililar-conclugions vere made with respect td .

the status of raspberry in the grouping;proqedure.

A scenario has now been established which contains five crop

groups and five individual crops. Any or all of these groups or
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iﬁdividuals could be elplg?éd as iand-use type(s) in the soil
suitability methodology developed below. A‘full scala project
concerned with the evéntuaf land evalu;tion of an area ibﬁld en~
ploy all the members of the scenario as well as other agricul-
tnral_and non-agricuitural use types. The results would be ;é-

veral sets of suitabiﬂ{ty indices (one for each use type).

In this thesis time, labour, and capital constraints permsit-
ted only one crop _group to be inbut as a use type .into the-soii
suitability model. Crop group A was chosen for two reasoms.
Flrst,‘ 1§ was one of the most homogeneous groups derived. Sec-
ond, and:most important, crop group A's members are primarily
field crops. It is similar to that crop grdup for which a soil
capability study vas made in the study area by BARSHALL et al,

(1979) . ‘

The hypothesis can be made that suitability indices derived
here should correlate well with capabiii;x classes if .the foramer
‘are accurate. Thus, the possibilif? exists of testing the re-
sults ganeraéed by the suithbility aodel. This #satter is dis-

cussed more fully in Chapter 4.



Chapter ITY -
SOIL SUITABILITY ARALYSIS
mlLand classification itself is not an end. It is the
means tovard an end. The desired result for which land
classifications are created is an improved physical and

economic environment in which people can live more
productive and satisfying lives." (P.A.0., 1974, p.1)

3.1  INTRODUCTION

A similar problea is fac%g by many land-use planners, fores-
ters, agriculturalisis and others concerned with rating the qual-
ity of land for differemt uses, (NIX, 1968, p.77). EPBach of these

professionals aust haves:

1. &‘knovledge of the landscape itself: a data base in
vhich those parameters most relevant to the ;pecific
land-use {or uses) under consideratiom have been iden-
tified, ieasdreﬂ, and spatially delineated across the

landscape beimng scrutinized.

2. an understanding of the needs of each land-use type: a
knovledge of how variatioms in the conditions or states

of each parameter in isolation affects the performance

~

3. a method of rating how well a particular landscape is

of the use.

adapted to specific land+use types or, - in other vords,
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a systeam which determines how well (1) amnd (2) above

match?,

The second stage of research im this thesis involved design-

1 R . ~
ing and implementing a method which, it was hoped, (Egﬁld accuy-
rately genmerate indices of current or mactual® land suitahility

for different land-use types.
. =)

The P"testing ground™ for this particular study va# seil
suitability of specific sites im S.E. Reéean Township for crop
' group;n. However, i;\ ould be fe-enphasized that the operating
Acharacteristics of the thod described below are seen as appli-
cablé to a var;g&zggﬂfworking scales as well as to land-use types

——

not necessarily agriqultura;'in nature. g

The next sectiop of this chapter describes the deSirab?e
charactéristics o% a method of deriving soil suitability, out-
lines a ﬁay of operatibnalizing these'concepts into a computer
model, and illustrates the model's operation with a simple exam-
ple. Section 3.3 is devoted to a discussion’of the test data

subsequently input.into the model.

__----___________:;Q\ ) e v

7An interesting di ssion on the interpretive value for land-use
planning of diffdrent rating scales 1is given by CENTRE FOR RE-
SOURCES DEVELQ}HEET, (1977, p.6-52) and BRINKMAN & SKYTH, (1973,
p- 38-!’0) 3 * ’



3.2 THE NODEL

~ The purpose of the techmique outlined below vas 'to.assigﬁ
numerical indices or rating points to specific, internally homo-
geneous land units. These indices were to represent the units®
chrent or actual land suitability (as defined in Chapter 1) for

producing or sustaining different land-uses. ’

iy

3.2.1 General Characteristics

As a starting point t$e definition of a'paganetggé approach,
given by RIQUIBR, (1974, p.42), agd guoted in Section 1.2.84 was
used. In the light of several strong criticisms made by VINK in
BRINKMAN aﬁd SNYTH, (1973, ©p.38), concerning the ability of the
_parametric models so far developéd to actually meet this defini-

P
tion, three additional desirable properties were added:

Y
1. Because the same soil factor Qﬁﬁén has a different in-

fluence on plant production (or aﬁher uses) depend ing
on its interactions with other factors, these interac-
tions were taken into account. This is a principal

characteristic of the "integrated® approach described

by MABBUTT, (1968, p.16=1T7).

2. It was also.decided to pay strong heed to the partica-
lar needs of specific land-use types (such as those
created in Chapter 2) insté&d of assessing sites for

agriculture in general.

wa
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3. A system of signalling potential lilitihg factors at
specific sites was also seen as a useful feature of any

method used to derive land or'soil suitability.

In addition, three other characteristics were incorporated
[} 4

[
by this author:

.

_ 4. Providing that a base data has already bdgn gathered,
the model should be quickly and easily imﬁi;nented in'
order to alleviate, if omly partiaily, many of the
problens faced by overworked pedologists, and agronoa-

ists as mentioned by STEELE, (1967, p.1) and alluded to

by the SOIL SURVEY STAPF, (1962, p.365).

S. Providing that necessary input data is available, the
model should be capable of producing results which are
consistently and sclentifically reproduceable by re-

searchers eaploying it.

6. In these times of financial restraint, the model should

be inexpensive to operationalize.

With these criteria providing a conceptual framework, the

- technique described below was developed.

3.2.2 Blements of the gégg;_

Two mathematical constructs form the heéart of the éﬁ}l_shitﬁ
ability model. -Ehe first is a row vector, i[S]n, representing a’
single site or homogemeous land area. It is canposed of binary

»
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entries a(j). Each entry represents one of the_'h' soil variable_
states or classes into which those variables pertinent to the
land-use under consideration have been divideds, An entry a(j)
equal to O signifies that variable state *3* is not present at

the site. Amr a(j) equal to 1 is present at the site.

Since it is assumed that each site or map delineation is a
relatively ﬁomogeﬂeons eniity ¥ith respect to land conditions it
follq:s that, at least theoretically, only onme class per variable
should have an entry equal to 1. In reality this should tsually
be the case, depending, of course, gepon the scalé a£ vhich pedoe;
cologicai data has been identified and mapped. Since, however,
most variables are measured on a continuous scale, each variable
state usuvally represents at least a narrow range of values.
Small variations within a site are therefore ustally accounted
for by one‘variable‘state. 7In this study, for example, ;he vari-
able ‘called soil depth (DEP) was divided into five vwvariable
states or classes. Class 1 ranged from 0.3 - 0.8 metres; class 2

v

spanned 0.9 - 1.4 metres, and so on.

It should be noted that the proper operation of the model
hinges wpon allowing only ome class pervvariahle equal to 1.
Variables must, therefore, be subdivided in sqéh a vay as to ac-
commodate slight internmal variations within ‘'sites and, at the

sane time, retain relevance to the land-uses under consideration.

8The use of matrices to store and sanipulate data was inspired by
the author's thesis supervisor, Dr. W. PHIPPS.

~
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In most studies qf soil suitability the ‘researcher will be
concerned with a regipn which ~has been subdivided into hpuogene-‘
ous land or soil areﬁs.' Iﬁ other words, igstgad of examining a
single site, many sites will be ;assessed..' This i the case in
this thesis, - Nuaerous siteé_hay be accommodated by modifying
1[S]a so that it becomes u{ﬁ]n. The n[S)m is a litrii coiposed
of *n* row vectors of the type described juét'aboveg\\\nach site
is represented by a. hniqﬁe row vector ;i@ the n[S)s matrix as

G

shown in Pigure 3. : ) ¥ "

4 | . ~

| YAR? VAR2 YAR3 ——3—— soil variables
labcd 22bcd 3abc ad :

! o . 2

ISITE A 1000.0010 1000 | ““state "a" of VAR3

ISITE B 0100 0100 0100 §

JSITE C 000D 1 0D1'0p 00D 1 \\l not present at SITE B

[] ]

7 - \ ,
_ ‘ present at SITEV/(/%

.Pigure 3: A hypothetical 3-row sfte matrix

The second major element of the model is a matrix, dggoted
here as" n[Uiﬁ. This matrix expresses the de&ree to .whicﬁ\fhe\
states of soil variables, used in the”creation_of n{S]m, actually
meet land or soil requirements for a single land-use tybe; The
entries, a(x,y) of each rev and each coluan corrgspond to a sin-~-
gié variable state and may be labled in the same 'Hay as the "3
or horizontal ﬁxis of nfS]m, (see Piéutes 3 and &), .

#-
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Encorporated into ![U]m' are tw&'kinds of numerical values.

The first is a rating representing the pétential suitability of
each‘variable state for the land-use being exanined;_ 1ssuming
that other variable classes are invariant and optimunm. These
ratings lie in the "a" entries makipng up the diagonal of the ma-
Q}trix.. They correspond, in Humerical terms, . to the shades of
white-grey-black employed by McHARG, (1969, p.32-41), in his

land-use planning maps. ,

If "v" equals the npumber of/;§ertinent variables ;n (U Jn
then the gecond type of value lies in the (ve(v-1)/2) subpatrices
positioned ﬁelou the didgonal. These contain the pairwise inter-
actions which occur between conBinations of d;}ferent variable
sta£es. Interactions are defimed here as the difference Qg;géggh'
fhg rafed effect that tvo:coexisting variable statés have, add
tﬁe effect geﬁerated I each va@?«ble state in isolation (assunm-

ing other variable stateé'constant), upor a contribuntion fp soil

suitability. Thef may be positive (synergistic), neutral {(no_ef-~

fect or interaction), or negative {limiting). RUSSELL,/ (1973, -
P.-55), states that: l - ‘
"...if two factors are 1limiting, or nearly limiting

growth, adding [correcting] one of them will have 1it-
. tle effect on grovth while adding fcorregting] both to-
gether vill have a considerable effect.- ' Two such fac-
‘tors are said to have a large positive interaction in
such circumstances, for the response of the crop to
both together is 1larger than the sum of the responses
to each separately. If the crop. responses to the tvo
factors together equalled the sum of its responses to
each separately, we would say that two factors showed

. no interaction...a if the response to.the two factors
togethegr vas less th the sum of the respomses t
factor separately, they are said to have a nega
teraction with each othar.m
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In -practical gerls,i the interaction values .- employed in this

thesf% are an atteapt to solve one of the problems of parametric

_approaches brought to light by VINK in BRINKMAN and SMYTH, (1973,

1,

p-38B), above, and discussed in Chapter 1. Sl

o

The upper half of m[U]la (ie. those entries to the right of

" the diagonal) as well as those entries lying between the diagonal
-and the adjacent sebmatrices belowvw it are equal to 0. This cre-

ateés, in essence, a triangular matrix, (CAMPBELL, 1968, p.61).

Aléhough not the case in this thesis‘for reasons given at
the enﬁ of Chapter 2, the researcher uill frequently be concernéd
vith the assessment of soil suitability for several different
land-use types 1in an area. Each type will presumably perform
differenély under a séecified set of soil conditions. The rat-
ings along the diagonal of n[U]p as well as interactiops ui;llbe
énique to the ugg.being studied. Therefore, each use type will

requife its ovn 'space' within the suitability model, ‘The cre-

~ation of ' this  space is achieved by transforming m{0)m into a

-

threerﬂimegéional_data array denoted here as n[a]m. The'n[aJm is
a thteé—dimensional data table coaposed of 'u' -af0]m matrices.
Each separate matrix, :represents a unique land-use type possess-
ing its own ratings égd intenegtionsf As the reader should have
surmised, the creation of ihis‘third dimension of a{0]a is an at-

tofift to solve another of the” key problems of parametric ap-

proaches put forth by VIFKK and discussed in Section 3.2.1 above. -

. : ' =
FPigqure 4 is an example of a hypothetical 12[g]12 array?. :

A
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Pigure 4: A hypotheiical 12[3]12 array

VAR 1 VAR 2 VAR 3.
mz‘lla b ¢ d2a b ¢ d3a b-.c d
use v 1]olofololojoloj0l0]l0|0
Y ol2lolololololotolololo
s X alojolofJolololojojo]ol0]0|0
Y ol31ololololololololofololo
. I2]loJolo]olololo]ololojo0}ol0]0|0
AR 1 . [o{a[ololojololo[o{0[0]|0}0{0]0}0
. Jolol4]o]ololojolojoj0j0}0[0]0|O
< loloJol2]olololo]o]o]0]0}0i0]0l0
.. 11101 F2]3[0]0(0]0[0]0{0]0[0}0|O
AR 2 L1171 A lolalololo]oloj0]0{0]0j0
. Iololo]1]olo}3[0]0]0[0]|0]0|0}3/|0
s [T 28llololo[1]0]o[0[0}0]0{0]1
w LA Fo[Aa]112]3]0]0]0)3]|0 roo

VAR 3 b 0 1 2 0 2 1 1 -3 0 4 0 0 02 rating points slong diagonal

. Jololol4]o]1]o[1]o[0]2]0 '
doieoqezoooo;g/j

interaction wbmllri:E} .

. . .
S D AR R 3
. .
.

°Tn actunal fact ythese 3-D arrays or aultidimensional tables are
not found in hamalgebra. They have, howvever, proved to be a
most convenient form of visualizing the storage and manipulation
of large and complex data sets particularly vhere computer pro-
gramning is involved. : . ;
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3.2.3 Operation
" Those readers requiring a less formal discussion of the soil
suitabilit} model*s operation are referred to Suhsec?ion 3.2.4,

-

below for a simple example.

-Suitability indicés are calculated in a series of :three
basic qteps. A fourth operation which singles Ou;'potent;ally
strong limiting facfo;s is discussed at the end: of Appendix F,
The explanation réstriéts itself to the calpulation of one suita-
bility index on one site for one lénd-uso tjpe. Thefefore pﬁe
si?e matrix, n{S)s, is actually a row veq?or, 1(s)a, and l[aqniis

simply a[U]m.

2

1. ~
The first operation is to calculate the dot

productt® of the r vector, 1[S]a, with a['U]a. This
Yields by definition™amother rovw vector, denoted here
as MIm. Cotitained in its wan columns are the rat-
ings; inferactions, and coabinations of the tvo, asso-
ciptgd with the land-use 0 at site S. The equation
takes the following form:

3. 2.1 1MIm = 1SImen[U]n

P

.-

10For those unfamiliar with matrix nultiplicatibn see a) CAMPBELL
HueG., (1968) b) SCHNEIDER, H. - § G.P. BARKER, (1968), or c) DEN-
IS~-PAPIN, M. & A. KAOFFMAN, (1969).

e e e e e e T
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2. _ 1[I]i'represents an intermediate step in th$
calculation of suitability indices. Before the latter
. can be derived I wmust first be tran3posed. Such a

transformation yields a column vector, R[I.t ).

ihe‘final‘ set of calculations 1is similar to the
first. The basic operation is a dot product of 1[S]n
vith a{I.t]1 to create a scalar, 1{Cs)1. 1[Cs]1 is an’
index of current or actual suitability of the sites de-

scribed in 1[S]m for the use represented by o U]a.

Calculated bf'the equation:
Oy
3.2.2 fCs1 = 1[sIa enfI.t]

it is, essentially, a suamed synthesis of those rating-
interaction combinations described above which are ac-
tually found at the site ana are relevant to the use in

question.

