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CHAPTER 1

INTRODUCTION

The Soil Associations map of Ethiopia (1984) at 1: 2000 00O
scale is an attempt to further update the FAD/Unesca Soil map of
the world (1874} at 1: 5 000 000 scale.

The present 1: 2 000 000 Soil Associaﬁimhs'wap is based on
the Geomorphology and Soils map, at 1: 1 000 000 scals, prepared
by the FAQ/UNDP - Eth/78/003, Assistance to Land Use Planning
Project in 1983. It incorporates some new information obtained
since the fipalizing of the Geomorphology and soils map.

It is envisaged that updating will be a continuous process,
as more detailed soil surveys are cerried out and checking continues
in the future. ‘

The map and legend follow the format of the FAD/Unesco Soil
map of the world. The soils terminclogy applied is the FAO/Unesco
legend.

A further subdivison of the soil units is not attempted, as
the amount of reliable information concerning Ethiopia scils is
still limited.
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CHAPTER 2
MAP -UNITS

GENERAL

The legend of the Soil Associations map of Ethiopia comprises about’
160 different mep units, which consist of individual snil units or of
associations of soil units.

When a wmp unlts is not howmgen?aus, it is cawpmsad of a dominant soil
and of 355001ated soils, the latter coverlng at least 20 percent of the
map unit area, important 50115 which cover less than 20 percent of the are
added as inclusions. .The textural class of the dominant soils and the
slope class are given for each association. Phases are used wharefhard;rnck‘
or indurated layers occur at éhallodeepth or in order to;indiééte stoniness,
salinity, alkalinity or flooding hazard.

The different elements of the legend are defined below.

- SOILS

The number of soil units described in the legend of the Soil Associa-
tion map of Ethiopia is 43.

The hasic prinéibias which underlie the separation of thesé»spilggunits
and theirvdéfinitions are discussed below.

Introduction

In thischapter the elements underlying the FAD classification and the
soil units themselves are discussed. The latter are described mainly frﬁm
agricultural point of view. For exact definitions refer to tha FAD/Unesco
legend for the Soil Map of the world (1974). -

Only those diagnostic horizons and diagnostic properties are described
which are likely to occur in Ethiopia. The soil units discussed are those
jdentified in Ethiopia and three soil types, Ferralsols, Rankers and Planosols-
not identified on the Soil Associations Map but possibly cecuring in Ethiopia.
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- DiagnosticHorizons

Diagnostic horizons are used Lo identify soil units. They have

quantitatively defined properties and are the-same as those adopted in
Soil Texonomy. The main characteristics are given anly.

Histic H Horizon
The higtic H horizon has 2B percent or more organic matter if the

mineral part has mors than 60 percent clay, and 14 peroent or more organic
matter if the mingral part is send {intermediate prcpoftians for soils with
intermediate clay content) end is thicker than 20 ow. A histic H horizon
is formed undér waterlogged conditions, often to be found-in soils of |
depressions that are wet the whele year round.

Mollic A horizen

A thick dark horizon with a high base saturation {greater than 50 percent],
and @ strong soil structure. It is wore then 25 om thick in normal soils,
and the organic matter content is grester than 1 percent. It is disgnostic
for Chernozems, Phaeozems, etc.

The organic metier is thoroughlymixed with minersl materials. Mollic A

horizons almost do nét ocour in the tropical lowlands,

Urnbric A horizan

A horizon similar to the mollic A horizon, except for bhase saturgtion,
which is less than 50 percent. It is diagnostic for non-galcareous soils,
for example in Andosols where some have a mollic A horizon (Meollic Andosols)
and others an urbric A horizon (Humic Andosols).

Ochric A Horizon

e

The most common surface horizon without the characteristics of a histic
3 mollic A, or an urbric A horizon.
An ochric horizon is diagnostic of Arenosols ond Feposols, It is
also characteristic for Xerssols and Yermosols. Soil formation of these
soils is extremely slow, because thay are usually dry and have only sparse
vegetation. Thersfore the ochris A horizon in these soils is weaskly

{Xerpsols) or very weakly {Vermosals) develoned.



Very weak meens less than .5 percent organic matter in sandy soils
and less than 1 percent in clay soils. A weak ochric A horizon has more
organic matter but still less than 1 percent.

Argillic B Horizon

An important subsurface horizon, because it is diagnostic of various
major soil units, It is a horizon in which clay particles have accumulated
from the upper soil layer. Mostly fine clay particles have been translocated
and settled in the B herizon in a very thin layer on the surface of structural
elements. A considerable amount of clay has to be translocated before a real
argillic B horizon is formed. This often takes & long time and conmsequently
an argillic B horizon is disgnostic of well developed older soils. Dépending
on the soil parent material and the environmental conditions somewhat different
argillic B horizons can be ohserved in the field. It is often difficult to
detect the various characteristics, particulerly clay skins.

