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Lecture on: The Soil Resource:
Soils of the World
at: 1% April 198%
by: lana van Baren,
Carator

501l Genesis and Classgification of the

international 30il Reference and Tnformation Centre {T1SKIN)
P.O. Box 343, 6700 AJ Wageningen, the Netherlands

Gontents of lecture:

The iecture starts Wwith an introduction on seil forning factors and aoil

forratinn processes, to arrive at a basic understanding of the great variety
of anila of the world.

After some approaches to soil classification, twe systems will be treated in

more detail: the FAQ-Unesco Soil Map of the Worid legénd and the USDA Soil
Conservation Service Soil Taxonomy.

In the afternoon & film will be ahown, entitled 'The fate of the forest’.

The {nllowing iecture notes are provided:

- introduction to the 501l Map of the Warld; /

= iist of wnil units Seil ¥ap of the Werld; 4Z-3

- najor 2haracteristics of horizons, definitions of soiX units end a

simplified key soil units Soil Map of the Worid; benefits and uses of
this map; &-J<¢

- a simpiified soii map; 2/
sanrt deseription of the epipedons and horizons of Soil Taxonomy; -ZZ-&?/
s0il moisture/soil tempersture regimes of Soil Taxonomy; 526

short description of the orders and suborders and iiating of great groups
of Snil Axonony; .27-.3«"_

- noies on 801l texture and soil atructure; £3- 5}
principles of ao0il classification; 3¢-¢o
new developments in world soil classification. Y.y 2

Added is a listing of some recent books on general aspecta of soil science,
mostly in the English language. {yx)
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The soil maps of al} regions are accompanied by explanatory texts.

Maps and texts can be purchased at:

Unesco Press
8.P. 1.07
75700 Paris

France

Unesco natienal
sales agents
around

the world

Prices available on request.

ISRIC
P.0.Box 353
6700 AJ Wageningen

Retherlands
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UNITED NATIONS EDUCATIONAL, SCIENTIFIC AND CULTURAL ORGANIZATION

List of Soi! Units of the

FAO-Unesco 50i} Map of the World

The FAQ-Unesco Soil Map of the World at a scale of 1:5.000.000 shows about

5090 mep units. These consist of $oil units or associations of soil units

occurring within the limits of a mappable physiographic entity,

Tne legend sheet copied here presents the 106 soil units in an order

which reflects the general processes of soil formation.

The abbreviations menticned are used on the map .
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FLUYISOLS

Eutne Fluvisels
Calearie Fluvisols
Dystric Fluvisols

Thionte Fluvisols

GLEYSOLS

Futric Gleysols
Calearie Gleysols
Dystric Gleysols
Mollie Gleysols
Humie Glevsols
IMinthic Gleysels
Gelic Gleysols

REGOSOLS

Eutric Regosols
Calcaric Regosols
Dystric Regosols
Gelic Regosols

LITHOSOLS

<

Vp

ARENOSOLS

Cambic Arenosols
Luvic Arenosols
Ferralic Arenosols

Albic Arenasols

RENDZINAS ’

RANKERS

ANDOSOLS

Ochric Andosols
Mollic Andosols
Humic Andosols

Yitric Andosols

VERTISOLS

Pellic Vertisols
Chromic Vertisols

Zo
Im
7t

7z

Sm
Sg

Yh

Yy

Yt

Xk
Xy
X1

SOLONCHAKS

Orthic Solonchaks
Mollic Solonchaks
Takyric Solonchaks
Gleyic Solonchaks

SOLONETZ

Orthic Solonetz
Mollic Solonctz

Gleyic Selonetz

YERMOSOLS

Haplic Yermosols
Calcic Yermosols
Gypsic Yermosols
Luvic Yermosols

Takyric Yermosols

XEROSOLS

Haplic Xerosols
Calcic Xerosols
Gyptic Xerosoly
Luvic Xerosah

4

Kh
Kk
K

“

=228

&FEFF

Mg

KASTANOZEMS

Haplic Kastanozems
Cakic Kastanozems

Luvic Kastanozems

CHERNOZEMS

Haplic Chernozems
Calcic Chernozems
Luvic Chernozems

Glossic Chernozerns

PHAEOZEMS

Haplic Phacozems
Calcaric Phaeozems
Luvic Phacozems
Gleyic Phacozems

GREYZEMS

Orthic Greyzems
Gleyic Greyzems
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B CAMBISOLS D PODZOLUYISOLS
Be Eutric Cambisols De  Futric Padzoluvisois
Bd  Dystric Cambisols Dd  Dystric Podzaluvisols
Bh  Hurne Cambisols Dg  Gleyic Podzoluvisols
Bg Gleyic Cambisols
Bx  Gelic Cambisols
Bk Calkic Cambisols P PODZOLS
Be  Chromic Cambisols
Br  Veriic Cambisols Po  Orthic Podzols
Bf  Feeralic Cambisols Pl Leptie Padzols
P{  Ferric Podzols
Ph  Humic Podzols
Pp  Placic Podzols
L LUVISOLS Pg  Gileyic Podzols
Lo Orthic Luvisols
Le Chromic Luvisols W  PLANOSOLS
Lk  Calcic Luvisols
Ly Vertic Luvisois
Lf  Ferric Luvisols ::: iu::nrcicl‘::nas‘si
La Albic Luvisols Wa Mtnju Pi:ar;:::l)ss
Lp Plinthic Luvisols
Lg Gieyic Luvisois Wh Humic Planosals
Ws  Soledic Planosols
Wx  Gelic Planosols
I.  Legend (1 sheet)
I, North America (2 sheets)
111, Mexico and Central America {1 sheet)
IV.  South America {2 sheets)
V.  Europe (2 sheets)
The soil

Maps and texts can be purchased at:

Unesco Press

B.P. 3,07 sales agents
75700 Paris around the
France world

Ao
A
Al
Ap
Ag

T

N
Nd

)

SEaF I

Fp

Vi,

Vil

Vil
IX.

Unesco national

ACRISOLS

Orthic Acrisuis
Ferric Acrisols
Humic Acrisals
Phathic Acrisols
Gleyic Acrisols

NITOSGLS

Eutric Nitosgls
Dystric Nitosals

Humic Nilosols

FERRALSOLS

Orthuc Ferralsols
Xanthic Ferralsols
Rhodic Ferraisols
Humic Ferralsols
Acric Ferralsois

Plinthic Ferralsols

Africa {3 sheets)

O HISTOS0LS

Qe Tutnie Iislosols
Qd  Dystric Histosols
Ox  Gelic Histosols

Scuth Asia (2 sheets)

- North and Central Asia {3 sheets)

Southeast Asia {1 sheet)

Australasia (2 sheets)

maps are accompanied by explanatory texts.

ISRIC

P.O. Box 353
6700 AJ Wageningen

Netherlands

Major Characteristics of Diagnostic Soil Horizons

of the FAQO-Unesco Soil Map of the World

Histic H:
-~ H horizon, usually 20-40 cm thick, but 40-60 cw if 75 vol. perc. or more
is Sphagnum, less than 25 cm if high in OM

Moilic A:

- stronp struciure, not both massive and (very} hard when dry

-~ chroma 1ess than 3.5 moistu, darker tham 3.5 moist and 5.5 dry

- BSP 50 or more (NH,0Ac method)

- OM at least 1% throughout control layer

- thickness 10 cm or more if on hard rock/horizen; at least |8 cm or more
than one-third of the solum 1f less than 75 cm, and more than 25 cm when
solum 1s more than 75 em thick

- P30q content less than 250 ppm

Umbric A:

- as moilic A, but BSP less than 50

Ochric A
- too Light 1o colour, toe high a chroma, too little OM, or too thin to be
mollic/umbric, or both massive ard (very) hard dry

Arpiiiic B: /

- ¢lav increase within a vertical distance of 30 om;
x if eluvial hor. less than i5% clay, arg. B at least 3% more clay.
+ if eluvial hor. 15-407 clay, ratio in arg. B to ¥ hor. is 1.2 or more.
+ if eiuvial hor. more than &4QZ clay, arg. B atr least 87 more clay.

- thickness at least ore—tenth of the thickness of the sum of the overlying
horizons, of more than i5 cm thick if £ + B over 150 cm thick. Lamellae
together at least | cm thick

- oriented clay bridging sand grains, clay skins on peds, or oriented clay
in 1% or more of the cross section

Natric B:
= argillic B + columnar/prismatic structure + ESP more than 15 within upper
40 cm

Cambic B:

An alrered horizen lacking properties of argillic, natric, spodic, mollie,

umbric, histic H.

~ texture v.t¥. sand, 1.v.f. sand or finer

- %01} structure, absence Tock structure in at least half the horizon

- signiflcant amounts of weatherable minerals, CEC over 16 me/l00 g clay

- cvidence of alteration (higher clay content than underlying hor., colour,
removal of carbonates)

- evidences of reduction or reduction and segregation of iron

- enough thickness that its base is at least at 25 cm depth



Spedic B:

Below a depth of 12.5 cm or Ap, one or more of:

= subhor. of more than 2.5 cm continuously cemented by a combination of
Organic matter with iron or aluminium or with both

= sandy or coarse loamy texture with distinct dark pellets of coarse silt

$iz¢ or with sand grains covered with cracked codtings

one or more subhor. with iron and aluminium requirements

Oxic B:

A hor. that is not argil!lic/natric and that

= is at least 30 cm thick

CEC 16 meq or less/:00 g clay (NHaOAC)

only traces of primary weatherable minerals

texture sandy locam or finer and more than 157 clay

mostly gradual or diffuse boundaries
= less than 5% rock structure

Calcjce:

- accumulation ¢f secondary calcium carbonate in C, B or A hor.

