
.H.t

Ul'lI'l'ED HATI'ORS

ECONOMIC COMMISSION J'OR AFRICA

AN ASSESSME!'lT OF THE OOMINA1'lT SOIL DEGRADATION

PROCESSES IN THE ETHIOPIAN HIGHLABDS _

TIIEIR IMPACTS AND HAZARDS

I

,
•

I
••'.

•

•

t I
•
•

PREPARED BY TIlE JOINT ECA/FAO AGRICULTURE DIVISION FOR THE ETHIOPIAN

HIGHLANDS RECLAMATION STUDY - UTF/ETH/037/F:rH

ADDIS ABABA - MARCH 1984

...._-------------------



.._.----------------------------
-_. .-----_.-

(i)

ACKNOWLEDGEMENT

I

•

I

•

This report has been prepared by the Joint ECA/FAO Agriculture Division,
UN Economic Commission for Afric~ with the support of R.G. Barber (Consultant/
Soil Scientist).

The consultant is very grateful to Dr. L.A. Odero-Ogwel, Director of the
Joint ECA/FAO Agriculture Division (JEF,\D) of the Economic Commission for
Africa, Addis Ababa f-:>r his help and support, in sometimes difficult circum­
staDres, and to the secretarial staff of JEFAD for typing the report. Many
individual~ ~rcely gave their time for valuable discussions and made unpub­
lished data available to the consultant. Sincere thanks are extended, in
particular, to Dr. H. Hurni of the University of Berne/United Nations Univer­
sity Soil Conservation Research Project in Ethiopia, and to members of the
FAO Land Use Planning Project notably Mr. Choi, Barry Henrickson, Yetti
Wijntje-Bruggeman and Ernst Boerwinkel. The consultant is also grateful to
Mr. Berhanu Debele, of the Ethiopian Highlands Reclamation Study for his
help and useful discussions. Finally the consultant would like to thank the
staff of the Cartographic Section of the Land Use Planning and Regulatory
Department of the Ministry of Agriculture for their untiring efforts in
completing 12 maps in six weeks



(ti)

1. ~faoe---";'-.-'- - - - - - '- ~ - - - - - - - - - - - - - -

1.1 'i"erms 'of reference - - - _.- _.-- - _ .. - ... - - - - - --

1.~-:·-C01latraints eno~tered.. - - _ ... - - - ~'~ -!, -- - - - ­
~3mnl>baBiiJ Of the 'stUdy _:.. - - J__ - - - - - - - - -~ ':"

,. .

~

1

,1

1

1

2. --'1'HE·W.~'REf<rAUSESAND RELATIVE IMPORTANCE OF SOIL DEGRADATION
PllOCli5SES IN THE En'HIOPIAN HIGHLANDS .;, - - - _ ... - - - - - - - 2

"__ .'. _ h ,.' • - " . ,"

2.1

2.2
"

..
2.3

2.4

I
.M
2.6

Salinisetion and elkalisetion prooesses - - - - - - - - - 2

'ChamiEel d,eg?adation prooesses- _.- - - - - - -'- ... ,;. '., -2.. '

Ph;ysioel degradation prooesses - - - - - - - - - - - - - 5
Biological d-egradation prooesses - - - - - - - - - - - - 8

. j~'.

Wind erosion prooesses - - - - ... io. ..; .;. - - - - - - - - - 9

(blley e;rosion processes, - io. ..; - - -- -- - ... - - - - '- 9

•

3.

2.7 Mass mov~~t_progesses - - - -i- - - - -- - - - ---
.__.. OM_

2.8 Sheet and rill erosion prooesses - - - - - - - - ~ - - -, .- _ -.. ,-,

-2.9 -'1'tle-,relB:t1veimportance of soil degradation proeesees - -

~T;l:QN "OF. CURR!im SHEm' AND flILL EROSION RATES'- - - - - -

10

10

13

3.1

)~2

3.3

,.Sp,il formation rates '"' _ ;;; __ - - - - - - - - - - - - - 14

M~tho~. v.,sed to estimating sheet and, rill erosion rates - 16

SCl1:lrce!! _llJ!d ,m~i tude of errore' in estim8.ting sheet and rill
"erosion rates ' .... - - - ~ - - - - - - - - 17

•

•

•

THE llI!lR>SI'l':IO,N OF SEIlIMll:NTS FROM WATER -EROSION - ;.. - - - - - - - 4S
THE 'IOLERANCE OF SOILS\l'O.JfITHSTAND FUR'l'SER SHEEn' - -r-r
AND RILL EROSION - - - - - - - - - - 20

5.l ...soil ph;ysioel-toleTanoe - _ - - - - 21

5. ?,S9i1 ohemioal toleranoo '_'- ... _ ... __ .:.. _ _ _ 22

5.2.1 . ~s~ef:l!ll!le~t ,9t the soil.chemieel f'ertili-ty' revels';';' - 23­

5.2.2 Detemination of Boil ohemicel toleranoe - - - - - - 27

L --------~--'-------



(iii)

CONTE~S (cont'd••• )

6. THE HAZARDS OF CURRENT SHEEr AND RILL EROSION RATES OF SOIL
CHEMICAL MID'PHYSICAL FER'l'ILITY ..... - ,.;,' - - .. '" '" ~ -- - - --

- - ", -. ." •• ... i- _ ., -- •.,;",._, •

6.1...S9il physical eroBi'on'hazaras" ,--", ... - -- - - - - -- --. ' ~

31

31

6.1.1 Soi~ p~s~?al erosion hazard index ~ .. --'~ - - - ~ 32

6.2 Soil chemical erosion hazards - - -- - - - - ..: ';"';'.:"; -- . 34

PROJECTIONS OF THE FUl'URE IMPACTS OF SHEET. AND RILL EROSION'
ON soii, -FERTIQTr .. - ... - - - ':"--" - _.- -- .. -.oo ... - - -.' ..-

- •.. -.
38

7.1 The assumption of constant sheet and rill erosion rates 38
.~ -, -. ~. ~- .- ~,. .-

7_2-. .Pr.'ildicted changes i; 'effective soil depth's- _. - - .. .. 39- - _. -. '~

7.3·· Predictlllt cjJ.anges. i,:. available l-rater capacities"- - - - ,. 40

7.4 ~edio1ied. filoil llqtrient.losses - - - -'- - -;..- - - - 43
-, -. -

8. CQNCLUSIONS - - - --:":"';";" ~':"-:" - - -_ .. _ .. - - - - --- _ .. •

8'.4 - 'i'he need -f'or- improved farming systems - - - - - - - -' - -. " .....-

8.1. Nature, Causes and rel~tive importance' of Boil

degradati"on processes - -" - - - _~ -. _ - <tot - ;"'-. - ~ - - - •

The hazards of degradation- - ;., ~'-' - .. - :.. -' - _, - .." -.­

·Implioa.ticins and' use of, the ·d.ata obtained .. - - - - - - -, ..

48

49

50

51 •8.5 The identification of priority ar-eae for government
int1lrvention .. - - .,. - - - -':"- .. '- _:. - - ;.. - - - - - .. 52

8.6 Furth~r" studies 'r'eqUired - - - - .....- .. ;.. - - .. .,. -'- - ... - 52. . .,.: ~..

,

lL'FIGURl!B - - .. - - .., :- - - - - - - - - - - - - - - .. - - - .. -

9· ~cm - - - - - - - - - - - - - -" ~,:"';'" - - - -', '_: - - - ~_ -
·~l:CES··' - -'- •. - - - - - - - - -' - - - - - ";";"" - -'- ...:..... -. - - . ... .. . ' .~

, .

1 - 5

1 - 11

1 - 12 1

•



..,.-lio_-------------
(tv)

Tablss

6

25

28

l8

11

18

Nutrient removals by maize, wheat and sorghum - - - - - - - ­

Relationships between crusting index and crusting
susceptibility ratings - - - - - - - - - - - - - - - - - - -

Crusting 8Usceptibilityratings for top soil and sub-soil
horizons of selected soil types (first approximation) - - - - 6

Influence of tied ridging on sorghum and maize grain yields ....;'.. 7
. . '. ,"- i- ~, .

Estimated K factor values for ~elected soil units using
-llischmeier .r s _ :J 1"__,_' .. '_ ..,.,:__

..,.. - .~

Inf'lu.ence of slope lengths on th~' topographic factor - -' ..;'-

"'rnfluence of peI'()ent~ge ground cover of pasture, grassland
and rangeland on the human ,factor - - - --- - - -- - --

The re~tionship between effect;ve soil depth classes
_ ..and sodL pl\\"sicaltolerance to further sheet and rill erosion ~

Classification of soil units in~o generalised soil chemical
fertili tyclasses

., S'o11chemical ratings for, organ.ic, mapter,ni trogen,' .
p)l~sE.horus, potassium and alUI:linium toxicity for each,
generalised' soil chemical fertility c1ass- - - - - - - - - -

Percentage dirf,erence in yields between N, P and K
trca'tments-t'or..seleot4d crops -' :.;;..:.. ,- - - - -- - - .... - - - -

Relationships betw~en soil che;ical ~tings of -top~and' ,
sub-soil chemical tolerance·levels for organic
matter, total nitrogen, available phosphorus exchangeable
potassium and aluminium toxicity - - - - - - - - - - - - -

11

12

13 Soil chemical tolerance levels for each of the generalised
Boil chemical fertility classes - - - - - - - - - - - - - - - 30

Relationship between soil physical erosion hazard indices
and soil physical erosion hazard class - - - - - - - - - - - 33

15 Relationship betwesn soil chemical tolerance levels
and scil chemical erosion hazard classes - - - - - - - - - - )5

•

,

lIJwnber

1

2

,..:....
3

4

" 5

6

7

8 •

9

,
10

16 Soil chemical erosion hazards for each of the generalised
soil chemical fertility classes in sheet and rill erosion
rate classes I to V - - - - - - - - - - - - - - - _ - - - _ - 35

&

•



- ~~ _. _. .•. ..~

Number ,_

! '

tv)

''fables '(cOn~•• ~)
~. '.

". ,,-~

-1'7- Relatioha' between' soil chemica.l ;at~g\! for soils and rill
erasions rate olasses VI to VIII and their soil chemical
toleranoe levels - -- - - - -- - _ • • ',- -.,. - .;.. - - - • - _ 36

, . ' '. . '. . . -. ,......
.. 18·, '·Soil chemical 'erosion 'hazard olases fer soils oocurring

;i.n sheet and ri;J.J. erosion rate olissesVI' to vnr _ - .,. _
, ;'

37 •

19 'Estimlt'tedtop soil and sub-soi.L K faotors,and o:rosting indioes
.. for' soilg-croD!lllonly 'occurring in sheet and rill erosion rate

olasses VI, to VIII ". - • - .,. ... - '.... .:. - ;,. _ - •• _ 39
;. "

20 Tentative a~ilable water oapaoity (AWe) values assigned
to ditferent'soil units - _ ;. _ .,. .. '. __ • _..: _

21 Ratings for aV;ailable water capaoity (AWC) values- ~,

41

42

23 Relat~~\!q,ip between;hutrientlosses by 'sheet and rin erosion
and soil nutrient levels - _ - - .,. __ .,.~_ .. __ .;. ~ __ .,. : 45

.- ... - ..- .,

,

,
•

&

•



Number

1.