The main preperties are as follows:

- tha incrnace in cley content occurs within a vertical distance of 30 om

-~ in sandy soils 1t contains at least 3 percent more clay than the upper h
horizon

~ in clavey soils it contains at least 8 percent more clay than the upper
horizon

- intermediete proportions for spils with intermediate clay contents

~ in sandy soils it is more than 15 cm and in clay soils more than 7.5 cm thick

- there are clay skins on ped surfaces and in pores

In the tropics argillic B horizons often occur in older soils that are
alternately moist and dry. - Such conditions are typical for a climate with
wet and dry seasons. ‘

In tropical regions Nitosols, Acrisols and lLuviscls are the soils for
which an argillic horizon is diagnostic. - A really distinct argillic B horizon
ocours in Acrisols and Luvisols. The difference betwesn the two is base
saturation, which is (at least in a part of the B horizon) less than 50 percent

i Aot Loond more than 50 percent in Luvisols.



Natric B. Horizon

This has all the properties of an argillic B horizon and in addition
an exchangeable sodium percentage (ESP) of more than 15 percent. It is
a characteristic horizon for Solonetz. The natrie B horizon is rather dense
and has a clear prismatic or columnar structure.

Cambic 8 horizon
An altered subsurface horizon with the following main properties:

4

soil texture is very fine sand, loamy very fine sand or finer

- the soil has structure '

- there is more than 3 percent weatherable mineral material and the CEC
of cléykfracfion is over 16 me/100 g

- soil material has been altered; for instance clay content is higher than

in the C horizon, or the colour is redder than that of the C horizon,

or part of the carbonates present in the parent material is removed and

accumulated in the underlying horizon, and finally there may be evidence

of reduction.

Oxic B horizon

A subsurface horizon of the tropical regions. The main properties are
as follows:
- it is at least 3D cm thick, usually considerably thicker
- it has only traces of weatherable minerals
- the texture is sendy loam or finer
~ CEC of the clay fraction is less than 16 me/100 g clay, indicating clay of

the kaclinite group and/or oxides of iron and aluminium

The horizon has almost uniform properties. The oxic B horizon has good
physical properties, it is porous and very permeabls and roots cah*pehetrate
easily. However chemically the oxic B is poor, not only because there are no
weatherable minerals but also because the CEC is low. Moreover many oxic
horizons may have a high percentage of absorbed aluminium that can be toxic for
plahts. The oxic hordzon is diagnostic of Ferralsols.
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Calcic horizon

A horizon of accumulation GF calcium carbonate. It mostly ocourg in
B.or C-horizons; the thickness is more than 15 om and lime content is 15
percent or more. It is a typical horizon in soils of arid or semi-arid
regions, in which only a small amount of rainwater penetrates.

Gypsic horizon

Similar to a calcic horizon, but with accumylation of 2ypsum fealeium
sulphate) instead of lime. The thickness should be more thaﬂ 15 cm and it
should have more than 5 parcent more gypsum than in the underlying.C horizon.

A gynsum horizon ‘often occurs in 50113 also hav1ng a calcic horizen. . As gypsum
iz somewhat more soluble than caleium carbonate, the gypsic horizon is found
=t gprgater depth than the calcic horizon,

Diacnostic Soil Properties
Besides the diagnostic harizons, there are also soms soil properties

used to separate maj~r soils. The most important ones are mentioned below.

Aridic moisture regime

Indicating very dry soils of arid repions (Xerosols and Yermosolsl.
Soils with an aridic moisture regime are drv, except for at most 90 consechbdue

days.

Gilgal microrelief

In association with Vertisols, consisting of small shallow microbasins
and microknolls in nearly level areas.

High salinity

The electric conductivity is more than 15 mwhos/cm within 125 om for
sandy soils and 75 cm for clay soils. Intermediate depths for sopils with

intermediate clay contents.

Hydromorphic properties

They are related to an alternately low and high groundwater, causing



alternate oxidation and reduction. The lower part of the soil is continously
reduced, and is gray or b’iﬂish?gray, In the zone of fluctuating groundwater,
reddish and orange mottles caused by segregated iron compounds oceur in
a matrix of reduced soil.

Hydromorphic properties characterize Gleyscls and gleyie groups in
various other major soils.

