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Soil Forming minerals and rocks

Soil Morphological Characteristics

BASIC PRINCIPLES OF CLASSIFICATION

Why classify?

The purpose of any classification is so to orgawiae knowledge that the properties of objects may b
remembered and their relationships may be undetstuast easily for a specific objective. The process
involves formation of classes by grouping the ofsieon the basis of their common properties or
characteristics. In any system of classificatioougs about which the greatest number, most preaisk
most important statements can be made for the thlgeserve the purpose best.

Classification helps us deal with complexity. Thare too many objects to consider individuallywi
can find some common properties or behaviour beatleem, we can make meaningful classes to help us
organize our knowledge and simplify our decisiorkimg.

We classify individual objects, for example soibfiles, by grouping them into classes, or exampié s
series. These classes then form other objects#émain turn be classified into still more geneiakses,
for example, reference soil groups. This is a hadmaal classification, and is common in soil scien

* Types of objects

— Individuals

— Populations

— Sub-populations (strata)

Key concepts of classification

Individual objects make up a population. A classaigroup of individual or other classes similar in
selected properties and distinguished from all rothesses of the same population by differencekere
properties. There is diversity in the degree diedifnces among classes. These diversities maksesla
natural object grade by small step into other elagdifferences are gradational).

Within every class, there is a central core or euglto which other individual members of the clarss
related in varying degree. This central individiglreferred to as thenodal individual. The modal
individual, who is at the centre, typifies the miogleoperties of the class. In the immediate vigimit the
modal individual are many individuals held by bafdesemblance and similarity so strong that naotlou
can exist as to their relationship with the modalividual. At the margins of the group are many
individuals less strongly held by bond of resembdamut strongly held by similarity to the modal
individual than to that of any other class.



The test of proper placement of any marginal irdliai is its relative degree of similarity to the aab

individuals of different classes.
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Modal Individual

Differentiating Characteristics

The property chosen as the basis of grouping ieddhe differentiating characteristic. It serves t
differentiate among classes. If the basis of gnogiié good, the differentiating characteristicsudtidoe
associated with a number of co-varying propertieaazessory characteristics. For example, soiltext
affects cation exchange capacity (CEC), bulk dgnaitd hydraulic conductivity. A well conceived

grouping is based upon differentiating charactesghat:

» Is important for the objective of classificationdan
» Carry the greatest possible co-varying or accessloayacteristics that are also important for the

objective of classification.

Category
A category is a series of classes, collectivelynied by differentiation within a population on thests of
a single set of criteria A category must include individuals of the popiola and groups within a

category are classes at a defined level of abiiract
In any multiple category system, regardless of thenber of categories, the properties that are
homogenous in a given class consist of the accuetuldifferentiating and accessory characteristics o

that category and all other categories above ie gieatest number of statement can be made about



classes of the lowest categories and the least euaflstatements can be made about units of theehig

category.

Formation of classes at a lower categorical lemethieir final form, pre-supposes knowledge of the

population adequate enough to complete all categabove it. As the body of knowledge about any
phenomena increases, attempt to effect a compégteahl system of classification must pass through a
series of approximations or adjustments.

Principles of differentiation as they affect classe

The properties of differentiating characteristibsitt would meet the conditions of natural system of
classification as laid down by Cline (1949), Sn{it863) and Arnold and Eswaran (2003) are as follows

A differentiating characteristic must be importéontthe objective.

A differentiating characteristic must be a prop@tyhe things classified or a direct interpretatio
for the objective.

The differentiating characteristics should carryn@ny accessory properties as possible for the
objective.

The class interval of a differentiating charactarisnust provide classes homogenous for the
objective. When differentiation is based upon tegrde of expression of an attribute, the limiting
value of that property between classes of a cootiawseries may be placed arbitrarily at any
point in the series. Not all points within suchegias are equally pertinent for a given objective,
however, and the establishment of the class intéovdahe most useful grouping is not arbitrary.
Soil classification must rely on data of the obation and experiment for establishment of the
significant limiting values of classes.

Principles of differentiation as they affect relatbnship among categories

Differentiating characteristics must classify altlividuals in any single population. This is what
Nikiforrof calls the principle of wholeness of taxamic categories. Every category must include
all existing individuals of the population, therefp the differentiating characteristics of each
category must apply to all individuals or some dlials will remain unclassified.

Greatly different “kingdoms” require different déffentiating characteristics at the same level of
abstraction. This principle rest upon the concémtegree of differences among groups of things
at different levels of abstraction. Within natupilenomena called soil, there may be populations
that have so few important common properties thaingle differentiating characteristic at a
given level of abstraction would not frame the imipot classes in each. The breach between
organic and inorganic soil may be that order of mitage.



 All classes of the same category of a single pdjmiashould be based on the same
characteristic. To differentiate on different prafes at the same categorical level complicates
the problem of visualizing relationships.

» A differentiating characteristic in one categoryshoot separate like things in a lower category.
Every characteristic has a ceiling of independeatm®/e which it cannot be used to differentiate
without separating like things in categories belovDifferentiation at a higher categorical level
on any basis must separate on the same basis hlatugll lower categories; consequently the
properties to be used to differentiate at higheell®ef generalization must be more important for
the objective than those used at lower levels. ifiportance of a differentiating characteristic
must be commensurate with the level of abstracttamhich it is used.

Principles of soil classification
What is different about soils?

» There is really no soiindividual’ as a self-standing object.

» Therefore, the emphasis is on definingppable classes rather than on optimal classification of
individuals.

e There is no trueheritance or genetics as it is understood in biology

Concept of the pedon as a discrete object within éhsoil continuum (Soil individuals)

The dimension of the ultimate individuals of thél gmpulation are fixed vertically by the thicknesk
the soil profile and horizontally by the practitiatits of space required for its observation. \atiy, the
soil unit must extend from the surface into theeparmaterial; any lesser depth would divide the
complete natural body. Horizontally, the limit amet sharply defined; the unit must extend in two
directions far enough to allow sampling and aceudstermination of the properties that can be elser
in the field. It must also be large enough to péthme observation of relationships of the horizmshe
rooting of plants. What is a pedon?

The major difficulty in defining soil individualsrdoasic entities follows from the existence of ssla
continuum. However, the tergedon has been proposed as a collective noun for a draalt soil unit
that can be regarded as the basic soil entitiemibindividual. As a generic term, pedon wouldgte
parallel to the word ‘tree’ as a collective nouwvedng mahogany, pines, leguminous trees, oaksTat.
pedon is in a sense an abstraction or soil unitisha creation of the mind (Marburt, 1941). Acdagito
the terminology of Knox (1965), the pedon is arifiaial rather than a natural individual. Each pedo
consist of a small volume of soil that is a parthe# continuum mantling the land surface. Each pedo
begins at the surface and extend downward to iecthd full set of horizons or to some arbitraryttiep

corresponding to the vertical dimension of a sehofizons. The upper boundary of pedon is clear
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enough, but the lower boundary remains vague ateaThe perimeter is gradational from one pedon to
its neighbours.
A pedon consists of a small volume of soil whicklides the full solum and the upper part of the
unconsolidated parent material. It is usually lges two metres (2m) in depth, and has a latecsser
section that is roughly circular or hexagonal inhand between frand 10riin area. The smallest of
these lateral dimensions is proposed for use irt swks, while the larger dimension up to the maxim
of 10nT is proposed for uses where needed to cover tharilitude of one circle in the arrangement of
horizons (Simonson and Gardner, 1960).
Source of criteria for soil classification.
For most part, the criteria used to classify sodl those that can be observed or determined rapidly
simple tests on the field. Until techniques areedigped that will allow rapid chemical determinasam
the field, one should expect homogeneity of chehpoaperties of soil units only to the extent thase
chemical properties are accessory to the obseha@cteristics used to classify the soils.
Controlled experiments establish relationships ématble selected criteria to which many propetties
cannot be observed are accessory. For examplegaoiir can tell much about the drainage propefty o
the soil as well as probable level of iron and alumm oxide in the soil as well as the soil orgamiatter
content.
Criteria for soil classification.
Soil classification is passing through a seriegmfroximations in which the system is being butri
the lowest category upward by a process of redusomogeneity in each successive higher category.
Our choice of differentiating characteristic in thigher categories is limited by our knowledge ooty
of soil properties but also of the relationship agnsoil properties.
Marbut (1932) proposed the following properties ddferentiating soils at the level of soil typgWhat
is a soil type?]

1. Number of horizons in the profile
Colour of various horizons with special emphasistensurface one or two
Texture of each horizon
Structure of the horizons
Relative arrangement of horizons
Thickness of horizons
Thickness of the true soil (profile)

Chemical composition of horizons
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Character of the soil material [alluvial, loesidja
10. Geology of the soil material [parent material]



Each of the 10 factors listed varies narrowly isadl type within the limitation of precision of tine
measurement. It would be sheer accident if any gutgpcould be found to differentiate at higher
categorical level than soil type, which is not eitla characteristic listed by Marbut or a chardstierto
which the properties listed by Marbut are accessdherefore, the properties listed by Marbut are
accessory characteristics of those attributed wiwedang of independence are high enough to justify
their use in higher categories.

The first step in the selection of differentiaticigaracteristics of higher categories, therefor#p idefine

the characteristics to which the properties ligtgdMarbut are accessory. Most of the propertigsdisire
characteristics of individual horizons. All of themollectively, plus inferences from them, however,
define the whole soil, not only in terms of all herizons but also in terms of relationships among
horizons.

Criteria used in Higher Category of soil taxonomy Classification)

The criteria used in the classification of soilstlie higher categories are obtained from the differ
horizons that make up the pedon or soil individu@lsese include the morphology, chemistry, physical
and mineralogical properties of the soils. The rholpgy and some physical properties are observable
properties that can be determined rapidly on thle fivhile the chemical and mineralogical properiees
measurable in the laboratory, and their figureslccdne correlated with corresponding morphological
descriptions.

A soil horizon may be defined as a layer withirod that is approximately parallel to the soil g€ and
that have properties that are produced by soil fogrprocesses but differs from the adjacent gealgtic
related soil layers in terms of physical, chemiaatl biological properties, such as colour, stragtur
texture, consistence, kind and population of orgiasi presence or absence of mottles, concretiaiis, b
density etc. A set of horizons within a single gainstitutes a soil profile. Thus a profile is atizal
section of the soil through all its horizons andeexling to the parent material. Agriculturally, tthepth

of horizon is arbitrarily set at a depth of not mtlnan two metres (2m).

SOIL PROFILES AND HORIZONS

MASTER HORIZONS

Horizontal layers of soil called horizons can beatided by their different morphological charactcs.
Capital letters designate master horizons, whiah farther subdivided by Arabic numerals. Master
horizons are used to describe similar appearinglagrs and should not be confused with diagnostic
horizons used to classify soils.

OHorizon

O horizon is an organic horizon. It is a surfacgetacharacterized by accumulation of organic matter
which may be dominated by partially decomposednaieecomposed organic material. An O horizon may



be found below the surface if it has been buriedd®minantly found in forested regions, the O hmwiz
is composed of leaf litter in various stages ofagedf the clay content of any horizon is more ta@86,
the organic matter content of the horizon must beenthan 20% before the horizon can be regard€ as
horizon.
There are two types of organic horizon. These d@rard Oa. Oi is an organic horizon in which the
original features of the organic matter are sigihle to the naked eye. For example, if the O zworiis
from vegetation, the vegetation can still be sdémry are not fully decomposed. In Oa horizon howeve
the features of the original organic material islorager visible to the naked eye because they baea
totally decomposed. When the O horizon has bediafpaburied, they are designated as Oe.
A Horizon
The A horizon is the uppermost mineral layer. Ityrtia below the O horizon. An A horizon has a high
concentration of humus and is not dominated byntigration of clay, humus, aluminum, or iron into or
out of the horizon. It is transitional between #eand E horizons, but in many soils, the amount of
eluviations that has taken place is so small thathardly have an E horizon. Since it is formed on o
adjascent to the soil surface, it is darker in cthan the underlying horizon because of the oaratter
accumulation.
E Horizon
The E horizon is an elluvial surface horizon. It lexperience the loss of clay, organic matter, aod
aluminum oxides with the resultant accumulationgofrtz and other resistant minerals. It is also
characterized by bleached appearance becausesobflanaterials. The remaining material tends to be
light colored and coarse textured. The E horizamisnally found below an O or an A horizon and abov
a B horizon. However, it may separate sectionsBtarizon. It should be noted however, that E i
is not common in Nigerian soils.
B Horizon
The B horizon is a subsurface mineral horizon shgwevidence of one or more of the following
processes:

1. illuvial accumulation of alumino-silicate clay, wpaluminum, gypsum, or silica;

2. carbonate removal;

3. residual concentration of sesquioxides and silicktg;

4. coating of sesquioxides, which makes the horizarsp@uously lower in color value, higher in

chroma, or redder in hue without apparent illuaiatof iron than that found in the overlying and

underlying horizons;



5. alteration of materials from its original conditioa. lots of pedogenic processes are taking place.
Formation of silicate clay or liberation of oxides both, and formation of granular, blocky, or
prismatic structure if volume changes accompanygés in moisture context; or

6. brittleness.

It should be noted that there are no universalrtiatic properties that can be taken as satisfactor
identifying all B horizons. The development of Brizon is an indication of soil maturation.

CHorizon

The C horizon is a layer of minimal alteration. Bl&l may be similar to or unlike that from whidiet
other horizons formed. C horizons lack the propsrtdf O, A, E or B horizons, and can include
coprogenous earth (sedimentary peat), diatomaceatis, saprolite, unconsolidated bedrock, androthe
uncemented geologic materials or materials softighdor excavation with moderate difficulty.

R Layer

An R layer refers to hard consolidated bedrock. dviat is cemented and manual excavation is
impossible. Intrusive soils can be found in raracks in the bedrock. Examples of R layer material
include: granite, basalt, quartzite, indurated Btoee, or sandstone. The R layer is presumed tbhebe
material from which the overlying horizons are deped. But if it is a different material from thaft the
overlying mantle, it is represented by IIR, indingt what is called LITHOLOGICAL
DISCOUNTINUITY. The roman figure (Il) placed befoR, is to indicate that the parent material is
different from that of the overlying mantle.

TRANSITIONAL HORIZONS

Transitional horizons are dominated by properti€soime master horizon but have the subordinate
properties of another. These are designated bycapdal letters, for example, AB, EB, BE, or BC.€Th
first letter represents the dominant horizon chartics; the second indicates the weaker expiesse
characteristics.

A second type of transitional horizon has two didtiparts with recognizable properties of the twastar
horizons indicated by the capital letters. Partered surround the other. This type of transitidraizon

is designated by a capital letter for the part viith greatest volume, followed by a slash and amoth
capital letter for the secondary part (for exampig, B/E, or B/C).

SUBORDINATE DISTINCTIONS

Master horizons are further divided by subordinekaracteristics, which usually do not apply to
transitional horizons. Subordinate distinctions idemtified by lower-case letters, called suffixrgyols.

