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Note: This paper represents the views of its author only, and except where
specified these should not be taken as necessarily representing
standard practice within the Land Resources Division.
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INTRODUCTION

This paper is intended primarily for those administrators, agriculturists, and
planners who have occasion to request, commission, advise on the need for, or
subsequently to evaluate, interpret and apply the results of, soil surveys.
Implicit in it is the application of such surveys to the problems of the under
developed countries, and to predominantly tropical and sub tropical environments,
It should also be noted that the comments that follow are based primarily upon
British and Commonwealth experience, particularly in Africa.

The paper starts from the premise that despite the large number of soil surveys
carried out since 1945, they have not influenced agricultural development, or
contributed to increased productivity to the degree which might be expected
from the amount of work; and that agricultural development has occurred
regardless of, rather than as a result of, soil surveys.

This assumption is based upon the lack of examples in the professional litera-
ture of cases where the prior availability of soil survey findings substantially
inf'luenced agricultural policy and decision - taking, either in avoiding
mistakes, or in indicating the form and location of new or improved agricultural
land use. There is a similar apparent scarcity of examples in which
agricultural research has been influenced by, or initiated as a result of, soil
surveys and there are few references to correlations between the results of
research and units shown in soil maps. This might be termed the "comprehension
gap" represented in Figure 1.
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FIG. 1. THE COMPREHENSION GAP

It expresses the failure of soil surveys in one of their most important
functions, namely to act as the vehicle for the transference of Ikmowledge, both
between various branches of agricultural research (through helping where
appropriate, to delimit the applicability of research results), and between
agricultural research as a whole and planning and extension work.

The significance of this is not difficult to appreciate. Out of 100 papers
(randomly chosen) reporting research into the chemical and physical processes
within the soil body or soil fertility studies, none quoted references to, or
descriptions of, soils, in taxomomic units appropriate to soil mapping at any
level below that of great soil groups.

Not once was a precise reference made to a soil map as being indicative to the

reader of the precise area and range of soil types to which the research would
be applicable,

lhere surveys exist this suggests either that the chosen mapping units are
inappropriate; or there is too wide a difference between the mapping units and
those described in the report; or that the type of data collected by surveys
<% insufficiently relevant to research and extension work, Alternatively
agriculturalists may not sufficiently understand the limitations and
possibilities of soil surveys, thus resulting in there being no policy for
surveys, or surveys being requested which are inappropriate to their objective.

What can be achieved is illustrated in a paper by Higgins (1964), which sets
out a detailed summarisation of rice growing soils in certain parts of Northern



Nigeria., This precise summary is based upon properly planned and carefully
executed soil survey programmes. The data quoted are related to management by
reporting the results of agronomic experiments carried out upon the specified
soil types. As a result the soil maps of these areas may be immediately re-
interpretated as a land classification map for rice growing. Such work is of
great value, but is confined almost entirely to those countries which have had
soil survey units, able to pursue a coherent programme for a substantial
period of time (Murdoch, 1963; Brammer, 1960; Klinkenberg and Higgins, 1968).
Such work also indicates that despite positive criticisms of soil surveys
(Gibbons, 1961), they can respond effectively to the requirement that the
results can be usefully correlated with agricultural productivity,

To this end we need to examine the different forms of soil survey in relation
to various agricultural objectives, to consider the methods and organisation
of work to achieve such ends, and the extent to which modern technology may
assist.
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TYPES OF 8
8So1L
SAMPLING TYPICAL
TYPE CBJTCTIVE MAP PHOTO DENSITY ARZA MITHOD
I}JT&URATE'TOR SINGLE SCALE SCALE (Avg, per
ASPECT ‘ sq.ml.)
1 ‘ (=2.6 km?)
=ZCCNNAISSANCE fL National or 1:250 000 1:25 000 < >2 000 Physiogrenhic
(usually integrated) ‘| regional and to (often< ,05 (usually + free
N inventory smaller §/| 1:80 000 i.e, <i:20 sq |>10 000) traversing
{ ml, )
¥ v o
: FXTENSIVE Datailed 12100 000 1:25 000 £ 1 1 000 Physivgrephic
{usually integrated inventory: to to to + irregular
but may bhe single broad agric. 1:250 000 1:50 000 10 000 grid to give
aspect) ! potential reasonable
b4 1 average
@ | spacing
| :
s i
INTENSIVE Location 1:25 000 1:25 000 1 ~10 500 Physiograpaic
" (either) and to to to + (usually
definition 1:100 000 | 1:50 000 S 000 irregular)
of projects grid +
interlining
f; T E—— =
DEVELOPMENT STUDY Project 1:25 000 Preferably { Minimum Usuzlly Regular
(usually single execution or larger about 10; <50 grid +
aspect) 1and farm larger than no upper interlining
planning (Irrigat- 1:25 000 limit
1 fon
projects
; usually
{ >1:10 000)
| MANAGEMENT] PRCELT To characterise | 1:10 000 1:10 000 As reqd, 211 Regular
| STUDY N experimental or or grid +
| (single aspect) environment. larger larger interlining
assist
solution of
agronomic
problems

1/ 1:250 000 is a "smaller' scale than 1:25 000

2/ Routine studies:
Genesis and Classification studies:

Mechanical analysis, pH, C.E.C., totsl exchangeable bases, base
Clay minersls, Silica/sesquioxide ratio, thin

Fertility studies: Av, P and K, reserves of P,K,N,Fe,Al, trace elements
Irrigation studies: Conductivity, soluble salts, =.S,7., av, water capacity, permec:



TYPsS OF SJRVEY
SUBJECT MAPPING UNITS,
| ! I
INTEGRATED | SOIL GEQMORPHOLOGY VEGT. LAND USE ' SOIL ANALYSES REQD, ?-/
=N 3
ysiogr=-2ic | Land system er. sub Major rellef Topo/ Topo/ Routine: all lab samples
free or higher order, or units Climatic Climatic Genesis and classification:
aversing categories grezt soil selected samples.
group Fertility studies: to
deperding characterise major series.
on cozplexity
b
nysingr=zfiic | Land system | Gresz: soil Relief units Communities farming Routine: all lab samples
i gilar groups, or or ‘major systems or Genesis and classification:
~id o gize topegrzrhic landforms. cultivation on selected samples,
>=SCTESls er zznetic density Fertility studies: to
FETaTE ' zssociztions characterise major series.
ecing of series
ysioz=zaic | Land sysiez | Series, or Individual 4ssociationsy Crop dist, or | Routine: all lab samples
and | essociztions landforms. field Fertility: to characterise
Tesaler facets | o7 series in patterns or all significant series.
s (usually comslex cult, density { Irrigation: mostly by
rtarlining the latter) | z-e=s, undisturbed cores.
- - = =
== o - Ph=ces of Landform Species Zxisting Routine: all lab samples
~ed series &for elements distribution] crop/cult, Fertility/Irrigation
parliining selected or slope (e.g. tree distribution studfes: in sufficient nos.
per=meters units counts) &/or to assess unit variability
i proposed and provide adequate basis
| 1ayout. for management (Irrigation
: mainly be means of fleld
i studies, )
|
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PABLE 2, TYPES OF SOIL SURVEY (after Smith, G. D., 1965)

MAP UNITS

scALEY

PURPOSE

EXPLORATCRY

Associations of phases
of great soil groups.