= 15 cm or more thick, 152 or more calcium carbonate equivalent and at
least 57 more than in the C horizon

Gypsic:

- accumulation of secondary caleium sulphate

=I5 em or more thick, at least 5% more gypsum than in the C horizon
~ product of thickness (em) and pergent gypsum is 150 or mere

Sulfuric:

= pH less than 3.5 and jarosite mottles with a hue of 2.5Y or more and
4 chroma cf 6 or more

Albic E:

- clay and free iron oxides have been removed or oxides have been segregated
and coleur is determined by primary sand and silt particles

- colour value 4 or more meist, or 5 or more dry, or both. If value dry 7 or
mOre, Or moist 6 or more, chroma is 3 or less

- may overlie spedic B, argillic/natric B, fragipan, impervious layer

FAO-Unesco Soil Map of the World

Soil horizon designations

Seil horizon designations

A soil horizon may be defined as a layer of sail,
approximately paralle] to the soil surface, with char-
acteristics produced by soil-forming processes (17,5,
Soil Conservation Service, 1951). A soil horizon is
commonly differentiated from the one adjacent by
characteristics that can be seen or measured in the
field — such as colour, texture, structure, consis-
tence — and sometimes also in laboratory tests. In
addition to genetic soil horizons many soifs show
stratification due to variations in parent material or
lithological discontinuities. Strictly speaking, a suc-
cession of different materials should not be differen-
tiated as ** herizons ™ but ’s * layers. " The distine-
tion is not always very clear. however, since soil-
forming processes are often active throughout
stratified materials,

A soil is usually characterized by describing and
defining the properties of its horizons. Abbreviated
horizon designations, which have a genstic conno-
taton, are used for showing the refationships among
herizons within a profile and for comparing horizons
among different sotls.

Horizon designations are therefore an element in
the definition of soil units and in the description of
representative  profiles. Horizon  designations are
defined in broad qualitative terms, and of course do
not substitute for clear and complete descriptions of
the morphological characteristics of each horizon.

Though the ABC horizon nomenclature is used by
the great majority of soil scientists, the definition of
these designations and their qualification with suffixes
or figures vary widely, Within the framework of
the Soil Map of the World project, the Tnernational
Society of Soil Science (1858) convened & panel of
cxperts’ to work out a system of soil horizon designa-
tions which could be recommended for international
use. A first draft was published in Bulletin No. 3
of 1385 in 1967 and discussed at the Ninth Congress
of the Socicty held at Adelaide, Australia, in 1968.

The following definitions incorporate the numer-
ous suggestions received both during discassion at
the Congress and by coffespondence.

The symbols.used to designate seil horizons are
as follows:

Capital letters H, O, A, E, B, C and R indicate
master horizons, or dominant kinds of departure
from the assumed parent material. Strictly, C and
R should not be tabelied as ** soil horizons ™ but as
*“layers,"” since their characteristics are not produced
by seil-forming factors. They are lsted here with
the master horizons as important elements of a s0il

* This working group met at Fao Headguarters m Rome in
Septernber 1967 It was tomposed of J. Bennema {Nether-
fands). ). Boulaine (France), I3, Luis Bramio {ra0), R, Dudal
{ra, 8. Evteev {Unescoy, 1.9, Gerasimov{U S S R ;, E Miloken-
hausen (Vederal Republic of Cermany). R W, Simonyon
(Umited Siates), A ) Smyth (ran), F.A. Van Haren {Nether-
lands).

Copied from: FAO-Unesco Soil Map of the World, Volume I, Legend, pp. 20~23.

Unesco, Paris, 1974



profile. A combination of capital letters is wsed
for transitional horizons.

Lower case ferers are used as saffiies 1o quahify
the masier horizons 1 terms of the hind of depar-
lure from the assumed parent materwi. The lower
case leiters immediately follow the capital leuer.
Two lower case Jetlers may be used 1o mdicate two
lealures which ovceur concurrently.

Arabic figures are used as suflixes to indicate vertical
subdivision of a soil horizon.  For A and B horizons
the suffix figure is always preceded by a lower case
letter sufiix.

Arabic figures are used as prefixes to mark Iithological
discontinuities,

MASTER HORIZONS

H: An organic hocizon formed or forming from
accumulations of organic material deposited on the
surface, that is saturaied with water for prolonged
periods (unless aruficially draned) and contams
30 percent or more arganic matter if the mineral
fraction contains more than &0 percent ol clay,
20 percent or more organic matter of the mineral
fraction corains no clay, or intermediate pro;or-
tUons or orgamc maller for intermediate contenis of
clay.

H horizens form at the surface ol welsails, either
as thick cumulative layers in organic sois or as thin
layers of peat or muck over mineral soils, Fven
when ploughed the surface soif keeps a high content
of orgamie matier following the mixing of peat wilh
mineral malerial. The formation of the H hori-
zon is related to prolonged waterlogging, unless sais
are artificially drained. H horizons may be buried
below the surface.

O: An organic horizon formed or forming from
accumulations of organic material deposited on the
surface, that is not saturated with water for more
than a few days a year and contains 35 percent or
more organic matter,

Q herizons arc the arganic horizons that develop on
top of some mineral soils — for example, the ' raw
huinus " mat which covers certain acid soils. The
organic material in O horizons ig generally poorly
decomposed and occurs under naturally weli-drained
conditions. This designation does not include ho-
rizons formed by s decomposing rool mat below
the surface of the mineral soil which is characteristic
of A horizons. O horizons may be buricd below
tbe surface.
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A: A muneral horizon ! formed or forming at or

adjacent to the surtace that either:

(@} shows an accumulation of humified organic
maiter intumately associated with the mineral
fraction, or

(b} has a morphology acquired by soil formahion
but lacks the properties of E and B hornzons.
The organic matter in A horizoas is well decam-
posed and 15 either distributed as fire particles oris
present s coatings on Lhe mineral particles. As a
result A horizons are normally darker than the adja-
cent underlying horizons.  The organic material 15
derived {rom piant and animal remains and incor-
poraled 1n the soil through biolegical actvity rather
than by translocation. in warm arid climates where
there is only slight or virtually no accumulatior of
organic malter, surface horizons may be less dark
than adjacent underlying horizons. If the surfacc
horizon has a morphology distinct from that of the
assumed parent maierial and lacks features charac-
teristic of E and B horizons, 11 is designated as an
A horizon on account of its surface location,

E: A niineral harizon showing a concentration of
sand and silt fractions high in ressient munerals,
resuiting froa: a loss of silicaie clay, iron or alumu-
num or some combnation of them.

E horizons are cluvial horizons which generally under-
lie an H. & or A horizon from which they are nor-
mally differeatiated by a lower content of organic
mattes and a lighter colour. From an underlying
B horizon an E horizon is commonly differentiated
by colours of higher value or lower chroma, or by
coarser texture, or bath.

B: A mineral horizon n which rock structure is
obliterated or is but faintiy evident, characlerized
by one or more of the following features:

(a) an iiluvial concentration of silicate clay, iron,
aluminivm, or humus, alone or in combinalions;

(b) a residual concentration of sesquiorides relative
Lo source materials:

(€} an alteration of material from ts original con-
dition to the extent that siticaie clays are formed,
oxides are liberated, or both, or granular, blocky,
or prismatic struciure 15 formed.

' The term ** mineral horizon ™ is used here (0 indicate that
Organic malter conlents are lower than Lhose nresend 1 Organ-
i¢ horizons defined above as H and 0. When nOCESSArY 4R
additioral symbol L. can be used to designate impic lavers
which ingiude bolh organic and inorganc maierial, In offer
to secure compatibility between horizon designations and dlag-
nostic horizons the crileria used 16 separate mineral and organ-
i¢ horizons are drawn from Seil taxonamy {U.S. Sou Conser-
vation Servico, 1974).

B horizons may duffer greatly. It is generally neces-
sary to establish the relationship between averlying
and underiying horizons and 1o estimate how a B
horizon has been formed hefore it can be identified.
Consequently, B horizons generally need 1o be
quaiificd by & suffix 1o have sufficient connotation
inoa profile description. A *humus B honzen
15 designated as Bh. an “iron B as Bs, a ‘' textural
B"as Bt.a “colour B " as Bw. [t should be siress-
cd here that the horizon designations are qualitative
descriptions only. They are not defined in the quan-
titative terms required for diagnostic purposes. B
horizons may show accumulations of carbonates,
of gypsum or of other moare soluble salts. Such
accumuiations, however, do not by themselves dis-
stinguish a B horzon.

C: A muneral honzon (or laver} of unconsohdated
matenial from which the solum s presumed to have
formed and which does not show properties <hag-
nostic of any other master horizons.

Traditionally, € has been used to designate
“parent material.” It s seldom possible 1o
ascertain that the material underlving the A, F and
B horizors and from which they are assumed ta
have deveioped s unchanged. The designation € s
therefore used (or the unconsolidated material undes
lying the soium that does not meet the recnirements
of the A, T or B designations. This matenal may,
hawever, have been altered by chemical weathering
below the serl and may even be highly wcathered
{** preweathered ™).

Accumulations of carbonates, gypsum or other
more solubie salts may be inciuded in C honzons 1f
the malerial is otherwise littic affected by the processes
which contributed to the formation of these 1nterbed-
ded layers. When a C horizon consists mainly of
sedimentary rocks such as shales, marls, siltstones or
sandstenes, which are sufficiently dense and coherent
to permit little penetration of plant roots but can
still be dug with a spade, the C horizon is quaiified
by the sufix m for compaction.

R: A layer of continuous indurated rock. The rock
of R layers is sufficiently coherent whea maoist
to make hand digging with a spade Impracti-
cable. ‘The rock may contain cracks but these are
toe few and too small for sigrificant root develop-
ment.  Gravelly and stony material which allows
root development is considered as  horizon.

TRANSITIONAL HORIZONS

Soil harizons in which the properties of lwo master
horizons merge are indicated by the combination of
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two capilal letters (for instance AE, EB. BE, BC, CB,
AB, BA, AC and CA). The first letter marks (he
master horizan te which the transitional horizen s
most sinular,

Mixed horizons that consist of intermingled parts,
each of which are identifiable with different master
horizons, are designated by two capital letlers sepa-
rated by a diagonal stroke (for insiance E/B, B/C).
The first letler marks the master horizon that domi-
nates. 1t shauld be noted that transitional horizons
are no longer marked by suffix figures,

LETTER SUFFIXFS

A small letter may be added to the capital letter
ta qualily the master horizan designation. Sulfix
letters can be combined to indicate praperties which
oceur concurrently in the same master horizon {for
exampie, Ahz, Btg, Cck). Normaily no more than
twa suffixes should be used in combination. In
transitional horizons no use is made of suffixes which
quaify only one of the capital lciters. A suffix
may be used, however, when it applies 1o the {ran-
siienal horizon as 4 whole (for example, BCk. ABg).

