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



INTRODUCTION 
.. 

-: This paper is intended primarily for those administrators, agr-iculturists, 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 knowledge, 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. 

Where 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 
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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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TYPE 

EXPLORATORY 

RECONNAISSANCE 

LOW INTENSITY 

DETAILED MEDIUM Il'TTINSITY 
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TA:BLE 2. TYPES OF SOIL SURVEY (after Smith, G. D., 1965) 

MAP UNITS 

Associations of phases 
of great sotl groups. 

As�ociations of phase� 
of soil series or 
higher categories 
(great soil groups or 
families) 

Phases of associations 
of series. 

Phases of soil series 

Phases of soil series 
specified on a denser 
sampling pattern. 

I 

I 

sc.rnJl 

1:1 000 000 
and smaller 
( schema.tic maps) 

1 :62 500 to 
1:500 000 

1 :30 000 an.d 
smaller. 

1:10 000 to 
1 :30 000 

1 :7 920 and 
l:u-ger. 

PURPOSE 

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

2. Locate more detailed work.

3. Test legend.

1 • To survey areas sui tei 
only to extensive use. 

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

For forestry and grazing 
development areas. 

For arable development areas. 

Far very intensive development 
ill'eas e.g. irrigation, urban 
expansion 

j/ Details of scale derived from other sources, principally, U.S. Department 9f Agric. Handb.18,
Soil Survey Manual. 
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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 serve? 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 inflexib.ly. 
Within these broad categories any survey must be specified on its own merits to 
meet its ovm particular circumstances. 

Many authors recognise some similar sub-division amongst soil surveys. For 
example Beckett (1968), groups soil surveys into three types; 110ne-stage" 
soil surveys in which the maps show the boundaries of the defined sub divisions; 
11Two-stage11 soil surveys in which the maps portray groupings of the units defined 
and described in the accompanying text; and 11Three-stage' 1 soil surveys in which 
the units shown on the maps are so complex that they have little value in terms 
ofpresenting 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 med:w.n 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

1
000; 

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

It is clear from his comments that these respectively equate with the purposes 
of general inventory, project definition, project execution, and special 
purposes such as urban planning or engineering works. Smith, (1965), divides 
his soil surveys respectively into exploratory, reconnaissance, and detailed; 
the latter being in turn sub-divided into low, medium, o.nd high intensity surveys, 
and he characterises each type of survey by the type of soil unit used on the 
accompanying maps with consequent implied distinctions of publication scale. 
(See table 2). 

Before considering each type of survey set out in table 1 in more detail, the 
relationship between soil surveys and other forms of environmental survey 
must be considered. 11Integrated" hns 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 examinntion of successively more limited areas in a sequence of 
surveys designed to lead from the first appraisal of an hitherto underscribed 



environment, to a final stage of successful project execution. This is 
integration on a lbng-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. It 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. As 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 SURV:SYS

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

1 
often 

with a map at somewhat larger scale summarising these results in terms of 
"integrated11 map units givan such titles as "Land Systems" of • 1Natural Regions 11 • 

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 e2ch 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 
quantitative 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 techniques, 
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 boundaries, 
plus description of the units based on sufficiently widespread so.mpling 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 11sample 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 total area s.hould 



" 

" 

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 mim..r::n.1r.1 considered 
acceptable for the nature of the terrain, and consequently the success of such 
surveys largely depends 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 elaborate structure of 
inference and interpretation. The pattern of field travers9s should make the 
maximum use of motorable roads and trails cmd also of footpaths, avoiding as 
far as possible any regular traverse grid which may require time and labour 
to lay down. 

Typical Area; From nbout 2,000 sq. miles (5200 km2 ) up':mrds, most commonly 
between about 10,000/100,000 sq. miles (26,000-260,000 km2). Below 10,000 sq. 
miles ( 26,000 km2) 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 sever�l specialists, there is an as yet undefined 
minimum area 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 
extreme1 above 100,000 sq. miles (260,000 km2) there is a tendency for the 
opposite to occur, even in a comparatively uniform and featureless region. 
Data collection may become too sparse and the survey consequently nmorphou�, 
unless the period allowed is adequate. In such cases it becomes increasingly 
desirable to divide the survey into several smaller surveys in the interests 
of providing results at regular, not too long-delayed intervals. 

Photo Scale: 1: 25,000 to 1:80,000. Individual prints mny be assembled into 
mosaics or print laydowns varying from contact scale to 1:1·,ooo,ooo, or even, 
occasionally, smaller scales in order to present entire regions in a single, 
or manngeable number, of sheets. With the largest surveys conducted at the 
.�allest scales, satellite photography may be helpful in delimiting the largest 
regional patterns. If suitable panchromatic black 3nd white photography exists, 
it will usually suffice. If new photoe;rc1.phy has to be requested other forms of 
photography may be justified (see 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" hiero.rcby. Individunl subject uaps ;,_re also r,rc':.:mted 
in most cases, usually at a smaller, vommon, scale. Apart from those maps and 
any maps associated with sample strip work, it can be useful to sho\r/ 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 addition it 
should be mentioned that block diagrwns and profile cross-sections are useful 
methods of showing the relationships between and within map units. This work 
tnken in ';,1to, implies substantial cartographic surpport for rGconno.issruice 
surveys. 



Typical Subject Map Categories: 

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

2, Soil: order, sub-order, or great soil group.
3. Vegetation: generally topo-climatic units, or physiognomic units,

e.g. 11 montano grnsslandn, or 11tree savanna". 
4. Geomorphology: major relief units, such as 11high altitude plate2.u.,'C';,

or nalluvial outwash plain11
• 

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 
sources, either because collecting ab initio usually involves a period of years 
to be meaningful, or because the specialisation involved is not normally 
represented within the tewn of specialists. 