Sulphidic material
Material charecterized by a very low pH {less than 3.5). Sulphidic
material is characteristic of Thionic Fluviaole,, They are typical for non-

calcareous sediments in breckish or marine water.
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801l Units

A. ACRISOLS

These soils have a distinet argillic B horizon and a low base saturation
{less than 30 permentl. Acriscls acour in high raeinfall areas.

Normal Acrisols.are Orthic Acrisols, those with an umbric horizen are
%H*Mw Ac:m'-ml

Lhamladliy these soils are poor, the content of westherable minsrals is
rather low, pH is Isss than 5.5 and available P contents are very low.
Physically these soils have few limitations. Rooting depth might be restricted
by the argiliic horizon or by rock a shallow depth. The moisture &tsrag@
napacity_ig gwmdm Only when the topsoil is very sandy, tiilagé operations ¢an
:reste @fﬂﬁlam@ like compaction and erosion.

The Acrisols have a rather limited sgricultural valus as they mainly
ooour on glping  terrain,

B. CAMEISOLS
Cumbisols have & cambic B horizon or an deep unbric A hordizon.
Thase with only an urbric A horizon are celled Humic Cembisols. These

are similar to the Phaeozems, only they have an umhric A horizon. Cambisols
with a base saturation of less than 50 percant ars Uystric Cambisols:
Chromic C&mﬁi&mlg have a strong brown or red colour and Eutric Cambisols have
& base saturation of 50 percent or more. Cambisols showing vertic properties
arg Vertic Cambisols.

iost Cambisols have limited agriculturel value. as they ccour dmminantky
on ainpws&ar@ often shallow or have many stones or rock outerop, Uhere
Cambisols are deep and not stony. they are good for agriculture, but available

P rantants aan be low.

L. CHERN™ 715 -
Py amiminbicsom

em s ile with % dees - almost bladkimollic A horizon and a caleic
horize,s at shallow depth. Those are Calcic Chernozems.
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Chernozems are good for apgriculture. The mollic A horizon can absorb
much water, the CEC {s high (35-70 me/100 g soil) end it contains much
organic matter. Naturel fertility is good, and phvsically these soils are
very suitable for agriculture. Available P is low to woderate.

£,RENQZINAS
These soils have only a mollic A horizon over calcareous rock material.
Their agricultural value is limited bscuase generally ﬁh@frmuﬁing depth
is small and thers ara manv shonee sorl rock nidvrons.,

G, GLEYSOLS

aneii,

These are the poorly drained soils, often in 10w~1yingiareag‘and in
depressions, that are influenced by high groundwater and therefors show
hydromorphic properties.

Cleysols have a reducing condition in the part of the soil that is
continously saturated with water.

Gleysols with a mollic or an umbric A horizon are respectively called
Mollic Gleysols and Humic Gleyscls and those with base saturation of less Chan

50 percent op more than 50 percent are respectively called Dystric Glevsols

and Eutric Gleysols, .

201l fertility of uLleysols depends on the type of parent material and
on the depth of groundwater, that sets a limit to the rooting system. Gleysuls
may be irproved by .drainspe.

H. PHAEOZENS

. These soils ocour mainly in the tropical hirhlands. where soll denth is
often limited by hard rock at shallow denth.

. Those without an argillic B and without calcium carbonate are Haplic
Phagozems. Luvic Phaeozems have an argillic B hordizon,

Phagozems have limited agricultural wvalue when they ars shallow and
stony. When they are deeper they bave similar propertiss as the Chernozems
and are very sultable for agriculture. ' As most of the Luvic Phasozems in
the Rift Valley have sodic pahses, thair agricultural value is limited.
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L. LITHOSOLS

These soils are minerel soils less then 10 om thick, developsd ouver
hard yock.

These soile have no agricultural value,

Je FLUVISOLS

Fluvisals ara young goils developed in recent alluvial deposits of river
nleins, deltas, fonrer lakes and coastal aress. Sediments consist of materials
eroded from uplands and mountains. The mineralogical composition of the soil
materials is related to the tvpe of rocks, their wsathering mrmduéﬁg and
alterations during soil formation hefore transport,

Soil conditiong are highly variable. In arid regions, many soils are
saline,

Fluvisols with calcarsous material are called Calgaric VEuvieulg, those in
1o~ waicaremus ma%ermal Eutric Fluvisols, except when the base’ gaturaiznn is
below 58 perrent» vivich are called Dystric Fluvisols. In coastal areaﬂ, Thxonmc
Fluvisols ocour in the zons of brackish water, when lime content m? the soil
material is low and there is organic matter. If such a soil is dratned, th&
soil pH decresses on oxidation to 3 or 2 and hardly any plant can grow, as
aluninivn becomes soluble and is highly toxie.