1:1 000 000
and smaller
(schematic maps)

1. To locate areas of
substantial soil
difference (inventory)

2, Locate more detailed work.

3. Test legend.

11

RECONNATSSANCE

Asmoeiations of phases
of soil series or
higher categories
(great soil groups or
families

1:62 500 to
1:500 000

1. To survey areas suited
only to extensive use,

2. Pre-detailed survey to
locate and define such
work.,

LOW INTENSITY

Phases of assoeiations
of series.

1:30 000 and
smaller.

For forestry snd grazing
development areas.

DETAILED MEDIUM INTIENSITY

Phases of soil series

1:10 000 to
1:30 000

For arable development areas.,

HIG INTENSITY

| | |

Phases of soil series
specified on a denser
sampling patterm.

1:7 920 and
larger.

For very intemsive development
areas e.g, irrigation, wurban
expension

1/ Details of scale derived from other sources, prinecipally, U,S. Department of Agric. Handb.18,

Soil Survey Manuzal.



TYPES OF SOIL SURVEY

Three groups of people are concerned with soil surveys. Those who request

such surveys; those who conduct the surveys; and those who have to interpret
and apply the results of the surveys. Perhaps one important reason for the
rather negative interest in soil maps of many workers in the agricultural field, -
is the fact that those who request and those who apply the results of soil
surveys are rarely the same people. This can result in unsuitable specifi-
cations being issued for surveys. Two questions must be answered in drawing
up a brief: What purpose is the survey to scrve? Who is going to use the re~
sults? Table 1 sets out in summary form the main distinctive groups of soil
survey, although it must be understood that the divisions between them and the
scales and taxonomic units suggested must not be regarded too inflexibly.
Within these broad categories any survey must be specified on its own merits to
meet its own particular circumstances.

Many authors recognise some similar sub~division amongst soil surveys. For
example Beckett (1968), groups soil surveys into three types; "One-stage'

soil surveys in which the maps show the boundaries of the defined sub divisicns;
"Two-stage" soil surveys in which the maps portray groupings of the units defined
and described in the accompanying text; and "Three-stage' soil surveys in which
the units shown on the maps are so complex that they have little valuc in terms
of presenting information about the distribution of the basic units of descrip-~
tion. Carbonnell (1966), divides surveys up into 4 categories which he
characterises by selecting what he describes as a median map scale for each,

as follows :-

reconnaissance surveys with a map scale of 1:200,000;
semi-detailed surveys with a scale cf 1:50,000;

detailed surveys with a scale of 1:10,000;

and very large scale surveys with a factor of 1:500/5,000.

It is clear from his comments that these respectively cquate with the purposes

of general inventory, project definition, proje¢ct execution, and spccial

purposes such as urban planning or engineering works. Smith, (1965), divides

his soil surveys respectively into exploratory, reconnaissance, and detailedj

the latter being in turn sub-divided into low, medium, and high intensity surveys,
and he characterises cach type of survey by the type of soil unit used on the
accompanying maps with consequent implied distinctions of publication scalece

(See table 2).

Before considering each type of survey set out in table 1 in more detaily the
relationship between soil surveys and other forms of environmental survey

must be considered. '"Integrated" has two quite different aspects in relation

to a survey programme. Firstly it may be applied in the sense of a single
coherent programme for a given area, which, within itself, leads to progressively
more intensive examination of successively more limited areas in & sequence of
surveys designed to lead from the first appraisal c¢f an hitherto underscribed



environment, to a final stage of successful project execution. This is
integration on a ldng-term basis and is rarely encountered as a conscious
policy applied from the start. ‘'Integration' is more commonly used to refer to
the combination, within one survey, of a team of environmental scientists
dealing with several, or all, co~varying and mutually influencing aspects of
the physical environment and it is in this sense that the term is used in
Table 1. Tt must be stressed that whilst it is generally preferable to have
the whole team working together simultaneously, it is not always necessary;

and considerations of seasonality, personnel availability, and transport
logistics may in practice disperse the activities of the team in time or space,
or both. 4s Table 1 indicates, there is a rough general rule that the more
intensive and detailed the survey required, the more likely it is that such a
survey will have to concentrate upon one aspect of the environment. The pre-
eminent aspect is most commonly soil as the medium of cultivation, although
not necessarily always so. For example when dealing with semi-arid lands,
grassland ecology might become the prime consideration.

I. RECONNAISSANCE SURVEYS

Type of Survey: Normally an integrated survey, presenting its results in a
series of small scale maps, one map for each aspect of the environment, often
with a map at somewhat larger scale summarising these results in terms of
"integrated” map units given such titles as '"Land Systems'!" of "Natural Regions'ls

Objective: National or regional inventory. Such a survey should present a
coherent account of the whole of the physical environment, stressing the
interrelationships of the several aspects. It should establish the taxonomic
units for each aspect, using high level categories, but providing some descrip-
tion of the detailed composition of each of those categories. It is likely to
indicate development potential only in broad and rather subjective terms,
governed primarily by climate and topography. It rarely makes qualitative or
gquantitative assessments of the potential relevant to project planning or the
selection of management techniques. However the initation of such detailed
work does not necessarily have to await the ultimate completion of the whole
reconnaissance survey, provided that it is sufficiently far advanced to indicate
the most promising areas for the next phase of investigation.

Survey Methods: Heavy reliance is placed upon remote sensing technigues,
particularly air photo interpretation, for establishing mapping units and
marking boundaries accurately. Such techniques also assist the planning of
field traverses in order to provide adequate confirmation of the boundariecs,
plus description of the units based on sufficiently widespread sampling to
ensure that no important area has been left uninspected. Representative

blocks may be examined in greater detail to help characterise the major units.
The siting and frequency of such ''sample strips' depends upon a number of
factors, especially the anticipated complexity of the patterns within the land-
scape and the amount of time and manpower which can be devoted to examining them
without detracting from the main programme of the survey. As a broad general
rule it may be taken that not more than one per cent of the tctal area should




be examined in sample strips, aligned if possible from interfluve to interfluve
at right angles to the contours and separate maps on a suitable (large) scale
'should be prepared for the results of each survey, if they are to provide

full value.

In reconnaissnace work, field work should be kept to the minimum considered
acceptable for the nature of the terrain, and consequently the success cf such
surveys largely depcnds upon the experience of the team, both as photo
interpreters and as field workers, most especially of the team leader. from

a minimum basis of fact they will have to erect an claborate structure of
inference and interpretation. The pattern of field travers=s should make the
maximum use of mctorable roads and trails and also of footpaths, avoiding as
far as possible any regular traverse grid which may require time and labour

to lay down.

Typical Area; From about 2,000 sq. miles (5200 km?) u“wurds, most commonly
between about 10 OOO/1OO 000 sq. miles (26,000-260,000 km?). Below 10,000 sq.
miles (26,000 km 2) there is an increasing tendency for the usefulness of a
reconnaissance survey to decline, because for the effort involved in mounting
an integrated survey with its several specialists, there is an as yet undcfined
minimum arca and as this is approached there is de facto a tendency to intensify
the survey, which then assumes the form of a second stage survey. At the other
extreme, above 100,000 sq. miles (260,000 km 2) there is a tendency for the
opposite to occur, even in a compﬁratlvoly uniform and featureless region.