1. Hydre,logy: region2.l or na. tional water resources in terms of major
river flow, or catchment area run-off.

2. Climate: npart from tabulated dnta. for selected stations, clim2-tic
data at this level are normally presented in terms of regions of
a topo-latitudinal n�ture, principally based upon rainfall and
temperature. Filling-in the climatic map using interpolations
be.sod upon theorcticnl equations relevant to topogrnphy 2-nd
latitude is a common necessity at this level.

3. Geology: usually age/stratig'ophic units. The most useful units
for soil definition would be lithological, particulnrly if these
were associated with mineralogical or chemical description.

General Remarks: At this level soil is usually only one runongst several 
physicnl parameters being studied and described simultnneously. The density 
of full soil profile descriptions is low, rarely exceeding one per 10 sq. mls. 
(26 km2), overall. Consequently heavy reliance is placed upon indirect evidence, 
including where available, ano.logous area data of a type which Q''JUld be 
readily d0rived via a data bci.nk. 

Smith (1965), differentiates 11 exploratory11 from rece,nnc.issance surveys by a 
heavier reliance upon inferential evidence concerning soil forming factors, 
clim&te, vegetation, geology, and geomorphology. In this context he mentions 
the use of existing 11 published and unpublished soil data, checked if possible 
by tr.:werses11 • This type of survey can be useful in circumstances where, 
alth0ugh there has been no nntiunnl reconnaissance, there is alre�dy a substantial 
amount of uncoordinated data on various aspects of the environment. Such a 
body of data, synthesised by a necessary minimwn of field work, can produce a 
satisfactory alternative to a full, integrated, reconnaissance survey. This 
o.llows resources to be concentrc.tod more quickly upon the next, more detailed,
pha8:l of survey work. The obj0ctivcs which ho allots to 0xploratory survey

i( 



(see table 2) are the sruJe, by rtnd large, which one can set for reconnaissance 
survey. Authoritative advice should be sought where such a survey is contem­
plated in lieu of a reconnaissance, but generally the amount of uncoordinated 
data on agriculture and the physical environment extant in diverse files in 
headquarters, regional, c..nd district offices makes this method more commonly 
feasible than.is generally re.:J.lised. \<!here feasible it should usually be cheo.per 
and quicker. 

II. l'�XTBNSIVE SURVEY

Type of Survey: Usually integr&ted, but often with soil of pre-eminent imnortance. 

Objective: Assessment of a single, or smnll group of, units defined by c, 
reconnaissance survey. This mny take two forms, separately or in combination. 
Either it may present a more detailed inventory of the selected areas without 
being too specific about recomrr�ndations; or it may present an outline of 
development project possibilities in terms of the range of scientifically 
fea.sible options, from which a choice of the most economically viable co.n be 
made for detniled examination in the context of current economic, social, cmd 
political circumst�nces. 

Method of Survey: At this level there is still a heo.vy reliElnce upon remote 
sensing techniques especially nir photo interpretation, but a denser network 
of field traverses will be used to establish an adequate body of fundamental 
data. For convenience and speed such traverses form an irr8gular network 
following existing roads and pn.ths n.s fnr as mny be cc,nsistent with mnintaining 
the requisite smapling density (sec p. ) and the genernl desirability of 
traversing nt right angles to tho gr�in of the country. A rens0nable average 
spo.cing should be aimed at in choosing th,:; routes for field traverses, in the 
range 1 - 1 0 miles ( 1. 6 - 16 km). �ihere air photogro.phs are of limited use 
as in tropicnl ri:ri.n forest, a closer spacing of gruund inspection will be 
necessnry both to locate boundnries and characterise mnpping units. s�mple 
strips may again be used, amounting to as wuch as ':fj; of the most importr.mt mop 
units, for the sar:12 purpose as in reconnaiGs,mce surveys. 

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

Photo Sc"'-le: 1:25, 000/1:50,000. Prints may be assembled into mosaics nnd 
print laydowns, varying from cont2.ct scole to half degree sheets n.t1:125,000. 
}iOr soil associations where, for cxo.mplc, colour catenas ure predominant, 
colour photography can be useful, and other imaging sensors in pnrticular 
conditions (see pp. ). 

Map Public2.tion Scnle: 1:100 , 000/1:250 ,000 . Individuc..l subject maps will be 
nt a smRller scale than the m2,p of integrated units, though on occ:i.sions it ww

be mere appropric..te to mruce a subject map, e.g. soils, the princip�l mGp. 

9 
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Typical Subject Map Categories: 

1. Integrated: land systern, or, occasionally in relatively feature­
less terrain, lo.nd facet.

2. Soil: o.ssociation, the component units of which mD.y be disple.yed
on the separate so.mple strip maps.

3. Vegetation: communities.
4. Geomorphology: dependant upon complexity, either relief units, or

individual major landforms, e.g. gently undulating plain; escnrp­
ment.

5. Land use: farming systems, e.g. intensive or extensive, with m2-jor
crop patterns, such as " ••• cotton - tobacco - Groundnunts".

Background Data: 

1. Hydrology: catchment area run-off, and river flow.
2. Climnte: more detailed subdivisions of climntic regions based upon

ro.infall and temperature.
3. Geology: generally c,s fur reconnaissance surveys.

General Remarks: It is rarely necessary to carry out both extensive o.nd 
reconnaissance surveys and they tend to be mutually exclusive. If an 
exploratory survey in the sense of Smith (1965), has provided the first stnge 
of land resource assessment, then extensive surveys may b0 a useful stnge on 
the way to more intensive work, cutting out the reconnaissance stage altogether. 
Surveys at this love� are primarily valuable for providing a moderately detailed 
basis appropriate to planning broadly applicable generc1l improvements in 
farming practice, defining the geographical range for crops �nd for preparing 
n comprehensive list e>f possible development projects. 