The three steps outlined above. élbody the basic operating
characteristicé of the model, Figurels is a diagrasmatic repre-
seﬁtatidn of these steps., It is characterized by a simplicity
apnd an elegance of operation in vhich interactions are systemati-
cally accounted for. The expansion of thgﬁuodel to acconnodate
many sites is made by addin§ rovs to 1[S]a. HInm increaseg its

rovs and a[I.t]1 expands its columns accordinglg*\\\Several uses
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can'be incorporated by adding a third dimension to. a[U]= as de-
scribed above. [ Cs )1 expands with these additions. Under oner
use it gains successive rows as the number of sites increases;
It should be noted that\éhqp additional rowvw entry is the producgt
of one row vecto; in n[S]a by one column vector of a[(I.t]Jn. Then

-with the introduction of more land-use types, columns are ap-
pended. ‘Futther elucidation by means of an example may be found
below. Subsequently translated into Fortran!?! by iﬁe aﬁthdr, the
nodel was entitled LASTANN2Z, LASTAN, in its present state; can
handle up to 150 sites and 5 different,K land-use types, describeg
hy a maximum of 10 factor variables divided into a total of 50

variable states (see Appendix F).

3.2.4 An example

To further clarify hov this model works an example using hy-
pothetical input data has been set up. It involvas three sites,
each of which is described by the variables: , texture (fEx), to~
pography (TOP), and drainage (DRR) . Each variable has been di~
viﬁed arbitrarily into four classes or states as shbwn.in Table

5.

For simplicity's sake it vas decided to use the same site

matriz, 3[S]12, as showi in Pigure 3 above. = An examination of

- o e o o e o . ¥

1tActually WATFIV "Structured" Portran.

12LASTAN = Land Suitability Analysis. ©Land™ was used instead of
"Soil" for reasons discussed in Chapter 5.
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TABLE 5

Description of variables, classes, and rating systew used in soil
suitability example

) L]
| VARTABLE NAME CLASS DESCRIPTION RATING SYSTEM |-
' I.DI . N . '
i |
1 - —
ITEX Texture 1a Sand |
| 1b Sandy Loan 4 - Excellent |
| 1c Clay Loanm !
i 1d Clay 3 - Good i
| !
1 TOP Topography 2a ‘Depressional 2 - Poor |
| 2h Flat |
| 2c Gently sloping 1 - Unsuited 1
i ‘ 24 Strongly sloping |
I - I
IDRA Drainage 3a Excessive |
1 3b Good |
t 3c Inperfect |
[ 34 Poor 1
[ ]

1

this matrix in conjunction with Table S reveals that site 2 is
characterized by sandy-textured surface soils, a gently sloping
tgﬂography, and excessive drainage or a.droughty moisture regine.
In reality such soils fit a cursory description of landscape
unitslactually found in the study area, particularly those of the
Uplands Association, (MARSHALL et al, 1979, p.105-106). Site C,
in contrast is poorly drained, somewhat depressional, and is com-
posed primarily of a clayey surface texture. It closely resem-
‘bles several members of the Dalhousie Association, (nlBSHiiL et
al,-1979, P.57) « Site ﬁ is well-drained,  level, and of a sandy~-
loam texture. Some of the soils in the Jockvale Association have

similar properties, (MARSHALL et al, 1979, p.72).
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7
Each site was rated for the production of barley under the
assumption \‘that above-average =msanagement Jlevels would be en-

ployed.

Barley as high drainage'requirements, prefers_flat to gen-
tly sloping terrain amnd clay-loam to silt-loam textures. With
these optinﬁm conditions in mind the variable states and interac-
tions occur;ing.betveen states: vere rated in a hypotheticél

-12[0]12 matrix. This matrix is identical +to the first layer of

12[g]12 shown in Figure & above.

Again in the interests of simplicity, ordinal dat;, based
upon a rating systen devised by the author (see T;bLe 5, above)
and information available in BLAND, (1971, p.71-76); DUBE, (1976,
p-87); HUGHES SSHfFSON, (1957, p.75—130,309;31ﬂ); LOGSDOXN, (1977,
p.157); MACK, (1965, p.340-345), WEAVER, (1926, p.175-179), and

others, wvas used.

-

) Stage™pne in the calculation of 3[{Cs]1 was to first obtain
3[I]12 and it ose 12[{I.t]3. A guick run~-through pf the
calculations of gg;;;g§ a(1,}), a(1,3}, and a(1,mn of 3[I])12
should serve to Qenonstrqqe both how the rest of the latri; vas

derived and the significance of the entries in each row of I.

I a(1,1; vas calculated by the following equation:
\ m l
3.2.3 I a(l,1) = (¢ Sa(,i) » U a(i,1) )
t=1 -

vhere n = nuaber of éolunns in 3(s]12 and_the nuaber
of Tovws in 12[U]12 )
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" It is represented diagramaatically by Figure 6 felou.

a = an entry in either S or U

ol
TEX TOP DRA
abcd2abcd3abececad

— e
-l

T

S S——

SITEA{ 1000 0010 1000

—
11a}
—
+21 class rating

j+1] interactions

Ia(l,) =2+ 1 -2 =1

FPigure 6: Calculation of entry a(1,1) of 3[I]12

This entry, as shown below, is considered relevant or nseful
as partial -input to the final suitability rating ofsSite 2 for
barley because it embodies the rating of a condition present in A

vith interactions associated with that condition and other varia-

ble states. '

The entry I a{(1,3), on the other hand, proves irrelevant.

It is calculated by the equation 3.2.4% and is teprésentéd by FPig-

ure T below.



./'"’\

B it b St B e T

m -
3.2.4 I a(,3) = J(Ssa(1,i) e 0 a(,3) )
= ‘
[ - -
I TEX TOP DRA ]
] labcd2abcd3abcadi
| J

Ly R
SITE A 000 0010 1000
190 RS t

- 1

A
4

Ia(1,3) =0+¢0-1=-1

-

T L O T R PSS T T e e

interactions

Pigure 7: Calculation of é;try a(1,3) of'3[;]12

»
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¥otice that the result, -1, représents only one interaction

vhich does not occur in conjunction with ﬁ?nditions actnglly

preéent in Site A,

Calculating I a(1,7) vyields another resulélrelevant to Site

.

A. Here a value of #4 was 5ﬁisiged from the equations

%
B m
3.2.5 Ia(,?) =2 (Sa(1,i) » 0 a,n )
L=t

e e g T ST ARy R L s et
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Pigure 8 is a diagram representing this calculation.
L} . .
i TEX TOP DRA |
1 1labcad 2a bcd 3abcad|]
L § ]
| ) 1
SITEA Y] 1000 CO0OT0 1000
M —— N Y s
&
clqés\fatinq
interactions

- i l-2| . . ‘I

— el

T a(t,7) =0 + 3 ¢+ 1 = &4

Fiqure 8: Calculation of emtry a(1,7) of 3[I]12

—

~

Following throuvgh the rest of stage one calculations allowed
the derivation of 3[I]12 shown below with its transpose 12(I.t]3

in Pigure 9. L ‘

.

The final step in this example involved obtaining the vector‘
producté- of each row of 3({S$]12 by 12[I.t]3. This operation
served to extract and combine the relevant entries of I into a
series of suitability indices displayed im the column vector

3[Cs]1 in Piqure 10.
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3[x)12 - 12 I.t]33
SITE A (+1 -1 -1 #1 -1 -1 +4 =2 «3 0 O O _
' ' ‘ A B C
SITE B (-1 +5 #3 =1 2 +5 #1 -3 0 +4 0 O ‘
. ' -1 =1 0
SITEC|{~-1 0 -1 +1 ~1 42 -2 0 0 0 0 +1 -1 +5 ;\
-1 #3 =1
+1 =1 +1
-1 #2 =1
-1 'I:S-I-ZP
+4 +1 =2
’ -2 -3 0 -
Y +3 0 0
0O +4 O
0O 0 0o '9
0 0 1)
- Pigure 93 3[I]12 and .its transpose 12{I.t]3
8
3fjcs)1 = 14 (wvith interactions) . -
4
A Figure 10: The suitability vector, 3[Cs]1 .
.
These results show that, for barley, Site B rates highest in

.terms of current sunitability. Sites A and C follow regpectively.

¢ A re-examination of 3[S]12 and 12(U)12- shovs that the index

value, 14, for Site B was obtained by first

>

adding the rating

points given to the relevant site conditiomns,

These vere +3

(sandf-loam) +4 (flat toppgraphy) +4 (good drainage). Then an

interaction of #1 each, betwveen topography ‘and drainage, topogra-

phy and texture, plus drainage and texture, added up to a further

3 points to give a total of 14,

B T T S L e TR I IR
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Had interactions woOT been accounted for the louer half of

12[ U])12 would have contained all zeros and the resultant 3[C9Q_/’ﬂ;/f

vould have looked like Figure 11.

Ics = 11 (vithout interaéiioné)

4

Figure 11: Hypothetical 3[Cs )1 suitability vector

-

These indices nearly equate Site A and C together, a fact vhich,
l considering barley's aversion to poorly drained sites, 'dogs not‘
Tealistically represent the relative difference in suitabilities
of ®he two sites for this crop. The incorporation of interac-
tions, therefore, helps Fo accentuate the effect of relationsaips
: occurring betveen variablec. The result, it 4is felt, 1is a’
clearer, more accurate Trepresentation of reallty. This-statelent'

LY

is attested to in Chapter 4, below. K

3.3 THE DATA
3.3.1 2 framework
The choice of data ysed to implement the LASTAN model was

controlled by several guidelines set up to ensure meaningful out-

s;;f- They wvere:



1.

3.

‘group A) for which assessment was ‘to be made;  and ¢)

* '
,ke/f | ' :
that tire”data (ie. variables, classes, rating points,
and interactions)~ to be used yiela resnits consistent

vith and relevant to: a) the concepts of soil snita-

bility discussed in Chapter 1; b) the uses (ie. Kﬁrop.

»
~

the assumptions made regarding climatic (nariation and’

\_\__
levels of management over the stydy area. «

vhich vary significantly within tné study area be us

'iP the construction of n{S]lm and s[U)a in order to kéep

the LASTAN program as efficient as possibile.
o : , g %
That data-mot available both guickly amd at low cost to

" that only variables and- ranges of .associated classq;
e

the author be  ignored because of time ‘constraints. and |

financial considerations. This restrictéd the anount-

of actuwal. field work that could \be perforled and .

;shifted the focus of data collection to the soil sur-

veys -already completed within the study area. -
P - = . . 4

[

That the choice of data used (within the constraints

1

mentioned above) be made in referemce to: a)  potential

users of the resuiﬁs (ie. county faram plannens. indi=

-vidual farners, and’ agricultnral extension agents).'_b)

: the overall physical scale of the project: c) the kinds

e .
of land-use decisions tha ight be made, .in the liqht

of the t:esults. (Bntumu & snnn, 1973. . P«31); and,

most inortantly, d) the possibility of testina resﬂlts;

obtaiped here~against qnlaccep;ed no;.: the capability

-, IR . [N

P . I o ' - N
L . o N

"

T, i : \ Coa
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classes derived by the Land Resource Research

Institute, (MARSHALL et al, 1979), for the same area.

3.3.2 - vafiable selection-‘

Crop group A was originally described by and derived from
manipulations of the soil factors SPH (reaction), TEX (surface
texture): NNN, PPP, ‘KKKh(available N, P, and K), ORD ioptinnl
rooting erth),' WCN (iaier consuiption),. and bDR {(drainage re-
gquiremsents). These factors possess values for opfilun grovth
uﬁicﬁ vary significantly across the set of crops. They are thus

vell suxted to the methods. of nulerical taxonoay elployed ahove.

"

‘Those soil attrigutes chosen to calculate soil suitabxlity had a

© different purpose. They had to relate to spatial variations

across a landscape as opposed to requirement variations for a set

+

of crops. Thus, from the original set used in crop grouping, two
vere deleted and replaced with tvo pew soil variables and one

variable vas.%odified in order to conply with this new purpogew~_

Pirst, the variable NN :vas dﬁppped. hvailable N was con-
51dered -relavively uninportant here hecause its seagpLal iaria-
tions are so great: Thus measures of ,1ts value at ome point in
time have verfl liftle leaﬁinql3. In.a&dition, this plant nu-

trient is so cheaply and easily replenished either by additions

~ L) ' ) i

13See BRADY, (191n.'§§422-uu). apd nnv:xs et al, (1915, p. 2883 5)
 for a general revieu of the nitrogen cycle, its seasonal fluc-
" tuations, and 1ts ilportauce to crop growth. 4

% e
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of fertilizers and animal manure or by rotations with legumimous

crops that its importance to soil suitability was seen as negli-

gible within the context of assumed management levels discussed
. f .

in Chapter *.

Second, the variable NCN (water consumption) vas aiso-drop-

ped. It is recognized that WCKN is one of the most inportént land

factors affecting crop growth, However, it wvas not used in the

soil suitability analysis for two reasons:

1. Although crop wvater consumption data is availablé,

(TAN, 1978, pers. coms.), very little data (if any) ex-

ists on rates of water avajlability for map aunits ?

vithin the study area. The developaent of a sample de-
sign. to independentiy measure this variable was not

feasible within the scope of this research.

2. In general, excess water and not a lack of it is the
L - .

predominant limiting factor of SE. HRepean soils, (DU-
MANSKI et al, 1978, p.34,38). The drainage wariable,
DRA, a modified wersion of ODR, wvas expected to adcount

for such land characteristics.

-

Third, two new variables, ' SLO (slope) and STO (stoniness)

+

vere hzded to the systen. Hot used in crop grouping for .reasons

discus ed:in'chaptEr 2, they were considered crucial to.any stgdy

R .

of soil suitability and fere therafore 1h¢godncgd at this point..

M
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With these adjustments, eight relevant variahlqs became the
;eans for describing and rating Nepean soils. They are SPH, TEX,
dépth (DEP) ., drainagé¢(DRA), slope (SLO), stonimess (STO), PéP,‘
and KKK.  Of these, five were easily measured from data provided
on the latest soils map 6f the area. Co-piled by MARSHALL et 515
(1979) , this map was published at a scale of 1:25,000. The othér
three variables, SPH, PPP, and KKK were sampled in the field. A
method suggested by HEEG, (1975) was employed. ‘However it was
slightly modified to fit this study's needs using suggestions
made by MILLETTE & SEARL, (1968); and SEARL, (1966). Anpalysis of
these samples wvas perfor;ed by thé Departeent . of Land Resources
Scieﬁce, Oniversity of Gueiph, Guelph,‘ Ontario. field sampling
also served as'a partial confiriation of the easily técognized
faé%ors élbpe, d;ainage, depth (Class 1),cxef%§re, and stopniness
vhose initial values were extr#ﬁteé-fro: the soils_niﬁfqﬂ,In one
or two cases fhe author was ‘ohligedkto make siight corrections
ghen soils map data and values found at siteé did not Coryespond.
Fo;/p!%iple, the map delineation G1/2.2/3 was not mapped as hav~
- ing stoniness probleas. AlleelineagiOns of this type examined
by the authoﬁ vere véry stony and-;ere thus so describedrand
rated. Table 6 provides a complete description of the variables

used in LASTAN.
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TABLE 6
Variables, classes, and descriptions used in the soil suitability
‘ analysis
r v
| VARIABLE CLASS DESCRIPTION |
L (']
L} A
I SPH 01 5.4 Yery strongly aciad |
| 02 5.8-5.8 Strongly acid {
! 03 5.9-6.5 Slightly aciad |
| 04 6.6-7.2 Neutral - !
I .. 0S 7.2 Alkaline i
| TEX 01 Fine sand |
[ 02 Sandy loam |
| 03 Loan . |
| 04 Clay loam ' ] |
| 05 Clay . . I
t 06 Organic : |
§f DEP th 0.3-0.8 (m)  Very shallow {
| 02 0.9-1.4 - Shallow !
| 03 125-2.0 Hoderately deep 1
i 04 2.1-2.6 Deep , ' B |
] - 0s ' 2.6 Very deep ]
| DRA 01 Excessive {droughty) i
I 02 Good - |
| . 03 Inperfect . 1
{ . 08 . Poor Soe I
1. - 05 .Very poor : R |
! SLo - 01 0.0-2.0 (%) Level-very gently sloping - |
I - 02 2.5-4.0 Gently sloping |
| 03 .8,5-8.0 Moderately sloping |
{ 1]} 8,5-16.0 Strongly sloping |
i 05 16.5-32.0 Steeply sloping !
14 06 32.0 Yery steeply sloping |
] STO 01 Ho stones . ' ]
I : . .02 Few stones {S1light mgmt. probs.) |
| 03 Nany stones- (Strong mgmt. probs.)|
! (1] Excessively stony (Iapedes cultiyation) |
| PppP 01 0-9 (ppm) : |
| 02 10-20 |
| . 03 - 21-25 |
I 04 26~30 ' |
| 0S - 31-60 o - |
i 06 61-80 ' Fs |
| 07 80 S ]
| KKK or . 0«60 - (ppm) |
I ) - 02 61-80 ., . |
t N : 03 81-120 l
1 . 04 121-180 ]
| 05 .181=-250 |
| ‘06 - 250 - |
— N 2




. 0. H A.F., Bells Corners, Ontario; and crop sSpecialists

3.3. 3 Site de scription, BfS]n

The basic unit of inierpretation vas the lap delineation. as
defined in Chaptef 1; ‘There were a total: of 1u5 different map
delineations or site types within the study zone. Sevepal of
'these types reo&curred'ncré than .once wvithin the boundaries of

4

: the‘area.-

. Representation and de&cription of these sites in a form ac-
ceptable to LASTAN wvas accomplished by creating a 145[5]40 site
-matrix of the type described in .Section 3.2 above. Each row reg:
resented a specific. map delingation and each column Qefinedggne

of the variable states described in Table 6, abode. The com-

-

Pleted matrix may be found 13 Appendix G, ) . .
~— .