Data collection may become too sparse and the survey consequently amorphous,
unless the period allowed is adequate. In such cases it becomes increasingly
desirable toc divide the survey into several smaller surveys in the interests

of providing recsults at regular, not too long-delayed intervals.

Photo Scale: 1:25,000 to 1:80,000. Individual prints may be assembled into
mosaics or print laydowns varying from contact scale to 1:1,000,000, or even,
occasionally, smaller scales in order to present entire regicns in a single,

or manageable number, of sheets. With the largest surveys conducted at the
gnallest scales, satellite photography may be helpful in delimiting the largest
regional patternse. If suitable panchromatic black and white phctography exists,
it will usually suffice. If ncw photography has to be requested other forms of
photography may be justified (sec p. =.).

Map Publication Scale: 1:250,000, or smaller. If a larger scale is considered
necessary it implies that the survey has not been, or ought not to have been, a
reconnaissance survey. The principal map usually displays integrated units
selected from the "land system' hilerarchy. Individual subject naps are also nrcocnted
in most cases, usually at a smaller, .ommon, scale. Apart frcm these maps and
any maps associated with sample strip work, it can be useful to show areas of
particular interest or importance at a larger scale, if possible as blocks
within the text and if necessary only to sketch map standards. In additicn it
should be mentioned that block diagrams and profile cross-scctions are uscful
methods of showing the relationships between and within map units. This work
taken in n~to., implies substantial cartographic surpport for reconnaissance
surveys.




Typical Subject Map Categories:

Te Integrated: land system, or higher category (province, region,
etc.)

20 S0il: order, sub-order, or great soil group.

De Vegetation: generally topo-climatic units, or physiognomic units,
e.g. "montanc grassland'', cor 'tree savanna'.

b, Geomorpholegy: major relief units, such as ‘thigh altitude plateaux',
or "alluvial outwash plain®.

5 Land use: topo-climatic units and/or cultivation density or crop

distributional units.

Background Data: Data under this heading is normally taken from existing
scurces, elther because collecting ab initic usually involves a pceriod of years
to be meaningful, or because the specialisation involved is not normally
rcpresented within the team of specialists.

5 Hydrology: regional cr national water resources in terms of major
river flow, or catchment area run-off.
2e Climate: apart from tabulated data for selected staticns, climatic

data at this level are normally presentcd in terms of regions of
a topo-latitudinal nnture, principally bascd upon rainfall and
temperature. Filling-in the climatic map using interpolations
besed upon theoretical equations relevant to topography and
latitude is a common necessity at this level.

Se Geology: usually age/stratigophic units. The most useful units
for soil definition would be lithclogical, particularly if thesec
were associated with mineralogical or chemical description.

General Remarks: At this level soil is usually only onec amongst several

physical parameters being studied and described simultaneously. The density

of full soil prefile descriptions is low, rarely exceeding one per 10 sg. mls.
(26 xm2), overall. Consequently heavy recliance is placed upen indirect cvidence,
including wherc available, analogous area data of a type which gould be

readily derived via a data bonk.

Smith (1965), differentiates "exploratory" from reconncissance surveys by a
heavier reliance upon inferential evidence concerning soil forming facters,
climate, vegetation, geology, and geomorpholcgy. 1In this centext he mentions
the usc of existing "‘published and unpublished soil data, checked if possible
by traverses'. This type of survey can be useful in circumstances where,
although there has been no national reconnaissance, there is already a substantial
amount of uncoordinated data cn various aspects of the environment. Such a
body of data, synthesised by a necessary minimum of field work, can produce a
satisfactory alternative to a full, integrated, reconnaissancc survey. This
allows resources to be concentrated more quickly upon the next, more detailed,
phase of survey work. The cbjcctives which he allets teo exploratory survey



(see table 2) are the same, by and large, which onc can set for reconnaissance
surveyes Authoritative advice should be sought where such a survey is contem-
plated in lieu of a reccnnaissance, but generally the amcunt of unccordinated
data cn agriculture and the physical environment extant in diverse files in
headquarters, regional, and district offices mekes this method more commonly
feasible thanis generally realised. Where feasible it shculd usually be cheaper
and quicker,

i i AXTENSIVE SURVEY

Type of Survey: Usually integrated, but often with soil of pre-eminent imnortance.
LYP J Y g p
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reconnaissance survey. This may take two forms, separately or in combination,
Either it may present a more detailed inventcery of the selected arcas without
being too specific about rcecomr:ndations; or it may present an outline of
develepment project possibilities in terms of the range of scientifically
feasible options, from which a choice cf the most economically viable can be
made for detailed examination in the context of current economic, social, and
poiitical circumstances. '

Objective: fAssessment of a single, or small group of, units defined by &

Method of Survey: At this level there is still a heavy reliance upon rencte
sensing tcchniques especially air photo interpretation, but a denser ncetwork
of field traverses will be used to cstablish an adequate body cf fundamenteal
data. For convenience and speed such traverses form an irregular network
following existing roads and pnths as far as may be consistent with maintaining
the requisite smapling density (sec p. ) and the general desirability of
traversing at right angles to the grain of the country. A reasonable average
spacing should be =2imed at in choosing the routes for field traverses, in the
range 1 - 10 miles (1.6 - 16 km). Wwhere air photographs are of limited use

as 1n tropical rain forest, a closer spacing of grceund inspection will be
neccssary both to locate boundaries and characterisc mapping units. Sample
strips may again be uscd, amounting to as much as 5% of the most important mep
units, for the same purpose as in reconnalssance sSUrvVeySe

Typical Arca: Not more than about 10,000 sq. miles, (26,000 5. km.) and more
usually of the order of 2,000/8,000 sq. miles (5,2000-20,800 km<).

Photo Scale: 1:25,000/1:50,000. Prints may be assembled into mcsaics and
print laydowns, varying from contact scele to half degree sheets at1:125,000.
For soil associations where, for cxample, colour catenas are predcminant,
colour photography can be useful, and other imaging sensors in particular
conditions (sce pp. ).

Map Publicaticn Scale: 1:100,000/1:250,000. Individual subject maps will be
at a smaller scale than the map of integrated units, though con occasions it may
be mcre appropriate to make a subject map, e.g. soils, the principal mcpe

~0



Typical Subject Map Categories:

s Integrated: land system, or, occasicnally in relatively fecature-
less terrain, lond facet.

2o S501l: association, the component units of which may be displayced
on the separate sample strip maps.

e Vegetation: communities.

b, Geomorphology: dependant upon complexity, either relief units, or
individual major landforms, ¢.g. gently undulating plain; escarp-
ment.

De Land use: farming systems, e.g. intensive or extensive, with majcr

crop patterns, such as "...cotten - tobacco - Groundnunts.

Background Data:

A Hydrology: catchment area run-off, and river flow.

25 Climate: more detailed subdivisions of climatic regions based upon
rainfall and temperature.

Die Geology: genecrally as fur reccnnaissance surveyse.

General Remarks; It is rarely necessary to carry out both extensive and
reconnaissance surveys and they tend te be mutually exclusive. If an
exploratory survey in the sense of Smith (1965), has provided the first stage

of land resource assessment, then extensive surveys may bc a useful stage on

the way to more intensive work, cutting out the reconnaissance stage altcgether.
Surveys at this level are primarily valuable for providing a moderatcly detailed
basis apprepriate to plenning broadly applicable general improvemcents in
farming practice, defining the geographical range for crops and for preparing

a comprehensive list of possible development projects.