2.

3.

4.

5.

6.

•

,

(vi )

APPENDICES

Derivation of Crusting Indices for Top..soils of Chromic
Luvisols, Eutric ca.mbisols and D,ystric Nitosols.

Derivation of Crusting Indices for SUb..-Soils of Chromic
Luvisols, Eutric Gambisols and Dystric Ni t osoLs,

Derivation of Crusting Indices for To~So:ils and SUb-Soils
of Pellic and Chromic Vertisols.

Top-Soil Characteristics for Soil Units within Each Soil
Chemical Fertility Class.

Sub-Soil Characteristics for Soil Units wi1hin Each Soil
Chemical Fertility Class.

Selected Soil Chemical and Physical Properties of the
Generalized Soil Chemical Fertility Classes.

1. ---"Rela'Hunship between Soil Nutrient Levels and Soil Chemical
Ratings.

8. Soil Chemical Values and Ratings for Soils Occurring within
Sheet and Rill Erosion Rate Classes VI to VII.

9. The Influence of Current Sheet and Rill Erosion l/a.te Classes
on Changes in Effective Soil Depth and Depth Classes over
25 years.

I

•

•

10.

11.

Available Water capacity Data calculated using Different
Fi.eld fupacity Values for Different Soil Units.

Estimated Annual Nutrient Losses fran Different Sheet and
Rill Erosion Ra.tes and Generalized Soil Chemical Fertility
Classes.

../



2•

•

(vi~

FIGURES

Number"

1 Estimated average annual sheet and rill erosion rates
(first approximation)

Estimated eff~ctive soil depth classes and physical tolerance
of seils to further sheet and rill erosion (first approximation)

3 Estimated effective soil depth reliability map

4

5

Provisional soil map of the Ethiopian Highlands using'
the legend of FAOjUNESCO soil map of the world

Generalised soil chemioal fertility classes, their chemical
status ratings and their chemical tolerance levels in terms
of organic matter, total nitroge~availablephosphorus,
exchangeable potassium and aluminium toxicity (first approximation)

6

•

•

•

•

Ver,v generalised soil chemical fertility erosion hazard map
- (first approximation)

7 Estimated annual soil nutrient losses (first approximation)

8 Estimated effective soil depths expected at the year 2007
or earlier (first approximation)

9 Estimated soil available water capcity classes
(first approximation)

10 Estimated soil available water capacity classes in the year 2007
or earlier (first approximation)

11 Ver,v generalised rainfall regimes

12 Generalised soil physical erosion hazard index map
(first approximation)



'.

•

•

•
•

•

•

1. PR~F'ACE

1.1 Terms of reference

The Consultant originally accepted a one-month consultancy to "undertake
a macro-economicsurvey of the highlands of Ethiopia, and to propose solutions
for land resource management and land use planning problems",' Subsequently,
substantive changes were made to ;l;heterms of reference and the consultancy
was ~:iitended up to 29 February 1984,

The revised terms of reference were:

(a) To asse,ss,the natrure , causes and relative importance of soil degra­
dation processes in the Ethiopian Highlands;

(b) To provide data on projected changes in soil fertility due to conti­
nued soil degradation that 'would enab~e, members of the Ethiopian Hi&~lands

Reclamation Study (UTF/ETH/037) to predict changes in land productivity and
hence the economic costs of soil degradation;

" (c) To assess the hazards of the' dominant soil degradation processes in
terms of their Impact.s on soil fertility.

, 1.2 Constraints encountered

The major constraint experienced by the consultant was the very consider­
able time devoted to cartographic work, i ,e. in the preparatIon and checking
of draft 'maps and the checking of corrections, Twelve maps were prodUCed to
show the 'distribution of soils, erosion rates, hazards, and soil 'fertility
characteristics within, the Ethiopian Highlands, This consumed, the majOr part
of theconsultant',s time, notwithstanding, the hard working assistance of the
cartographers in the Land Use Planning and Regulatory Department of the
Ministry of AgricultUre, Addis Ab~ba. A further constraint was the paucity
of basic soils data available and the time spent in acquiring and compiling
the limited information that did exist,

1.3 Emphasis of the study

It soon became apparent that soil degradation in the Ethiopian Highlands
may.. be posing a threat not onl;y:,-in terms of the physical loss of soils, but
also. in terms of deterior~ting,soil ch~mical 'fertility.. , ,This study has there­
foie emphasised both the phys Lca.L and chemical deteri~rati~n"of"soiis due to
degradation.
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_~~RELATIVE IMroRTANCE OF SOIL IlEGRAllI1TION PItOOESSES IN

IN THE EHTIOPIAN HIGHLANDS

Degradation refers to a deterioration in the quality of the environment for
man, vegetation, aniJDalsaild aqua,tic life. Soil degradation may be manifested
bya reduotion in the actual or potential productivity of soil. to produoe food,
fodder, fibre,building materials and f'u eL, . It can also Lead to a lowering of
the quantity and quality of ,domestio, livestook and irrigation water, ,supplies, •
a decrease in hydroelectrioity power generation and to a deteripration of habitats
for aquatic and other forms of wildlife.

There are a wide range of soil degradation prooesses, some'of which are closery
interrelated, which have been classified into six categories (FAO, 1979). These
are water erosion, wind erosion, salinisation and alkalisation, ohemical degradation,
physioal degradation and biological degradation. The causes of these prooesses
are invariably a oombination of natural phenomena and man's actions such as the
destruotion of vegetation oover, overgrazing and inappropriate agricultural
practices that are not in harmony'with the, eoologicalenvironment. It is man's
actions, often as a result of increasing population pressure, that extend and
acoelerate the processes of degradation. Water erosion includes sheet, rill,
gulley erosion and mass movements; salinisation and alkalisation refer to the
accumulation of exoess salts and sodium, and chemioal degradation to the leaohing
and removal of nutrients and the build up of toxicities other than those due to
excess salts. Physical degradation includes those processes suoh as poor cultivat~n

practioes, whioh adversely affeot soil physioal properties suoh as infiltration
rate, struotural stability, root penetrability, and permeability. Some of these
prooesses which result in the exposure of the soil'surfaoe to rainfall are olosely.
related to sheet and rill erosion. Biologioal degradation refers to prooesses
whioh aooelerate humus mineralisation 'rates, and largely refleots the moisture/
temperature regimes of the environment and land use praotices.

2.1 Salinisation and alkalisation prooesses

These prooesses become import:ant in areas where evapotranspiration exceeds
preoipitation for muoh of ,the year' resulting in the upward migra~ion of salts from
ground waters into' the upper parts of the soil profile. The Ethi()pian highlands •
are charaoterised by perJromid to semi-arid moisture regimes using Th07'l)thwaite's
moistur~ surplus - deficit index (Thornthewaite, 1955) as illustrated by Gamechu
(1974). The semi-arid areas, in whioh salinisationand a~lisation most oommonly •
oocur, are of very limited extent in the highlands'as shown by the restrioted
oocurrenoe of salt rioh soils e.g. solonohak, in the ~ake Abiyata area (Fig. 4).
Salinisation and alkalisation prooesses are relatively unimportant in the Ethiopian

' highlands.

2.2 Chemioal degradation prooesses
•

Chemioal degradation is mainly due to leaohing and poor farming praotioes which
result in the loss of nutrients and a conoomitant increase in exchangeable AI, and
sometimes Mn. Leaching will tend to be highest in the high rainfall regions of the'
highlands, i.e. in regions D and E (Fig. 11). The detrimental effects of leaching
will also tend to be most serious in soils with a low cation exchange capaoity,
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, l!Iin~~1lllse,solllPpossess'a low --resE/rVeof available nU:t~ientsto .rep1aoe those
;Lo!l;t.py leaohing.Tlm.B",sandyso>i1B.'8l>.o1\aet~ CambicA~P!lols (Qo) and soils
dominated. 'by low organicmatte':toont'$irtis andk8()lini"tic c}.a;rB~oh as the dystric
nitpsple. BAd o.rthio 'aQriso1sWl.ll be mo'Btp~e.'to d,etl!lri'ora.'lIion as a result of'
lE!aphiJlg. These soils"belobgto the generalised soil chemical fertility olass
31> (see Table 10 and Fig. 5). As leaching conm.~ee t1\\!,Soil!3-:pe9ome more acid,
with more 'of the cation a5.~o'rptiC''ls'iteebeoooiilig, OCQUpi,eci:by, ,excl)angeab1e n.
~ltlmatelyf the percen~agesA1 s~tu~tion of the~ff~~tive~llotion,exohangecapaoity
(m::EXJ) may becOIIleBUff1c1ent1y h1gh to cause t\leso11.s91utJ.on, AI concentrations

-, to reach 'toxic .levels: for some crops. The,avera,ge. sail,···phemical .fertility values
· for thE! dystric nitoso1s are given in' Appendix 6, claae 3b (no data were olltaine4
· ~(,l,r the orthiq Acriso1Ei).The average topsail ~dsuh-soil pH va);ues.:are 4.9 and

4.5 respecti,ve1y,and 1;he average per cent A1 satUration values of the' EXlEXJ are'
3.5 per cent and 7.2 per cent respectivE!ly. ,.Theee av.era,geva1uesare unlikely to
result in a d!,!cliM in crop yields. However,in one of the profiles analysed
(K4), the'percentageA1saturat'i0ll of the .~EXJ was 13.1 and, vu: percent for the
top soil.and !!l-lh-soil-respective1y (see Apt>~dices4 and 5). These values are
suffic;l.ently higlFto r,editce the yields of Al s.ensitiye crops' such as sorgluun and
cotton roJ;' .which the critical A1 satUra'tionvalues,beydnd,which yields rapidly
decline, are 10 to 20 per cent arid 10~ef'::ent respectively. Barley and some

· whe.a.t,.•. va...rieties are also parUCU1ar1;rs.,.ensi.tive to aluminium :to:X;iOi.V(Krampath,
1972; Foy and Ilrown, 1964) • More .data is 'required on the A1 :and,'Mn'IJ8:!lu'ration
leye;Lsof the soils in class' 3h bef'ore the iritpacts of ohemic!!-l,·,deg1oadP.ion due to
1eaohing oan be satisfactorily assessed.

