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FOREWORD
Compilation of accurate soil survey information, climatic data
and water resources is one of the most valuable methods of ensuring
that agricultural planning and development proceed on a sound national
basis. The most important problem in the world today is to ensure
that the people of the world will be fed. To deal with the inevitable
increase in food consumption due to rising populations we must use
our soil and water resources to the greatest possible advantage: for
this we must have precise knowledge about the geographical extent
and location of different soils, and determine how they may best be
used and, at the same time, preserved for posterity.
The purpose of this monograph is to bring to the notice of governments responsible for the welfare of their individual countries the
advantages of using modern methods of soil classification and mapping. It is primarily addressed to members of legislative bodies and to
administrators and officials in charge of scientific and technical departments such as agriculture, forestry, soil and water conservation, irrigation, drainage, land settlement, taxation and civil engineering.
In many countries, soil surveys are now widely used to promote
increased agricultural and sylvicultural efficiency, to assist in the development of new lands for the production of food and other primary
products, and in certain engineering fields. This monograph specifically deals in detail with the purposes and uses of soil surveys. It is
hoped that the facts and illustrations presented will convince administrators in all countries that such surveys, with their basic information
on soil character and distribution, are absolutely essential in numerous
aspects of extension or advisory work, in the proper application of
many of the results of plant and animal research, and in a number
of other activities concerned with the development, tenure and efficient
utilization of the land.

No attempt is made here to provide a manual of soil survey procedure but sufficient of the techniques of soil classification and mapping
are outlined so that the mode of operation, the type of equipment
involved and the cost of the work can be accurately assessed. Precise
details concerning techniques can be obtained by reference to the publications listed in the bibliography at the end of the publication especially
the recently revised and enlarged Soil Survey Manual (23) 1 of the
United States Department of Agriculture.
1

The figures in brackets refer to publications quoted under Literature
Cited at the end of the book.
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THE PURPOSES AND USES
OF SOIL CLASSIFICATION AND MAPPING
While in some countries of the world soil classification is an
important and integral part of agricultural planning and development,
in other countries it is not being used to a similar extent as a guide
for proper land use. In this monograph the nature and purposes of
different types of soil classification are reviewed, so that their particular
virtues and adaptabilities may become evident and provide a basis
for the development of desirable soil classification programs in countries
which have not, at the present time, as much information about soils
as they desire.
Modern soil classification is based upon the nature of the soil section
or soil profile which reflects the influence of the various factors of soil
formation, including climate and vegetation, drainage and time, on
the parent material from which, the soil was derived. The recognition
of individual soil types as natural units, and an appreciation of their
properties and productive capacities is the essence of modern soil
classification. This classification is completely adaptable in that individual soil types may be identified and mapped as such in detailed
soil surveys, or the individual soil types may be mapped as groups
in reconnaissance surveys.
The most widely recognized general practical purpose of soil classification and mapping is to provide a systematic basis for the study of
crop and soil relationships with a view to increasing productivity and
to help in soil conservation and reclamation. This purpose embraces
a number of widely recognized aspects, including the prediction of
crop and soil behavior on new land intended for agricultural or sylvicultural production, necessary soil modifications such as drainage, and
the specification of fertilizer requirements on both old and new land.
The overwhelming basic need for soil surveys is to supply the link
between research and the farmer. Detailed soil maps, because they
show the different kinds of soils on individual fields, are the best possible
basis for synthesizing the results of experiments and observations and
applying them to particular farms. An extension or advisory officer

with a soil map is frequently a necessary technical link between experimental results on the one hand and their application to the farms
on the other.
Another important reason for soil surveys, especially in partly
developed countries, is so that crops and fertilizers may be selected
appropriate to the soils and climate of the undeveloped or partially
occupied portions of the country and suitable land selected for development and irrigation. This is particularly true of Africa, Australia and
South America, but also in areas wherever new agricultural developments are taking place.
Where soil deterioration is taking place, either as declining tilth
or actual loss of soil by one or more forms of accelerated erosion, then
classification and mapping of the soil and its erosion characteristics,
status and liability is a valuable step in the planning and execution
of any program of soil conservation and reclamation. By such means
and by research on the erodability of soils the way is paved for methods
of prevention and reclamation to be systematically applied to the
different soils of any agricultural, pastoral or forested landscape.
The fundamental purpose of soil classification and mapping is to
gain a better knowledge and understanding of the origin and properties
of soils and their distribution as part of the general advancement of
soil science upon which the above utilitarian objectives ultimately
depend. Fortunately both the practical and fundamental objectives
can be pursued simultaneously during most soil surveys. The final
result of a national soil survey is a comprehensive inventory of the
soil resources of the nation (23).
Such an inventory can be used by the administrators for a wide
varietj' of purposes. In determining over-all agricultural policy it
may be used to show potential productivity of a country, delineate
problem areas, indicate where and how production can be increased
to meet emergencies, estimate fertilizer requirements of a country,
distribute economically fertilizers in short supply, and to predict future
agricultural populations, transport requirements and -primary production so that harbor facilities, roads and other services can be planned
to cope with future needs. In New Zealand, such soil maps have been
used for the planning, of secondary industries: through their use fertilizer works and canning factories have been sited economically and
efficiently.

Plate 1. - The beneficial effects of applications of minor nutrient elements
to crops and pastures are usually specific to particular soils' or groups of related soils. Hence soil classification and mapping together with appropriate
field trials are the proper basis for the investigation and application of such
effects. Here the application of a minute amount of molybdic acid benefits a
pasture dominated by subterranean clover (Trifolium subterranevim) and
growing on the Kuitpo gravelly sandy loam a soil characterized by large
quantities of ferruginous concretions.

By courtesy of Waite Agricultural Research Institute.
Agricultural Purposes and Land Development

Soil Management

Soil surveys of a detailed character showing the nature and distribution of soils on various farms and fields are a necessary basis for furthering general agricultural development in closely settled areas. Perfect
plant health and maximum production depend on the optimum use
of fertilizers and soil amendments and correct cultural operations as
well as on adequate plant protection.
Experiments with soil amendments, such as lime and green manure
crops and with fertilizers containing both the major and minor nutrient
elements are frequently carried out on the principal soil types which
have been classified, and mapped on occupied farm lands. The results
of these experiments can then be applied in a specific and appropriate

Plate 2. — It is important for soil surveyors to recognize defective soil and
crop management practices and their results. The water erosion here is directly attributable to the arrangement of plant-cane rows up and down the slope,
and indirectly to the exclusive production of sugar-cane with the minimum
use of green manure crops and practically no trash conservation as a result
of burning the cane just prior to cutting.
By courtesy of C. G. Stephens.

manner to other areas of the soil types to which they apply. In fact,
it is usually true that the results of field experiments cannot be used
to the greatest possible advantage without the aid of a detailed map
based on a sound classification of the soils of the area under consideration. For this reason, the selection of sites for experiment stations
should follow the soil survey, so that a station may be sited on one or
more of the representative soil types of the district.
Certain types of field experiment, such as those investigating crop
rotations or fertilizer applications, are of most value only when it is
known to which soils the results apply. In fact the indiscriminate
application of plot and pot experimental results without meticulous
regard to variations in soil and -climate may give rise to indecisive or
erroneous conclusions about crop and soil relationships and lead to
unjustified discrediting of the plot and pot experimental techniques.

An experimental field is but a sample of soil and landscape. It
is important to make sure that the sample is a fair one and that it
represents something worth sampling. Quite a proportion of existing
experimental farms and research stations do not fulfill these conditions.
Soil management of a high order is dependent on sound cultivation practices and the use of soil conserving crops. Faulty cultivation
methods and inadequate crop rotations can lead to deterioration of
soil tilth on susceptible soils and ultimately to some degree of crop
failure because of imperfect seed germination and inadequate intake
of moisture. Such soil damage also leads to the appearance of wind
and water erosion, particularly of sheet, rill and gully erosion on sloping land. There is, in various kinds of soils, a marked variation in
susceptibility to water erosion, the permeability of both the surface
Plate 3. — Wind erosion is usually manifested in two related forms • eroded
areas as in the foreground, above, from which' fine soil particles have been
removed in suspension and redeposited at new sites; and areas of accumulation of the transported sand, usually in dune form, around such obstacles
as fences, stockyards, buildings and hedges, as illustrated in the middle
distance. Where faulty land, management leads to such destruction of soil it
is the function of the soil surveyor to suggest alternative forms of soil conser-.
ving land-use and possible methods of reclamation.

By courtesy of C. G. Stephens.

and subsurface soil being of major importance. The intake of water
is largely dependent on the texture and structure of the soil. Such
features are always assessed for the various soil types defined and
mapped in the normal procedure of modern soil surveying and are
used in the capability groupings used by the Soil Conservation
Services (25). Where an actual or potential erosion problem is
being investigated, soil surveys with accessory topographic, rainfall
intensity and crop studies provide a ready means of assessing the
erodability of various parts of the landscape. Further, when sound
cultivation methods and soil conserving crop rotations are worked
out for the different soils, the soil maps and the capability groupings provide a reliable basis for the application of such information
on the various farms according to their soil patterns.
Soil maps and capability interpretations (26), therefore, provide desirable means whereby an advisory officer may carry forward a very
significant portion of his work. When he has to deal with basic fertilizer requirements (as distinct from replacement of nutrients utilized
by a crop) the soil map as well as the results of experiments and experience are essential for the specification of the type and amount of
fertilizer and soil amendments required and the areas over which they
should be used.1 When he is dealing with special crops such as tobacco
or rice, which call for very specific soil properties, he can determine
suitable locations from the soil map. When drainage is necessary
the extent of the particular area to be drained if the removal of the
water is to be fully successful is shown by the soil map. When experience has shown that certain types of cultivation are necessary if the
soil is to be protected from erosion, such information can be applied
to other areas of similar soils by reference to suitable maps showing
soil types and phases or capability groupings.
In fact, such maps, where they exist, will always be consulted by
an advisory officer in his dealings with the various problems with
which he is confronted in his day-to-day work. He will see if information he has about one or more areas can be applied with confidence
to another irrespective of whether that information comes from controlled experimental work or is the result of actual experience by individual farmers on particular soils on their own holdings.
This latter point indicates that a good detailed soil map becomes
1

For a detailed account of the way in which scientific knowledge of
the soil can be used to advantage in the application of fertilizers, reference
should be made to the FAO publication " The. Efficient Use of Fertilizers "
edited by V. Ignatieff (7).

increasingly useful with the passage of time, for even in the absence
of controlled experimental work the experiences of individual farmers
with different crops and fertilizers on different soils will accumulate
and be disseminated amongst themselves in relation to the soils of
their farms whose locations can be determined from the soil map.
Such maps are used particularly in Europe and those parts of North
America under relatively intensive arable agriculture. The highly
detailed nature of the survey and the intricate pattern of soils that is
mapped is justified because of the importance of soil properties in
intelligent land use and as a guide for efficient extension or advisory
work to permit maximum production with conservation.
Land Settlement

In areas in which new settlement is contemplated or in which alteration or intensification of land utilization is intended, soil classification and mapping prior to subdivision, development and occupation
enable an experimental approach to be made in the selection of crops
and the necessary fertilizers. Properly designed experiments involving different species and varieties of plants, methods of seeding and
establishment, types of fertilizers and rates of application, can be undertaken on the important soils of the area.
The results of these experiments enable a wise choice of crop and
fertilizer programs to be made and proper farm size and location to be
achieved. The soil map and the data from the experimental areas
enable estimates of the productivity of the different soils to be made
and the farms designed accordingly to give a certain level of family
income. Where infertile and otherwise unsuitable soils occur in large
areas, they can be excluded from settlement. Thus size and shape
of farm holdings can be determined in relation to estimated potential
production of specific crops and with regard to the pattern of the various
soil types. This approach has been used in a land settlement scheme
on Kangaroo Island, South Australia, since the end of World War II
(See Map No. 1).
In using this approach to land settlement, it is a great advantage
if soil surveys have previously been carried out on adjacent developed
areas. Reference to these maps, combined with a reconnaissance
survey of the virgin area, will indicate how and when development may
be extended, what areas must be excluded from land settlement, where
problem areas are located and the means by which these problems
may be investigated.
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Map I. - This soil map, prepared prior to land settlement,
shows the exclusion from the project area of unsuitable land
(within tlie heavy hachured line). Eleanor sand (stippled)
and the very gravelly Phase of Seddon gravelly sand (lightlyhachured) do not justify their development under the prevailing economic conditions.
By courtesy of C.S.I.R.O. (Australia) Division of Soils.

The use of this type of survey may be illustrated by reference to
land settlement projects currently being carried out in Western Australia. In the southwestern corner of the State, in the Albany district,
where rainfall is adequate but the soils are of low natural fertility, a
land settlement scheme has been designed for an area of 200,000 acres
of virgin forested land after a soil survey had first been completed.
The soil survey was carried out as follows: — after a general examination of the whole area, 5 representative spots, each of 5,000 acres,
were selected for detailed survey. Examination of the detailed soil
type maps produced enabled the surveyors to define 5 broader mapping units called associations of soil types. It was found that the agricultural use of the land could be related to the physical characteristics
of these associations, which were then mapped over the whole area
by means of a reconnaissance soil survey. When soil association maps
had been completed it was possible to design a land settlement scheme
including 150 sheep farms, each of 800 acres of grazing land, and 50
dairy farms, each of 400 acres of grazing land.
This type of approach may be used in any country where there is
a pattern of partial land development. By suitable soil survey techniques, the agricultural knowledge about existing farmlands may be
used for the development of virgin land. Such techniques, developed
in temperate zones, should be of special use in tropical countries where
lies the great bulk of the world's undeveloped but potentially arable land.
Irrigation
The creation of new irrigation areas with their major engineering
works for the supplj' and reticulation of water should be preceded,
where possible, by irrigated crop and fertilizer experiments. In many
cases, however, the determination of the fertility of the soil, and its
relation to prolonged application of water by long-term experiments,
Map 2. - This is a single horticultural farm in a newly created
irrigation district. The location of the crops, citrus and
vines, and the methods of irrigation to be employed (spray
or furrow) have been determined largely by reference to the
soil types and contours of the section. The citrus plantings
with spray irrigation are located on the deep, coarse textured, permeable soils (the Winkie, Berri and Lexton sands)
and the vines on the shallower and less permeable Moorook
sand which contains heavy textured and highly calcareous
horizons in its profile.

By Courtesy of C.S.I.R.O. Australia.
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would be so time-consuming that such delay before the initiation of
work on an area could not always be justified. The prospects of a
new irrigation-settlement, therefore, are predicted on the morphological
characteristics of the different soils revealed in a soil survey of the.
area and, if such information is available, on results on similar soils
irrigated elsewhere.
A soil survey is thus of great importance in deciding whether a
project is wholly or only in part a feasible one. Further, if. a decision
is made to proceed with the creation of an irrigated area, the soil map
may be used to exclude portions of the area largely composed of unsuitable soils. Moreover, on the acceptable portion, the acreage and •
shape of holdings and the canal layout can be determined in relation
to estimated potential production and the pattern of the various soil
types.
Irrigation suitability surveys have been developed in recent times
as a result of the necessity for adequate information on soils for new
irrigation projects. Classification systems for such surveys may range
from a very small number of suitability classes to more elaborate
systems containing a relatively large number of classes reflecting different degrees of usefulness for different crops. Sound irrigation rating
of soils, however, still depends on the identification and appreciation
of individual soil types, but the various soil types may be grouped,
subdivided or regrouped into land units which have similar use capabilities under irrigation. The most generally used system was developed
in the United States of America (27), where much of this work has
been done, and embraces six categories specifying different degrees of
economic and agricultural usefulness under irrigation.
. Where projected irrigation areas envisage only partial water rights,
•under which water is supplied for a portion only of each holding, a
soil map and classification is of ''particular importance in selecting
that portion of each holding having the best soil for irrigation purposes.
It is also, of importance to make sure that these portions of the holding, and for that matter the more suitable soils of the district generally,
are commanded by the water supply canal, otherwise supplementary
pumping may be required to reach the more desirable land.
Ensuring that water available for irrigation is used on soils likely
to give the greatest return is an important national question in countries which have greater soil than water resources. The limited amounts
of water available for irrigation in many parts of the world make it
imperative for that water to be used on good irrigable soils as near as
12

Plate 4. — Spray irrigation is better suited than furrow irrigation to light
textured soils. A soil type map provides a ready and simple basis for deciding
how much of an irrigation area should be provided with facilities for' either
method of irrigating.

Plate 5. — Furrow irrigation is practised on all types of soil but is oest suited
to those of moderate infiltration rates. Infiltration rate is a function of soil
type so that irrigation design with regard to flow rate and quantity of water
should take the soil into account. Flow rate is dependent on slopes so that
some steeply sloping phases of soils may have to be either excluded from irrigation or graded to the necessary degree.
By courtesy of C.S.I.R.O. Irrigation Research Station, Griffith, N.S.W.
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Plate 6. — Water tables which rise into the root zone by o ver-irrigation cause
the death of plants such as the dead peach trees in the foreground. The rising
of the water-table is a function of the amount of irrigation water used and, the
nature of the soil to which it is applied not only at the affected site but alsoon adjacent areas.