IIT. INTENSIVE, OR SLEMI-DETAILED SURVEYS

Type ¢f Survey: Integrated or Single Aspect Surveys, usually the latter.

Gbjective: Having completed an inventory and outlined the development possibili-
ties, the intensive survey is intended to locate and define potential prcjectse
To attempt to go straight to this kind of survey without the necessary
preliminary stages is to reduce the scil surveyor te what Charter (1954),
described as a ''pedolcgical procurcur'. In other worids it would be using

lond resource appraisal to pick the eyes cut of a country's natural resources
for short-term benefit, without due consideration being given to coherent
long~term agricultural evolution. Surveys at this level should provide a
basis on which to lay down in fairly precise terms the possible crops, and

the probable form cof management. Given that the agricultural potentinl is of
a primarily arable character, it is at this level thet the soil map is most
likely to displace thce integrated unit map as the principle preoduct of the
survey.
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Mcthod of Survey: Although the advantages gained from using remcte sensing
techniques continue, there is likecly to be a sharp increawe in the relative
impertance and amount of, field work. Where soil is the dominant aspoect, it
will often be desirable to have a basic framework in the form of a traverse
grid, which may incorporate sultcble roads and paths. It should aim at an
average spacing, dependent upon the complexity, not cleser than about 1 mile
(1.6 kms). This is likely to be reinforced by interlining on a free survey
basis (sec Field Work p. ). The grid survey having cstablished the necessary
overall basic minimum coverage, the free survey will locally intensify the
sampling density sufficiently tc cnsure that the mapping units ccnform to a
specified minimum purity. Judgment of this must rest with the survey leader.
Depending upon the nature of the scil pattern and the purpose of the survey,
thcre is quite a high possibility that at this level specialiscd forms of
photography, c.g. true cclour, false coleur, infra-red, may be uscfule Again
the survey lcader is likely to be best judge c¢f this, particularly if he was
past experience of the arca or an analogcus area.

Typical Area: Not mcre than about 5,000 sq. miles (13,000 km2), and more
usually of the order of 500-2,000 sq. miles (1300-5200 km?) .

Fhoto Scale: Preferably larger than 1:40,000, especially if the mapping scale

is larger than that. Mosaics or print laydcwns may be used, usually made at
contact scale, unless the scale of available photography is larger than 1:25,000
while the proposed mapping scale 1is smaller than 1:50,000, when a scale smaller
than contact scale may be adopted. For scil survey, if true colour photography
1s available for conditions in which boundaries may be identificed largely by
colour changes, then smaller scale photography may be acceptable than woeuld

be the case with panchromatic black and white photography.

Map Publication Scale: 1:25,000 to 1:100,000. If more than cvne aspect of the
physical environment is presented on mops, then at this level or survey it is
prcebable that they cen all be uscfully presented ot the same scale, thoreby
cconomising cn cartograrhic man-hcurs by making one base map suffice. Generally,
at about this level, envircmmental surveys match the scale of the standard
topographic series for the ccuntry, in a manner mcre typical of geological
surveys. This, for cartographic reasons, makes it sensible, whenever possible,
te make survey and mep hcundarics coilncide.

Typical Subject Map Categorices:

Te Integrated: land system, cr in featureless ccuntry, land facet.

2e Soil: scil series, except in arcas of complexity when asscciations
may be necessary.

55 Vegetation: association.

b, Geomerpholegy: individual landforms.

Se Land use: units based upon crop patterns, cultivation densities, or
particular phcto-visual patterns of ficld shapes, sizes, ond
alignments.
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Background Data:

1c Hydrology: detailed flow records of rivers and possibly sedimenta-
tion data.
2. Climate: detailed rainfall and temperature records, plus available

data on wind strengths and directions, humidity levels, sunshine
records, frost records etc. It may be necessary at this level to
introduce a suitable density of automatic climatic recording
stations. With modern statistical and computer techniques it is
possible to make good use of short-term and even single season
records obtained by such methods, provided there is an appropriate
key station within the climatic region or sub-region, with which
the records can be compared.

General Remarks: The intensive or semi-detailed survey is an cssential stage
In the vertical integration of land resource studies. It may, rarely, be
excluded, if an extensive survey with adequate sample strip coverage has
recently been conducted. Inmany areas where there is not, in the immediate
future, any likelihood of development involving the adoption of techniques
representing a considerable advance in farming sophistication, (e.g. intensive
irrigation schemes in what has hitherto been semi-arid pasture land,) an
intensive survey will represent the limit of what is presently needed. The
well conducted survey at this level should provide all the data required for
extension work and the kind of research and cxperimental programme usual in the
Departments of Agriculture in most underdeveloped countricse.

IvV. DEVELOPMENT STUDY

Type of Survey: Usually singlc aspect.

Objective: ~Frroject exccution. Surveys at this level are intended to assess
the suitability of the soils of a limited area for a specific project. The
soils have to be defined and described in considerable detail. By their
nature some projects will require more than one aspect, for cxample an
irrigation survey will require a detailed topographic map in addition to a
detailed soil map. The detail provided by the survey must be adequatc as a
basis for claborating the initial management proposals. It must also provide
an adequate basis for agronomic trials. ULosts per unit area surveyed are
higher for this kind of survey than for the others.

Method of Survey: Fundamentally, development studies are grid surveys and
although air photographs are still of very considerable importance, especially
in assisting with the demarcation of boundaries, the sampling density on the
ground must be sufficient not merely to characterise the soil units mapped,

but to prove the recquired level of purity beyond doubt. #As a guide the purity
of mapping units must be of the order of 85% or better where the proposcd
development involves the introduction of exotic and sophisticated forms of
agriculture. Rather lower standards may be accepted where the development
involves only extension or intensification of the existing form of agriculture.
In certain conditions, particularly thosc associated with a depositionel soil
pattern, in which the successive laycers within the profile may not be genetically
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related and in which, therefore, the nature of the soil profile at a given peint
depends upon non-predicatable variables, such surveys will involve an extremcly
high density of sampling. As an example of this a recent survey conducted by
the author covered an arca of just under 1 sq. mile (2.6 km ) selected as the
pilot project for an irrigation development scheme. To give the necessary
definition of soil units to an adequate level of purity 401 soil profiles were
examined to a minimum depth of 5 fect. At this level of survey there is also

a strong influence frequently apparent in favour of a parametric approach to
the definition of the soil units. Where the objective is precisely defined,

the presentation of soil data in terms of selected parameters of anticipa tod
significance, instead of, or in addition to, a map showing more orthodox units
can be of great value. This is particularly so in the case of layered deposi-
tional soils, which present marked difficulties in terms of orthodox profile -
based mapping units.

Typical Area: Usually quite small. If a particularly large development area
in envisaged it may be more practical to arrange a phased series of surveys to
suit the planned progress of development. In terms of one soil surveyor plus
a small staff of local field assistants and labourers, there is a definite
limit to the area covered in a single annual survey. This obviously depends
upon soil complexity, accessibility, case of '"going within the arca and survey
specif ication, but in practice it often scems to fall =around a median figure
of about 50 square miles (130 km2), + 25 sq. miles.

