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SOTL SURVEYING AND SOIL VARIABILITY
~ B.W. AVERY

Soil Survey of England and Wales

INTRODUCTION: NATURE AND PURPOSE OF SOIL SURVEYS

| The a1m of s01l surveys is to collect and organlze information about
s01l varlatlon. ﬁ 8011 whether cons1dered as the med1um in which plants
grow, or as the superf1c1al zone mod1f1ed by pedogenlc processes, is in-
varlably‘anlsotroplc in a direction normal to‘the_ground surface, and

also varies more or less  continuously from place to place. To deal

~with this 3-dimensional continuum, the soil profile (or pedon) is usually

-:taken as the unit of study: selected attributes of the soil profile,

recorded .at regularly or:irregularlyllocated sampling points, are used

to characterize and classify areas of soil delineated on maps.

: The mapped areas may be de11m1ted us1ng external (phys1ograph1c) as

‘Well as 1nternal (proflle) cr1ter1a. To fac111tate transfer of inform~

atlon, the dellneatlons 1n systematlc general purpose soil surveys are
related to classes (e g s01l serles and great s01l groups) in a general
system of s01l class1f1catlon based prlmarlly on proflle characterlstlcs.
Thus, each set of areas 1dent1f1ed as a un1t by a specific colour or
Symbol in the map legend represents a collectlon of soil-bodies in which

Proflles (or pedons) of one or more spec1f1ed classes predominate.

'The usefulneSS‘ofcsuch a survey depends partly.on the attributes

‘defining soil classes, 'and ‘partly on’the ‘accuracy with which areal

variability is represented. vldeally;bclass‘differentlae should be
related to as‘many other properties as possible; and if the purpose of
the survey 1s to make valid predlctlons about the use and behaviour of
the s01l the propertles chosen should be 51gn1f1cant for this pur- ‘

pose,

"However, to provide an effective basis for mapping, differentiat-

ing charaéteristics must be idéntifiable in the field, in so far as soil




46

variability is the main factor limiting predictions that can be made,

A

and few sites can be characterized by tests on samples in the lab-
oratofy, compared with the many that can be characterized in the field
for the same expenditure. Moreover, some soil properties are season-
ally variabie, and/or are readily altered over short periods by man-—
agement. Hence criteria used in soil mapping are the more permanent
properties that can be observed or measured in the field with reason-
able precision, and related directly or indirectly to land-use

potential and management requirements., Ancillary laboratory measure-

ments are made on selected samples: (i) to confirm field estimates of

properties used in classification; (ii) to determine additional prop-
erties that may serve further to characterize map units, when between-

unit variance is significantly greater than within-unit variance.

In current classification schemes for use in soil surveys (Soil
Survey Staff, 1960, 1967; De Bakker and Schelling, 19663 Northcote,
1965), the criteria are: (i) presence of identifiable horizons (e.g.
argillic horizons of clay accumulation, structural (cambic) B horizons;
gleyed horizons, thin iron-pan; peaty or humic surface layers);

(ii) texture (particle-size distribution) and stone content of specif-
ied horizons or 'reference léyers', occurrence of carbonates and other
morphological features indicating significant differences in the comp-
osition of horizons. Compared with earlier schemes, Both soil series
and higher categories are defined by specified characteristics that
can be directly observed or measured; rather than by inferred qual-
ities, e.g. 'drainage', parent material, or mode of origin. The
classes grdup profiles (pedons) according to their siﬁilarity, ir-
respective of their proximity or of how or whe;e they occur. How-
ever, emphasis is placed, in selecting differentiae, on pedological

or other features that can be related in their distribution to environ-

mental factors (e.g. land-form, natural vegetation) so that the surveyor

can use such relationships to predict lateral changes.

It is in fact the existence of some uniformity in the distrib=
ution of soil properties over areas that makes soil surveying pos-—
sible, as the feasible sampling density is very much smaller than that
needed to make reliable predictions if variation were largely random.
Thus, one screw—auger boring per m2 represents a 0.047 sample, and one

2 . . .
m pit per hectare a 0,017 sample. We know empirically that adjacent
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profiles are usually similar, and Dokuchaiev's postulates relating soil
changes to changes in climate, parent material, vegetatiofi;"relief and

age 6f'groundlsurface have not been seriously challengéd.