Plate 7. — The onset of damage to irrigated crops by saline conditions is
shown by these salt-damaged mature citrus trees. The accumulation of salt
on such sites is frequently caused by the overuse of irrigation water on adja- •
cent higher land and the concentration of otherwise dispersed salt in the loivest
situations.
By courtesy of C.S.I.R.O. Irrigation Research Station, Griffith, N.S.W.
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Figure 1. - Trenching, puddling and back filling to depths greater than
the clay cores are necessary to prevent or stop leaks in unlined irrigation canals and aqueducts situated on soils with lower horizons composed of coarse
textured material and which are penetrated by old root lines and rodent burrows.
By courtesy of C.S.I.R.O. (Australia) - Division of Soils.

possible to its sources. If this is not done, losses from the irrigation
of inferior land and from seepage and evaporation from long canals
may be of considerable magnitude.
Within each block of an irrigation settlement, kinds of crops can
be determined in relation to adaptability to the various soil types and
their topographical situation. Notable extremes of crop requirements
under irrigation are, on the one hand, permeable, well-drained, saltfree soils located in frost-free sites for citrus; and, on the other, heavy
textured, almost impermeable soils on which water can be ponded
for rice. Other crops require varying intermediate s'oil and climatic
characteristics.
On existing irrigation areas, soil surveys serve a number of purposes
concerned with the use of water, with salinity and the movement of
water-tables and with general crop-soil water relationshps. (See Plates 4 7).
In irrigation areas, canal location is primarily influenced by the
need to deliver water onto the individual blocks of the settlement
in such a way as to command the soils of the blocks, or on partly irrigated areas, to serve the soil best suited for irrigation. Unlined canals
should be located, however, as far as possible, on soils not subject to
undue leakage because of excessive permeability or because of disruption due to pronounced shrinking and swelling. Old root holes and
15
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Map 3. - Portion of a soil map marked by an engineer to show the location
of irrigation water supply channel leaks in relation to soils having profile
features responsible for such phenomena. The channels are shown by a heavy
line and the leaks by bars and spots alongside the channel line.
By courtesy of State Rivers and Water Supply Commissioner,
Victoria,, and C.S.I.R.O. Division of Soils, Australia.
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rodent burrows are accentuating factors. The cracking' and leaking
of lined canals is also a function of the soils on which they rest. In
addition, leakage from all types of canals can be of great detriment on
certain soils which readily allow the building up of a water-table. Thus
soil as well as contour maps are frequently used in the planning of
supply canal routes.
Salinity
Where irrigated areas have been adversely, affected by the appearance of salinity and water-tables in the root zone of the soils, soil classification and mapping together with irrigation water analyses, topographical data, and information on irrigation practices provide the
basic information required to specify the nature and origin of the
saline material and the cause of the rising ground water. In many
irrigation districts, damage to soils on lower slopes is often caused
through the transference of salt from subsoils of deep permeable soils
on higher land. Correction of faulty irrigation practices on higher,
less susceptible soils is frequently the first essential step in a program
Plate 8. - The barren spot in this cornfield shows the effect of a marked
saline concentration on a crop of corn growing on Letha fine sandy loàm in
the Emmet Valley Area, Idaho, U.S.A. Stich effects not only prevent crop
growth on certain spots but also decrease yißlds ivhere salinity concentrations
are rather less.
By courtesy of U.S. Salinity Laboratory.
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of reclamation. On lower-sited susceptible soils, profile characters; "
such as horizons of impermeable clay which determine the nature and
extent of drainage facilities required, are of the greatest importance.
The presence, distribution and nature of these features is properly
assessed in a comprehensive soil classification and survey. Further,
where proposed - irrigation projects are likely to affect water-tables
on adjacent non-irrigated land, soil surveys indicate the areas likely
to be damaged and so enable provision to be made for the additional
drainage required.
Where salinity adversely affects agricultural production on nonirrigated land, soil surveys should be constructed accompanied by
special salinity maps showing the concentration of soluble salts in
the various soil types of the area. These provide the only means
of assessing the agricultural potential of an area and forming decisions
regarding possible salt-tolerant and other crops.
Except where irrigation water of good quality is available and improved drainage is possible the entire reclamation of large saline areas
is generally not feasible. Instead, salt-tolerant crop selection or the
use of normal. crops on soils of lowest salinity and heaviest texture
becomes the only feasible approach. Texture is of the greatest importance in assessing the possibilities of reclaiming saline areas, because
'of its relationship to water holding capacity and hence to dilution of
saline materials in soils and because of its control over leaching of the
soil. Where drainage of such areas has decreased soil salinity, uniformly or otherwise, to concentrations compatible with the growing
of normal crops, repeated checking and construction of salinity maps
is essential until the reclamation of the area is well established.
Further details of methods of improving saline soils are available
in FAO Agricultural Study No. 3, Using Salty Land, prepared by
H. Greene (7), and in Diagnosis and Improvement of Saline and Alkali
Soils (22), a publication issued by the United States Salinity Laboratory, Riverside, California.
Animal and Human Diseases
Where animal diseases are known or suspected to be due to mineral
nutritional disturbances — usually deficiencies of the major or'minor
'nutrient elements — soil classification and mapping can be used to
define the environmental incidence of such diseases. As well as provid. ing a geographical picture of the relative incidence of the disease, such
survey work may indicate a' possible avenue of attack from the nutri18

tional status of the soils as revealed by laboratory examination and
by a study of the geochemistry of the soil types of the affected areas.
An example of the definition of the scope of a particular animal
nutritional disorder in cattle, known as coast disease, is given by the
soil survey of King Island, Tasmania. A reconnaissance survey in
which the dominant soil types were mapped showed that [a rapid incidence of disease was confined to stock grazing on the Currie calcareous
sand, that it had shown a more sporadic occurrence in stock on the
Yambacooma sand and the Naracoopa sand, and that on the other soils
of the island "diseased animals recovered and healthy animals were,
unaffected. The Yambacooma and Naracoopa sands have a geochemical
relationship to the Currie calcareous sand, being older and more modified soils derived from the same parent material, the calcareous dune
rock of the coastline of southern Australia. Subsequent research
showed that the disease is due to a deficiency of the minor nutrient
elements, copper and cobalt, and that they are in very short supply
in the herbage growing on the soils named, but present to quite high
levels in herbage from the other soils of the island.
. In New Zealand, it has been shown that the incidence, of human
goitre is restricted to regions where the soils are low in iodine or high
in potash. Further work has shown that the incidence of dental
caries may vary according to the soils of a district.
In both Australia and New Zealand it has been shown that socalled steely wool from merino sheep occurs where the soils, and the
Plate 9. - Correlations between plant growth, and soil type can frequently
be seen .in the field. Here the difference in height-growth and green-level (which
is correlated with stand density and vigor) of Pinus radiata may be seen on
three soil types in a forest plantation in South Australia.

By courtesy of C. G. Stephens.
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Plate 10. — The results of soil surveys and associated laboratory studies
frequently indieate the nature of experiments required to pave the way to the
utilization of unused land. A number of experiments similar to that in the
foreground showed that Pinus radiata could be grown on a soil named the
Shor sand. Following the experiments the land in the background xvas prepared, for the planting of a forest-

By courtesy of C. G. Stephens.

pastures thereon, are deficient in copper. Copper deficiency here is
sufficient to reduce wool quality but not severe enough to affect the
health of the animal. In New Zealand, soil maps have been used to
indicate areas where topdressing with copper salts may be necessary
to prevent unthriftiness in stock due to copper deficiency.
Sylviculture
In sylvicultural operations, soil surveys have been used in a number
of ways. In cut-over portions of natural forests, decisions whether
to regenerate the area for forest purposes or to assist river control
and flood protection, or to complete clearing as a step towards development for agricultural purposes can be made on the basis of soil classification and mapping, provided the cropping performance of the soils
present is known or can be estimated. In forest plantations, soil
20

surveys have been used in the study of the relative productivity of
various soil types in volume of wood produced per unit area, to study
the incidence of nutrient element deficiencies and to correct them by
the application of suitable substances. Both the latter operations are
most readily carried out initially on sample plots and these should
be located with regard to soil type. Furthermore, soil maps of unplanted areas can be used for the selection of soils suitable for plantation purposes and to define those areas of soils which may be made
suitable by such means as drainage, cultivation and the addition of
mineral nutrients.
Taxation
In a number of countries, soil surveys are'used as the basis of classification of the land for taxation purposes. For the most part taxation
authorities use maps prepared by other bodies but in some instances,
as in Pakistan, Manitoba and Saskatchewan, the taxation authority
produces its own soil maps. Where the basis of taxation is the unimproved value of the land, the nature of the soil types and their known
agricultural potential are of the greatest importance in the determination of taxation rates.
Soil Modification

.

In numerous agricultural and sylvicultural 'operations significant
modification of the soil, apart from the usual cultivation and fertilizer
program, is involved. Probably the most widespread of these operations is the installation of drains in swamp and meadow soils and in
irrigation areas where water-tables have risen to dangerous levels.
Other pronounced modifications include the removal and disruption
of sub-surface and subsoil hardpans, soil inversion by very deep plowing
or trenching, and the building of terraces.
All these operations are facilitated by a knowledge of the nature
and distribution of the various horizons of the soils being modified.
The physical characteristics of each horizon, such as structure, density,
depth and situation in the profile and permeability, are important
features in deciding what objective can be aimed at in soil modification and to what extent it can possibly be achieved. Detailed soil
maps and classifications, based as they are on soil profile features,
together with contour maps of appropriate intervals, are ideal bases
on which to plan such work.
21

Engineering

Another purpose of soil classification and mapping is to provide
basic data on the nature and distribution of soils used for engineering purposes. Earth structures, such as dams and unpaved roads,
depend for their stability and durability on the character of the soil
of which they are composed. Other structures, such as buildings,
particularly those of brick and masonry, paved roads and airport
runways, are subject to failure if their foundations are sited on unstable soils.
In recent years, the cracking of a significant proportion of brick
and masonry buildings and the distortion of timber-framed houses
due to foundation failure has been traced to the large volume change
between the wet and dry states of the horizon in which the foundations rest. Because such features are noted in soil classification and
mapping there has arisen a demand for very detailed soil surveys for
building purposes.
Plate 11. — Fracturing of walls results from improperly designed foundations
for brick and masonry houses built on unstable soils such as those that crack
widely on drying. Although the cracks may be filled up they invariably open
again in the same or nearby places due to seasonal movement of the soil and
the instability of the foundation resting therein.

By courtesy of G. D. Aitcheson.
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Map 4. — Decisions concerning the construction oj airfields are materially
assisted by soil maps, either abstracted from existing surveys, or by special
•maps, such as this, prepared for a particular project. The necessary strength
and' thickness of the runway laid down is partly dependent on the nature soil
types A and B with their sandy surface soils requiring less material than C,
D and E with their clay profiles which render them liable to pronounced shrinking and'swelling effects.

By courtesy of C.S.I.R.O. (Australia) Division of Soils.

Where large individual buildings are concerned, a decision about
the soil for the foundation site can readily be made on the basis of a
limited number of individual profile inspections and, if necessary,
certain physical tests done in the field and laboratory. On the other
hand, where extensive projects such as the creation of new towns or
suburbs are contemplated then the most practical procedure is to
23

classify and map the soils of the area and take appropriate action in
foundation design for each of the soil types. Where very difficult
soils are present it may be most economical of building materials to
exclude them from the building area and to use them for other purposes
such as recreation sites.
For at least a decade, soil surveys have been used in the location
and design of roadways and airport runways. For unpaved surfaces only a limited range of soils has appropriate textural and structural
characters which will allow the creation of a dense surface giving good
wearing quality and maximum bearing strength under a range of
climatic conditions.
A soil of well-graded texture containing complementary amounts
of sand, silt and clay and with adequate subsoil drainage is required
to give a surface of optimum durability. Soils of poorly-graded texture,
too sandy, too silty or too clayey, provide surfaces which have numerous defects under excessively dry or wet conditions. Excessive dustiness
or looseness on the one hand and bogginess and low bearing capacity
on the other are the major defects. In well-graded soils the presence
of a suitable range of particle sizes ensures the compaction of the soil
into relatively durable surfaces particularly where the soil is slightly
ridged prior to rolling so that rainfall run-off from the compacted
surface is facilitated. Thus soils neither too coarse nor too fine in
texture are favored for such surfaces.
For paved roadways and runways soil surveys are also of considerable value (11). The nature of the soil beneath the paved surface is an
important factor in the bearing capacity of the pavement; com,pressive and shrinking and swelling soils require stronger and more elastic
pavements than more stable soils. When the soil material is incorporated in the pavement itself, as in soil-cement and soil-gravel-emulsion
types of surfaces, the grading óf the soil material upon which
the ultimate possible compaction and density depends is again of
major importance in the strength of the surface produced.
Soil surveys of possible sites will facilitate the construction of the
most durable engineering works. Further, where soil material is
brought in, it can be chosen from the most suitable site by reference
to soil maps showing the distribution of suitable soils. Gravels, especially lateritic ironstone, glacial gravels and calcareous rubble, found
in certain soils are used for pavement construction. Their presence
and location in a district can frequently be determined by reference'to
soil survey maps and classifications which should always indicate
2-t

gravelly and stony soils as well as those of a rocky nature. Where,
in any district, gravel for road making is scarce, the indication on soil
maps even of isolated and infrequent gravelly soils which can be used
as borrow-pits is of particular economic importance.
Soil surveys are also used for the location of deposits of sand, gravel
and clay which may be suitable for use in the brick, tile, pottery and
earthenware industries, and of clay suitable for rotary drilling.
In a number of countries strip soil surveys have been undertaken
along the routes followed by powerlines and pipelines. Such surveys
enable soil corrosion hazards to be assessed and countered. Similar
strip surveys may be used along proposed road and rail routes to determine the stability of soil in deep cuts and as well for foundation studies
as mentioned earlier.
Scientific
In most countries in recent years all soil surveys of any magnitude •
have been used as a basis for pedological investigation, that is, for the
further study of the principles of soil formation, classification and
distribution. Although the great majority of soil surveys are undertaken initially for more immediate practical purposes and with the
idea of helping to achieve better and more productive land utilization,
the data gained on such surveys can usually be used to facilitate a
study of soil principles. Such studies are part of the science of pedology — the study of the soil in all its aspects.
Through his field activities the soil surveyor is able to provide
much basic data for University staff working in related fields. University departments of pedology, ecology and geography, for instance,
depend on soil surveys for basic information which can be used for
teaching purposes and as a starting point for more fundamental research.
Soil survey data is incorporated into broad geographic studies of natural
regions, countries or continents and it is used in the compilation of
atlases showing natural resources of these units. In addition, the
nature and distribution of relict and fossil soils has been used quite
considerably by geomorphologists, archaeologists and others interested
in tertiary and quaternary geology.
The details of a large number of such cases are contained in the
paper, " Interrelations of Pleistocene Geology and Soil Science ", by
James Thorp (20) in the Bulletin of the Geological Society óf America,
September, 1949. The Soil Survey Institute of Holland includes an
archaeologist on the staff. Particular examples of references to soil
25

features in archaeological and geological work are contained in Dating
the Past, by F. E. Zeuner (28), Correlation of the Pleistocene Deposits
of Nebraska by G. E. Condra and others (4), and in The Soils of the
Netherlands by C. H. Edelman (6).
Use of Soil Surveys by Government Agencies and Others

Completed soil maps and reports are used extensively by advisory
and extension services in the planning, execution and interpretation
of agricultural experimental work. Farmers themselves, especially
those in irrigation areas, either accept advice from an extension officer
or use the maps and reports on their own initiative.
Private agencies such as land and estate agents interested in the
purchase and sale of land either for their own purposes or on behalf
of others often use soil maps as the basis of valuation. Banks and
other mortgage-issuing bodies likewise refer to.soil maps in estimating
the basic resources of farms on which they lend money.
Land settlement and irrigation authorities which are often government agencies generally make great use of the services of soil survey
organizations.
Finally, educational institutions such as colleges, high schools and
universities find soil maps and reports a valuable aid in their teaching
of agricultural science, including soil science, geography and economics.