Thionic Fluvisols are very poor soils. The other Fluviscle are generally
eood agricultural scils and often intensively used, although land use has to
be adopted to floeds, inundations or high groundwater.

be M.WISOM
" These soils have an argillic 8 horizon and a high hase saturetion {ﬁﬁ
parcent or morel.

The normal ones are Orthic Luviscls, those with vertic properties are

Yartic Luvisels, Luvisols with a strong brown or red 8 harizon are Chromic
tuvisols., R

Most Luvisels are gowd for agriculture:base saturetion is ymad and
%h@y have weathsreble minerals. In soils with a heavy textured B hmrt%cﬁ o
with vertic properties, permeability may be low and a good root distribution
can. be hindered, . Available P contents are low to moderate.



M. NITCSOLS

Mitosols ara nlavwv red soils with an argillic B horizon. They occur on
HﬂQUidblﬂg to rolling land.

Dystric Nitosols have a base saturation of less than 50 percent, Butric
Nitosols have a pH of 5.5 or greater.

Histosols have & very limited agricultural value, Recismation of
Histoscls can give problems, because with drajnage the organic materials will
minaralize and the surface scil will subside.

8. Arenosols

These are coarse-textured sandy soils, The subsoll may have the
characteristics of an argillic, cawbic or oxic horizon, but does not classify
as such heouase the soll texture 1s too coarse,

Arenpsols with thiﬁ layers of clay accumulation are Luvic Arenosols,

Arangsels with characteristics of Ferralsols are Ferrvalic Arenosols, and those

with a cambie-like but toc light-textured horizon are Cambic Arsnosols

Aranosols have & low walsr retention, are very permeable, bhave a low
nattimal fertility and a low CEC, Rooting depth is ofiten restriclted by iimdted
s0il depth. Thay are poor for agriculturs:

ﬁega Ola are solls without profile development, - They occur in argss with
little precipitation and on slopes subject to severe erosion. They consist
rmogtly of loose soil meterial,

Those with a lime accumulation are Ceicaric Regosols. Fulric Heposols

have a hase saturation of 50 percent or mors.
they have limited agricultural value, especially where woil depth is
limited. Water retention in Regosols is low.

Se Solonetz

bajonetz are characterized by 2 natric B hordzon. As a conseguence of
the high parcan age of Na on the complex, soil structure deteriorates.

Molic Solonetz have a mollic A horizon Orthic Solonetz have an ochric

£ horiezn, those WJLh hydromorphic properties within 50 om of the soil surface



are bleyic Solonetz.

For agriculture Solongtz have poor physical conditions because of the
natrie B horizon and the detsricreted soil structure.

To aNOOSOLS

Andosols coceur in volecanic regions. They are formed in voleanic ash
material. The ash material being very light, their bulk density is less than
.85 glom, |

Rengnt vrlpanic snils that have wrre than B0 percent witrac
voleanic ash are called Vitric And erls, they oceur In rather arid zones.
Andesols with.a mollic A horizon are Mollic Andosols: those with an unbric
A horizon are Humic Andospls; they occour in cool and humic regions, at
altitudes.
V Most Andosols are good for agriculture. They can absorb much water, the
CEC is high (35-70 me /100 g s0ill and the organic matter content is often high.
Natural fertility is high. Most Andosols are very porous.

Rooting depth is often restricted by limited soil depth. Some Andosols,
Cespecially in the RiIft Valley and the Afar Triangle, have a high sodium content.

Y. VERTISOLS

These are heavy clay soils in flat areas that have a pronounced dry season
during which thay shrink and have large deep cracks in a polygonal paliern.
During the wel season the clay swells and causes pressure in the subsoil.

Pallic Vertisolsare dark, usually occupying areas which are waterlogged

during the rainy season; Chromic Vertisols are brownish and better drained,
Yertisols have fairly good, but limited agricultural potentialities,

hecause the land is rather difficult o prapare. Oy soils are hard and wel

soils are étihkya There is only a short period when moisture condition of the

surface layer is favourable to prepare land. Another difficulty is that
drainability of the subsoil is very low, because of the swelling clay. Very
often the soils are flooded or have stagnant wabter during the wet season.

The organic matter content in Vertisols is often not move than 1 percent,
The zoil has s high water retention, bul a relatively small amount of water
is available for plant growith. Rooting might be restricted becauss of the

swelling and shirinking properties of the soil.