III. INTENSIV:I:;, OR SDII-DE'I'AILED SURVEYS

Type cf Survey: Integrated or Single Aspect Surveys, usunlly the lntter. 

Objective: Hnving c0mpleted an inventory and outlined the developmvnt possibili­
ties, the intensive survey is intended to locate and define potential projects.
To nttcmpt to go straight to this kind of survey without the necessary
preliminary stages is to reduce the soil surveyor to whnt Charter (1954),
described as a "pedological procureur11

• In other words it would be using
lo..nd resource appraisal to pick the eyes out of n country's natural resources
for short-term benefit, without due considerntion 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 cr0ps, and.
the probable form of m.:magement. Given that the 0-griculturo..l potentio.l is of
a primarily arable character, it is at this level th2t the soil map is most
likely to displace the integrated unit map as the principle product of the
survey.
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Method of Survey: Although the advantages gained from using remote sensing 
techniques continue, there is likely to be a sharp incrcawe in the relntive 
importance and amount of, field work. Where soil is the dominant aspect, it 
will often be desirable to have a basic frcunework in the form of a traverse 
grid, which may incorporctte sui t,::ble roads and pc,ths. It should aim at an 
average spacing, dependent upon the complexity, not clcsc� th.:m about 1 mile 
(1.6 km.). This is likely to be reinforced by interlining on a fr�e survey 
bnsis ( sec Field �Jork p. ) • The grid survey hnving cstnblishcd the necessary 
overall basic minimum coverage, the free survey will locally intensify the 
sampling density sufficiently to ensure that the mRpping units conform to a 
specified minimum purity. Judgnent uf this must rest with the survey leader. 
Depending upon the nature of the soil pattern and the purpose of the survGy, 
there is quite a high possibility that at this level specialised forms of 
photography, e.g. true coluur, false colour, infra-red, may be useful. Again 
the survey leader is likely to be best judge cf this, particul�rly if he was 
past experience of the nron or an cmnlogcus area. 

Typical Area: Not more than about 5,000 sq. miles (13,000 rn2), Emd more 
usually of the order of 500-2,000 sq. miles (1300-5200 km2). 

Photo Scale: Preferc,bly larger than 1:40,000, especially if the mo.pping scale 
is larger tho.n that. Mosaics or print lnyduwns may be used, usu3.lly made at 
contact scale, unless the scale of avnilable photography is larger tho.n 1:25,000 
while the proposed mapping scnle is sm2..ller tho.n 1:50,000, when a sea.le smallor 
than contact scale may be adopted. For soil survey, if true colour phot0grnphy 
is available for conditions in which boundaries may be identified largely by 
colour changes, then sme..ller scale photogrnphy me..y be acceptable than would 
be the case with panchromatic bl�ck uncl white photography. 

Map Publicc,ti•)n Scale: 1:25,000 to 1:100,000. If more thC'..n une nspcct of the 
physico.l environment is presented on m,:-,.ps, then at this level or survey it is 
probable thc.t they cr_n o.11 be use-fully presented at the sruno scal0, thereby 
economising on cartogrcl.phic mc1n-hcurs by m::ili:ing one b~-se m,'.p suffice. Genoro.lly, 
at abuut this level, environmental surveys match the scale of tho stando.rd 
topographic series for the ccuntry, in n manner mere typic.'.'..l of geologic.::tl 
surveys. This, for cartographic re::1sons, ma.kes it sensible, whenever possible, 
to make survey and mc:.p bounclnrios cuincide. 

Typical Subject Mu� Categories: 

1. Integrated: land syste1;1, or in fec1.tureh,ss cc-untry, 12.nd facet.
2. Soil: soil series, except in arons of complexity 1t1hen o.sscci0ti0ns

may be necessary.
3. Vegct�tivn: Rssocintion.
4. Geomorphology: individunl l.::mdforms.
5. Lnnd use: units bQsed upon crop patterns, cultivation d0nsiti�s, or

particulnr photo-visual p�tterns of field shapes, sizes, :'.nd
alignments.
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Background Data: 

1. 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 0ssential 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. Inmanyareas 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 experimental programme usual in the 
Departments of Agriculture in most underdeveloped countries. 

IV. DEVELOPM:ZNT STUDY

Tzye of Survey: Usually single aspect. 

Objective: Project execution. 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 example an 
irrigation survey will require a detailed topographic map in addition to a 
detailed soil map. The detail provided by the survey must be adequate as a 
basis for elaborating the initial management proposals. It must also provide 
an adequate basis for agronomic trials. Costs per unit area surveyed are 
higher for this kind of survey than for the others. 

Method of Surve1: 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 required level of purity beyond doubt. As a guide the purity 
of mapping units must be of the order of 85% or better where the proposed 
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 those associated with a deposi tion2.l soil 
pattern, in which the successive layers within the profile may not be genetically 



related and in which, therefore, the nature of the soil profile at a given point 
depends upon non-predicatable variables, such surveys will involve an cxtrem·cly 
high density of sampling. As an example of this a recent survey conducted by 
the author covered an area of just under 1 sq. r,1ile (2.6 km2), 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 feet. At this level of survey there is also 
a strong influence frequently apparent in favour of a p:orametric 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 anticipated 
significance, instead of, or in additio� 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 nrr2,nge 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 compl<:xity, accessibility, case of "going within the area and survey 
specification, but in practice it often seems to fall around a median figure 
of about 50 square miles (130 km2 ), � 25 sq. miles. 