26

TECHNIQUES OF SOIL SURVEYING AND MAPPING
Preliminary Examination
In mapping soils the soil surveyor uses many of the techniques
of the land surveyor. The systematic traversing of a project area
-and the. examination of soil profiles at regular intervals requires a
considerable degree of ground control. A soil surveyor approaches
his work rather differently from a land surveyor, however, because
his traversé Unes and inspection sites are not arbitrarily chosen.
A soil survey begins with a general inspection of the project area.
In this way the soil surveyor gains an appreciation of the broad soil
patterns in relation to the geographic location, the land forms and the
characteristic landscapes of the project area. It is only after he has
a mental picture of the general run of the country that the soil surveyor
sets out to plan the pattern of his traverses and his inspection sites.
He works on the principle that soils have shape and area, breadth
and width as well as depth, and that it is necessary first to look over
an area before deciding where to look under it.
,
Inspection of Soil Profiles
Soil profiles are usually examined in pits especially dug for the
purpose, or by means of small specimens withdrawn from a hole bored
in the ground by one of a variety of implements. Existing cuttings,
such as occur on roadsides, in railway cuttings and eroded stream
banks, can be used but with caution as they are frequently contaminated
by material thrown from roadside drains and ditches and by soil slumped
down the sloping face from horizons in the upper portion of the profile.
The ideal way of inspecting a soil profile is in a deep, freshly dug
pit which is allowed to stand for a few days so that slight drying oytof the exposed faces occurs. In such a pit, soil structure can be properly
appraised and the other morphological features of the profile thoroughly
appreciated. The time and labor involved in digging pits, however^
generally precludes their use in more than a small fraction of, the pro-

files examined in any one survey unless cheap labor is available. Thus
deep pits are usually restricted to sites 'from which laboratory samples
are taken. More frequently, shallow pits are dug in the upper horizons
of the profile and an auger used in the bottom of the pit to inspect
the lower horizons.
Soil augers of various sorts are used to bore a hole 1 to 12 inches
in diameter in the soil and specimens from the various horizons are
inspected as they are brought to the surface. These specimens are
largely satisfactory for the determination of color, texture and the
presence of lime, etc., but are not very good for the appraisal of structure and consistence. By the use of extensions screwed on to the shaft
of the auger these holes can, if necessary, be bored by hand to depths
of 10 or 15 feet without undue mechanical difficulties. However, the
average depth of boring would be much less than that, rather more
like 4 feet, the depth varying from a few inches to several feet depending on the actual depth of the soil and the depth necessary to identify
the soil with certainty. The depth of the various horizons is usually
determined by reference to a scale marked on the shaft of the auger.
Plate 12. — Soil profiles, particularly in their deeper horizons, can frequently
be Ksefully observed in road and railway cuttings. The face of the cutting
should always be cleaned down before observation so as to expose uncontaminated material.
By courtesy of C. G. Stephens.
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Plate 13. - Photographs of soil profiles often assist the description of profile
morphology. If the exposed face is allowed to dry out for a few days the structural units may be seen more clearly than when first exposed. The Akatarawa
-silt loam shown here is characterised by granular structure in the topsoil passing
Jo sub-angular blocky in subsoil: it is a ivell-drained soil.

By-courtesy of H. H. Gibbs.
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Plate 14. — 2Vie nature of the horizons in a soil profile is most readily determined in a pit. When using a soil auger it is possible to overlook important
characteristics of subsoil horizons. The pit also provides opportunities for
taking samples for the laboratory and of selecting specimens for instruction
and other purposes as of this Solodized Solonetz soil with {inset lower right)
a cluster of domed columns removed from the profile.

By courtesy of C. G. Stephens..
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J
Plate 15. — î*o facilitate soil profile examination a variety of tools is used
in boring holes and digging pits. The above group consists of a post-hole auger
of common design, a screw type auger, a special Jarrett auger used in Australia, extension and pipe wrench, pointed hand hoe for inspection of cuttings,
and the conventional pick, crowbar, spade and shovel.
By courtesy of K. P. Phillips.
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Plate 16. - When using
a soil auger of the posthole type to obtain specimens of soil from the
different horizons in a
profile a change from one
horizon to another shows
in the auger.
Material
from other upper horizons is shown in heaps
around the mouth of the
auger hole.
By courtesy of C. G.
Stephens.

Plate 17. — During the
course of a soil survey, a
great many profiles are examined with the aid of a.n
auger. Specimens of soil
from the different horizons
in the profile are brought
to the surface and there
examined-.and noted.
By courtesy of K. P.
Phillips.

Plate 18. - Taking soil
horizons of a soil profile
are placed in numbered
the samples and the site
field sheets.

samples for laboratory examination from the différents
exposed.in the face of a freshly-dug pit. The samples
bags for transfer to the laboratory and full details of
from which they are taken are recorded on prepared
.

By courtesy of K. P . Phillips.
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Various augers are used, the commonest being types of post-hole
digging augers of about 4 inches in diameter and 1 to 2 inch screwtype augers (see Plate 15). The Frankel auger has been used for
fluid soils such as muds and pulpy peats and was used by Taylor
and Poole (18) to survey the bottom of Lake Albert, a shallow lake
in South Australia. Post-hole digging augers (suitably strengthened)
and flanged helical screw augers which have been suitably designed
can be used on power-driven units usually mounted on a motor"
vehicle. They appear to have a place in soil survey operations particularly where the landscape is sufficiently open for vehicles to be driven
about freely and where in times of drought pit digging and hole boring by hand is particularly laborious and costly.
Location of Profile Inspection Sites on Base Maps
' and the Placing of Soil Boundaries
Base maps used in soil surveys vary according to circumstances.
The method of locating profile inspection sites and placing soil boundaries varies largely according to the type of map used.
With few exceptions, the most useful field maps are aerial photographs,1 which should be regarded as essential prerequisites for practically all surveys. They are used directly in the field and preferably
are printed on heavyweight paper with a matte or semi-matte surface
which takes pencil, crayon or ink marking better than glossy prints.
Scales of photographs used in soil mapping vary from 1:8,000 to
1:50,000. They are usually used as single prints although a mosaic
can be made from a number of prints and used in the field. Large
mosaics, however, are generally too cumbersome for continuous use in
detailed surveys in the field but they have other useful functions in
soil association and other broad regional soil studies.
Individual photographs are useful in the field because they show
the location of all roads, tracks, fences, ditches, buildings and crops,
the drainage pattern and other geological features. Particularly when
overlapping pairs of photographs are viewed in a stereoscope, many
features of the soil pattern and the general nature of the vegetative
cover in forest and other non-arable land become evident to the trained
observer.
1
Attention is drawn to the International Training Center for Aerial
Survey, Delft, Netherlands, where the interpretation of aerial photographs
in the field of soil survey and classification is among the subjects taught.
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Plate 19. — The use of aerial photographs is a great advantage in soil survey work,
enabling the work to proceed up to three times as fast as without them and giving more
accurate results. This specimen of detailed soil survey field work is from a horticultural
area in South Australia.
The data entered on the aerial photograph includes the soil type
boundaries, numbered sites at which soil profiles were fully examined, other sites indicated
by crosses at which the soil was inspected to shallow depth, letters standing for temporary
designations of'the various soil types, and pit sites from which samples for laboratory
examination were taken.
The different tonings of the photograph representing soil, crop
and natural vegetation changes are readily visible and interprétable.

By courtesy of Adastraphoto: Soil Survey: K.H. Northcote & C. B. Wells.

Except where forest cover is dense, soil profile inspection sites can
be identified directly on the photograph and marked in position with
an accuracy of a few feet, usually by reference to one or more of the
features mentioned above. Frequently, differences in vegetation, crop
vigor, topographical and lithological changes associated with soil variations show on the photographs, enabling the soil surveyor to place
his profile inspection sites in the field to the best advantage as the
result of co-ordinated direct observations on the ground and interpretation on the photograph. Sometimes changes in tone on the jphoto35

graph indicate alterations in features not visible on the surface of the
ground, for example, changes in lithology not visible to the eye because
of a covering soil mantle, and old disturbed sites and archeological
formations no longer evident on the surface. Because of these functions, traverses recorded on aerial photographs are generally irregular
and do not need to be closed and tied together like regular traverses
based on conventional survey base plans.
If maps based on trigonometrical surveys are available, they can
be used at appropriate scales as base maps for the actual field work
and of course as the base map for the final soil map. In fact, whereever possible such maps should be used as the basis of the final map.
Profile inspection sites and soil boundaries can be located on such
maps by normal traverse methods; that is, a traverse, generally of a
rectangular shape, is commenced from some fixed point identifiable
on the plan, such as the corner of a section or road junction, and should
Plate 20. - Boundaries between soil types are often associated with changes
in vegetation and other natural features. Here a change from a Meadow Podzolic Soil in the foreground to a Podzol in the background is accompanied by
a change from savannah woodland to forest.

By courtesy of C. G. Stephens.
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Plate 21. — The boundaries between different soils frequently show in the
surface soil, particularly on cultivated fields. Above are two boundaries, a,
relatively diffuse one in the foreground and a sharp one in the middle distance.

By courtesy of C. G. Stephens.

close back at that point or on some other identifiable point on the
plan. Along the traverse the location of soil inspection pits and borings and soil boundaries is kept ,by use of a standard measure such
as a five-chain band and compass. Normally, a prismatic compass
is sufficient for this purpose, and, providing it is carefully done, pacing can replace the standard measure. Where recognizable fixed points
are passed on, or adjacent to the traverse, they should be used to check
the accuracy of the work up to that point.
In certain cases, such as the Ordnance maps of Great Britain and
the maps of some Western European countries, the detail recorded
is so complete that the plans can be used directly in the field, location of traverses, soil profile inspection sites and soil boundaries both
in the field, and on the plan being made by reference to nearby
objects such as hedges, fences, ditches, buildings and other features
shown on Map 5.
Where no maps of a surveyed area exist they must be constructed
by the soil survey party or by a special land survey party. If aerial
photographs are used as field base plans for an area with no correspond37

Map 5. - A sample portion of a field map prepared by the Soil Survey of England and Wales
during a survey near Olastonbury, England. The base plan is a. British Ordnance Map
and shoivs in great detail the subdivision of the land and the features of the landscape.

ing survey plans, a good approximation to a reliable map can be made
from these aerial prints, particularly if a number of points recognizable on the photographs can be fixed by triangulation. Standard
works on photogrammetry describe the methods by which this is done.
If aerial photographs are not available, a map of acceptable quality
can be produced by a simple plane table survey although this delays
the progress of a soil survey and adds to the cost. •
The transfer of soil survey data from aerial photographs to base
maps is accomplished either by the use of proportional dividers which
is a tedious process or, more rapidly, by tracing an image of the field
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work projected onto the base plan by means of an epidioscope or other
convenient projection equipment.
Under certain conditions the forest cover of a survey area may
be so dense and the canopy so uniform that little advantage accrues
from using aerial photographs and irregular traverses are therefore
impossible. In such cases, parallel traverse lines must be cut through
the area and fixed by trigonometrical survey of some acceptable standard. The distances between the traverses and between profile inspection sites will depend on whether a detailed or reconnaissance survey
is being attempted. In detailed surveys, the traverse' lines may have
to be no further than 10 chains apart.
For broader scale work, such as reconnaissance surveys, essentially
the same technique is used in locating soil inspection sites in the field
except that motor vehicles are used wherever possible on the traverse
and a speedometer calibrated in tenths or hundredths of a mile (or
kilometer) may be used for measuring. This saves a great deal of
time and if traverses are located along or near roads speedy examination of the terrain is facilitated.
If departure from roads is necessary, traverse vehicles are normally
driven across country unless it is too rugged or covered by crops or
dense forest. As in the case of detailed surveys, it is an advantage
to plot profile inspection sites and soil boundaries on aerial photographs and for the latter purpose the larger view offered by photo
mosaics has definite advantages. By the use of photos singly or as
mosaics, soil boundaries can be traced over country not actually seen
in the course of traversing; such interpolation of boundaries being
the essential difference between reconnaissance and detailed surveys.
For detailed reconnaissance surveys the above procedure is supplemented quite early in the field program by detailed survey of selected
areas each of a few thousand acres so that the soil associations used
as mapping units on the reconnaissance survey can be accurately
defined in terms of the component soil series and the proportion of the
surface which they occupy.
Soil Mapping Units

Recognition of appropriate mapping units on a soil survey is dependent on a sound classification of the soils to be found in the area surveyed.
Two procedures are essential if a successful classification is to be evolved
for any area. First, a complete record of the location and morphological details of every profile examined in the area must be kept
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in a field' book; and second, a preliminary classification for mapping
the area systematically has to be set up on the basis of examination
of a large number of profiles well scattered over the area. Like soil
profiles are then grouped together into series and types, the series
given temporary numbers or letters or perhaps provisional names,
and the basic morphology described in tabulated form. That information is then used for the identification of the great remainder of the
soil profiles systematically examined on traversing the area. If additional soils are found or if the earlier classification is found unsuitable
it is modified as necessary by the addition, subtraction, grouping or
splitting of series. Where soil associations are used as mapping units
their composition in terms of the soil series incorporated in each of
them can be derived from and defined by the above type of classification.
Nature of Traverses
From all of the above considerations it will be apparent that the
nature of the traverse used and the work done along that traverse in
soil survey work will depend on the purpose of the survey, the type
of mapping units employed, and the scale and nature of the base plan
on which the traverse data is recorded. The character of the terrain
influences the nature of the traverse largely through its influence on
the forms of possible land-use. Closely settled areas, such as irrigation areas and intensively farmed' areas which are appropriate subjects
for detailed soil surveys, are located normally on gentle topographical
sites. Where negotiability is adversely affected, as in dense forests
or rugged areas, then the nature of the traverse has to be designed
accordingly.
Equipment
Field equipment for soil surveying consists of gear for profile examination, sampling and recording as well as instruments for traverse control and topographical measurements, and transport.
The equipment used for pit digging and hole boring for profile
examination and sampling has been referred to briefly above. Normally pits are dug with the usual tools :— spade, shovel, pick, mattock
and crowbar depending on conditions. Samples from each soil layer
for the laboratory analysis are usually about four pounds in weight,
collected in numbered or lettered paper, cotton or canvas bags, and
described either in the field notebook or on specially designed sheets.
An illustration of such a sheet is shown in Figure 2.
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Title of Survey
Date:
Soil Profile N.:
State:
County or District:
Parish or Hundred:
Portion, Section or Lot:
Location in Portion, Section or Lot:
Air Photograph: Air Survey, run and number:
Soil Series and Type:
Great Soil Group:
Local climate:
Natural vegetation:
.
Elevation, relief and miororelief:
Geology and parent material:
Drainage:—External:
Internal (including water-table):
Age of landscape form:
Land-Use:
•Remarks:

Stone
Sou Bag Hori- Depth Boun- Co- Tex- Lime
Gi- Gra- Stru- Consi- Re-

No. No. zon.

ins.

dary. lour. ture. psum. vel. cture. stence marks

•

C.S.I.R.O. Division of Soils.

Collected by

Figure 2. - A field sheet for soil
41

sampling.

Tests, such as those for reaction value and salinity, are sometimes
carried out immediately in the field on samples removed from the profile. Reaction is usually determined by the use of one of a number
of commercial kits using mixed indicators giving readings to half a
pH unit. Salinity; in terms of total soluble salts and sodium chloride,
is also sometimes estimated in the field but more frequently in either
a temporary or permanent laboratory. For these determinations a
field kit based on conductivity and electrometric and/or titration
methods is used. Such equipment varies in cost according to the
quality of the components. The most expensive item is a Wheatstone Bridge. Otherwise, apart from the use of dilute hydrochloric
acid to detect lime, few other tests are applied in the field. Sometimes, hydrogen peroxide is used to give an indication of the presence
of oxides of manganese in the soil.
Instruments necessary for traverse control and mapping in the
field include standard tapes such as a five chain band, prismatic compass — preferably a liquid damped type — a device for counting paces
(such as a counter operated by finger pressure), and, where base plans
are not available, a set of plane table equipment for simple map construction. If aerial photographs are used in the field and if there is
no corresponding trigonometrical survey base plan available, simple
map construction from the photographs is possible; but the construction of accurate maps from aerial photographs requires quite elaborate
instruments which cannot be described here and which are normally
used by specially trained personnel. Reference to appropriate photogrammetric manuals gives details of map construction and the cost
and methods of using the equipment. For measurement of slopes,
Abney levels and other cheap clinometers are normally used.
Transport for Soil Surveys
Transport for survey parties varies from country to country depending on many circumstances. In some parts of Europe bicycles are
used. Most common are utility or pick-up trucks, motor cars and
various four-wheel-drive vehicles ' such as jeeps, land-rovers and weapons-carriers. These are particularly valuable on surveys where roads
and tracks are absent or poor and where it is necessary to drive across
rather rough country 'between roads and tracks or through uncleared
scrub and bush.
On detailed surveys most of the work is necessarily done on foot
both because of the closeness of the work and the frequent need to
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Plate 22. — This example of specific crop adaptations is from, Portugal, east
of Setubal. Agricultural workers are weeding paddy rice on a type of pealy,
gleyed alluvial soil. Grapes and olives are grown on the podzolized sandy
soil in the background, which is wholly unsuited to rice.

By courtesy of Charles E. Kellogg.
cross fences, ditches, hedges and other obstacles. A vehicle is usually
required, however, to reach and to carry equipment to the starting
point of each traverse: normally, one vehicle will serve two foot
traversing parties. Under conditions where camping is necessary and
where comparatively large groups of unskilled laborers are used on the
survey, transport requirements and traversing procedure may need
to be quite different.
Associated Operations

There are a number of operations and techniques usually associated
with soil surveys. They include the study of:
(a)

environment, including the climatic, hydrological, petrological, geomorphological and vegetative character of the area;
(b) crop relationships to thé soils mapped, including results
from experimental areas.
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Climatic Studies
The climatic character of an area surveyed is studied by reference
to data collected and published by appropriate government agencies
such as meteorological bureaus.
Data recorded generally include daily records of total precipitation
(rain and snow); maximum, minimum and mean temperatures; relative humidity at stated intervals; incidence of frosts; strength of winds
and hours of sunlight. Where special equipment is installed there
may be available additional data'about such special features as intensity of rainstorms. In addition, meteorological bureaus may keep
records about the incidence of floods, the intensity of droughts in
drought liable districts and observations of seasonal changes in agricultural and pastoral areas. The «soil surveyor uses the available data
in studying the general climatic environment of his project area, for
the climatic " cycle is intimately related to the hydrologie and biotic
cycles of the soil and the growth cycle of crops. A seasonal state of
water excess or water deficiency in a soil will determine its profile
characteristics and its use for the growth of crops.
Where the surveyed area is small and/or has little climatic variation within its area, the study of such data for one or two recorded
localities is all that is required. Should the area be large or there
be marked geographical variation in the climate, all available data
should be investigated. If possible, an average annual rainfall map
for the area showing isohyets at one inch or comparable intervals
should be constructed. It is essential to study not only the average
annual values for precipitation (including snow) but also the variability from year to year, monthly distribution and intensity. Some estimate of its effectiveness for crop growth as determined by appropriate indices and mathematical analyses such as those devised by Prescott (16), and Thornthwaite (19) should be made. Further, statistical
analysis may be used to work out facts about the expectation of seasonal rainfall, for instance, the probability that spring rains will be
adequate for maximum crop production in two seasons out of three.
Similarly, such data may be used to determine the average length
of the growing season for crops. This may be a vital factor in agricultural use of the land where production is limited by seasonal factors
such as summer drought or winter frosts. Similarly, minimum and
maximum as well as mean= temperatures and frost incidence should
be studied. Special climatic features, such as high wind frequency
and cold air movement, should be recorded. If little or no meteor44

Plate 23. - In studying the soils of valleys it is essential that the hydrological relationships
of the valley floor to the adjacent hills be recognized. The flow of the streams through the
valley, the height of groundwater in the valley soils and their liability to erosion are all
-partly governed by conditions on the hills- Wise land management on the hills is just, as
important as in the valley if damage is to be avoided. In the Salinas River Valley in
California the drainage pattern of the hills is linked with the valley streams and widespread
damage of the valley soils could follow from floods due to excessive run-off from the hills.