• .' 'liable 1

~rient rem6ya:1s by maize, wheat and sorflilmm'

., ..-

,. ..; .

•

Maize
Wheli.t, .

'.Sorghum

Grain Yield
., .

'Nutrients removed (!ti/)1B;)
(t!ha. ) N P K Oa .,

1.0 40 9< 33 7.5 '5.0.'
0.6 . 15 3.2 17 2~3 3.0
1.0 26 1.3 6 8.6 5.6-

Total nutrients removed by grain, + straw.

Source: Sanchez, 1976.

Chemio~l d"gradation oana1sobe eauaed, by poor fannings).stems wl'1ioh,i~ine" the
~onJ1.e. where, there is.a.steady removal of nutrientsnth-P9; or. onl~min:l.ma1,
nutxoient replAcements. . ft 1S assumed in the followingdiscuslliantbat· fertilisers
are not a.pplied, crop residues are large}y'rcmoved for'~oddere'and thatmoiitofthe
dung, is burnt as fue1.,The~epraoticesarepreira.1entthrO!lgh~:j;mu:ohOf the. highlands
tUld :::esu1t in mininial qIl?nt1Ues Of niiiri~nt!l being :Nlturnlld.tothe soils.' The
.si_'ti~ becomes ,!-ggra,.v:ated ~lhere'fal1ow periods aren01b-ElXiistEint or verysho1't.
The s~ilfrin tho E,thiopian highlands 'halre been grouped into four generalised soil

( .
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.. ' .. '. Typical nutrient ;I'eIllovals by cereal crops are given ,in Table l~,;:,"'henthese •
values 'a;:'llc6mpared with the estimat.ednuti-ient contents of the four generalised
soil (jhemical f~rtility classes (givenin'Table 21 for N and'I, ~dil).,'Appendix 6
,fOr Ca and Mg)there would appear to be stifficient K in thssoils, tosatisf'y crop
r~irements for. at least 40 years, or 20 years for olass 3a soils, and .suff-icient­
Ca and Mg to 'meet the orop demands for at least 100 yeare. Thus no problems of
''mining'' Ca; Mg or I are likely to arise in the near future.

ohemioal ferliiity olasses (seotion 5.2) on the basis· ofth~ natu%',l3:.0f their .
humic horizcm',s',. their base saturation, and whether or not they'bec~~:'seasOila.lly

waterlo~ed;"Cha:mcteristiosof the fourcla:sses are ~ven in ~abl.El).o andthei:;
.. distributioni!lshmm. in Fig. 5. The soils are genera.lly Dloderate~owell aupphed

"in·the:.nutrient.bases; low to moderate in niti,'ogen' andver;y;;loWto.'low in phosphorus.
,

.J' '

,,,... ,

..........

For nitrogen the position is mOre difficUlt.to assess, because only a small
fraction, possibly 2 per cent, of the soil's total nitrogen will be releltsed by
mlneralisa:t.ion each year. Moreover only part a£. the minerali,s,ed_nHrogen will be
taken up by crops, the remainder being lost by i.Dimobi;l.isa'fion, , lea,phing'aIl"d

· denitrificati.on.', ,Fu,rlhenJl9:r, e. fOT, soil ?h!lm;l.ca,L' ferti1.itz clalis,esol'and,' 3b the
total N vaJ,ues'hafll"1:)ellll e~j;ima.:teetby' applying assumed CIN ratios to the, organic

" carbon iralhes-(AppertdU·6)•..Nevertheless, class 3a /3oils, charaoterised ,by oohric A
.. horizonst ,with their. low total N values would appear, to be most SUSCeptible to N
"""minin.e"." If 2 per cent of the total N is assumed to be mineralised each.,ear ,

, ",'f"rOJiJ 'th",:\'op 0-15 cm.of soil, then about i}O'y;,g/ba!yr would be released from class
.' 3asoils.This value 113 not dissimilar to the estimatedN removal figures given

· in Tabl~J.,.fop.C)erealcrops.' .Chemical liegradation due to a '''mining'' of soil
nit;:Ogen is likely to be most se'rious on class 3a soils,;md the si,tuation will
be exacerbated in areas with .0.0 or very short fallow periOdS, where legumes are
not a usual'component of the crop rotation, where "gaye" i.e. the burning of mounds

· 'of'''top soil, and burning of the grasslands are regular practices. J;n the latter
two processes nitrogen losses will be increasen through volatilisatiOn.. - .. .' ;.. ~. .

The 'situation With TBgard to phosphoTUS is ~ven more diffiCult t~ assess
because'the q\J.antitiesof available phosphorus present in the soils are unknown.

"The,Ol!l'en:'values giVw .'in 'Appendix 6 are' merely indices of the available phosphor-as
lev!'lls.' and bannot be. compared with the·crop P removal values. However, there can
be very little replenishment 'of the all1Sa.dy very low to low available phosphorus

,:levels ;in, the soils, except.in areas' with long fallow periods. Thus a strong
.,~ossiPility exists tba:t;chemical degradation due to the harvesting of phosphates

:', ,in grain"and straw is oocurring, especially in areas with non-existent or very
, 'short fallow periods. .

To aBsess the relative importance of nutrient mining in situations of minimal
nutrient replenishments with nutrient losses due to sheet and rill erosion, the
crop nutrient removal values given in Table 1 need to be compared with 't;be soil •
nutrient erosion losses given :in Table 23. The latter values havebe,en.very·
roughly estimated from theestimsted sheet and:rill.erosion rates"the 'BOP ;'" '
nutrient contents of the top soils of the four gene;t'alised. soil chlil!iioal',fer-l;ility •
classes (AppendiX 6) .BJ:ld ,from the nut.rient enrichment ratios (see secticn7.4}.

· A comparisOn of th~ 'j;wosets of fi!WI'es shows the nutrient crop removals ,to·. bev'
generally equivalep1; to the low 'to medium soil nutrient erosion rate classes,

-'"' .:

~'" .
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and appreciably lower -than the high to very high soil nutrient erosion rate classes.. <

Thus the ''mining'' of soil nutrients will assume greater importance in areas where
the losses of soil nutrientl!f' dtie~'to sheet and rill erosion are low.

Ph.ysical;;demda~on'processes
'.1>.. ......::.

Ph;rsical degraaaHon 'that , results in surface sealing and crusting is a result
of the exposure of the soil surt;acetQ",the impactof--min'dropss: 'l'he 'Stii'f'ace

- aggregates 'of 'soils low in organic matter and high ip sut contents are usually
most prone to structural disintegration and the fo:rnjat~on of surface se.als or
crusts.' It, is the infilling of pores and the orientatJon of'. sQ.i). ,particols
parallel to the surface that resUlts in' seal' or crust development,i/ and the rather
impervious nature of these surfaces encourages runoff." ,The enhanced runoff in turn
accelerates, erosion and thus the physical degradation 'processes of sealing/crusting
and sheet and rill erosion are inextricably linked. ' SuN'ace sealing and crusting
will be most pronounced in areas where the stonns are,hi~hly erosive, e.g. rainfall
regimes E and D (Fig. 11), and especially on soils of low organic matter and high
silt contents, ,e.g. class, 3a soils (Fig. 5). Crusti~g indices have been calculated
for four soil types (Appendices 1, 2, and 3) using the f9nnula:

Crusting 'Index "= ,'% Sflt Content
, C% Clay + 10. %OM)

.,..... _'

f

•

I

•

which is a simplification of the fonnula given in ,~ provisional methodology for
soil d~tion assessment", '(page,,'18,FAO, 1-979)." The relationship between
crusting indioas and'cruating susceptibility ratin/l'S~re'given in Table 2 and the
estimated c:rusting,susceptibility'ratiilgs rOT'four soils, for which at least four
profile data were available, are£i.ven in'l'a.'t>le' 3. -~'l'I'W'"ent:HcC'am'6isors"-;ndchromic
-Luvisols bot1'\"exhibit medium crtisting susceptibilities and are dominant soil units

, Within the E!oil"chOOlioo.l'fertility clails3ii which'is generally characterised by
'ociirtc (low organ'ici matter) top soils. As the increased runoff causes f':u:r.ther
shee~ and ~ll erosion! it ~n,petbe finer"more·nutri'e'nt::.'t'i?n;·m~re,,~icsoil

, fraotion' wh1Chis preferent~ally eroded. Consequently, the organio lnatter of the
surface soil will decrease and the relative proportion bf ,t1'\eCOal'se silt and sand
m~ increase. Thus, the soils will progressively become increasingly susceptible
to surface crusting. Farming practices whioh reduoe the prcteotivevegetative
cover of the soil surface such as over/11'Elzing,. annual creps which give a low
ground cover, and late planting will ~l be ccnducive to sealinr, and crusting.
In addition to promotinlC runoff, surface crusts can, inhi~:tt ,or reduce s,ealing
emezgence durinp dry per-Iods 'and may reduce the supply of oxygen to plant roots during
wet periods.

The loss of runoff can seriously reduce cI'()p,yields especially' ~n areas where
water is an important factor limiting yields. This would be ~ostlike1y to occur
during some years in rainfall regimes E and D (Fig. 11j. stewart (pars. comm.)
showed for an area of high moisture deficit probabilities in KenYa, that for evey
extra mm. of water infiltrating into the soil. that is not lost as runoff, the grain

]} Seals are generally very thin and composed of compacted clay particles
whereas crusts are generally ticker and with higher silt and sand contents.
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,,'Relationships

,Crusting
hldex

0-0.2
, 0.2>;0.,5

6~5-1.()

1.0-2.0

2.0

Table 2

between crusting index

-"., ~ '. p.. - •

Table 3

and crustin« '.,

Crusting
susceptibility

rating

tery low

Low....;
Medi\iID

High

"Vers ,h.iii~~;.._,c.

,
',"-, .".'

Crusting susceptibility ratingS for top soil and sub-soiL
I

•horizonscf selected, soil types (firstapp:ryximation)
'.

,Soil Unit JJ
Orusting susceptibility

rating :J.I
Crusting suscep~ibiiity

t· , I "" "
., ,ra,l.l).g ol.I"", ,

Chtomic Luvisols

Eutric Cambisols
.. ~ .....~. - "," ... ' .... - _..

D,ystric Nitosols

Pellic and Chromic
Vertisols

Medium ,

Medium

'tow"
Low to Medium

MediUIP

High

Low

Low

, .'-,
I

" l! Clas~iiied MQo:J:'dingto the legend of ·the Soil Map of the World
(FA,O,UNESCO, 19(4). '" ' '" . ," ,'",i/ 'Average:11alues,,·" ",. " " , ,

,¥ Refer t~.ip:pendices 1-3 for derivation ofcrustirig idices,'.'