The suffix letters used to qualify the master hori-
zons are as follows;

b, Bunied or bisequal soil horizon (far example,
Btb).

€. Accumulation in concretionary form; this suffix
is commonly used 1n combination with another
which indicates the nature of the concretionary
material (for example, Bek, Ces).

g Mottling reflecting variations in oxidation and
reduction (for example, Bg, Big, Cg).

h.  Accumuiation of organic matter in mineral hori-
tons {for ckample, Ah, Bh); for the A horizon,
the h suffix is applied only where there has been
no disturbance or mixing from ploughing, pastur-
ing or other activities of man (h and p suffixes
are thus mutually exclusive).

k. Accumulation of calcium carbonate.

m. Strongly cemented, consolidated, indurated; this
suffix is commonly used in combination with
another indicating the cementing material (for
exampie, Cmk marking a petrocaleic horizon
within a C horizon, Bins marking an iron pan
within a B horizon).

n. Accumulation of sodium (for example, Bin).

# Disturbed by ploughing or other tillage practioes
(for example, Ap).

q.  Accumulation of silica (Cmq, marking a silcrete
layer in a C horizon).



AP ——

£ Strong reduction as a result of groundwater in-
fluence (for example, Cr).

5. Accumulation of sesquioxides (for example, Bs).
G Huvial accumulation of clay {for example, B).

u. Unspecified; this suffix is used in connexion with
A and B horizons which are not qualitied by
another suffix but have to be subdivided verti-
cally by figure suffixes {for example, Aul, Au2,
Bul, Be2). The addition of v to the capital
letter is provided to avoid confusion with the
former nolativas Al, Al, A3, Bl, B2, B3 in
which the figures had a genetic connotation. If
no subdivision using figure suffixes is necded,
the symbols A and B can be used without w

w.  Alteration in situ as reflected by clay conmtent,
colour, structure (for example, Bw).

X.  Occurrence of a frugipan (for example, Bix).
¥. Accumulation of gypsum (for exampie, Cy).

z. Accumulation of saits more soluble than gYpsum
(for example, Az or Ahz).

When needed, i, ¢ and a suffixes can be used to
qualify H horizens composed of fibric, hemic o
sapric organic rmaterial eespectively (ULS. Soil Cnr?
servation Service, 1974),

Letter suffixes can be used to describe diagnostic ho-
rizons and features in a profile (for example, argilic
B horizon: B1; natric B horizon: Bin: cambic B hari-
zon: Bw; spodic B hotizon: Bhs, Bh or Bs: oxic B hori-
zon: Bws; caleic horizen: k; petrocalcic horizon:
mk; gypsic horizon: y; petrogypsic horizon: my;
petroferric horizon: ms; phnthite: sq; fragipan: x;
strongly reduced gieyic horizon: r; mottled iayers:
g} But it should be emphasized that the use of 4 cer-
1ain horizen designation in a profile description dees
not necessarily peint to the preseoce of a diagnostic
horizon or {eature — see also under B horizon above
-~ since the Ictter symbols merely reflect a qualita-
live estimnate.
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FiGuRe surFixes

Horizons designated by a single combination of
letter symbols can be verticaily subdivided by num-
bering each subdivision censecutively, starting at the
top of the horiron (for example, Bil - Bt2 - B3 - Btd),
The suffix number always follows all of the letter
symbols. TFhe number sequence applies to one sym-
bol only so that the sequence s resumed in case
of change of the symbol (for exampie, Bil-B12.
Bexl - Btx2). A sequence is not interrupted, however,
by a lithological discontinuity (for example, Btl -
Bt2 - 2813).

Numbered subdivisions can also be applied 10
transitional ‘horizons (for example, ABI - AB2), in
which case it is understood that the suffix applics
1o the entire horizen and not only to the last capital
letter.

Numbers are not used as sefixes of undifferentia-
¢d A or B symbols, to avoid conflict with the old
notation sysiem. If an otherwise unspecified A or
B horizon should be subdivided, a suffix u is added.

FIGURE PREFIXES

When 1t is necessary to distinguish lithological
discoatinuities, Arabic (replacing former Roman) nu-
merals are prefixed to the horizon designations con-
cerned (for instance, when the € horizon is different
from the material in which the soil is presumed {o
have formed the following soil sequence could be
gwven: A, B, 2C. Strongly contrasting layers wilhin
the C material could be shown as an A, B, C 2C,
3C. .. sequence).

Jo

Summary of diagnostic properties
of FAD-Unesco Soil Map of the World

Abrupt Textural Change

A considerablie increase in clay content within a very short distance.

- Between an A or E horizon and underlying horizon.

= When A or E horizon has less than 207 clay, ciay content should at least be
double within § cm.

= If 207 clay or more, clay centent should at least be 20% higher (e.g. fro?
30 to 507 clay) within & cm, and clay content in some part of the underlying
horizon should at least be double than that of the A or E horizon above.

Albic Material

Soil material with a high colour value.

- Albic materials are exclusive of E horizons, colour value moist & or more,
or vaiue dry 5 or more, or both.

= If value dry 7 or more, chroma is 3 or less. B . . .

- If parent material have hue of 5YR or redder, chroma of 3 is permitted if
chroma is due to colour of uncoated, silt or sand grains.

Aridic moisture regime

Arid regiloms with no available wa?r in more than half of the time.

- Yermosols and Xerosols have an #fidic moisture regime.

- In most years no available water in the moisture control sectionl(m.c.s.) more
than half the time that the scil temperature at 50 cm is above 5°C.

- No period as leng as 90 consecutive days when there is moisture in the m.c.s.
with temperature at 50 cm continuously above 8°C.

Exchange complex dominated by amorphous material

Material with all or most of the properties of allophane.

— Exchange capacity of the clay at pH 8.7 more than 50 meq/100 g clay and
commonly more than 500 meq/Il00 g.

- If there is encugh clay to have a l5~bar water content of 20% ot more, pH of
I g seil in 50 ml IN NaF is more than 9.4 after 2 minutes.

~ Ratio of 15~bar water content to measured clay is mere than 1.0.

= Urganic carbon more than 0.6 percent.

— DTA shows a low temperature endotherm. )

= Bulk densiry of the fine-earth fraction is less than 0.85 g/cm® at 1/3-bar
tension. . .

- Material generally amorphous under X-ray analyses, but crystalline materials
may cause swall and disordered peaks.

Ferralic properties

Cambisols and Arenosols with low CEC, )
- CEC (NH4Cl) less than 24 meq/100 g clay in: at least some subhorizon of the
cambic B of Cambisols, or immediately underlying the A horizon of Arenocsols.
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Ferric properties

Luvisols and Acrisols with coarse reddish mottles, indurated nodules and/or
low CEG.
- Luvisols and Acrisols with one or more of:
= Many coarse wottles with hues redder than 7.5YR or chromas more tham 5,
or bath;
- discrete noduies, up to 2 c¢m in diameter, the exteriors enriched and
weakly cemented or indurated with iron;
= CEC (NHoCl) less than 24 meq/100 g clay in at least some subhorizon of
the argiliic B,

Gilgai

Microrelief typicai of clayey soils. )

— Consists of either a succession of enciosed microbasins and microknells in
levei areas, or of microvalleys and microridges that run up and down the
slope.

High organic matter content in the B horizon

Ferralsols, Nitosols of low base saturation, and Acriscl with high organic

matter content in the B horizon.

— In Ferralsols and Nitosols of low base saturation orgenic matter content is
1.35 % or more to 100 cm.

= In Acrisels 1.5% or more organic matter in upper part of the B horizon, and/or
1.35% or more to 00 cm.

High salinity /

Soils with high electric conductivity.

— Eleetric conductivity (EC) more than 15 mmbns/cm at 25°C at some time of the
year, within i25 cm of the surface when texture is coarse, within 90 cm when
texture is medium and within 75 cw when fine, or

- EC 4 mmhos or more within 25 cm if pH (H20, 1:1) exceeds 8.5.

Hydromorphic properties

Properties indicating saturation with water at some period of the year.

— Hydromorphic properties occur in Gleysols, which are strongly influenced by
groundwater and as 'gleyie' groups in other soils, of which only the lower
horizons are influenced by groundwater or have a Seasonally perched watertable.

- Characterized by one or more of:

~ saturation by groundwater af whole profile;

= occurrence of histic H horizon;

— dominant hues neutral N, or bluar than 10Y;

— saturation with water, with evidence of reduction processes or of reduction
processes ov of reduction and segregation of iron; forms of which depending
on the horizom,

Usually: moist chroma 2 or less; mottles due to segregation of iron; Fe=Mn
concretions.

/i

Incerfingering

Penetration of albic E into argillic or natric B horizon.

= Penetration of albic E horizon into underlying argillic or natric B horizon
into underlving argiliic or natric B horizon along ped faces, primarily
vertical faces,

= Penerrations not wide enough to constitute tonguing, but then form continuous
skeletous (ped coatings of clean silt or sand, more than | mm thick on the
vertical ped faces),

- Total thickness of more than 2 mm is requitred if each ped has a ceating of
more than | mm.

- Skeletons form more than 15T of the volume of any subhorizon im which inter-
fingering is recognized.

Permafrost

A layer with temperature perennially at or below 0°C,

Plinthite

Non-indurated mixture of Fe and Al-oxides, quarts and other diluents.

= Ocecurs commanly as dark red mottles in platy, polygonal or reticulate patterns.

- Changes irreversibly to iromstane hardpans or irregular aggregates on exposure
to repeated wetting and drying.

— After hardening it is called ironstone.

Slickensides
Pelisied and grooved surfaces.

- Produced by one mass sliding past Another.
- Common in swelling clays in which there are marked changes in moisture content.

Smeary consistence

A reversible gel-sol transformation,

- Is the result of a kind of structure that, if broken down, can rebuild itself.
Breakdown may be by agitation, by shearing or witrasonic waves.

~ Oceurs in certain Andosols.