3.3.8  Soil factdr ratings and interactions, B0
s The first step in the constructiom of a a{UJn matrix for'
crop qrdup A was the developaent of a rating sys;gixvhiéh'would-

bé-nséd'to £ill the diagonals. simce there existed an average Qof
' . Jk_\— -
approximately five classes per variable it vwas decided to set ;¥

N

A five—class rating systel, sho,n below in Table 7.

- The actual assignlent /6¥/;ating points to the diagonal vas
'made using inforlation contained in the bibliqgraphy cited in Ap-
pendix A in conjuhction vith interviews - held vith %Zreps at’
| ' t Kenpt-‘

%ille College of Agricultural Technology. Kemptville, Ontario. !
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TABLE 7
_The rating system used uitﬁin the diagonal of m{U]n
“\,fj .
| RATING ¥ DESCRIPTION _

=

w

N

-h

‘-—‘—-—-‘—-——“-—F—--——————————‘——-‘——_—-—_dp-q

-positive although 'it may be downgradead h

-ONSUITED: the conditions of this variable state are

.Reasures are unfeasible under assumed management.

i

B £ n -
EXCELLENT: this state represents ideal growing con-
ditions for this crop group assuming that the states |
of all other variables are optimum and constant. The |
only interactions generated by this ate will be
Y the.occur~
ance of unfavorable states ofi,other \variables in

conjunction with it. A

GOOD: this state represents slightly suboptimua grow-
ing conditions. If the crop is grown without cor-
rective measures them crop growth will be slightly
lover than under variable.states rated 5. Other
variable states may generate both positive or .
negative interactions which would modify the ef- -
fects of this state on overall suitability.

BEDIOCRE: this state represents suboptimum con- Va
ditions. .Crop growth will noermally be poorer than
on sites vhere the particular variable is rated 4
or 5. However in some cases soil factor interact-
ions may serve to upgrade or downgfgde the effacts
of this state on overall suitability.

POOR: the conditions represented by this variable
state are marginal to umsuited for this ¢crop group
even with other conditions optimum. The feasihi-
lity of corrective measures is slight even under =
high management. This state wil)Y yenerate negative
interactions but may itself be upgraded in excep-
tional ‘conditions by other strongly influencing
variable states. o )

definitely unsuited to this crop group. Corrective
Negative interactions gemerated by this state (as

a strongly limiting factor) are likely to be sig-
nificant..- '

-'-hl————————-———--—:‘m-—-——-————————‘-—-

]

L L
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Filling the interactiéi submatrices, on the other hand, ‘'vas
understandably more complex. Before any progress could be made
in this regard the theoretical nature of interactions had to be

examined and ways of "measuring® them establishead.

Defined above in section 3.2.2, two "types®™ of interactiomns
vere identified. Type one interactions were labeled "systematic®
‘or "across—thé—board" by nature of their effect upon the overall

éuitability of a map delineation for a use. These effects exist

irrespective of the other variable states present at the site in -

question. Inherent interactions occur when it is knovn that a

state of ome “variable either elininates a11 positive effects, " or
-theoretically at least, boos;s\?ll low ratings, generated.by the

other variable states in the sys;el.

Variables gemerating inheremt interactions are alvays those

which cannot be corrected within the confines of the assamed

Cr

level of management. xﬁey include’ Etoniness (classes 3 and 4),

-

r%action (class 1), slope (classes 5 and 6), ggpth (classes 1 and -

2) , drainage (qlass'1), and texture (all classes).
. ' -
. 2

In general, type ome interactioms are thée easiest to recog-

nize and evaluate. Bost paraneiric methods of deriving soil

suitability, such as those described by DUBOIS, (1972); and oth¥

ers already mentioned, account, in a ‘general way, for some of

[

then..
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TyYpe two, "conditional™ interactions were more subtle and
Hence Rore éifficult to recognize and measure. These octur when
certaig variable states, by nature of their edaphic influences,
actually modify the effects of specific states in other variables
upon plant growth and hence upon yield output. Por example, the
governing effect of soil moisture variations upon nutrient uptake
by plants in soils possessing aaple nuotrient supplies aptly shows

a type tvo interaction in operation.

[

Hhere§s in practice type.one interactions were usnally found
to be negative, type tvwo interactions are often synergistic as
well aémliuiting. An example of a positive conditional interac-
tion would be the geneficial effects of high' lize conditions on
netrient availabi;ity and structure in sandy-textured soils. Al-
'ta%nativelyq the positive‘affect of ;good drainage upon nutrient
uptake by plant roots which, in turn, affects plant growth is an-

other example of a type two iwteraction.

.
.

.. Ogcé defined,' these relationships- had then to be identified
and iea;ured.'l Identification became a matter of reviewing the
hiblioggaphy'of crop requirenents contained in Appendix A and
searching out additional éertinent iiteratnre. A bibliography of

this adaitional material may be fouh’d in Appendix B. Tt should

" be carefully noted that nuch of this liteérature describes soil

4

factor inter&ction; only il ordina

v'e‘i:s\al/tg]:a\ﬂ.@iés may be vieu

Pam . : .
expert opinion. Field trisa . japtitative measurements are -

ms. Conclusions and uni-

bes{. - expressions of
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few and, in this au%hor's opinion, not alvays universally appli-
cable.  Thus, the numerical expression of the qualitatively de-

scribed relationships should be acceptéd, at this stage of devel-
opment,. in ordinal'térns:2A1y. ' — ./f/' *
Neasurement df a pairvise interaction dependéa on its type
(systematic or'cond%}ional) and its ﬁtrength (vithin the assumed
level of managenment). Inherent interactions were usuall} meas-
ured by subtracting the rating of the Qariable state causing the
interaction ‘fron th&t ~state receiving thetinteraqtive effect,
This difference myltiplied by -1 became a measure of the interac-
tion existing between the two states and vas placed in the appro-.
priate cell of 44[U]44. Adjustments vere made where these values

appeared eithef too low or too high.

)

Type”tvo'inferactions vere also measured somewhat arbit;ar-
ily. A scale.vas constructed which ranged from +2 to +10. ft
was then divided into five classes as shown in Table 8 helow.
Where a conditional interaction was known to occnr,i the di;gona;
ratings for eacﬁ vaFiable state ;ere added together. If the re-
sultant sums feli\lgto_a class which, due to the interaction, . did
not conform to tﬁe estimated site 'suitability for crop group A
then an adjustment vas made, This adjustaent took thevforl of a
positive or negat%ve‘nunher Hhigh, vhen added‘to'the spm of the
two variable state ra}ings, gavé a result donfornin;\?;/the esti--

mated site quality for crop group A. This nusber was comsidered

a crude measure of the-iype tuo interaction and was placed in the
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. 7ppropriate cell of the submatrix defined by the two interacw¥ing

soil qgriaples;

TABLE 8
- Ratings established to assess the importance of type two
interactions
. T . L3
{ BATING CLASS DESCRIPTION |
f o {
l . - i
o 1 >10 5 . Excellent | ,
| . i
i 9 ) } ’
| 8 ‘ 4 " Good |
| ' |
I 7 i
Y | 6 3 Hediocre |
| I
| 5 |
I 4 2 Poor |
| ) ¢ 1
{ -3 l
1 2 1 Unsuited |
1 ' ]

!
~

The af{ U]a has been reproduced in Appendix G, below.

Oonce both components,, ﬁ[S]n and a[U)a were complete a final.

task was to enter them as input data into the LASTAN program

which performed the actual calculations.

‘

3.4 SYNTHESIS

A

The goal of this chapter has been to describe how LASTAN
' calculates its indices of soil suitﬁpiiityzior an agficultg:al‘
Crop group. First‘the thepfetically desirable characteristics of

P / ‘
\ e -

-
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1
a,soil suitability methodology weére examined. Next, subsections

3.2.2 to 3.2.4 show, both lathelaticai}y and by means of an exam-

ple, how theofy vas operationalized into a model. The last part

of the chapter dealt with the data used to implement the model.

The suitability indices generated by LASTAN were, to say the

least, very éhbouragihg. Chapter 4 below has been reserved for a

discussion of them,

-y



; ' Chapter 1V 4

RESULTS

\\ GENERAL COMBENTS ' .

The suitability ratings generated by LASTAN took values
ranging between -2 and +59. Fifty-six per cent of the sites had «
values greater than +90. Thirty four per cent of all sites fell
between +20 and +¥Q. The rentining 20 per .cemt lay telow index

values of +20. . .
s f R : -
Those sites rating highest (vith values dreater than +46)

! ?

had the following general pProperties:

1. Surfagre pH varied videly from class 2 (pH = 5,4 - 5 B)
to class 5 (pH > 7.2): With the najority of sites fall-
ing in classes 3 or 4 (pH = 5.9 - 7.2). This broad
range ef aci&itiee, in highly rated sites, is more a
reflection-of management assumptions than vide prefer-

.ences on the part of crop gr3E;.A {see grenp regquire-

ments in Appendix E). Hith Yime applications forming

an integral part of nanagelent practices in eastern Oon~ ~

* Cer
/ tario. correctlons of soil acidity on most soils'are

reiatively easily and inexpensively made, (PARKS, 1955,

P.12-13; ATKINSON, 1964, p.3-7;. MILLER, 1978, pers.

g

conm.).

- 78 =
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2. Highly rated soils were mostly sandy-loams, loaas, plus’
a feu.vell-drained clay—ldals. Drainaée classes ranged
from good to imperfect. All sites exceeded 0.9 metres

depth and most were 1.5 metres or deeper. Stoniness

and slope were never serious probleas.

.

3. HNutriedt contents, like pH, also varied considerably
., for highly rated soils. Most were relatively low in

phosphorué; a trait common to. many of the lightef tex-~

n

tdréd soils in Carleton County, _ jﬁILLS & nlcnnnns;
I19ﬂn,“ p;96;?DO). Ppt&ssiun levels, however, ranged
from low to high, most sites possessing 80 ppl;' . and -
higher within the upper 14 cm. Simce fértiliéation}uas
- incorporated into the assumed management practices, low
nutrient coﬁtent vas'not seen . as a.'sevéreiy limiting
factor excepf‘ in notably infertile sands. Houever;

soils naturally high in P and X did rate hlghef on

4

-~

"these factors tHan those with low copdemtrations. of -

these elenénts;v ‘ o ' -

1

]
In gener&l, LASTAN rated highest, or loét suitabld to crop‘

-

group R, th?se:soils uhich vere slightly acid to neqt;al; nodef¥'
ately déep,‘ vell but not excessively drained loams which vé;g-

relatively spone-greé. flat, and'possesséd moderate peserves'of
4 . - R hJ & L .
phosphorus and. potassiom. . . - : : T
Those 'gen.;ites .rating Iovest. {(with values less thanr ' or
N ) ya . . - - -
‘equal to 13).a{g outlined as.follows: .- °
. ". ' ‘Z' I i ! * . 1
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~ 1. . Surface acidity, slope, and nutrient content were never

.~

"found to. be major lipiﬁing factors. Soil pH values

range from class 3 (pH = 5.9 - 6.5) to class 5 (pH >
. 7.2) over a. flat to noderatgly sloping topogfaphy. yﬁ—
‘trient levgls vere similar to)j}ose sit;§ rated faéora-
bly. T o

{

2. Textures vwere generafiy characterized by _sandy-loasms

r : - and loams. Pour sites, hovever, were organic, and vere

thus limited by this fact. .
. -, T/
" 3. Drainage vas a major proﬁlen only on the A%ur éites ov-

erlain by organic deposits.
#

4. By far the most severely limiting factors for the poor-
ly-rated soils were depth and stoniness. All, with the
exception of sites 144 and 145 (U14.0), vwere no deeper

1
than 0.9 meters and were very to exceSsively stony.

The poorer soils, viewed collectively, did not all have the
same general characteristics. They vere limited by many differ-

ent factors.

\

Those sites with intermediate ratings (ie. with rindices

- 'J falling between 14 and 46) had the following characteristics:
N

1. All sites _ possessed pH values greater than S.4%. Avail-’ -

'able K levels vvere surpﬁisingly high (most sites pos-

sessed between 61 and 120 ppm.). Available P was low

I ¥
, . in most cases. B
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2. Slope was restricting in only ome case and shallow

soils limited moderately-rated sites only twvice.
e

3. The‘nost serious_liniting factor was .drainage, which
" vas poor in thirty-four of these seventy-nine sites.
Excessively sandy-textures and severe stoniness vwere a

problem in tventy-seven cases, : -

Further examination of the results revgals that drainage was
overwvhelmingly thé most conmon limiting factor in the study area.
It surfaces im 50 (3u%) out of the 145 sites assessed. Stoniness
and texthre follow close behind. The former vwas singled out in
36 (25%) cases as a hajor twinderance whereas the latter (sands
and occasignally organicsj is iimiting in 29 (20%) - sites. Very

Y

shallow soils were found in 12 (8%) of all sites and slope was a

[

prdblen only in one case. overall, 95 (65%) of the ﬁap delinea-
tions possessed at least one.najOt flnitingnfactor.. Tvo OT more
factors were limiting in 30 (85%) of these 95. Thirty-five per
cent (50) of all sites were coapletely freé'of major limitationms.
However not all of these Fatédf highly. It was common to find
soils indexed as low as 40 which had no single severe limiting

factor. 1In siich cases coﬁbinations of several slightly or moder-
ately liniting‘fpctors, in interaction with each other, and not
singled out by the limiting facior algorithm, would combine to-
gether to reduce the ratinq of the site. See Figure 12 for a
sample and Appendix H for'tﬁe qomﬁlete output generated by LAS-

TAW. . . b
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L ) L | . L | | | L | - ) | R ]
INO} IDENTIPICATION |S INDEX |S CLASS ILIN. FACTORS JCAP. CLASS]
[N b i - 1 1 L ']

| ! { { | i
29t P5.P/3.2 | 5.0 | 7 | DEP .STO i 7R*P*Vv [
301 61/2.2 1 52.0 | 1 I I 1p | -
31y 61/2.3 I 50.0 2 ) I 2pt !
321 G61,2/3.2 1 53.0 1 1 i 1p !
331 G61.5/2.2 I 29.0 1. 4 | DEP | 3RP
38) G1.p/2.3 "1 36.0 3 | STO | 3Rpt
351 61/2/3.3 I 51.0 | 1 ) 1 2pt
36t G1/2.2/3 -1 B6.0 | 2 i I 1p
37T G1/2.4 1 49.0 | 2 | { 2Tp
381 G1/2.3/4 I 49.0 | 2 { | 2pt
39] G1.5P/2.4 I 22.0 5 ] STO I SP*RT
1 A 4 2 4

»

Pigure 12: LASTAN suitability indices and major liniting factors
“including suitability and capability classes

4.2  RELIABILITY OF THE MODEL

While a general discussion of - the results provides a notion
of their quality, a more accurate measure of their wvorth is a

test of significance. In this case the ideal, if not unwvieldy,

check would be to correlate knovn long-term yields of Crop group

A under specified management conditions versus the suitability
, e

indices theaselves, Unfortunately such an exercise was impossi-

ble to undeftake because of the difficulty involved and time re-

quired to obtain the necessary yield data.