..-...- - ..
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. .
yield of maize was increased by 16 kg.· Marke'd yi~ldincrei!ses due to the prevention
of runoff have also been delll9nstrated for plaize and.s9r~humontPeAlemaya soil
series .in t~eHararghe highlands frq~~£eQ-ri.~gexp~T~ments.(T~irieHawan~o,

" .1983' •. Table'4givea the mean pero~t~ yield increases ob~a:ned wi~h and wJ.thcut
tied ridges tor the' two seasons .1981,. ,1982 from N. and P ferb1J.!ler trJ.als•

•
. Table 4

Influence 61' tied ridging on sorghum an.d maize grain yields

Average.yield increase due to tied ridges (%)
Maize Sorghum

1981 1982 '1981 1282

36.4 20.7 16.8 18.4
. i ~

. ,
Values are the average yields of all the nitrogen treatments.

. , ...

t . Maize which is muohmore sensitive to moisture stress than. aorghum gave higher
. yie1:d' inoreases wheil':runoff was prevented by the constructiOl') of tied 'ridges,

·especially in1981~' Unfortunately, it was not possible to relate the. 'Yield
• differences to runoff losses. . " .

•

,

. :i

Physical d,egTadation can also be 'brou.ght about. by the traffic. at· animals and
humans causing surface canpaction. Livestockpancanpact soils at, a: pressure of
1-2ki!cm2 or more; the statio load of a speepis approximately 0.5·kg/cm2 and
for cattle and horses about 1.75 kg/cm2 (W:enner,. 1982). ,Presumably the dynamic
pressures W01l1d be higher. As a resJ.l,lt. of surfac13 compaction, particularly along
cattle tracks and footpaths, theincrecu3e.d runoff is likely to accelerate erosion

. resulting pe.rticularly in the fonnation of gullies•

The deteriorati'>n of soil structures due to un,\;:imely or excessive tillage is
another example of·phisical.degra.dation. The. vertisols, sometimes'oalled "afternoon
soils!'because of the very short time periodaduring whiCh they oan be successful;J.y
O\lltivated; are partioularlx prone to structural deterioration wrp.ch further ...
impairs their already .unfav01lrable structural and drainage characteristics. The '1"'

exO.essive nuDiber of cUltivations required,to produce a very fine·tilth that will
'pennit 'an adeciua.teaoil-seedcontaotfor the very small teffseeds :is a further
example of structural or physical degradation~.up to. six .cultivatiOns ll:re often
needed to prepare a su'Hable seeQ-bed and ,the' fine tilth is then far 'more
susceptible to crusting, runoff and er013ion.

t
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2.4 Biologioal degradation processes

Biological degradation processes resulting in a decline in soil humus contents
tbxough mineralisation are primarily governed by tempex:atureand soil moisture
conditions. The soil type, foI'lll of land use - particularly the extent to which
the land surface is covered by crops throughout the year, and the fate of the
orop residues and dung are also important factors. The risks of biological
degradation will be greatest at 19.w altitudes, where temperatures are higher and
rainfall lower, and will probably oor-respond approximately to rainfall regimes A
and B in Fig. 11. The rates of humus mineralisation will be highest in sandy
soilia, ,e.g"'in,tbe oambic Areno,lilols, low i!1 th.. clay t~tured soils, and least in
thereridzin8.s'duet,O(their high,CaC03'contentandirith€ Andosola,due to.t1leir
8;Uophailtc lllays •{Wig. ·4) .:L<;JW,J!l~eralisation" rat,es Will· ;';lso be~ecteti in t1le
verticCambisols anli],t~.pellicand cl\~ic Vertisols,partiimlarly when'they occur
in 'the lligh rainfall areas- regi6ns D and E j 'beca.ttseUf, their iIIi'ped.ecldrainage
characteristics reducing minerelisatiori rates. Birch (1970" 1971).showed that
under saturated conditions no nitrification i.e. mineralisation occurred in vertisols
for long periods of the growing season;

Land,ueie is anothe:r, factor,influenoing ,biological degradation~ , Loss of humus
will be more' proiiOimced inarmual cropping,,:.areas':Wherethf:l ~oil,.surface is exposed
for ;long,periods, than under perennial crops which shade the soils and maintain
soil moisture/temperature '6ondrtionsless conducive, to. lll.inera1,i.sation." :r~, ~ch \
of ~he h:i,ghlands.aiid.particularly in the low to middle 11.1titude/low to moderate
rainfall areall,'asteady deoline' in humus {)ontentswouldbe.,SXp-lilC,ted )lecause of

'1;he use' of orop,residues for l:l:v:estoc~ and the use of'most of .'thedung'lo'r"iuel. •
However, the author knows of nOE!vj"dence to'substanttate thiS~' 'Al'tlmugh'-Jabnke
(1984) olaims that in monetary terms, Utev"iue"of thEiqrupyi:eld 1ncre8:Se,by

'" applying dung to the land is at present approXimately equal to ,the monetary value
'of 'dUng as' lifuel, this econolllicbalanc"e is unlikely to .,be maiA,tained as the soils
become mpre impoverished. Thus, the absolut,e yield increase, from:' the' appHcat:ton
of dung to an impoverished soil will be, lower than'the yiecld'increase from a less
impoveri£lhed soil Moreover, as yields ,de,clin~,,an4 farmers in ,the K\l,re Marian. ­
Ankobar, area olaim yield reductions intefffroIll'a'b9\,lt 9q!ha.ito 4.5q/ha~ during
the last 20 years, so ,the quantity of organic mil.'tteF s.ddedtothe soi]; in terms '
of roots and any stubble that remains, will decrease. '!lence,the dtuatiol\ will
be further exacerbated. Added to this is ther decrealilirtg fallow period which
for example is, now 1-2 years in ,theArsi region compared to 4.,.5 years in the past
(Gujral, 1979).1n .ether areas fal)ow periodsarenot,poBsible llild 'consequently
soils !ul-ve lessopportunityto. replenish their!:lUmus. cOntents~ The progressive

" shortenmg of fall~", period,s,is ,a response to the inorease in poptllationpressure.
tet ~other 'process of biological q.~gradation i8the practice of "bo/e~'dn whioh
the top soil is gathered int.O smal~inounds, mixed,w1thsmall quan:tities'(about
10 per oent) of grass, EriCa and dung, and ignited. ' Althoilghnot an "of,the
organic matter will be volatilised, there is undcubtedly a significant. decrease •
in'humus contents as a result of this practice. This practice is apparently quite
widespread throughout the highlanc4J'i Burning of grasslands also promotes biological
degradation throu~h the volatilisation, of organtc'matter. The consequences of
biologioal degr<!\dation are ,a loss of nutrients, ,1;e•• N and S in partiCular, and
a declipein the, soils' structural stabilities. ,Consequllntly, the s01];$ become

. "

, ,
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','lDO:r& SUBoeptible to pll;ysioal,d~tionand _toei'os~on. Most of tlUl,soi?-s in the
EthiopiBli highlandS oon:tain, moderate. levels .of or/F10matter, and.~ o~.ten_.
obaI'80'terised by deep hUinichorizons. ll,iologicaldegradation is probablt ~ly­
:Urq:iorte.nt at present, in rainfall 'regimes A li.nd,ll,and in olass 3e. soil ('t,~. ,5)
which generally possess low or~ic'matte,r6ont~ts,.Nevertheless, ,wit:h.the cu.rrent

, f'aming- praotices; a. general trend of declining humus 'contents would be e:qleoted•

•

,

•

•

2.5, .Wind erosion processes

<' • AlthOllgh.¢nd e1'9sion iBbelieved to occur to a limited axtent in the highlands,
up to altitudes liI-S high as 3000m (Humi, pers 00llllll~) Blld in the north OCebede Tatu,
.~, Meeting, W83),no etud1es have been written on this aubjeotto,the authOr's
knowled&e. The laok of trees ~;low vegetative cover durihgthe dry. eeasonWOuld
seem to be oonduoive to wind erosion, although llrown (1973) states that wind eroion
occurs predominBlltly in the southem Rift Valley. Lack of date precludes further
c-nsideration nf this degradation prooess.

2.~:·dunwerosioDprocesses

" .. Guney erosion is 1m extension of the process of rill erosion and is OIIIIIJinmly
de1::I:ii-ed as apreoesa thet, rewlts in ,ohannels that are two large or deep to be.
Obliterated bynonnal cUltivation practices. Gulley erosion is causedin'a~where
tbllre,'_ is ",.conoentration ·of runoff, rand the'rate'of'gulley erosion iB:cdnBe~ently

related totbe ~lleY'1l oatobment a:tea. .Activi,tiesthat result inthe·'remova.l of
V8getat!:ire ,<lover, e.g.' deforestation, cu.ltivation end overgrazing '6XpOse'thetibil
surface to the direct action' of raindrops and.encoili'age the 'de'vEilopneh'i'o'fsurfaoe
seala oro:Nsts, which in tum prOmote runoff. The removal of 'vegil<tatioriil'om'bined
withoompaction of the surface soilane to' overgrazing has been Cited as olie 'of the

. ma,jor .oauses of ~lley erosion in· the Jl:ojo River basin (Pereira;1.9611);in the
.. Awash River :Basin (FAO, 1965), alId even beneath adanse OallopY' of Eucalyptus forest
...inthe heart of ABella township in Arsi Region(OUjral,1979). Com'Pa()tion of ,~he soil
. surfaoefrom the traffic of Bllimds' and humallB ifi8.lso'responsible" for 1.Ow'i,nt11tration,
the oonoentration of runoff and gulley developnelit. This, Blldthe·abl3&noe'<?f.proper
road drain~e systems have also oaused extensive ~l1ey erosion in the' Anii -region
(Oujral, 1979) and on Mt. Choke at elevations above 2,5oOm ('!'homas, 1983)~' .

So11 type also exerts a major influenoe on "he development ofguilie~.'
Impemeability or sealing of the soil s1irfaoeareccnducive to gulleyformatio~~
Thus, vertisols whioh beoome impermeable when wet due to the swelling natui'e
of their o~s, and their frequent occurrence in lower slope or valley:bo:j;tom
positions where the greatest accumulation of'runoff. oocurs, may be ~soeptible -to
gulley erosion. In Hararghe, gulleys 5 mdeep and 20m wide 'have developed in .
08lllbisols, and Vtlrtiaols in lower slope positions during -the last 20 years (Humi,
pers~ <lomm.). The presence _of very ~rod~b1e subsoils or parent materials also .
enaeu~a rapid .gulley erosion. A compal:'ison of 1965 and 1974 ae~l .photographs
of, the JlakallePalteau in theTi~iregi.on revealed a gulley head$1l11'CaCl~t, in
highly- e:rodible alluvial sed.i.lllen.ts, ot:. 5 -10 mfyear (Vir80~d~ro,1918)';:'
Heavi~ disseoted gUllied land~salsodevelopedin Andos()l~fQ1!llledin.V'ell'i:erod1ble
Qug.te:rmar,y VOlcanio' ashes and tuffs in the Soddo area, and in erodillle soil:B-:'ftirmed
from sandstones in the Harer region (Pereira, 1968). The relative top soils and .. -

- .._.-------------------



" .