By courtesy of United States Soil Conservation Service.

ological data is available, some attempt should be made to collect
data by the use of appropriate instruments during the course of the
survey particularly if work on the survey spreads over more than
twelve months. Further, a study of the native vegetation will often
give a useful guide to the climate when meteorological data is scanty.
Hydrological Studies
If available, data on stream flow should be investigated, particularly
that concerning the frequency of floods and the extent of the areas
normally flooded and those inundated by record high floods. If data
are not available,' some information can usually be gathered from the
examination of stream banks themselves, particularly for evidence
of flood debris and present alluvial terrace and levee bank-level.
Whether ground water is present in the district is also important,
particularly if it is within the soil profile. Its salinity status should
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also be determined, particularly if there are possibilities for utiliza-,
tion as irrigation water or if it is likely to rise under faulty irrigation
practices.
The nature of run-off from the soil, particularly on sloping land,
should .also be noted, especially if there is an erosion hazard.
Geology, Vegetation,, etc.
As indicated above, soil boundaries are frequently associated with
changes in parent rocks, slope and vegetation; hence these features
are normally studied to assist in boundary placement. In' addition,
if information on soil genesis is being sought these studies are imperative. The correlation of the different soil series mapped in an area
with differences in macro- and micro-climate, in parent material, topography, vegetation, groundwater and age of the land surface must
precede any attempt to develop the history of soil formation in the

Plate 24. - During the course of soil survey operations. it is usual to note
such features as land slips and mud flows and to determine their origin.
Methods of prevention and reclamation, if they are possible, should be stated
in the report arising from the survey.

By courtesy of C. G. Stephens.
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Plate 25. - Suspended soil removed by erosion from higher land is deposited
by loaded streams at lower levels where their velocity decreases. Where the
deposited material is of fine or medium texture permanent damage to covered
land may not occur, but where sand and other coarser textured deposits are
formed, damage may be relatively severe and permanent. It is essential for
soil surveyors to understand hydrological factors in the development of alluvial
soils and in soil erosion and deposition.

By courtesy of G. G. Stephens.

area. Furthermore, these features themselves can be important factors in actual or potential crop production within the area both through
their direct effect on the plant and by their control of soil fertility and
moisture status.
' Crop and Soil Relationship Studies

Where they are available, crop statistics for the area • should be
studied. If properly compiled, they show the relative importance of
different crops in the area, the yields per unit area, extent and history
of decline or increase. Whether statistics are available or not, at
each soil profile inspection site full notes should be kept on the nature
of the crops on the surrounding land, their vigor, species, incidence
of disease, etc. In forest or other natural areas the dominant species
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Plate 26. - The greatest difficulties in traversing during soil survey work
are encountered in dense forest stcch as this example from the Belgian CongoNormally traverse lines must be cut through such forests to provide access
and to enable accurate base plan control. Since visibility is very limited, the
placing of soil boundaries away from the traverse lines is largely a matter of
interpolation.
•. . .
.
By courtesy of C. E. Kellogg.

Plate 27. — It is important in
soil survey wor]c to understand
the nature of layered deposits
whether of an alluvial or loessial
nature. Some of these bands
are due to deposition of different materials and some are
soil horizons developed after deposition of the soil parent material. In such sites buried
or « fossil » soil profiles are
frequently found. The soil horizons and the alluvial bands
are both important in influencing
the movement of water and soluble salts and root penetration in such sites.
The-different soils and materials can
often be correlated with the
development of the surrounding
landscape and previous climatic
era, particularly if the buried
soils are fossiliferous or if they
are of different and determinable lithological
origin.

By courtesy of C. G. Stephens.

Plate 28. - The recognition of remnants of old landscapes with their associated ancient or paleo soils, usually of low fertility, is important in soil classification and mapping.
This tableland remnant of a Pliocene land surface
is associated with ancient soils of low fertility. The-soils of thé slopes and
valleys are by contrast more youthful and of higher fertility and belong to a
different category from the soils on the tableland.

By courtesy of S. I. Rowley.
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and the^sub-dominants in both the upper and lower stories of the
forest should be noted and if necessary specimens obtained for identification by a botanist. Species of importance in the production of
timber or other forest products should be noted.
Data from experimental plots are usually tabulated on a systematic
basis and are excellent for characterizing the fertility of different soils.
Normally, the limitation of this data is its restriction to a few soils
and crops: rarely is enough available to characterize fully the optimum
soil-crop-fertilizer relationships for all soils'and crops found on any
one survey.
Qualißcations of Soil Surveyors

Because of the varied nature of the detail collected and the^need
for very skilled interpretation of the data, parties carrying out the
field work of soil surveys- normally comprise people who have had
university training in agricultural science or science assisted under
certain circumstances by technical officers who have been trained in
agricultural colleges. Laborers of various types are also used when
available to assist with profile exposure either in pit-digging or by
auger boring.
For the, greatest value to be obtained from a survey it is essential
to have highly skilled people such as graduates not only in charge of
the survey but also taking an active part in the work of traversing
and profile assessment. Only in this way is the greatest amount of
information of both practical and scientific value derived from the
work. Where technical officers have had sufficient experience, and
provided only the formal routine work of traversing, soil description
and crop studies are required, they can be successfully used on such
work. But for fundamental work in which newly encountered soils
are classified and in which soil genesis is studied the training of the
university graduate is essential.
Initially, even graduates are rarely fully equipped to do soil survey
work and need supplementary training. This is normally given by
more experienced members of survey staffs in the form of lectures
and demonstrations and work in the field. An experienced operator
is responsible for giving instruction particularly in the estimation of
soil texture, structure, consistence and color and in the collection
of data regarding crops and vegetation and in relating soils to landscape
and environmental features. In the case of technical officers, instruction should usually begin at lower levels and rarely is it possible to give
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Plate 29. - Native vegetation is studied during the course of soil survey
work not only to assist in the placing of soil boundaries but also, where browsed,
to form an estimate of desirable grazing management so that the soil will be protected by an adequate plant cover. Under such conditions, particularly in the
grazing of arid shrub steppe and shrub woodland communities illustrated
here, the identification of species and the observation of the relative palatability
of the different perennial and ephemeral plants is important if such manageinent is to be understood.
..
.
By courtesy -of C. G. Stephens.
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training in fundamental pedology because of the lack of basic training
in appropriate subjects such as botany, mineralogy and geomorphology.
Soil survey parties differ widely in composition from country to
country. .Quite frequently, individuals work alone but more often
a survey unit consists of two people, either two fully qualified people
or a pedologist accompanied by a laborer or technical assistant. In
tropical countries, unskilled labor is freely employed and parties are
therefore usually large. In extensive surveys, two or more parties
may be employed and under these circumstances one officer is usually
in charge and is responsible for co-ordination of all the work and general
administration. In some instances, an individual soil surveyor may
be a member of a scientific party collecting a variety of information on
soils, geology and general biology in little known country.
Under average conditions, it is possible for a soil survey party to
inspect fully about twenty profiles a day: this includes the recording
of a complete description of each horizon in the profiles and the making
of notes on crops, vegetation and relationship to the various environmental factors. When the screw auger 'is used to examine profiles
to shallow depths as many as fifty sites may be examined in one day.
The profiles examined during a working day represent under various
conditions as little as 50 acres of a detailed survey or as much as 10,000
or more acres on a reconnaissance survey. When pits ' are dug and
samples taken for despatch to the laboratory up to five, and occasionally more, profiles per day can be sampled and recorded.
Laboratory Work
The nature, and amount of laboratory work done to support the
work of soil classification and mapping in surveys varies considerably.
Where the emphasis in the survey is on normal soil-crop relationship,
laboratory work is largely routine and deals predominantly with checking field descriptions of soil features and with nutrient elements. But
Map 6. - Portion of a detailed soil map of the parish of
Currawa, Victoria (15). The areas delineated include the
Currawa ((Ca), Upotipotipon (U), Cashel (Cl), Nalinga (N)
Goorambat (Gt), Gongupara (Cp), Goulburn (Gn), Lemnos (L),
Shepparton (S) and Orrvale (O) series of soils, as well as
a complex of soils on sandy rises (B). This map shows
clearly the disposition of the soils in relation to the individual
farm sections and roads (double lines) and is therefore capable of being used directly in all farm activities in which
soil character and location are significant factors.

By courtesy of C.S.î.R.O. (Australia) Division of Soils.
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Map 7. — Soil Association map oj part of Pictov County,
Nova Scotia, Canada. The areas delineated include Merigomish (Me), Herbert (Hg and, Hs), Cumberland (Cs),
Woodbourne (Wo), Thorn (Tm), Shulie (S), Kirkmoun (Kt)
and Cabeguid (Cd) associations.
Cumberland is good crop
land, Merigomish is good to fair, Woodbourne is fair and
the others fair to poor.

By courtesy of Experimental Farms Service, Agricultural
College, Truro and Nova Scotia, Agriculture Dept. Canada.

if abnormal soil-crop relationships are investigated, this work in both
its chemical and physical aspects can be extended widely and, if fundamental pedological studies are attempted, the laboratory may be
required to undertake a large variety of mineralogical determinations.
At a minimum, the field determination of texture and, if possible,
structure should be checked by suitable analysis in the laboratory
and pH determined on all soil samples forwarded for examination.
Simple determinations such as total soluble salts, lime and gypsum
content should also be undertaken on soils from sub-humid and arid
areas or otherwise when considered necessary. Where such a minimum
amount of laboratory work is undertaken one laboratory worker can
normally do enough to support several soil surveyors in the field; where
a comprehensive program of routine analyses and research work is
undertaken each soil surveyor may need to be supported by a laboratory worker. In certain cases where the necessary skill is possessed,
soil surveyors may do both field and laboratory work.
Cartographic Office

No soil survey of any magnitude can be successfully organized
without the establishment of a cartographic office. This office should
be equipped with the necessary instruments and staffed to undertake
base map preparation, transfer of data from field maps and aerial
photographs, soil map construction from the above, specification of
printing and photolithographic requirements, and other minor work
such as diagram construction and preparation of illustrations for reports.
Each cartographer in the drawing office can handle map construction
and subsidiary work for approximately six soil surveyors in the field.
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THE SOIL SURVEY REPORT
Purpose and General Nature of Reports
No project in soil classification and mapping can be considered
complete without the publication of à report and soil map.
The value of publication cannot be stressed too greatly. In such
form, the dissemination of information about the soils of an area reaches
the greatest number of people in the most useable way, either directly
or through the medium of an advisory officer. Further,-there is no
risk of valuable basic data being overlooked, lost or destroyed as is
the case where reports are limited to a few typewritten or mimeographed copies kept in departmental files.
Most unpublished soil survey reports which are intended for departmental files are either typewritten or mimeographed documents. Usually, they are in the form of a technical report intended for use by
advisory and technical officers. Sometimes, their contents are made
available to land owners but this is not their primary function; in
certain cases they are treated as confidential documents. Where use
by farmers and land owners is intended, reproduction needs to be
on a permanent and extensive basis and publication in printed form
is usually made, the report generally being framed in simple though
accurate terms with a minimum of technical words.
Experience within existing soil survey organizations has shown
that the preparation of the soil survey report may show a serious lag
after completion of the survey. Where the gap between publication
of report and completion of survey is greater than one or two years,
an investigation'should be made as to the reason for the delay. It
has been found that such delay may be due to financial stringency,
to delays in map production, to haphazard editorial arrangements or
to pressure of field work preventing the author from attending to report
writing. Such administrative weaknesses may be rectified by the
appointment of sufficient staff to handle the editorial and cartographic
work and by the provision of sufficient funds for map reproduction
and the printing of reports.
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The soil surveyor himself should not be expected to spend an average of more than six months of the year in the field. He should be
encouraged to devote as much time'and skill to the preparation of his
reports and maps as he does to his survey work. By these means a
proper balance may be maintained between field and office work and
the soil survey reports and maps will be made available to the public
without unnecessary delay.
Soil maps and reports are used by people whose interests may lie in
to one of the three following categories.
One group is interested in the area as a whole or in a large portion
of it.. These include people generally of professional status who are
interested in land-use planning and the provision of public utilities.
Mainly they are agriculturalists, foresters and engineers concerned
with land survey and settlement and the provision of roads, railways
and transmission lines, dams, irrigation channels and water supplies.
They are interested in the soils themselves as agricultural or forestry
propositions (especially their productivity ratings) and in their engineering characteristics.
Another group is interested chiefly in small .specific areas, most
frequently individual farms. Naturally the farmers themselves comprise the largest and most important element in this group. Other
interested persons are the extension officers who advise farmers and
people with an intermittent interest in particular farms such as land
appraisers, prospective farm tenants and purchasers, land agents,
taxation officials and representatives of banks and companies which
make loans to landowners and operators. They are primarily interested
in the actual or potential fertility of the individual soils which occur
on each farm and in soil management and conservation.
A third group comprises people with an educational interest in
the land. Included here'are teachers and students interested in soil
science and allied topics such as crop and forest production, animal
nutrition, geology, rural geography and sociology, and agricultural
economics. Those directly concerned with soil science are deeply
interested in the great soil group status of the soils of the area, their
morphologic relationship and productivity compared with related
soils elsewhere.
It is worthy of attention that the needs of these various groups of
people have been met in-the reports compiled by the different soil
survey organizations. A perusal of both published and unpublished
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soil survey reports from a number of countries reveals that generally
the objectives include one or more of the following:
(a)

To discuss the relationships between soils and the use of
the land both on a regional and individual farm basis.
The reports are generally couched in terms understood
both by land occupiers and by advisory and extension
officers and technical officers of departments responsible
for land administration and development.
(b) To provide a scientific report on the fundamental nature,
genesis and distribution of the soils and to specify the
factors controlling soil, plant, water and fertilizer relationships.
(c) To combine in some way both the above objectives, either
in a compromise report or by treating both aspects fully.

Certain series of published reports show clear indications of evolving from a report of the first type to the third and are frequently accompanied by a glossary, so that the scientific terminology increasingly
used can be understood by all. Thus quite a proportion of reports
attempt to combine their utilitarian functions with a more scientific
discussion of the soils, the various aspects being generally separated
into different chapters. Those on soil description and land-use are
intended for farmers and land holders and extension and advisory
workers: those on pedology are for fellow soil scientists and other scientists who may be interested at any time in the fundamental characteristics of the soils of the area to which the report pertains, particularly
on those occasions when they are undertaking research work in any
aspect of plant or animal production in which the character of the soil
may be involved.
In other reports of a strictly scientific nature, the publication is
intended as an effective means of promoting progress in soil science;
in particular, in methods of soil classification and mapping and in
increasing the knowledge of how soils are formed. Many such papers
are published in purely scientific journals. The journals accepting
these papers are in some instances devoted fully to soil science and in
other cases cover a wider range of agricultural science. Where papers
are long, they are generally issued as separate bulletins'or monographs. The larger soil survey organizations function with both practical
and fundamental purposes in mind, realizing that they are complementary objectives. A recent development in some countries with both
older and recently established organizations is to produce two reports
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arising from each of the larger surveys. The first is a simple account
of the nature and distribution of the soils classified and mapped. The
detailed soil map of the area is included with this report and there is
a condensed but comprehensive account of the relationship of the
soils to actual and potential.land-use. The second is a scientific paper
or bulletin dealing with the pedology of the area surveyed.
At the present time in Missouri, U.S.A.; an interesting attempt
is being made to abstract pertinent information from the usual soil
survey publication for direct presentation t o ' t h e farmer. Accompanying a soil map of a group of farms reproduced on a stick-on air
photograph is a brief tabulation of information on named soil series in
the area, giving a key description of each and the general fertility
characteristics in relation to the normal agricultural crops and liability
to erosion., The printed material is relevant to a fairly wide area but
the soil map included can be chosen so as to give emphasis to a particular farm or small group of farms. An example of this type of publication is Soils of Boone County (17) issued by the University of Missouri
College of Agriculture, Department of Soils (1951).
Information Included in Reports
In preparing these kinds of reports it is usual to discuss the following matters in suitably chosen detail according to the purpose and
nature of the report:
(«.) location 'and size of the area surveyed;
(6) immediate purposes and foreseeable uses of the survey;
(c) environment of the area: climate, relief, geology, hydrology
and native vegetation;
(d) morphology of each of the soils classified and mapped in
the area and the genesis of each soil in its relationships
to climate, relief, organisms, hydrology, parent rock and
age of the land surface;
(e) agriculture and forestry in the area, special mention being
made of irrigation settlements and particular attention
paid to plant and animal production, and if there are
plant and animal health problems the history and nature
of these are fully stated especially if related to the soil;
drainage is discussed where necessary;
(/) soil-crop-fertilizer relations particularly on problem soils;
(gr) soil-crop-moisture relation in the light of climatic considerations and in irrigation areas in terms of water applied.
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Plate 30. - This illustration of land-use in- harmony with the soil and physical landscape is from the Waikato district of New Zealand. It shows flat
land in the foreground occupied by Horotiu sandy • loam and. rolling country
in the distance with Ohaupo silt loam and Hamilton clay-loam. Good pastures
have been established with superphosphate top-dressing and the land is utilized
intensively for dairying and sheep farming.
By courtesy of the New Zealand Soil Bureau.