" The capébility classes of each map delineation, prepared by
HARSHALL et al, (1976) for Nepean and quucegier Townships vwere
used as a substitute. BARSHALL's classification is a refined
version of "the system used inm- tﬁe Canada Land Inventory and de-~

veloped by the Canada Soil Survey Committee"n, (HARSﬁALL et al,
1979, p.117y..

-.:.,--@

)
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eéqdies by HOPFMAN, (1973,1971); ' ANDERSON, (1971) ;° No-
BLE, (1967) ; and more recently hy.PnTTERSON, (1?78); and PATTERSbN
& HACKIHTOSﬁ, (1976) indicate that C.L.TI. "capability. classes in

Ontario are closely related to both yields and economic returns

to farmers. On the strength of these authors' respective find~
ings the refined capability system was accepted as a reasonably

 accurate reflection of the agricultural potential of the study

area for field crops. - .

Although sone argue that there exist very slight differences

in the deflnitlons of cagg ility and §u;tab111 1 (see Chapter 1);

these have not been found to be 31gnificant (BRINKNAN & Su!TH,

1973, p.101: VINK, 1975, p.237) Pnrthermore, any conceptual dls-
crepancies begone irrelevant for cdmparative purposes when:'\

: . , :
1. both systems ' are qualitative and deal with the sanme

.land-use (s}, (P.A.OL, 1976, p.2#)-.

2. comparisons are restricted to a defined spatial area,

(DUMANSKI, 1979, pers. comm.), ‘
‘ -

In this study these two conditions are’ met. ° Thus, soils
wlth hlgh su1tab111ty should rate highly in terms of capability
for the same land-use. This same relationship should also apply
to soils with rediua and low botential . The deeree of associa-

tion existing between HARSHALL'S capability systen - and LASTAN s

suitability indices can therefore be interpreted, vithia the

study area, to be an approximate Reasure of the accuracy or wvorth
L]

of the LASTAN .model.
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u.é.1 ﬁonal es
e In several cases (particularly within capability classes 3,
u,:-and 9) -aﬂonaliés exist_between qépability classes and LASTAN
ratings; For example, tvo map delineatigns rated class & are
given very high index values (56 and 58 respectively).  Other

sites rated low by the latter fall into capability classes-2 to

-3‘ \ ”

5 “\\

*hese deSldent sites (there vwere 31'in all) were identified
and examined. - Four major reasons were found to explain the1r
singular behavior: \

1. Eleven of the,thirtf-one anomalies oqcurredlas the re-
splt of data discrepancies. In these cases field data
on pH, nutrient availability, and, in one case, drain-
age, used~by LASTAN, did not correspond to site condi-
tions used. by the capability study. LASTAN usgilly

rated such sites more favoragbly than did the capab lity

classification.

Thesé discrepancies were seen ‘uhave occurrgd be-
cause of scale differences in th studies. he ca-
pability map spanned all of Nepean—sloucester. ts
ratings were based upon soil map data, broadly repre- -
sentative of this eptire region. The éfesent study was

- more localized aqg~%ite-s;ecific. The majority of type

one anomalies involved factors as variable as pH and

‘nutryeut content. Such differences are not surprising

~

»

.'/‘_\‘
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and certainly pose no threat to thé validity of the

LASTAN model.

Another group of anomalies (six in all) raesulted be-

cause a soil structure variable, included by the capa-

. &)
bility class system, was not incorporated into LASTAN.

This meant that negative ipteractions created by poor
structure were not accounted for by the latter. -Hence,
LASTAN rated these sites higher than the capability

classification. Again, such discrepancies reflect more

upon differemces in data than on the capabilities of

the methodologies. They do however, serve to single

out an important weaknéss in LASTAN data which should

" be rectified in any subsequent study.
- h .

-

The map delineation G5/2.2 proved to be a problen. Thé

capability systes rated it 3Wvp (Wvp = variable imper-

feét drainage coupled with slight gtoniness probleas)

while LASTAN gave it a very high rating of 55 with no

h—

major limiting factors. No satisfactory explanatfpon

vas found to account for such strong differences in-
5

T
treatment by the two systeas. It represents a random

peculiarity in the methodology which requires further

study.

The most common anomaly occurred due to the impdrtance

LASTAN places upon negative interactions generated by

severely stony and shallov solls. The phase "P" used

85

i
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?

on fhe soil - map referred to "...very stony to
exceedingly stony 1land [vhose] surface stone content
[is} sufficient to impede tiilage...",(SOIL "RESEARCH
INSTITUTE, 1976). The "S" phase was used on sites ui£h
"eee50 to.100 Ch. of mineral soils overlying he-l

drock...", (SOIL RESEARCH INSTITUTE, 1976).

r“ v

LTASTAN rated these conditions much more severe1y<
than‘did the capab%}ity classification. This was due
in part to slight differences ’in objectives in the two
studies. LASTAN was concerned ' vith a specjific subset

of field crops whereas MARSHALL et al's/ ratings in-

‘cluded pasture and forage crops. The latter two gener-

Fd

ally require sSignificantly less fieldn prephration an&

hence are frequently better suited to margina1 land

than their more intensively cultivéted counterparts.
N

J ‘ \'-"‘\\

4.2.2 Tests of Association

It is evident that the causes/éf anomalies {(with perhaps ome
: ' N

exception) are related to such ctors as data interpretation,
and slight éifferences in objectives betveen the two‘ syst%ms.
They do not appear related ?o fauit; ‘or'bugs in the operating
characteristics of LASTAN itself. Therefore, in testing the de-
gree of association which exists betveen capability qlass and

suitability indices it did not appear unreasonable to drop'these

anonalies (with the exception of site GS/?.Z‘Hhose excentricities
< '
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could NOT be reasonably accounted for) The four 6rganic map deli-
neations were also omitted because the capability study had not

rated them. A total of 109 sites rerained.

-
Four statistics, three of which vere specifically designed
to measure association, or correlation, between ordinal sets of

data, wvere employed. These were Kendall's "tau-C®, Goodman and

Kruskal's "gamma", and Somer's "D"14, Information theorj!s I.N.

statistic was used to verify and explain the significance of some

of these resultsis,
4.2.2.1 Raw indices versus capability
Data were processed in four vays. Pirst, tﬁq association

be ¥een raw suitability indices and capability classes was as-

Sessed. The upper left portiom of Table 9 depicts the results.1s

Somer's D (symmetric) and tau-C take values of 0.728 and 0.703

respectively. Gamma supports them with a very high 0.902. - Such

values are indicétive of a strong relationship betwveen suitabil-

ity index and capability class. Somer's p asymmetric coeffi- -

~

——— -

14GARSON, (1971, pp.158-162) provides a good discussion of the
relationship betveen these three statistics. For those unfa-
miliar with them, each approaches a value of +1 under perfect
ponotonic correlation and O when no relationship exists. Ganma
can also equal +1 in cases wvhere monotonic correlation does KNOT
exist. Both tau-C and gamma are symmetric wvhile Somer's D may
be expressed as either a directional or asymmetric test.

1sT.%, = Mutual Information

1eCogputed using SPSS sub-routine "Crosstabs® in NIE et al,
(1975, pp.218-245) except for I.A. which vas calculated by hand
from contingency tables derived by the above.

* -
4
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ci;nté are 0.887 . with suitabili@y dependant and 0.617 with
capability &épendant. .'These figures suggest that suitability
inaigeé are distribﬁted about a narrover number of capability
classes than the reverse. This 'is not surprising since there are
only six cababili&y classes but fifty-eight possible suitability
indices.

In essence then a yajor-goal of this research has béen aet.,
The statistical 're;;lfs of Table 9 show that it is posSible to
reproducé, ip a systematic néthematidal,'uay, the ‘processes in-
volved in the qualitaiive rating of current land suitability for

field crops. The implications of these results to future re-

search are expanded upon in Chapter 5. below.

4.2.2.2 Classeﬁ ipdices versus capability

Next, in order to coamply with the soil 'suitability framevork
established by BRINKMAN & SHYTH, (1973, p.40-43); F.A.0., (1976,
p-17-23); and VINK, (1975, p.280-287)-, and to make output more
manageable from a user's point of view, LASTAN indices were
grouped into suitability classes. Information theory was used to
prevent any bias fron‘entering into the syéten during thé classi-
"fication procedure, This was accomplished by'ensuring that the
classes of LASTAN indices had the same frequency dg§tribution
across the 109 map delineationms as the capability cig;ses. Tﬁe
capability systenm hﬁd 18 Class 1, 59 Class 2, 8 Class 3, 14 Class
4, 10 Class 5, and 5 Class 7 soils. LASTAN's claésif;cation vas

made by ensuring that its Class 1 contained those 18 map delinea-

r



TABLE 9
e
Summary of statistical tests of assoc1at10n betveen capability
classes and sultabllity indices

CAPABILITY CLASSES vs
RAW INDICES
¥/0UT INTERACTIONS*

-
| CAPABILITY CLASSES 'Vs
- | RAW INDICES
STATYISTIC| W/ INTERACTIONS*

* values multiplied by -1 to eliminate negative sigms

-

Lo LN
| |
1 |
i |
! t {
{ | o [
 tau=-C | +0,70358 signif.=0.0000 #0.58743 signif.=0.0000]
| { = |
! gamma | 0.90210 0.80243 [
| U f.
1 D [ 0.61733 w/ capability | 0.56052 |
| | dependant { |
i | 0.88784 w/ suitabilityl . 0.74127 |
| | dependant | 1
| . { 0.72828 symmetric | 0.63835 |
l I I i
¢ { : t - —4
} | CAPABILITY .CLASSES vs | CAPABILITY CLASSES vs |
| : { . SUITABILITY CLASSES | SUITABILITY CLASSES 1
JSTATISTIC] W/ INTERACTIONS i W/00T INTERACTIORS |
L L [ ) |
r T LE Ll
1 | { |
1 tau-~-C | 0.62702 signif.=0.0000] 0.55773 signif.=0.0000)
. | : | I
! ganma ] 0.93890 I 0.88295 |
1 | ' 1 : |
i D { 0.80981 w/ capability | 0.70165 |
! ! dependant l |
| { 0.79123 w/ suitabilityl 0.70380 |
) i . dependant 1 {1
i | 0.80041 symmetric | 0.70272 i
| ( i I
| I.N. 1 0.8610 i 0.7170 H
| | 1 {
t 1 . —]
l |
| |
§ |
L 1
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tions rated highest, its Class 2 contained the next 59 most

-

. _highly rated sites, and so on.

"The assumption implied here is that if LASTAN and capability

vere perfectly correlated then:

1. the number of map delineations (within the study area)

in each class would be identical for both systems, and

2. each 'map delineation would fall into the eguivalent

class of both systens.

In other vordé. both the amount or quantity of information (1,
above) and the-actual information itself (2, above)l vould match
in both systess. By ensuring that thg first condition is met,
the second can then be tested with the assurance that no bias or
forcing of association has been introduced by the 'act of classi-

fication.

lThe lower left portion of Table 9 shows the statistic&l
peasures of correlation .between classed LASTAN indices and capa-
bility classes. Tau-C 'has droéped slightly wvhereas both gamma
and Somer's D symmetric have risen. Somer's D asyametrics are
nov very nearly equéi (0.809 & 0.791) since the nu;ber of classes

i}

in‘both systems is now identical.

171.8., the Mutual Information statistic is calculated from con-
tingency tables by the equation: .

oMo m
I.M. = 1/% [ Hlog¥ '-izzf,j logfy - 3,filogf; - Efjlogfj )
. ) )i 1= iz -

.

<a
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The gdditional test of aséoéiation, I.M. 17, was eaployed as

a final check on. the results. Here it takes a value of 0.861.
Since capdbility classes were used as a generally acceptable re-
flectié% of true soil potential for field crops, the I.M. value
Suggests thatl the amount of uncertainty involved in correctly
"predicting capability classeslet a site 1is reduced by 86.1 per
cent when the LASTAN indices are known., Table 10, below, is a

description of these classes.

\ . \

It should be noted that the descriptive interpretation of
these cla§§g§ is based both upon the variables with which. they
vere derived and the actual spil‘conditions found within the
study area. Had other variables been used or sites with strongly
different characteristics been assessed then these descriptions
would change glighﬁgy. The principal area of modification would
lie in the types a;d strengths of limiting factors affecting the
rating systen. o
b.2.2.3 LASTAN without interactions ve;sué cépability

Given the results obtained above the author themn tested the

-~
-

hypothesis that the incorporation of interactions does indeed im-
prove the predictive capacity of the model. All entries below

and above +the main diagonal of matrix 44[U)48 (see Chapter 3)

A S e -

This statistic shows the amount of shared information im two
systems, each possessing equal total guantities of inforaation.
It approaches +1 as the two systems approach eguality.

S
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veré.given values of 0. ~ This modified, "inf;ractionless“_uu[U]uu
wvas then imput into LASTAN and indices calculated. Tests of as-
sociation (see right side of.Table 9) between these indiées and
capability suggest that LASTAN's predictive capacity drops by at
least 10 per cent when interactionQ‘are ignored. A comparison of
I.n. statistics shows that the amount of common information
shared by the two systems increases by some 14.4 per, cent when

~ i

interactions -are incorporated.