In some cases, they describe an accumulation @friakt



This means that the so-designated horizons comaie of the material in question than is presunoed t

have been present in the parent material. For ebear®p refers to a B horizon with more clay than

normal. The symbols and their meanings are aswslio

a . highly decomposed organic materidlsed with O to indicate the most highly decomposed
organic materials, which have rubbed fiber contéméss than 17 percent of the volume.

b . buried genetic horizorJsed in mineral soils to indicate identifiable larihorizons with
major genetic features that were developed beforialb Genetic horizons may or may not have
formed in the overlying material, which may be eitlike or unlike the assumed parent material
of the buried soil. This symbol is not used in migasoils or to separate an organic from a
mineral layer.

¢ . concretions or nodulesindicates a significant accumulation of concretiars nodules.
Cementation is required, but the cementing agenbisspecific, except that it cannot be silica.
The symbol is not used if the concretions or nagldensist of dolomite or calcite, or more
soluble salts. It is used if the nodules or comanstare enriched with minerals that contain iron
aluminum, manganese, or titanium.

d . physical root restriction Indicates root-restricting layers in naturally octwg or man-made
unconsolidated sediments or materials, such aseddmsal till, plow pans, and other
mechanically compacted zones.

e . organic material of intermediate compositidsised with O to indicate organic materials of
intermediate composition with rubbed fiber contiesttween 17 and 40 percent (by volume).

f . frozen soil.Indicates permanent ice content in a horizon cerlayhe symbol is not used for
seasonally frozen layers or for so-called dry pdrosa (material that is colder than 0° but does
not contain ice).

g . strong gleyinglndicates either that iron has been reduced andvedhduring soil formation,
or that saturation with stagnant water has preseitven a reduced state. Most of the affected
layers have a chroma of 2 or less, and many had@xreoncentrations. The low chroma can
represent either the color of reduced iron or thiercof uncoated sand and silt particles from
which the iron has been removed. The synghislnot used for materials of low chroma that have
no history of wetness, such as some shales origolnar If g is used with B, pedogenic change in
addition to gleying is implied. The horizon is dgsited Cg if no other pedogenic change besides
gleying has occurred.

h . illuvial accumulation of organic mattelJsed with B to indicate the accumulation of illlyia
amorphous, dispersible organic-matter-sesquioximapiexes if the sesquioxide component is

dominated by aluminum but is present only in smgatntities. The organo-sesquioxide material
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coats sand and silt particles. In some horizoresettoatings have coalesced, filled pores, and
cemented the horizon. The symihak also used in combination with as in Bhs, if the amount
of sesquioxide component is significant but theocalalue and chroma of the horizon when
moist is 3 or less.

i. slightly decomposed organic mattetJsed with O to indicate the least decomposed of the
organic materials. Its rubbed fiber content is 46cpnt or more (by volume).

k. accumulation of carbonatemdicates an accumulation of alkaline-earth carbes)yaommonly
calcium carbonate. It is usually found in arid oy cegion.

m. cementation or induration. Indicates continuous or nearly continuous cemesatirhe
symbolm is used for horizons that are more than 90 percemntented, although they may be
fractured. The cemented layer is physically rostsietive. The predominant cementing agent (or
the two dominant cementing agents) may be indichtedsing defined letter suffixes, singly or
in pairs. Following are some suffix combinationsl avhat they indicate:

km. cementation by carbonates;

gm. cementation by silica;

sm. cementation by iron;

ym. cementation by gypsum;

kgm cementation by lime and silica; and

zm. cementation by salts more soluble than gypsum.

n . accumulation of sodiuntndicates an accumulation of exchangeable sodium.

0. residual accumulation of sesquioxides

p . tillage or other disturbancdndicates a disturbance of the surface layer byhaeical means,
pasturing, or similar uses. A disturbed organicizwor is designated Op. A disturbed mineral
horizon is designated Ap, even though it is clearfgrmer E, B, or C horizon.

g . accumulation of silicalndicates an accumulation of secondary silica.

r . weathered or soft bedrocklsed with C to indicate root-restrictive layerssafrolite, such as
weathered igneous rock, or of soft bedrock, sucpaaly consolidated sandstone, siltstone, and
shale. Excavation difficulty is low to high.

s . illuvial accumulation of sesquioxides and organiatrar. Used with B to indicate an
accumulation of illuvial, amorphous, dispersiblegamic-matter-sesquioxide complexes if both
organic-matter and sesquioxide components arefisigni, and if color value and chroma of the
horizon when moist is 4 or more. The symbol is aised in combination with the symbglas in
Bhs, if both the organic-matter and sesquioxide paments are significant, and if the color value

and chroma, moist, is 3 or less.
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» ss. presence of slickensiddadicates the presence of slickensides. Slickersidsult directly
from the swelling of clay minerals and shear falucommonly at angles of 20 to 60 degrees
above horizontal. They are indicators that othetizeharacteristics, such as wedge-shaped peds
and surface cracks, may be present.

e t.accumulation of silicate clalndicates an accumulation of silicate clay that éidiser formed
and subsequently been translocated within the tworar has been moved into the horizon by
illuviation, or both. At least some part of the izon should show evidence of clay accumulation
either as coatings on surfaces of peds or in panress lamellae or bridges between mineral
grains.

» v. plinthite. Indicates the presence of iron-rich humus-poor igtdthaterial that is firm or very
firm when moist and hardens irreversibly when egposo the atmosphere and to repeated
wetting and drying.

 w . development of color or structurélsed with B to indicate the development of colod an
structure, or both, with little or no apparent vilal accumulation of material. It should not be
used to indicate a transitional horizon.

« X . fragipan characterindicates a genetically developed layer with a cowtion of firmness,
brittleness, and commonly a higher bulk densityhnthdjacent layers. Some part of the layer is
physically root-restrictive.

e y.accumulation of gypsum

» z.accumulation of salts more soluble than gypsum

DIAGNOSTIC HORIZONS:

Master horizons describe a soil profile, while diastic horizons are used to classify soils. Whereas
master horizons are based on appearance, diagiastaons are based on soil formation processes.
These two classification schemes are not compleangnbiagnostic horizons can contain all or part of
more than one master horizon.

Diagnostic horizons are horizons mainly used fdl dassification. Although they are supposed to be
identified on the field, many cannot be surely iifead on the field particularly in the tropics. &itefore,
laboratory analysis are use to confirm and estabtie field identification.

There are two types of diagnostic horizons. Thesearface (epipedon) and subsurface horizon.
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EPIPEDONS

An epipedon is the surface, or uppermost soil looriZ hey are not synonymous to the A horizon. They
may be thinner than the A horizon, or include therEpart or the entire B horizon. Epipedons derived
from bedrock lack rock structure and are normadlgkened by organic matter.

Histic epipedon

This organic horizon is water saturated long enofaghreduced conditions to occur unless artifigiall
drained. It is 40 to 60 cm thick and has a low hadksity often less than 1 g cm-3. The actual acgan
matter content is dependent on the percent clahelsoil has not been plowed, it must contain betw
12 percent and 30 percent organic carbon with ag ahd 18 percent or more organic carbon with 60
percent or more clay. When the soil has been plptexdorganic carbon content is from 8 percent with
no clay to 16 percent with 60 percent or more clay.

Melanic epipedon

This thick, black surface horizon with a high origamatter content formed in volcanic ejecta. It laas
minimum thickness of 30 cm, contains 6 percent orarorganic carbon, and has volcanic mineral-like
allophane throughout.

Mollic epipedon

This epipedon is a soft dark grassland soil. ltgoic carbon content is 0.6 percent or more respiti a
color value of 3 or less moist, 5 or less dry.dese saturation is 50 percent or more. It measares
minimum of 18 cm thick if not directly above a mmtalcic horizon, duripan, or a lithic or paralithic
contact, and contains less than 250 pp@sPMoist three months or more each year, it canawktboth
hard consistence and massive structure.

Anthropic epipedon

While similar to the mollic epipedon, the anthrogigipedon contains greater than 250 ppm citric acid
soluble BOs with or without a 50 percent base saturation amglires that the soil is moist three months
or more over 8 to 10 years. It is commonly foundiélds cultivated over long periods of time.

Ochric epipedon

Ochric epipedon is light in colour and low in orgamatter and too thin to be any of the other five
epipedons. This epipedon does not meet the defisitof any other surface horizon. It does not hhee
thickness, percent organic carbon, or color to bmaddlic or umbric epipedon. The ochric epipedon
extends to the firstilluvial (B) horizon. Ochripipedon is the most common epipedon in Nigeria.
Plaggen epipedon

This man-made horizon is 50 cm or more thick arsl fesulted from centuries of accumulation of sod,
straw, and manure, for example. It commonly costairifacts such as pottery and bricks.

Umbric epipedon
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Mollic-like in thickness, organic carbon contenglar, BOs content, consistence, and structure, this

epipedon has less than 50 percent base saturation.

DIAGNOSTIC SUBSURFACE HORIZONS

Diagnostic subsurface horizons can be categorigedeakly developed horizons, as horizons featuring
an accumulation of clay, organic matter, or inoigasalts, as cemented horizons, or as stronglyiacid
horizons.

Agric

The agric horizon is an illuvial horizon that hasrfied under cultivation and contains significanbants

of illuvial silt, clay, and humus. It is usuallyrfoed after prolonged years of cultivation.

Albic

Albic (L. albus white) materials are soil materials with a cdlwat is largely determined by the color of
primary sand and silt particles rather than bydbler of their coatings. This definition impliesathclay
and/or free iron oxides have been removed frormtaterials or that the oxides have been segregated t
such an extent that the color of the materialaiigdly determined by the color of the primary pdes.
Clay, humus, and other coatings have been leacbeadthis eluvial horizon, leaving light-colored slan
and silt particles.

Argillic

An argillic horizon is normally a subsurface honzavith a significantly higher percentage of
phyllosilicate clay than the overlying soil matérii shows evidence of clay illuviation. The atigil
horizon forms below the soil surface, but it mayelposed at the surface later by erosion.

This illuvial horizon of mostly high-charged layaiticate clay has clay films on the faces of pedsame
indication of clay movement. It is at least onethethe thickness of all overlying horizons. If the
overlying horizon has less than 15 percent clag, ahgillic has 3 percent more clay than the eluvial
horizon above. If the overlying horizon has 15 @opgrcent clay, the argillic has 1.2 times that antolf

the overlying horizon has over 40 percent clay atwgllic has 8 percent more clay.

Calcic

The calcic horizon is an illuvial horizon in whiglecondary calcium carbonate or other carbonates hav
accumulated to a significant extent.

Measuring 15 cm or more thick, this horizon is imaturated or cemented, and has evidence of calcium
carbonate movement. It has a 15 percent or morégaquivalent unless there is below 18 percent clay,
and then the requirement is a 5 percent or moreG3a€quivalent. If the horizon is cemented, it is
classified as petrocalcic.

Cambic
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This horizon shows some evidence of alterations ibutery weakly developed between A and C
horizons. The cambic horizon has less illuviatigilence than found in the argillic and spodic honiz.
Kandic

The Kandic horizon is a vertically continuous sufete horizon that underlies a coarser texturethsar
horizon. The minimum thickness of the surface tmrizs 18 cm after mixing or 5 cm if the textural
transition to the kandic horizon is abrupt and ¢hisrno densic, lithic, paralithic, or petroferdontact
within 50 cm of the mineral soil surface. The kanii a horizon with an illuvial accumulation of 1:1
(kaolinite-like) clay. It has a clay increase opdrcent or more within 15 cm of the overlying horizf
the surface has less than 20 percent clay; 20 peocenore if the surface has 20 to 40 percent, da
percent or more if the surface has greater thaped€ent clay. The horizon is 30 cm thick unlesselie

a lithic, paralithic, or petroferric contact, in igh case minimum thickness is 15 cm.

Has an apparent CEC of 16 cmol(+) or less perl&g (by 1N NH4O0Ac pH 7) and an apparent ECEC
of 12 cmol(+) or less per kg clay (sum of basegaexéd with 1IN NH4OAc pH 7 plus 1N KCI-
extractable Al) in 50 percent or more of its thieka between the point where the clay increase
requirements are met and either a depth of 100 elmmbthat point or a densic, lithic, paralithic, or
petroferric contact if shallower. (The percentadeclay is either measured by the pipette method or
estimated to be 2.5 times [percent water retairtetb@0 kPa tension minus percent organic carbon],
whichever is higher, but no more than 100). It haegular decrease in organic-carbon content with
increasing depth, no fine stratification, and nerbying layers more than 30 cm thick that have fine
stratification and/or an organic-carbon content tiereases irregularly with increasing depth.

Natric

The natric horizon is similar to the argillic hasiz with the additional characteristics of columnar
structure. It has an exchangeable sodium percenfale percent or more.

Oxic

The oxic horizon contains highly weathered 1: Y&land sesquioxides. It is 30 cm or more thick lzasl

a CEC of less than 16 - 24 cmkg-1 of clay (by NHOAC method). Less than 10 percent of the minerals
are weatherable. Within a distance of 15 cm, tiess increase in clay of 4 percent or less ifdhdace
horizon contains less than 20 percent clay; leas #0 percent if the surface contains 20 to 40gmerc
clay; or 8 percent or less if the surface contdihgercent or more clay.

Glossic

This transitional horizon has parts of an eluviatiton and the remnants of a degrading argillicydie,

or natric horizon.
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Gypsic

An illuvial horizon, the gypsic is 15 cm or morddh with 5 percent or more gypsum and at least 1
percent by volume of visible gypsum than the ungiegl horizon. It is a horizon of accumulation of
calcium sulphate. If the horizon is cemented, déssified as petrogypsic.

Placic

This subsurface horizon is cemented by iron, ineth manganese, or iron and organic matter.

Salic

Measuring 15 cm or more thick, the salic horizontams at least 2 percent soluble salt. A 1:1 &pil
water extract has an electrical conductivity ofdBIm-1 (decisiemens per meter) or more.

Sombric

The sombric horizon has an illuvial accumulatiorhofmus that is not associated with aluminum (spodic
or sodium (natric).

Spodic

This illuvial horizon contains high pH dependentude material. A sandy-textured horizon, it has an
accumulation of humus with aluminum and/or iron.

Sulfuric

The sulfuric horizon forms as a result of drainsml with a high sulfide content that is oxidizea t
sulfates, drastically reducing the pH. It is atsteh5 cm thick and has a pH of 3.5 or less. Thie tgf

horizon is common in acid-sulfate soils.