$7 -:

..
,'I .

. ; ..
- 10 -

,,~soil .erqdibiJ ities influence both the gulley cross-sectional profile and the
rate .of lateral erosion. This relationship was observed in the Awash River Basin
Survey (FAO, 1965). Although there are repor-ts of gulley erosion beingparti­
cularly 'prominent in some parts of the highlands, e. g. the MaJtalle and lnticho .
plateaux in Tigrairegion (Virgo and Munro, 1978) and in the Harar region (p~reira,
1968, !turni, ers. CO)lllll.) ,there has been' no ststelll8.tic study of the extent and

. intensity of gulley erosdon in the Ethiopian highlands. Although the quant{ti~s
.. of. floil lqst by gulley.·erosion .may sometimes 'contribute significantly to river

sediment loads, it would appear from preliminary results of Hurni. (1983b) and"
from limited data on suspended sediment load values within the AWash catchment
(FAO, 1965), that a high proportion of the soil relOOved.trom.hi11slopes is depo­
sited in lower slope and alluvial plain sites without entering the drainage system.
Furthermore,' the area of agricultural land that is lost throUgh gulley erosion is
invariably insignificant (HudEJOn, 1971), and there is no evidence to suppose .. ·that
this is not. the. ,case in" the Ethiopian highlands.

2.7 Mass movement processes

' ... ,~, ' Mass IOOvel/lBnt processes refer to both the impercelltible soil creep processes
and the more rapid,and, dramatic processes of landslides, earthflows' and mudflows .

.The. ,latter processes are most likely to occur in very high rainfall areas, pro­
bably corresponding to rainfall regimes D and E in rig. 11, and in soils with
high inflitration ratelil and impermeable hol'izonsat depth: Soils with high· clay
contents, particul/lorly those containing very hil'h moisture 'contents at saturation \
are particularly prone to' mass movement. This is'particuiar:j.y prevalent where .
the soU's moi.sture content at saturation exceeds the sorli s liquid limit as has
been shown for smectlt.e soils in Europe, and for Ando$ols in high rainfalll;l.reas •
of. the Kenyan highlands"(Tefera, 1981 'reported by Barber, 1982). Steep topograph-
ies and changes in land use from deep rooted (natural) vegetation to shallpw root-
ing crops also promote. ·mass· .movements " Mass movement processee are ,discontinuous
in l\ature, occurring onlY, infrequently and usually after sever.al days qr. exception­
al~y heavy 'rainfall. Pool'ly, constructed cut..off drains that' <1.0 not discharge ,: and
thE: con!,truction of leVe,l beneh, terraces' of:tenaggravate 'the s1tuationbecause of
their tendency to increase soU'waterretention which greatly ipcreasesthe dO¥Il­
slope shear component of tlle' saturated soil mass. MassiDOvement prOcesses ..haVe '
been reported as prevalent in the H,'-saina ButaJira areas' cit S. Shewaregion in' •
Andosols where the annual rainfall exceeds '1500mm, in the E'. highlahds in I{~ar
(Hurni. pers. comm.) and in the Chefedonsaarea within 'the Awasb basin (FAO, 1965).
re Is unlikely, however,that mass movements are important in the Ethiopian high­
lands"in term~ of eithe; areal extent or riyer sedtmentload contributions.

'2"8 Sheet and rill erosion processes

Sheet erosion (now often termedinte~rill erosion) and rill 'erosion describe
the more or lesS uniform diminution of soil depth over a period of time from a
given slope segment. During anyone rainstorm, however, the distribution of soil
loss is likely to be spatially hetrogeneous. Rill erosion is the precurser to
gulley erosion,and is generally distinguished from the latter by.the washes being
readily obliterated during normal cultivation practices.' In the absence of culti­
_tion, the rills will steadily enlarge until gullies are formed. The dominant
interrelatedf'actors responsible for sheet and rill erosion are rainfall ercisiv:ity,'
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soil erodibility, .topogr-apby, ground cover, land management practices and
, other support practices which influence soil conservation.

A rainfall erosivity map has been produced for Ethiopia as a 1:1,000,000
scale by LUPRD (1983) using a modification of Fournier's index. The map shows
the highest annual erosivity classes occur in the high rainfall areas and the
lowest erosivity classes in the low rainfall zones. Notwithstanding this, rain
storms with the highest erosivity generally occur in the lower altitude, drier
areas where rain storm intensities are frequently mor-e than 30mm/h and often
more than 10Omm/h (Brown, 1973), with intensities as high as 14amm/h being
recorded from the lower Awash (Pereira, 1968). This is also supported by a one
year detailed rainfall intensity analysis carried out by Virgo and Munro (1978)
in Tigrai, where the altitude is 2000-2800 m and the average annual rainfall 500
to 800 mm/yr. The results showed that precipitation was, concentrated within three
months, and 75 per cent of the storms were characterised by intensities of mOre
than 25 mm/h ., uflually taken, as the threshold value for erosive rainfall. More­
over, a similar percentage of the storms of high intensity occurred at the onset
of the rainy season ;when,cultivated areas were bare, or possessed a very low crop
cover, and the grazing, land was in its worst condition. Under such conditions,
the soil surface lacks a protective cover to dissipate the energy of the falling
rain drops. Hence,,: soil losses are likely to be high. In the high altitude areas,
,rainfall is generally of a low intensity (Brown, 1973) with characteristic maxi­
mum 24 hour intensities of less than 50 rom/day, and 120 mm/d~y intensities occur­
ring <;>nlyonce every 100 years (Pereira, 1968).' A det~iled study of daily rain­
fall data for the Awash River Basin (FAa, 1965), revealed that rains of 60 to
100 mm/day only affected the zone lying between 1800 and 2500 m a.s.l. Such rain­
fall was very localised and infrequent.

Soil erodibility values ,reflect the ,inherent resistance ,of soils to erosion
and can ,be 'characterised by an index referred to as the' K factor (Wischmeier and
,Slidth'1978J. Such values have not been measured in Ethiopia~ although some run­
otrplot experiments are now in progreas (Hurni, 1982 a, b, 1983b) from which K
factors will eventually be obtained, Hunting Te.chnical Services (1976) estimated
the K, factors for soils in the Tigrai area using Wischmeier' s nomograph, but the
accurecy of these values Is not known; Examples of K factors calculated by this
metllPd are given in Table 5. ,Besides the questionable accuracy of' the nomograph
eonsiderabl", variation in values must be expected for soil groups as broad as the
FAO/UNESCO soil units.

Table 5

Estimated K factor values for selected soil units using

Wischmeier's nomograph

Source

Barber, 1984
Huntings, 1976

Barber, 1984
Huntings, 1976

It tI

•
Soil unit

Haplic Phaeozems
. Pellic and Chromic Vertisol
'Eutric Cambisols
Chromic Luvisols
D,ystric Nitosols
RendZina

':."

" "

EstimatedK factors

0.08
0',17, 0.22
0.17, 0.17, 0.27

0.22
0.07
0.19
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The above values suggest that the L1,1visols and, the eutric CiUnbisols
may'be the most er,cidible soils and the clYstric Nitosols and haplic Phaeozems
the least'erodible soils. This is more or less in agreement with the
crus~ing indices given in Table 3. "However, the stony phases of soil
units, ror example the hapUc Phaeozems, and the Lithosols - which are
invariablY stony, will haven"uch, lower, K .f'actor-s than would be apparent
rrom the values obtained rrom the nomograph. Wilkinson (197~)has suggested
that erodibility maybe reduced in direct proportion, to the'percelitage
stone cover on the ground surface, but other work (quoted in section 3.3),
and evidence in wisciuiI,lier and 8mith (1978) concerning mulch covers , suggests
the relationship between soil loss and ground cover is probably non-linear.

•

Both slope gradient and slope length ,are positively correlated with
soil loss. Consequently, the highest current erosion rates are foUnd in

, steep mountainous areas such as the Simen Mountains (Fig. i), and in
areas with'long slopes. However, even in gently sloping areas soi,110s8es can
be high if the catchment area, Le. slope length is extensive and'runoff
susceptibility is high. In many parts Of the highlands 'cultivated slope

, lengths are 100 meters and longer without any rorm or terracing, or ;'egetation
strips to' reduce the velocity of overland' flow,. SlopeshaJ'e is another
variable which is particularly important in affecting, not only the,

,magnitude of' soil losses from a hill slope (convex slopes result in '
greater soil losses than concave slopes), but more importantly in
influencing the quantity of soil that is deposited, on lower slope pbsiions
and the quantity that enters the drainageslstem. ' (See section 4).

Land use is a major factorinflue,ncing the magnitude of soil losses
from sheet and rill erosion. The main effects are through th", canopy
and surface coverdiss:!.pating the kinetic enerp,y and destructive potential
of the rain drops, and through the basal cover reducing the velocity and
hence sediment transportingcapacity of the overland flow. If the degree
of 'ground cover varies during the year, it is the temporal relation~hil)
between rainfall erosivity and degree of ground cover that governs soil
loss. It has been suggested that the late development of crop'cover on
the vertisols in Tigrai, and the high rainfall erosivities at the start
of the rainy season, are the main causes of the high soil losses in this
area. The delayed development of crop cover was attribut",d to the high
moisture requfreaent.s of th", vertisols befor-e the, soils could, be plowed
which consequ",ntly d",lay",d planting. The noto~ious 'problems of the
vertisols' short_tillage range may perhaps also be responsible for the
late planting. Thomas (1983) suggested that h,igh soileroston in'the
teff growing areas was caused by the bare, finely cultivated rields being
left for a number of weeks before planting to avoid the wettest period,
1!'hich would presumably have an adverse effect on germination. Further...
more, the type of crop will affect the degree of erosion through the ,
protective effect of its canopy and through the stand density influencing
the velocity of runoff.

\

•
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Perennial crops such as coffee and enset should cause less erosion than
annual crops, and teff and wheat are claimed to result in less erosion than
maize and potatoes (Brown, 1973), presumably because of the higher stand density
of the former crops. The influence of natural vegetation cover, including
grasslands, on soil loss is discussed in section 3.3.