~
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ISUITABILITY DEFINITION
ICLASS '

—

T

| - - .
1 I-All soils with indices greater than SO. These
| soils meet virtually all requiresents for
| production of crop group A. Ip gemeral they
{ are deep, well to imperfectly-drained sandy
| loans and loans. Topography, stoniness are
| never limiting and pH, in most cases fluctu-
} ates hetween 5.9 and 7.2. These soils, under
| equilibrium conditions, possess at least mo=- "
| derate reserves of potassium or respond well
| to additions of phosphorus and potassiunm.
| Suitability class 1 sites are well to ideally
| suited to fi€ld crop production. Ousput in
| yields would be expected to exceed inputs of
{ labour, tipe, ang capital.
)
2 I-A11 soils with
! clusive. Thes

e
.

|

|

|
r -‘=
1 |
| |
{ |
| |
| {
| 1
i l
{ |
| l
| |
| |
| |
| i
| i
| I
| 1
| dices between 41 and 50 in- i
! soils meet most of the re- [}
[ { guirements for fielad crop production. 1In ge- |
i | neral they are deep, moderately well or at |
| | least imperfectly-drained loams and clay I
l ] loams. They may be somewhat limited by a nom- |
| | ber of factor combinations including drainage, |
| i slight stoniness, rolling topography, small |
I | textural problems or slight nutrient deficien- t
| | cies, and acidity. Class 2 soils respond {
I I favorably to additions of lime and fertilizer. |
1 | Outputs are expected to exceed inputs because |
I | these sites are well suited to crop group i, |
| ! but yields will be lower than on Class 1 land I
1 ] receiving the same level of management. |
| . i ‘ |
H 3 I-A11 soils with indices between 36 ahd 40 in- i
I | clusive. These soils are only moderately |
| | suited to the production of Crop group A |
I ! although they may be well sunited to other {
| I kinds of crops. 1In general they are deep and |
| | not"adversely affected by topography. Drainage,|
{ | texture, pH, stoniness, and poor nutrient sta- |
I | tus are common limiting factors. They may be |
] ! present in isclation as 'severely limiting I
| I factors or in combination as collectively 1i- |
| | miting factors. <Tlass 3 soils may be physi- I
| f cally improved. . Hovever, the desirability of |
1 | improvement will depend on economic factors as |
1 I wvell as the supply and demand of other kinds of)
| | land in the region in vhich they occaur. I
| i |
| 4 I-211 soils with indices between 27 and 35 in- |

A

35
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| clusive. These soils are marginally suited
| to the productiom of crop 'group A and are
| strongly limited.by factors such as. poor- tex-~
i turé, POOr or excessive drainage, stoniness,
| or topography in isolation or in combination.
| Liniting factors are difficult to correct due
| to interactions with other factors or because
| of the nature and severity of the limitations
| themselves. Only ip areas poorly endowed with.
| better soils should Class 4 sites be put into
| production of group a crops and then only when
| market factors are favorable.

o~

|

|

|

|

|

i

|

|

]

|

l

|

!

I 5 {-=h11l indices betwpen 12 and 26 inclusive.

| I These soils are poorly suited to crop group
{ A due to the severity of limiting factors

] I such as excessive storiness, very poor drai-
( | nage, adverse topography or shallowness.

| | Yield outputs are expected to be marginal

| | under the assumed level of management.

i { ’

{ T+ {-Al1 indices below 11. These soils are not

1 I” suited to the production of Crop group A.

| | Depth to bedrock is commonly the most severe
| I limiting factor. Stoniness, very poor drai-
i | . nage and steeply sloping topography also hinder
| 1 production in many cases.

; {

|
!
|
i
.

7 in order to comply with the enumeration of the

|
(
- 1
* this is actually the 6th class. It vas called class t
f
capability system to which it was compared. {

) |

TABLE 10

A description of switability classes

4.3  SYNTHESIS

The purpose of this chapger has been to describe and test

the output generated hj the LASTAN'suitability model.

Those sites rateq' highest by LASTAN all had common charac-
teristics whereas sites rating hoderately and poorly were more
heterogeneous in nature, being afflicted by several possible com-

binations of limiting factors.
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Indices for each site were manipulated into & forams: raw
indices, ciassed indices, rawv indices vithodl interactions, and
classed inéiceSvuithout interactiqné. Pach of these four foras
was tested against the capability classes for the same sites. A
high degree of correlation was found between both fav and classed
indices versus capability/ when the former two incorporated soil

factor interactions. Such an association dropped appreciably

vhen interactions vere ignored.

s

These results indicate that integrated-parametric type ap-
proaches to soil survey interpretation ‘which enbody a systeas or
interactive structure definitely have a‘ use potential within the
field of land evaluation. Additional implications are discussed

more fully in Chapter 5.
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Chapter v <
CONCLUSIONS -

"But that is research: 4 more gquestions than an-
SWerS...the candle takem out further into the darkness
merely illumined a greater darkmess."™ (RENNIE, 1974,'
p. 180)

/

Se1 REITERATION

This thesis is composed of three interrelated Phases of re-
search vhich provide a framework for determining soil suitability

for different land-uses under a variety of soil conditions.

The first phase provides the Principal thrust of the re-
search. This’is the design of a‘uethodological framevork which

embodies, among othTrs,'two fundamental characteristics:

/

1. It recpgnizes that each use type ponsidere& possesses
spécific soil or land requirements which may differ
from the reqniremeﬁts of other use'types. It acconmo-
dates these differeaces in its ca;cnlations of soil
suitability indices for €ach unique use type. These
types may reflect broad typologies (such as agricul-
tural use and urhaﬁ tse) or, as was the case here, de-

tailed divisions within one of these sectors.

- 98 -
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2. Tt recognlzes that the contribution a soil factor nakes
to the sultability of a site for a specific use is not
constant hut nay vary depending upon the cdnditions of

: b
other factors at that site, These variations or inter-

actions are easily accommodateq by the LASTAN model.

This flexibility appears to make it well suited to a variety
of soil and lap interprefations. ‘It also Solves some of the
Problems inherent in other @ethods of soil Suitability assess-
_ Bent, as as discussed in Section 1,2, The way in Hhich fhe ne-

thod enmbodiesg these features is discussed in Section 3. 2.

The second research Phase involved putting LASTAN into oper-
ation. This required both Site and use data. The choice of a
Pilot study area. vas made expedient by the existence of a de-
tailed data base: the recently published soil map and report for
Nepean-Gloucester Townships in Carleton ) ounty. A portion of

this sheet, repreijptlng 7050 hactares in gontheast Nepean, was

chosen for reasons given in Section 1,3.

Selecting land-use types was somewhat Bore complq;. The
idea of employing crop groups for this PUrpose was based upon

pPractical grounds, Elaborated in Chapter 2, the application of

numerical taxonomy to a f individual crops alloued the au-

thor %o ideptify these groups. The members of each group vere
expected to perforn similarly ujpder aost sets of specifieqd soil
conditions, One of these groups,/ the fielad crops, was selected

as the land-use type to be used j putting LASTAN tb work.
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The ordinmal rating of relevent soil properties and their

. ‘ ) '
interactions for field crops was made from a review of the liter-
ature on crop physiology, crop edaphics, and soil property inter-

actions cited in Appendix B.

The third_phase was an evaluation of the suitability indices
generated by LASTAN. These indices, in their raw form, .and ag-
glomerated iniolguitability classes correlated well with the ca-
pability classeé derived by MARSHALL et al, (1979), for field

crops in the same area.

Despite the fact that the model was put into operation and
its results tested, the overall scenario of the project has been
essentially experimenta;. Further testing at differing scales
and ;ith different uses employing more accurate data bases is re-
conmended before other applications should be envisaged.

-

5.2 PROBLEMS

VINK, (1975, p.149), 1in a discussion of landscape ecology,

has observed that:

\

"Specific information on soil requirements of crops is
often vague partly becawse crop specialists often tend
to neglect studying the soils and soil scientists tend
to neglect studying the crops. Soils information in
crop handbooks is therefore often vague, and in books
on so0il science information on crops is oftemn coam-
pletely lacking.®

This statement applies here particularly with regard to cer-
tain difficulties in aquiring information on conditional interac-

tions, general soi] requirements, and yields of field crops
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within the pilot stydy area. The influence of these data prob-

lems upon the outcome of this project was manifest in three ways.

First, completing the crop raw data matrix amd a single
44{ U J44 took more time than expected. Thié meant that a testing
of LASTAN was limited to only one crop group and that LASTAN's
potential to account for several land-use types could not be denm-
onstrated. Such a problem is not severe. Had iqre time and man-
power been avalilable to the author these difficulties could eas-

ily have been overconme.

Second, fh%t data which was available was of such variable
guality that only nominal and ordinal measurement scales could be
used in the construgtion of 145[S 44 and 44[ U]J44. Thus it would
seen that the predicfive capabilities of LASTAN were not as pre-

cise as if interval or ratio input data had been used,

Third, the ideal evaluation of LASTAN's results would have
been a correlation of generated suitability indices with yield
data for each map delineation. Because such data was unavailable
correlétion tests vith capability classes in the same area were

substituted.

5.3 PUTORE RESEARCH POSSIBILITIES

-

By accepting the féasihility of employing LASTAN, three gen-

eral directions open themselves to questions of future research.

x
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5.3.1 pata Yol
Without wishing to belabouf the point, ~ there remains a
pressing need for experimentation leading to the compilation of
data banks on croé response fo varying soil coaditionms. Already
"somé work has been done in this field. The success of the SINFOY
growth simulation model of SELIRIO & BROHN,. (1978), for forages
is baseqj upon detailed knowledge of these crops' moisture re-
quireients at varying stages of @routh.‘ In addition; vork on
other soil-generated cfop stresses has been couéiled by F.A.O.,
(1976). This latter studf examines (among other things)‘the rel-
ationship between salinity and crop growth. Several symposiums
during the 1960's and early 1970°'s, such as thdse edited by
JACKS, ({1967), and HILLEL; (1972), also concentrated om plant re-‘
sponse to changing envirommental conditions. Nonetheless, ‘more
information is needed, particularly with regard to those factors

such as stoniness, soil structure, and slope orientation.

More data is also needed on so0il property interactionmns. It
nust be specific. It must relate to individval crops or crob
groups as opposed to "plants™ im general. fhe bibliographic Ap;
pendix B shovws evidence of research in the field.- However the
skills of soils amnd crop specialists and ecologists must be
upited in an infer-diqiplinary framevork, bound by specific
goals, objectives, and defined formats of data representation and

storage before real progress can be made in this regard.
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S.3.2 Model Modificatjons
Another avenue of future research :lies in extending the
breadth or power of LASTAN itself. Three possibilitiﬁg ipmedi-

ately come to mind, each of ‘hich vould mean changing the study

scale,

The first of these involves removing the assuaptiom of cli-
matic invarience (see Section 1.2.6) and replacing it with cli-
matic variables which could be incorporated into ghe aodel. PRere

the n[S]m site matrix uﬁuld receive additional columns, each col-
unn, of course, corresponding to a variable statg of a climatic
variablefl The l[ﬂ}l array would also change._ Columns and rows
wvould be aﬁpended. The additiomal diagonal entries would take
the form of climatic ratidqs whereas those nev entries belsﬁ the

et o

diagonal vould correspond to climate-soil interactions.

3

The data used to express thes; ratings and interactions
could be reflections of detailed anmd quantitative knovledgé or it
could be of a general, more subjective npature. Either wvay, this
addition to LAS?AN would permit its use over broader areas where
climatic variation exists. It would also ailow more intensive
studies to be made in smaller regions by accounting €for varia-
tions in micro clinate‘Caused by, say, slope orienéation, eleva~-
iion, or frost pocket depressions. 1In addition, the inclusion of
cumulative degree-days or corn heat units as climatic variables

vould permit the incorporation of interactions between these var-

iables and soil texture and soil water. Texture and soil mois-
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ture content heavily influence a soil's thermal regime especially
in spring. These interactions are viewed as critical 'in more

northern latitudes vhere 1length of growing season is comaonly a

limiting factor to some kinds of agricultural production.

One of tpe bigdest problems of‘sité—factor nethodé has been
a difficulty in explaining and measuring the importance of varia-
tions in so0il variables over space; Tﬁe importance of soil prop-
erties and their interactions to crop growvth, within a defined
spatial area, where management and rural infrastructure aré'uni-
form, could be considered constant for a single use fype. How=-
ever, as one moves over space, socio-economic conditions can
change even though management levels remain constant. These
changes can take place within recurring soil mapping units, (i.e.
physically and even climatically honogeneous delinegtions).' 'AS
these regional, non%soil facto;s.vary the importance 6ﬁ the soil
v;riables will also vary, not edaphically hﬁt in teras éf their

overall importance to soil suitability. &>

The second conceived direction of future research would in;
vo;ve the incorporation of at least some of these socio=-economic
v;riables into the model in an interactive way. This would
change the ratings produced, from soil suitability indices to
ratings of land suitability. To illustrate how this might occur,
consider a simple exaample. Assume the existence of tuo\regions
mAn and "B", each containing two soil mapping units "1" and "Z2".

These soils, for convenience sake, are only distinguished by dif-
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ferences in pH: s0il 1 is neutral while soil 2 is strongly'ac-
idic, Now, in region B, crushed lime is readily available fron
nearby quarries and costs per ton are low. In region B, however,
lime must be tpucked in from region {i-and thus costs per tkn are
appreciably higher, With this scenario in mind assume further-

more that the land-use type "X" being considered is one which re-

quires neutral soils, (éee FPigure 19).

The example along with results of aﬁiand suitability analy-
sis, performed by LASTAN, are displayed in Figu%e 16, below. As
one can see,' map units 1A and 1B differ only‘iith regard to the
cost of lime in each area. The same is true for sites 2A and 2B.
Since the land-use type X prefers ngutral s0ils, this condition
is rated highly (5) iﬁ L[oiu. The acid condition is rated low
(1). Also notice that the diagonal entries unmder "lime" in 4o 14
are not rated. This occurs because although the cost of limg ip-
fluences land suitability, it does so only insofar as it moder-
ates or enhances the importance of pH. Thus lime costs are in-
teractive in their influence and 1lend no veight to the

suitability rating in isolation.

The results of this little example are shown in 4fCs ]t of
Pigure 16. Site 1A and 1B both have high land suitability rat-
ings because the availability of 1lime does not influence their
neutral‘chagacters. Site 2A and 2B, both acidis, have different
ratings. Site 2R is moderately high {u)'due to the ease and low

cost of correcting its acidic defficiency. Site 2B, however, is
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Pigure 15: Stylizead map of two econonic reg:.ons, each contaiping
tvo mapping units ' '
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very low for obvious reasons. Had lime costs been onitted both

sites 2A and 2B would have had identically low ratings.

The third envisaged 3inmprovement of LASTAN is to e?pand its
capabilit;es to also include ratings of potentijal suitability.
Described by F.A.0., (1976, P-22), potential éﬁitability "refers
to the suitability,.for a defined.use, of lapd‘[or s0il) units in
their condition at some future date, after specific rajor im-
provéments have been cbmpiegga-where flecessary". Major land im-
provements refer ﬁp irrigation projects, large 4 ainage instéila-
tions, lamd levelling, erqsion control, and other ameiiorations
beyond the means of the farm operator. Poféntial suitabiiityyis
a particularly import‘ht concept in areas where agricultural de-

velopment projects are being considered.

i LASTAN could be adapted to accommodate potential suitability
by creating a three-dimens%onal B[ S]a site array. This entity

would be composed of esseﬁzially two layers of n[S]r matrices.
Bach row of the first layer would represent site céndltions aé
they presently exist on each land of soil unit. The rows Pf the
second layer vould represent +the predicted site conditions of
-each unit éxisting after implementing major inpfovement prac-
tices. Hot all siteé would be affected or changed from one layer
to another becagff inp;ovement practices uoulg not éluafs app{z

,

to ail sites.

Two sets off suitability indices would then be - generated’
vhich could be compared, in the Planning stages, to the cost of

making these inprovements versus the gains expected from them.
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' 5.4  ENCAPSULATION

The purpose of this conclyding chapter has been tg review

vhat was done in this thesis, to éomnent upon problems thét'uere

encountered, and to suggest three avenues of future résearch that

could apply to the LASTAN nmodel. &

. - - .