~ Also known as thixotropy.

Soft powdery lime

Translocated authigeric lime.

- Soft enough to be cut readily with a finger nail.

Precipitated in place from the soil solution rather than inherited from

parent material.

- Occhs as_spheroidal dggregates, white eyes that are soft and powdery, soft
€oalings 1n pores or on structural faces,

= Pseudomycelia which come and go with changing moisture conditions are not
considered as soft powdery lime,



Sulfidic materials

Waterlogged soil material with 0,757 or more sulfur {dry weight) and less than
3 times as much carbenate.

- Mineral or organic soil materials.

Mostly occurring in the form of sulfides, originating frowm biologically
reduced sulfates.

Most common in coastal marshes.

1f drained, sulfides oxidize and form sulfuric acid, pH drops below 3.5.
Differs from sulfuric horizon in that it does not show jarosite mottles with
a hue of 2.3Y or more or a chroma of 6 or more.

Takyric features
Heavy textured soils with polygonal elements.

=~ S0ils with takyric features have a heavy texture, crack into polygemal elements

when dry and form a platy or massive surface crust,
- Qccur in some Solonchaks and Yermosols,

Thin iron pan

Thin pan, cemented with iron and manganese.
=~ A black to dark reddish, brittle pan.
- Cemented by iron, iron and manganese or by iron-organic matter complex.
=~ Thickness generally 2-10 mm, rarely | or 20-40 mm.
of the mineral soil.
~ Pronounced wavy or convolute form.
= Normally a single pan.
- Cceurs in some Podzols. F

Tonguing

Penetration of material into underlying horizons,
-~ In Podzoluvisols:

- penetration of albic E horizon into argillic B horizon along ped surfaces,

1f peds are present;

- penetrations must have greater depth than width;

- horizontal dimensions: % mm or more in fine textured, 10 mm or more in
moderately fine textured, and |5 mm or more in mediuwm or coarser textured
argiilic horizons;

= penetrations must occupy more than 157 of the mass of the upper part of
the argillic herizen;

— In Chernozems:

-~ penetration of A horizon into cambic B horizon or into C horizon;

- penetrations must have greater depth than width;

- penerrations must occupy more than 15% of the mass of the upper part of
the horizon in which they occur.

In the solum, roughly paralle! to the surface, commonly within the upper 50 cm

73
Vertic properties

Wide, deep, cracks at some period in most years.
- Width 1 cm or more wide within 50 cm of the surface.
- Extend to the surface or at least to the uvpper part of the B horizom.

Weatherable winerals

Minerals unstable in a humid climate,

- Unstable relative to other minerals, such as quartz and |:1 lattice clays.

- Plant nutfrients and iron and aluminium are liberated when weathering occurs.
They include: all 2: 1 lattice clays except Al-interlayered chlorite;
sepinlite, tale, glauconite; silt- and sand-size minerals, e.g. feldspars,
ferromagnesian minerals, micas, zeolites.

N,B,: It siould be noted that only the original text (FAO-Unesco S0il Map of
the World, Volume |, Legend. Unesco, 1974) is authoritative,
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Defiritions of Major Soii binits af the

FAG-Unesco Soil Map of the World

FLivisols * (1)

Soils developed from recent alluvial deposits hav-
g no diagnostic horizons other than {unless buried
by 50 cm or more new matenal} an ochric or an um-
bric A horizan. a hishe H harizon, or a suHuric
herizon,  As wased in this definition, recent aliyvial
deposits are Muviaicle, marine, lacustrine, or collu-
vial sedimenis charactcrized by ore or more of the
following properties:

(@) having an organic matter content (hat decreases
irregularly with depth or that remains abave 0.15
percenl 1o a depth of 125 cm (Uun strata of
sand may have less organic matier if the finer
sediment below meets the requirements);

(8) receiving fresh materiai at regular intervals and/or
showing fine stratification;

{c
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having sulfidic material within 125 ¢m of the
surface.

QLeYsoLs (G)

Soils formed from unconselated materials ex-
clusive of cecent alluvial deposits, 7 shawing hydro-
maorphic properties within 50 cm of the surface; hav-
ing no diagnostic horrzons other than {unless buried
by 50 cm or mote new roaterial} an A horizon, a his-
tic H horizon, a cambic B horizon, a caleic or a
EYpsic horizon; iacking the characteristics which are
diagnostic for Vertisols: lacking high salimity; iack-
ing bleached coatings on  structural ped surfaces
when a mollic A horizon is present which has a
chroma of 2 or less 1o & depth of at least 15 cms

RecosoLs (R)

Soils from unconsolidated materials, exclusive of
recent alluvial deposits, having no diagnostic honzons
(unless buricd by 50 ¢cm or more new material) other
than an ochric A horizon; lacking hydromorphic
properties within 50 cm of the surface;* lacking the
characieristics which are diagnostic for Vertisols and
Andosols; lacking high salinity; when coarse tex-
tured, facking lamellae of clay accumuiation, features
of cambic or oxic B horizons or albic material which
arc characteristic of Arenosols.

Litnosows (I)

Soils which are Bimited in depth by continuous
coherent hard rock within 10 cm of the surface,

ARBNGSOLY (Q)

Soiis from coarss-textured unconsolidated mate-
nials, exclusive of recem aliyvia) deposits, coasisung
of albic materiai 0cCuITing over a depth of al jcast
56 cm from the surface or showing charactenistics of
argrillic, cambic or oxic B horizans which, however,
do not guabily as diagonostic horizons because of
texturai requirements; having no diagnostic herizons
{unless buried by 50 cm or more new material) other
than an ochrie A harizen; lacking hydromorphic
prlop‘erhes within 50 cm of the surface; lacking high
salinity,

RENDZINAS (E)

Sails baving a mollic A horizon * which contains or
immediately overites calcarcous materiai with a cal-
cium carbonate equivalent of more than 40 percent:
iacking bydromorphic properties within 30 cm of the
surface; lacking the characteristics which are diag-
nostic for Vertisols; lacking high salinity.

Rankers (U)

Soils, exclusive of those formed from recent alluvial
deposits. having an umbric A horizon whick 1s not
more than 25 cm thick;* having no other diagnos-
tic horizons (unless buried by 50 em or more new
material); lacking hydromarphic properties within
30 ¢m of the surface; lacking the characteristics
which are diagnostic for Andosols.

AnposoLs (T)

Soils having a mollic or an umbric A horizon pos-
sibly overlying a cambic B horizon, or an ochric A
horizon and a cambic B horizon; having no other
diagnostic horizans {unicss buried by 50 c¢m or more
oew matesial); having to a depth of 35 cm or more
ont or both of:

(a} a bulk density (at 1/3-bar water retention} of
the fine earth {less than 2 mm) fraction of the
sail of less than 0.85 gicm® and an exchange
complex dominated by amorphous material ;

(6) 60 percent or more vitric® vokanic ash, cin-
ders, or other vitric pyroclastic material in the
silt, sand and gravel fractions;

lacking hydromorphic properties within 50 ¢m of the
surface; lacking the characterisics which are diag-
nastic for Vertisols; facking high salinity.

VERTISOLS (V)

Soils having, after the upper 20 cm have been
mixed. 30 percent or more clay in ail horizons to
a depth of at least 50 cm; developing cracks from
the soi surface downward which at some penod in
most years (unless the soil is irrigated) are at least
iom wide 1o 2 depth of 50 cm: having one or more
ol the felowing: gilgnt microrelef, intersecting shek-
ensides, or wedge-shaped or paraliclepmed structural
apgregates al some depth between 25 and {00 ¢m
from the surface.

SOLONCHAKS (7

Sois, exciusive of those formed [rom recent
alluvial deposits, having a high sabiuty  and
having no diagnostic horizons other than (unless
buried by 30 cm or more new matenal) an A
horizon, a histic H horizon, a cambic B horizon,
a <alcic or a gypsic horizon,

SoLonETZ (S)

Soiis having a nairic B horizon; lacking an albic
E horizon which shows hydremorphic properties in
at least a part of the horizon and an abrupt textural
change. !

YrrRMosoLs (YY)

Soils occurring under an anidic moisture regime,
having a very weak ochric A herizon and one or
more of the {oliowing: a cambic B horizon, an ar-
gillic B horizon, a caleic horizon, a gypsic horizom,
lacking other diagnostic horizons; lacking the charac-
teristics which are diagnostic for Vertisols, lacking
high salinity; lacking permafrost within 200 em of
the surface.

XerosoLs (X}

Seiis occurring under an aridic moisture regime;
having a weak ochric A horizon and one or more
of the following: a cambic B horizon, an argillic B
horizon, a calcic horizon, a gypsic horizon; lacking
other diagnosiic horizors; lacking the characteristics
whick are diagnostic for Vertisols; lacking high
salinity; lacking permafrost within 200 cm of the
surface.
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Kastanozems (K)

Soris having a mailic A horizon with a moist chroma
of more than 2 to a depth of at least 15 cm; having
one or more of the following: a calcic or gypsic
horizon of cancentrations of soft powdery lime within
i25 cm of the surface;" Jackirg a natric B horizon:
lacking the characteristics which are diagnostic for
Rendznas, Vertisols, Planosols or Andosols; lack-
ing high salinity; lacking hydromorphic properiies

CHERNOZEMS (C)

Soils having a mailic A horizan with a moist
chroma of 2 or less to a depth of at jeast 15 cm;
having one or more of the following: a caicic or
gypsic hozizon or concentrations of soft powdery
lime within 125 cm of Ihe surface;" lacking a natric
B horizon; lacking the characterislics which are diag-
nostic for Rendzinas. Vertisols, Planosols or Ando-
sols; lacking high sahmty; lacking hydromorphic
properties within 50 cm of the surface when no argil-
lic B horizon is present;* lacking bleached coatings
on structural ped surfaces.

PHAEOZEMS (H)

Solls having a mollic A horizon; lacking a calcic
horizon, a gypsic horizon and concentrations of soft
powdery ltme within 125 cm of the surface;" lacking
a natric and an oxic B horizon; lacking the character-
istycs which are diagnostic for Rendzinas, Vertisols,
Plangsols or Andosols; lacking high salinity; lacking
hydromerphic properties within 50 <m of the surface
when no argillic B horizon is present; ** lacking bleach-
cd coatings on structural ped surfaces when the mollic
A horizon has a moist chroma of 2 or less to a depth
of at least |5 cm.