Management practices such as tillage, drainage, and the fate of crop
residues also have an impact on the magnitude of soil Losses . The marked
contrast in the coarse cloddy tilth produced by tilling vertisols and. the very
fine tilth produced by up to four cultivations for barley and six cultivations
for teff has a marked effect on soil losses on even relatively gentle slopes.
Very fine ,tilthsposses a low surface-water, retention capacity and will be more
susceptible, to sealing, ,runoff and henc~ erosion th~~ a coarse tilth. The vertic
Cambisolscaildthe Vertisols used for annual crops are invariably drained by the
construction of shallow furrows sometimes aligned at a fairly steep angle to the
contour which encourages rill erosion. Although 'drainage is necessary on these
soils; especially for teff, the furrow gradients should not exceed the critical
value at which scouring occurs.

The fate of crop residues and, its influence on erosion has been referred
to in section 2.4. Considerable evidence, exists from research work in various
parts of Africa demonstrating the value of leaving crop residues on the surface
and mulching for erosion control (Lal. 1976; Barber and Thomas, 1981). This

, practice combined with minimum tillage has, successfully reduced erosion to very
low levels, particularly in ,humid areas wbere the soils are not very susceptible
to crusting (Lal. 197~). Thomas (1983) has suggested that the substitution of
some of the teff by maize would reduce erosion, not only by providing a longer
period of ground cover, but also by prOViding about three times as much stover,
to be used for both fodder and surface mulch. ' ,

Well built terraces, and cut-off drains located above cultivate'd'areas can
greatly reduce soil losses. There are well built terraces wi4h stone walls in
some parts of the country, as for example in the Harrar region for irrigated
chat and coffee (Pereira, 1968) and around Konso in Gemu-Gofa which have been
inexistence for centuries (Brown, 1973). However, for the majority of the
country'terraces are either non-existent or constructed so badly that they
conatitute's. greater risk of erosion than if they had not been built, at. all.
PloUShing at an angle to the contour also enhances soi110sses especia+1y on
steeply sloping land. This topic is discussed in section 3.3. '.

2.9 The relative importance of soil degradation processes

Salinisation and alkalisation processes are virtually non-existent in the
highlands, and wind erosion is probably not a serious threat although verY little
data on its extent or severity are available. Chemical degradation due to leaching
is probably only important in some localised high rainfall areas where the soils
are characterised by low effective 'cation exchange capacities. Under these con­
ditions, aluminium may pose a threat to Al-sensitive crops such as cotton, sorghum
and barley. Further studies on the extent of potential Al-toxicity problems need
to becono.ucted. Chemical degradation through "niining" of soil ,nutrients is
probably important with respect to phosphorus, and to a lesser extent for nitrogen,

.~.;....,.-~..;.............-----------_.........----~------------
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and will be more serious in areas where fallowing periods are very short or
non-existent. Biological degradation doe's not constitute a Widespread problem
because of the' high altitudes and correspondingly low temperatures and high
rainfall inhibiting humus mineralisation -rates. However, in the drier, lower
altitude zones corresponding to higher moisture deficit probability regimes,
there is likely to be a steady decline in hllmus contents due to higherminerali­
sat;l.on rates. Pbysicaldegradation poses a more serious threat mainly as a
consequence of surface, crusting from raindrop impact, and localised compaction
due to hllman and Hvestock traffic. These processes, are intimately linked to
water erosion processes of degradation, i.e. gulley erosion, sheet and rill
erosion.' The spectacular nature of gulley erosion all too often attracts dis­
proportionate attention, particularly by the lay·man, ,wherea.s the often
imperceptible, but insidious, sheet and rill erosion processes are overlooked.
Sheet and rill erosion processes are discontinuous in time and their effects
on arable ,land are a.ll too. quicly opliteratedby weeding, tillage, trampling,
weed and crop growth, so that a few weeks after an erosive event ,the effects
of the erosion may have been largely concealed or obliterated. Hence,the
effects'of sheet and rill erosion and notalways apparent unless the observ",r
happens to be in the area at the time of, or shortly,after, an erosive event.
This problem is particularly acute in high rainfall areas where weed gro~h

is rapid, hence cultivation is frequent, and especially in soils with uniformly
, coloured profiles. This situation Ls true.' for many of the highland soils which
possess deep, humic, uniformly coloured top soils'•. With respect t.O l:ul.ley
erosion the quantities of soil lost !:'.El.y sQr,etir.es contribute significantly
to riv,er .seddmerrt loads" but the area of agricultural land affected is invariably
insignificant compared to the area influenced by sheet and rill erosion conse­
quently, sheet and rill erosion and the interrelated physical degradation
processes are considered to be the dominant degradation processes in the
Ethiopian highlands,' in terms of both areal extent and their influence on land
fertility and productivity. This conclusion cannot be proven unequivocally,
but it is in accordance with views expressed by scientists familiar with the'
problems of so11 degradation' in the Ethiopian highlands, viz. BroWn (1973) and
Hurni (1984, pers. comm.).

3. ESTIMATION OF CURRENT SHEET AND RILLEFOSION RATES

A knowledge of the current rates at which so11s are being -removed from hill­
slopes by sheet and rill erosion and data on present soil formation rates permits
an estimation to be made of the net rate at which soil depth is decreasing under
the existing land use pattern. On lower colluvial slopes ,sediment deposition may
occur, in which case th~re will be a'net increase in soil-depth (see section 4).

3.1 Soil formation rates

•

I

,
Rates of soil formation, L,e , the rates at which par-ent; materials weather

to form soils have been tentatively esti~ted for soils in Ethiopia by Hurni (1983a).
Data on maximum soil formation rates ~ere obtained in. the field at a specific •
locality in Sidamo from the thin depth 9f"5011 that had developed over rocks
which constituted an old road eurrece ofkpownage. The rate at which the soil
had developed vas then empirically related 'to mean annual temperature, mean annual
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,rainfall, length of growing period, the FAa/UNESCO soil classification unit,
soil depth, slope gradient, land cover and land use. Using this empirical rela­
tionship, Hurni tentatively estimated soil formation rates for the whole of
Ethiopia and has produced a soil formation'rates map ase: scale of l~lm. The
maximum soil formation rates derived from fieid measurements' in Sidamo varied
from 25 to 30 t/ha/yr, and the derived soil formation rates for the, whole of
Ethiopia ranged from less than 2 t/ha,/yr, to more than 22 t/ha/yr. ~hese rates
are equivalent to ~ 0.16 mm/yrto greater than 1.76 mm/yr assuming a soil bulk
density of 1.2 g/cm3•

These rates are very high compared to most of the values quoted in the
literature which are generally up to 1 t/ha/yr (0.08 mm/yr) from unconsolidated
rocks and much lower rates from consolidated rocks (Smith and Yates, 1968, Smith
and Stamey, 1965). Over much of the Ethiopian highlands the parent rocks are
consolidated, i.e. basalts, trachytes and granites (KaznU;n, 1974),. In the Kenyan
highlands, where conditions are not so dissimilar to ,some parts of the/Ethiopian
highlands, the soil formation rates from consolidated 'rocks in the humid areas
have been estimated at 0.18 to 0.30 t/ha/yr, i.e. 0.014 to 0.024 mm/yr (Dunne
et.al., 1978). These rates are two to three orders ofmal'lnitude lower than

, the rates estimated by Hurni.

The disparity in soil formation 'rates between those estimated for Ethiopia
and those determined elsewhere may be partly attributed to the use of soil for­
mation rates derived for exposed rock surfaces. The rate of weathering of an
exposed rock would be expected to be far more rapid than the'rate at which a cOlllJla­
rable rock buried beneath:' a mantle of soil would weather. Rocks' at the earth I s
surface will be directly 'exposed to the kinetic energy of rain drops, 'and will
be subject to far more extreme changes in moisture, content and temperature
(which accelerate the weathering processes) than would a rock protected by a
thick cover of soil. Thus, the rate at which soil depth increases due to the
,weathering of an exposed rock would be expected to diminish exponentially during
the initial stages of weathering. The possibility of wind-blown soil materials
having accumulated over the old road surface and thereby exaggerating soil
weathering rates cannot be discounted.

'The empirical relationshp developed by Humi to infer rates of soil formation
for the whole of Ethiopia, suffers from the exclusion of the parent material as
an independent variable. The nature of the parent material such as the degree
of consolidation, the grain size, the chemical composition of the parent rock and
the degree of structural develovment ,withi~ the rock will all exert a pronounced
influence on its susceptibility ,to weathering. Nevertheless, for areas with
similar parent materials, Hurni's relationship probably indicates the relative
rates of soil formation due to differences, ,in temperature, rainfall; land use,
etc. The tentatively derived soil formation ' rates must, however, be viewed with
extreme caution. '

Because of the doubts concerning the aboslute values of soil-formation rates
derived for Ethiopia, and since rates of soil, formation are generally insignificant
in relation to the magnitude of accelerated soil erosion rates, the former will
be ignored in the estimation of net soil losses. Henceforth, the term "sheet and
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and rill erosion rates" w:lll be used as an approximation of net soil losses.
Sedim~nt'depositionrates on colluvial footslopes are probably fairly high in
some ~e~s and will bedisc.ussed in section 4.

3.2 . Meth'6dused in estimating sheet and rill erosion rates

CUrrent sheet and ~ill erosion rates have been estimated for the Ethiopian
highlEiJldsand have been presentedas'a map at a, sc~eof Him (Boer-winkel and
Paris, 1984); The methodology used was tl1at g1ve~for the estimation of sheet
and rLll' erosion atsclaes greater than l:lm in~he FAO provisional methodology
for soil degradation assessment (FAO, 1979) .. This method was devised and used
.for mapping N. Africa 'and the Middle East at a ecal,e of 1: 5m. The very small
scale at which the study was carried out, and the paucity of basic .data for many
areas, necessitated a simple method.Consequently,~theproposed nethodology is
a: rather crude simplification of the univers~ soitloss equat.fon - familiarly
referred to as the USLE, (Wiscbmeier and Smith, 1978).

, . . "',
· ..• The USLE predicts the long-term average annual soil los,s/;!sfrom field areas,

due.,to sh/;!.et and rill erosion processes only; It is an empiricl4. relationshp
derived from 10,000 plot years of data gathered mainly from the eastern parts of
the USA, and relates the annual. soil loss wrun:lt areas to six factors ;vi1..
rainfall erosivity, soil erodibility, slope length, slope steepness,' land cover
and management, and support practices"' ..' Since this is an empirical. relaticnship,
there is no justification for assuming this. relationship.willh9ld in areas where
the conditions are markedly different to tlJ,ose where the relatiqnship'.waa
established (HUdson, 1980). In areas with markedly different conditions to those
found in·tl1e eastern~arts of the USA, high errors can be expected.

The modification of the USLE for estimating sheet and rill erosion rates as
given in the provisional FAO methodology for scales great.erthan 1:1,000,000 is
as follows:

Soil loss (t/ha/yr) = Climatic Factor x Soil Factor ~ Topographic Factor: x
Human Factor

..