It should be restressed.that although _emphasis’hhs been
placed upon its use in agriculture, LASTAN has potentiai for
non-agricu%tural uses as well, These include thige uses which
have specific 5911 and land resource requiremﬁggs{; For e}anple,
studies on thgggg?sibility of septic tank installations,'réfores-
tation sites, onf%uitahility for specific types of building foun-

dations would all adapt themselves well to the use of LASTAN pro-

viding that the necessary data were available.

>

Finally, it should also be stressed that LASTAN is only a
” :

tool, desigped to aid in the determination of land suit&bility
for different uses. It is not an end in itself. Nor does it de-

termine best land-use for an area, even land evaluation cannot do

-

this. All that LASTAN can do is suggest comparative physical,

and vith modifications, economic feasibility. The determination®
of best land-use involves a prior knovwledge of societal objec-
tives, Allocating "best® land-use then becomes a matter of put-

-

ting land to those uses which will most efficiently achieve those
objectives. It is the objective which determines vhat is best.
If the objective is to inhabit a planet in vhich man lives in

harmony with both his fellow man and the physical environment

S

)5
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vhich surrdunds him, +then best land-use(s) are those which will

-

' 4
most help in achieving this goalka Objectives are determined by

value systems and “levels of conciousness. They -should also be

put under scrutiny when attempting to _plan for rational land-use.

3

o
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0.138
0.324 .

0.36€
0.224

0.580
0.458

0.534

.0.347

0.4y
0.350

0.25¢
0.335

0.687
0.567

1.000
0.580

0.419
0.262

0.528
0.519

0.312
0.397

0.378
0.412

0.u420
0.287

0.420
0.287

0.3&¢
0.335

0.312
G.287

0.270
0.262

0.4823
0.519

N

I0¢
I27

0.368
0.090

C.u75
0.224

0.368
0.250

0.198
0.272

0.474
0.350

0.585
0.228

0.474
0.242

0.479
0.155

1.000
0.2€2

0.633
0.412

0.312

"0.727

0.318
0.412

0.528
0.287

0.528
0.397

0.585
0.224

0.312
0. 068

0.374
0.899

0.423
0.626

I10
I28

0.404
0.404

0.295%
0.184

0.62b6
0.30%
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0.125
¢.1006

0.2e5
0.327

0.507
0.%37

0.312
D.386

0.507
0.431

0.151
0.218

0.397
0.431

0.312
0.431

0.312
0.u431

0.571
" 0.587

1.000
0.701

0.354
0.483

0.443

0.379

0.443
0.379

" 0.265

0.327

0.220
0.272
0.636
0.742

0.897
0.796

T2 !
130
0,172
0.040

0.405
0.423

0.626

0.235

0.573
0.23¢

0.626
0.335

0.295
0.192

0.626
0.224

0.318
0.14¢6

0.318
0.36¢6

0.576
0.295

0.354
0.714

1.000
0.295

0.245
0.265

0.35u
0.1591

0.405
0.077

0.463
0.038
0.423
0.475

0.470
0.627

E13

0.481
0.605
0.397
0.428
0. 507
0.605
0.507
U.420
0.528
D.680
0.643
0.2U5
1.000
0.88Y
0.718
0.4843
0.420

0.u63

I
0.600
0.491
0.397
o;uzu.
0.507
0.118'
0.507
0.420
0.528
0. 680
0. 443
V.35
0.8BY
1.000
0.832
0. 443
0.528

0.463

I15
V.64
v.423
9.22u'
0.236
0.447 "
V. 769
0.uu7
0. 366
U.585
0.627
0.265
0.405
0.718
V.832
1.oud
0.6U5
U.3tk

V.405

0.362
U.E05
U. 397
0.312
v.617
0.318
U.b1;
0.312
0.312
0.534
0.220
0.4b3
0.4843
O.4l43
V.60
1.000
0.205

O‘qu

0.138

U. 366

U.36d

0. 370

.44

0. d6b

0.3bb

0.270

U.374

. 423

U.636

0.423

U. 420

V.o48

0.36b

0.205

1.000

0.633

0.51Y
0.3uB
g->19
0.1848 .
U.51Y
0.423
0.423
U.bB2
0.8Y7
0.4 10
V.43
U.463
U. 405
0. 354
U.633

1.000

| 2af'




I19 =7

~n e

T20 =94

I21 ~or
I22 Tor
I23 APL
I24 BLB
I25 RAS
I26 STB
T27 BAR
128 oaT

129 RYE

I30 SOy

/""?'\

0.362
1.000

0.301
C.76R8

0.404
0.4E3

0O.u41
0.507

0.3¢e7
0.125

0.207
0.068

0.403
0.491

0.324
0.397

0.090
0.397

0.404.
0.463

" D.106

0.379

C¢.040
0.265

0.151
0.7€8

G.290
1.000

0.074
0.439

0.224
0.600

0.282
0.073

0.224
0.073

0.308
0.399

0.224
0.389

0.224
0.389

0.184
0D.439

0.327
0.641

0.423
0.290

0.397
0.4¢3

0.495
0.439

0.305
1.000

¢.350
0.519

0.4481
0.172

0.350
0.198

0.u447
0.295

0.458
0.612

0.350
0.305

0.305
0.470

0.537
0.378

0.335
0.074

0.312
0.507

0.351

0.600°

0.235
0.519

0.158
1.000

0.44€
0.207

0.272
0.133

0.471
"0.335

0.387
0.458

0.272
0.350

0.235
0.519

0.386
0.537

0.236
0.224

0.287
n.125

0.3839
0.073

0.305
0.172

g.u58
0.207

0.441
1.000

0.2u2
0.441

0.335
0.524

0.350
0.441

0.350
0.441

0.198
0.404

0.431
0.448

0.335
0.403
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0.378
0.068

0.3949
0.073

0.295
0.198

0.447
0.133

0.282
0.441

0.112
1.000

0.423
0.335

0.335
0.350

0.224
0.350

0.295
0.519

0.218
0.431

0.192
0.447
>

0.397
0.491

0.389
0.399

0.305
0.295

0.350
0.335

0.4u417
0.524

0.350

0.335

0.447
1.000

0.567
0.u4u47

0.242
0.uu7

0.412-

0.405

0.431
0.436
0.224
0.192

0,205
0.397

0,281
0.3K9

0.318
0.412

0.262
0.u58

¢.u483
v.441

0.262
0.350

0.585
0.4487

0.580
1.000

0.155
0.242

0.318
0.734

0.431
0.431

0.146
0.224

0.312
0.397

0.3485
0.389

0.318
0.305

0.474
0.350
0.3€8
0.4u1

0.155
¢.35%0

0.475
o.44a7

0. 262
0.242

0.262
1.000

0.213
0.412

0.431
0.748

0.366
0.559

0.463 0.331
0.463 0.37Y

0.543 0.340
0.439 0.621

0.470 0.354
0.470 0.378

0.626 0.397
0.519 0.537

0.404 0.481
0.404 0.u4u48

0.305 0.617
0.519 0.831

0.51¢ 0.378
0.405 0.43¢

0.519 U.497
0.734 0.431

0.412 0.727
0.412 0.748
0.36&h0.463
1.000 0.547

0.587 0.701
0.587 1.000

0.295 0.718
0.295% 0.546

s bed




. 378
.06

p.39¢
1.073

1.295
. 198

. uu7
h.133
.41

P.112
1.000

D.423
F-335

0.335
. 350

YL, 224
1.350

D.295
p.519

.278
431

.192
447

. 282

0.397
0.491

0.3H9
0.399

0.305
0.295

0.350
0.335

0.441
0.524

0.350
0.335

0.447
1.000

0.567
0,047

0.242
0.447

0.412
0.405

0.431
0.436

0.224
0.192

0.205

0.397

0. 281
0. 389

0.318
0.412

0.262
0.458

'0.u83

0,441

0.262

0.350

0.585
0.447

0.580
1.000

0.155
0.242

0.318
0.734

0.431
0.431

0.146
0.224

0.312
0.3497
0.385
0.389

0.318
0.305

0.474
0.350

0.368
D.441

0.155
0.350

0.475
G.uua7

0.262
0.242

0.262
1.000

0.213
0.412

0.43%
0.748

0.366
6.559

0.463
0.4€3

0.543
U.439

0.470
0.470

0.626
0.519

0.404
0.404

0.305

0.519

0.51€
0.405

0.519
0.734

0.412
0.412

0.364
1.000

0.587
0.587

0.295
0.295

0.571
0.26%5

0.647
0.290

. 0.470

0.074

0.412
0.224

0.288
0.403

0.091
O.4u7

0.295
0.192

0.412
0.224

0.412
0.559

0.254

0.295

D.u83
D.546

0.295
1.000

0.220
0.340
0.285
0.397
0.244
0.287
0.491
U.287
0.287
0.245
0.379

0.265

0.331
U, 340
U. 354
0.397
0. 362
0.287
0.605
0.287
0.397
0.245
0.379

U.151

0.318
0. 39Y
0,505
0.55Y
V. 282
¢.112
0.y23
0. 345
0.220
0.295
G.327

0.077

U.220 0.312
Q.JJU'U;JBD
0.354 0.418
U. 397 U.#bB
0.125 0.483
0.287 U.3bH
U.151 0.u47d
0.2871 V.262
0.U6Y8 U.BYY
0.354 U.423
0.2/2IU.IUZ

0.038 0. 415

U. 354
U.4 3y
0.810 J ~—
0.51Y
0.520
0.b2b
U.8U5
U.51Y
0.626
v.576
0. 196

u.62/
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- ‘Appendix D

INTERPRETATION OF PACTORS GENERATED BY PRINCIPAL COMPONENTS ANAL-
. YSIS

With the aid of the data matrix apd a knowledge of the crop

soil requirements, factors were interpreted as follows:

FACTOR ONE explains 42% of;ﬁhﬁgﬁafiat' the matpix. The

I

high'positive loadings of every crbb upoh thi or (ranges
from +0.819 for CUC to +0.478\for BLB) indicate that this is a
dimension of variatiom to which/ all crops respond similarly. It
-is a general factor which . implies that, up to a certain point,
all crops exami\ : 'is study behave similarly in response to
variation in the values of soil prdperties represented by it.
Thus, it is perhaps a représentation of the average or néan re-
quirements of {he population of crops as a thle. Because of its
lack of ability to clearly definme distinct clusters this factor
vas not used as an aid in the cldssification of crops 1into
groups. it was, however, useful in interpreting some of thé fac-

tors.

PACTOR THO accounts for over 10% of the total variation in
6011 requirements. gnlike factor one, it shows high negative
loadings in addition to high positive ones. These range‘betueen

-0.536 for PEA to +0.547 for CAR.

- 118 -
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This fActor was interpreted as best defining general

nutrient requirements of crops. Those crops loading lowv had, in
”» - )
general, low NNN,PPP,KKK requirements whereas those loading high

had correspondingly higher requirements for these nutrients.

FACTOR THREE ef%lains nearly 8% oflthe total variation in
the behavior of crops responding to changing soil _conditions.
Like factor two it reveals certain polarities of high and low
loading crops. Hovever, .these are spread more along a continuunm
or continuous gradient with significantly less clustering than

factor two.

Loadings range from +0.565 for BRS to -0.390 for TUR. This |
factor was interpreted as repreéenting the geﬁeral roisture re-
quirements uith}n the populatation of crbps.‘ Those crops loading
negatively to neutral had 1low to medium water requirements.,

- .
Those crops loading positively had higller needs.

\ FACTOR FOUR handles 6.6% of the total wvariationm within the
population of crops. . The highest loadings were found with SPI
and SQU possessing values of +0.497 and +0.496 respectively.

Those crops loadinq¥1owes{ were LET and OWI at -0.375 and -0.393.

This factor was, at first, &ifficult to interpret. However,

once understood, it provided sgne very interesting results. . Ob-
-served here is visible evidence of the importance of ranges of
optimum soil conditions in additionm-to acfual values of these

conditions.
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Textural requirements beést répreseﬁt the' meaning of this
factor. Those crops loading iog qt only preferred lighter tex-
tured soils but, in additionm, grgw)best under a relatively narrowv
rangé of texturai conditions, These are, in general, sandy-ioans
to loams. On the other hand, the high loading crops had somewhat

wvider textural tolerances, but tended to prefer slightly heavier

textures.

L/AFRCZOR,EIVE vas the last’ factor of any dﬁégé;;;;le si&ﬁ?fi-
. s PR - ;

cance used :n crop groubing. It explained almost 5.5% of the to-

tal variation within the population of- crops. T, e crops load-

3
ing highest on this factor were OAT, STB, Lﬁ BLB at +#0.533,

+0.455, and +0.381 respectively. The lowest loadings on‘tpis'

factor were held by SQU, BAR; and PEP at -0.276, =-0.287, and

~0.281 respectively.

Interpreted as representing varying preferences in soil re-

action for optimum growth, this factor encompasses not only val-

-

. r
ues of pH requirements but also ranges of preferences as we 1.

~__/

In this way it bebaves similarly, to facteor four.

Those crops loading high had relatively narrov ranges of
preferfed(soil reactions which spanned no more than two classes;
fhat is, a range of one unit of pH. Treated individually; these
crops tended to prefer very acid to slightly acid soil condi-

tions.
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"to- two pH units).
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Anothe£ large group of crops also: - had narrow preferences

with regard to pH. These crops tended to load around zero (0) on

this factor. Their pH xequirements were generally in the moder-

ately acid range and centered ahout the 5.5 level.

A. third group of crops had slightly wider ranges of tolers

ances which spanned, in some cases, up té\tif?e classes” (ie. up

These crops all preferred slightly acid to al-

kaline soil reactions for optimum grbvth.
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Appendix E

CROP GROUPS IN MORE DETAIL

E.1  GROUP A

70 be noted is this group's low requirements for available
nutrients NNN,PPP, and KEKK. The legumes, of course, have the ca-
pacity to fix pitrogen (otherwise unavailable to“ other plants)
froﬁ the air and hence need little nitrogem in .the soil in order
to flourish. This fact necessitates adeguate drainage and aera-

}tion to the roots. BAR, R?B, and RAD, although unable to fix at-
:mospheric ﬁitrogen, do not‘have high requirements either. These

crops are also low users of potassium and phosphorus.

optimal pH levels for this group range between 6.0 and 7.2
(slightly acid to alkaline). They have a fairly \fide range of
textural preferences, thriving in sandy-loams to clay-loams. 50Y
is perhaps a£ extreme case with the ability to thrive in fertile
clays, " (DUBE, 1977, p.38). However, it is doubtful whether this
characteristic applies to the Ottawa area because 'SOY, in this
region, approaches its pnorthern limit. The te;peratures of clay
soils at the begimning of the growving seaéon\are probably too low

to ensure a tinely maturity date for harvest. With the exception

of RAD, these crops are not known to do well on organic soils.

- 128 -
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Group A crops all grow well in soils which exceed 0.9 neters
depth and RAD and RYE uouid even flourish in well-drained soils
of lesser depth if other requirements wvere met. In additiomn, all
are- high to heavy wvwater users preferring between 0.38 to 0.60
centimeters per tﬁenty-four‘hours. However, nc member of this

group can stand excessive soil moisture.

2
[

—
Agriculturally, SOY, BHS, and PEA are sonefijeé\?nployed in
rotations where the harvested stocks are plowed under in order to
revitalize structure and replenish soil nutrients. As a group

.

then, they would be strongly related to high valued crops with

similar soil requirements other than nutrients. In a dairy éys-

tem a common rotation would be COR followved by one of the above.

In a mixed or large market garden system two years of either SOY,

BNS, or PEA would be folloved by either group B or C crops,

(O.H.A.F., 1978, pers. comnm).