GREYZEMS (M)

Soils having a mollic A horizon with a moist
chroma of 2 or Jess to a depth of at least 15 cm and
showing bleached coatings on structural ped sur-
faces," lacking a natiic and oxic B horizon; lack-
ing the charactenistics which are diagnostic for Rend-
zinas, Vertisols, Planosols or Andosols; lacking high
salinity.



| PR —ppr—

CampisoLs (B)

Soils having a cambic B horizon and (unless buried
by more than 50 cm or more new material} no diag-
rostic horizons other than an ochric or an umbric
A horizon, a calee or a gypsic horizon; the cam-
bic B horizon may be lacking when an umbric A hori-
Zon s present which is thicker than 25 cm; lacking
high saiimty; lacking the characteristics diagnostic for
Vertisals or Andosals; facking an aridic moisture
regime; tacking hydromerphic properties within 50 cns
of the surface.

Luvisows (L)

Soils having an argillic horizon which has a ' 1se
saturation of 50 percent or more (by NI,OAc) at
least in the lower part of the B harizon within 125 cm
of the surface; lacking a mollic A horizon: tacking
the albic E horizon overlying a slowly permeable
hetizon, the distribution pattern of the clay and the
tenguing  which are diagnostic for  Planosols,
Nitosols and Podzoluvisols respectively; Tacking an
aridic moisture reg-me.

PobzowuvisoLs (D)

Soils having an argillic B horizon showing en
irregular or broken upper boundary, resulting from
deep tonguing of the E into the B harizon, or from
the formation of discrete nodules (rarging from 2
to 5 cm up to 30 cm in diameter) the exteriors of
which are enriched and weakly cemented or indurated
with iron and having redder »w.o- and stronger chro-
mas than the interiors; lacking a mollic A horizon.

Popzows (P)

Soils having a spodic B horizon.

PLANOSOLS (W)

Soils having an albic E horizon overlying a slowly
permeable horizon within 125 cm of the surface (for
example, an argillic or nalric B horizon showing an
abrupt textural change, a heavy clay, a fragipan), ex-
clusive of 2 spodic B horizon; showing hydromor-
phic properties at least in a part of the E horizon.

%

AcrisoLs (A)

Soils having an argillic B horizon with a base
satur:_!tiou of less than 30 percent (by NH,0Ac) at
least in the lower part of the B horizon within 125 cm
of the surface: lacking a mellic A horizon: lacking
an ‘albic E horizon overlying a slowly permeable
borizon, the distribution patiern of the clay and
the tonguing which are diagnostic for Piariumls,

Ni_tqsols and Podzoluvisols respectively; lacking an
aridic moisture regime.

MNiTosoLs (M)

Soills having an argillic B horizon with a clay
distribution where the percentage of clay does not
decrease from its maximum amount by as much
as 20 percent within 150 cm of the surface ™ lack-
ing a mollic A horizon; lacking an altic E hori-
zon; lacking the tonguing which is diagnostic for
the Podzoluvisols; lacking ferric and vertic proper-
ties; lacking plinthite within 125 em of the surface; ®
lacking an aridic moisture regime.

PerrALSOLS ([ )

Soils having an oxic B horizon.

HistusoLs (O)

Soils having #n H horizon of 40 ¢m or more
(60 cm or more if the organic material consists
mainly of sphagnum or moss or has a bulk density
of less than 0.1) either extending down from the sur-
face or taken cumulatively within the upper 80 em
of the soil; the thickness of the H herizen may be
less when it Tests on rocks or on fragmental material
of which the interstices are filled with organic matter.

Simplified key major soil units FAO-Unesco Soil Map of the World,

Organic soils

Minera] soils

coherent and hard rock within 10 cm

30% or more clay, cracks, slickensides/gilgai
recent alluvial deposits

high saiinity

hydromorphic properties within 50 cm

in wvoicanic materials

coarse texture; albic materials or characteristics of
arpiliic, cambic or oxic B

ochric A

umbric A less than 25 cm thick
molliic A on calcareous material
spodic B

oxic B

albic E on slowly permeable horizon, hydromorphic
properties in E ’

mollic A, moist chroma 2 or less to 15 cm depth,
bleached coatings on peds

natric B

mollic A, moist chroma 2 or less to 15 cm depth,
caleic her./gypsic hor,/soft powdery lime

mollic A, moist chroma more than 2, calclc hor./
gypsic hor./soft powdery lime

mollic A

argillic B with irregular or broken upper
boundary {tonguing)

weak ochrie A, aridic moisture regime
very weak ochric A, aridic moisture regime
deep argillic B

argillic 8, base saturation less than 50% in some
part of B within 125 ch

argillic B

cambic B or umbric A more than 25 cm thick

£

Histosols

Lithescols
Yertisols
Fluvisols
Solonchaks
Gleysols

Andosols

Arenosols
Regosols
Rankers
Rendzina
Podzols

Ferralsols

Planosols

Solonetz
Greyzems
Chernozewns

Kastanozemns

Phaeozems

Podzoluvisols
Xerosols
Yermesol

Nitosols

Acrisols
Luvisols

Canmbinola
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FAG-Unesco Soil Map of tne World

Direct benefits and uses of the Soil Map of Lhe World

The most i1mmediate and most direect beneficiary of the Soil Map of the
World is scil science in generai. IL is for thne Tirst time in history that
all soils of the world nave been mapped with one legend. At a scale of 1 to
o million it is, of course, not possible to plan development at a local level,
For this purpose one needs maps of a much larger scale. However, it makes
possible a rirst appraisal of the world's soil resources and it provides a
common framework for Turther research.

As the most important result should be regarded the establishment of a
s0il classification and nomenclature, acceplea Ty many scientists around the

world. This common ianguage is gradually being used in the internal  onal soils

iiteraturc (e.g. Soils and Fertilizers) as weli, so that the transfer of infor—
mation and experience is facilitated. Also, some great centres of documentation,
such as Commonwealth Bureaux of Soils have adopted the zerminology as key words

in their reference systems. 1t wiil be clear that this map is also an exceilent

tool for education at universities, agricultural high schools, ete..

The SMW legend has also provoked soil correlation and new mapping activi-

ties at country and regional level, gh fact, some countries mgde, for the first

time, a national soil map based on the legend (Mexico) and others to convert
their pre-existing classifications to conform to the new terminclogy (Japan).

It can rightly be stated that there are many uses to which the SMW can be
put. No doubt it will greatly facilitate the work of many specialists in agri-
cllture, hydrology, etc. Also, already now, many other maps and studies are
based on the SMW.

8} The Mep of the World Distribution of Arid Regions, produced by FAO, Unesco,
UNEF and WMO at a scale of 1 to 25 willion. The information of the wap

units of the SMW such as texture, slope, stoniness and lithology is combined

with climatic data and the analysis of the vegetation has enabled scientists

to assess the degree of desertification and risk of desertification.

b) The World Map of Soil Degradation. The soil units of the SMW are defined
in terms of measurable soil properties. From these data, combined with
other factors of degradation (climste, topography, human action) one is
able to assess soil degradation risks, danger zones, zones with identical
problems, ete.. FAQ, UNEP and Unesco have started work on the preparation

of & 1 to 5 million map. The maps of North Africa and the Near and Middie
East have already been published.

”

A0

c) A systems of Global Land Evaluation. FAD has made & study of the potential
crop productivity by major agro-ecological zones. It 1s regarded as a first
step in the process to get to know what ultimately can be produced, under
what conditions with what interventions, and at what risk, in any part of
the world. The yields attainable of specifir rrops under two levels of
farm managrment are caleulated Ey agro-ecological zones. These zones are
based on the information derived from the SMW, and climatic information
such ag Lemperature regime and the length of the growing season, The reports
an Africa, South Asia and South America have been completed. A comparable
atudy was made on the Vear East.

For the expert consultation on land rescurces for populations of the future,
(i)s and Riquier prepared a working paper on the ratings of the SMW soil

units for specific crop production.
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Shert Descriptions of the Epipedons and Horizens

of the USDA Soil Taxonowy

EPIPEDONS

Anthropic epipedon — A surface layer of mineral soil that has the same re-
quirements as the mollic epipedon with respect to color, thickness, organic
carben content, consistence and base saturation, but that has more than 250
ppm of P;0¢ soluble in 1% citric acid, ov is dry wore than !0 months (cumu—
lative} during the period when not irrigated. The anthropic epipedon forms
under long continued cultivation and fertilization.

Cambic horizon -— A mineral secil herizon that has a texture of loamy very fine
sand ot finer, has soll structure tather than rock structure, contains some
weatherable minerals, and is characterized by the alteration or removal of
mineral material as indicated by mottling or gray colors, stronger or redder
hues than in underlying horizens, or the removal of carbonates. The cambic
herizon lacks cementation or induration and has toc few evidences of illu—
viation to meet the requirements of the argillic or spodic horizon.

Histic epipedon — A thin organic soil horizon that is saturated with water at
some poriod of the year unless artificially drained and that is at or near
the surface of a mineral soil. The histic epipeden has a maximum thickness
depending on the kind of materiaiﬁ;in the horizon and the lower limit of
organic carbon is the upper limit for the mollic epipedon.

i

Mollic epipedon —- A surface horizon of mineral soil that is dark colored and
relatively thick, contains at least Q.5B% organic carbom, is not massive
and hard or very hard when dry, has a base saturation of more than 50Z when
measured at pH 7, has less than 250 ppm of Pp0s; soluble in IZ citric acid,
and dominately saturated with bivzlent catioms.

ridges, World Soils, Second Editien,

Cambridge University Fress, 1978

o
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Ochric epipedon -—— A surface horizon of mineral soil that is toao light in color,
too high in chroma, too low in organic carbon, or too thin to be 2 plaggen,
mollic, umbriec, anthropic or histic epipedon, or that is both hard and
massive when dry.