Under certain circumstances where enough data is available the
relative value of the different soils for agricultural purposes can be
assessed and stated as fertility ratings. This can be done either for
individual crops, giving ratings for each crop grown, or for the general
crops of the region as a compounded rating. Under some circumstances
the latter course is almost meaningless if the crops of an area include
such plants as both rice and citrus which have rather opposing soil
requirements in terms of physical conditions.
An excellent example of the evaluation of soils for various crops
is given by the English Soil Survey publication A Survey of the Soils
and Fruit in the Vale of Evesham, (15), in which the value of the different soils not only for different species but also different varieties of
horticultural crops is given in great detail and liberally illustrated
with photographs.
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In fully developed areas with a stable form of agriculture, fertility
indices have their maximum usefulness and can be used with confi-.
dence for the established crops. However, in areas still in process of
development and where new knowledge about plant and animal production is applicable a number of factors can operate which modify prematurely established ratings to a significant extent. These modifying factors include subsequent water-table development, increase in
soil salinity, discovery and correction of major or minor nutrient deficiencies, development of better fertilizer practices, the use of new and
better adapted varieties of established crops and new crops not foreseen at the time of the survey and compilation of the ratings. Some
of these factors are particularly liable to occur on irrigation areas.
A change-over from non-irrigated to irrigated conditions implies a
need for immediate and complete revision of any earlier fertility ratings.
Under most circumstances soil survey, as distinct from pedological
reports, should aim at stating clearly at least the following for each
soil type:
(a) present land-use and the problems associated therewith;
{b) recommended land, use including details of
(i)
new crops;
(n) soil management for all crops;
(in) desirable fertilizer practices;
(iv) . erosion correction and control;
(v) irrigation and drainage necessary to reclaim or improve land;
(vi) water requirements of different crops on the various
soils of irrigated areas.
As well as including the essential soil maps, reports are often illustrated by diagrams and photographs of crops and soil profilés. Sometimes a special agronomic or other investigation may be associated
with the survey and the results thereof published in the same report.
A particularly good example of this is A Survey of the Soils and Fruit
in the Vale of Evesham (15) referred to above.
In Australia, a number of soil surveys have embraced special accessory projects including fertility studies by the pot experiment technique.
Soil erosion, land-use and irrigation investigations have also been made.
The potential irrigability of an area has been the primary and immediate
objective of many soil surveys in a number of countries, the subsequent
reports reflecting this instigation for the initiation of the survey. Soil
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Plate 31. - Special investigations are often associated with soil surveys.
This experiment which shows the beneficial effects of a minute amount of a
molybdenun salt (1 mgm. per pot) in the right hand pots was conducted on
soil material collected during the course of a soil survey. It investigated the
poor growth of leguminous pasture plants on certain soil types. The results
of the pot experiments have led to the widespread use of molybdic oxide as a
fertilizer on the soil types Çressy shaley clay-loam and Woodstock sand, the
small amounts required being mixed and distributed with super-phosphate.

By courtesy of Waite Agricultural Research Institute.
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surveys have also been made to carry forward special investigations
of particular plant and animal problems. In other words, such problems have frequently provided the stimulus for the requests for soil
surveys. Under such circumstances it is essential for the soil survey
to be implemented and published in such a way that it satisfied, as far
as possible, not only the needs of the immediate problem but also
establishes basic data for all possible future forms of land use, agricultural or otherwise.
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according Defined according to position of
to presence' horizons of organic matter, clay,
or absence
sesquioxides, lime, gypsum
of lime
in solum

AN

EXAMPLE

or

A

SOIL CLASSIFICATION

III Son,

IV GREAT SOIL GROUPS

FAMILIES

Defined according to profile, color and texture, including modifications due
to salinity, waterlogging and
excessive lime

Defined
according
to parent
material
and depth
of solum

Acid peat soils

e.g. Moor peats
e.g. Acid swamp soils

Acid soils with organic and sesquioxide illuvial horizons

e.g. Podzols
e.g. Ground-water Podzols

Acid soils with clay and sesquioxide illuvinl horizons

e.g. Gray-brown Podzolic
Soils
e.g. Red Podzolic Soils

Acid to neutral soils lacking pronounced illuviation of clay .

e.g. Krasnozems
e.g. Terra Hossa

Slightly acid to alkaline darkcolored soils with calcareous ilhivial horizons

e.g. Black Earths
e.g. 'Rendzina

Slightly acid to alkaline lightcolored soils with calcareous illuvial horizons

e.g. Ked-brown earths

Neutral to alkaline soils with calcareous and/or gypseous illuvial
horizons: profile often weakly developed and variably wind eroded

e.g. Desert Loams
e.g. Desert Sandhills

.

SYSTEM

II Son.
SERIES

Denned
according
to parent
material and
drainage
status

I SOIL TYPES

O SOIL PHASES

Denned
according to
surface texture

Defined according to slope and
other external
features

Urrbrae

Urrbrae fine
sandy loam.
Urrbrae loam.

Belalie

Belalie sandy
loam.
Belalie loam.
Belalie clay-loam

/ Belalian

( Canowie

Canowie loam
Canowie clayloam.

f Netherhy

Netherby loam

\ Canowian

Shallow eroded
phase.
Normal phase.

CLASSIFYING SOILS
The Basis of Soil Classification
Modern soil classification provides a means by which existing knowledge of soils may be arranged in a systematic way (see Table 1).- By
reference to an acceptable system of soil - classification the nature of
any particular soil may be specified and, further, it may be compared
or contrasted with any other soil. A logical system is the arrangement
of identifiable soil individuals and soil groups within a system of categories similar to the divisions, classes, orders, genera, species and varieties used in the classification of plants.
Individual soils are fitted into this system and given names after
an appraisal by inspection and examination of their profiles, i.e., of
the layers which make up a cross-section of the soil from the surface
to the parent material. The upper horizons which are most subject to
leaching and to the accumulation of organic matter are termed the
A horizons; the next where deposition of leached material takes place
are termed B horizons; and lower down where primary weathering occurs
are the C horizons.
The A, B and C horizons have varying characteristics in different
soils, and it is an assessment of these characteristics which is used in
placing the soil in the classification. These characteristics reflect the
role of climate, vegetation,.parent material, relief and drainage in soil
formation over the time of its existence and control the nutrient status
and water relations of the soil. It is this fact which makes such a scientific system of great -practical importance in all forms of land utilization.
In classifying soils the most important characteristics which are
noted during an examination of a profile in the field are the:
(a)
(b)
(c)
(d)
(e)

color of each horizon:
texture of each horizon;
structure of each horizon;
consistence of each horizon;
occurrence of lime, gypsum or soluble salts in any horizon;
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(ƒ) occurrence of ferruginous, manganiferous or siliceous concretions in any horizon;
(g) occurrence and nature of organic matter in any horizon,
including plant roots and their soil fauna;
(h) thickness and arrangement of the horizons and their
definition in the profile;
(i) external and internal drainage status and the presence
of a water-table in the profile;
(j) nature of the parent material of the soil profile.
These characteristics are discussed in greater detail below.
Laboratory examination to check the field estimate of the nature
of each horizon is frequently undertaken. Both physical and chemical
examinations of the soil sample may be necessary and, as a general rule,
acidity, neutrality or alkalinity (pH value) and, most often in subhumid and arid areas, soluble salts are determined on soil samples
sent to the laboratory. A physical check on the field estimation of
texture and a chemical test for the presence and amount of lime and/or
gypsum are also important. Where fertility aspects are being
considered in terms of nutrient elements or when fundamental studies
of the soil are. being made, the laboratory examination of the soils
may be widely extended and includes amongst other things studies
of soil nitrogen, potassium and phosphorus, exchangeable cations and
soil mineralogy.
At this stage it should be emphasized that modern soil classification cannot proceed primarily on the basis of laboratory examination of soil samples; such work is essentially an adjunct to and check
on the appraisal of the soils in the field. Furthermore, soil maps
cannot be drawn with any realism by plotting laboratory data alone
on base plans and drawing boundaries between arbitrary chemical
and physical classes set up on the basis of the laboratory data. Such
maps inevitably show boundaries cutting across natural soil boundaries
discernible in the field.
The primary units of detailed soil surveys are now almost universally the binomial soil types, for example, Huon loam, or the unnamed
but lettered or numbered equivalent thereof. The named units refer
automatically to the soil series name which usually refers to a place
where that particular soil is common and to the texture of the surface
soil. Thus separation of the different soil series mapped on a survey
is normally on the basis of the variation of the characteristics of the
horizons in the profile influenced by parent material and drainage.
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Types within the series are defined simply in relation to textural variation of the surface horizon.
Soil types are sometimes divided arbitrarily into phases on the
basis of minor variations of soil characters which, however, may be of
considerable importance in land-use. Those features which have most
commonly been used as a basis for phase separations include stoniness,
slope, horizon depth — particularly of the surface soil — and minor
variations in subsoil texture. Lately stoniness has become recognized
essentially as a textural feature and is now generally accommodated
within the soil series as a particular type. Thus the former Gloster
loam and Gloster loam stony phase would now be recognized as Gloster
loam and Gloster stony loam. Slope phases are usually designated
as flat, gently sloping, moderately sloping, steeply sloping and rolling, and in certain surveys these may be specified by definite limits
denned in degrees or percent slope. The depth of the surface horizon
can be quite important in land-use and variations within a type are
best accommodated as shallow, normal and deep phases or other elaborations of these. Some variations in subsoil texture have been accommodated in " light " and "heavy subsoil" phases, but where departure
from normal subsoil textures is significant, this is probably a reflection of imperfect classification at series or family level.
Certain external but intrinsic characteristics of the soil are considered
as profile features. These include surface slope and its related surface
drainage. Together with internal drainage and stoniness of the soil
they are accounted for in soil classification.
Variation in external- drainage is largely specified by the slope
phases but internal drainage variation is essentially a differentiating
feature at series level for, where the profile is modified by a relative
degree of imperfect drainage, then another series apart from the related
well-drained one should be set up. Invariably there are associated
characteristics such as mottled colors differentiating imperfectly from
freely-drained soil series, although they occur on the same parent
material and have the same textural profile.
Where the soil profile has been radically disturbed by man's agricultural and engineering activities, a slightly different approach to soil
classification is necessary. Soils which have been altered by deep
cultivation, terracing and inversion; by drainage, paddy field construction and erosion of the entire surface horizon, often bear little resemblance to their former state. In this case. they may be classified as
anthropic soils, worthy of study for their own sake, or they may be
classified as variants of the original profile.
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Figure 3. - Color names used for the 2.5YR chart by the United States Department of Agriculture Soil Survey.
By courtesy of the Munsell Color Company.

Definition of Soil Characteristics
The standards used for defining the characteristics of the horizons
in a soil profile, i.e., color, texture, structure, etc., are discussed in
turn below.
Color

Soil color itself, apart from its effect on soil temperature is of little
intrinsic significance where crop and soil relationships are concerned,
but it is of the greatest value both as an indicator of chemical and
physical conditions within the soil and particularly of the environment
to which the soil is subject, especially atmospheric and drainage conditions. It is also of the greatest value in soil mapping because soil
boundaries are frequently indicated by a change in the color of the
surface or other horizons.
Until recent times soil colors were almost universally expressed
in elementary terms such as red, brown, gray, yellow, black, etc:, or
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in simple compounds such as gray-brown, appropriately modified by
mottled, light or dark where necessary.
Owing to great individual differences in the application of these
and of more complex and unstandardized terms such as purplish brown
or mouse gray this usage proved unreliable and inconsistent.
The most satisfactory definition of soil color is given at present
by the Munsel chart of soil colors which gives a series of colored
" chips " defined in the three basic color factors, hue, value and
chroma, thus 2.5 YR 5/6. For the convenience of those who do not
care to describe color only in terms of these symbols, generally accepted
names are given for individual " chips " and to small groups of " chips."
No real difficulty is experienced in using the charts, and a standard
is established and accepted to remove personal interpretation from
color estimation. As an example, the color names used for the
2.5 YR chart by the United States Department of Agriculture Soil
Survey are shown in Figure 3.
Texture
The texture of a soil is a specification of its composition in terms
of its sand, silt and clay constituents. These fractions in the fine
earth portion are defined as shown in Table 2 according to their size
in the International System and the United States Department of
Agriculture Scheme.
TABLE 2 — • DEFINITION OP FRACTIONS IN THE FINE EARTH PORTION

U.S.

INTERNATIONAL SYSTEM

DEPARTMENT OF AGRICULTURE SCHEME

Name ot Fraction
Very coarse sand
Coarse sand
Medium sand
Fine sand
Very fine sand
Silt
Clay

Size Range in mm.
(diameter)
2.0 —1.0
. 1.0 — 0.5
0.5 —0.25
0.25 — 0.10
0.10 — 0.05
0.05 — 0.002
Below 0.002

Name of Fraction Size Range in mm.
(diameter)
Coarse sand
Fine Sand

2.0 — 0.2
' 0.2 —0.02

Silt

0.02 — 0.002

Clay

Below 0.002

Texture is important in a number of ways. It is a highly significant
factor in the water relations of the soil as it is partly responsible for the
speed of entry of water into a soil (its infiltration rate), the speed of
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Figure 4. - Chart showing the percentages of clay (below 0.002 mm.), silt
(0.002 to 0.05 mm) and sand (0.05 to 2.0 mm.) in the basic soil textural classes.
By courtesy of U. S. Department of Agriculture Soil Survey.

movement of excess water through the soil (its permeability), and the
water-holding capacity of the soil. It is also linked with root development, wilting point, availability of nutrients and several other factors
important,<jn soil and plant relationships.
In the field, texture is estimated by the manipulation of wetted
soil. The soil is kneaded between the fingers, rubbed in the palm
of the hand or rolled into thin rods according to individual preference.
Thus the texture of a soil as estimated in the field is a tactile appreciation of its ultimate particles and a personal qualitative appreciation
of its degree of sandiness or plasticity. The texture of a soil
as determined in a laboratory by mechanical analysis is a precise specification of the composition of the soil in terms of its component sand,
silt and clav fractions. The assessment of soil texture in the field

calls for training and a large measure of skill comparable with that
necessary in wool-classing and other operations requiring' a highly
developed sense of touch.
.In the field, textures are stated in terms of twelve basic classes:
sand, loamy sand, sandy loam, loam, silty loam, sandy ' clay-loam,
clay-loam, silty clay-loam, sandy clay, silt, silty clay and clay. These
classes were established by comparing field estimates of texture from
a great number of surveys with mechanical analyses, of the field samples.
The classes so defined in terms of their mechanical analyses, as shown
in Figure 4, are now used to check and control field estimations of
texture by soil surveyors. In this way the personal factor in texture
estimation is reduced to a minimum.. In Figure 5 is shown a second type of chart which is used for
comparing field estimates of texture' with mechanical analyses as
determined in the laboratory. It should be emphasized that highly
organic soils cannot be accommodated within such diagrams. In
highly organic soils, texture is determined by organic matter
and organic matter is removed by oxidation from soil samples as part
of the preparation for mechanical analyses.

\ -

Figure 5. - Texture diagram based on 'percentage of clay and median size
of the non-clay fraction.
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Plate 32. - Dilfering forms of soil structure are illustrated by these specimens removed from various profiles. A. slwws granular structure; B. vesicular and platy structure; C. biocky structure; D. prismatic structure.
By courtesy of C. C. Nikiforoff, W. G. Harper, Roy W. Simonson, C. C.
Nikiforoff.
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Structure

.