Photo Scale: 1:25,000 or larger Gnd preferably near to the chosen mapping 
scale. Prints may be assembled 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 specialis(0d 
forms of air photography are potentially most useful. Since most experimcnta·. 
evidence about them so fer refers to large scale work it enables a b�ttcr judge­
ment 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 th8 potential advantages. 
It is difficult to decide whether there is a sensible maximum scale for such 
photography. Probably, given sto.ndard 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 areas of transition, may not be 
conveniently recognisable within one or two prints, thus hampering bound�ry 
identification. 

Map Publication Scale: This will depend to c large extent upon the complexity 
of the soil pattern and the overall size of the project, and therefore the 
number of sheets it is considered desirable to have. It will usually be larger 
than 1:25,000 and possibly larger than 1:10,000, espqcially if irrigation 
works or farm planning are involved. With the emergence of a parametric 
approach to soil mapping the presentation of maps for such a project oay 
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conveniently take the form of a single base map, perhaps 
physiographic data, with transparent overlays to present 
data in whatever combination may be momentarily required 
of project planning and impleraentation. 

T,vpical Subject M2,p Catc_gories: 

showing the basic 
the rest of the 
during the course 

1. Integrateo: not used.
2. Soil: phases of soil s0ries, or specific parameters, e.g. the

top-soil t8xture, or the sub soil pH.
3. Vegetation: species distributi·3n, tn,e counts, etc.
4. Geomorphology: landform olomcmts, or slope units , e.g. lovee,

river terrace , or slopes of <�o, 2-5% etc.
5. Landuse: detailed map of crops, ana/or field distribution o.t

the time of the survey (i.e. not from old photography).
Altcrn�tivcly or �dditionally, a map of the proposed land use
and/or field layout.

Background Data: 

1. Hydrology: (relevant to irrigo.tion and erosion control projects)
detailed str8am flows, sedimentation loads, soo.sono.l and regional
water-tables, water quality.

2. Climate: detailed local climatic records, if necessary obtained
2J2_ initio; also initiation of micro-climatic studies.

Remarks: Development studios roproscnt the gre[',tl:i''B:t test for soil surveys. 
It is most cor:unonly at this level that the soil map and report form a basis 
for critical investment decisions and oper�tional planning. Work at this 
level should, therefor� cl<:Jarly show by means of reliability diagrams, the 
surveyor's assessment of the purity of the mapping units. He should also 
d0scribc tho nature and degree of variance fror;;. his raodal descriptions. 
This is not a criticis□ of soil surveyors. It is not uncor.1mon, for purely 
physical rGsons such as accessibility, available busu oaps and photography, 
time, nnd so on , for surveys to be; qu.J.litntivcly un8ven. Where this is so, 
it should be clcc,rly specified so that cmgineers c..nd planners know th0 basis 
upon v1hich they arc working , and authorities ma_y decide whether to coraoit 
further resources, u.nd allow more time, perho.ps at a later st2.ge of the 
project, to survey. 

V. M.ANAGENIENT PROBLtlVI STUDitS

� of Survey: Par2.uwtric, single aspect studios 

Ob,juctive: Follow-up studies, to answer immediate agronor:-,ic problcns. Such 
studies may become desirable in rolE�tion, for exnmple, to variable crop 
performance. It snould be appreciated th._--,t whilst they uny not in themselves 
provide an answer, they cnn make n vital contribution to the precise definition 
of the onviroment for oxp8rimental work concerned with the solution of 
particular problcr,1s n,nd th0 &stablishra:mt of modiur:i and long term research 
for ir.iproved management. A growing colL.ction of such records may have a 
significant contribution to make to agronomic knowlede,0. 
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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 diseases, specialised 
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 Scale: 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 n.lr:ays necessary. For _the cl.gronomic 
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: Bach case has to be decided on its merits; 
often using ad hoe parametric units, e.g. salinity categories or bulk density 
of specified horizons, provided initial examination can suggest possible 
significant parameters. 

Background Data: A� require� for each case. 

General Remarks: Such surveys arc 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, &ssociated 
with pcdological 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 2.dequclte instrumention of the experimental environmental 
environment, (especially where sensitive inter-actions may exist between micro­
climatic or pedological factors and plant behaviour) arc especially relevant. 



ORGANISATION OF SOIL SURV7�YS 

From the foregoing it will be clear that modern soils surveys are becoming 
increasingly complex and frequently 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 and 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, COST, SAMPLING DENSI'TY 

Comparatively little is available in the literature relating cost to sampling 
density, or the latter to the scale of survey. Tavernier und Sys (1965), 
quote the following data for the Republic of Congo-Kinshasa: 1:50 000 maps 
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 km2 were 
completed for 159; of the territory and these surveys include a limited �nount 
of semi-detailed sample arens with 3-5 profiles per 10 ha. Vink (1963), gives 
a table listing 10 levels of survey, quoting sar.ipling densities for each. Steur 
(1961), also quotes sampling densities for various scales of survey, but these, 
as 1rnth many others, refer to work primn.rily carried out in Europe and North 
America. They indicate densities ranging from 20 observations per hectare 
(2.5 2.cres) to 1 observation per 3 hoctares (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 observations per km2 (0.4 sq. ml.) at 1:50 000, 
and <1 observation per km2 at scales smaller than 1:200 000. O.R.S.T.O.M. 
use 1-2 observations per cm2 of the soil map. 

This reflects the fact that sampling density is controlled by two inter­
related factors: The complexity of the 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 5& time 
saved by the use of air photo interpretation, or the area mapped per unit 
time at different scales, using air photographs. 