X, XEROSOLS
‘ ¥erosols ere soils in arid and semi-arid regions, with a weakly
developed A horizon.
Those with an argillic B horizon, mostly at shallow depth, are Luvic
Xerpsols., These are soils in a trensitional zone to Luvisols. Thoge without
a ealeic horizon are Haplic Xerosols, those with a calcic horizon are Caloic

Xerosols. The caleic horizon may harden, forming a petrocalcic horizan.
The agricultural valus of Xerosols is low, except when they can be
irrigated and when physical properties are good for irrigated crops.

Y. YERMOSOLS

The moisture regime of these soils is also aridic and they have a very
weakly developed ochric A horizon. They consist of highly gypsiferous parent
material.

Those with a gypsic horizon ere called bGypsic Yermosols. The gypsic

horizon may harden, forming a petropypsic horizon.
Gypsic Yermosols are not suitable for agriculture in irrigation projects.

Z. SOLONCHAYS ‘
Sclonchaks are highly saline soils containing soluble salts that influence
olant growth. They are poor soils because most plants cannot grow at all.
Most Solonchaks are Orthic Solonchaks. If they have hydromorphic

properties caused by shallow groundwater within the first 50 om, they are
called Gleyic Solonchaks. ‘

In saline soils that have a moderate to rapid permeability to a depth of
at least 3m, and that can be dreined, the harmful soluble salts can be washed
out, and carried away in drairwater. When this is completed. soils may have
agricultural potential, slthough it is necessary to take care that salts cannot
acumulate in the rooting Zone again.



Mot identified on the Soil Associations Map:

F. FERRALSOLE

Ferralscls are soils with an oxic B horizon. These seoils can ocour
in the high reinfall aress and on old stable surfaces.

The soil profile is uniform. It is well drained, hos o pood permsability
and @ stable structure. As thers is little or no weatherable mineral, natural
fertility is very low.

Physically these soils are very good. bub chemically thsse scils are very
poor, because of a low (BC, a deficienny of beses like Ca, Mg and K. a strong
P Pixation end a high exchangeable Al percentage. |

U. RANKERS

Rankers are solls with only an wibric A horizon of less than 25 om over
hard non-calcsreous roek. They can oeour at high sltitudes at high rainfall
areas.

They have hardly any agricultursl value bscauss rooting depth is limited
and there are many stonss and rock outcrops.

W. PLANDSOLS

Flanosols are soils with a coarse textured fopseil overlying a slowly
permeable subsurtsce horizon, they are formed In flat areas or in shallow
dapressions, In the wel sesson there is water stagration in the topsoil.



TABLE _ List of soil types occuring in Fthionia and their extent.

Soil 'f‘}/bﬁ* Area aimz) % So1l Type Area { sz}z - g
' 63 019,5 4.3 Xk 20 090.5 1.6
Ah 2 707 0.2 C Yk 25 549 2.3
Be 5 182.5 0.4 X1 10 771.8 .9
Bel W4 917 1.2 Yy 34 950 7.8
Be 64 5465 5.2 7o 895 0.07
Bh 7 5035 0.8 70 56 362.5 4,7
Bk 22 192.5 1.8

By 30 096 2.

Ck 814 0.07

E 16 348 1.3

2d 4 382.5 0.4

Ge 247 0.03

G 444 0.03

Hh 23 53/ 1.9

H1 8 967 0.7

1 210 595 17.0

Je, 44 395 3,

Je 57 565,5 4.7

Le 41 383.5 3.4

Lo 18 224.5 1.5

Ly 9 650,5 0.9

He 59 273.5 4.5

e g0 8io 7.8

d 554, 5 0.04

(le & 165 0.3

e g Q24 0.7

Re 36 069.5 2,9

R 99 527.5 8.0

Sm 495 0,04

Tin 3 440 0.3

Ty 8 263 0.7

Ve 52 011 4,2

Vp 71 574 5.8

Th 1 853 £.15
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 TEXTURAL CLASSES

Textural classes reflect the relative propertions of clay (fraction less
then 2 microns), silt (2-50 microns) and sand (50-2 000 nasrmns) in the soil.
The texture of a soil horizon is one of its most parmmnent charmetariatxcs.
It is-alsc a very important characteristic since, in combxnation kah othar
properties, it is directly related to soil’ structur&,oonsxatance, pormaity and
cation exchange capacity.

Three textural classes are racugnlzed (indicated by the ¥1gur@a 1,2 and
3 on _the ‘map), as shown in the textural triangle.

l. Coarse textured: sands, loamy sands and sandy loams with less than 18
" percent clayy and mare than 65 percent sand.