PEDOLOGICAL FEATURES

Fragipan

A fragipan is a brittle horizon situated at sompttiébelow an eluvial horizon. It has a low orgamiatter
content, lower bulk density than overlying horizoaisd hard or very hard consistence when dry.
Duripan

This subsurface horizon is cemented by silica imarthan 50 percent of its volume. It dissolves in
concentrated basic solution or alterating acidthed basic solutions, but does not slake in HCI.
Plinthite

Plinthite (Gr.plinthos brick) is an iron-rich, humu spoor mixture ofhaith quartz and other minerals.
It commonly occurs as dark red redox concentratitwas usually form platy,polygonal, or reticulate
patterns. Plinthite changes irreversibly to andtone hardpan or to irregular aggregates on expdsur
repeated wetting and drying, especially if it iscaéxposed to heat from the sun. The lower bourafaay
zone in which plinthite occurs generally is diffuse gradual, but it may be abrupt at a lithologic

discontinuity.
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Generally, plinthite forms in a horizon that iswsated with water for some time during the yeaitidly,

iron is normally segregated in the form of soft,renor less clayey, red or dark red redox conceatrat
These concentrations are not considered plinthitess there has been enough segregation of iron to
permit their irreversible hardening on exposureejpeated wetting and drying. Plinthite is firm ary
firm when the soil moisture content is near fiedghacity and hard when the moisture content is béhew
wilting point. Plinthite does not harden irrevetgibs a result of a single cycle of drying and reing.
After a single drying, it will remoisten and thearncbe dispersed in large part if one shakes itatew
with a dispersing agent.

In a moist soil, plinthite is soft enough to be with a spade. After irreversible hardening, ihgslonger
considered plinthite but is called ironstone. Iraded ironstone materials can be broken or shatteitbd

a spade but cannot be dispersed if one shakesitheater with a dispersing agent.

Slickensides

Slickensides are polished and grooved surfacegiandrally have dimensions exceeding 5 cm. They are
produced when one soil mass slides past anothere Stickensides occur at the lower boundary offa sl
surface where a mass of soil moves downward orasively steep slope. Slickensides result directly
from the swelling of clay minerals and shear faluThey are very common in swelling clays that
undergo marked changes in moisture content.

Gilgai

Gilgai

Lithic Contact

A lithic contact is the boundary between soil antbherent underlying material. Except in Ruptidiligt
subgroups, the underlying material must be virjuedintinuous within the limits of a pedon. Crackatt
can be penetrated by roots are few, and their tvatdt spacing is 10 cm or more. The underlying nigte
must be sufficiently coherent when moist to makadadigging with a spade impractical, although the
material may be chipped or scraped with a spade nTdterial below a lithic contact must be in arsgip
cemented or more cemented rupture-resistance cl@assimonly, the material is indurated. The
underlying material considered here does notincldidgnostic soil horizons, such as a duripan or a
petrocalcic horizon.

A lithic contact is diagnostic at the subgroup leifeét is within 125 cm of the mineral soil surfadn
Oxisols and within 50 cm of the mineral soil sudae all other mineral

soils. In organic soils the lithic contact mustiithin the control section to be recognized atghbgroup

level.
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Paralithic Contact

A paralithic (lithiclike) contact is a contact bet@n soil and paralithic materials (defined belowiere
the paralithic materials have no cracks or theiggaaf cracks that roots can enter is 10 cm or more
Paralithic Materials

Paralithic materials are relatively unaltered niater(do not meet the requirements for any othenath
diagnostic horizons or any other diagnostic sadrebteristic) that have an extremely weakly centetae
moderately cemented rupture resistance

class. Cementation, bulk density, and the orgaizatre such that roots cannot enter, except ioksra
Paralithic materials have, at their upper boundarparalithic contact if they have no cracks othi
spacing of cracks that roots can

enter is 10 cm or more. Commonly, these materiaés @artially weathered bedrock or weakly
consolidated bedrock, such as sandstone, siltstoneshale. Paralithic materials can be used to
differentiate soil series if the materials are witthe series

control section. Fragments of paralithic materfald mm or more in diameter are referred to as peakar
fragments.

Petroferric Contact

A petroferric (Gr.petra rock, and Lferrum iron; implying ironstone) contact is a boundaeptreen soil
and a continuous layer of indurated material inalutiron is an important cement and organic master i
either absent or present only in traces. The inddriyer must be continuous within the limits atle
pedon, but it may be fractured if the average dtdistance between fractures is 10 cm or more.fatte
that this ironstone layer contains little or noamigz matter distinguishes it from a placic horizord an
indurated spodic horizon (ortstein), both of whicmtain organic matter.

Several features can aid in making the distinctietween a lithic contact and a petroferric contairst,

a petroferric contact is roughly horizontal. Secotite material directly below a petroferric contact
contains a high amount of iron (normally 30 peraamnore Fe203). Third, the ironstone sheets below
petroferric contact are thin; their thickness ranfyfem a few centimeters to very few meters. Samist
on the other hand, may be thin or very thick, maydvel-bedded or tilted, and may contain only alsm
percentage of Fe203. In the Tropics, the ironsisgenerally more or less vesicular.

Lithologic discontinuities

Lithologic discontinuities are significant changegarticle size distribution or mineralogy thapresent
differences in lithology within a soil. A lithologidiscontinuity can also denote an age differekroe.
information on using horizon designations for lithgic discontinuities, see tt&oil Survey Manual
(USDA, SCS, 1993).
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Not everyone agrees on the degree of change rédairea lithologic discontinuity. No attempt is nead
to quantify lithologic discontinuities. The discimsbelow is meant to serve as a guideline.

Several lines of field evidence can be used to uatal lithologic discontinuities. In addition to
mineralogical and textural differences that mayunesjlaboratory studies, certain observations can b
made in the field. These include but are not lichiie the following:

1. Abrupt textural contacts—An abrupt change in particle-size distribution,iethis not solely a
change in clay content resulting from pedogenesis,often be observed.

2. Contrasting sand sizes—Significant changes in sand size can be deteEdexample, if material
containing mostly medium sand or finer sand abyuptlerlies material containing mostly coarse sand
and very coarse sand, one can assume that

there are two different materials. Although the eniats may be of the same mineralogy, the contrgsti
sand sizes result from differences in energy atithe of deposition by water and/or wind.

3. Bedrock lithology vs. rock fragment lithology inthe soil—If a soil with rock fragments overlies a
lithic contact, one would expect the rock fragmeiotshave a lithology similar to that of the matéria
below the lithic contact. If many of the rock fragnts do not have the same lithology as the undeylyi
bedrock, the soil is not derived completely frora tinderlying bedrock.

4. Stone lines—The occurrence of a horizontal line of rock fragisein the vertical sequence of a soil
indicates that the soil may have developed in ntlea@ one kind of parent material. The material abov
the stone line is most likely transported, andrttagerial below may be of different origin.

5. Inverse distribution of rock fragments—A lithologic discontinuity is often indicated byarratic
distribution of rock fragments. The percentage awkrfragments decreases with increasing depth. This
line of evidence is useful in areas of soils theatdrelatively unweathered rock fragments.

6. Rock fragment weathering rinds—Horizons containing rock fragments with no rintistt overlie
horizons containing rocks with rinds suggest thatupper material is in part depositional and et#ted

to the lower part in time and perhaps in lithology.

7. Shape of rock fragments—A soil with horizons containing angular rock fragnts overlying
horizons containing well rounded rock fragments nraicate a discontinuity. This line of evidence
represents different mechanisms of transport (e@lws. alluvial) or even different transport @istes.

8. Soail color—Abrupt changes in color that are not the resulpefiogenic processes can be used as
indicators of discontinuity.

9. Micromorphological features—Marked differences in the size and shape of @sishinerals in one

horizon and not in another are indicators of déferes in materials.
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Use of Laboratory Data

Discontinuities are not always readily apparenthia field. In these cases laboratory data are sacgs
Even with laboratory data, detecting discontinsitreay be difficult. The decision is a qualitative o
perhaps a partly quantitative judgment. Generalcepts of lithology as a function of depth might
include:

1. Laboratory data—visual scan—The array of laboratory data is assessed in emattto determine if

a field designated discontinuity is corroborated & any data show evidence of a discontinuity not
observed in the field. One must sort changestinlliigy from changes caused by pedogenic processes.
most cases the quantities of sand and coarsetiofiacare not altered significantly by soil-forming
processes. Therefore, an abrupt change in sandrséaad mineralogy is a

clue to lithologic change. Gross soil mineralogy &me resistant mineral suite are other clues.

2. Data on a clay-free basis—A common manipulation in assessing lithologic af@is computation of
sand and silt separates on a carbonate-free, aybfisis (percent fraction, e.g., fine sand amg fuge
sand, divided by percent sand plus silt, times 1G0y distribution is subject to pedogenic changd
may either mask inherited lithologic differences mnoduce differences that are not inherited from
lithology. The numerical array computed on a claefbasis can be inspected visually or plotted as a
function of depth.

Another aid used to assess lithologic changesrigpotation of the ratios of one sand separate ttheno
The ratios can be computed and examined as a reaharray, or they can be plotted. The ratios work
well if sufficient quantities of the two fractiorsge available. Low quantities magnify changes tiosa
especially if the denominator is low.

Soil Moisture Regimes
The term “soil moisture regime” refers to the preseor absence either of ground water or of waaét h

at a tension of less than 1500 kPa in the soih@piecific horizons during periods of the year. &/&ield
at a tension of 1500 kPa or more is not availablesep most mesophytic plants alive. The availgtilf
water is also affected by dissolved salts. If disaturated with water that is too salty to kailable to
most plants, it is considered salty rather than @gnsequently, a horizon is considered dry when th
moisture tension is 1500 kPa or more and is corsidmoist if water is held at a tension of lesstha
1500 kPa but more than zero. A soil may be contislyomoist in some or all horizons either throughou
the year or for some part of the year. It may Itleeeimoist in winter or dry in summer or the reeers
the Northern Hemisphere, summer refers to Jung, duld August and winter refers to December,

January, and February.
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Normal Years

In the discussions that follow and throughout tegsk the term “normal years” is used. A normal ysar
defined as a year that has plus or minus one gt@ndaviation of the long-term mean annual
precipitation. (Long-term refers to 30 years or enprAlso, the mean monthly precipitation during a
normal year must be plus or minus one standardatiewi of the long term monthly precipitation foo8

the 12 months. For the most part, normal yearsheagalculated from the mean annual precipitation.
When catastrophic events occur during a year, hewdkie standard deviations of the monthly means
should also be calculated. The term “normal yeaeglaces the terms “most years” and “6 out of 10
years,” which were used in the 1975 editiorsofl taxonomyUSDA, SCS, 1975).

Soil Moisture Control Section

1. The intent in defining the soil moisture controttéen is to facilitate estimation of soil moisture
regimes from climatic data. The upper boundanhif tontrol section is the depth to which a dry
(tension of more than 1500 kPa, but not air-dry) sl be moistened by 2.5 cm of water within
24 hours. The lower boundary is the depth to wiaidfry soil will be moistened by 7.5 cm of
water within 48 hours. These depths do not inclingedepth of moistening along any cracks or
animal burrows that are open to the surface. Ifcfrtbof water moistens the soil to a densic,
lithic, paralithic, or petroferric contact or topatrocalcic or petrogypsic horizon or a duripae, th
contact or the upper(1) from 10 to 30 cm belowdbit surface if the particle-size class of the soil
is fine-loamy, coarse-silty, fine-silty, or clayey;

2. (2) from 20 to 60 cm if the particle-size classdsrse-loamy;

3. and (3) from boundary of the cemented horizon d¢utes the lower boundary of the soil
moisture control section. If a soil is moistenedit® of these contacts or horizons by 2.5 cm of
water, the soil moisture control section is thermary or the contact itself. The control section of
such a soil is considered moist if the contact mwean boundary of the cemented horizon has a
thin film of water. If that upper boundary is dtkie control section is considered dry.

The moisture control section of a soil extends ayipnately

30 to 90 cm if the particle-size class is sandyhédf soil contains rock and pararock fragments doatot
absorb and release water, the limits of the magstuantrol section are deeper. The limits of thé soi
moisture control section are affected not only by particle-size class but also by differencesaih s
structure or pore-size distribution or by othertdas that influence the movement and retention atew

in the soil.

Classes of Soil Moisture Regimes

The soil moisture regimes are defined in termsheflevel of ground water and in terms of the season
presence or absence of water held at a tensi@ssfthan 1500 kPa in the moisture control seclias.
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assumed in the definitions that the soil supportstever vegetation it is capable of supporting, i.e
crops, grass, or native vegetation, and that theuamof stored moisture is not being increased by
irrigation or fallowing. These cultural practicefeat the soil moisture conditions as long as theg
continued.
Aquic moisture regime—The aquic (Laqua water) moisture regime is a reducing regime &oiathat
is virtually free of dissolved oxygen because isagurated by water. Some soils are saturatedwétkr
at times while dissolved oxygen is present, eiblemause the water is moving or because the envanhm
is unfavorable for micro-organisms (e.g., if thenperature is less than °f); such a regime is not
considered aquic.
It is not known how long a soil must be saturatetbke it is said to have an aquic moisture regibug,
the duration must be at least a few days, becdusemplicit in the concept that dissolved oxygen
virtually absent. Because dissolved oxygen is readofrom ground water by respiration of
microorganisms, roots, and soil fauna, it is afeplicit in the concept that the soil temperaturatieve
biologic zero for some time while the soil is sated. Biologic zero is defined ag%in this taxonomy.
In some of the very cold regions of the world, hegre biological activity occurs at temperaturesoheb
°C Very commonly, the level of ground water flucemivith the seasons; it is highest in the raingsea
or in fall, winter, or spring if cold weather viglly stops evapotranspiration. There are soils,dver; in
which the ground water is always at or very clasthe surface. Examples are soils in tidal marshés
closed, landlocked depressions fed by perennizdusts.
Such soils are considered to have a peraquic meistgime.
Aridic and torric (L. aridus, dry, and L. torridus, hot and dry) moisture regimes—These terms are
used for the same moisture regime but in differcategories of the taxonomy. In the aridic (torric)
moisture regime, the moisture control sectionngydarmal years:

1. Dry in all parts for more than half of the cumulatidays per year when the soil temperature at a

depth of 50 cm from the soil surface is aboVé&: and
2. Moist in some or all parts for less than 90 coneeudays when the soil temperature at a depth
of 50 cm is above &-.

Soils that have an aridic (torric) moisture reginmemally occur in areas of arid climates. A few are
areas of semiarid climates and either have phypitgierties that keep them dry, such as a crusfscai
that virtually precludes the infiltration of watem, are on steep slopes where runoff is high. Tlelitle
or no leaching in this moisture regime, and soldalés accumulate in the soils if there is a saurce
The limits set for soil temperature exclude froresth moisture regimes soils in the very cold and dry
Polar Regions and in areas at high elevations. Soih are considered to have anhydrous conditions
(defined earlier).
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Udic moisture regime—The udic (L.udus humid) moisture regime is one in which the sodisture
control section is not dry in any part for as lasg90 cumulative days in normal years. If the naarmual
soil temperature is lower than 22and if the mean winter and mean summer soil teatpess at a depth
of 50 cm from the soil surface differ by’6or more, the soil moisture control section, inma¥ years, is
dry in all parts for less than 45 consecutive dayshe 4 months following the summer solstice. In
addition, the udic moisture regime requires, exdepshort periods, a three-phase system, soliddiq
gas, in part or all of the soil moisture contratt&en when the soil temperature is aboV¥&.5

The udic moisture regime is common to the soilbwhid climates that have well distributed rainfall;
have enough rain in summer so that the amounbaédtmoisture plus rainfall is approximately eqael

or exceeds, the amount of evapotranspiration; ve haequate winter rains to recharge the soilscant
foggy summers, as in coastal areas. Water movesward through the soils at some time in normal
years.