Smith (1965), mentions costs of $2 per hectare for high intensity and 
$1. 25 for low intensity detailed surveys. Francis ( 1962), in discussine; 
pre-investment surveys quotes costs of resource appraisal, presumably 
within the experience of F.A.O., ns being from 2-5% of the estimated capital 
investment involved in implementing a p1·omising project. Beckett and Bie 
( 1970) nnd Beckett ( 1968), as p,::-rt of the Oxford Group's interesting and 
informc.tivc investig:=-,tions into the effic-'..'lcy of soil surveys hnve reviewed 
the availnblc litero.ture on costs relative to the scale of the survey und 
the survey procedures, further attempting to relate these to the precision 
and adequo.cy of the results. Beckett summarises costs in the general 
statement of principle that cartographic and clerical costs are approximately 
constant per unit area of map, thus decreasing in proportion to the square 
of the map scale when expressed as costs per unit areG. mapped, whilst the 



fiP.ld cnsts tend to be proportional to the number of soil observations made and 
the number of Obco:?'.'Vt!tionc p.;!r unit nreB- m?..pped io proportional to the square 
of the mnp scale. A survey n1t.,dG by t1:.c nuthor (Stobbs, 1963) was completed 
and the maps and results published for a cost of npproximutely £8 per sq. mile, 
for a mapping scale of 1:50 000. This figure however m::ikes no provision for a 
proportion of the ndministrative overheads of the Department and Ministry 
under which the survey wo.s carried out. 

WORK SEQUENCE 

The tasks involved in a survey, of whatever scale, can be broadly sub-
divided into pre-field work, field v10rk o.nd post-field work. For small and 
intermediate-scc-.le surveys cf reconnaissance or extensive type· the sub­
division of working time between these phnses is ubout one-third each. For 
an exploratory survey, especially one wherein the m�pping units display a 
strong relo.tionship to the physiography, the pre-field work stage mc.y be 
proportionately greo.ter, roughly up to cne half of the total, the additional 
time being mostly at the expense of f.ield work. The erc1phasis shifts towards 
field work QS survey sco.lc increases. At the development study l0vel there is 
usually a very marked increo.se in the proportion of field \·JOrk to more thnn 
half the total project time, nnd as much ::,s 75<;,., of the total sci<,ntific mo.n 
hours because it becomes necessn.ry to prove tho.t the soil units mapped are of 
the requisite purity o.nd to prove that the boundC'..ries o.re plnced in he 
position of "best fi t11

• This emphasis upon proof becomes necessary because of 
the possible capital investment tho.t may be decided upon the basis of the 
survey. 

Where the soil surveyor is a member of o.n integro.ted tenm, it is highly 
probable that the overall pace of field work \·1ill be dictated by the soil 
survey requirement. The soil surveyor must dig fer his data and consequently 
c�n take least advnnto.ge of air photographs - by definition he should nlso be 
last to carry out his air photo interprct�tion because of the inferential 
evidence provided for him by the equivnlent work of the geomorphologist and 
ecologist. 

Pre-field Work: This phase of the work comprises chiefly -:..'cir photo inter­
pretation and the collection of bnckground and annlogous area data. At 
the end of this phase it is commonly useful to he-we the results of tlrn photo 
interpretation compiled into a provisional mo.p supported by a prcposed mnpping 
legend and n set of notes summarising :wailc..ble environmentnl knowledge. The 
phase mo.y start, where necessRry, by defining the requirements for ndditional 
air photography and it will include the o.ssemblage cf photo mosaics, parti­
cularly if these are required in lieu of inadequate or non-existent topographic 
base maps. The sc�lc of available photography will strongly influence the nmount 
of time required for interpretation. For exrunple, if n small sc�le reconnais­
sance survey of a lnrge area has to utilize 1:20 000 photography, a much 
grenter nl.l.wber of photogro.phs will ho.ve to be handled nnd c..nnotated than if 
the photography had been available o.t 1:50 000. In such circumstances it may 
be necessnry to annotate the photo detnils c-.nd dcm.:i.rcate rn:rny more boundaries 
than may ultimately be required for the published map, because the restricted 
area. of a stereo po.ir limits the nbili ty to mnk.e run..'1ing decisions c.;n whnt 
detail and which boundnries will ultimately prove to be significo.nt for the 
chosen m�pping scale. In this context photo mosaics produced o.t such reduced 
scales from contact prints can be invalunble in helping to mnk.e such 
appraisals. Initial decisions will be required at this stage with regard to 
final map scale nnd approximate &-'U"Jpling densities in the light of evidence 
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�n 1 l ;::,n-1:on rl11ri ne the pre-field phase. Photo intorpretation may well be 
the longe.st sine;lo trrnk particulnrly in exploratory work. For example, 
Bawden and Stobbs ( 1963), opon+: n.IJIJ't"'.iXim�toly 8 mnn r:icnths •�n photo inter­
pretation compared with less than 6 m.:m months on fiGld work. If new base 
maps may be required to present the data, or modificc..tions of existing 
available maps mny be required, initiation, at this stage, of a procurement 
programme, can save considerable time later. 

Field Work: This is based upon three basic survey procedures, used separately or 
in combination. These are free survey, grid survey, and physiographic survey 
ns defined by Beckett (1968). Physiogr�phic survey is the form most commonly 
encountered in under-developed o.reas, at least down t0 tlw development study 
level. Remote censors are used, usuQlly nir photographs of various kinds, and 
with their help the boundaries of the units are plottec2. The field work is 
then designed primarily to chr.racterise the soil content within the boundaries, 
which are only likely to be checked in the event of e. uniform and comparatively 
featureless lruidsc2.pe which provides few clec.r physiogrr.:.phic boundaries. One 
of the commonest difficulties in this kind of survey prccedure is a lc:,ck of 
correlation between the photo patterns and soil units cf a constant taxonomic 
level. The surveyor is then faced with estnblishing an artificial but 
meaningful local classificGtion to describe the content of his units o..nd must 
be able to make some statement ab:..,ut their purity. The selection of scill1pling 
densities to achieve this objective ha.ve in the past b�en mainly subjective but 
statistical theory is being increasingly �pplied to such problems and a 
current major survey by the Lc.nd Res:.·urces Division involving an o.rea of some 
60 000 sq. miles is testing a method of statistically &djusting the S['Jl]pling 
density a.nd its spatial distribution, tu enum1:;rate the soil units within each 
defined land system and test the validity uf the system boundc,ries in a very 
uniform landscape (Lmig, in preparation). 