2. Medium textured: sandy loams, loams, Bandy clay loams, sllt loams, silt,
silty clay leams and clay loams with 1sss than 35 parm@nt clay and less
- than 65 percent sands. the sand fraction may be as %mgh as 82 percent if
a minimum of 18 percent clay is present. '

J. Fine textured: clays, silty clays, sandy clays, clay loams and-silty clay
loams with more than 35 percent clay.

.The textural class is given for the dominant soil of each soil association.
It refers to the te xture of the upper 30 cm of the soil, which are important
for tillage end water retention. Marked changes in texture within the soil
resulting from profile development are indicated in the definitions of the soil
units (for example, the presence of argillic horizonsl.

Textural classes are limited to three, because of the scale of the map and
because parts of the country lack of sufficient data. For detailed agricultural
management purposes however soil texture should be defined more precisely.
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SLOPE CLASSES

Slope is an integral part of the land surface. It influences drainage.

run-off, erosion exposure and accessibility. The slope classes refersd to

here indicate the slope which dominates the area of a spil association.
Seven slope classes are distinguished:

aa. level: slopes ranging betwsen O and 2 percent;

a@ level to gently undulating: dominant slopes ranging betwsen U and 8
percents

ab. gently undulating to hilly: dominant slopes ranging between 2 and 30
percent;

b. rolling to hilly: dominant glopes ranging bstween 8 and 30 percent;

b*s gently undulating to steeply dissected/mountainous, slopes varying from
2 to over 30 percent;

be.  rolling to steeply dissected/mountainous: dominant slopes ranging from
8 to over 30 percents

c. steeply dissected to mountainous: dominant slopes over 30 psrcent.
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PHASES

Phases are subdivisions of soil units based on characteristics
which are significant to the use or manacement of the land, but are
not diagnostic for the separation of soil units themselvas.  The
phases recognized on the Soil Associations Map of Ethiopia are:-stony,
lithie,petrrraleic, petrogvpsic, saline, sodic and flooding.

Stuny ghasg

The stony phase marks areas where ths presence of gravel, stones,
boulders or rock outcrops in the surfsce lavers or at the surface makes
the use of mechanized apgricultural equipment irpracticable,

lithic phase

The lithic phase is used when continucus coherent and hard rock
ocours within 50cmof the surface. Generally these soil units are stony
as wall, but the stony phase is not indicated.

For Lithospols the lithic phase is not shown, since the nresence of
I
hard rockis already implied in the soll definition..

patrocaleic phase

The petrocaleic phase marke S01ls in which the upper nart of &
petrocalcic horizon cccurs within 100 cm of the surface.

A petrocalcic horizon is a continuous cemented or indurated caloic
horizon, cemented by calcium carbonates and in nlaces by calecium and
some magnesium carbonates. Accesscory silica may be present.

the petrocaleic horizon is continuously cemented to the extent that
dry fragments do not slake in water and roots cannot enter. It is
massive or platy, extremely hard when dry so that it cannot be penstrated
by spade or auger, and very flrm to extremely firm when moist, ‘Nmncapi1~
dary pores are Tilled; hydrsulic conductiviiv ds moderetely slovs ?a Vary
slow. It is usually thicker than 10 oM. A laminar caoping is commonly
oresent but not requiﬁéda If present, the carbopates constitute half or

rove of the welght of the laminer horizon,
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petrogypsic phase

~ The petrogypsic phase marks soils in which the upper part of a
petrogypsic horizon occurs within 100 om of the surface. A netrogyrsic’
horizon is a gypsic horizon that is so cemented with gypsum that dry
fragments do not slake in water and roots cannot enter. The gypsum
content in the petrogypsic horizon is commonly far greater than the
minimum requirements for the gypsic horizaon.

Generally these soil units are saline as well, but the saline ohase
is not indicated.

saline phase

The saline phase marks soiié whidhy in some‘hbriimns within 10@ cm
of the surface, show electric\échductivity values of the saturation extraet
higher than 4 mmhos/cm at 25°%C.  The saiin@’phaée is not shown Ffor Solon-
chaks because their definition implies a high salt content.

Salinity in a soil may show seasonal variations or may fluctuate as
a result of irrdigation practices.

sodic phase

The sodic phase marks soils which have more than 8 percent saturation
with exchangeable sodium in some horizons within 100 em of the surface’
The sodic phase  is not show nfor the Solonetz hecause the definition
implies a high exchangeable sodium saturation in the natric B horizon.

flooding phase

The flooding phase is used when units are subjected to severe
flooding during the rainy season. The land cannot be used for agricul-
ture during .this time, without flood prevention measures.