Soil structure refers,to the arrangement of the soil material, sand,
silt, clay and organic matter, as arranged into various types [of aggregates. Soil structure descriptions generally aim at specifying the size
and shape of the soil aggregates, as distinct from the individual mineral
particles. The latter, as indicated earlier, 'are responsible for soil
texture. ' The aggregates represent the degree of flocculation or aggregation of the particles into more or less stable and discrete physical
units which with texture and consistence (described . below) largely
determine soil tilth. They are of great agricultural importance by
virtue of their control of water entry and movement, aeration and
root penetration within . the soil.
The most common terms used to describe soil structure are: crumb,
granular, nutty, blocky, cloddy, columnar, prismatic and platy
or laminar. In Plate 32 and Figure 6, various forms of soil
Figure 6. — Examples of soil structural units illustrated by sketches: A. prismatic;- B. columnar; C. angular blocky; D. sub-angular blocky; E. platy;
F. granular.
By courtesy of U.S.D.A. Soil Survey Manual
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aggregates are illustrated. A comprehensive classification of soil structure is presented in Table 6 on page 228 of the U.S. Department of
Agriculture Soil Survey Manual, (23). Nikiforoff's paper in Soil Science,
1941 (13) provides a detailed description and photographs of the various
types of structural aggregates.
Consistence and Tilth

The consistence of a soil is its resistance to deformation when dry,
moist or wet, by pressure of varying strength. The importance of
consistence in surface soils lies in its partial control of cultivation and
in subsoil horizons in its control of root penetration and moisture
movement.
The specification of consistence is almost purely qualitative. The
terms applied to the soil material being inspected include loose, powdery, hard, firm, plastic, brittle, sticky, cemented and tough, which
are often qualified by slightly, moderately or very. The moisture
status of a soil has a pronourfced effect on some degrees of consistence, for instance, plastic, and should be stated at the time of examination usually as dry, moist or wet. Other forms of consistence such
as brittleness are not so greatly influenced by moisture variations.
Attempts have been made to use the drop shatter method to determine
stability of aggregates.
The tilth of a soil is its reaction to cultivation and this is determined
by the texture, structure and consistence of the soil. Tilth is usually
described as poor, moderate or good, or in similar terms, depending
on whether cultivation is difficult or easy, on the suitability of'the
cultivated soil for seed sowing and germination, and for the entry of
moisture into the soil. The assessment of tilth is largely a matter
of observation and experience.
Lime, Gypsum and Soluble Salts
The presence or absence of lime in a soil profile or in the parent
material is of great importance in classification, and in plant nutrition. Its presence, when in minute quantities or in a diffuse condition, is normally detected by the use of dilute hydrochloric acid. When
present in visible quantities' it is a matter of some importance not only
to specify the soil horizons in which it occurs but also the form and
approximate quantity present. Soil lime, which frequently contains
magnesium as well as the usual calcium carbonate, occurs in soil in
various soft forms including localized specks as well as in a diffuse

Plate 33. - Oypsum as well as lime is frequently found in the soils of semiarid arvl arid areas. In well-drained soils it usually occurs in a lower horizon
in the soil profile than the lime. Both the lime and the gypsum occur in this
soil in sufficient quantity to be clearly visible at a distance of several meters.
It is important for the soil surveyor to record the presence of lime and gypsum
in such soils.
Bv courtesv of T. J. Marehall.
condition and in harder forms such as nodules of various sizes and
travertine or croûte calcaire, a sheet, slab or crust formation. Where
the parent rock is limestone, fragments of: this material may be found
in the profile.
The presence or absence of gypsum in the soil profile is of especial
importance in the classification of soils of arid areas. Here it is usually
found in the subsoils of dense clay soils of marine or lacustrine origin.
In the soil, gypsum is readily recognized by its well-defined crystalline
form. When in doubt, the soil surveyor may use a field microscope
or he mav collect samples for a laboratory check on the presence or
absence of gypsum.
The presence of deleterious amounts of soluble salts in soils is usually
indicated by some unusual vegetative feature or by the presence of a
salt crust. With most crop plants salinity is indicated by characteristic burning and stunting of growth or by death. In naturally saline

sites salt-tolerant species of plants are often present and may be used
as indicators of degree of salinity. The presence of salt should be
checked in the laboratory and its amount and nature determined.
Further details can be obtained by reference to Diagnosis and Improvement
of Saline and Alkali Soils (22) by the U.S. Regional Salinity Laboratory, Riverside, California, and to the analytical method of Best (2).
Concretions

As well as lime, other materials assume concretionary and related
forms in soil profiles. Iron, manganese, aluminum compounds and
silica are often present singly or together as concretionary materials
in which the concretions may be separate individuals or sometimes
aggregated into larger masses. In the special case of laterite, iron
and aluminum hydroxides assume buckshot, nodular, pisolitic, vermicular and massive forms. Similarly on certain soils secondary silica
formations may assume a massive aspect. The presence of these
materials in a soil profile, their nature and amount, should always
be recorded. They are related to the -genesis of the soil profile as they
are part of its morphological expression, and can be of profound importance in indicating its fertility and to some extent controlling its
behavior in production.
Organic Matter

A soil may contain less than 1 percent of organic matter or, in the
special case of peats, the greater part of the dry matter may be organic
matter. The amount present is of the greatest importance in agriculture. Its effect on fertility, water relations such as infiltration and
water-holding capacity, and on soil tilth is profound. In field descriptions of soils the general nature and amount of organic matter in a profile,
including that on the surface is normally recorded. On the surface
(in the AOo or L, F and H layers) 1 there is variation in the degree of
decomposition. In the A1 horizon of mineral soils the organic matter
may be little or much and vary from coarse fibrous to an extremely
fine condition. In peats and related soils there is also a wide variation from coarse fibrous material to fine pulpy and granular conditions.
1

These symbols are an extension of the use of the letters A, B and C
for the parts of the mineral soil profile as described earlier. The AOo and
Ao or L, F and H layers represent the layers of leaves and other organic
debris found on top of the soil in varying degrees of decomposition. The
Ai layer is the upper mineral horizon within which the organic matter has
been incorporated.

Thickness and Arrangement of Horizons

The depth of a soil profile is the sum of the thicknesses of each of its
horizons. Whether a soil profile is shallow or deep is an important
feature related to its degree of development and to its fertility. Profile
depth is very important, for it determines the root range of plants
and the bulk of material available for their nutrition. It also determines the total soil water available for plant use, shallow soils being
more prone to drought than deep ones.
Likewise the thickness of any particular horizon can be of special
importance particularly in regard to soil-plant relations dependent
on available soil moisture and its movement in the profile. In the
case of dense horizons, thickness and continuity of the horizon and
depth in the profile are also important in root penetration. Hence
horizon and ' profile depth are recorded in the course of soil survey
procedure.
Drainage and Water Tables

The drainage status of a soil depends partly on the slope on which
it rests, partly on the permeability of the profile itself and partly on
the presence or absence of a permanent water-table. Hence an assessment of soil drainage needs to take account of the relative importance
of these three factors. In general, free external drainage is associated
with slopes whereas restricted drainage is associated with flat or nearly
flat surfaces or enclosed depressions. Occasionally, however, because
of lateral water movement from more elevated formations such as
perched tablelands, drumlins and sand plains, or because of low infiltration rates on higher situated soils, or because of very heavy and
frequent rainfall, surface soils may be over-wet because of water seepage
on quite steep slopes.
Internal drainage may be free or restricted to varying degrees,
depending on the amount of water added to the soil in the form of
rain or irrigation water and to the general permeability of the soil
profile or of any horizon in it. A soil well-drained under natural conditions may be relatively poorly-drained when irrigated. Where water
movement is • restricted by low permeability, the whole profile may
be more or less waterlogged or part of the profile above a relatively
impermeable horizon may develop a temporary or perched watertable. This is recognized by its intermittent appearance after rain or
irrigation and by drier soil horizons being found beneath it. Where
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permanent ground water forms a water-table in the soil profile it may
be found at different levels at different periods of the year.
In the great majority of cases, imperfect natural drainage of a soil
is indicated by the mottled and/or drab colors of one or more horizons
in the profile. In this connection the recording of precise details of
mottled colors is of the greatest importance and significance in soil
classification.
Where a soil profile contains a water-table, full notes are kept on
observations of the depth of the water-table from the surface of the
soil and the horizon in which it occurs. During the course of a survey
and for longer periods if necessary, the fluctuation of the ground water
should be noted. If there is any indication of a saline condition in
any ground water soils, samples of'the water should be taken for analysis.
Weathering Horizons and Parent Materials

The petrological character of the parent material of a soil is alwavs
recorded whenever it is encountered in profile inspections. So far as
possible some indication of the nature and depth of weathering as
exhibited by the C horizon of the soil should be stated. Some indication of the relative importance of physical and chemical weathering
in rock breakdown should be given where possible. It is especially
important to recognize kaolinised and related materials because of
their relationship to soil fertility status and fertilizer behavior.
Soil Classification in Relation to Profile Genesis

Since the practical aspects of soil science depend on sound fundamental concepts about genesis and classification, it is essential to understand precisely how soils are formed. In the final analysis this is true
for every soil that is classified and mapped in the course of a soil survey.
A careful record of the morphological features described above,
together with any other soil profile characteristics, must be viewed in
the light of the environment of the area subject to soil classification
. and mapping. This enables a study of soil origin and genesis to be
made. The nature of the soil environment of the project area needs
to be studied so that the different soils found can be correlated with
the various local expression of the soil-forming factors: climate, organisms, relief, parent material, groundwater and time.
Relationships between the different soils described on a survey
and the factors of formation can often be clearly expressed by topographic and pétrographie cross-sectional drawings and by line diagrams.
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Plate 34. - In studying soil parent materials it is imperative that the physical and chemical changes which take place with weathering be understood.
Such phenomena are related to the development of the soil profile, to its fertility, depth and penetrability by moisture and plant roots. Characteristic concentric iveathering of lava botdders occurs near Kilauea, Hawaii.

By courtesy of C. E. Kellogg.
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Plate 35. - Soils with fine
textured profiles' often exhibit',
signs of movement in the subsoil. This specimen, about
eight inches long, shows portion of. a slip face removed •.
from a horizon three feet from
the surface. Soils which exhibit this phenomenon invariably provide difficult building
sites.

By courtesy of K. P.
Phillips.

These show the geomorphological factors involved in the laying down
or development of soil parent material either as alluvial, colluvial or
sedentary formations and its subsequent modification by the other '
factors. Such diagrams greatly assist not only in understanding the
fundamental facts of soil genesis and the morphological expression
thereof, but also indicate clearly the importance of the nature of the
parent material in relation to. soil fertility.
•
Soil Classification at Higher Categorical Levels
The soil series and types defined and mapped in the course of a
detailed soil survey may later be compared with other soil series and
types previously mapped in that locality or in adjacent provinces. In
this way soil series with similar profile characteristics may be grouped
together to form a soil family. When sufficient information has been
gathered in a natural region the known soil series may be grouped into
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a number of soil families and the characteristics of each family may
be described in some detail. At a still higher level of classification,
soil series and types and soil families may be grouped into one or other
of the defined great soil groups such as podzol or chernozem.
On very small surveys and in some countries where classification
has not yet been worked out in the higher categories, there may be
difficulties in this regard, particularly early in the history of a soil
survey organization. With accumulated data from a number of well
distributed surveys, however, the classification can ultimately be
brought to a comprehensive and useful state in its higher categories (21).
Categories higher than great soil groups have yet to be 'satisfactorily identified and defined. The partly unresolved nature of [soil classiPlate 36. - The cracking of soils under dry conditions is an important morphological feature. The cracks not only make patterns, often hexagonal, on the
surface as shown here, but also extend deep into the profile, frequently as much
as 4 or 5 feet. Cracking soils have marked disadvantages in water relations,
in cultivation, in irrigation, and as sites for buildings and other structures.
The cracks also provide shelter for insects, such as crickets, which in certain
localities, assume plague proportions and consume pasture plants.
By courtesy of C. G. Stephens.
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fication at these high levels precludes the adoption as yet of any universally acceptable system. Since the higher categories have but broad
relationships to land-utilization, however, it should be emphasized
here that the unresolved state of.soil classification at these levels is
of no great consequence in detailed agricultural work.
Soil Classification and Mapping Units
It is possible to use the different kinds of units of a soil classification in a number of ways in soil mapping. As indicated earlier it is
possible to engage in detailed or reconnaissance surveys depending
on the scale of working. The mapping units may be defined as individual soil types or, through aggregations of these, as soil associations.
Detailed soil surveys are always centered around the mapping of
individual soil series and their component types, and phases, as entities
recognized in the field and mapped accordingly. If small areas with
a complicated pattern of different soils occur, they are generally referred
to and mapped as complexes, and shown by appropriate hachuring
and lettering on the .map.
In a very limited number of surveys, soil families have been identified and mapped as single units in the field but this type of survey has
been relatively uncommon..
• • , •
"
Quite a number of great soil group maps have been produced either
showing individual groups or combinations of groups. These maps
have usually been built up from the use .of maps of lower soil categories
and this data is thus extrapolated on to unsurveyed country by using
topographical, ecological, geological and climatological correlations
with the great soil groups. .
;
• Another method of soil mapping is based on the soil association..
A soil association is composed of two or more repetetive soil series,
one of which is usually dominant. The different soil series in the
pattern of soils composing an association may be related in their distribu-'
tion to some feature suchas variation in topography or parent material.
In the special case of an undulating landscape of uniform parent material with different soils repeated on the crest, slopes and swales of the
land, a special association is recognized and referred to as a' catetia.
The soils found within an association or catena do not necessarily
belong to'one soil family or one great soil group. The fact that different soil series occur together and repeat their pattern on the landscape'
is used as a mapping convenience. In the classification system used:
in parts of Canada, the association is used as a classificational unit as
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well as a mapping one. There, the fact that the component soils of
the association have a catenary relationship, being linked to variations
in topography and drainage, is recognized as of preponderant genetic
significance, overweighing the fact that in the association the components soils may have rather dissimilar profiles. This latter use of the
association is followed also in Scotland.
Soil associations, catenas, soil families and great soil groups are
used in mapping in other than detailed soil surveys. Such reconnaissance surveys are particularly valuable in assessing the overall potential
of a region or tract too large to cover by detailed survey and as a means
of selecting from within a larger region smaller areas worth}' of more
detailed examination.
The Classification of Soil Potentialities
While the soil surveyor is classifying and mapping soils in the field,
he is at the same time collecting information about how the soil is
used. This data about agricultural, sylvicultural, recreational or
engineering use or watershed protection, may then be used to classify
soil potentialities for different systems of land utilization. Some of
these uses are described below.
In a number of countries, under relatively intensive arable agriT
culture, the soils of a district or province may be classified according
to their suitability for agricultural use. These productivity ratings
are based on observations of crop production under good -management,
on the soil types or soil associations of the area studied. The soil
surveyor makes careful notes on the condition of all crops wherever
;a soil is examined. He supplements this information by discussions
with farmers and extension officers and by reference to statistical
records dealing with crop yields. Where available, he uses records
of crops yields from experimental plots and research stations.
Productivity rating may take the form of a simple general classification of soils as good crop land, fair to good crop land, fair.crop land,
poor to fair crop land and poor crop land. Another simple system
is to rate soils on their suitability for a particular crop such as first
class wheat land, second class wheat land and third class wheat land.
Where production records are more, complete the productivity rating
may be more quantitative, with each named soil (up to 30 soils) in a
district receiving a separate rating between 1" and 100. This type of
rating may refer to a single crop, such as wheat in Western Canada,
or it may be a general agricultural rating.
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In some partly-developed countries, soil surveyors use productivity
ratings, established for existing agricultural land, to predict potential
crop production on virgin land. Following a soil survey and soil
classification of selected virgin land, the profile characteristics of the
soil types and soil associations are compared with soils whose productivity is known from agricultural experiences elsewhere. In this way,
it is possible to classify soils on the basis of their suitability to such
crops as citrus, vines, stone fruits or rice, which have special soil requirements under irrigation. More general classifications of soils may be
made where it is proposed to grow pasture plants such as lucerne and
subterranean clover for meat or milk production. Where the influence
of climatic and other factors has been accurately assessed, it has been
found that such classifications of potential agricultural productivity
have been highly successful and useful.
Plate 37. — In the mapping of land adaptability classes it
recognize soils located in vulnerable situations'? Failure by the
land to recognize the potential danger of erosion on the lower
run-off from the hill above ultimately led to damage of the lower
and sheet erosion.

is essential to
holder of this
slopes due to
land by gully

By courtesy of United States Soil Conservation Service.

Plate 38. - During the course of any soil survey evidence of the incidence
of soil erosion should always be recorded. Here the six-inch scale, the height
of the bottom fence wire above the ground and the extent of the rotting of the
lower part of the post all indicate that about ten inches of surface soil have
been lost from this site. The very rough cultivation in the background and the
pattern of cracks in the foreground indicate that subsoil is now being farmed.