.7 Flaggen epipedon — A man-made surface horizon more than 50 cm thick that is
LR formed by long-continued manuring and mixing.
UL
e § iEr 3.3 Umbric epipedon — A surface layer of mineral soil that has the same require-
A §:§ §§§ TEut ments as the mollic epipedon with respect to color, thickness, organic
H E%z § 555 g:é ; ‘f carbon cantent, consistence, structure, and P05 content, but that has
é’;ii-: 2 :?i: ";'E; I 4 base saturation of less than 507 when measured at pH 7.
FryzacE L3F WEERE
v2gEin 2% 19
08
$REZZSEsky i ORLZONS
Sririiiii of . , ) ) o .
i 238853355658 &1 apric horizon — é minera! soil horizon in which clay, silt and humus derived
i {—jrjj " m@‘?ﬁrﬁ from an overlyfng cgltivated a?d fertilized layer have accumulated. The
I_JL_:EHEI;ELJ i wormholes and illuvial clay, silt ard humus, occupy at least 5% of the hor-

izon by volume, The illuvial c¢lay and humus occur as horizontal lamellae or
fibers, or as coatings on ped surfaces or in wormholes.
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albic horizon — A mineral soil horizon from which ciay and free iron oxides
have been removed or in which the oxides have been segregated to the extent
that the color of the horizom is determined primarily by the coler of the
primary sand and silt particles rather than by coatings on these particles.

arpillic horizon — A mineral soil horizon that is characterized by the illuvial
accumulation of laver—-lattice silicate clays. The argillic horizon has a
certain minimum thickness depending on the thickness of the solum, a minimum
quantity of clay in comparison with an overlying eluvial horizon depending
on the ctay content of the eluvial horizon, and usually has coatings of
oriented clay on the surface of pores or peds or bridging sand grains.

duripan — A minerai soil horizon that is cemented by silica, usually opal or
microcrystalline forms of silica, to the point that air-dry fragments will
not slake in water or HCl. A duripan may also have accessory cement such as
iran oxide or calcivm carbonate.

fragipan — A natural subsurface horizon with high bulk density relative to the
solum ahove, seemingly cemented when dry, but when moist showing a moderate
to weak brittleness. The layer is low in organic matter, mottled, slowly or
very slowly permeable to water, and usually shows cccasional or fraquent
bleached cracks forming polygons. It may be found in profiles of either
rultivated or vitgin soils but not in calcareous material.

gypsic horizon — A mineral soil horizon of secondary calcium sulfate enrich-
ment tha: is more than 15 cm thick, has at least 5% more gypsum than ihe
C horizon, and in which the product of the thickness in centimeters and the
percent caleium sulfate is equal to or greater than 1507 cm.

natric horizon — A mineral soil horizon that satisfies the requirements of an
argillic horizon, but that also has prismatic, columnar, or blocky structure
and a subhorizon having more than 15% saturation with exchangeable sodium.

oxic horizon — A mineral soil horizon that 1s at least 30 ¢m thick and charac-
tarized Sy the virtual absence of wealherabie primary minerais or 2:1 lattice
clays, tne presence of I:1 lattice clays and highly insoluble minerals such
28 quartz sand, the presence of hydrated oxides of ironm and aluminum, the
absence of water-dispersible clay, and the presence of low cation exchange
capacity and small amounts of exchangeable bases.

petrocalcic horizon -—— A continuwous, indurated calcic horizon that is cemented
by caleium carbonate and, in some places, with magnesium carbonate. It can—
not be penetrated with a spade or auger when dry, dry fragments do not slake
in water, and it is impenetrable to roots.

petrogypsic horizon — A continuous, strongly cemented, massive, gypsic horizon
that is cemented by calcium sulfate. It can be chipped with a spade when dry.
Dty fragments do not slake im water and it is impenetrabie to roots.

placic herizenm ~— A black to dark veddish mineral soil herizon that is usually
thin but that may range from | mm to 25 mm in thickness. The placic horizon
is commonly cemented with iron and is slowly permeable or imperetrable to
water and roots.

2y

sombric horizon — A subsurface mineral horizen that is darker in coler than
the overlying horizon but that lacks the properties of a spodic horizon.
Comnon in cool, moist soils of high altitude in tropical regions.

spodic horizon ~— A mineral soil horizen that is characterized by the illuvial
accumulation of amorphous materials composed of aluminum and organic carben
with or without iron. The spodic horizen has a certain mimimum thickness, and
a minimum quantity of extractable carbon plus iron plus aluminum in relation
te its content of clay.

(From: Glossary of Soil Science Terms, $5SA, Madison, January 1978)
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Soil Moisture and Scil Temperature Regimes
of the USDA Soil Taxcnomy
S0TL MOISTURE REGIMES
aquic —- A mostly reducing soil moisture regime nearly free of dissolved oxygen
due to saturation by ground water or its capiliary fringe and occurring at
periods when the soil Lemperature at 530 cm is above 5C.
aridic — A scil moisture regime that has no moisture available for plants for
more than half the cumuiative time that the soil temperature 4t 50 cm is
above 5C,

and has no peried as longs as %0 congecutive days when there is
moisture for plants while the soil tem

perature at 50 cm is continuously
above BC.

torric ~—— A so0il moisture regime defined like aridic moisture regime but used
in a different category of the soil taxonomy .

udic — A soil moisture regime that is neirher dry
days nor for as long as 60 consecutive days in t
summer sclstice at periods when the soil tempera

for as long as 90 cumulative
he 90 days following the
ture at 50 cm is above 5C.

ustic — A soil moisture regime that is intermediate between the
udic regimes and common in temperapd
tropical and subtropical regions with

aridic and
subhumid or semiarid regions, or in

a monsoon climate. A limited amount
of moisture is available for plants but occurs at times when the scil tem—
perature is optimum for plant growth.

xeric — A soil moisture regime commeon to Mediterranean climates that have
moist cool winters and warm dry summers. A limited amount of moisture is
present but does not oeccur at optimum periods for plant grewth. Irrigation
or summerfallow is commonly necessary for crop production.

SQIL TEMPERATURE REGIMES

pergelic ~— A soil temperature regime that has mean annual soil temperatures
of less than OC, Permafrost is present,

cryic —— A soil temperature regime that has mean annual
more than (C but less than BC, more than 5C
and mean winter soil temperatures at 50 cm,

soil temperatures of
difference between mean sugmer
and cold summer temperatures.

frigid — A soil temperature regime that has mean annual soil temperatures
of more than QC but less than 8C, more than 5C difference between mean
summer and mean winter scoil temperatures at 50 ¢m,
tures,
isofrigid is the same except the summer and winter temperatures differ by less
than 5C.

and warm summer tempera-

26

mesic — A soil temperature regime that has mean annual soil temperatures of
8C or more but less than [5C, and wore than 5C difference between mean
summer and mean winter soil temperatures at 50 cm,

than 5C.

thermic — A soil temperature regime that has mean annual soil temperatures of
15C or more but less than 22C, and more than 5C difference between mean
summer and mean winter so0il temperatures at 50 cw.

than 5C,

hyperthermic — A soii temperature regime that has mean annual soil temperatures
vl 272C or more and more than 5C differemce between mean summer and mean
winter sail temperatures at 50 em. ) dite

isohyperthermic is the same except the summer and winter temperatures differ

(From: Glossary of Scoil Science Terms, SSSA, Madison, January 1978)
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Short Descriptions of the Orders and Suborders

of the USDA Soil Taxonomy

OQutline of the system

Order (10}

Suborder (47)
Great group ( 225)
Subgroup { 1000 in US)
Family ( 4500 in US)
Series ( 10500 in US)

Type
Orders: Alfisols {5 suborders)
Aridisols (2 " )
Entisols {5 " )
Histosols (4 " ) 4
Tnceptisols (6 " )
Melliisols (7 " )
Oxisols (5 " )
Spodosols (4 " 3
Ultisols (5 " )
Vertisols (& " )

ALFIS0LS — Mineral soils that have umbric or ochric epipedomns, argiliic

horizons, and that hold water at less than I15-bars tension during at ieast
3 months when the soil is warm enough for plants to prow outdoors. Alfisols
have a mean annual soil temperature of less than 8% or a base saturation in

the lower part ¢f the argillic horizon of 35% or more when measured ar pH 8.2,

Aqualfs -— are saturated with water for periods long enough to limit
their use for most crops other than pasture or woodland uniess they
are artificially drained. Aqualfs have mottles, iron-manganese con-
cretions or gray colors immediately below the Al or Ap horizons and
gray colors in the argillic horizom.

Boralfs — have formed in cool places, Boralfs have frigid or cryic

but not pergelic temperature regimes and have udic moisture regimes.
Boralfs are not saturated with water for perioeds long enough to limit

their use for most crops.

<&

Udalfs — have a udic soil moisture regime and mesic or warmer soil
temperature regimes. Udalfs generally have brownish colors through=
out, and are not saturated with water fer periods long encugh to
limit their use for most crops.

Ustalfs -— have an ustic soil moisture regime and mesic or warmer soil
temperature regimes. Ustalfs are brownish or reddish throughout and
are not saturated with water for periods long enough to limit their
use for most crops.

Xeralfs — have a xeric soil moisture regime. Xeralfs are brownish or
reddish throughout.

ARIDISOLS — Mineral soils that have an aridic meisture regime, an ochric
epipedon. and other pedogenic horizons but ao oxic horizen,
Arpids — have an argiilic or a natrie horizon.
Orthids — nave a cambic, calcic, petrocalcic, gypsic, or salic

horizon or a duripan but that lack an argillic or natric horizom.

ENTISOLS — Mineral soils that have no distinct pedogenic horizoms within 1 m
of the soil surface.

Aguents — are saturated with water for periods long enough to limic
their use for most crops other than pasture unless they are arti-
fically drained. Aquents have low chromas or distinct mottles within
50 c¢m of the surface, or are saturated with water at all times.

Arents —— contaln recognizable fragments of pedogenic horizons that have
been mixed by mechanical disturbance. Arents are not saturated with
water for periods long enopgh to limit their use for most crops.

Fluvents — form in recent loamy ot clayey alluvial depesits, are
usually stratified, and have an organic carbon content that decreases
irregularly wich depth. Fluvents are not saturated with water for
periods long enough to limit their use [or most crops.