CHAPTER 3

CARTOCRAPHIC REPRESENTATION.

the soil associations have been noted on the map by the sywbot
of the dominant soil unit, followed by a fipure which refers to the
deseriptive legend in which the full covpesition of tHe association
is piven.

Exemple: Bed Eutric Cambisols and OUrthie Luvisels with
-Lithosols and Vertic Cambisols

del Futric Fluvisols and Eutric Histosols

Associations in which Lithosols are dominant are marked by the
Lithosol symbol T combined with one or two associabed soil units.

Example: I-Re Lithosole and Eutric Reeosols :
E-Hh/Re Lithosols, Haplic Phasozems and Fuytric Reposols

Whers there are no essociated soils, the sywbel T alons is usad,

Tf informstion on the texture of the surface layer is available,
the textural class figure fullows the association svimbol, separated
from it by a dash.

Exavple: Bed-2 Eutric Cambisols, medium texbtured, and Orthic
Luvisols with Lithosols and Vertic Cambiscols

Vhere two graups of textures occur that cannot be senarated an |
the  map, two figures are used.

Exampla: Jel-1/2  Futric Fluvisols, coarse and medium textured,and
Futric Histosols

The slope classss are indicated by one or two small letiers;
immediately following the textural notation.

Example: Bed-2ab  Eulvic Carbisels, medium textured, and Orthic
Luvisols with Lithosols and Vertic Cambisols,
pently undulating to hilly.
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If information on the texture is not availebles, then the small
letter indicating the slope class will inmediately follow the asseesia-
tion symbol,

Example: I-Hh/Re-be iLithasolgy Haplie Phasgozams and Eutric Remosels,
rolling to steeply dissectsd/Amountainous,

E£0LOURS

Each of the soil units used for the s0il Associations map of Ethiopia
has been assigned a specific colour. The map units have been coloured
according to the dominant soil unit . Map units having the same dominant
s0il unit bul which differ in their associated soils ave separated on
the map by different svrbols.

Assoeiations dominated by Lithosols are shown by a striped patiern.
using the colours of both the Lithosols and the associated soils. If no
associated soils are recognized, because they cccupy less than 20
parcent of the map unit area, the colour of the Lithosol unil iz applied
unitormly with a hatched overnrint.,

OVERPRINTED PATTERNS

Phases which indicate land characteristies net reflected by the soil
units op by the composition of - the soil asscciations are shown on the
map by de;printed patterns. The phases listed in the lsgend are: stony,
lithic;”petrocaloic, petrngypsic, saline, stony and flooding. Fhases
are normally shown only when they apply to ths whole area covered by a
map . unit. | |

Areas of dunes, salt flats and lava Flows ave also shown by over-
printed sywhols. ”



CHAPTER 4

LEGEND

SOIL ASSOCIATION

DOMINANT SOIL ASEOCTATED SOILS

Anl N
Ao2 Rd,Ndt
And Nd
Bel ; fic
Be? ; Jc
Bell Ao, Nd
Bal Bv,Lc
Be2 : Bv, I
Bed Bv,Lo
Bed , Lo
Beb5

Beb

Be7

Beb

Bed Bv
Bell T
Bel?

Belld I,Le
Bhil Ah, I
BhZ Th

Bh3 I, Nd

INCLUSTIONS

Vp
1
8d, Gd

Be
fle, I

I,1e
Je

Bwv, I
Bv,de,Lo
Bv,Jde
Lo, Re
E,Vc

E

Bv,Veo
Bv, Je
Lv,;Re

Nd,Th
Od
Ah

23,

AREA (KMD)

28
55

2

880
550
B20

4 190
4 040

S S = IR B o~ S

&

260
310
710
A9
860
050
890
330
190
280
660
200

6540
710
860



S0TL ASSOCTIATION

DOMINANT SOTIL

Bkl
Bk2
Bk3
Hk4

Bvl
Bv?2
Bv3
Bvh

Bvb

Ckl

7]

R I N

71T

in
2

Fhl
Hh2
Hh3
Hh4
Hhs
Hhb

H11
H12
H1Z

ASSOCIATED SOILS

Bk
Be, I

Be, Ve

Be, Ce

Gm

T
I

Hh, T

Vp
&
H1, I
Bv

I,Re

Lo
Hh

Be ,Hh

INCLUSTON

Ba,l

Vi

Je

Ge,Tv
PBv,Jde,Tm
H1

Be,I

Sm

24.