•

•

,
The climatic factor (R)

R=

is a modification of Fournier's index i.e
12

f ~ (ryp)

where Pi is the average montly precipitation and P.the annual precipitation.
Precise functions for different climatic regimes were·obtained from'modifications
of the functions given in Land Resources for Population of the Future (FAO/UNFPA
1919). The soil factor was derived from the soil's textUral class, presence or
absence of a stony phase, the FAO soil classification unit (FAO; 1914); and a
topographic factor applied to the slope classes given in the FAO/UNESCO World

*Support practices refer to the type of ploughing, strip cropping and
physical conservation measures.

,

•

•
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60il Map, but with adjusted ratings being given for fluvisols, gleysols nnd
gleyic phases. The human factot was Obtained from the broad type of land use
and the percentage ground cover. Further details regarding the type of land
use/land cover mapping units and their composition are given in the report by
E. Boerwinkel and S. Paris (1984).

3.3 Sources and magnitUde of erros in estimating sheet and rill erosion rates

The provisional FAO methodology used in this study has not yet been adequately
tested, and is based on an empirical relationship for which the applicability
without validation and modirications to areas outside the easte~n part of the USA
~S-"<luestionable. This ·method cannot, therefore, be expected to give accurate e
estimates of current sheet and rill ercafcn rates for Ethiopia. However, given
the absence of any long-term soil loss data from field measurements, and in the
absence. of any proven ~ternative methods for predicting sheet and rill erosion
rates, the FAD provisional methodlogy probably gives the best estimate that can
be obtained. The absolute values, however, and even the relative differences in
erosion rates at different locations, should not be regarded as reliable.

For the purpose of this consultancy the eight l:lm erosion rate maps produced
by Boerwinkel and Paris were reduced to a 1:2m scale (Fig. 1). Soine generalisations
were introduced during the reduction in scale, but without markedly detracting
from the level of detail given on the lilin maps. Although generalisations are
unavoidable at.a l:lm scale of working, it is important to appreciate the conditions
under which such gen'eralisations may sometime lead .to serious over- or under­
estimations. For eX~le, the adoption of .a 0.5 factor for stony soil phases in
the estimation of the soil factor can seriously over-estimate soil losses from
veri stony land with a high percentage stone cover. Very stony soils occur widely
on the NE Escarpment and. in the Chercher highlands. A study by Hurni (1982 b) in
the Kori Sheleko catchment, although for only one ye3r, convincingly demonstrated
for that year, a soil loss of 56 t/ha/yr from a non-stony soil on a 16 per cent
slope, compared to a soil loss of only 2 t/ba/yr from the stony phase of a compa­
rable soil on a much steeper slope of 37 per cent. Similar studies in Kenya have
also shoWn that very stony.soils give significantly greater reductions in soil loss
than 50 per cent for both cropped land (Smith, 1982 pel's. comm.) and grazing land
(Barber and Thomas, 1981).

The topographic factor used in the. provisional .FAD methodology understandably
igno~es the influence of slope length since at a 1:5m scale the. estimation of
meaningfUl slope 'lengths is very difficult. Nevertheless,when the equivalent
slope length is calculated for each topographic factor using the average slope
value of each slope class interval and assuming that the USLE topography factor
is reasonably valid, the slope length values are low (see Table 6, column 4).
This is particularly so for the Ethiopian highlands where hill slopes are often
100m. in length, and very rarely. have WIll! constructed eilfective terraces to cause
sediment deposition. Colum5 given the topographic factor for a 100m. slope lengh
calculated according to theUSLE~ and column 6 gives the factor by which the topo­
graphic factor in the provisional FAD methodology would under-estimate soil losses
from a 100m. slope length, .assuming that· the USLE topographic factor is reasonably
applicable. Regardless of the accuracy of the calculated under-estimation factors
given in column 6, it is clear tr~t the omission of slope length can lead to
serious under-estimations in soil erosion rates.
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Table 6

Influence of slope lengths on the topOgraphic factor

1 2 3 4 5 6
Topographic

Equivalent Topographic under
Slope class Average slope factor for estimation
interval (%) slope (%) factor a/ length (m) 100 m slope bl factor £!

a - 2 1 .15 50 0.17 1.1
2 - 8 5 .35 22 1.00 2.9
8 - 16 12 2.0 37 3.3 1.7

16 - 30 23 4.2 20 9.5 2.3
30 - 50 40 8.0 14 23 2.9

", "-

,.-, :< .••

!Y
E.I

-£I

AS given in the provisional FAa methodology (FAD, 1979).

The combined slope gradient-length factor as given by Wischmeier and
Smith 1978.
Under-estimation factor when 'the topographic factor given in the
provisional FAa methodology is used for a 100 m slope length.

•

•

~ , .

The human factor in the provisional' FAa methodology is based on the broad
'land use type and on the percentage vegetation cover of the natural vegetation.
It ignores the influence of management practices, which cannot be" ta,ken into
account at such sll)a11 working scales. It should be realfsed , however, that by
excluding management practdces , there is an implicit ass1Unption that the land

, 'iB' not t.ez-r-eced and cultivation is up and ilow" the slope at right angles to the
contour (Wischm,lier and Smith, 1978). Although farmers commonly plough across
the contour they seldom plough at right angles to the contour, and consequently
the soil erosion rate will be lower than if ploughing at right angles to the
contour, especially on gentle slopes less than 12 per cent. A further under­
estimation of soil losses may ar-Lee from the land cover factors given in the
provisional FAa methodology for rangelands and grasslands (Table 7). Studies on •

Table 7

Influence of percentage ground cover of pasture, grassland and rangeland

on, the human factor

'Human' factor

0-10

0.45 0.32 0.20 0.12

60-80

0.07

80-100

0.02 •

•

Source: FAO, 1979.
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the influence of bns~ Grass cover on soil losses from rrasslands by Moore et.al
(1979) and Dunne (1977) have shown a strongly exponential decrease in soil losses
with increasing grass cover up to a critical value of 10 to 20 per 'cent beyond

, which increasing grass cover causes little additional soil loss. This trend is
not evident in the values given in Table 7. Hence, the use of these values may
lead to significant under-estimations in soil loss, especially at very low ground
cover values of 0 - 10 per cent. '

The use of satellite and ,aerial photography to demarcate forest and bushland
mapping units cannot generally distinguish between those mapping units 'where there
is a high percentage ground surface Cover of litter and grasses and ~hose mapping
units where the ground cover is absent due to overgrazing. Thus, similar land
cover factors would be given although the soil losses could be far higher in
situations where the grass/litter cover is absent ,compared'to situatiohswhere
the ground cover, is high. Examples of high erosion rates beneath dense eucalyptus
forests ahd beneath scrub forest where the grass/litter cover is low or absent
have been quoted by Gujral (1979). '

"

Clearly, as a result of the questionable, validity of applying ~he provisional
FAO methodology'to the Ethiopian highlan~s, the lack of basic resource data, the
limited ground checking due to access and time constraints and the unavoidable
generalisations due to the scale of working, h'igh errors must be anticipated in
the absolute values presented in Fig. 1. Average 'errors of :!: 200 per cent would
not be surprising and in some areas the errors m~.,be much lower and in other areas
the errors may be much higher. ~evertheless, and this constitutes the main value
of Fig. 1, the method used is probably sufficiently sensitive to distinguish bet­
ween areas where sheet and rill erosion rates are undoubtedly low and may give
rise to little concern, and areas where the current sheet and rill erosion rates
are high or very high and may constitute a serious problem. Reference to Fig. 1
shows that the areas characterised by extremely high sheet and rill erosion rates
occur in S. Gonder and NE. Gojam regions, around Mt. Amba Farit, in .t.he E. High­
lands and in N. Wellega region.

4. THE DEPOSITION OF SEDIMENTS FROM 'wATER EROSION,

The main transporting agent for eroded'sediments is runoff, and deposition
of the suspended sediments will occur when the velocity of the runoff and the eddy
velocities have been reduced below the critical settling velocities of the particles
in suspension. For 'sediments eroded by sheet and rill erosion, the deposition may
occur behind the bands of ridge terraces, within the channels of channel terraces,
along field boundaries, within grass strips and on gently sloping colluvial foot­
slopes, or the suspended sediment may pass directly into the drainage, system. For
gulley erosion in humid environments the majority of the suspended sediment will
probably enter a permanent drainage channel directly, whereas in the more semi-arid
environments the transportation may be discontinuous: the sediment may be trans
ported, deposited and re-entrained several times before entering a permanent
river system.
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A,clear distinction must therefore be, made" between the loss of soi;1' from
hillslopes which may result in decreasing productivity, the dePosition of sedi­
ments on lower slope colluvial sites where prod\l.Ctivity mes- be increased or
decreased,' and" the quantity of soil which enters the permanent river systems.

The'quantityor eroded sediment which enters a pe~nent'riversystem
cOlllpared to the quantity of sediment removed from the hillslopes ia,referred to
as the sediment delivery ratio. Many parts of the highlands!U'e characterised
by ,concave lower slopes which'would be expected to encourage sediment deposition.
The corollory- is that low river sediment loads and hence a low sediment delivery
ratios would not be unexpected. There is, as yet, insufficient evidence to con­
firm this; but preliminary results from work by Hurni (pers~ cerom.), and ihe low
deg1;'adation rates calculated from suspended sediment loads ,in ' catchments, upst.reem
of the Awash station, i.e. 1.5 to 17.5 t/ha/yr for the 'period 1962-64,fFAO, 1965)
support the speculation that sediment delivery ratios are low, to very low., More­
over, values of suspended sediment loads in rivers wiil also include sediment
derived from stream bank erosion. Virgo and MuDro (1978) measured suspended
sediment loads of 16.8 and 33 t/ha/yr during an 18 month period from two catch­
ments in Tigrai region. These rates were not dissimilar to the, rates estimated
by Fournier's (1960) method, viz. 14.6 t;/ha/yr, but were 20 to 40 times lower
than estimates of soil losses from hillslopes derived from,the USLE.' However,
,:1.n catchments where gull:ey erosion is dominant the suspended sediment loads may
be high. Hurm (pers. carom.) has recorded sedimentyields of 500 g/l f:r~ a
catchment 'in Hararghe where gulley erosion is the dominant soil degradation
process.

The suspended sediments which enter the river system may in turn be' -,'
deposited, within river channels, On alluvial plains during peridos of 'looding,
and more importantly within reservoirs and lakes. TM rapidsiltation,QL,
reservoirs can have serious consequences in terms of, water supplies and hydro-
electric power production. ' ,

The impacts of ,soil loss from hillslopes and of soil deposition on collu­
vial slopes on the fertility of land is discussed in section 6.

5. THE TOLERANCE OF SOILS TO WITHSTAND FURTHER SHEET AND RILL EROSION

•

•

..