 VARIABILITY WITHIN SOIL MAP:UNITS "7 -7~

Because of lateral variability and sampling limitations, most:areas
delineated on soil maps inclnde portions containing‘more than one soil
series; evén at scales as large as 1/2,500. ‘According: to-the ¥.8.D.A.
Soil-Sutvey Manual (1951), a map unit can be identified by“a soil=-
series name when at least 857 of each area conforms to one’ series;
otherwise it is named as a soil association,-a soil-complex-or an un— °
differentiated group, depending on the scale of’the map-and the pattern
of occurrence of the component kinds of soil. However,:the:few retro-
spective statisticdl studies made of variability within map units -
suggest strongly that this provision is unreallstlc when applled to
most soil- ser1es maps. For example, McCormack and W1ld1ng(l969) an-
alysed f1e1d data obtalned on 10 randomly selected proflles w1th1n each

of 22 dellneatlons on 1/15 840 maps of part of 0h10*, and found that

only 377 of the 220 proflles fell within the stated serles 11m1ts.

(When the 11m1ts were narrowed 1n accordance w1th new U S D A system ’
(Soil Survey Staff 1967) for dlfferentlatlng s01l famllles, only 177 g
were in the proper family!) In an earlier study in a less eomplex '
area (Wilding et al 1965), more than 307 were~outs1de\the_llmrts.: Ac~
cordingly, the current convention in the United States (Simensqn?

1968) is that each area of a map unit identified by a soi;rseries,name
should include a major propdrtion of soil conforming_tolthat;series,
and other soil included should be fclosely similar or form small prop—

ortions of. the whole',

SOIL SURVEY PROCEDURES

Recognition that lateral variability is the major factor limiting‘

the prediction value of soil maps, coupled‘with'the need tocprddhee the

‘'carefully prepared medium intensity surveys': ‘mapping‘rate 320
.acres (125 hectares) per day. -



48

maps as economioally and efficiently as possible, has led to critical

examination of survey procedures. These may be categorised as grid

_survey, free survey and physiographic survey (Steur, 1961; Beckett,

l968)5§depending on the extent to which the mapped boundaries are based
on field observations of the soil profile, rather than on associated
land attrlbutes as observed on the ground, on air photos, or on topo-

graphlc maps.

‘Tn‘grid survey, boundaries are drawn in accordance with profile ob-

~ servations made at regularly spaced points., This method is used for

very deteiled surveys (e.g. of experimental fields or farms), and where

soil differences have little surface expression.  According to Buringh

et al (1962), about 9 observations are needed in an area represented by
T —————— .

1 emz'on the‘published map, to plot boundaries with sufficient ac-

curaey from-borings alone (e.g: 140/sq.km. at 1/25,000).

More commonly, the direction of traverses and/or the spacing of ob—
servatlons 1s varied according to the expected alignment of soil bound—

arles as 1nd1cated by relief or surface appearance. This procedure,

tran31t10na1 to free survey, needs .fewer borings, and has been much

used for seml—detalled mapping in the Netherlands and in lowland Britain

‘w1ph 25-100 borlngs per sq.km. (1 to 24-10 acres) for production of

published maps at 1/25,000 or 1/63,360.

In grid surVeys, profile characteristics are recorded at each sam~
pling point, and any recorded attribute or set of attributes can be

used for clasSification. The map legend can, therefore, be construc-

‘ted, and boundarles 1nserted, after the data have been collected. In
free survey, by contrast, the mapping legend is established, following

‘a reconnaissance to identify the soil classes (series) represented and

to discover relationships between their distribution and external

features, chiefly land form. Profile observations are then located

‘irregularly, primarily to confirm the expected relationships and to
‘verify the positions of putative soil boundaries, which are plotted in

the field'as survey proceeds.