In a farming enterprize where rotations are npot practised
the group A crops would most iikely be grovn om soils less well
endowed with nutrients. See Table 12 for the individual crop and

averaged soil requirements for group A.
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TABLE 13 §
pescription of variablés and variable states used in data matrix

P}

VARIABLE - CLASS . DESCRIPTION
SPH 01 ) very strongly acid 5.0
02 Strongly acid . 5.0=5.4
03 Moderately acid 5.5-5.9
04 Slightly acid 6.0-6.7
05 Neutral . 6.8-7.2
06 Slightly alkaline 7.2
TEX 01 Fine sand
02 Sandy loam
03 Loam )
o4 Clay loam . ' N
05 Clay ’
06 muck
NEN 01 Yery low 0-26 (kgs/ha available)
02 Low 27-53 )
.03 Medium S4-80
o4 Righ 81-107
05 Very high 108-134
PPP . 01 VYery low 15-47 (kg/ha available)
02 Low 48~-80
03 Medium 81-113 ' ¢
ou High 1148-146
05 Very high 147-179
‘ 4
KKK 01 . Very low 20-69 (kgs/ha available)
02 Low 70-119
03 Medium 120-169
o4 High 170-219
05 Very high 220--270
ORD 01 very shallow 0.3-0.8 (metres)
02 ‘Shallow 0.9-1. 4
03 Intermediate 1.5=2.0 -
.oa Deep 2.1-2.6
05 very deep 2.7
WCH ‘ o1 Moderate 0.2-0.3 (cm/24hr)
02 High 0.38-0.48
03 Heavy 0.50-0.60
o4 Very heavy 0.60 .
ODR 01 Medium
’ 02 High

03 very high -
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TABLE 12

Group A soil requirements

-,

Ind1v1dual crop requirements

SPH TEX NNN PPP KKK ORD (ﬁ ¥ ODR
123456 123456 12345 12345 12345 12345 1234 123

IPEA]000100|001100|10000|10000|10000|01111|0110|011|
IRAD1000111|011101|01000|10000[10000[01111]0110|001|
IBNS|0011001011100§100001 10000711000010111110110]1017]
{BAR|00011110011001 010001100001 1T0000101111101101001]
IRYE|001110J011100101000¢10000(100001711111]0110)1011}
150Y§00011010011101 100004 10000110000100111§0010]10111

| — i i A '] A L i A ']

; Group A requirements

v LB L] Y Y Y | p— L] 1
A 100011010711001-11000] 100001 1000010711 1§0110]1011]

| I A L A L] A y L A [ ]

E.2 GROUP B

Gfoup B crops grov-%estxin slightly acid (pH=6.0-6.7) sandy-
loams, loams, or ﬁuck s0ils which are very high in available ni~
trogen;* possess medium amounts of available phosphorus aﬁd are
low in availablé potassiuna. In general they are very segsitive
to poor drainage but nonetheless require adequate soil moisture.
Also, because this group is composed primarily of root crops, and

perennials it prefers fairly deep soils.

A coaparison of gtoup'a soil requirements with those of B
shows that the latter are relatively more demanding than the for-
mer. In other words, the range of conditions wunder which the

~3

former flourish is parrower than those ‘of the latter. This in-

fers that, except on muck soils, group A crops can grovw well any-

.

—
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wvhere that group B thrives. The reverse situation, however, ‘is

not necessarily the case.

TABLE 14

Group B soil requirements

Individual crop requirements .

SPH TEX NNN PPP KKK+ ORD WCH ODR
123456 123456 12345 12345 12345 12385 1234 123

LD L] L} L] ] R K L] L] L ) ]
.LBEE|000110|010001|00001[00010|00100L01111|0010|011|
ICOR|001110|011101[00010|00100|01000|00111|0011|011|
IASP|000100|111001|00001|00100|01000|00011|1000|001|
iCAR|000110|011001|00001l00100|01OOD|00111|1000|001|
IPARI001100|011001|00091|00100]01000!00111|0100|001|
|0NI|000100|011001|00001l00100|01000|01111|0110|001|
ILETI000100|010001|00001|00100]01000|01111IO110|011|
'] '] 1 ' i N

Group B requirements

T 1 | RJ L) L . ¥ L) 1
| B |000100|011001|00001|00100;01000!00111]0110|001|
i ) | i AL L - A .

4 A

E.3 GRQUP C
The soil tequirements of the cole crops are characterized by

relatively narrov optimum pH ranges {slightly acidic: pH=

.

6.0-6.7) similar to those preferred "by -group B, and textural

preferences vhich range from sandy-loam to clay-loan. CAB, and
CAU also both do well on muck soils, provided that drainage is

excellent but noisture plentiful.

halthough their demands for available nitrogen are lower than

those of group B, the cole crops need more PPP and KEK than ei-

1 ’ S iufh "
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ther group A or B. These high nutrient t?quirenents are, in
fact, one of tge principal characteristics of cole cfops. Conse-
quentlf, growing them on the same soil over several consecutive
years is explicitly not recommended by horticulturalists, (THOHN-~

SON & KELLY, 1957, p.277).

In both linkage and information analysis’ 'as well as P.C.A.
this group is associated with other crops and crop groups. ‘Indi-
vidual crops wvith which it appears to associate are BEE and CEL.
BEE was not includ;d in this group for reasons given above. CEL

wvas disregarded because its soil requirements with regard to pH,

PPP, and ORD did not agree with those of the rest of the group.

Grodp C crops are also-offen seen assocMated with TOM and
TUOR (see P;C.Af éraphs of factor.t;o versus factors four and
five, and four versus five). However, ' the differences in water
requiregents (see‘P.C.A. graph of faetor 3 versus 5)- plus TON's
sensitivity to frost, and thus ts unsu;tability for muck soils

in this area, caused them not  o be grouped together.
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TABLE 15

Group C soil requirements

Individual crop requirements

SPH TEX NNE DPPP KKK ORD WCH ODR
123456 123456 12345 12345 12345 12385 1234 123

L} v 1 ¥ Ll L | L] L g Ll L]

IBRO|000100|011100|00100|00010|Q0100|11111]0010|011|

|BRS|000100|010000|001OOI00010|00100111111|0010|001|

ICAB|000100|011101|00100|00010|00100100111|011D|01]|

|CAU|001100|011001|00100]00010|00100|01111|001D|011|
[ I 3 A L A ) 1 1

L A b |

s

Group C requirements

ol

Bl | R Ll L L] L 1’
G |000100|011000|00100|00010]00100|01111|0010|011;
L | I 1 A L I i A J

—

E.4  GROUP D

The chief characteristics of group D, vhich separate it from
groups 1, B, and ¢ are the wide textural and reaction ramges un-
der vwhich it will flourish. Also to be noted are its low rates
of water consumption. , The P.C.A. factor graphs {especially 4
versus 5, and both of these versﬁs 3), aptly demonstrate these

characteristics. See Table 16 for</£iis group's soil require-

ments.
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TABLE 16

Group D soll requirenments

Individual crop requirements

SPH * TEX NNH PPP KKK ORD WCHN ODR
123456 123456 12345 12345 12345 12345 1234 123

g | L] L k] Ll L L) ¥ L
}SPI410011001001110] 010001 0001010100050111111000]1001
1S0U{1001110(011110101000] 000101010001 1111711100(011}
|PEP[001110)1011110100100]0001010010010111140100§001]
i A A ' 3 1 i L . b | ']

Group D requirements

L] L3 L1 1 L L ] L | 4 L
1 b 10011101011110401000]100010)01000)101311j11001007
A L i | b | | N I

L A |

E.5 GROUP E

———— -

!

Exanmination of the rele;ant portion of the origimal data/;a-
trix confirms these results, (see table }. The chief character-
istics of this group are its low demands for water as well as its
toie:ancé for more imperfect drainage conditions than the other
groups. In addition this group grovs best on lighter textured
soils of moderate to slight acidity and requires, in general,'
only moderate quantities of available nutrientsf//wit éaens that
these crops are more suited to poorer gquality soils than are per-

haps group B or C or even group D Crops.
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TABLE 17

Group E soil requirements

Individual crop requirements

SPH TEX NNN PPP KKK _ORD WCN ODR | P
123856 123456 12345 12345 12345 12345 1234 123 -

r L4 T T T T Y Y T 1

|STB|001100|011000|00100]01000'10000]01111'1000]111'

|OET|001100|111000'01000'10000'10000'01111’1000]111]
P 2 1 A M L

[ § A n.d '] ']

Group .E requirements

r L L] ¥ T F L L L) L R
| E 1001100|011000|01100111000|10000|0111]l1000|111|
A | | A A A 1 L ]

[} A 'l
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Appendix P

LASTAN PROGRAM WITH EXPLANATION OF "LIMITING FACTOR" ALGOR ETHN

- . CHRIS. LOK, DEPT. OF GEOGRAPHY, UNIV., OF OTTAWA
*%%LASTAN: LAND SUITABILITY ANALYSIS***

THIS “PROGRAM READS DATA ON LAND CONDITIONS AND USE
REQUIREMENTS. IT THEN CALLS A SUBROUTZNE °SINDEX'®
WHICH CALCULATES: A) A SUITABILITY INDEX
B) POSSIBLE PROBLEM LAKD FACTORS
FOR EACH USF ON EAGH SITE. °

SITES . ARE DESCRIBED BY A SERIES OF BINARY VECTORS
REPRESENTING VARIABLE STATES: OSCONDITION PRESENT
' 1=CONDN. NOT PRESENT

EACH USE IS DESCRIBED BY A MATRIX. ROWS AND COLS CF BMATRIX
CORRESPOND TO THE VARIABLE STATES USED TO DESCRIBE SITES.

THE DIAGONAL ENTRIES OF BACH MATRIX ARE RATED ON A SCALE oFr

1 TO 5: (5=EXCELLENT, 4=GOOD, 3=MEDIOCRE, 2=PO0OR, 3%=UNSUITED).
ENTRIES OF SUBMATRICES BFLOW THE DIAGONALS ARE THE 2-WAY
INTERACTIONS WHICH EXSIST BETWEEN VARIABLE STATES.

INPUT PARAMETERS READ:
N= HO. ROWS OF SITE MATRIX, KO. SITES TO BE ASSESSED (MAX=150
M= NO.-COLS OF SITE MATRIX, ROWS & COLS OF USE MATRIX,
TOTAL VARIABLE STATES (MAX=50)
P= NO. OF DIFFPERENT USES (MAX=5)
NVARS= TOTAL NO. VARIABLES (LANED FACTORS), HMAX =10.
TITLE= CHARACTER VECTOR; TITLE OF PROJECT (A60 FORMAT)
YSKO= INTEGER VECTOR, .LENGTH NVARS, EACH ENTRY EQUALS
THE NO. OF VARTABLE STATES IN VARIABLE(NVAR).
STPT= INPUT PORMAT W/ WHICH SITE MATRIX TO BE READ,
MOST BEGIR W/: (A15,1X...) J
UIPT1= INPUT FOBMAT W/ WHICH USE 3-DIMENSIONAL ARRAY
TO BE READ. EACH MATRIX {2-D)= 1 USE, _
UIFT2= ALTERNATE INPOUT FORMAT W/ WAICH USE 3-D ARRAY READ
WHEN ROW ENTRIES >35, IE NEED >1CARD PER ROW.
VNANES= CHARACTER VECTOR, LENGTH NVARS, 3 CHAR. NAMES OF
EACH VARIABLE ’
UNAMES= CHARACTER VECTOR, LENGTH B, NAME OP EACH
USE, ('P'AB0) FORMAT IE. 1 CARD PRR USE
UNFPT= INPUT PORRAT ¥/ WHICH "UNAMES™ TO BE READ
¥ST= CHARACTER VECTOR, LENGTH N, CLASS NO. OF EACH
VARIABLE STATE s -
VDS= CHARACTER VECTOR,.LENGTH B, DESCR. OF EACH

- 137 -
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VARIABLE STATE, (A60 FORMAT)

SNAMES= CHARACTER VECTOR, LENGTH
EACH SITE ('N'R15)

INPUT DATA READ:

-

DECLARATION AND DIMENSIONING OF VARIABLES

*

SITE= N*N, 2-D REAL ARRAY OF BIN
LAND CONDITIONS OF SITES.

CGIM= M*M, 2-D REAL ARRAY, 1 PER USE, DESCRIBES PERFORMANCE oF

138

N, DESCR. ID OF

ARY VECTORS DESCRIBING

N

USE UNDER EACH POSSIBLE CONDITIOK, TAKING INTO ACCOUNT
INTERACTIONS BETWEER CONDITIONS.

/150%0.0/

A

REAL SITE (150,50)/7500%0.0/,CGIN (50,50)/2500%0.0/,SIDX(150)

INTEGER SROW,SCOL,UROW,UCOL,UPLN,N,,P,NVARS,R,C,T,VSNO(10)/10%0/
INTEGER ISITE (50) /50%0/,ICGIN (S50)/50%0/,PCOL

CHARACTER TITLE®*60,VNAMES#*3(10),SNAMES*15 (150) ,UNAMES*60 (5)
CHARACTER VDS*60(50),VST*2(50) ,SIFT*4 (20} ,UIFT1#4 (20) ,ONFT*4 (20}
CHARACTER PBM*3(150,10) ,0IFT2%4 (20) : ‘

READ INPUT PARAMETERS & VARIABLE DESCRIPTIONS

READ (5,10) N0, P,NVARS, TITLE
READ (5,20) (VSNO (C) ,C=1,HVARS)
READ (5, 1) (SIFT (C) ,C=1,20)

READ (5, 1) (UIFT1(C),C=1,20)
READ (5,1) (UIFT2(C).C=1,20)

. READ (5,1} (ONPT (C) ,C=1,20)

READ (5,40) (VEAMES (C) ,C=1,NVARS)

_ READ(5,UNPT) (UNAMES (C) ,C=1,P)

c=4

WHILE (C .LE. M) DO :
READ (5,/50) YST(C) , VDS (C)
C=C+1

END WHILE

PRINT INPUT PARAMETERS
(\.B. PATS 180,190,200,250 AUST
BE CHANGED IP DIMENSIONS OF °'SITE®
OR *CGIN' CHANGE) :

PRINT 110, TITLE

PRINT 120

B=C=1

WHILE (C .LE. KVARS) DO
PRINT 130, VEAHNES (C).
T=1
WHILE (T .LE.-VSEO{C)) DO

PRINT 140, VST(R), VDS(R)
T=T+1
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B=R+1
END WHILE
C=C+1 . -
END WHILE
c
C-READ & PRINT SITE MATRIX 6 SNAMES . ¢
. PRIKT 110, TITLE .
PRINT 170 s
PRINT 180, (VNAMES(C),C=1,NVARS)
PRINT 190, (¥ST(R).R=1,N)
SROW =1
WHILE (SROW .LE. N) DO : :
READ (5, SIFT) SNAMES {SROW) , (SITE(SROW,SCOL) ,SCOL=1,H)
c=1
WHILE (C .LE. M) DO
ISITE (C)=IFIX (SITE({SRO¥,C))
C=C+1 .
END WHILE
PRINT 200, SROW, (ISITE(C),C=1,M) :
IF (SROW/S .EQ. FLOAT(SROW)/S5.0) THEN DO
PRINT 210
END IF
SROW=SROW+1
END WHILE
PRINT 110, TITLE
- PRINT 150 '
c=1
WHILE (C .LE. N) DO
PRINT 160, C, SEAMES(C)
Cc=C+1
END WHILE
c
C READ & PRINT CGIM (USE MATRIX)
c :
PRINT 110, TITLE
PRINT 220
DPLE=1