Photo Scale: 1:25,000 or larger and preferably near to the chosen mapping

scale. Prints may be asscmbled into mosaics at contact scale, and individual
enlargements of prints may be useful in the field for locational purposes

during mapping. <1t is with surveys at this level of intensity that spccialised
forms of air photography are potentially mast useful. Since most experimenta’
evidence about them so far refers to large scale work it c¢nables a better judge-
nment to be made on their potential value than is the case with smaller scale

surveys. Since the areas are small the cost per unit area of a photo
contract is relatively high. Nevertheless, with development schemes, which

usually involve a high level of capital investment, the cost of purpose-~
designed photography is likely to be justified by the potential advantagess.
It is difficult to decide whether there is a sensible maximum scale for such
photography. Probably, given standard 9" x 9" prints, a scale of 1:2500, or
even 1:5000 represents a maximum beyond which the relevant photo patterns,
especially if separated by rather diffuse arcas of transition, may not be

conveniently recognisable within one or two prints, thus hampering boundary
identification,

Map Pub Jication Scale: This will depend to o large extent upon the complexity
of the soi1l pattern and the overall size of the project, and therefore the
number of shcets it is considered desirable to have. It will usually be larger
than 1:25,000 and possibly larger than 1:10,000, espgcially if irrigation

works or farm planning are involved. With the emcrgence of a parametric
approach to soil mapping the presentation of maps for such a project may
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conveniently take the form of a single base map, perhaps showing the basic
physiographic data, with transparent overlays to present the rest of the
data in whatever combination may be momentarily required during the course
of project planning and implementation.

Typical Subject Mep Categories:

i Integrated: not used.

2 Soil: phases of soil series, or specific parameters, e.g. the
top-soil texture, or the sub soil piH.

e Vegetation: species distributiosn, tree counts, cte.

L. Goomorpnology: landform eclements, or slope units, e.g. levee,

river terrace, or slopes of <2%, 2-5% etc.

5+ Landuse: detailed map of crops,.anq/or field distribution at
the time of the survey (i.e. not from old photography).
Altcernatively or additionally, & mep of the proposed land use
and/or ficld layout.

Background Data:

1. dydrology: (relevent to irrigation and erosion control projects)
detailed stream flows, scdimentation loads, seasonal and regional
water-tables, water quality.

2% Climate: detailed local climatic records, if necessary obtained
ab initio; also initiation of micro-climatic studies.

Remarks: Development studics represent the greot®st test for soil surveys.
It is most commonly at this level that the soil map and recport form a basis
for critical investment decisions and operational planning. VWork at this
level should, therefore clecarly show by means of reliability diagrams, the
surveyor's assessment of the purity of the mapping units. He should also
describe the nature and degree of variance frowm his modal descriptions.
This is not & criticism of soil surveyors. It is not uncommon, for purely
physical recsons such as accessibility, available base maps and photography,
time, and so on, for surveys to bc qualitatiyely unsven. ‘Where this is so,
it should be clearly specified so that engineers and planners know the basls
upon which they arc working, and authoritices may decide whether to commit
further resources, and allow more time, perhaps at a later stage of the
project, to survey.

Ve HANAGEMENT PROBLENM 5TUDIES

Type of Survey: eraumetric, single aspect studics

ObJjective: Follow-up studies, to answer immediate agronomic problems. Such
studies may becomec desirable in relaticn, for example, to variable crop
performance. It should be appreciated that whilst they nay not in themselves
provide an answer, they can make a vital contribution to the preccise definition
of the enviroment for cxperimental work concerned with the solution of
particular problcms and the ostablishrient of medium and long term rescarch

for improved management. 4 growing collccticn of such records may have a
significant contribution to meke to agronomic knowledge.
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Method of Survey: Predominantly detailed field surveys, based upon very
high sampling densities for profile inspection, related to the appearances
or performance of the crop/s. In the case of crop diseasecs, speciazlised
photography such as false colour and infre-red may have a particularly
relevant part to play.

Typical Area: Unspecified but rarely more than a few acres or hectares.

Photo S¢ale: Rarely smaller than 1:10,000 and often larger than 1:5,000,
usually with photography being taken for the purpose.

Map Publication Scale: Published map are not always necessary. For the agronomic
records, a very large scale map showing the distribution of significant soil
factors in relation to the problem may be extremely valuable.

Typical Subject Map Categories: ach case has to be decided on its merits;
often using ad hoc parametric units, c¢.g. salinity categories or bulk density
of specified horizons, provided initial examination can suggest possible
significant paramcters.

Background Data: As required for cach case.

Generazl Remarks: Such surveys are rare to date, but potentially they have a
very valuable contribution to make to tropical agronomy. As land use in the
under-developed countries becomes increasingly intensive in the future,
management planning will increasingly require work of this kind, associated
with pedological research in depth, if inCreasingly fine profitability margins
are to be sustained. In this context the remarks of Collis-George and Davey
(1960), about the adequate instrumention of the cxperimental cnvironmental
environment, (especially where sensitive inter-actions may exist between micro-
climatic or pedological factors and plant behaviour) are especially relcvant.




ORGANTSATION OF SCIL SURVEYS

From the foregoing it will be clear that modern soils surveys are becoming
increasingly complex and freguently conducted in association with a much more
elaborate appraisal of the whole physical cnvircnment. Where it is necessary
to assemble a substantial team of overseas officers and local personnel, to
obtain, possibly even fly new, photography; where transport andé equipment and
accommodation have to be assembled and supplies arranged; where arrangement
must be made for cartographic support, laboratory support, and such aspects
as data retrieval and finally publication, all to a time schedule, which
itself may be governed by seasonality in the survey area, a Land Resource
survey can become a very complex piece of planning itself.

TIME, CCST, SAMPLING DENSITY

Comparatively little is available in the literature relating cost to sampling
density, or the latter to the scale of survey. Tavernier znd Sys (1965),

quote the following data for the Republic of Congo-Kinshasa: 1:50 000 meps
based upon 3-5 profiles per 10 ha. were produced by pedobotanical missions

for 1.5% of the country; general surveys based upon 1 profile per xm® were
completed for 15% of the territory and these surveys include a limited amount
of semi-dectailed sample arecas with 3-5 profiles per 10 ha. Vink (1963), gives
a table listing 10 levels of survey, qucting sampling densities for ecach. Steur
(1861), also quotes sampling densities for various scales of survey, but thecse,
as with many others, refer to work primarily carried out in Europe and North
America. They indicate densities ranging from 20 observations per hectare

(2.5 ecres) to 1 observation per 3 hectares (7.5 acres) for scales ranging
from 1:5 000 or greater to 1:25 000, (Beckett, 1968). At larger scales,
Vink's table suggests 1-3 obscrvations per km2 (0.4 sg. ml.) at 1:50 000,

and <1 observation per kme at scales smaller than 1:200 0CO. 0.R.S.T.C.HM.

use 1-2 observations per cm~ of the soil map.

This reflects the fact that sampling density is controlled by two inter-
related factors: The complexity of thec soil pattern and the purity of the
mapping units as stipulated in the survey specification.

It is difficult however to find a suitable basis for presenting costs, if
one accepts that cash values quite quickly lose meaning through rising costs.
Veenenbos (1957) and Vink (1963) use only relative terms, giving the % time
saved by the usc of air photo interpretation, or the areca mopped per unit
time at different scales, using air photographs.