In climates where precipitation exceeds evapotieaispn in all months of normal years, the moisture
tension rarely reaches 100 kPa in the soil moistorgrol section, although there are occasionafbri
periods when some stored moisture is used. The waiees through the soil in all months when itas n
frozen.

Such an extremely wet moisture regime is calleddtier(L. per, throughout in time, and ludus humid).

In the names of most taxa, the formative element ‘ig used to indicate either a udic or a perudic
regime; the formative element “per” is used in

selected taxa.

Ustic moisture regime—The ustic (L.ustus burnt; implying dryness) moisture regime is imediate
between the aridic regime and the udic regimecdtgept is one of moisture that is limited butrisgent

at a time when conditions are suitable for plamwgh. The concept of the ustic moisture regimeds n
applied to soils that have permafrost or a cryittemperature regime (defined below).

If the mean annual soil temperature is°2ar higher or if the mean summer and winter soilgeratures
differ by less than 8 at a depth of 50 cm below the soil surface, thiensoisture control section in areas
of the ustic moisture regime is dry in some ompalits for 90 or more cumulative days in normal gelr

is moist, however, in some part either for morenth80 cumulative days per year or for 90 or more
consecutive days.

If the mean annual soil temperature is lower th&n°2and if the mean summer and winter soil
temperatures differ by & or more at a depth of 50 cm from the soil surfdlee,soil moisture control
section in areas of the ustic moisture regime ysimisome or all parts for 90 or more cumulativgsiim
normal years, but it is not dry in all parts for mmahan half of the cumulative days when the soil
temperature at a depth of 50 cm is higher th&f % in normal years the moisture control sectien i
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moist in all parts for 45 or more consecutive daythe 4 months following the winter solstice, the
moisture control section is dry in all parts fosdehan 45 consecutive days in the 4 months fatigwhe
summer solstice.

In tropical and subtropical regions that have a soon climate with either one or two dry seasons,
summer or winter seasons have little meaning. dsdlregions the moisture regime is ustic if therati
least one rainy season of 3 months or more. In ¢éeat@ regions of subhumid or semiarid climates, the
rainy seasons are usually spring and summer argspnd fall, but never winter. Native plants aresthyo
annuals or plants that have a dormant period vthédesoil is dry.

Xeric moisture regime—The xeric (Gr.xeros dry) moisture regime is the typical moisture negiin
areas of Mediterranean climates, where wintersvaist and cool and summers are warm and dry. The
moisture, which falls during the winter, when pdiainevapotranspiration is at a minimum, is pafacly
effective for leaching. In areas of a xeric moistuegime, the soil moisture control section, innmalr
years, is dry in all parts for 45 or more conseeutiays in the 4 months following the summer soasti
and moist in all parts for 45 or more consecutiagsdn the 4 months following the winter solstice.

Also, in normal years, the moisture control sectisrmoist in some part for more than half of the
cumulative days per year when the soil temperadti@ depth of 50 cm from the soil surface is higher
than 6°° or for 90 or more consecutive days when the sailperature at a depth of 50 cm is higher than
8 °°. The mean annual soil temperature is lower thaf®2and the mean summer and mean winter soil
temperatures differ by & or more either at a depth of 50 cm from the saifaze or at a densic, lithic, or

paralithic contact if shallower.

SOIL TEMPERATURE REGIMES

Classes of Soil Temperature Regimes

Following is a description of the soil temperatuegimes used in defining classes at various categor
levels in this taxonomy.

Cryic (Gr. kryos, coldness; meaning very cold soils)- Soils in this temperature regime have a mean
annual temperature lower thai®ut do not have permafrost.

1. In mineral soils the mean summer soil tempeeaimne, July, and August in the Northern Hemispher
and December, January, and February in the Soutthemmisphere) either at a depth of 50 cm from the
soil surface or at a densic, lithic, or

paralithic contact, whichever is shallower, is @fofvs:

a. If the soil is not saturated with water duriegne part of the summer and

(i) If there is no O horizon: lower than 15 or

(ii) If there is an O horizon: lower than®g or
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b. If the soil is saturated with water during sopagt of the summer and

(i) If there is no O horizon: lower than 13 or

(ii) If there is an O horizon or a histic epipedtower than 6°.

2. In organic soils the mean annual soil tempeeaisitower than &°,

Cryic soils that have an aquic moisture regime comignare churned by frost.

Isofrigid soils could also have a cryic temperatiagime. A few with organic materials in the uppart
are exceptions.

The concepts of the soil temperature regimes destibelow are used in defining classes of soithén
low categories.

Frigid. —A soil with a frigid temperature regime is warnieisummer than a soil with a cryic regime, but
its mean annual temperature is lower th&fi &d the difference between mean summer (June, aluly
August) and mean winter (December, January, anduBigf) soil temperatures is more thaff@ither at

a depth of 50 cm from the soil surface or at a idelithic, or paralithic contact, whichever is #baer.
Mesic—The mean annual soil temperature i&&r higher but lower than 1%, and the difference
between mean summer and mean winter soil tempegatsirmore than & either at a depth of 50 cm
from the soil surface or at a densic, lithic, orghi¢hic contact, whichever is shallower.

Thermic.—The mean annual soil temperature is"16r higher but lower than 22, and the difference
between mean summer and mean winter soil tempegatsirmore than & either at a depth of 50 cm
from the soil surface or at a densic, lithic, orghi¢ghic contact, whichever is shallower.
Hyperthermic.—The mean annual soil temperature is°2®r higher, and the difference between mean
summer and mean winter soil temperatures is mame @f° either at a depth of 50 cm from the soil
surface or at a densic, lithic, or paralithic cattavhichever is shallower.

If the name of a soil temperature regime has thedixpiso, the mean summer and mean winter soil
temperatures differ by less than6at a depth of 50 cm or at a densic, lithic, orajiiic contact,
whichever is shallower.

Isofrigid. —The mean annual soil temperature is lower tha€.8 o

Isomesic—The mean annual soil temperature £ 8r higher but lower than 1%5.

Isothermic.—The mean annual soil temperature i$496r higher but lower than 2%.
Isohyperthermic.—The mean annual soil temperature i$2ar higher.

SOIL CLASSIFICATION
This is a process whereby soils are grouped orb#sis of their properties. These properties include
among others, the epipedon and diagnostic swdamitforizon, the nature of the profile, the soituee,

structure, mineralogy and the nature of the clinratiuding rainfall, temperature and relief.
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The reasons for classifying soils are the sameasierated under the general principles of clasdifa.
Major ways of classifying soils

There are various ways to organise a soil clasgifin. A major distinction is betweematural and
technical approaches:

» Natural soil classifications group soils by some intrinpioperty, behaviour, or genesis of the soils
themselves, without reference to use

» Technical soil classifications group soils by some properiesfunctions that relate directly to a
proposed use or group of uses.

Natural classifications:

» Group byecologic region e.g. “prarie soils”, “boreal soils”. Geographigatompact but may have
diverse properties and function.

» Group bypresumed genesisi.e. the development pathway of the soil profileese are callegenetic
soil classifications. The soil individual is considd as a natural body with its own history andapo
This depends on the interpretation of landscapesaitdjenesis.

» Group bysimilar properties, workingbottom-up from a set of individuals, to a set of classes, thied
grouping the classes into super-classes. This ealobe by:

— Subjective judgment of the classifier

— Numerical classification, usually multivariate

Technical classifications:

* Hydrologic response

« Suitability classes (FAO Framework for Land Evaiom}

* Land Use Capability (USDA LCC)

» Fertility Capability Classification (FCC)

 Engineering group

It would be very nice if the groups formed in thesgys corresponded. For example, it might be ergect
that soils that had similar genesis would have laingiroperties and behaviour. The early soil cfassi
thought that soils in an ecological region all lthe same genesis and properties. But that is neatyal
o}

International Soil Classification Systems

There are two major world soil classification sysse These are the United State Department of
Agriculture (UDSA) taxonomic system and the WorlabB and Agricultural Organization (FAO) World
Reference Base System (USDA, 2003; FAO, 2006). s&hare systems designed for universal
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application. They should classify any soil, andsredpcorrelate experiences on similar soils all over the
world.
USDA SYSTEM OF SOIL CLASSIFICATION
As the name implies, this classification system weginal developed for America. Its origin can be
traced back to 1938 by Marbut. From Marbut theesyshas undergone series of approximations. The 7
approximation was published in 1960. The 2003 ewlits the & approximation. Although the system
was developed for American soils, it has becomimt@mnationally accepted system of classificatiee
used all over the world.
The USDA classification system is a multi- categalriand hierarchical system. Thus the classesen th
highest categories are divided into smaller class#®e lower one and continue to the lowest lewlich
is the soil series.
Soil Order: There are twelve orders namely Alfisols, Andis@isidisols, Entisols, Gelisols, Histosols,
Inceptisols, Mollisols, Oxisols, Spodosols, Ultssoband Vertisols. The most common soil orders in
Nigeria are Alfisols, Entisols, Inceptisols, Oxis@nd Ultisols. These soil orders are differentidtem
each other on the basis of diagnostic horizonspmuibgenic processes that are responsible for the so
formation. The formative name for each order isallgua two or three letter prefix use in combinatio
with other prefixes from the different categorydéto form the soil name. The prefixes are: Alfs=
ALF, Andisols = AND, Aridisol = ID, Entisols = ENTGelisols = EL, Histosils = IST, Inceptisols = EPT,
Mollisols = OLL, Oxisols = OX, Spodosols = OD, Witls =ULT, Vertisols = ERT.
Alfisols:
Alfisols refers to soils with either an argillicd textural B horizon, kandic, or natric horizordamith a
base saturation by sum of cation greater than 35&8s0 does not have a plaggen epipedon and may
contain fragipan that has clay films 1 mm or mdiekt in some part.
Inceptisols:
Soils with cambic B horizons and with textures fittean loamy fine sands moreof the following:
» A cambic horizon with its upper boundary within 1€ of the mineral soil surface and its lower
boundary at a depth of 25 cm or more below the ralrsmil surfaceor
» A calcic, petrocalcic, gypsic, petrogypsic, or jdaeorizon or a duripan with an upper boundary
within a depth of 100 cm of the mineral soil sugfaar
» A fragipan or an oxic, sombric, or spodic horizoithwan upper boundary within 200 cm of the
mineral soil
» surfacejor
e A sulfuric horizon that has its upper boundary with50 cm of the mineral soil surfaaa,

» A cryic temperature regime and a cambic horizwn;
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2. No sulfidic materials within 50 cm of the minksail surfaceand both
* In one or more horizons between 20 and 50 cm bétewnineral soil surface, either arvalue
of 0.7 or less or less than 8 percent clay in ihe-€arth fractionand
e One or bothof the following:
(1) A salic horizon or a histic, mollic, plaggen, or e epipedonor
(2) In 50 percent or more of the layers between theeralnsoil surface and a depth of 50 cm, an
exchangeable sodium percentage of 15 or more gmdaum adsorption ratio of 13 or more),
which decreases with increasing depth below 50acrd also ground water within 100 cm of the
mineral soil surface at some time during the yelaemthe soil is not frozen in any part.
Oxisols
They are soils with oxic B horizon. Usually they drighly weathered and lacking minerals other than
guartz, kaolinite and sesquioxides. They may aésddfined as stated below
(1) An oxic horizon that has its upper boundary with® cm of the mineral soil surface and no
kandic horizon that has its upper boundary withiat depthpr
(2) 40 percent or more (by weight) clay in the finetediraction between the mineral soil surface and
a depth of 18 cm (after mixingnda kandic horizon that has the weatherable-minetpeyties
of an oxic horizon and has its upper boundary witt0 cm of the mineral soil surface.
Ultisols
These are soils with argillic B horizons but witiske saturation by sum of cation less than 35% ebbn
the following depths:
(a.) If the epipedon has a sandy or sandy-skeletalgi@gize class throughowtither.
1. 125 cm below the upper boundary of the argillicizmm (but no deeper than 200 cm below the
mineral soil surface) or 180 cm below the mineddl surface, whichever is deeperr,
2. Atadensic, lithic, paralithic, or petroferric dant if shallowerpr
(b.) The shallowest of the following depths:
(1) 125 cm below the upper boundary of the argillikandic horizonpr
(2) 180 cm below the mineral soil surface;
(3) At a densic, lithic, paralithic, or petroferric dant;or
(2.) A fragipan andbothof the following:
a. Either an argillic or a kandic horizon above, withor below it or clay films 1 mm or more thick
in one or more of its sub horizorad
b. A base saturation (by sum of cations) of less Btapercent at the shallowest of the following

depths:
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(1) 75 cm below the upper boundary of the fragifan;
(2) 200 cm below the mineral soil surface;
(3) At a densic, lithic, paralithic, or petrofergontact.
Vertisols
Vertisols are heavy clay soils containing swellamgl shrinking montmorillonite or smectite type t#fyc
The common feature of this soil is cracking bustheracks must be as wide as 1cm and must praggess
far as 50cm depth to qualify as a true vertisohedtnoticeable features of vertisols are gilgai and
slickensides.
Aridisols
Aridisols are primarily soils of the arid regionaoering in area where there is no water in the @®ilong
as 90 consecutive days when soil temperature &eréhan 6°C.
Entisols
They are young soils recently developed and the&imntharacteristic is the lack of any diagnostic
horizon.
Histosols
These are soils with high organic matter contairiatyveen 20% to 30% organic matter within 80cm of
the soil surface.
Assignment
Write short notes on

1. Mollisols

2. Spodosols

3. Gelisols

4. Andisols
Sub-Order: The sub-orders are the next categories to thertdlr and are differentiated from each other
within the order on basis of characteristics ofagrgeneric significance. These include moisture and
temperature regimes, diagnostic surface horizoipéepn), parent material, drainage and vegetation
effects. Formative elements used at the sub-oel@l includes: - UD = udic moisture regime; UST =
ustic moisture regime; XER = Xeric moisture regirAQU = aquic moisture regime, HUM= presence of
humus etc. Example ustalf = UST + ALF; ALF= AlfistJST = Ustic moisture regime; Ustalf= Alfisol
under ustic moisture regime.
Great Group: Sub orders are divided into great groups on tlsésha characteristics affecting the whole
profile. It includes the following main characteiés and other accessory properties.
(a) Close similarities in the kind, arrangement andrde®@f expression of horizon.
(b) Close similarities in soil temperature and moist@gimes.
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(c) Similarities in the base status.
Common formative element used at the level of ggeatp includes: Plinth = Plinthite, Cry = cryic
temperature regim, Dur = Duripan, Natr = Natricibon, etc. Example Plinthaqualf = PLINTH + AQU +
ALF = Plinthite + Aquic moisture regime + Alfisollhus plinthaqualf is an alfisol under aquic moistur
regime and has a plinthic horizon.
Sub-group: Sub-groups are sub — division of the great gr@mieria for differentiating the sub groups
are:

(a) presence of diagnostic horizons or features

(b) properties that are subordinate to those usedferelntiating great groups

(c) properties that tend towards other great groups
The sub group name is derived from the great graupe to which an adjective is attached indicatirgy t
major property of the sub group; e.g. calcic Rheodlke= Calcic + Rhod + Xer + Alf. Calcic = calcic
horizon; Rhod = Red colour (hue 2.5YR or redde®y X xeric moisture regime; Alf = Alfisol; Thus,
calcic rhoxeralf means a red coloured alfisols hgwa calcic horizon under xeric moisture regime.
Family: This is a user oriented category. Thus the caitkni separation are soil properties that influence
the response of soil to management and manipulaftoese include:

(a) particle size distribution

(b) mineralogy of the horizon

(c) temperature regime

(d) the thickness of the soil penetrable by plant root

(e) cation exchange capacity

() presence of cutans

(g) presence of vertic property

(h) A few other definitive soil properties.
For example clayey calcic rhodxeralfs means calwclxeralfs with clayey soil texture
Series:lt is a sub division of the soil family and is amaser oriented class than the family. Separation
of the family into series involves more detailedperties of the soil profile. Soil series is giveame
after the place where it was first encountered.@xample, Ibadan series, Iwo series, Apomu seties e

FAO/UNESCO CLASSIFICATION SYSTEM

The FAO/UNESCO system was developed by a paneipsby UNESCO for providing the basic unit for
the soil map of the world. This classification wamnpiled from diverse systems in term of categoy a
nomenclature. Therefore the panel has to recomeitk correlate these diverse systems into a unified

system with well defined category without ambiguity
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The FAO system has two categories, a higher alovar one. These categories have not been given
name. From their definition, the higher categorgdsiivalent to the great group of the USDA taxonomy
while the lower category cannot be fitted into aayegory of the USDA.

The criteria for classification are similar to tkeosf great group and sub group in the USDA taxonomy
and include diagnostic horizon, pedogenic processiisdepth, drainage characteristics and physindl
chemical properties of the soil. However, the deéin of diagnostic horizons in the FAO system is
different from that of the USDA system, althouglerth are many equivalent definitions. For example,
argillic horizon in the USDA is the same as argiciton in the FAO, while Albic, calcic, cambic, dr
histic, melanic, gypsic and nitric horizons hasimgbn similar to those horizons bearing the same
nomenclature in the USDA system. Other diagnostidzbns defined in the FAO system include
anthraquic, anthric, cryic, ferralic, ferric, fglifragic, fluvic, hortic,hydragric, irragric etc.

The following are the soil in the higher categolgss of the FAO (WRB, 2006) system:- ACRISOLS,
ALBELUVISOLS, ALISOLS, ANDOSOLS, ANTHROSOLS, AREN@3.S, CALCISOLS,
CAMBISOLS, CHERNOZEMS, CRYOSOLS, DURISOLS, FERRALS®) FLUVISOLS,
GLEYSOLS, CYPSISOLS, HISTOSOLS, KASTANOZEMS, LEPTOISS, LIXISOLS, LUVISOLS,
NITOSOLS, PHAEOZEMS, PLANOSOLS, PLINTHOSOLS, PODZ®LREGOSOLS, SOLONCKAK,
SOLONETZ, STAGNOSOLS, TECHNOSOLS, UMBRISOLS and VHEOLS. In all there are 32
reference groups in the FAO system. The names it ace indicated by adding prefix and suffix
adjectives from the qualifier lists to the referemgoup, for example Gleyic Luvisol oxyaquic.

Common group in Nigeria soils are Plinthosols, dswls, stagnosols (mangrove soils), alisols @ikis
acrisols (ultisols), luvisols, lixisols (alfisolsggrenosols, cambisols and regosols.

Acrisols

Acrisols are soils that have a higher clay conteritie subsoil than in the top soil as a resuftedogenic
processes (especially clay migration) leading toaagic (argillic) subsoil horizon. Acrisols have in
certain depths a low base saturation and low agtitays. Acrisols correlates with Ultisols withwo
activity clays (USDA).

Alisols

Alisols are soils that have a higher clay conterthie subsoil than in the top soil as a resulteafqgenic
processes (especially clay migration) leading taumic (argillic) subsoil horizon. Alisols have ¢ertain
depths a low base saturation and high activity scldyroughout the argic horizon. They occur
predominantly in humid tropical, humid subtropieald warm temperate regions. Alisols correlates with
Ultisols with high activity clays (USDA).
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Arenosols
Arenosols comprise sandy soils, including bothssdéveloped on residual sand after in situ weatgeri
of usually quartz-rich sediments or rocks, andssdédveloped in recent deposited sands such as @lunes
deserts and beach lands.
Cambisols
Cambisols combine soils with at least an incipigumsurface soil formation. Transformation of parent
material is evident from structure formation andsthyobrownish discoloration, increase clay percgeta
and /or carbonate removal. US taxonomy classifiestrof these soils as Inceptisols.
Gleysols
Gleysols are wetland soils that, unless drainezlsaturated with ground water for long enough pisrto
develop a characteristic gleyic colour patternsTgattern is essentially made up of reddish, brskvor
yellowish colours at ped surfaces and/or in theeupgoil layer or layers, in combination with
grayish/bluish colours inside the peds and/or deiepie soil. Many of the WRB Gleysols correlatithw
the aquic suborder in the USDA taxonomy (Aqualfguénts, Aquepts, aquolls etc).
Lixisols
Lixisols comprise of soils that have a higher ataytent in the subsoil than in the topsoil as altexf
pedogenic processes (especially clay migratiorditgato an argic (argillic) subsoil horizon. Lixiso
have a high base saturation and low activity cltysertain depths. Lixisols correlates with Alfsetith
low activity clays (USDA).
Luvisols
Luvisols comprise of soils that have a higher dagtent in the subsoil than in the topsoil as altex
pedogenic processes (especially clay migrationjitgato an argic (argillic) subsoil horizon. Luviso
have high activity clays throughout the argic honizand a high base saturation at certain depthdsadls
correlates with Alfisols with low activity clays @DA).
Local soil classification Systems
A number of soil classification systems exist withthe country that is native of the country. These
includes:-

(1) Smith and Montgomery (1962)

(2) Moss (1957)

(3) Jungerius (1964)

(4) Klinkenberg and Higgins (1968)
However, non of these classification can be saioetoational, i.e. they are not nationally accdptabd
cannot be apply to the nation because each ofyéters was either developed for the soils of a given
locality or of a given parent material.
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While the classification by Smith and Montgomerysveieveloped for the soils of central southern pfart
Nigeria that of Moss was for the soils on sedimgnteposits. The classification by Jungerius was fo
the eastern part of the country while that of Kéinkerg and Higgins was for the northern part of the
country.

Soil Classificaation by Smith and Montgomery

All the soils classified by Smith and Montgomerg avithin the central southern part of Nigeria. Thes
soils are formed from igneous and metamorphic rotke classification of Smith and Montgomery was
carried out to identify soils within the centralusiwern part of Nigeria that were suitable for the
production of cocoa.

In the taxonomic classification, the basic unitctessification is the soil series. However, they hao
other categories at the drainage level and thecedsm level. The associations are further broétewn

on the basis of parent material. The schematiaaiame below depicts the classification pattern sstbp

by Smith and Montgomery.

Well Drained ~ High Seasonal Water Table Imperfect Drainage

Iwo Association Jago Association Origo Assaciation

Drift , .
Sedentary : Poorl[v Drained Swampy ~ Series
Adio Oshun Origo
Matako Ikire i
Hil washed Hill Creep  Shasha Majerola
Lagun

Series  Series Series

In the classification of Smith and Montgomery, @y association that has impeded drainage is the

Origo association developed from gneiss.
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In the well drained category are lwo series devetiofpom coarse grained granitic rocks and gneissioO
series developed from medium grained granitic rpEkgpeda series developed from fine grained bjotite
gneiss and schist, while other series like ltagutineoformed from amphibiolites; Okemesi from qaart
schist and massive quartzites and Mamu from serscihist.

The hill washed series in all the association aid ® be the same. These are Oba, Iregun and Apomu

series.

SOIL SURVEY

Soil survey is a branch of soil science which inesl the identification of the different types ofl $o a
given landscape and the location of their distidyuto scale on a map. In addition, soil surveyjites
information on the quality of the land in termstioéir response to management and manipulation.

From this definition, it is clear that soil classition is a branch of soil survey and the unit of
classification is the taxonomic unit or mappingtwori pedon. A taxonomic class depicts the propsxie

a soil profile as given in the profile descriptiand analyses.

Mapping Unit

A mapping unit is a geographical unit and it isaea of land within which the greater proportion is
occupied by the taxonomic class after which itasned. For example, if about 85% of the soil within
mapping unit is occupied by a soil whose propestyhiat of Ibadan series, the soil will be named as
Ibadan series.

Purity of Mapping

The degree of uniformity or heterogeneity in terhkiods of soils within a mapping unit is a measafe
its purity. Purity is the proportion of the mappingit occupied by the profile class after whichsit
named. It is usually estimated in percentage affigreint soil survey organizations have different
acceptable purity standards. For example, USDAdstahis 85% while the Soil survey of England and
Wales is 70%.

In accessing the purity of a map, the point usedrfapping cannot be used for estimating purity.

Kind of mapping units

Mapping units have been distinguished based omati@unt of inclusion or impurity they contain. Five
kind of mapping units have thus been distinguished these are consociation, association, complex,
undifferentiated and miscellaneous/unvisited.

Consociation

A consociation is a mapping unit with very littleclusion or impurity. It is assumed to contain finefile

class after which it is named but in practice thetp of such class may range from 70% to 85%.
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Association

An association is a mapping unit that contain twonwre taxonomic class that are nearly equally
represented and in which it is very easy to sepama¢ profile class from the other.

Complex

Complex is a mapping unit where more than two tarao classes are equally represented and the
components are intricately interwoven so that sejmar, even at large scale is difficult.

Undifferentiated

This is a mapping unit consisting of a number abteomic units that are so intricately interwoveatth
separation into different units are impossiblerat @asonable mapping scale.

Miscellaneous/unvisited

This is a loosely used term by some survey orgéinizalt refers mainly to areas that cannot be nedpp
because of rock outcrops, thick forests or othgeidiments.

Principles of soil survey

The principles of survey can be discussed undergoints

A soil survey must have an objective

The objective or aim of soil survey must be defibedore the commencement of the survey. It may be
wide ranging such as to provide a relatively stalata base that will last for many years and bahlse
for a variety of purposes, or it may be narrow apecific such as to delineate the land suitable for
irrigation in a particular area.

A soil survey isnot the only basisfor decision on land use and management, it isonly an aid

Decisions on land management are usually influenbgdeconomic considerations, social and
institutional factors, often by existing legal langhts and sometimes by political constraints.rEga the
more limited sphere of the physical environmenrg, gbil is only one factor. Slope angle, frequehtyg a
dominant effect on the choice between arable amdanable use and climate is the main determinant in

the choice of crop. The findings of soil survey damd evaluation are usually guides to land use.

Land resources do not consist of soilsalone

The potential of land to support crops dependsliomte as much as on soils, and whenever soil-water
relationship can be advantageously modified. Atguplied ecological surveys are more important than
soils as a basis for livestock production and efiva forestry. Landform and characteristics of the

deeper regolith are frequently more important ® e¢hgineers than the upper 1-2 meters studiedeoy th

soil surveyor. Therefore, when commissioning orsidering a soil survey, one should bear in mind the
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other kinds of natural resources information thayre necessary and whether these can be incagorat
into the soil survey or will require other speciti investigations.

A soil map must show soils

The map produced by a survey is a soil map if mapphits are based specifically on soil profile.nfia
surveys rightly include features of land forms live tdescription of the mapping units. A map based on
classes such as “soil-land form association” isibrsap if it is directed towards showing the distition

of soils; the land forms being used as a meann &nd. If on the other hand, it is primarily a nedpand
form units with soils being added to the legendntht is a geomorphological map.

Soil map and report are complementary

The products of a soil survey include a soil ma@ anrvey report; neither is more important than the
other because they are mutually indispensible. arheunt of information that can be printed on teef

of a map is limited and must be supported by datangin the soil survey memoir or report. The reper
however, more than just an amplified legend. Ittams in addition, background information on other
environmental factors, information on land potdrdiad probable response to various alternative $avfn
management. And sometimes also land use manageewmhmendation. One soil survey report may

serve several map sheets.

Kinds of Soil Survey

Soil survey have been distinguished on the basithiefe criteria:- purpose of survey, regularity of
observation and scale of mapping (intensity).

Based the purposeof the survey (What do you want to do want to dtihthe soil survey report?), there
are two (2) types of surveys:- special purposegamral purpose surveys.

A general purpose soil surveys one that is done mainly to add to the alreadstiag inventory of soil

information. This commonly found in the nationahsey of each country, e.g. the USDA, FMAWR. The
information may not be needed at the time of sutwatysuch a survey is done for record purpose. Such
survey usually employs many differentiating projsrtso that it may be found useful for several
purposes that may arise in the future.

A special purpose soil surveys done for specific purpose in mind, e.g. suri@yirrigation or survey

for citrus plantation. In such survey, the promert{differentiating characteristics) of the landichkhis
important for the purpose are emphasized. Specigiogse surveys are usually done at large scale or
semi-detailed. This has to be so because the axeser are smaller and also the intensity of oladimvy

also need to be higher.

Based on regularity of observationthree kinds of surveys have been distinguishéide- survey, rigid
grid and flexible grid.
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In free survey, there is no rigid pattern of observation. Theveyor uses the field features such as
change in vegetation, topography, slope and evangghin sound to movement to observe soil and to
locate soil boundaries. Usually there is a lotevhote sensing methodology involved in free sungad

in most modern soil survey involving 5000 ha andwa this is usually the type of survey methodology
adopted. The advantage is that it is cheaper bedhase is less number of observation points. Hewev
because it depends largely on the experience dfuheyor, it can be very inaccurate with an anrateu
since boundary placement is more difficult.

In rigid grid survey, examinations of the soil are done at regular preddetermined interval. It is

normally used when detailed information is required g. mapping the soil of a research station or
mapping for irrigation. Usually, the points of obsstion are at the intersection of the two regylarl
placed vertical and horizontal lines.