.Free survey has been used . for medlum and small-scale mapping (pub-
11cat10n scales ranging from 1/15,000 to. 1/250 ,000), particularly in

the‘Unlted States, Britain and New Zealand, on the assumption that an

experienced surveyor can map the distribution of soil classes at -least
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as accurately as by the grid method with fewer observations. However,
it is less effective where soil differences have little surface expres-
sion, and the profile observations made cannot be relied on to give an

unbiased-estimate of-variability within map units.

In physiographic survey, boundaries are based on external features

of soil and landscape, e.g. as observed on .air photos,,aided by avail-
able information on geology, 8eomorphology, etc. Field observations
are made afterwards, not primarily to locate boundaries, but to ideﬁtify
or describe the soil within each map unit (Goosen, 1967; Beckett,
1968). - This procedure has been most used to make quickly small-scale
maps showing compound units (soil associations), especially in under-
developed ‘areas where native vegetation, as well as land form, often

aid in boundary location.

Physiographic survey depends more than free survey on the existence
and constancy of well defined soil/landscape relationships, and on the
surveyor's skill in identifying them. To achieve the economy that
is its major asset, field observations are usually limited to few
sample areas or transects; more are needed tb verify that a given
change in air photo tone. or pattern always denotes the same soil
change, -and that the same kind of soil or soil.pattern always gives a

-distinctive tone or pattern on the photo.

LATERAL CHANGE IN SOIL VARIABILITY

As Beckett (1967, 1968) and Webster and Beckett (1968) emphasized,
a soil map is good when both precise and cortrect statements can be made
. about: the map units, the aim being to minimize intra-unit variance in

as many properties of interest to the user as possible.

Thé preéision of such statements increases with increasing sub-
division of mapped soil classes (e.g. in the order great soil.group,
sub%group, family, series, phase). With increasing class subdivision,
it may be expected that bodies of soil conforming predominantly to a
single sub-class will beismaller, so that a larger map scale and a
greatef sampling density Wiil be needed to represent their distribution
with a given degfee of accuracy. However, landscapes differ greatly

‘in the extent to which profile similarity is associated with contiguity,
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and different soil properties change laterally at.different rates, de-

Pending on-causative  factors.

Beckett (1967) discussed the significance in soil surveys of
'periodicity' in lateral soil change, as exemplified by changes in
variance of particular properties, measured at randomly sited points
within sample areas of progressively increasing size. Thus variabil-
ity in physical, chemical and biological properties related to worm
holes, ped formation, stones, roots, etc. is usually already pronounced
in sample areas of 10 x 10 cmz, but may not increase much more as the
sample area 1s increased. However, total variability increases more
or less stepwise as okher causes become effective, such as tonguing:of
horizons, tree throw, mole hills, ridge—and-furrow cuttivation, ir- .
regular fertilizer distribution, or lateral segregation of soil mat-
erials as in patterned ground or gilgae, over distances of 1-10m. or
more, and other changes in parent material or hydrologic condition over

greater distances.

Soil surveys are primarily concerned with lateral changes in the
variability of relatively permanent soil properties above that present
within areas of say, 1 m2 (i.e. between pedons), insofar as the map
units are characterized and predictions made in terms of mean values of
properties of blocks of soil about this size. Such changes may be con-
tinuous, with no well defined inflexions in rate of change, or dis-
continuous when two distinct but relatively uniform bodies of soil ad-
join: they may be further characterized as systematic (orderly) or un-
systematic, according to whether there is a discerable regular pattern

of change.

Systematic continuous changes are exemplified by progressive changes
in profile morphology (involving such properties as amount, kind and dis-
tribution of organic matter and inorganic products of weathering, hor-
izon development and solum thickness) attributable to the effects of
changing climate on a uniform parent material. Others of more local
significance include those related to gradational changes in parent
material, drainage or time available for undisturbed profile develop-
ment on floodplains, fans and pediments, and in areas of loess depos-
ition, metamorphic aureoles, etc. Many catenary changes in soil prop-
erties on hill 'slopes are also continuous (cf. Milne, 1947), as demon-

strated by recent studies of trends and variability across loess and
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drift landscapes in Iowa by Walker et al (1968). Others, reflecting
sharp changes'in‘parent‘rockfbr age of ground surface in 'mixed' or

"polyeyeclic! tatenas, include-well defined discontinuities. .. .