Smith (1965), mentions costs of %2 per hectarc for high intensity and

#.25 for low intensity detailed surveys. Francis (1962), in discussing
pre-investment surveys quotes costs of resource appraisal, presumably

within the experience of F.A.0., as being from 2-5% of the estimated capital
investment involved in implementing a promising project. Beckett and Bie
(1970) and Beckett (1968), as part of the Cxford Group's intercsting and
informative investigations into the efficacy of soil surveys have reviewed
the available literature on costs relative to the scale of the survey and
the survey procedures, further attempting to relate these to the precision
and adequacy of the results. Beckett summarises costs in the general
statement of principle that cartographic and clerical costs arc approximately
constant per unit area of map, thus decreasing in proporticn to the square
of the map scale when expressed as costs per unit area mapped, whilst the
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field costs tend to be proporticnal to the number of soil observations made and
the number of obeorvationa per unit arez mnpped is pruportional to the square
of the map scale. & survey made hy the nuthor (3tcbbs, 1963) was completed

and the maps end results published for a cost of approximately £8 per sq. wile,
for a mapping scale of 1:50 000. This figure however makes no provision for a
proportion of the administrative overheads of the Departwent and Ministry
under which the survey was carried cut.

WORK SEQUENCE

The tasks involved in a survey, of whatever scale, can be brecadly sub-

divided into pre-~field work, field worik zond post-field work. For small and
intermediate-scole surveys of reconnaissance or extensive type the sub-
division of working time between thesc phases is about one-third each. For
an exploratory survey, especially one wherein the mapping units display a
strong relationship to the physicgraphy, the pre-field work stage may be
proportionately greatcr, roughly up to cne half of the totsl, the additional
time being mostly at the expensce of field work. The emphasis shifts towards
field weork as survey scale increases. At the development study level there is
usually a very marked increase in the proportion of fiecld work to more than
half the total project time, and as much as 75 of the tetal scicntific man
hours because 1t becomes necessary to prove that the soil units mapped are of
the requisite purity and to prove that the boundaries are placed in  he
position of "best fit". This emphasis upon proof beccmes necessary because cf
the possible capital investment that may be decided upon the basis of the
survey.

Where the soil surveyor is a member of an integrated team, it is highly
probable that the cverall pace cof field work will be dictated by the scil
survey rcquirement. The scil surveyor must dig fcr his data and conscguently
can take least advantage of air photographs - by definition he shculd alsc be
last to carry out his air photo interprctation because of the inferential
evidencc provided for him by the equivalent work of the geomorphologist and
ecologist.

Pre-field Work: This phase of the work comprises chiefly =ir phctc inter-
pretation and the collection of backgrcund and @nalogous area data. At

the cnd of this phase it is commonly useful to have the results of the photo
interpretation compiled intc a provisional map supported by o preposed mapping
legend and a set of notes summarising available envircnmental knowledges The
phase may start, where necessary, by defining the rcquirements for additional
air phctography and it will include the assemblage c¢f photo mosaics, narti-
cularly if these are required in lieu of inadequate or non-existent topographic
base maps. The scnle cf available photography will strongly influence the amount
of time reguired for interpretaticn. For example, if a small sczle reconnais-
sance survey of & large area has to utilize 1:20 000 photography, & much
greater number of phctographs will hzve to be handled and annctated than if
the photography had been available at 1:50 000. In such circumstances it may
be necessary to annotate the pheto details and demarcate wmany more boundaries
thoan may ultimately be required for the published map, because the restricted
area of a stercc pair limits the ability te make running decisions on what
detail and which boundaries will ultimately prove to be significant for the
chosen mapping scale. In this context pheto mesaics produced at such rceduced
scales from contact prints can be invaluable in helping to mcke such
appraisals. Initizl decisions will be required at this stoge with regard to
final map scale and approximate sarpling densities in the light of evidence
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collantad during the pre~field phase. Pheoto interpretation may well be

the longest single task particularly in explcratory worke For example,
Bawden and Stobbs (1963), spont approximately 8 mon renths n photo inter-
pretation compared with less than 6 man months on fiecld work. If new base
maps may be reguired tc present the data, or modifications of existing
available maps may be required, initiation, at this stzge, cf a procurement
programme, can save ccnsiderable time later.

Ficld Work: This is based upon three basic survey procedures, used separately or
in combination. These are free survey, grid survey, and physiographic survey
as defined by Beckett (1968). Physiographic survey is the form most commonly
enccuntercd in under-develcpsd areas, at least down to the development study
level. Remote censors zre used, usuzlly air photcgraphs of varicus kinds, and
with their help the boundaries of the units are plotted. The field work is
then designed primerily to cheracterise the scil content within the boundaries,
which are only likely to be checked in the event c¢f a uwniform and ccmparatively
featureless landsceope which provides few clear physiographic boundaries. COne
of the commonest difficultiec in this kind of survey prccedure is a lack ¢
correlaticn between the phote patterns and scil units cf a censtant taxoncmic
level. The surveyor is then faced with establishing an artificial but
meaningful local classification to describe the content of his units and must
be able to make some statement about their purity. The selection cf sampling
densities tc achieve this objective have in the past been mainly subjective but
statistical theery is being increasingly applicd to such prcblems and a

current major survey by the Land Rescurces Division involving an area of scone
60 000 sq. miles is testing a methcd cof statistically adjusting the sampling
density and its spatial distribution, to enumcrate the scil units within each
defined land system and test the validity o¢f the system boundarices in a very
uniform landscape (Lang, in preparaticn).

Free survey meons essentialliy that the sampling is nct fixed aleng ony form

of pre-determined line such as a formal traverse cr a fcotpath,but, having by
preliminary inspection outlined the properties and variability cf the units to
be mopped, proceeds to concentrate field sampling on locating the boundaries of
these units with some precision. Free surveys tend in our context to grade
into the physiographic type of survey where mapping sc freguently depends upon
the recognition ¢f landscapc features, true examples of free survey being rarec.
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Grid surveys may utilize either regular or irregular grids, the former
normally taking a form of a compass controlled cut-line, the latter making at
least partial use of roads and footpaths, although with the general intention
of ensuring a reasonably even spread of traverse line per unit area.

Irregular grids were common with reconnaissance level surveys before the wide-
spread availability of air photographs. Regularly spaced traverse grids
become increasingly common in development studies with increasing map scale,
and greater concentration upon the single aspect approach. Sampling along the
grids may be regularly spaced, or selectively intensified according to the
visual complexities encountered. At the most sophisticated levels of develop-
ment study, for example in planning the layout of an irrigation scheme, a basis
of grid traverses will be supported by substantial interline sampling (a
modified form of free survey). With the sampling density being progressively
intensified until a fully proven satisfactory answer is obtained in terms of
the precision of the boundaries the purity of selected soil units.