It has an advantage in thickly forested area whisibility of the terrain is poor. It is usually hased or
recommended in large areas as it is expensivetanddcuracy may not deserve the extra cost. hes t
best method of survey for amateurs.

Flexible grid survey methodis a compromise between the free and rigid grichods of survey. In this

system of survey, the number of observation igffizet the location of the observation points arepme-
determined and can be fixed at will.

Based on the scale of mapping, there are severs kfidsurveys:- compilation, integrated survey,
exploratory survey, reconnaissance survey, seraitddtsurvey, detailed survey and intensive survey.
Compilation: These are soil maps produced by abstraction fithver soil surveys. And where they exist
they are filled by inferences. The scale is usuatly.: 100,000 or smaller. Many national soil maps
many countries are produced in this way.

Integrated survey: This is also known as land system survey. It sedaon mapping the total physical
environment and in fact land forms are mapping. Udtls are an important but usually not a defining
property of the mapping unit. The scale is 1: 260,6r smaller.

Exploratory survey. Exploratory surveys are not survey proper. They @wsually rapid road traverse
made to provide modicum of information about theaathat are otherwise unknown. Scale of exploratory
survey varies from 1: 2,000,000 to 1,500,000.

Reconnaissance surveyThese are mostly based on remote sensing espegiadh Photo Imagery
(API). They are the smallest scale of survey whbeewhole area is still covered. The scale is Ugual
1:250,000 although smaller scales have been used.

Semi-Detailed survey:In a semi-detailed survey, we have a combinatioremote sensing and field

work. Mapping units are usually soil associatiocal§ of mapping varies from 150,000 to 100, 000.
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Detailed survey: Detailed surveys are executed through field exation with pre-determined numbers
of observation points and or spacing. These kifidsitveys are usually employed for small area and f
special purposes. Scale of observation varies leetvie 10,000 and 1: 25,000. Mapping unit are uguall
soil series.
Intensive survey: Intensive survey rigid grid approach, i.e. numlbérobservation and spacing of
observation are pre-determined. Mapping units aileseries and phase of soil series. Scale of nmgppi
varies from 1: 1,000 to 1: 10,000 or even larg&eyrare usually experimental station surveys.
Producing soil survey report
Soil survey reports take different forms becausé¢hef variation in the purpose of the survey and the
interest of the client. However, some basic itemescammon to all soil survey reports. These are:

(a) The physical environment

(b) Methodology of the survey

(c) Description of the soils in terms of mapping umtialassification

(d) Land evaluation
The physical environment
In the physical environment, the aspects usualcudised are the location and extent, the climate,
regional and local relief and topography, geolofjthe parent materials, vegetation and land usenpat
(including mining and agriculture).
Location: The location is given in longitude and latitudetbe Eastings and Northings (when using
GPS). The site is also indicated by small area lamge map where the area of the project is shaiesl.
approximate area of the land is also given in hiesta
Climate: Full information is given on the climatic conditimf the area. Data on Rainfall, temperature,
relative humidity, wind speed and direction ardeztibd and presented either as tables or as graphs.
Relief and topography Because of the influence of relief on soil forioat the information on it is very
vital. Beside, it also affects decision on landsuseen after survey. For example, the topographrg|oaf
of a land can be an important factor in determinthrgysuitability of a land for arable croppingjgation
agriculture or pastoral agriculture.
Geology or parent material: Knowledge of the parent rock from which the ssiformed is necessary.
The difference between geology and parent mateeeme important where the transported material and
the geology are different from each other.

Vegetation

Experience has shown that there is a close asi®oclaetween vegetation and kind of soils. Themfor

information on the vegetation of the project areanmportant. It is therefore necessary to mentton t
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type, subtype and identification of vegetation. Example, the land use and vegetation may be theskri

as grassland with shrub and abundant vegetatioarc®Voody species, broad leaves and grasses
dominate the vegetation. The woody species occumuta60% of the total ground surface. The
predominant woody species dbaniellia oliverii (lya), Chloris excelsalroko), Anogysus leocarpus
(Ayin), Terminalia glaucesccenddi); while the dominant broad leaf iShromolaena odoratdSiam
weed or Akintola weed).

Land Use

The kind and pattern of land use in the projecaanest be fully discussed. This include the typerop
cultivated, irrigation practices, area covered, ingnactivities, constructions if any, and some iacu
characteristics of farming systems e.g. land coagi®n practices.

Social Economic activities

The social economic environment of the project atea needs to be mentioned. The presence or absenc
of market and the marketing potentials of the ail markets should be described.

Methodology of the survey

Here the method used in carrying out the soil sursepelt out

The soils

This is the main part of the report. In it a fultaunt of the soils, their properties and distiitmubver the
landscape studied are given. Specifically, the @sgfethe soils to be mentioned includes:-

(1) Soil classification: The soil classification systenused are discussed and the criteria of
classification are well spelt out. In addition, tetegorical level at which the classification was
stopped should be mentioned. Any problem or problencountered should be mentioned here
and a summary should be given. This may includke tha classification and mapping.

(2) Description of the mapping units: The mapping uaits described fully in terms of their extent
and major soil properties. Also for each mappint, the representative profile class is given and
the extent of coverage (purity). The other profilasses mapped as inclusions in the mapping
unit must also be indicated and the extent mendione

Soil Survey interpretation and land evaluation

Land evaluation is the main point most land useesrgerested in. This is the stage where the pialen

of the soils in that area is accessed and thepore® to management are accessed. The soils can be
grouped into:

1. Capability classes (Land capability classification)

2. Land suitability evaluation classes (FAO framework)

3. lIrrigation capability classification (US Bureaulahd reclamation)
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4. Fertility capability classification
Text figures
Here the legend of the soil map and land evaluatiap are presented. Each map must have its own
legend and this must correlate with the map.
Appendix
Various information from which the report has besemmarized but which are too voluminous to be
included in the main report are presented here.dBite presented here include data on profile qemni

and analyzed data.

REMOTE SENSING

What is Photogrammetry and Remote Sensing:

Photogrammetry and Remote Sensing is officially irgef by the International Society for
Photogrammetry and Remote Sensing (ISPRS) as fthecéence, and technology of obtaining reliable
information from noncontact imaging and other sesgstems about the Earth and its environment, and

other physical objects and processes through rexpmoheasuring, analyzing and representation”.

Simply speaking, photogrammetry and remote senaregsciences concerned with the acquisition of
information from images. In photogrammetry the eagi is acquisition of geometric information
through measurement, while in remote sensing thghasis is on the acquisition of thematic informatio
through interpretation. Both measurement and inéésgtion could be achieved either manually or

automatically.

In remote sensing, a wide range of sensors (sem&riges) is in use to acquire images, sensitiva to
large range of wavelengths of the electromagngictsum. On the other hand, imaging cameras are the
normal sensors which are sensitive to only the réheasible part of the electromagnetic spectrum.
Imaging sensors are normally mounted either intellga or in an aircraft. Photogrammetry and regnot

sensing have found wide applications.

Foundations of Remote Sensing

The Electromagnetic Spectrum

The USGS defines the electromagnetic spectrumerfdtiowing manner: "Electromagnetic radiation is

energy propagated through space between electlieragnetic fields. The electromagnetic spectrum is
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the extent of that energy ranging from cosmic raggmnma rays, X-rays to ultraviolet, visible, and

infrared radiation including microwave energy."

Electromagnetic Waves

Electromagnetic waves may be classifiedFREQUENCYor WAVELENGTH, and the velocity of ALL

electromagnetic waves is equal to the speed df, hghich we (along with Einstein) will refer to as

-Wave Phenomena Concepts

Electromagnetic waves aradiated through space. When the energy encounters antpbjen a very
tiny one like a molecule of air, one of three raatt occurs. The radiation will either be reflectdfithe
object, absorbed by the object, of transmittedubhothe object. The total amount of radiation giekes

an object is referred to as timeident radiation and is equal to:
reflected radiation + absorbed radiation + transmited radiation

In remote sensing, we are largely concerned witkRIEECTED RADIATION. This is the radiation that
causes our eyes to see colors, causes infrareddilmcord vegetation, and allows radar imagesef t

earth to be created.
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The Electromagnetic Spectrum
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The electric field and the magnetic field are inmpot concepts that can be used to mathematically
describe the physical effects of electromagneticesa

The electric field vibrates in a direction transesi(i.e. perpendicular) to the direction of tragélthe

electromagnetic wave.

The magnetic field vibrates in a direction transeeto the direction of the em wave AND transvecse t
the electric field.

POLARIZATION: Polarization is defined by the oriatibn of the electrical field E. It is usually
described in terms of HORIZONTAL POLARIZATION andERTICAL POLARIZATION. Polarization
is most important when discussing RADAR applicatiofremote sensing.
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Aerial Photography

Introduction

Aerial photography has two uses that are of intexétkin the context of this course:

(1) Cartographers and planners take detailed memsuts from aerial photos in the preparation gfsna

(2) Trained interpreters utilize aerial photos &edmine land-use and environmental conditions,rgmo

other things.

Although both maps and aerial photos present a'%@ye" view of the earth, aerial photographs are
NOT maps. Maps are orthogonal representationseoédinth's surface, meaning that they are diredtjona
and geometrically accurate (at least within thdatltions imposed by projecting a 3-dimensional obje
onto 2 dimensions). Aerial photos, on the otherdhalisplay a high degree of radial distortion. Tisat
the topography is distorted, and until correctiars made for the distortion, measurements made &rom
photograph are not accurate. Nevertheless, adr@bgraphs are a powerful tool for studying thetésar

environment.

Because most GISs can correct for radial distortémmial photographs are an excellent data soarce f
many types of projects, especially those that regapatial data from the same location at periodic

intervals over a length of time. Typical applicatdnclude land-use surveys and habitat analysis.

This unit discusses benefits of aerial photogragpipplications, the different types of photograpiyd

the integration of aerial photographs into GISs.

Basic Elements of Air Photo Interpretation

Novice photo interpreters often encounter diffimdtwhen presented with their first aerial photpgra

Aerial photographs are different from "regular” pi®in at least three important ways:

) objects are portrayed from an overhead (and uni@nposition.
) very often, infrared wavelengths are recorded, and
) photos are taken at scales most people are unansto seeing

These "basic elements" can aid in identifying ofsjen aerial photographs.
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Tone (also called Hue or Color) -- Tone refers to tedative brightness or color of elements on a
photograph. It is, perhaps, the most basic of titerpretive elements because without tonal diffeeen

none of the other elements could be discerned.

Size-- The size of objects must be considered in trdext of the scale of a photograph. The scale will

help you determine if an object is a stock pontake Minnetonka.

Shape -- refers to the general outline of objects. Raguyeometric shapes are usually indicators of

human presence and use. Some objects can be iglbatifnost solely on the basis of their shapes.

. the Pentagon Building
. (American) football fields
. cloverleaf highway interchanges

Texture -- The impression of "smoothness" or "roughnegsinage features is caused by the frequency
of change of tone in photographs. It is producedatset of features too small to identify individyal
Grass, cement, and water generally appear "smowttile a forest canopy may appear "rough".

Pattern (spatial arrangement)- The patterns formed by objects in a photo camilagnostic. Consider
the difference between (1) the random pattern fdrimean unmanaged area of trees and (2) the evenly

spaced rows formed by an orchard.

Shadow-- Shadows aid interpreters in determining thgteof objects in aerial photographs. However,

they also obscure objects lying within them.

Site -- refers to topographic or geographic locatiohisTcharacteristic of photographs is especially
important in identifying vegetation types and laordfis. For example, large circular depressions én th
ground are readily identified as sinkholes in carfiforida, where the bedrock consists of limestdis

identification would make little sense, howevethi site were underlain by granite.

Association-- Some objects are always fouimdassociation wittother objects. The context of an object
can provide insight into what it is. For instanaayuclear power plant is not (generally) goingéddund

in the midst of single-family housing.
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Advantages of Aerial Photography over Ground-Base®bservation

Aerial photography offers an improved vantage point

Aerial photography has the capability to stop actio

It provides a permanent recording.

It has broader spectral sensitivity than the human

It has better spatial resolution and geometridifigéhan many ground-based sensing methods.

Types of Aerial Photography

Black and White

Color

Color Infrared

In 1903 or 1904 the first reliable black and whitérared film was developed in Germany. The film
emulsion was adjusted slightly from regular filmhe sensitive to wavelengths of energy just shghtl
longer than red light and just beyond the rangigmefhuman eye. By the 1930s, black and white iRfil
were being used for landform studies, and from 1830032 the National Geographic Society sponsored
a series of IR photographs taken from hot air loailéo

Throughout the 1930s and 1940s, the military wad bawork developing color infrared film, eager to
exploit it for surveillance. By the early 1940s timditary was successful in its attempts. It depeld a
film that was able to distinguish camouflaged emept from surrounding vegetation. Within months,
however, an IR reflecting paint was developed fe& on military vehicles, effectively making IR film

technology useless to the military. So, they dralpe

The scientific community, however, has made cowmtirsuuse of the film technology.

Color infrared film is often called "false-colorilmi. Objects that are normally red appear greeaegr
objects (except vegetation) appear blue, and 'fieffaobjects, which normally are not seen at @lpear
red.
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The primary use of color infrared photography igetation studies. This is because healthy green
vegetation is a very strong reflector of infraretliation and appears bright red on color infrared

photographs.

LAND USE PLANNING

Concept, Principles and Justification of Land-Use Rinning

Decisions on land use have always been part ofWotution of human society. In the past, land use
changes often came about by gradual evolution,hasreésult of many separate decisions taken by
individuals. In the more crowded and complex warldhe present they are frequently brought about by
the process of land use planning. Such planningstaltace in all parts of the world, including both

developing and developed countries. It may be ameckwith putting environmental resources to new
kinds of productive use. The need for land use rptan is frequently brought about, however, by

changing needs and pressures, involving competag for the same land.

The function of land use planning is to guide deais on land use in such a way that the resourfcégo
environment are put to the most beneficial usenfiam, whiles at the same time conserving those
resources for the future. This planning must betas an understanding both of the natural enviesitm
and of the kinds of land use envisaged. There baem many examples of damage to natural resources
and of unsuccessful land use enterprises throudirdato take account of the mutual relationships
between land and the uses to which it is put. la iunction of land evaluation to bring about such

understanding and to present planners with congrasief the most promising kinds of land use.

Land evaluation is concerned with the assessmdandfperformance when used for specified purposes.
It involves the execution and interpretation ofibasirveys of climate, soils, vegetation and otsects

of land in terms of the requirements of alternafowens of land use. To be of value in planning, rdiege

of land uses considered has to be limited to tldsieh are relevant within the physical, economid an

social context of the area considered, and the adsgns must incorporate economic considerations.
The aims of land evaluation

Land evaluation may be concerned with present lpedormance. Frequently however, it involves

change and its effects: with change in the usaraf bnd in some cases change in the land itself.
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Evaluation takes into consideration the economfcth® proposed enterprises, the social consequences
for the people of the area and the country conckrawed the consequences, beneficial or adverséhdor

environment. Thus land evaluation should answefdh@wing questions:

- How is the land currently managed, and what kalbpen if present practices remain unchanged?