By courtesy of C. G. Stephens.
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The soil types of a district may also be classified on the basis of the
inherent liability of the soil to the hazards of erosion. Other external
factors are of course involved, such as soil management, angle and
length of slope, rainfall intensity, surface conditions and type of crop
rotations iised. Descriptions of the depth, texture, structure and consistence of the surface soil, however, are of prime importance in determining the permeability and water-holding capacity of the soil and hence
of- its liability to erode. Similar considerations apply to the other
horizons in the profile but to a lesser degree until they are exposed on
the surface or in the walls of. gullies where they become subject to
erosion. A more specialized type of classification, used for soil conservation purposes is described above.
Under irrigation, risks of increased .salinity, apart from those
dependent on quality of the water, are greatest on soils with certain
types of profiles that allow easy upward and lateral movement of watertables. Topographic and management factors are also involved, but
the texture and structure of the horizons of the soil profile are of great,
importance in classifying soils for irrigation purposes. A more highly
specialized system is described below.
:
Loss of fertility by leaching is normally not a great hazard over
short periods. . However under high rainfall conditions and shifting
cultivation, such as occurs in tropical countries or in over-irrigated and
over-drained conditions, significant loss of nitrate nitrogen from thé
soil can occur. Calcium is also lost from the soil when leaching takes
place and is important in soils with little or no lime. The risk is greatest on light-textured and on well-structured soils of, relatively great
permeability.
.
• . It is known in Indonesia that, of soils formed from volcanic ash,
fertility is highest on the youngest soils and lowest on the oldest soils.
Similarly, in England it is known that certain soils formed from lime-;
stone may be so 'completely leached of calcium carbonate that they
become highly acid and must be reclaimed by liberal applications of
lime. These factors are used as a basis for classifying soils as to their
fertility status.
Loss of both tilth and organic matter which frequently happen
coincidentally is associated with weakly structured soils particularly
those of a silty character. Here again, management factors such as
too frequent cultivation and soil depleting rotations of crops and fallow
land are important external factors, but the soil factor is of great significance. Some soils have long enduring crumb and granular structure
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whereas other soils, although initially well structured, rapidly lose
that quality under cultivation and must be classified as of lower fertility.
The importance of soil profile studies in relation to the engineering
characteristics of soil in road and airport construction and in building foundations is discussed in the first section of this monograph.
One aspect of this relation-ship is shown in Figure No. 35. Special
soil classifications are used for engineering purposes in several countries
but they are too specialized to be described in detail here.
Capability Groupings for Soil Conservation Purposes
Where the soil is studied, together with certain accessory features
of the landscape, the land can be classified on a broad basis. The
capability classification is an arrangement of mapping units for easy
reference and use in recommending suitable forms of land-use and
applicable management and conservation practices. AH features of the
landscape that influence its use have significance in this kind of soil
grouping. These include degree of erosion, liability to erosion as
determined by soil permeability and slope, climate and crop husbandry,
and flood hazards. The most extensive use of such soil groupings in
the world is that by the United States Soil Conservation Service.
Soil surveys made for individual farm and ranch planning group the
soil units in this way.
.
The eight broad capability classes are as follows:
Suited for regular
Glass I:
Glass II:
Glass III:

cultivation:

Very good; few or no limitations; can be cultivated safely
with ordinary good farming methods.
Good; moderate limitations or hazards; can be cultivated
safely with moderately intensive treatments.
Moderately good; severe limitations or hazards can be
cultivated safely with intensive treatments.

Suited for limited cultivation:
Glass IV:

•

' Fairly good soil; very severe limitations or hazards;
suited for some forms of limited cultivation or for limited
choice of crops but usually best suited for pasture or hay.

.Not suited for cultivation but suited for grazing or forestry:
Class V:
Not more than slight limitations.
Class VI:
Moderate limitations.
Class VII: Severe limitations.
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Not suited for cultivation, grazing or forestry:

Class VIII: Suited for wildlife or recreational use, or for watershed
protection purposes.
Classification of Land for Irrigation Purposes
A number of authorities in various countries classify land for irriga-tion purposes. As is the case with land adaptability surveys the various classes established are frequently intended to serve a special purpose, namely to specify the usefulness of the land for the production
of irrigated crops. Other organizations use soil surveys and recast
the data therefrom into irrigation suitability classes.
An example of a specialized classification is that devised and used
by the U. S. Bureau of Reclamation (27) which has set up six classes
based on the following definitions:
Class I represents arable lands with a potentially high productive value.
Class II represents, lands of intermediate value that may be
considered arable under general farming.
Class III includes land of the lowest productive value that may
be considered arable under general farming.
Class IV represents lands which have marked deficiencies or
restricted utility but which have been shown to be of limited arability as a result of special economic and engineering studies.
Class V lands are non-arable under existing conditions but have
a potential value sufficient to warrant segregation for further study, .
or they are lands in existing projects whose irrigability is dependent
upon additional construction.
Class VI lands are of low productivity and are considered permanently non-arable.
• •
This land classification is based primarily upon agronomic and
economic experiences and is used primarily for economic purposes.
The distinction between land classes is on differences in physical features but the mapping specifications which express these differences are
developed on a basis of economic factors. Productive capacity, costs
of production and costs of land development are basically considered
in establishing specifications for each of the land classes. These consist
of ranges in carefully selected physical characteristics of land including soil texture, structure, depth, salinity and alkalinity, slope, surface
cover and drainage.

Information on the quality of the water to be used is regarded
as a prerequisite in establishing the specifications of soil, topography
and drainage that will permit satisfactory use of the water available.
Further details of the six classes and the factors used to determine
them may be obtained by reference to the Bureau of Reclamation
Manual,

Volume V: Land Classification Handbook (27).

The essen-

tial difference between soil and land classification is set out by
Kellogg (9).
Where soil surveys intended for general agronomic use are used
to determine irrigability, the soil types or other units shown on the
soil map may be recast into a limited number of classes of whatever
specifications desired. Alternatively the individual units on the map
may have their crop and irrigation possibilities and limitations specifically stated; this in' effect gives the same number of irrigability classes
as there are soil mapping units. Both these procedures are followed
by irrigation authorities in various states in Australia. An excellent
example of land-use recommendations for all soils mapped on a projected
irrigation area is given by Northcote and Boehm (14) for the Coomealla
area in New South Wales. Recommended planting, type of irrigation, rate of water absorption, liability to salt damage "and depths for
drains are all specified. The characteristics of arid soils which may
be used for irrigation purposes are described by Kellogg (10).
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ADMINISTRATION OF
SOIL CLASSIFICATION AND MAPPING

Examples of Administration and Development of National Soil Surveys
Since a review of the administration and history of development of
soil survey organizations in various countries may provide useful information to those countries which contemplate the setting up of their
own soil survey, it is proposed here to discuss briefly soil survey organizations in selected countries. The details submitted do not cover
precisely the same points for each organization, but, from what follows,
it should be possible for interested parties to assess staff, finance and
general administrative needs of a soil survey organization. With this
information in hand it should not be difficult, then, to evolve a system
suited to local political, administrative and educational circumstances.
It must be stressed, here, that this section does not set out to give
detailed descriptions of soil survey organizations in all countries. From
the countries which contributed information for the compilation of
this monograph, certain examples only have been chosen.
United States of America
In the U.S.A. the Soil Survey was initiated in 1899 as part of the
research program of the Department of Agriculture. Co-operative relations were developed with appropriate research organizations in each
state; in early days with the state geologist, and later with the Land
Grant Colleges. The whole is called the National Co-operative Soil
Survej'. Co-operation was maintained with the Federal Soil Conservation Service which employed many men to make special soil surveys
of individual farms and watersheds for guiding soil conservation.
Then, in November 1952, the Soil Survey was transferred to the
Soil Conservation Service, and all soil mapping was consolidated
under the one Soil Survey. Detailed soil surveys are co-operatively
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planned and administered by the U. S. Soil Survey and the state soil
surveys of the Land Grant Colleges, each agency paying its own personnel and their subsistence. The U. S. Soil Survey has the major
responsibility for soil correlation and nomenclature since these must
fit into a national system. State soil scientists are particularly
concerned with the local application of the work. Report preparation, transport costs and laboratory work are shared, but map and
report preparation is almost entirely done by the U.S. Soil Survey.
These co-operative arrangements and the administrative needs of
the U.S. Department of Agriculture are based on a geographical organization consisting of seven regions: within each of these are several
composite groups, as described above, located at the Land Grant
Colleges. Regional and district correlators are responsible for the
supervision and planning of the actual field work. The Federal
headquarters are located partly at Beltsville, Maryland, near Washington, and partij' in Washington, D.C.
Table 3 shows the overall costs for soil survey operations in the
U.S.A. in 1950. Detailed surveys cost approximately 160 dollars per
TABLE 3 — APPROXIMATE EXPENDITURES FOR THE NATIONAL CO-OPERATIVE
SOIL SURVEY PROGRAM IN THE UNITED STATES -

Salaries of technical field staff in soil mapping,
interpretation
Salaries
of clerical staff
General administrative costs including salaries . .
Laboratory costs including salaries, supplies, etc.
Office and laboratory space
Transportation and travel
General equipment and supplies of all kinds
Compilation of soil maps for publication
Publication o£ soil surveys

1950

correlation and
| 900
000
90 000
70 000
110 000
I 40 000
J SO 000
i :">0 000
220 000
•200 0 0 0 j

I

—1
I

TOTAL

i l 7(i0 0 0 0

I

Note: These amounts include both federal and State funds approitriated for soil surveys
in the United States. Approximately one million dollars comes from. Federal funds
and the remainder from State funds. Figures for the different items indicate order
of magnitude rather than exact expenditures. The distribution of funds amorti/ the
various major items has been estimated and is therefore given in round numbers.
After 1052 these funds were consolidated with those for soil survey in the Soil Conservation Service.

square mile (25 cents per acre, 62 cents per hectare), and this ranges
down to 20 dollars per square mile (3 cents per acre, 7.5 cents per hectare) depending on the scale and type of survey and conditions existing in the area.
Soil surveys of farms and ranches planned by the Soil Conservation Service and the grouping of soils into capability classes are carried
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on as integral parts of both the National Co-operative Soil Survey and
the program of technical assistance to locally organized and governed
Soil Conservation Districts.
Funds expended for surveys in the Soil Conservation Service prior
to the consolidation of the surveys amounted to somewhat over
4 million dollars per year. About 835 soil scientists were then employed by the Soil Conservation Service to make surveys and to be responsible for applications of soil science in the program of soil conservation
operations. Technical supervision was provided by a Soil Conservation Surveys Division in the headquarters office of the Soil Conservation Service; by a regional Soil Conservation Service soil scientist in
each of the seven administrative regions of the Service; in each state
by a state Soil Conservation Service soil scientist who is responsible
for co-operation with state local agencies interested in the work, as
well as for technical supervision of all the soil scientists of the Service
in his territory; and by survey supervisors as needed to work with the
individual Soil Conservation Service soil scientists. The Service has
covered 376 million acres with these surveys and mapped 35 million
acres during the year ending June 30, 1951.
Since the soil conservation program provides technical assistance
to farmers and ranchers, the aim is a map of soil conditions on each
farm or ranch for use in conservation planning. Not much of the
field work has yet been summarized and prepared for publication.
Farmers and ranchers are furnished maps as part of the soil conservation program and limited copies of the surveys are made
available for reference by interested persons in the area. The consolidation of this work with the National Co-operative Soil Survey is
expected to lead to increased publication.
Another organization in the U.S.A. interested in a large measure
in land classification is the Bureau of Reclamation of the Department
of the Interior. Its classification and mapping of land concerns projected irrigation areas which are surveyed with the particular objective of suitability for irrigation in mind. These land classification
maps are compiled partly on the basis of the soil profile and partly
on physiographic, economic and social factors. The maps of the areas
under consideration are produced for the immediate purpose of solving
agronomic, economic and engineering problems associated with reclamation work, but are generally available to the public on a request
basis. Recently, basic soil surveys have been used as a basis for
land classification.
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United

Kingdom
t

The first systematic soil surveys in the United Kingdom were carried out nearly 40 years ago. These early surveys made use of geological
base maps on the assumption that each geological formation gave rise
to its own type of soil. This proved to be an unsatisfactory basis for
soil classification, however, and it was soon abandoned.
As part of the general postwar reconstruction after the 1914-18
war, soil survey assistants were appointed at a number of advisory
centers, namely, Bristol, Harper-Adams, Wye and Bangor. Soil surveys were also begun at Reading and at Aberdeen, Glasgow and Edinburgh where soil surveys were started by the Advisory Chemists. By
1930, a certain amount of routine mapping had been carried out in
England and surveys had also begun in Scotland. At this time a
small Soils Correlation Committee, was appointed with the object of
correlating the work, ensuring a standard system of classification and
supervising nomenclature. The Soils Correlation Committee was
replaced in 1936 by the Soil Survey Executive Committee with similar
functions. In 1939, when the Soil Survey of England and Wales
was formally recognized, the full-time soil survey staff consisted of
six surveyors. Since 1930 the soil survey in Scotland has been conducted from the Macaulay Institute for Soil Research, Aberdeen,
independently of the survey of England and Wales, but along similar
lines.
The outbreak of World War II prevented for some time the further
development of soil survey in England and Wales. Later, by the
end of 1947, there were 11 soil surveyors in England and Wales and S
in Scotland. In 1946, the reorganization of the agricultural services
resulted in the headquarters of the Soil Survey being transferred to
Rothamsted Experimental Station. The Survey is financed by the
Ministry of Agriculture and the general policy is supervised by the
Soil Survey Research Board which was appointed by the Agricultural
Research Council at the time of the reorganization.
For the mapping of soil series on the scale of 6 inches to 1 mile,
calculation shows that the field work costs approximately 8 pence
per acre (20 pence per hectare). Maps and reports are at present being
prepared for publication but no firm estimate of costs can yet be given.
It does not seem likely, however that the cost will differ materially
from that for the United States Soil Survey.
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Australia
In Australia, the Soil Survey and Pedology Section of the Division
of Soils of the Commonwealth Scientific and Industrial Research Organization (C.S.I.R.O.) is the body responsible for the greatest amount
of soil classification and mapping. Significant amounts of work in
this field have been carried out in the past by officers of the Department of Agriculture and Forestry in Western Australia, Victoria, New
South Wales and Queensland. At the present time, however, the only
effective work being done by state authorities is in Victoria and
Queensland.
The Division of Soils was founded in 1927 with a staff of 2 officers.
Its primary object, then, was the investigation of soil conditions in
the irrigated areas of the Murray Valley. Since then it has grown
steadily in staff, scope of work and organization and now consists of
sections of soil survey and pedology, soil chemistry, soil physics, soil
mineralogy, and micro-biology. Headquarters of the Division are at
the Waite Agricultural Research Institute of the University of Adelaide, South Australia. The Soil Chemistry Section is a joint undertaking with that body. The Soil Survey and Pedology Section is organized
on a regional basis. Groups of workers, as well as those at headquarters, are located in Brisbane at the University of Queensland, in Perth
at the Institute of Agriculture in the University of Western Australia,
and in the C.S.I.R.O. establishments at Canberra and at Hobart,
Tasmania. Laboratory work arising from the activities of the Soil
Survey and Pedology Section is handled by the Soil Chemistry Section.
The Division comprises 58 workers of which 22 are in the Soil Survey
and Pedology Section, 3. being fully employed in the drawing office.
C.S.I.R.O. is directly responsible to a Minister of the Commonwealth Government and funds for its operation are largely allotted
from government finances.
In common with C.S.I.R.O. generally and the Division of Soils in
particular, the Soil Survey and Pedology Section has the closest possible
liaison with universities, with Departments of Agriculture, Conservation, Forestry, Irrigation and Development, and recently with both
Commonwealth and State postwar land settlement authorities. Meeting the requests for soil surveys from these bodies forms the great
bulk of the work on soil classification and mapping. Private individuals and organizations frequently bring desirable projects to the notice
of the Division and these may be undertaken if supported by public
authorities.
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Current annual expenditure of the Soil Survey and Pedology
Section is given below:
A £

Salaries of scientific and drawing office staff
Wages for labor
Travelling expenses
Transport
Equipment and aerial photographs

20,000
2,000
4,000
3,500
850

Work done in the Soil Chemistry Section on behalf of the Soil Survey Section would take half their allotment of A £20,000, i.e. A £10,000.
Publication of reports and maps is handled by the Head Office
Administration of C.S.I.R.O. and for an average year would cost about
A £1,000 for work emanating fromt he Soil Survey and Pedology Section.
General administration of the Division of Soils costs A £5,000 and half
this amount should be debited against the Soil Survey and Pedology
Section.
Because of changing financial circumstances and labor difficulties
the cost of the most detailed soil surveys has risen considerably and in
horticultural areas with complex soil patterns approximates, to 2 shillings per acre (5 shillings per hectare). Some reconnaissance surveys,
cost less than 1 pence per acre (2y pence per hectare). Intermediate,
types of surveys have costs ranging between these two extremes depending on scale of working, duration of field work, number of personnel
making up the field parties, type of transport required and many
other minor factors.
Belgian Congo

Pedological mapping in the Belgian Congo is done under the auspices of the Cartographic Group of the Division of Agrology of the
National Institute- for Agricultural Study in the Belgian Congo —• the
I.N.E.A.C. This is a state-wide organization under the control of
the Minister for Colonies in the Belgian Government. .
After defining morphologic and genetic units of the soil and delineating them on the map, typical samples are taken and characterized
by the analytical laboratory and the research group of the Division of
Agrology. Because of the varying conditions of work, it is difficult
to establish a firm cost per hectare. As an example, in the Lomanii
Mission 2 pedologists assisted by 40 African laborers completed in one
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year the reconnaissance mapping of 100,000 hectares and a detailed map
of two blocks of about 2,000 hectares each. Further, a botanist making
use of the traverses established by the pedologists and helped by about
a dozen laborers, established the phyto-sociological map of half of this
area during the same period of time. It would be reasonable to assume
that the analysis of the aerial photographs and the printing of these
maps cost up to 25 Congo francs per hectare (10 Congo francs per acre).
By contrast, in a dissected region like the Lower Congo, the pedobotanic Mission of M'Vuazi covered the mapping of 25,000 hectares at
a scale of 1 in 20,000 in one year. At Yangambi, a pedologist assisted
by about 20 laborers will have covered the pédologie mapping of about
20,000 hectares, of which part is in forest and the other under plantations, the latter dominant, in about 8 months.
Netherlands
In the Netherlands a number of institutions are concerned with
various aspects of soil classification and mapping and with related
investigations in other avenues of soils cience. For the actual classification and mapping of soils from the national point of view, however,
the Soil Survey Institute at Wageningen is of primär}' importance.
This is largely a government concern but agricultural and horticultural
organizations are co-operating. The Board of the Institute consists
of the directors of various sections of the Department of Agriculture,
of representatives of the Ministries of Hydraulic Works, of Housing
and Town Planning, and of Social Affairs and of representatives of one
land reclamation society and the agricultural organizations. Most
of the experimental and research stations and institutes are also located
at Wageningen and maintain close contact with the soil surve}'.
Funds required are mainly supplied by the Ministry of Agriculture.
The annual grant amounts to 100,000 guilders. In addition, various
sections of the Department of Agriculture contribute about 350,000
guilders. For all soil surveys undertaken an estimate of cost is made
(see Table 4). The main items in these estimates are the salaries and
reimbursements to staff for accommodation and travelling expenses.
Expenses for drawing and publication are also included. In the case
of cultures under glass, in all their forms, 'the nurserymen are charged
50 guilders per hectare (20 guilders per acre) for a soil survey. The
cost per hectare incurred by classification and mapping of the soil
at a scale of l:25j000 is approximately 3 guilders and where a more
detailed map at a scale of 1:10,000 is drawn, approximated 15 guilders.
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TABLE 4 — SPECIFICATION OF COSTS OF THE WESTLAND SOIL SURVEY IN THE
NETHERLANDS

Costs of the field work involved:
Salaries plus social charges
Travelling and accommodation expenses
Other expenses (maps, soil sample tests, etc.)
Overhead expenses

38,000 g-lds.
7,200
1,600
7,500
54,300 glds.