Wherever changes‘fn‘soil‘properties are continuous,‘any:mapped‘soil
boundary. is mecessarily. arbitrary. However, in many catenary patterns
the distribution of properties such as degree of mottllng, depth tov
carbonates, or solum thickness, can, be related to 1and form elements,
and  the relationships used to predict the locatlon of boundarles based
on one:or more such propertles, O, long as other factors, ch1efly parent

material, remain, uniform.

Systematlc dlscontlnuous changes 1nclude those bound1ng natural
s01l landscape unlts as concelved by Knox (1965) They usually co—w
1nc1de with the boundarles of d1screte, sedlmentary ot" 1gneous rock
bodies, extant or 'fossilized' ground surfaces (Butler, l959),vor some
combination of these, and may or may not be periodic (cyclic) in the
sense of recurring at regular intervals. Where, as often happens, they
also coincide with consistently identifiable changes in external land
attributes, they afford an economlcal and effect1ve ba51s for 5011 map-—
ping by -free or phys1ograph1c procedures, provcdlng that they occur at
intervals recognlzable at the map scale used Where short—perlod d1s—
continuous changes occur, as in patterned ground (e g. Watt EE_il 1966)
and .some alluvial landscapes produced by bra1ded streams, the var1-
ability cannot be resolved at any ordlnary map, scale, and the area 1sv

most usefully mapped as a soil complex, insofar as the large var1at10n

over,short.dlstancesvrs‘rtself a major factor affect1ng land-use

potential,-

Much short peried var1ab111ty has been recorded in England ‘and Wales
part1cularly assoclated w1th Ple1stocene or earlier deposits ev1dently
disturbed under per1glac1al cond1t1ons, 1rregular dissolution of cal<
careous substrata, lithologically variable sedimentary rocks in ‘erosional
situations, and Fenland landscapes with intricate creek patterns._ Es-
pecially in the f1rst two s1tuat1ons, sub- surface d1scont1nu1t1es are.

. seldom reflected in. surface relief and can eas1ly escape not1ce, al—
though air photos will. often reveal them and the exact nature of the

pattern:can then be investigated on: the ground,

In many 1f not most landscapes,”systemat1c variation in soil prop-

ert1es 1nvolves both contlnuous “and dlscont1nuous changes of vary1ng
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periodicity. The range and pattern of variation depend. chiefly on
patrent material and geomorphic history, and‘any‘ehange in one or other
of these changes the pattern or the nature of the soil in particular
land-form elements. Superimposed on any systematic variations are un-
systematic (random) variations, which can account for much of the total
variability. Thus, Walker and Protz (1968) found much varigbility in
relati#ely simple‘Iowa landscapes was ﬁnrelated‘to land-form parameters
and attributed it to relict subsoil features and irregular distribution
of animal burrows} In general, however, the most important factors
apparently causing unsystematic variation are firstly parent-material
vatiation, and secondly biological (including human) factors, e.g.

land-use history and (occasionally) random distribution of plants such fﬁ

as kauri trees (Agathis australis) which have a powerful influence on

soil evolution.,

CONCLUSION

Insofar as the nature and periodicity of lateral variability differ

considerably between landscapes and largely determine the effectivenes,

of particular soil mapping procedures, it may be argued that soil pat-

tern, rather than map scale, should dictate procedﬁre. " To achieve a
uniform standard of reliability, an appropriate balance has to be es-
tablished between the complexity of the soil pattern in relation to

map scale, the precision of the legend units and the density of ob-
servations, This is best obtained by an adequate preliminary recon-
naissance, using air-photo interpretation in conjunction with closely
spaced ground observations (transects or random sampiing studies) in
sample areas to identify major soil-landscape units in the area, and

to assess the range and pattern of variability within each, particularly

over short distances.