- What improvements in management practices, witihénpresent use, are possible?

- What other uses of land are physically possiht@conomically and socially relevant?

- Which of these uses offer possibilities of sustdiproduction or other benefits?

- What adverse effects, physical, economic or $oaia associated with each use?

- What recurrent input levels are necessary togbebout the desired production and minimize the

adverse effects? What are the benefits of each ébumse?

If the introduction of a new use involves signifitahange in the land itself, as for example imgation

schemes, then the following additional questiormikhbe answered:

- What changes in the condition of the land aresifda and necessary, and how can they be brought
about?

- What non-recurrent inputs are necessary to impfgninese changes?

The evaluation process does not in itself deterrtiieeland use changes that are to be carried atit, b
provides data on the basis of which such decistamsbe taken. To be effective in this role, thepaut
from an evaluation normally gives information oroter more potential forms of use for each area of

land, including the consequences, beneficial anéraé, of each.

Land evaluation and land use planning

Land evaluation is only part of the process of larsg planning. Its precise role varies in different
circumstances. In the present context it is sufitito represent the land use planning proces$idy t

following generalized sequence of activities anciglens:

i. recognition of a need for change;
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ii. identification of aims;

ii. formulation of proposals, involving alternagivforms of land use, and recognition of their main

requirements;

iv. recognition and delineation of the differenpéyg of land present in the area;

v. comparison and evaluation of each type of lamdife different uses;

vi. selection of a preferred use for each typeaatil

vii. project design, or other detailed analysisaafelected set of alternatives for distinct pafthe area;

This, in certain cases, may take the form of ailidayg study.

viii. decision to implement;

ix. implementation;

X. monitoring of the operation.

Land evaluation plays a major part in stages Vi,and v of the above sequence, and contributes
information to the subsequent activities. Thus laadluation is preceded by the recognition of teech
for some change in the use to which land is pus; tey be the development of new productive uses,
such as agricultural development schemes or fgretntations, or the provision of services, suslihe

designation of a national park or recreational .area

Recognition of this need is followed by identificet of the aims of the proposed change and forriaumat
of general and specific proposals. The evaluatiorcess itself includes description of a range of
promising kinds of use, and the assessment andarsop of these with respect to each type of land
identified in the area. This leads to recommendatiavolving one or a small number of preferreddkin

of use. These recommendations can then be usedkimgndecisions on the preferred kinds of land use
for each distinct part of the area. Later stagdisusuially involve further detailed analysis of theferred
uses, followed, if the decision to go ahead is magiehe implementation of the development progect

other form of change, and monitoring of the resglsystems.
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Principles

Certain principles are fundamental to the appr@aehmethods employed in land evaluation. These basi

principles are as follows:

i. Land suitability is assessed and classified wiipeet to specified kinds of use

This principle embodies recognition of the fact ttidifferent kinds of land use have different
requirements. As an example, an alluvial floodmphaith impeded drainage might be highly suitable fo
rice cultivation but not suitable for many formsaafriculture or for forestry.

The concept of land suitability is only meaningfulterms of specific kinds of land use, each withitt
own requirements, e.g. for soil moisture, rootiraptth etc. The qualities of each type of land, sagh
moisture availability or liability to flooding, areompared with the requirements of each use. Theis t

land itself and the land use are equally fundaniémiand suitability evaluation.

ii. Evaluation requires a comparison of the berdfittained and the inputs needed on different tgpes

land

Land in itself, without input, rarely if ever posses productive potential, even the collection dél w
fruits requires labour, whilst the use of naturdderness for nature conservation requires meadares
its protection. Suitability for each use is assdslsg comparing the required inputs, such as labour,

fertilizers or road construction, with the goodsdurced or other benefits obtained.

iii. A multidisciplinary approach is required

The evaluation process requires contributions ftbenfields of natural science, the technology ofdla
use, economics and sociology. In particular, silitabevaluation always incorporates economic
considerations to a greater or lesser extent. hlitqtive evaluation, economics may be employed in
general terms only, without calculation of costd agturns. In quantitative evaluation the comparieb
benefits and inputs in economic terms plays a n@aotrin the determination of suitability.

It follows that a team carrying out an evaluatiequire a range of specialists. These will usualtjuide
natural scientists (e.g. geomorphologists, soiveywrs, and ecologists), specialists in the teagobf

the forms of land use under consideration (e.goragnists, foresters, irrigation engineers, expirts
livestock management), economists and sociologidiere may need to be some combining of these
functions for practical reasons, but the principfemultidisciplinary activity, encompassing studies

land, land use, social aspects and economics, nemai
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iv. Evaluation is made in terms relevant to thegit®l economic and social context of the area ameck

Such factors as the regional climate, levels dhgjvof the population, availability and cost of daib,
need for employment, the local or export markeystesns of land tenure which are socially and
politically acceptable, and availability of capjtédrm the context within which evaluation takeaqd. It
would, for example it will be unrealistic to sayathand was suitable for non-mechanized rice cafiitn,
requiring large amounts of low-cost labour, in aumpy with high labour costs. The assumptions
underlying evaluation will differ from one countiy another and, to some extent, between diffenerasa
of the same country. Many of these factors arendftelicitly assumed; to avoid misunderstanding and

to assist in comparisons between different arems$) assumptions should be explicitly stated.

v. Suitability refers to use on a sustained basis

The aspect of environmental degradation is takém agcount when assessing suitability. There might,
for example, be forms of land use which appeardukthighly profitable in the short run but wereelik

to lead to soil erosion, progressive pasture degi@u or adverse changes in river regimes dowastre
Such consequences would outweigh the short-terfitaisitity and cause the land to be classed as not
suitable for such purposes.

This principle by no means requires that the emvirent should be preserved in a completely unaltered
state. Agriculture normally involves clearance ofy anatural vegetation present, and normally soil
fertility under arable cropping is higher or lowdgpending on management, but rarely at the savee le
as under the original vegetation. What is requisetthat for any proposed form of land use, the pbbd
consequences for the environment should be assassadcurately as possible and such assessments
taken into consideration in determining suitability

vi. Evaluation involves comparison of more tharngle kind of use

This comparison could be, for example, betweencatjtire and forestry, between two or more different
farming systems, or between individual crops. Oftewill include comparing the existing uses with
possible changes, either to new kinds of use orifinations to the existing uses. Occasionally a
proposed form of use will be compared with non-luige,leaving the land in its unaltered state, thet
principle of comparison remains. Evaluation is amijable if benefits and inputs from any givendiof
use can be compared with at least one, and ussellgral different, alternatives. If only one use is
considered there is the danger that, whilst thd taay indeed be suitable for that use, some othér a

more beneficial use may be ignored.
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Basic concepts

Certain concepts and definitions are needed asia fig the subsequent discussion. These concern th

land itself, kinds of land use, land charactersstind qualities, and improvements made to land.

For the sake of clarity, some definitions are giuwerthe text in simplified form. Formal definitioref

terms used in a specialized sense are given iGlibesary.

Land

Land comprises the physical environment, including eliep relief, soils, hydrology and vegetation, to
the extent that these influence potential for lasd. It includes the results of past and presemtanu
activity, e.g. reclamation from the sea, vegetatigarance, and also adverse results, e.g. smilzion.
Purely economic and social characteristics, howeaser not included in the concept of land; thesenfo

part of the economic and social context.

A land mapping units a mapped area of land with specified charasttesi Land mapping units are

defined and mapped by natural resource surveys,seip survey, forest inventory. Their degree of
homogeneity or of internal variation varies wittethcale and intensity of the study. In some cases a
single land mapping unit may include two or morstidcct types of land, with different suitabilities,g. a
river flood plain, mapped as a single unit but knote contain both well-drained alluvial areas and

swampy depressions.

Land is thus a wider concept than soil or terr&fariation in soils, or soils and landforms, is oftie
main cause of differences between land mapping within a local area: it is for this reason thail s
surveys are sometimes the main basis for defintiland mapping units. However, the fithess ofssoi
for land use cannot be assessed in isolation frihvar @aspects of the environment, and hence itnid la

which is employed as the basis for suitability easbn.
Land use

Suitability evaluation involves relating land mapgiunits to specified types of land use. The tyfasse
considered are limited to those which appear toelmvant under general physical, economic and kocia
conditions prevailing in an area. These kinds néllase serve as the subject of land evaluatiory ey

consist of major kinds of land use or land utiliaattypes.
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Major Kinds of Land Use and Land Utilization Types

A major kind of land usés a major subdivision of rural land use, suchrasfed agriculture, irrigated

agriculture, grassland, forestry, or recreation.jdvi&inds of land use are usually considered irdlan

evaluation studies of a qualitative or reconnaissarature.

A land utilization typds a kind of land use described or defined in grele of detail greater than that of

A major kind of land use. In detailed or quantitatiand evaluation studies, the kinds of land use
considered will usually consist of land utilizatitypes. They are described with as much detail and
precision as the purpose requires. Thus land atiiin typos are not a categorical level in a cfasdion

of land use, but refer to any defined use belowdkel of the major kind of land use.

A land utilization typo consists of a set of tedaiispecifications in a given physical, economid an
social setting. This may be the current environmenta future Betting modified by major land
improvement e, e.g. an irrigation and drainage reehéittributes of land utilization types includetaar

assumptions on:

- Produce, including goods (e.g. crops, livestdolber), cervices (e.g. recreational facilities)ather
benefits (e.g. wildlife conservation)

- Market orientation, including whether towards sistence or commercial production

- Capital intensity

- Labour intensity

- Power sources (e.g. man's labour, draught animathinery using fuels)

- Technical knowledge and attitudes of land users

- Technology employed (e.g. implements and machjriertilizers, livestock breeds, farm transport,

methods of timber felling)

- Infrastructure requirements (e.g. sawmills, satdries, agricultural advisory services)

- Size and configuration of land holdings, incluglimhether consolidated or fragmented
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- Land tenure, the legal or customary manner irctvhights to land are held, by individuals or greup

- Income levels, expressed per capita, per urptaduction (e.g. farm) or per unit area.

Management practices on different areas withinland utilization typo are not necessarily the safue.
example, the land utilization type may consist a@ked farming, with part of the land under arable us
and part allocated to grazing. Such differences aneyg from variation in the land, from the reqmients

of the management system, or both.

Some examples of land utilization types are:

i. Rainfed annual cropping based on groundnuts sdthsistence maize, by smallholders with low cépita
resources, using cattle drawn farm implements, tiigh labour intensity, on freehold farms of 5-H) h

ii. Farming similar to (i) in respect of productiarapital, labour, power and technology, but faoh200-

500 ha operated on a communal basis.

iii. Commercial wheat production on large freehfadms, with high capital and low labour intensiand

a high level of mechanization and inputs.

iv. Extensive cattle ranching, with medium levefscapital and labour intensity, with land held and

central services operated by a governmental agency.

v. Softwood plantations operated by a governmergaienent of Forestry, with high capital intensity,

low labour intensity, and advanced technology.

vi. A national park for recreation and tourism.

Some descriptions of land utilization types areegiin Chapter 5.

Where it is wished to relate agricultural landigétion types to a general classification, the Tggg of
World Agriculture of the International Geographitéhion may be considered (Kostrowicki, 1974). The

role of land utilization types in land evaluatiendiscussed further in Beek (1975).
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Multiple and Compound Land Use

Two terms, multiple and compound land utilizatigpds, refer to situations in which more than omal ki

of land use is practiced within an area.

A multiple land utilization typeconsists of more than one kind of use simultangawusdertaken on the

same area of land, each use having its own inpetgiirements and produce. in example is a timber

plantation used simultaneously as a recreatiora. ar

A compound land utilization typeonsists of more than one kind of use undertakemreas of. land

which for purposes of evaluation are treated aagesunit. The different kinds of use may occutime
sequence (e.g. as in crop rotation) or simultarigoas different areas of land within the same

organizational unit. Mixed farming involving bothable use and grazing is an example.

Sometimes an appropriate land utilization type lmafound by making several land mapping units pfart
the same management unit, e.g. livestock managewt@goh combines grazing on uplands in the rainy

season and on seasonally flooded lowlands in fheefison.

Land utilization types are defined for the purpoféand evaluation. Their description need not cosep
the full range of farm management practices, buly ahose related to land management and
improvement. At detailed levels of evaluation, elgsdefined land utilization types can be extenthed
farming systems by adding other aspects of farmagament. Conversely, farming systems that have

already bean studied and described can be adopteé &asis for land utilization types.

Land characteristics, land qualities and diagnosticriteria

A land characteristits an attribute of land that can be measured timated. Examples are slope angle,

rainfall, soil texture, available water capacityprbass of the vegetation, etc. Land mapping uiss,

determined by resource surveys, are normally desdiin terms of land characteristics.

If land characteristics are employed directly iraleration, problems arise from the interaction betwe
characteristics. For example, the hazard of sosien is determined not by slope angle alone buhby
interaction between elope angle, slope length, pehitity, soil structure, rainfall intensity andhet
characteristics. Because of this problem of int@vac it is recommended that the comparison of land

with land use should be carried out in terms ofllgnalities.
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A land qualityis a complex attribute of land which acts in atidi@ manner in its influence on the
suitability of land for a specific kind of use. Laagualities may be expressed in a positive or megat
way. Examples are moisture availability, erosiosistance, flooding hazard, nutritive value of pessy

accessibility. Where data are available, aggrelgete qualities may also be employed, e.g. cropdgiel

mean annual increments of timber species.

Table 1 gives an illustrative list of land qualitieclated to productivity from three kinds of usel do
management and inputs. It is not exhaustive, neach land quality necessarily relevant for a palar
area and type of land use. The qualities listeB iand C are in addition to those of A, which may be
relevant to all three kinds of use (based in parBeek and Bennema, 1972). There may also be land
gualities related to major land improvements. Thesgy widely with the types of improvement under
consideration. An example is land evaluation imtieh to available supplies of water where irrigatis
being considered.

A land quality is not necessarily restricted in influence to one kind of use. The same quality may

affect, for example, both arable use and animalyeb

There are a very large number of land qualitie$,dmly those relevant to land use alternatives unde
consideration need be determined. A land qualityeigvant to a given type of land use if it inflges
either the level of inputs required, or the magiétof benefits obtained, or both. For example, cigpto
retain fertilizers is a land quality relevant to shdorms of agriculture, and one which influenceshb
fertilizer inputs and crop yield. Erosion resistaradfects the costs of soil conservation works ireglufor
arable use, whilst the nutritive value of pastwakscts the productivity of land under ranching.

Land qualities can sometimes be estimated or measlirectly, but are frequently described by meafns
land characteristics. Qualities or characterigitgployed to determine limits of land suitabilitpsses or

subclasses are known as diagnostic criteria.