Free survey meo.ns essentially that the sampling is not fixed along o.ny form 
of pre-determined line such as a formal traverse or a footpath,but, having by 
preliminnry inspection outlined the properties and variability of the units to 
be mnpped, proceeds to concentrate field sDL1pling 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 so frequently depends upon 
the recognition of landscG.pc feo.tures, true ex:u:1ples of free survey being rare. 
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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
spr,ead 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 u�its. 

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 wor� 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 different 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 �he 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 pe�sonnel 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 TTong (1969), demonstrate 
the potential value of Principal Component Analysis in reducing several soil 
properties to a single variate expressing a large proportion of available 
information. By using this principal component 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 made 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 

The t:l.Pe and sc.aJ.e of air photography determines th e amount of' detail which 
can be identified and interpre t eted by means ot the stereoscopic image, ton e 

and t exture of the photo patterns. Th e diagram below refers to t he use of 
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genetically unrelo.ted I depositional layers i is best approached on a high 
intensity formal grid survey b8.sis. On the other h:.rnd erosional are&s, 
especi2.lly those associated with peneplains and extensive pediments on 
which there is a gTeater tel'ldency to a re[Ular spatial distributional 
rhythm, lend themselves to free and physiogrs.phic surveys, to vlhich 
statistically controlled random s81Ilplin0 procedu:r-os may be ariplied (Lang, 
in pre1xrration). 

Air Photo Interpretation: The role of air photo interpret&tion in soil 
survey is now v;ell u11oerstood and can be conveniently surimi2.rised in 
diag:cam.'1latic form in Fi;:t.3, Pew a.I.'c.as novJ lack air photogrnpb coverage, 
and the advantages to be gc:,i11ed by using air photos in terms of time, 
detail, and precision have been set out man;; times (13urin6h

) 
1960; 

Vink, 1963; SoiJ. Survey Staff, U.S.D.A., 1966
5 

Goosen, 1967, to mention a 
fev1 of the more prominent). 

a, 
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Remote sensors for Soil Survey 

It is in the field of remote sensors th�t some of the potentially most 
irlport2.11t technological developments are: occurring. Since they involve some 
form of airborne or space platforo, and the sensing and processing equipment 
is complex, it follmrn that they o.xc expensive to obt2.in and the conditions 
under v,hich they o.re north obtcining should be precisely spelled out. 
Unfortunately, probably bocauso of expensG and cor;iploxi ty, fe.-, field tests 
have boon und0rt2kcn outside North .America and Europe. Most work so far 
published refors to nark using lcrge sodcs (> 1:25 000, and as large as 1:500) 
and littl0 of it refors to soils. Frey ( 1$67) tabulates a number of prominent 
experiments of nhich only three nention soils. It is thus possible to draw 
fm"J conclusions relc.ting to the kind of surve:ys b0ing discussed here. 

Because of scale, space photogro.phy is unlikely to bo of nuch value in 
tho :i..runedfa.to future, save in vcrificc!tion of rao..cro-pattern:::i concerned with 
the smcllest-scclo reconnaissance o.nd exploratory YJork. 

More: cc.n be hoped for at lnrger sccles frorJ photogr�phic and non-photographic 
sensors of tho cloctronccsnetic spectrum. Fron 0.3-1,2 1\1 conventional cc.ooras and 
photographic techniques cc.n bo used to produce panchrotw .. tic blo..ck and v:hi to, 
true colour, fclso colour infra-red, 2.nd infra-red photography. Frora 1.5-14.0;u
the 'thermal I infra-rod spectrun is recorded by optical-ncchanical scanners 
tr2.11snitting o. si6nal to nagnetic tape or cathode ray tube for direct film 
recording. Rad2r sonso:rs (chiefly side-scan radar) operate on ,:o.vclengths botm,en 
0.5 cm - 100 co. 

The sensing co..pabili ties of those various Tmvolongths mo.y be nobilised in 
vc.rious combinations referred to as multiband2 8.nd raultispectrn.13 sensing. 

FOOTNOTES: 

1. 11Ronote sensing" refers to the uso of devices 9 nountod on airborne or
space platforms, sensitive to visible or invisible ro.dic.tion, �hich
record physical phonoraena by measurcnent of the onitted or reflected
radi2..nt enor{;J'. The devices ney be photographic, or other forns of
inaging or non-ino.ging equ±'pnent.

2. Frey (1967) defines 11nultib211d 11 as "referring to ino.ges fornod, usually
sinulto.noously, in nore than one portion of the photogrcphic region of
the olectror;10.gnetic spcctrun nnd ru1alysed jointly".