WAILE (UPLN .LE. P) DO
PRINT 230, UNAMES (UPLN)
PRINT 260, (VNAMES(C),C=1,NVARS)
PRINT 190, (VST (R),R=1,M)
UROW=1
R=1 - v
WHILE (R .LE. NVARS) DO
PRINT 240, VNAMES (R)
T=1
WEILE (T .LBE. VSNO(R)) DO
IFP (UROW .LE. 35) THEN DO
READ (5,0IFT1) (CGIM(UROW,UCOL), ucoL=1, uaow)
ELSE DO .
READ (5,UIFT2) (CGIM (UROW ,UCOL) ,UCOL=1, URON)
END IP
c=1

-
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WHILE (C  .LE. W) DO
ICGIN (C)=IFIX (CGIN (UROW,C))

c=C#1

E¥D WHILE
PRINT 250, ¥ST (UROW) , (ICGIN (C) ,C=1,H8)
UROW=UROW+1 ) .
T=T+1

END WHILE
R=R+1
END WHILE

CALL/SUBROUTINE SINDEX & PRINT HESdLTS

140 -

[

CALL SIHDEX(SITE,CGIH,HVARS,VBRHES,VSNO,N,H,éBH,SIDX)

PRINT 100
PRINT 290, UNAMES (UPLN)
PRINT 270
SROW=1

¥HILE (SROW .LE. N) DO

PRINT 280,SROV,SNAHES(SROH),SIDX

* PCOL=1,HVARS)
SROW= SROW +1
END WHILE
UPLN=UPLN+1
ERD WHILE

PRINT
STOP

100

INPUT PORMATS

1 PORMAT
10 FPORHMAT
20 PORMAT
40 FORMAT
S0 FORMAT

{20A%)

s

(12,3(1X,12),1X,160)

{(1012)
(10 (A3 ,1X))
(A2,1X ,160)

OUTPUT PORMATS

100 FORMAT

110 PORMAT

120 FORMAT
*

130 FORMAT

140 FORMAT

150 FORMAT
*

160 FORMAT

170 PORMAT

180 FORNAT
*

(*1")
(*1*,T35,A

~—
0s/)

-

A

(SROW) , (9 ROW, PCOL) ,

(* *,T35,°%¥LIST OF VARIABLES USED**'//

vQ¢,T20,'VA
( *,T22,R23)

(* *,T36,A2

L

,T44,160)

ﬁIlBLE',T35,'CLBSS',Tug,'DESC§IPTION'//)

{(* *,T35,"*¢S1ITE IDERTIFICATION**'//
!0',T37,'FUHBEB',TQ5,'DESCBIPTION')

{* *,738,I3

#TO7,115)

{(* *,T35,"**5ITE DESCRIPTION**')
('-','NO.',T12,A3,T2ﬂ,k3.T37,h3

T81,A3,T98

+A3)

,T“ﬁ;hB,T59,h3,T72,h3,
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190 FORMNAT ('o'.r1o 5A2,1X,6A2, 11,2 (532, 1X) ,612,1X,482, 1X,TA2,1X,"
* 622,1X)
200 FORNAT ( ',1X,I3,T10,5I2,1X,612, 11,2(512 1), 512 1x,412, 1x, .
* 712, 1x:612 1) .
210 FORMAT (' ')’ \
220 FORMAT 1‘-',T35,'ttcnop INTERACTION MATRICES**'/) %
23Q FORMAT (* !',T30,*CROP GROUP: ',A60/)
240 FPORMAT ('0',ux 1A3) )
250 FORMAT (' ',1X,A2,T10,5I2,1X,6I2,1X,2(512,1X),612,1X,412,11,
* 712 1X,612,1X)°
260 FORMAT (* T1o.53 T24,A3,T37,A3,T48,23,T59, 33,172 A3, :
* T81,A3,798,13) , :
270 FORMAT (*-!',T10,'SITE RO,',T22,'SITE uauz-,mu7.~sxnx',rso,
s 'PROBLEN FACTORSY) \\Tha—**rr)
280 FORMAT (*0*',//,T10,13,T22,A15,T47,F5.1,760,8
290 -FORMAT ('0°," **LAND SUTTABILITY INDICES POR: °,A60,"%%")
END

-

~

J H

SOBROUTINE SINDEX (SITE,USE,NVARS, VRAMBS,VSNO,N,H,PBN, SIDX)

SINDEX CLLCUﬂATES SUITABILITY INDICES AND PINFOINTS POSSIBLE
PROBLEN DR LINITING LAND PACTORS FOR 1):2 TO 5 z,ES OVER 150 SITES. .~

SINDEX IS ACTIVATED BY THE COHHAﬂD'V
" WCALL SINDEX(SITE, USE, NVARS,VNAMES, VSNO N,M,PBN, SIDX)" WHERE:
SITE= INPUT REAL 2-DIAN. 1321! OFP SITES VS. SITE DESCRIPTIONS

DRPINED BY A MAXIADN .OF 10 VARIABLES, 50 VARIABLE
IN BIRARY FORMAT. N.B.
PER SITE ALLOWED TO EQUAL 1 (IE PRESENT AT SITE)

A BAIINON OF 10.
A' 3 CHABACTER VARIABLE EANE,

OF VABIABLE STATES .OF VARIABLE AT VSNO (C) .

b

’

»

~q

ATES

ONLY 1 VARIABLE STATE PER VARIABLE

]

JSE= INPOUT R 2-DIN. ARBAY WHICH EQUALS RATINGS
AND INTERACTIONS OF POSSIBLE SITE VARIABLES FOR 1 USE.
BATING RANGE PROM 1 TO 5 (5=EXCEL., 4=GOOD, 3=BEDIOCRE,
2=POOR,1=UNSUITED) ; MAX. OF .5 USES ALLOWED. '
L NYARS= INPUT INTEGER, HUMBEER OF VARIABLEE/ﬁiiﬁD PACTOES) UP TO

VYHAMES= INPUT CHARACTER VECTOR, LENGTH KVARS, BACH EHTR! BEQUALS

VSHO= INPUT INTEGER VECTOR,. LENGTH HVARS, EACH ENTRY EQUALS NO.

NPUT INTEGER, EQUALS NO. ROWS OP SITR" HATBIX, IE. RO. SITES

SSESSED.

: F . ,
DECLLB!TION AND IHITI!LIZLTIOE oF VARIABLES T

. M= INPUT IRTEGER, BQUALS NO COLS SITE HATRIX, NO. ROWS AND COLS

*  3=D ARRAY ‘EQUALS TOTAL KO. VARIABLE STAT Hl!. =-50

PBN= OUTPUT CHABACTER 2-D ARRAY OF POSSIBLE ROBL 8 LAND FACTORS
PER USE. AT EACE SITE: PBH(SROW,SCOL) WHERE: S =SITE,
PCOL=PBN'S AT SITE FOR USE. E1 MATRIX PER USE CREATED. -

SIDI- OUTPUT REAL MATRIX OF SUITABILITY INDICES: SIDX(SEOU UPLH)

RESULTS ARE BETUR!ED T0 NAIN PROGRAX POR PRINTING & PURTBER HLHIPULA

1]

1

N
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.
.INTEGER UPLN,SROW,UROW,PCOL,SCOL,C,X,NVARS,VSNO(10) ,H,M
REAL SUM,TBST,ISUM,IVEC(150,50),SITE(150,50),0SE(50,50),SIDX(15(
CHARACTER PBM*3(150,10) ,VEANES*3 (10) ¥

noaao

COHPUT? IVECTORS AND CHECK FOR .POSSIBLE LAND PACTOR LIMITATIONS

SROW=1
WHILE (SROW .LE.-N) DO
UROW=PCOL=1
WHILE (UROW .LE. .M) DO
SCOL=1
SUM=0
WHILE (SCOL .LE. M) DO
SUM=S UM+ (SITE (SROW,SCOL) *USE (SCOL ,UROW) )
IPF (SCOL .EQ. UROW) THEN DO .
TEST=SITE (SROW, SCOL) *USE (SCOL, UROW) PR
IF (TEST .NE. 0) THEN DO ‘ \
IF (TEST ,LE. 2.0) THEN DO ‘
c=1 :
- X=0
P . CONTINUGE
WHILE (C .LE. NVARS) DO
IF ((VSNO{C)+X)} .LT. SCOL) THEN DO
I=X+¥SNO (C) ‘
C=C+1 AN
GO TO 11 :
BND IF
GO TO 12
END WHILE . - )
12 ' CONTINUE .
"« PBH (SROW, PCOL) =VNANES (C)
PCOL=PCOL+1" '
END IF
. END IF
END IF
X SCOL=SCOL+1
- END WHILPE
*\ IVEC (SROW,UROR) =SUN
ORON=UROR+1
END WHILE
SROW=SROW+1
END WHILE &
c - AN
C ) \ ) i .
C COMPUTE SUITABILITY INDICES (SIDX) AT EACH SITE ((SROW,/ScCoOL)},COL=1,
C FOR USE ((CGIM(UROW,UCOL,UPLY) ,UPLN=1,P))
c B
SROW=1
WHILE (SRO¥ .LE. N) DO
ISUM=0 a5
sScoL=1 :
"§HILE (SCOL .LE. M) DO )
ISUM=I50M+ (SITE (SROW,SCOL) *IVEC (SROW,SCOL))
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SCOL=SCOL+1 , )
END WHILE
SIDX (SROW)=ISUN
SROW=SRON +1.
END RHILE

RETORN
END

The detection of limiting factors is aade by néﬁns of a
'flexihle algorithm which operates in the following manner. W¥hile
each entry of n[I]Je is being computed a check is made to- see if
variable state a(i,j). of n[S)a is indeed present in site k. If
present then the algorithé deterliggs wvhether the rating given to
a(i,$h by the appropriate entry of m[g}n is above or belov a
specified critical threshold valuve called *"TEST". In this ver-
sion of LASTAN the qalu? TEST equals 2. If the rating is greater
tban TEST then éhe‘algorithn exits because no limiting factor was
found. However, if the rating is less than or equal to TEST then
the name of the vari e state and the variable in question are
recorded, stored, .éizllater printed out asg_potentially lini%;ng

factors.



SITE

c1/3.3
LéZ/z.ﬁ
€2/3.2 -
c2/3.3
c3/2.2
Cu-D3/3.2%
'C5/3.2
CH1/3.2 -
CH1/3/4.0
CH1-61/3.2
D1/3.2
D1/
p2/5

LEZCS

D3.0/0.1

Te

-

Pl

—~
™

1
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Appendix G

DATA, 14S[S]44 AND 4u[ U Ju4

Nap Delineation Description: 145{S]44

SPH TEX

00100 061000
00100 010000
00100 001000

00100 001000

‘01000 010000

01000 001000
00010 001000
00010 001000

00010 001000

00010 001000

01000 001000
01000 000100
01000 000100
01000 001000
00010, 000100

00010 000001

DEP

01000
01000
01000
01000
01000
01000
01000
00010
00010
00001
00010
00010
00010
00010

00010

01000

DRA

01000
00100
00100
00100
00100

00010

00010

01000

01000

01000

00100
00100
00100
00100
00100

00001

- 1y -

SLO

010000
010000
100000
010000
100000
100000
100000
100000
100000
100000
100000
100000
010000
100000
100000

100000

)

STO

1000
1000
1000
1000
1000
1000
1000
1000
1000
0100
1000
1000
1000
1000
1900

1000

PPP

1000000
0100000
1000000
1000000
0100000
0100000
1000000
1000000
1000000
1000000
0100000
0100000
0100000
1000000
1000000

1000000

KEK

010000
000100
010000
010000
000010
000100
000100
000100
000100
000100
000001
000001
000001
001000
000010.

010000
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[y

D3/3.1
D3/3.1/2
D3/378.1
D3/3/8.2
D3/8.1
D3/U.1/2
D3-Cu4,2.2-
D3-NG2/3/&.2
F1.P/3.2
F1.9/3.3
Fl.P/3. 4
F5/2.2
P5.B/3.2
G1/2.2

G1/2.3

G1/2/3.2

G1.S/2.2
G1.P/2.3
G1/2/3.3
61/2.2/3
G1/2.J‘}
G1/2.3/4

G1.S5P/2.4
G1.p/2.h

G1/3.2

.61/3.3

.G1/3.4

00001,

00010

00010 001000

00010 001000
00010 000100
00010 000100
00010 000100
00100 000100
00100 010000
00010 001000
001000
00001 001000
00001 001040
00001 010000
00010 001000
00010 010000
00010 010000
00100 010000
00010 010000
00100
00100 010000
00100 070000
00010 010000
00010 010000
00010 010000
00010 010000
001000
00010 001000

00010 001000

010000~

00010
00010
00010
00010
00010
00010
00100
00010
10000
10000
10000
10800
10000
00010
00010
00010
10000

01000

00010

00010
00010
00010
01000
00010
00010
00010

00010

00010
00010
00010
00010
00010
00010
00010
00010
01000
01000
01000
0o100

00100

01000

01000

01000
01000
01000
01000
01000
01000
or00g
01000
01000
01000
01000

01000

100000
100000
100000
100000
100000
100000
100000
100000
100000
010000
001000
100000
100000
100000
010000
100000
100000
010000
010000
010000
001000
001000
001000
001000
100000
010000

001000

0100
0100
0100
=]
0100
1000
1000
1000
1000
0001
0001
0001
0010
0001
0100
0100
0100
0100
0010
0100
0010
0100
0100
0001
0001
0100
0100

G100

0100000
0100000
0100000

0100000

-1000000-

1000000
0100000
1000000

1000000

1000000

1000000
1000000
1000000
0100000
0100000
1000000
1000000
0100000
1000000
1000000
1000000
1000000
0100000
0100000
1000000
1000000

1000000

145
000 100
000100
000100
000100
000100
000010
000100
001000
010000
010000
010000
001000
001000
000100
000100
010006
100000
010000
010000

100000
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Crop Group "A" Ratings and Interactions:
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Appendix H

~0UTPOT PﬂﬁﬁfiRSTAN WITH SUITABILITY AND CAPABILITY CLASSES hDﬂfD

-~

**LAND SUITABILITY INDICES FOR: BARLEY, PEAS, SQY{ RYE, BEANS, RADISHES**
: &

N.B. A '*% heside a SITE NO. means the LASTAN index (SIDX) for this

site is an anomaly. é; .

SITE NO. SITE NAME SIDX SCLASS PROBLEM PACTORS CAPABILITY

1 c1/3.3 47.0 2 U0 UUU 00U UUD 2PV (t)
2 c2/2.3 ﬁo.o 3 UOU OUD 000 0UD  2Fw(t) T
3 c2/3.2 44.0 2 UGU UUU UUU OUD 2fw
-4 c2/3.3 .  62.0 2 UCU 00U UUU OUO  2fw(t)

AT, C3r2.2 43.0 2 UDU TOU UUU OUO  2Fw(t) ]
6 Ct-D3/3.2% 42.0 2 DRA UUOU UUU OO0 2W(v)f
7 C5/3.2 45.0 2 - DRA 0UU UOD 00O 2W

'8 CH1/3.2  S5.0 1 U0U DOO UDU UOU 1w

-9 CH1/3/8.0° 55,0 1 U000 UOU 000 000  1w-1p

10 CH1-G1/3.2 55.0 1 UUU UOU 000 00U 1w )

1 Dﬁ/3.27 49.0 2 U0y UUY 0UU 000 1w

12 7 D1/4.2 50.0 2 U0U UO0 000 00U 1w (t)

13 D1/4.3 48.0 2 UUC UUU UUU UOU 1wy

18 D2/3.2 87.0 2 UUU DUD U0 UUG 2wy

-~ 153 - ;}
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