Free survey based on such a reconnaissance is likely to be more ef-

- ficient than grid survey (i.e. with the same number of observations)

wherever major discontinuities occur at mappable intervals and have con-
sistent external expression, or where systematic continuous variation
can be related to land form. It is also likely to be more effective,
though less economical, than physiographic survey in most areas, be-

cause the mapping procedure is specifically directed to verifying the
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constancy of soil/landscape relationships and adjusting the %ocation of
boundaries in accordance with a consistent mapping legend, and this be-

comes critical wherever departures from the expected pattern occur,

Wherever there is much variability within land-form units, grid
mapping is likely to be more effective than free survey. - However, un-
less the soil vafies consistently with a periodicity appreciably larger
than the grid spacing, no significant improvement in resolution may be

achieved.

The chief advantage of grid sampling is that reasonably reliable
numerical estimates can be made of: (i) the proportions of defined
kinds of soil in an area; (ii) modal or mean values and variance of any
measurable attribute recorded, providing that the grid sﬁacing is close
enough to give enough samples. It should be noted, however, that values
obtained for a map unit are inapplicable to individual delineations, and
vice versa. In McCormack and Wilding's (1969) study, 10-15 observ-
ations were needed in each delineation to identify dominant and sub--
dominant soil series with reasonable certainty, and at least  as many
(often many more) to estimate population means within 107 of parameters

such as depth of leaching of CaCO,, depth to distinct mottles and

3,
horizon thicknesses.

As ﬁoted by Steur (1961), a combination of grid and free survey,
using regularly spaced observations to estimate the composition of map
units, and a free procedure to locate boundaries, offers the best means
of producing a map in which maximal reduction of intra-unit variance
is combined with an acceptable standard of reliability, but needs many
observations and is therefore expensive. Systematic grid sampling can
also be combined with physiographic survey, as recommended by Rudeforth
(1968), but a soil map produced in this way is likely to be of poorer
quality, as judged by comparing total and intra-unit variance, when

boundaries are based on physiographic (air-photo) interpretation alone.

Free survey entails first establishing a mapping legend, which pro-
vides a consistent basis for identifying map separates and delineating
boundaries. If legend units are defined in accordance with a suitable
general (locality-independent) system of soil classification, inform-
ation about the units can be transferred accordingly, and map units in

different areas readily correlated. In principle, each map unit is
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identified by the most commonly occurring class of soil, or by two or

more classes 'if it is demonstrably multi-modal. -

Webster (1968) réferred to the difficulty arising when well defined
areal units have peak‘frequencies in one or more differentiating at-
tributes close to a predefined class limit. In practiée this problém
generally appears less serious than the basic one of economically
identifying;-delineating‘énd grouping areas of land which are indeed
relatively homogeneous and are also closely similar in the distrib- |
ution of 'several soil properties of interest. It is almost certainly
a misconception to imagine that all delineations of a map unit uéually
correspond to essentially equivalent soil bodies bounded on all sides
by well defined natural discontinuities. Rather, experience suggests
that few natural landscapes of any extent conform to this idealized
model. In most landscapes, because of the superimposition of contin-
uous and discontinuous variability of variable periodicity, and the oc-
currence of uncoordinated rélationships between soil properties, arb-
itrary criteria are needed to delineate map separates that can be
grouped and characterized as a single legend unit in terms of soil

properties,

However, there are undoubtedly areas where rigid adherence to pre-
defined class limits can entail splitting a population at or near the
peak frequency of a particular attribute, and hence result in an in-
accurate or misleading map. When reliably demonstrated, such situ-
ations may indicate that the classification is generally ill suited
to the purpose intended and ought to be changed: otherwise, if the
class limits have been found generally acceptable, the map unit con—l
cerned may be recognized as an 'intergrade', in the sense that it is

unimodal, with a mode at or near a class limit and a range comparable

with that of a single class. But the situation must be clearly

identified as such, and not confused with a multi-modal mosaic of two

or more classes.
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