This connonly ucnns obtcining panchronatic, true colour, false colour
infra-rod end infra-rod photogro.phy by special nultibnnd c��eras,
usin& filus und filters in ccnbinctions to suit the expected
photon0tric nnalyticcl requirenents for objects cxa.ninod. This
includes the process kno,:n 2.s "colour c.nho.ncor.1onts 11• 

3. 111tlul tispe:ctrcl n in this sense refers to non-photographic inng-ory
obtc.inod sinul tn..."loously fron l7!ore thnn ono pmt of the oloctrono.gnetic
spectrum, for joint 2....'1alysis. It can also include the do.ta dorivod
fron non-iuuging sensors. Rescm-ch in this field is nuch concerned with
identifying spectral 11sie,:pn.tures 11 for physiccl objects.
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Colwell, (1968) and Simonett, (1968) recently reviewed the state of 
Land Evaluation s-cuc1ies in relation to both the photographic and non­
photographic regions of the spectrum. Colv;ell points out the advantages 
obtainable from false colour. It distinguishes healthy vegetation by 
reversing the green to red, v1hilst the reddish hues in soil are reversed 
to green. In conditions v1here 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 better than true colour films for the surveyor 
however, and the reversal of colours would make it rather more difficult for 
inexperienced personnel to use. Colwell also points out that false colour 
has the ability to penetrate haze duo to its sensitivity to long wavelengths 
and the exclusion of short wavelengths, and v1hcre late dry season photography 
is required in areas characterised by seasonal burninc, this might suggest 
its possible value. Simonett I s comments concorni11g the thermal infra-rod 
region and the use of emission spectroscopy to examine it, seem to point 
to a possible future value to soil surveys in conditions in v1hich mineralogy 
may be significant in identifying soil types. He also drans attention to 
the capability of such a system to detect, by means of a succession of flights 
over an area in the course of a day, useful information concerning such soil 
factors as bulk density and moisture content, by oxo.rnining the daily cycle of 
thermal response. He stresses honevor that such work is still very much in 
the experimental stage, and geometric distortions and limited resolution 
leave present thermal infra-rod imaging systems inferior to cameras, 

MyGrs and Hoilman ( 1969), in a later paper claim to have used then1al 
infra-rod sGnsing to obtain a quali tativo indication of soil -vmtcr to a depth 
of about 50 cm in bare soil. Do Loar (1968) clearly spells out the circumstances 
influencing the use of thormcl infra-rod scanning systens and confirms their 
potential relevance to such properties as permeability 2nd soil moisture content. 

Sinakov1:, ( 1959) conpcrc.s photogr2..phy t2ken on panchromatic, infra-rc-d, 
three-lc,yor colour, and two-layer colour a:nd claims interpretative superiority 
for three layer colour, and two la;yer colour taken through light-yellow or 
orange fil tors. Parry et al ( 1969) , more r0cently concerned themsol vcs nith 
attempts at soil identific2.tion by comp2..ring true colour photos uith the hue, 
vcluo and chroma of the soil in the field. They concluded that it helped to 
distinguish types ni thin a series nnd distinguish changes dependent upon 
differences in soil moisture or orgonic matter content. J\ndronikov ( 1967), 
refers to Russian studios of the spectrcl rcflectnnce capacity of soils leading 
to a ch2ractcrization of the brightness of soils in both the visible and 
11invisible 11 regions of the spectrUlil. A relationship is clai:oed botY1ccn spectral 
brightness and hunus content, texture, moisture content, nature of the surface, 
degree of podsolisation a..nd other factors. This data is used to decide the best 
spectral zone in connection v,ith r.ericl photography for soil purposes� 

F-.l'om these and many other si:o.ilar p2.pers fcy1 firn conclusions can be drrnm, 
by roe.son of the scale of the photogr2.phy used i their dissimilar experimental 
environment o;nd the generclly vc.guc nnture of the statements concerning 
superiority. This accords �ith the results (unpublished) of a tri2l confuctod 
in tho Land Resources :Division by J312-ir Rains, using panchromatic i true colour 
and false colour. Assessed in terns of time saved in photo-intcrprotc.tion., or 
length of boundc.ry defined, the superiority of either colour forn over 
panclrronatic filn rras 0-t be:st marginnl, given experienced interpreters. 

The conclusions may be summarised thus: 

:Z.3 



1. Work on the thornal infra-rod region is still in the expcriraental
stage 2nd is inconclusive, though promising.

2. False colour infr2,-rod nay have a.dvuntagos in particular situations
ns indicntod above.

3. Truo colour photogr2phy h2.s c1 defini to a.dvantaf,o .-:horc the soil
surface is visible end colour distinctions arc significroit napping
factors - there ore 20 000 V<.Tio..tions of hue, ond chrm:m reportedly
visible to the hun£m cyo coL1poxod Hi th no norc than 200 shades of
grey (Parry et ..Q,l, 1969) . Col-r1ell ( 1968) discusses the technical
attributes of the colour fil1:i.s coillI:1only available.

4. ForDs of photography other than pa:nchroL1atic con frequently be useful
through providing the soil surveyor v;i th .'.ldditionc.l indirect evidence
frou better definition of other aspects such as vegetation. In this
case integre,tcd surveys i,-,ouid sooD to hc.vc a stronger clair.1 to
spcci�l photography than Dost soil surveys.

Multiband imd DuJ_ tispectroJ. tcchniqurn rcportodly inprove object detection 
a.nd recognition by incrco..scd inagc contrast (Malila, 1968). Frey ( 1967) � 
rovie,1s research recently proceeding into this nothod of applying rc:r:1ote sensing 
:md Colncll ( 1968) discusses the theory of tonal 2nd spcctrcl 11signnturcs" 
i:r:1plicit in it. Colr,-ell dso uontions, QS do Myers 2nd Hcilr.aan (1969), the 
possibility of this approach lending itself to autonction via a variety of 
sccrming devices. A[.,rain, though interesting 7 this v:ark still lios lc.rrc;cly in the 
cxpcrincntcl o.renE!. end no soil surveys have been reported o,s hiwing ncdc 
extensive use of such techniques. 