Much interesting research has been conducted in recent years by the Oxford
Group led by Beckett into the definition of soil units, the location of
boundaries, the assessment of surveys conducted by different methods, and the
application of statistical techhiques in refining the approach to such problems
(Beckett and Bie, 1970, Webster and Beckett, 1964, 1968, Webster and Wong,
1969, Burrough, 1968, Beckett, 1967). From their work evidence is available
relating to the adoption of particular survey procedures in given circumstances.
As the survey scale becomes larger, for example, a grid survey appears to be
relatively more efficient than a free survey. They also investigated the
relative efficiency of diffeerent levels of expenditure on staff, by conducting
surveys on both a free and grid basis by a scientific officer and scientific
assistant respectively. The general conclusions to this work indicate that the
grid survey can be more readily conducted than the free survey by the less
sophisticated assistant, who will be able to achieve a high relative proportion
of the scientific officer results in about the same time, but of course at less
cost. This has important implications for survey work in under-developed
countries where the availability of highly trained graduate persomnnel is
extremely limited, but it is possible to obtain and train intelligent but less
highly qualified local assistants,

Their series of experiments also suggested that it is possible in some
conditions for a few well chosen critical parameters to provide as good and
more cost-effective an answer in terms of soil maps than the use of some
traditional unit such as the soil series., Webster and Wong (1969), demonstrate
the potential value of Principal Component Analysis in reducing several soil
properties to a single variate expressing g large proportion of available
information. By using this principal compenent as a quantitative measure at
sampling points, and plotting the result against distance they found it possible,
except in flat terrain, to use this procedure to site soil boundaries, This
seems to favour a parameteric approach to soil mapping, An interesting
corollary to this work, on soil mapping units and their purity, is that the
experienced soil surveyor is still potentially capable of making the best fit of
profiles into classes on a subjective basis compared with computer selection
based upon a number of parameters., This presumably must reflect the difficulty
of selecting parameters with a high degree of correlation. On this latter
point Burrough (1968) made interesting studies of the changing contribution of
individual parameters to total variance, which shows quite separate groups
within which there is a high degree of inter-dependence, but between which
there is a much lower correlation.

Though these conclusions and inferences seem to be most applicable at the
large scale, detailed, development study level they should prove of practical
value in helping to define procedures for future surveys. For example it
suggests that a useful distinction can be mads between surveys dealing respect-
ively with depositional and erosional landforms. The former, because of the
high degree of non-predictable variability due to successive, frequently
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FIG 3. AIR PHOTO INTERPRETATION IN SOIL SURVEY
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zenetically unrclated, depositional layers, is best approached on a high
intensity formal grid survey basis. On the other hand erosional areas,
especially those associated with peneplsins and extensive pediments on
which there is a greater tendency to a regulsr spatial distributionsal
rhythm, lend themselves to free and physiographic surveys, tc which
statistically controlled random sampling procedures may be spplied (Lang,
in preparatlon).

Air Photo Intervretations The role of air photo interpretation in soil
survey is now well understood and can be coaveniently summerised in
diegrammatic form in Figz.3. Tew avces now lack air photograpn coverade,
and iine advantages Lo be geined by using air UhOuOS in terms of time,
detzil, and precigion have been et out many %ime (BuL1NCJ, 1660

Vinle, 19635 Soil Survey Staff, U.S.D.4., 1966, Goosen; 1967, to mention a

few of the more prominent).
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Remote sensors for Soil Survey

It is in the field of remote scnsors that some of the potentially most
importent technological developments axrc occurring. Since they involve some
form of airborne or spacc platform, and the sensing and processing equipment
is complex, it follows that they arc cxpensive to obtein and the conditions
under which they are worth obtaining should be preciscly spelled cut,
Unfortunatcly, probably because of expense and complexity, few field tests
have been undcrtaken outside North Amcrica and Durope. Most work so far
publishcd refcrs to werk using lerge scalces (> 1225 00C; znd as large as 1:500)
and 1ittle of it refcrs to soils. Trey (1967) tabulates a number of prominent
cxperiments of which only thrce mention soils. It is thus possible to draw
few conclusions relating to the kind of surveys being discusscd here,

Becausc of scalce, space photography is unlikely to be of much value in
the immediate future, save in verification of mocro-patterns concerned with
the smallest-scele rceconnaissence and exploratory work.

More can bc hoped for at larger scelcs from photogrephic and non-photographic
sensors of the clcctromegnetic specctrum. From C.3-1.2 u conventional cameras and
photographic tcchnigues can be used to produce panchroéatic black and white,
true colour, falsc colour infra-red, and infra-red photography. Trom 1.5—14.0/u
the 'thcrmal' infra-rcd spectrum is recorded by optical-mechanical secanncrs
trensnitting a signal to megnctic tape or cathode ray tube for direcv film
recording. Radar scnsors (chicfly sidc-scan radar) opcrate on mavelengths between
0.5 cm - 100 cm.

The scensing capabilitics of these various wavelengths may be mobilised in
vorious combinetions referred to as multibend? and multispoctral3 sensing.

FOOTNOTTS ¢

Te '"Renote scnsing' rcfers to the usc of devices, nmounted on airborne or
spacc platforms, scensitive to visiblc or invisiblc radistion, which
rccord physical phenoncna by measurernicnt of thce emitted or reflected
radiant cnergy. The devices may be photographic, or other forms of
inaging or non-inaging cquipnient.

2, Trey (1967) defines "multibend™ as "referring to images forncad, usually

simultencously,; in moxe than onc portion of the photographic region of
the clectromagnetic spectrum and analyscd jointly".

This commonly means obteining penchromatic, true colour, falsc colour
infra-~rcd cnd infra-red photogrephy by special multiband camcres,
using films and filtcrs in ccmbinations tc suit the expected
photonctric analytical rcguircmnents for objects cxamined. This
includes the process knovm as "colcur cnhancencnts'.

Bls "Multispecetral®™ in this scnsc refers to non-photographic imagery
obtoincd sirultencously from morc than onc part of the clectromagnetic
speetrum, for joint analysis. It can alsc include the deta dcrived
from non-inaging scnsors. Rescarch in this ficld is much concerncd with
identifying spectral '"signaturcs" for physical objects.
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Colwell, (1968) and Simonett, (1968) recently reviewed the state of
Land Evaluation studies in relation to both the photographic and non-
photographic regions of the spectrum. Colwell points out the advantages
obtainable from false colour. It distinguishes healthy vegetation hy
reversing the green to red, whilst the reddish hues in soil are reversed
to green. In conditions where tonal contrast on black and white film
(panchromatic) might be hard to attribute correctly to fine herbaceous
cover or direct soil reflectance, this can be a useful advantage. It would
not necessarily be any betier than true colour films for the surveyor
however, and the reversal of colours would make it rathcr more difficult for
inexperienced personnel to usc. Colwell also points out that false colour
has the ability to penetrate haze due to its sensitivity to long wavelengths
and the cxclusion of short wevclengths, and where latc dry season photography
is requircd in arcas characterised by scasonal burning, this might suggest
its possible value. Simonett's comments concerning the thermal infra-red
rcgion and the usc of emission spectroscopy to cxamine it, secm to point
to a possible futurc valuc to soil surveys in conditions in which mineralogy
may be significant in identifying soil types. He also éraws attention to
the capability of such & system to detcct, by means of a succcssion of flights
over an aree in the coursc of a day, uscful information concerning such soil
factors as bulk density and moisture content, by cxamining the daily cycle of
thexrmal responsc. He stressces however that such work is still very much in
the experimental stage, and gcometric distortions end limited resolution
leave present thermal infra-red imaging systcms inferior to camcras.

Myers and Heilman (1969), in a later paper claim to have used thcrmal
infra-rcd scnsing to obtain a qualitative indication of soil water to & depth
of about 50 cm in barc soil. De Loor (1968) clecarly spclls out the circumstances
influencing the usc of thermal infra-red scanning systcrms and confirms their
potentiael relevancce to such propertics as permesebility and soil moisture content.