Orthencs — have either textures of very fine sand or finer in the fine
earth fraction, or textures of loamy fine sand or coarser and a
coarse fragment content of 357 or more and that have an organic carbon
content that decreases regularly with depth. Orthents are not satu—
rated with water for periods long enough to limit their use for most
Crops.

Psamments — have textures of loamy fine sand or coarser in all parts,
have less than 35% coarse fragments and that are not saturated with
water for periods long enough to limit their use for most crops.

-HISTOSOLS — Organic soils that have organic soil materials in more than half
of the upper 80 cm, or that are of any thickness if overlying rock or frag
mental materials that have interstices filled with organic soil materials.

Fibrists -— have a high content of undecompcsed plant fibers and a bulk
density iess than about 0.}, Fibrists are saturated with water for
perinds long enough to limit their use for most crops unless they are
artificially drained,

Folists — have an accumulation of organic soil materials mainly as
forest litter that is less than 1 m deep to rock or to fragmental
materials with interstices filied with organic materials. Folists
are not saturated with water for periods long enough to iimit their
use if cropped.
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Hemists — have an intermediate degree of plant fibker decompogition and
a bulk density between about 0.1 and 0.2. Hemists are saturated with

water for periods long enough to limit theitr use for most crops unless
they are artificially drainced,

Aquolls — are saturated with water for periods long enocugh to 1im%t
their use for mest c¢rops other than pasture unless they are arti-
Ficiallydrained. Aquolls may have a histic epipedon, a sodium satu-
ration in the upper part of the mollic epipedon of more than 152
than decreases with depth or mottles or gray colors within or imme—

Saprists — have a high content of plant materials so decomposed that . ) A .
diately below the mollic epipedon.

original plant structures cannot be determined and a bulk dersity of
about 0.2 or more. Saprists are saturated with water for periods long
enough to limit their use for most crops unless they are artificially
drained.

Borolls — have a mean annual soil temperature of less than gC and are
never dry for 60 consecutive days or more within the 3 months fol=-
lowing the summer solstice, Borolls do not contain material that has
more than 407 CaC0; equivalent unless they have a calcic horizon,
and they are not saturated with water for periods long emough to
Jimit their use for most crops.

INCEPTISOLS — Mineral scils that have one or more pedogenic horizons in which
mineral materials other than carbonates or amorphous silica have been altered
or removed but not accumulated to a significant degree. Under certain condi-
tions, Inceptisols may have an ochric, umbric, histie, plaggen or mellic
epipedon. Water is available to plants more than half of the year or more
than 3 consecutive months during a warm season.

Rendolls — have no argillic or calcic horizon but that contain material
with more than 407 CaC0» equivalent within or immediately below the
mollic epipedon. Rendells are not saturated with water for periods

long enougit te limit their use for most crops.
Andepts — have formed either in vitric pyroclastic materials, or have

low bulk density and large amounts of amorphous materials, or both.
Andepts are not saturated with water long enough to iimit their use
for most crops.

Udelis ~— have an ustic seil moisture regime and mesic or warmer soil
temperature regimes. Ustolls may have a calcic, petrocalcie, or
gypsic herizon, and are not saturated with water for periods long

enough to limit their use for most crops.
Aquepts — are saturated with water for periods long enough to limit

their use for most crops other than pasture or woodland unless they
areartificially drained. Aqueprs have either a histic or umbric
epipedon and gray colers within 50 cm, or an echric epipedon under-

lain by a cambic herizon with gray celors, or have sodium saturatLon
of 157 or more.

Ustolls — have an ustic soll moisture regime and mesic or warmer soil
temperature regimes. Ustolls may have a calcic, peerocalcia, or
gypsic horizon, and are not saturated with water for periods long
enough to limit their use for most crops.

Xerolls — have a xeric soil moisture regime. Xerolls may have a calcic,
Ochrepts — are {ormed in cold or temperate climates and that common 1y petrocalcic, or gypsic horizon, or a duripan.
have an ochric epipedon agﬂ a cambic horizon, They may have an umbrie
or mollic epipedon less than 25 cm thick or a fragipan or duripan
under certain conditions. These soils are not dominated by amorphous
materials and are not saturated with water for periods long enough
to limit their use for most crops.

OX[S0LS — Mineral soils that have af oxic horizen within 2 m of the surface or
plinthite as a continucus phase within 30 cm of the surface, and that do not
have a spodic or argillic horizon above the oxic horizon.

Aquox — have continuous plinthite near the surface, or that are sacu-
rated with water sometime during the year if not artificially drained.
Aguox have either a histic epipedon, or mottles or celors indicative
or poor drainage within the oxic horizon or borh.

Plaggepts — have a plaggen epipedon.

Tropepts — have a mean annual soil temperature of 8% or more, and less
than 3C difference between mean summer and mean winter temperatures
at a depth of 50 cm below the surface. Tropepts may have an ochric
epipedon and a cambic horizon, or an umbric epipedon, or a mollic
epipedon under certaim conditions but no plaggen epipedon, and are
aot saturated with water for periods long emough to limit their use
for most crops.

Humox — are moist zll or most of the time and that have a high organic
carbon content within the upper meter. Humox have a mean anrnual soil
temperature of less than 27U and a base saturation within the oxic
horizon of less than 351, measured at pH 7.

Orthox — are moist all or most of the time, and that have a low to
moderate content of organic carbon within the upper 1 m or a mean

Umbrepts — are formed in cold or temperate climates that commonly have -
annual soil temperature of 22X or more.

an umbric epipedon, but they may have a moliic cr an anthropic epi-
pedon 25 cm or more thick under certain conditions. These soils are
not dominated by amerphous materials and are not saturated with water
for periods long encugh to limit their use for mest crops.

Torrox — have a torric soil moisture regime.

Ustoex — have an ustic moisture regime and either hyperthermic or iso-
hyperthermic soil temperature regimes or have less than 20 kg organic
MOLLISOLS — Mineral soils that have a mellic epipedon overlying mineral mate- carbon in the surface cubic meter.
rial with a base saturation of 50% or more when measured at pH 7. Moilisols
may have an argillic, natrie, albic, cambic, gypsic, calcic, or petrocalcic

SPODOSOLS — Mineral soils that have a spodic horizon or a placiec harizon that
horizon, a histic epipedon, or a duripan, but uot am oxic or spodic horizon.

overlies a fragipan.

Albolls — have an albic horizon immediately below the mollic epipedon. R
These soils have an argillic or natric horizon and motties, iron— their use for mest srops other than pasture or good1§nd unless they
manganese concretions, or both, within the alvic, argillic or natric areartificially drained. Aquods may have a histic epipeden, an albic
horizon. horizon that is mottled or contains a duripan, or mottling or gray

colors within or immediately below the spodic horizom.

Aquods — are saturated with water for periods long encugh to limit
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Ferrods — have more than six times as much free iron (elemental) than
organie carbon in the spodic horizon. Ferrods are rarely saturated
with water or do not have characteristics associated with wetness.

. . . firder Suhineder direal group tieder Subarder irral Qrmip . firder Suhagrder fireat group
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ULTISOLS — Mineral soils that have an argillic horizon with a base saturation Naltiheraits Medinrmiats : lHapishumox
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gy less ;han St or have cracks that open and close more than once Qunriripemm menta Rendolls  Readolln Xerul Tm;wmm
uring the year. Torripsamments erulta Haplaxenyl
B ¥ Tropapesmments dolin }’::)'m":::“: Palexeruita
Xererts — are in Mediterranean climates and have wide, deep cracks that atr—— paieudolie Yertisol  Torrerts  Torcerts
N Vermu
open and clese once each year and usually remain open continuously XeTopskmietta Vetalls Argh ‘uw . | traere g:{]:rf:u
L1 usinl.e J
for more than 2 months, Xererts have a mean annual soil temperature ) Caiciunicile Usterts Chromusterty
of less than 22%. I Duruslolis Pellusterts
: Fagluatalie
. Natrustiolia Xererta (;:romeuerem
(mainly from: Glossary of S0il Science Terms, 5§54, Madison, January 1978) : Paleustolls Haxererta

Vermuniolls
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Classes and Subclasses of Scil Texture

100%
qaLT

SAND -
Percenl BAND

Graph showing the percentages of sand, silt, and clay in the soil classes.

sand — So0il material that coantains 85% or mere of sand; percentage of silt,
plus 1.5 times the percentage of clay, shall not exceed 15.

coarse sand — 257 or more very coarse and coarse sand, and < 507 any other
one grade of sand.

sand - 257 or more very coarse, coarse, and medium sand, and < 50% fine or
very fine sand.

fine sand - 507 or more fipe sand {or) < 25% very coarse, coarse, and
medium sand and < 50% very fine sand.

very fine eamd - 50% or more very fine sand.

loamy sand — Soil material that contains at the upper limit 85 to 90% sand,
and the percentage of silt plus }.5 times the percentage of clay is not
less than 15; at the lower limit it contains not less than 70 to 85% sand,

and the percentage of silt plus twice the percentage of clay does not
exceed 30,

Loamy coarse sand - 257 or more very coarse and coarse sand, and < 50%
any other cne grade of sand.

loamy sand - 25% or more very coarse, coarse, and medium sand, and < 50%
fine or very fine sand.

3y
toamy fine aand - 50% or more fine sand (or} < 25% very coarse, coarse,

and medium sand and < 50% very fine sand.