TOTAL

Costs of map and report preparation:
Expenditure on preparation of drawings for printing
Printing costs of the manuscript
Printing costs of the maps

9,300 glds.
Ó,.ï00
11,000
30,100 glds.

TOTAL EXPENDITURE

Note: Three thousand copies of the manuscript of the Westland Soil Survey have been printed.
They are sold in the bookshops for 6 glds. each.
The area mapped covers 25,50 hectares. Detailed maps of 8,000 hectares of thai area
were made and, routine maps of 17,500 hectares, though the soil map has been considerably simplified. A few copies of the original routine map are available for consultation by occupiers of the land.
The cost is consequently approximately. 3.15 f/lds. per hectare 1.26 glds. per acre).-

• Canada

The first soil survey in Canada was undertaken by the Agricultural
College of Ontario about 1916. Later, in 1921, soil surveys were
commenced in the provinces of Saskatchewan and Alberta under the
direction of their Colleges of Agriculture. The Manitoba Agricultural
College began soil survey work in 1927. In 1929, the Dominion Department of Agriculture, through the Experimental Farms Branch, entered
the field of soil survey by offering financial aid to the provinces for
soil survey work. At the present time soil surveys are carried out in
all the provinces of Canada under a co-operative arrangement between
the provincial Departments of Agriculture, the University Colleges
of Agriculture and the Experimental Farms Service of the Dominion
Department of Agriculture.
Because the 'work in some provinces commenced independently,
classification and mapping throughout the Dominion was originally
not on a comparative basis. The entry of the Experimental Farm
Service into the work, with the establishment of a soil survey headquarters at Ottawa and the creation of a National Soil Survey Committee, however, has led in the last fifteen years to better co-ordination
of the work. Many differences in concepts concerning classification
and mapping of soils have since been eliminated. This work of correla97

tion and co-ordination, together with map publication, remains the
chief work of the Dominion body. The actual direction and implementation of the individual surveys remains a provincial function.
Both reconnaissance and detailed surveys are carried out according
to varying circumstances; to date, well over two hundred million acres
of land have been covered by soil surveys. For the most part, published
reports and maps are available for each of the surve3red areas.
France and the French Union
Until 1925, soil classification in France was based on geological
features, the maps prepared, frequently called agrologic maps, varying in scale from 1:80,000 to (rarely) 1:5,000. There were very, few
copies of these maps and a collection of them was destroyed during
a bombardment in 1944. Since 1925, maps based on soil profile features have been increasingly prepared and this method is now the basis
for all soil classification and mapping in France and her overseas
possessions.
At the present time, a program for mapping the soils of France on
a scale of 1:1,000,000 is proceeding and the first quarter sheet has been
published (1). Detailed maps are also being prepared generally at
a scale of 1:50.000. All this work is based on relatively broad categories termed groups, sub-groups of the first order and sub-groups of
the second order.
Although a formal soil mapping service does not exist as such,
quite a number of soil scientists stationed in various centers in France
contribute to soil mapping projects.and the Laboratoire du Centre de
Pédologie in Paris acts as a co-ordinating' body.
In some of the overseas territories of France soil mapping in earlier
times, as in the mother country, was based essentially on geology and
some maps were published. However, in recent years soil surveyors
who have been trained in modern soil science have been located in a
number of territories and their efforts are directed toward the production of both reconnaissance and detailed maps. Soil mapping at scales
varying from 1:500,000 to 1:20,000 have been compiled or are in progress in Tunis, Algeria, Morocco, Indo-China, Guinea, French West
Africa, Togo, French Equatorial Africa,' The Cameroons and Madagascar.
Some of these mapping projects are associated with existing and
intended irrigation areas, soil reclamation projects, experiment farms
and research institutes. Often the soil maps are accompanied by a
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simplified map showing a regrouping of the soils into a limited number
of agricultural classes. The maps are always accompanied by a detailed
report giving a description of each soil, an explanation of its genesis,the possibilities of development arid agricultural use and physical and
chemical analytical data. Only a few of these maps and reports have
been published but others are in course of preparation.
Features .of an Efficient Soil Survey Organization
From a consideration of the examples quoted above and from
contributions received from South Africa, Belgium, New Zealand,
India, Indonesia and Portugal, general conclusions may be drawn as
to the features that characterize an efficient soil survey organization.
The most important conclusion, and one that has been reached
independently by scientists of several different countries, is that soil
survey and classification must be based on studies of the soil profile
itself. In several countries the earliest soil surveys were conducted
by geologists because it was assumed that soils take their characteristics from the parent rocks on which they are formed and that the soil
pattern, therefore, closely approximates the geological pattern, i.e.
that soil maps can be constructed from existing geological maps.
As time passed and experience accumulated, however, it was found
that the soil pattern is not a repetition of the geological pattern, even
in a country like England where there are very good geological drift
maps in addition to maps of the geological basement. Scientists,, first
in Russia and later in other countries, began to notice that in the
development of a soil profile, besides parent material, other factors
of importance are climate, vegetation, topography and physiographic
age of the landscape. It was realized that the soil profile develops
under the combined influence of all these factors and that the soil
can, therefore, only be mapped and classified on the basis of its profile —
the resultant of all the factors of formation. This understanding of the
complexity of the processes of soil formation has led, in turn to a realization that soils must be studied by people with a scientific back•ground sufficiently broad to embrace all the factors of soil formation.
The modern soil surveyor or pedologist, therefore, has a general
scientific background including a knowledge of geology, physiography,
climate, botany, zoology, chemistry, physics and, because of the link
between soils and agriculture, agronomy or agricultural science. Specialists in geology, ecology or engineering may be called in as consult99

ants in their particular field, or they may be employed as active members of a soil survey team directed by a pedologist.
This reliance on the knowledge and skill of the soil surveyor in
interpreting soil patterns extends to the field of land classification.
Even where special land classifications are required for soil conservation purposes or for irrigation ratings it is realized that the basic requirement is a detailed soil survey carried out by a qualified soil surveyor.
It has been found, further, that the best work is carried out by officers
who are organized on a regional basis. In' this way, after'spending
some years in a natural region or province, the trained officer becomes
an authority on this particular area and his work reaches a very
high standard of proficiency, especially where the regional center is
located in a University, College or Experiment Station of a high cultural
standard.
A second important finding is that soil survey techniques and soil
classification systems should be as uniform as possible in order that soil
maps from one part of a country may be accurately interpreted by
surveyors working in any other region of that country. To achieve
this purpose some form of centralized control and inspection is essential. Thus we find that, whether the national soil survey is carried
out by a multiplicity of agencies or whether there is only one active
agency, there is an ever-increasing degree of control from the regional
center. Further, with the object of securing uniform presentation of
the data, in many cases publication of reports and maps is carried out
only from the national center.
The process of standardization is carried still further through such
organizations as the International Society of Soil Science which seeks
to establish uniform standards for the whole world. The establishment of such standards well result in a great saving of time and effort
because, by. this means, knowledge of soils in one part of the world
will be directly applicable to similar soils in comparable regions elsewhere. It is now realized that, in the past, the use of arbitrary systems
of soil classification has resulted in much waste of time and effort.
. Other lessons to be learned from a study of the history of existing
soil survey organizations have been set out in greater detail in the
next section. It is hoped that this information will be consulted by
administrations contemplating the formation of a new soil survey
organization or seeking to modify an existing service.
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SUGGESTIONS AND RECOMMENDATIONS
New Sou Survey Organizations
The creation of new soil survey organizations and the reorientation
or enlargement of existing ones is a matter for individual consideration by different countries. What might be achieved with adequate
soil survey staffs is well indicated by experience in other countries of
varied terrain and degree of agricultural development such as the
United States, the Netherlands and the Belgian Congo. Depending
on the particular needs of each country, organizations capable of carrying out the following kinds of surveys could be created:
(a) Detailed soil series, type and phase surveys in intensively
and moderately settled areas and in areas intended for
irrigation development.
(b) Soil association and other broad reconnaissance surveys
as a means of specifying the total soil resources of a country,
assessing the potentialities of a district or region, and
surveying an area prior to detailedsurvey in part or whole.
In the last case where areas of distinct promise for intensification
of settlement are located, they are normally then subject to detailed
soil survey prior to settlement. Experiments on intended crop rotations and general land-use, crop location, farm size estimation, road
location and related problems can then be tackled with the greatest
prospect of success.
The personnel for such organizations capable of doing effective
work in soil classification and mapping must come principally from the
appropriate universities and colleges of the countries concerned. Initially, soil scientists from other countries may be required to train local
scientists who, however, have the advantage of being closely acquainted
with the traditions and culture of their own countries.
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Those nations which can only afford one type of organization con- .
cerned with land classification should undoubtedly establish a soil
survey, because the data so compiled are fundamental to and can be
recast into practically all other forms of land classification with a minimal.
expenditure of effort in gathering supplementary information. Under
all circumstances, the ideal arrangement is the establishment of a soil
survey organization which publishes soil classifications and maps.
These are directly useable, most frequently without modification, by
departments concerned with agriculture and forestry and can be recast
as necessary (26) into suitable' forms for particular uses by other departments such as those concerned with land selection and development,
soil conservation, engineering, land taxation and irrigation. Only
by such a functional arrangement can the expenditure of public funds
on classification and mapping be kept to an efficient minimum, and
repeated expenses on field 'work for temporary, narrowly defined and
unadaptable classifications be avoided.
Training of Soil Scientists
The overall factor which is limiting the progress in soil classification and mapping is scarcity of suitably trained men for all grades of
work. This is true in varying degrees and for various reasons in all
countries which have soil survey organizations. In those countries
which have no such organization a soil survey of desirable standard
and permanence can be established only after suitable personnel have
been trained in the necessary subjects. Basic training of future soil
scientists is absolutely essential. In the U.S.A. a large measure of
reliance is placed on graduates in soil science; in other countries, graduates in general agricultural science or science are given post-graduate
training in soils. Both courses of action appear to be satisfactory,
provided basic training is sound and there is a willingness to investigate soils in the field.
The latter point is extremely important. Soils are out-of-doors
objects and must be studied by people willing to go to the countryside to see and examine them in proper perspective and in relation to
their environment. There is some considerable preference among
graduates for indoor work which limits the availability of men for the
field sciences. Special attention should be given to interest graduates
• in the study of the soil in the field. Unless soils work is well done,
the work- of many other people, scientists and others, and invested
money is jeopardized.
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•Elate 3 9 . . - Tim ideal place in which to demonstrate soil characteristics to
students is in a pit. Here they may be taught to appreciate the various characteristics which distinguish different soil horizons: the color, texture, structure,
consistence, thickness and, arrangement of the horizons which influence plant
growth penetration, moisture intake, movement and availability.
By courtesy of M.U. Yakhyai
Plate 40. - While classifying and mapping 'soils of unoccupied areas it is
frequently necessary for soil surveyors to camp. Under such conditions there
is need for organizing ability in the construction, maintenance and victualling
of the camp. Water supply, fuel, shelter and communications are of primary
importance.
By courtesy of C. G. Stephens.
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The number of trained soil scientists in the world must be greatly
increased, or else it will be impossible to carry out to a sufficient
degree the work of soil classification and mapping and the correlative
research required in order to achieve the marked increase in production
and conservation which is vitally necessary. The use of inadequately
trained people instead would result in unreliable work and waste of
funds.
The execution of satisfactory soil survey work requires men of
unusual ability. They must be good travellers, good observers and
able to endure some degree, of hardship and adverse -conditions.
Two points are especially important in developing staffs of soil
scientists for field work:
1. Soil scientists should be broadly trained in all phases of
soils, including soil chemistry, soil physics, plant nutrition,
soil microbiology, mineralogy and geomorphology, as well
as soil morphology, genesis and geographj'. At least part
of the staff needs an understanding of production and institutional economics. The. data used by soil scientists in
soil classification and its interpretation come from all fields
of soil science and from horticulture, agronomy, forestry,
engineering, and agricultural economics. Unless well trained
in fundamental science and languages, workers cannot
interpret the findings of others and use them. For the most
part, the special techniques of soil surveying itself should
be reserved for initial training on the job and not attempted
in the university apart from vacation training for undergraduates and post-graduate students who have already
decided to become soil scientists.
2. Soil scientists must be able to look forward to continuous
employment in a research institute with good opportunities
for advancement, otherwise the better scientists will leave
the work. Location in a research institute provides the •

•<Z

Plate 41. - Monoliths taken from the face of pits may be
preserved with the aid of plastics such as vinylite -resin. They
are of great assistance in the instruction of. students of sou
science and in explaining to extension workers and land
owners the features which control soil productivity. It is expected that' plasticized monoliths will provide a good means of
comparing soils from, different countries, either as museum
collections or by exchange. The above group of seven monoliths include two—, four— and six—foot profiles.

By courtesy of C. B. Wells and K. P. Phillips (photo graph).
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best opportunities for mutually valuable associations and
exchange of ideas with colleagues working in related subjects both in the laboratory and in the field. One cannot
expect to organize good soil surveys on a temporary basis
or simply as a routine service to some administrative program or in an action agency.
The Co-ordination of Soil Classification
Another recommendation emerging from several contributors is
that, so far as possible, methods of soil profile description and soil
classification should be put on a reasonably uniform basis, so that
what is written of a soil in any locality by any soil scientist will be
read with understanding by his colleagues elsewhere. Insofar as
classification is used in detailed soil surveys, there seems general acceptance of the lower categories: series, type and phase or something closely
akin to these. The general notion of great soil groups is also widely
accepted, but, although there is a recognized need for an intermediate
category or categories between great soil groups and series such as
famity and/or fasc, there is no general agreement as to the basis for the
creation of this category.
Further, in categories higher than great soil group the nature of the
suborders and orders or alternative groupings is by no means widely
accepted, although the need of such categories is generally recognized.
The above problems, and in fact classification in general, needs
international action; since the International Society of Soil Science 'was
re-established in 1950, it would seem desirable for their Commission
on Soil Classification, Genesis and Cartography to make specific recommendations in this field at future meetings.
All places in the world having the same combination of soil genetic
factors have the same soil. Knowledge gained through experience
or research in one place is relevant to all like places. On the other
hand, good practices for sustained production on one soil type may be
wasteful or even ruinous on a different soil type. So, to make the
widest optimum1 use of agricultural science in any country and throughout the world, it is essential to have a consistent scheme of soil definition and nomenclature.
Soil scientists of the various countries must have opportunity for
working together in order to pool their knowledge and reach mutual
understanding on the use of a vast terminology. Then through orderly
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scientific correlation of soil classificational units, the general system
of classification would be continually improved and world soil maps
made possible. The general spread of efficient practices for sustained
production depends upon good world soil maps properly interpreted
so that the necessary observations can be made and exchange of ideas
take place. Soil scientists urgently need the support of their research
institutes to study soils outside of their own countries.
Conclusion
The most valuable national asset in any country is its soil. If
soil is well managed, its fertility is not only renewable but improvable.
If it is misused, the soil can be permanently damaged or irretrievably
lost.
The population of the world is steadily rising. If the people are to
be fed, clothed and housed, then the necessary agricultural and forest
products can- be assured only by a systematic increase in production
on existing farms and by a considered program of development of
unoccupied land capable of economic production. This is especially
true in tropical and subtropical areas, but, in some degree, applies to
all countries.
•
• •
Such a program calls for a national inventory of the soil resources
of every country, together with vigorous farm advisory work supported
by adequate knowledge of soil capability, crop management and fertilizer use. Only by such means can a realistic estimate of potential
arable, irrigable, pasture, terrace and forest land be made and a commensurate scheme of development and improvement be put in hand.
Soil maps are basic for such work. They are needed for the determination of the adaptability of crops to soils. Together with climatic
data, they may be used to decide where to grow food, fiber and wood
in sufficient quantities and to the greatest economic and social
advantage.
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