Simakove (1959) comparcs photography taken on panchromatic, infra-rcd,
three-loyer colour, and two-laycr colour en¢ claims interpretotive supcriority
for threc laycr colour, and two laycr colour taken through light-yellow or
orangc filters. Parry ct al (1969 , more rccently conccrncd themselves with
attcempts at soil identification by compering truc colour photos with the huc,
valuc and chroma of the soil in the ficld. They concluded that it helped to
distinguish typecs within o scrics and distinguish changes depcndent upon
differences in soil moisture or organic matter content. Andronikov (1967),
rcfors to Russian studices of the spectral reflectance capacity of soils leading
to a charactcrization cf the brightncss of soils in both the visiblc and
"invisible" rcgions of the spcctrum. A rclationship is claimcd betwecn spectral
brightncss and hunus content, texturc, moisturc content, naturc of the surface,
degrce of podsolisation and othcr factors. his data is used tc decide the best
spcctral zonc in conncction with ccrial photography for soil purposcs.

From thesce and many other similar pepers few firm conclusions can be drowm,
by rcoson of the scalc of thc photogrephy uscd; their dissimilar cexperimental
environment and the generally vaguce naturc of the statcmonts concerning
supcriority. This accords with thc rcsults (unpublished) of a triel concucted
in the Lend Resources Division by Bleir Rains, using panchromatic, true colour
and falsc colour. Asscsscd in terms of time saved in photo-intcrpretation, or
length of boundery dcfincé, thce superiority of cithcr colour form over
panchronatic film was at best marginal, given cxpericnced interprecters.,

The conclusions may be summariged thus:



1.  Work on the thermel infra-rcd rcgion is still in the experimcental
stege and is inconclusive, though promising.

2e False colour infra-rcd may have advantages in perticular situations
as indicated above.

3. Truc colour vhotography has a dcfinite advantage where the soil
surfacc is visiblec and colour distinctions arc significant mapping
factors ~ therc arc 20 000 veriations of huc,; and chroma rcportedly
visible to the hunan cye comparcd with no morc than 200 shades of
groy (Parry ot al, 1969). Coluell (1968) discusscs the technical
attributcs of the colour films commonly available,

(e Forms of photography other than panchronetic con frceucntly be useful
through providing thc soil surveyor with additional indircct evidence
fron better definition of other aspects such as vegetation., In this
casc integretcd survcys woulc scem to have a stronger claim to
special photography than most soil surveys.

Multiband and rwltispectral techniques reportcdly improve object detection
and rccognition by incrcasca inage contrast (Malila, 1568) . Frcy (1967),
rcvicws rescarch rccently procccding into this method of applying remote sensing
and Colwell (1968) discusscs the thcory of tonal end spcetral "signaturcs”
inplicit in it. Colwell also ncentions, as do Mycrs and Heilman (1969), the
possibility of this approach lcnding itsclf to autometion via a varicty of
scanning devices, Agein, though intecresting, this work still lics lorgely in the
cxperincntel ocrcna end no soil surveys have been reported as having nade
extensive usc of such techniqucs.

Sinmonctt (1968), discusscs radar renotc scnsing (chicfly side-scen rador)
and concludcs, as cocs Dc Loor (1969), that its chicf advantage is its all-
wcather capability. Both agrcc it is best suited to recconmnaissance vork o
123100 OCO - 1:500 000 end it offcrs morc specific possibilitics at this stage
to forcstry end gcomorphology than to soils.,



Post Ticld Viork: Therc arc two aspccts of post field work which are of
rclevance to the context of this papcrs laboratory enalysis of soil samples,
and prcparation of the soil maps. Both are initiated in the course of fiecld
work end particularly where thc soil map may rcquirce a non-standord basc,
forwerd planning is nccessory (=20

Soil Analysis: Laborctory rcsources erce very limited in many of the arcas

with which this paper is concerncé. To mske the best use of availeable
resources and/or to minimisc overscrs tronsport of samplcs it is desirable to
have a clear policy for analysis. The Land Resources Division has established
the following four cetecgorics:

Routinc analysis

Fertility studics

Irrigation studics

. Studics or purposcs of classificotion and pedogenetical studics

T a Y

Pl O

The nceds of cach survey can be discussed in terms of possiblc rcquircment
in cach of thcsc categorics, having regard to the objective of the survey (Table 1).

Interpreting analytical results arising therefrom, in the senseof defining
their significencce for agronomic purposcs is a spherce which lcends itsclf more
rcadily to the immcdiatc epplicetion of statisticel tcchniques than most parts of
soil survey. Papers by Holland (1968), Hanotisux (1966), Dzubay (1965) and
Skenc (1950}, for ermamplce, have discusscd the application of such techniques to
calculating the number of somplcs reguirced to achicve spcecified standords of
characterisation, to determining dcgrees of crror attributablce to such veriables
as sempling depth cnd to cnalysing thce laboratory results themsclves by such
tcchniques as componcnt anclysis.

Soil Maps and Illustrative Metcrial: From the point of vicw of the soil surveyor,
three scparetce activitics arc of concerng prcparation of & suitable base mapy
compilation of his [icld data onto the basc map; and preparation of illustrative
material such as block diagrams cnéd profiles.

TFor basc maps, photo moscics and orthophotographic maps con offer altcrnotives
to orthodox maeps, but arc uscd normally only in the abscncc of suitoble orthodox
nmaps. Rhody (1966) sct forth the advantages of orthophotography for forcstry, but
for soil work thcy do not appcer to hold any prcscnt advantagce, othcr than possibly
facilitating the 2lignment of the ficléd annotatbtced air photographs with the
rolevent physiographic fcaturcs. DBasc meps, block diagrams ond cross-scctions can
nowadays be compilcd by automated processcs. In the case of illustrotive material
this con be done dircetly from the photogreoph if desired. If the survey data are
collccted on e rcfercnced point scmpling basis (Stobbs, 1968), usuelly utilising
air photographs, they can bc preparcd for compuiter proccssing, and Ciagrammatic

print outs can bc obtaincda which scrve a uscful, though usually interim, purposc.

The prescnt lack of cxamples of thesc applications in soil surveys of
undcrdevcloped arcas reflects more the fact that the nccesscxry cquipment is not
yet in widesprcod usc aunong ceritographic orgenisations, than ony unwillingness on
the pert of soil surveyors. It is the cartogrophers who stand to gain in
c¢fficicney in duc course - the soil map will still be qualitetively the sene.



CONCLUSICNS

The pest cdecade has not seen the cmergence of any new tcchniques
representing & radicel departure from cxisting proctice, which are rcady
for full scalec objective, but technological improvements, particulerly in
the remotc scnsing sphere, heve yet to be thoroughly tested in the
conditions with which this papecr is concerned. When this has been done it
will be possiblc to lay cdown guidelines governing their use,

In thce underdeveloped world this reflcects the scercity of fuands to
devotce to purcly cxperimental projects, and above all of time, staff =nd
cquipment to carry them out, whilc therc is so much of an urgent and
practical naturce awaiting sttention,

This paper hes attemptcd to clarify the reletionship between soil survey
an? national development with a view to dcfining thosc activities in which it
may now be fcasible te consider introducing advonces in technique.
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