Loamy very fine sand - 50% or mere very fine sand.

sandy loam — Seil waterial that contains either 20% clay or less, and the
percentage of silt plus twice the percentage of clay exceeds 30, and 527
or moTe sand; or < Vi clay, < 507 <ilt, and between 437 and 522 sand.

cearse sandy loawm — 257 oT more very coarse and coarse sand and < 507 any
other cne grade of sand.

sandy loam - 30% or more very coatse, coarse, and medium sand, but < 25%
very cearse sand, and < JOZ very fime or fine sand.

fine sandy loam - 30 or more fine sand and < 30% very fine sand (or)
between 15 and 30% very coarse, coarse, and medium sand.

very fine sandy loam - 30% or more very fine (or) > 40% fine and very
fine sand, at least half of which is very fine sand and < 157 very
coarse, ccarse, and medium sand.

loam ~— Soil material that contains 7 to 272 clay, 28 to 50% silt, and < 52%
sand.
silt loam — Soil material that contains 50% or more silt and 12 to 27% clay

(or) 50 to 807 silt and < 2% clay.
silt -— Scil material that contains BOZ or more silt and < 12% clay.

sandy clay loam -— Soil materia! that contains 20 to 35% clay, < 2871 silt,
and 457 or more sand, J

clay loam — Soil material that coatains 27 to 403 clay and 20 to 45% sand.
silty clay loam -— 5cil material that contains 27 teo 40% clay and < 207 sand.
sandy clay — Soil materjal that contains 35% or more clay and 45Z or more sand.
silty clay — Soil material that contains 40% or more clay and 407 or more silt.

clay — Soil material that contains 407 or more clay, < 45% sand, and < 407 silt.

sand 2000 - a0
very cearse sand 2000 = 1000
coarse sand 1000 - 500
medium sand 500 - 250
fFine sand 250 - 100
very fine sand 100 - 50

silt
coarse sile 50 - 20
fine silt 20 - 2

clay <2
fine clay < 0.2
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adhere weakly to one another, withstand displacement, and become
U.5. Government Printing Office, Washingtom, 1951)

on the hasis of intev- and intra-aggregate adhesion, cohesion, or stability
within the profile. Four grades of structure designaied from O to 3 are
2} Moderate — weil-formed distinct peds, moderately durable and evident,

I} Weak — poorly formed indistinct peds, barely observable in place.
3) Strong — durable peds that are quite evident in undisturbed soil,
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PRINCIPLES OF SQIL CLASSIFICATION

General Concepts of Classification

Classification (also called taxcnomy) invoives the grouping of
objects, in the mind, on the basis of one or more properties. The objects
to be classified are commonly called individuals. The individual is the
smallest natural body that can be defined as a thing in itself, All the
individuals of a natural phenomenocn, collectively, are a population or
a universe. Plants, animals, rocks, atoms and solls for example, are
populations, each consisting of many individuals.

A class, also called taxon (plural: taxa), is a group of
individuals similar in one or more selected properties and distinguished
from all other classes of the same population by differences in these
properties. These properties, selected in accordance with the purpose

of the classification, are termed differentiating characteristics or

g fferentise. They serve to ¢ifferentiate among classes, .e. to
distinguish one class from all others,

When classifying the individuals of a large and widely varying
population, such as plants and soils, classification is necessary not
only of individuals into classes, but also of classes into wider or
higher classes, and of those into still higher classes. This is called a

multiple category or hierarchical system of classification.

The individuals are grouped into classes of the lowest category,
which are subsequently grouped into classes of higher categories. The
highest categories have small rumbers of classes, defined in troad
general terms, by means of a few differentiating characteristics.

In the lower categories there are large numbers of classes of narrow
range, defined in quite specific terms by a large number of
differentiating characteristics,

Within every class is a central core or nucleus to which the

‘individual members are related in varying degress. 1t is called the

central concept or medal individyal, 1t is not a real class member, but
an idealized Tndividual which typifies the class. Some Individuals of the
class are very similar to the central concept so that no deubt can

exist as to their membership of the class. Other individuals are less

strongly resembling the central concept and show simllar ties with ane

fLAT It



3

pr more other classes.

The Purpose of Classification

The purposes of classification are manifele. It is an essential
aspect of scientific activity. The study of natural phenomena begins with
observation and classification in order to bring out and understand their
relationships. New relationships and principles become evident.

From.a practical paint of view classification enables the human mind
to remember the properties of the objects and make predictions about the
behaviour of these objects and identify their best use. Classification
also provides the basis for a ""language’ by means of which scientists can
exchange ideas and provide information for practlcal purposes

(e.g. soil maps).

Soil Classification

The sol) individual

Soil may be defined as 'the collection of natural bodles
occupying portions of the earth's surface that support plants apd that
have properties due to the integrated effect of climate and living
matter, acting upon parent materiai, as conditioned by relijef, over
periods of time' (Soil Survey Staff, 1352, p.8),

Recent developments in soil classification have increased the
interest in defining the soil Individual, i.e. the smallast s0il bhody,
which can be used as the fundamental unit for classification.

It has been debated whether the soili individual ‘s 3 natural individuai
that is discrete (i.e. separate and distinct) with boundaries
independent of the observer or whether it should be consigared as an
artificial individual, whiech is a human construct, with boundaries
created arbitrarily, for convenience.

Present trends indicate that the soil scientlsts tend to accept the
idea of soil individuals baing artificiai. Since the introduction of
the USDA Comprehensive System of Soll Classification(Soil Survey Staff
1960}, the concept of the pedon and polypedon has heen acknowledged
by many.

The pedon is the smallest volume that can be called "a soil". It
has three dimenslons. Its lower limit is5 the vague and somewhat arbitrary
limit between soil and "not-sojl". The lateral dlimensions are large
enough to permit- study of the nature of any horizon present. Its area
ranges from one to ten square meters. The shape ¢f the pedon is roughly

hexagonal .

?0

A polypedon s 3 soil body consisting of one or more contiquous
(i.e. adjoining and being in close contact) pedons having the same
characteristics diagnostic for a soil sereis, the series being the lowest
category in the US séystem of classification. A palypedon is bounded on
all sides by '"not-scil" or by pedaons having characteristics of a
aifferent soil series.
8y means of these concepts it s possible to divide the continuum of
s0il into soil individuals (polypedons) that can be arranged in a

classification system.

Soll ctassification and soil mapping

Probably the most important purpose of soll classification is to
provide the baslis for soll survey. Sgil maapping involves the
identification of different soils in the fleld, the determination of
their boundaries and the delineation of these boundarles on a suitable
base map. idealiy the mapping units should correspond to the units
of the classification. However, this can only be achleved by using a
very iarge scale. Usually the scale of the base map is smaller and,

3% & consequence, it is only possible to delineate soil bodies which tend
{0 approximate landscape units. These often include more than one
polypedon (soil individual), which may fall in different classes, even

at the highest level. -

The reader may be warned, that often the terminclogy of the
classiflcation system is used for map legends, seemingly without

trouble. This is the source of much confusion,

Literature
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New developments in world soil classification

Scil constitutes & continuum and most of its characteristics change with
time. Soil classification is a conceptual system to arrange the knowledge on
soils. Kewly acquired knowledge will result in new concepts of classificaticn
and, ultimately, in new classification schemes and systems. In obher words:
soil classification systems have a temporary validity and need o change with
time to fit the expansion of knowledge. Alsc the aims and requirements of the
classification may change.

The FAO-Unesco Soil Map of the World legend was developed in the 1960's
and published in 1374, The development of the USDA Soil Taxonomy ended somewhat
later and was published in 1975. Both systems have their values, but also
shortcomings, a number of these being:

- the two systems distinguish soils at different levels of generalization and
by different criteria, so that many units overlap and differ in their range
of variability;

- Gifferences in terminology and nomenclature add to the difficulties of
establishing correlaticns and international understanding;

- a part of the soils, especially those océurring in the (subltropics and

in {very) dry regions are not adequately characterlized.

In short, it can be stated that there is a strong need for an international
agreement on soil classification; both with regard te the principal cl.asses to
be recognized, as well as to the criteria and methodology for defining and
separating them.

The following international activities can.be mentioneu to illustrate the
continuing search for an improved soil classification system:
= an International Reference Base for soil classifieation (IRB}, initiasted hy

UNEP, FAQ, Unesco and TS55. An IRB is needed as a means of communication for
a classification of the soils of the world and for a global exchenge of ex-
periences and informaticn. The system will have 15-2C units at the first,
highest, level, which will be subdivided at a second to fourth level, and
beyond the fourth level sccording to the requiremsnts of the countries con-
cerned. A first draft of the ideas are given in the annex to this lecture
note, showing that IRB should be seen as an improvement end expansion of
the So0il Map of the World legend,

- & number of International Committees have been set up to advise on the further
development of Soil Taxonomy. The presence of non-American soil scientists
will ensure that the proposals of the Committees are also based on knowledge
of s01ls outside the U.S.a. A few of the Committees are: ICOMLAC {Int. Comm.
on Low-Activity Clays), ICOMVERT (Int. Comm. on Vertisols), 1COMOX (Tnt. Comm.
on Oxisals), and ICOMMORT {Int. Comm. on Moisture Regimes in the Tropics).

International Reference Base for soil classification (IRB)
Proposals for soil classification on different levels™

Ist level 2nd level (tentative name, 3rd (14

FAO-equivalent)

l. shallow on hard parent m. Lithosols -
weakly " coarse p.m. Arenosols =
developed " medium p.m. Regosols = (medium)
" alluvial p.m. Fluvisols =, MOSC
2. swelling/ clavey, low kf Vertisols =
shrinking " " Pelosols
3. surface water Pseudogleys
+albic Stagnogleys,
" Planosels -
4. ground water Gleysols =
+thicnic Thioscls thionic Fluvi
5. saline and/or Solonchaks =
alkaline Solonetz =
6. aridic calcice Calcisols Xero
RgYpSic 1 Gypsisols Yermo
7. mollic +la-redistribution Kastanozems
{humus " Chernozems
saturated) —Ca-redistribution Greyzems =
:: Phaeozems =
Rendzina =
8. umbric (humus Rankers a
unsaturated) +cambic Umbrisols humic Cembi
9. sialic Cambisols =, most
{CEC >24, +argillic Luvisols =, MOBL
Fegq <i) Padzoluvi, Acri
10. fersialic Chromesols  chromic Cambi
{CEC >24, +argillic " Luvi’
Fed >10)
1i. ferralic Ferralsols =
(CEC <24) +argillic Nitosols .
N Ferluvisols ferric Luvi
" - Feracrisols " Acri
12. andic Andosols -
13, FeAl/humus-B Podzols -
14, organic Higtosols -
15. permafrost Gelisols gelic groups
16. anthropogenic Anthroposols

»* - .
as presented at 12 International Congress of Soil

Science, New Delhi, Peb.

1982
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