A diagnostic criterionis a variable which has an understood influencenutihe output from, or the

required inputs to, a specified use, and whicheseas a basis for assessing the suitability ofengirea
of land for that use. This variable may be a landlity, a land characteristic, or a function of sl land
characteristics. For every diagnostic criteriorr¢heill be a critical value or set of critical valsl which
are used to define suitability class limits.
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Soil and Land capability classification
Land suitability and land capability

The term "land capability” is used in a number afd classification systems, notably that of thd Soi
Conservation Service of the U.S. Department of é&dture (Klingebiel and Montgomery, 1961). In the
USDA system, soil mapping units are grouped priltpjasn the basis of their capability to produce
common cultivated crops And pasture plants witldmterioration over a long period of time. Capayilit
is viewed by some as the inherent capacity of lEngerform at a given level for a general use, and
suitability as a statement of the adaptability ajieen area for a specific kind of land use; otheze
capability as a classification of land primarilyrglation to degradation hazards, whilst some k¢jae

terms "suitability" and "capability" as interchaadpte.

Because of these varying interpretations, coupligh tlve long-standing association of "capabilityithw
the USDA system, the term land suitability is usedthis framework, and no further reference to

capability is made.
Land suitability classifications
General

Land suitability is the fitness of a given typelafid for a defined use. The land may be considieréd
present condition or after improvements. The precédand suitability classification is the appediand

grouping of specific areas of land in terms of itiseiitability for defined uses.

In this chapter, the structure of the suitabilitpssification is first described. This is followdxy an
account of the range of interpretative classifaadirecognized: qualitative, quantitative and afet or
potential suitability. In accordance with the pipies given in Chapter 1, separate classificatiare
made with respect to each kind of land use thatagpto be relevant for the area. Thus, for exaniple
region where arable use, animal production andsforevere all believed to be possible on certagasy

a separate suitability classification is made foteof these three kinds of use.

There may be certain parts of the area considésedyhich particular kinds of use are not relevang.
irrigated agriculture beyond a limit of water awadility. In these circumstances, suitability need be

assessed. Such parts are shown on maps or taltles symbol NR: Not Relevant.
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Structure of the suitability classification

The framework has the same structure, i.e. recegnthe same categories, in all of the kinds of
interpretative classification (see below). Eaclegaty retains its basic meaning within the contéxhe
different classifications and as applied to différé&inds of land use. Pour categories of decreasing

generalization are recognized:

i. Land Suitability Order: reflecting kinds of suitabilit
ii. Land Suitability Classe reflecting degrees of suitability within Orde

iii. Land Suitability Subclasse [reflecting kinds of limitation, or main kinds of provement measur:
required, within Classes.

iv. Land Suitability Units reflecting minor differences in required managenveittiin

Subclasses.

Land Suitability Orders

Land suitability Orders indicate whether land isessed as suitable or not suitable for the userunde

consideration. There are two orders representathjps, tables, etc. by the symbols S and N respbgtiv

Order S Land on which sustained uof the kind under consideration is expected todyednefits

Suitable: which justify the inputs, without unacceptable riflkdamage to land resources.

Order N Not |Land which has qualities that appear to preclud¢agued use of the kind unc
Suitable: consideration.

Land may be classed as Not Suitable for a giverfarse number of reasons. It may be that the pregos
use is technically impracticable, such as theatian of rocky steep land, or that it would causeese
environmental degradation, such as the cultivatibsteep slopes. Frequently, however, the reason is
economic: that the value of the expected benefisschot justify the expected costs of the inpuéd th

would be required.
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Land Suitability Classes

Land suitability Classes reflect degrees of suitgbiThe classes are nhumbered consecutively, bpiar
numbers, in sequence of decreasing degrees ob#itytavithin the Order. Within the Order Suitakilee
number of classes is not specified. There mightef@ample, be only two, S1 and S2. The number of
classes recognized should be kept to the minimucessary to meet interpretative aims; five should

probably be the most ever used.

If three Classes are recognized within the OrddtaBle, as can often be recommended, the following

names and definitions may be appropriate in a i@k classification:

Class S! Land having no significant limitations to sustairagaplication of a given use, or or
Highly minor limitations that will not significantly redegroductivity or benefits and will not
Suitable: raise inputs above an acceptable level.

Land having limitations which in aggregate are nratidy severe for sustain
Class S2 application of a given use; the limitations willrece productivity or benefits and

Moderately increase required inputs to the extent that theadhvadvantage to be gained from the

Suitable: use, although still attractive, will be apprecialsiferior to that expected on Class S1
land.

Class S: Land having limitations which in aggree are severe for sustained application

Marginally given use and will so reduce productivity or betsefor increase required inputs, that

Suitable: this expenditure will be only marginally justified.

In a quantitative classification, both inputs amahéfits must be expressed in common measurable,term
normally economic. In different circumstances diffe variables may express most clearly the degfree
suitability, e.g. the range of expected net inc@®eunit area or per standard management uniteonét

return per unit of irrigation water applied to @ifént types of land for a given use.

Where additional refinement is necessary it is meoended that this should be achieved by adding
classes, e.g. S4, and not by subdividing clasgese the latter procedure would contradict the @pie

that degrees of suitability are represented by amg level of the classification structure, thatttod
suitability class. This necessarily change e thanimgs of class numbers, e.g. if four classes were
employed for classifying land with respect to agabise and only three with respect to forestry,
Marginally Suitable could refer to S4 in the fornoasse but S3 in the latter.
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An alternative practice has been adopted in somatdes. In order to give a constant numberinghto t
lowest Suitable class, classes have been subdidgisled.g. S2.1, S2.2. This practice is permittatiimvi

the Framework, although for the reason given inpifeeeding paragraph it is not recommended.

Suitability Class S1, Highly Suitable, may somesmm®t appear on a map of a limited area, but could
still be included in the classification if such t¢ais known or believed to occur in other areasviaié to

the study.

Differences in degrees of suitability are deterrdimeainly by the relationship between benefits and
inputs. The benefits may consist of goods, e.gpgrdivestock products or timber, or services, e.g.
recreational facilities. The inputs needed to obtauch benefits comprise such things as capital
investment, labour, fertilizers and power. Thusaama of land might be classed as Highly Suitahbte fo
rainfed agriculture, because the value of cropsiywed substantially exceeds the costs of farming, b

only Marginally Suitable for forestry, on groundeat the value of timber only slightly exceeds tbsts

of obtaining it.

It should be expected that boundaries betweenldlitifeclasses will need review and revision witimé

in the light of technical developments and econaamid social changes.

Within the Order Not Suitable, there are normalg Classes:

Class N1 Currentl |Land having limitations which may be surmountabl¢iine but which cannot t
Not Suitable: corrected with existing knowledge at currently gdable cost; the limitations are 50

severe as to preclude successful sustained uke &frtd in the given manner.

Class Nz Land having limitations which appear so sever@mawdclude any possibilities (
Permanently Not |successful sustained use of the land in the givamer.
Suitable:

Quantitative definition of these classes is norgnalinecessary, since by definition both are unegaro
for the given use. The upper limit of Class N1llieady defined by the lower limit of the roast abite
class in Order S.

The boundary of Class N2, Permanently Not Suitabl@ormally physical and permanent. In contrast,
the boundary between the two orders, Suitable asdSNitable is likely to be variable over time thgh

changes in the economic and social context.
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Land Suitability Subclasses

Land Suitability Subclasses reflect kinds of lirtiias, e.g. moisture deficiency, erosion hazard.
Subclasses are indicated by lower-case letters witlemonic significance, e.g. S2m, S2e, S3me.

Examples are given in Table 5. There are no subetas Class S1.

The number of Subclasses recognized and the liorigtchosen to distinguish them will differ in

classifications for different purposes. There are guidelines:

- The number of subclasses should be kept to amimi that will satisfactorily distinguish lands witiha
class likely to differ significantly in their managent requirements or potential for improvement wue

differing limitations.

- As few limitations as possible should be useths symbol for any subclass. One, rarely two, istte
should normally suffice. The dominant symbol (ifeat which determines the class) should be usetalo

if possible. If two limitations are equally sevebeth may be given.

Land within the Order Not Suitable may be dividedoi suitability subclasses according to kinds of
limitation, e.g. N1m, N1me, N1m although this ist mssential. As this land will not be placed under

management for the use concerned it should natiéivéded into suitability units.

Land Suitability Units

Land suitability units are subdivisions of a subslaAll the units within a subclass have the saewgak

of suitability at the class level and similar kimofslimitations at the subclass level. The unit$edifrom
each other in their production characteristics rominor aspects of their management requirement e
(often definable as differences in detail of thémitations). Their recognition permits detailed
interpretation at the farm planning level. Suitépilinits are distinguished by arabic numbers foitg a
hyphen, e.g. S2e-1, S2e-2. There is no limit taimaber of units recognized within a subclass.

Conditional Suitability

The designation Conditionally Suitable may be addedertain instances to condense and simplify
presentation. This is necessary to cater for cistantes where small areas of land, within the surve
area, may be unsuitable or poorly suitable for diqudar use under the management specified far tha

use, but suitable given that certain conditionsfalféled.
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The possible nature of the conditions is varied amght relate to modifications to the management
practices or the input e of the defined land usedsioned, for example, by localized phenomenaof p
soil drainage, soil salinity); or to restrictiomsthe choice of crops (limited, for example, topgavith an
especially high market value, or resistant to Jrost such instances, the indication "conditionedh
avoid the need for additional classifications toamt for local modifications of land use or locajor
improvements.

Conditionally Suitable is a phase of the Order&hié. It is indicated by a lower case letter ¢ leetwthe
order symbol and the class number, e.g. Sc2. Thditbmnally suitable phase, subdivided into clagées
necessary, is always placed at the bottom of #timdj of S classes. The phase indicates suitalaiftgr

the condition(e) have been met.

Employment of the Conditionally Suitable phase #thdae avoided wherever possible. It may only be
employed if all of the following stipulations areestn

i. Without the condition(s) satisfied, the lanceither not suitable or belongs to the lowest sigtakass.
ii. Suitability with the condition(s) satisfied isignificantly higher (usually at least two classes)

iii. The extent of the conditionally suitable laisdvery small with respect to the total study area.

If the first or second stipulation is not met, iaynstill be useful to mention the possible improeainor
modification in an appropriate section of the tdkthe third stipulation is not met, then the amaeer
which the condition is relevant is sufficiently ersive to warrant either a new land utilizationetypy a

potential suitability classification, as appropeiat

As the area of land classed as Conditionally Sldtad necessarily small, it will not normally be
necessary to subdivide it at the unit level.

It is important to note that the indication "comafiial" is not intended to be applied to land foriehhthe
interpretation is uncertain, either in the sens i3 suitability is marginal or because fact@evant to
suitability are not understood. Use of "conditidnalay seem convenient to the evaluator, but its

excessive use would greatly complicate understanoljrusers and must be avoided.

Qualitative and Quantitative Classifications

A qualitative classification is one in which relati suitability is expressed in qualitative termdypn

without precise calculation of costs and returns.
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Qualitative classifications are based mainly on fgsical productive potential of the land, with
economics only present as a background. They amencmly employed in reconnaissance studies, aimed

at a general appraisal of large areas.

A guantitative classificatiors one in which the distinctions between classes defined in common

numerical terms, which permits objective comparibetween classes relating to different kinds ofllan

use.

Quantitative classifications normally involve catesiable use of economic criteria, i.e. costs amzegr
applied both to inputs and production. Specificadlepment projects, including pre-investment studies

for these, usually require quantitative evaluation.

Qualitative evaluations allow the intuitive inteiom of many aspects of benefits, social and
environmental as well as economic. This facilittassome extent lost in quantitative evaluationse T

latter, however, provide the data on which to beakulations of net benefits, or other economic
parameters, from different areas and different «iofluse. Quantitative classifications may becomnne o

of date more rapidly than qualitative ones as alte$ changes in relative costs and prices.

Classifications of Current and Potential Suitability

A classification of current suitabilityefers to the suitability for a defined use ofdaim its present

condition, without major improvements. A currenitability classification may refer to the presestof

the land, either with existing or improved managenmactices, or to a different use.

A classification of potential suitabilityefers to the suitability, for a defined use, afid units in their

condition at some future date, after specified maprovements have been completed where necessary.

Common examples of potential suitability classtiimas are found in studies for proposed irrigation
schemes. For a classification to be one of potestigability it is not necessary that improvemesitsll
be made to all parts of the land; the need for majprovements may vary from one land unit to aroth

and on some land units none may be necessary.

In classifications of potential suitability it isnportant for the user to know whether the costs of
amortization of the capital costs of improvemernawehbeen included. Where these are included, the
assumptions should state the extent to which ieghave been costed and the rates of interest aiuti pe

of repayment that have been assumed.
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Classification with amortization is only possibfethe repayment of capital costs can be apportidned
identifiable areas of land. If the benefits fromjonaxpenditure are not confined to the agricultaestor
(as in multipurpose irrigation and power schemes3ponsibility for capital repayments is diffictitt

assess. In these circumstances, amortization wiktsually be excluded from the evaluation.

The distinction between qualitative and quanti@tolassifications, and between current and potentia
suitability, do not fully describe the nature otlassification. Two further considerations of imiaoce
are treatment of the location factor and of amatiin of capital costs, but these by no means esttihe
range of possibilities. They are not distinguislasdfurther specific types of classification. A abitity
classification needs to be read in conjunction wlith statement of the data and assumptions on vithich
is based (Chapter 4).

The results of land suitability evaluation

The results of an evaluation will usually includhe tfollowing types of information, the extent toiatn

each is included varying with the scale and intgradi the study. Some examples are given in Chdpter

i. The context physical, social and economic, on which the eatidn is based. This will include both
data and assumptions.

ii. Description of land utilization types or of noajkinds of land use/hich are relevant to the area. The

more intensive the study, the greater will be teifland precision with which these are described.

iii. Maps, tables and textual matter showing degrefesuitabilityof land mapping units for each of the

kinds of land use considered, together with thgrliatic criteria. Evaluation is made separatelyefach

kind of use. Examples of land suitability maps gatfiles are given in Fig. 2 and Table 3.

iv. Management and improvement specificatifdrseach land utilization type with respect to ledand

mapping unit for which it is suitable. Again, a® tsurvey becomes more intensive, so the precisitin w
which such specifications are given increases; ithiassemi-detailed survey a need for drainage hiigh

specified, whilst in a detailed survey the naturd eosts of drainage works would be given.

v. Economic and social analysiéthe consequences of the various kinds of lasedaonsidered.

vi. The basic data and maftem which the evaluation was obtained. The rssuftarticularly the

suitability classification itself, are based upomah information of value to individual users. Such
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information should be made available, either asappendix to the main report or as background

documentation.

vii. Information on the reliabilityof the suitability estimates. Such informationdisectly relevant to

planning decisions. It will also aid any subseque&atk directed towards improving the land suitabili

classifications, by indicating weaknesses in thta dad aspects which might repay further investgat
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