2
AREATKMT)

14 850
13 610
40
870

4 350
& 540
b 180
1 550

220
1 480

330
840
. 030

@

bt Yt
foi

2o

200
280
00
200
480
4 280

[85]
RS I

st

410
720

240

ot



SOTL AGSOCTIATION

DOMINANT

ASSOCIATED

Je
Av, Ve

I,Jdc

Vo

Je Ve

do,0s

S0ILS

INCLUSTIONG
Jdeo

Bv,Tv

Vo

Tm, Ve

Jde,Re.70
Be,Lc,lc

Je,Zo

de,.Zo

Je ,Re

Re,Zo

Re,Xh

Fe.Zo

Be,Vp
{e

Sm, 20

O
o~

B

Ln

AREALKIZ)

et
it

1
1

2]

(NS o

[V AT I S
@D D

IRY]

N

ek
[y S S L B

foed

>

Fad

TS TR R S S S s B &1
e T e T+ SRS S A T § 3
Eoon T v TR e SN s T vt T o SR w |

180
140
§20
450
340
870
gaed



SOIL ASSOCIATION

DOMINANT SOIL ASSOCIATED SOILS

Lel Ne
Le2 I,Ne
Le3 I,Ne
Lcd He,I
Les I

LcB Ne
Le?

Led Ne, Ve
LecS Be, I
LelD

Lell Be,Re
Lol Ne
Lo2 Ne
Lo3 Be,I
Lo4d Be,I
o5 Ve
LoB Be
a7 Lv, Ve
Lvl Lo
ty2 Le Ne
Ndl

Nd2 Vp
Nd3 Vp
Nd4 Ao
Nd5

Nd6

Nd7 Vp

INCLUSTONS

I,Vp
Hh,Vp
H1,Tm
Tm, Vp
Ne,Tm
Ve
Ne, Ve
Be,I
Lv
Be.,T
I

Vip

Be,Vp
Je,Ne
Lv

Bv,Lv
Lv,Vc
Be,Ne

Be, Ve
Vo

Gd
Jd

Vp
Ao, Vp
Ao
Ao, I

26.

AREA(KM?)

8 300
6 800
5 580

NN

™~

25

15
15
14

780
800
880
840
580
221
260
170

240
6580
340
110
510
270
890

130
800

410
230
530

850

700
040

550



SOIL ASSOCIATION

DOMINANT SOIL

MNel
NeZ
Ne3d
Neb

Net
Ol

Jel
Oz

ficl
ReZ

Rel

Rel
Red
Re3
Red
Reb5
Reb
Re7
Reb

Tml
Tme

Tvl
Tv2

ASSODCIATED SOILS

Vp
Le
Lo
Vp
Le,Ve

Be,I

Je

X1

Tv
Be,1

Be
Be, I

Re,Tm

INCLUSIONS

Lo
Vp
Vp

Jd,Vp

Je,de
Je, Vo

Be,01
01

I.,Je

Je,Xe

iI,70
Le

Ne.Vp
Ge, Je

Je,Tm,Z0
T

27,

AREA(KMY)

13 740
7 770

260
12 290
13 080

560

1 260
220

10 720
1 1560

1 290

11 5380
5 880

730

472 9¢0
730
250
0eo
D40

e D)

ja

420
1 780



SOIL ASSOCIATION

DOMINANT SOIL

Vel
Vo2
Ve3
Ved
Veb
Vcb

Vpl
Vp2
Vp3
Vpd

Vnt
Vp7
Vpd
Vp9
VplO

Xh2
Xh3

Xk2
Xk3
Kk 4
Xk5
KkB

ASSOCIATED SOILS

I,Ne

Ve

Je
Re

Re
Xh
I,Rc
Rec,Xh
R, Xh

INCLUSIONS

Bv

L
fe,de

I,Ne
I,Lv

Lo,Lv

I,Re

1,3e
I,de
Je

28.

AREA (KMZ)

1

foread
RN o« B S

ot

10

N ™

200
450
6870
540
350

590

060
260
330
380
760
280
720
160
500
0sa

2 600

(93]

O e

~NJ

[0 B

010

380

720
100
540

820



SO0IL ASSOCIATION

OCMINANT SOIL

X111
X1z

Yyl
Yy2
Yy3

Zol

Zol
ZoZ
203
Zo4
Z05
Zo6

ASSOCIATED SOILS

Re

Re.Zo
Re
Re,Zao

Zo

Je,0e
de
Jde
Je,Zg
Jde

INCLUSTIONS

Jc,0e

Jc
Je,Re
Re,Yy
I,Re
Tv

Lg

29,

AREA(KMZ)

3z

1
1

2

™

2

7

3 5

Yoad

4

L5 B

200

110

920
ano
330
160
140
080