Sinonott ( 1968), discusses rQdar ronoto sensing (chiefly side-scan r2;c.:c..r) 
2,11d concluccs, QS docs De Loar ( 1969), thct its chief nc:1vnntago is its oJ.1-
ueather cc.po,bili ty. Both agree it is best sui tea to roc0nrn:,iss2xicc nork d 
1 : 100 000 - 1 : 500 000 2J1c1 it offers r:iorc specific possibilities at this stage 
to forestry c.:l'ld gconorphology tho.n to soils. 
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Post Picld \iork: There, o.ro t,,o aspects of post field vrork which arc of 
rclc,v.::.nco to the context of this paper: l2.borc1tory anal;1sis of soil srunplos 

1 

and preparation of thu soil mD,ps. Both n.re initidod in the courso of field 
work 2.n<l pn.rticulo.rly Y:h0ro the soil map mo.,y require a non-stand2rcl bases 
for,:o.rd planning is necossc:ry (Fig. 2) • 

Soil .Analysi�: Lnborc.tory resources 2.ro vc,ry limi tisd in many of the o.roas 
Yli th ,1hich this p2.por is con corned. To mdrn the best use of avo..ilnblo 
resources nncl/ or to minimise oversc:'s trOJ.1sport of s2mples it is desirable to 
have a clear policy for analysis, The Land Resources Division has ostnblishod 
the follo11ing four c2.tc,gories: 

1 • 
2. 

Routine n:no..lysis 
Fertility studios 
IrriGation studies 
Studios [')r purposes of clcssificc.tion o..nd podogonoticcl studies 

The needs of each survey can be discussed in terms of possible requirement 
in each of these catogories, having regc..rd to the objective of the survey (Table 1). 

Interpreting an2.lytical results 2.rising therefrom, in the sona: of defining 
their significrcX:lco for 2.gronomic purposes is a sphere i"lhich le:nds itself moro 
readily to the immediate applic::.tion of st2.tistico..l techniques than most pn.rts of 
soil survey. Papers by HollonC (1968)� Hnnoti2.ux (1966) 1 Dzubay (1965) CIJG 
Skone ( 1960) , for e::�runplo, ho.ve discussed tlw applicdion of such techniques to 
c2�culating tho number of sornplcs rcquir0d to 2.cbicve specified stl!.11dm-ds of 
ch2.r2.ctcrisaiiion i to c�etorrninin1I c�egrcos of error attribut2.ble to such vc.riablos 
o,s s2I!lpling cle:pth crid to 211clysing the 12.borr-,tory rcsul ts ther.isolves by such 
techniques 2,s cor.iponent cnclysis. 

Soil Mo.;ps 2.11c Illustrdivo 11/"![;'�te:rial: From the point of vie:vr of the soil surveyor, 
three scparo..tc .::ctivitics arc, of concern; prepar:.:.tion of c. suito,blo bc.sc map; 
compilo.tion of his field cht2, onto the bo.,so nn.p; and prcp2.r2.tion of illustrdivo 
material such c,s block dingrGL1s md profiles. 

For b.::sc mc�ps, photo mos:::.ics c..11cl orthophotogra.phic :r.io,ps con offer al tornc.tivcs 
to orthodox maps 1 but 8.I'e used normdly only in t110 absence of suit2.blo orthodox 
mnps. Rhody (1966) sot forth the n.dvnntc.gcs of orthophotogro,phy for forestry, but 
for soil ,;ork they clo not appo;;'.r to hold any· pre:se:nt 2-dv2.nt2ge:, othe:r then possibly 
facili to.ting the 2.lignmcnt of tho ficlc"'. annoto,tcc cir photogr2.phs ui th the 
rolov['nt physiosrraphic features. J3o.sc I'lc.ps 9 block diag:rru:as c.nu cross-sections c2n 
n01imdnys be compile:u by auto:oatcd processes. In the cc.so of illustro.tivc material 
this cnn bo LlonE; directly fro:m the photogrc.ph if Desired. If the survey uata cre 
collected on 2, referenced point st:.11:pling be.sis (Stobbs, 1968) , usuclly utilising 
air photographs, they can be propa.rc,d for computer proccssin:;, nncl c.i::1.gro.mmdic 
print outs c2:11 be obtnincd Yihich serve a useful, though usually intorira, purpose:. 

The proscmt la,ck of excmples of those 2.pplic2.tions in soil surveys of 
unclerdovelopcu are:2-s reflects more tho f2.ct that the necossc:.ry cquipBcnt is not 
yet in vidosprcc,d use or.1ong catogrciphic org2.11iso.tions, than ony um,illingnoss on 
the p2.rt of soil surveyors. It is the cartographers �ho st2nd to gain in 
efficiency in duo course - the soil map nill still bo guo1i tD.tivc.ly the S8Je. 
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CONCLUSIONS 

The pc.,st ckcadc hc.s not seen the emergence of o.ny ncm techniques 
representing o, rQdiccl departure from existing prc.,ctice, �hich o.re ready 
for full sc2.lc objective 

1 
but technologiccl improvements 

1 
particulo..rly in 

the remote sensing sphere, h2.ve yet to be thorou6illy tested in the 
conditions -r1ith which this po.per is concerned. rihon this hc.,s been done it 
i7ill be possible to lc.y cmm guidelines governing their use. 

In the: uncorccveloped ,1orlcl this reflects th0 sco.rcity of funds to 
devote to purely experimentnl :projects, 2.-ncl a-bovo c,11 of time, sto.ff 2nc: 
equipment to cmry them out� ,"lhilc there is so much of oi1 urgent n.nd 
pro..cticcl no..ture cx:e:.i ting dtcntion. 

This po.per h2 .. s attor:1ptcc� to cl2rify tho rc=:l:::tionship betlJeen soil survey 
o.nd nationcl development r:i th a vici:; to C::efining those c.ctivi ties in '7hich it 
m0.y nm7 be fco,siblo to consider introducing o.cJvo.ncos in technique. 

u
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