The tol~rance of soil to withstand erosion determines how much damage will
be done by a specific rate of erosion, and therefore facilitates an evaluation
of the impact of current erosion rates on the fertility and hence productivity
of the soil. The tolerance of a soil to further erosion is an inherent
characteristic of the soil profile and can be considered in terms of both its
physical fertility tolerance and its chemical fertility tolerance. Soil tolerance
levels are a function not only of the present physical and chemical fertility
status of soils, but also of the physical and chemical fertility profile gradfent.s ,"
i.e. the rates of change in soil physical and che<llical fertility with depth.
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5.1 Soil physical tolerance

A soil's physical tolerance can be expressed by the present effective soil
depth which governs the ability of a soil to provide adequate anchorage, and to
store sufficient quantities of available water to meet the crop/vegetation's
water requirements between successive rainstorms without suffering from water
stress. Thus for similar soils and for a specified erosion rate, a deep soil
will possess a greater physical tolerance to erosion than a shallow soil, i.e •
a much longer time interVal would elapse before the deeper soil becomes
unproductive than would' e the case for the shallow soil. Other soil physical
p'rcperties which will influence soil physical tolerance are the infiltration rate,
susceptibility to sealing or crusting, permeability, root penetrability and drain­
age characteristics. The profile gradients of these physical characteristics will
also influence the soils' physical tolerance to withstand further erosion.

.Due partly to the paucity of basic data on soil physical properties and
partly because of time constraints the physical tolerance of the Ethiopian high­
land soils to further sheet and rill :erosion has been expressed solelY in terms
of their effective depth. The inflUence Of,Bt horizons of clay illuviation in
the luvisols, nitosols and acrisOls, and the influence of the intractable verti­
sol structures on soil physical tolerance levels have been ignored. Six soil
physical tolerance levels based on effective soil depth classes, have been
defined as shown in Table 8. The distribution of the soil physical tolerance
classes to further sheet and rill erosion is s~won in Fig',2. This map has been
produced at a scale of 1:2,000,000 from the existing 1;1,000,000 soil depth map
of Ethiopia (Henrickson et aI., 1983). The reduction in scale necessitated some
generalisations but without appreciably detracting from the level of detail shown
on the 1:1,000,000 maps. The effective soil depth map from which the soil physical
tolerance map was produced, was compiled from data gathered in the Wabi Shebelle

, survey (Orstrom, 1973) for the eastern part of the highlands, from field traverses
along the main roads by LUPRD soils staff during 1980 to 1983, and by extrapolation
from satelli,teimagery interpretation. Data on effective sOil depths were

. obtained from some of the facets in about 280 of the 382 landscape units in
Ethiopia. ,Limited amounts of soil depth information were also obtained from
the Tigrai Rural Development Study, (Hunting Technical, Services~(1976), from
the Awash River Basin survey (FAO, 1965) and from the Soil Map of the 'World
(FAO/UNESCO, 1977) for,the nitosol areas. For three regions viz. Wello, Tigrai
and Eritrea there was virtually no data. Consequently the reliability of the
effective soil depth map is very low in some regions but of greater reliability
in areas where surveys have been conducted and in the vicinity of main roads
Fig. 3 gives an indication of the reliability of the soil depth map. The
problem is further accentuated by the different dates at which the soil depth
data were gathered, given the existing very high sheet and rill erosion rates
in some parts of the country. Thus a soil mapped as 25 to 50 cm. deep in 1973,
which occurs in an area of class VII sheet and rill erosion rate (i.e. 16.5 to
25 mm/yr), may now, at least 11 years later, belong to the 10-25 cm depth class.
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Table 8

The relationship between effective soil depth classes and soil

physical tolerance to further sheet and rill erosion

.'

Effedtive soil depth
class (cm)

150

100 - 150

50 100

25 50

10 -·25

10

So11 physical tolerance'
class

Very high

High

Moderate to low .

Very low

Extremely low

None

•

•

•
Although it would have been possible to remove the influence of these two varia­
bles, 1.e. the year of data collection and recent sheet and rill erosion rates,
on the' present soil depth values, the time available did not permit this. •

Despite the rather low reliability of the soil depth map and consequently
of·the soil physical tolerance map, the latter must be' considered as the best
estimate currently available given the paucity and uneven distrHiution of soil
depth information. The absolute values and even the r~lative differences in .
soil 'depth must be regarded with great .caution. However the- physical. tolerance
soil map is probably sufficiently discriminating to be capable of delineating
areas with extrelhe1y low and low tolerance levels from those areas with high
arid very high tolerance levels.

5.2 Soil chemical tolerance

A soil's chemical tolerance to sheet and rill erosion can be considered in
terms of the soil's' nutrient status. Less damages would be caused by a given
erosion rate .on a soil of high nutrient status compared to a soil already low in
nutrients. The gradient of a soil's'available nutrient contents down the profile
will also influence the chemical tolerance of a soil to further erosion. Thus
a soi1.in which the available nutrients are relatively uniformly distributed
down the soil profile will be more toleTant of further erosion than a soil in
which the top few centimeters contain 75 to 80 per cent of the profile's
nutrients. The quantity - depth distribution of availablE> nutrients is of
course likely to vary with the nutrient being cons tdered, ·and it i.s therefore
difficult to assign a single index for a soil's chemical tolerance in terms of

•
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its available nutrient content-depth gradients. Another factor influencing
soils' chemical tolerance is the presence/absence of ~oxic elements such as Al,
Mn and Na, or high salt contents and the depth at which they occur within the
profile.

5.2.1 Assessment of the soil chemical fertility levels

Serious problems arose in attempting to characterise the chemical fertility
of soils in the Ethiopian Highlands. For many areas and many soil tyPes there
were no reliable analytical data availab~e. Where d..-ta were available it was
often incomplete, inconsistent, or:was ~ot related to specific soil classification
units. Mqreover, different, sometimes, inappropriate, and sometimesun~ecified,

analytical 'methods were used to measure, the same soil characteristic.
" '

A refined approach was therefore no~ possible, and it became necessary to
resort to'a broad grouping of the soil uIlits classified accordi~g to the Soil Map
of the World legend (FAO/um:SCO, 1974), that is presented in Fig. 4. This map
is taken from the provision~ soil map of Ethiopia (Henrickson et al., 1984).
Four ~eralised soil chemical fertiiit~ classes ,were defined according to the
nature Of the Al horizon, base saturation and the existence Df vertic properties.
The distinguishing ,characteristics and dominant soil units within each of the
soil chemical fertility classes are summarised in Table 9 and their geographical
distribution shown in Fig. 5', '

For each soil "fertility class between five an~ 14 typical profiles of sOme
of the dominant soil units were selected to give the best estimate that' could be
obtained for the typical soil chemical "characteristics of each class. ; Consider­
able use vas made 0f the data given in the Tigrai Rural Development $'t.udyreport
(Huntings Technical SerVices, 19(76) for classes 2 and 3a. For fertility classes
1 and 3b most of the data was provided" by LUPRD. An attempt was made to use "lihe
considerable volume of data Obtained by Murpby (1968) by correlating his s~ling

traverses with tho soil classificatio~units delineated on the provisional soil
map. However the :values found by Murpp.y did not always coincide Very well with
the top soil char!1-cterist":j.os expec'ted 'for the soil; units shown on the'l:2.000,000
sof.Lamap , This is probably a reflec~ion of the problem"of using such small
scale maps, and was aggravated by Murphy's data not being related to soil classi­
fica"Hon units. Moreover some of Murphy's chemical va.Lues were quoted only in
a qualitative way and the references cited giving information on the 'methods
used,were not readily accessible. Thus Murphy's data was not ultimately used.
Data f<;lr individual soil profiles in each of the four chemical fertility lilasses
are -given in Appendix 4 fo"r the top soils and in Appendix 5 for the SUb-soils.
The average .sod.I chemical values of the profiles selected to characterise each
soil chemical fertility class are given in Appendix 6. These values'must be
treated with caution the~ give, only a very approximate indication of tne
nutrient status of the "soils in each chemical "fertility because of"the broad
nature "of the classes, the limited nUrr.ber of profiles used, their limited
geographical occurence , 'and some doubt.s concerning the accuracy"of the analyses.
Moreover, a considerable variation,',ijJ. absolute values must be expected within
each fertHity class. .



Table 9"

Classifica~ion of soil units into generalise~ soil chemical f~rtility classes

Class

1

2

3a

3b

Dominant soil units l!

Haplic Phaeozems

Chromic vertisols
Vertic Cambisols
Pellic Vertisols

EutI'ic Cambisols
Chromic Luvisols
orthic Luvisols
Eutric NitoElQls

D,ystric NitoBols
Orthic Acriscls

MinoI' seil units 11

Humic Cambisols ?J
Rendzinas
Mollie Andosols
Vitric Andosols
Lithic Phaeozems
Calcic Chernozems

Vertic Luvisols

EutricRegosols
Calcaric Regosols
Calcic Cambisols
Chromic Cambisols

Cambic Arenoeols
D,ystric 'Cambisols

Generalised distinguishing charaateriatics
of the sop classes

Characterised by mollie top soil i.e. a'top soil
which is generally more than 250m deep with a high
organic matter content and 50 per cent or more
base saturation

Possess vertic properties, i.e. containing a
,high content of swelling clays which crack in
the dry season, and swell in the ra1qy season
causing impeded drainage ,

Lacking a mollic A hqrizon but with a sub-soil
base saturation of 50 percent, or more. ,
{Generally possessing anochric A horizon which
is often of low organic inattercontent).

Lacking a,mollic A'horzon and with a sub-soil
base saturation of lees than 50 per cent (often
possessing an ochric A horizon) ,

I

rg.

l! Classified according to the legend of th~soU'map of the I'orld (FAO,.1JNEseb, 1974). The'
distinctions between diffeI'ent phases have not been considered.

1./ Humic Cambisols posses umbrio A horizons, but s~ce they are of only limited eXtent theY have
been included in Class 1, which is characterised by mollic A horizons.

• • • •
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Soi1,chemical ratings ~or organic matter, nitrogen. phosphorus;

potassillIIl alid aiuminm-toxicity for each general;ised soil

, chemical fertility olass

Soil chemical rating
Generalised soil,
chemicalfertility

c Laas

DOminant, sodl
untlts -present Horizon

oM'" N
b c'p K

d AI, toxici tye

1 Haplic phaeozems 'f h LTopsoil m m <vr. h nva,
, .• h

Sub-soil
g

m 1 'Ll__~m n.a.

2 Vertisols Top soil m 1 vi h n.a.

Vertic Cam'bisols Sub-soil m 1 v( m n.a~

3a

3'b

Orthic, Chromic'
Luvisols
Eutric Cam'bisols
Eutric Nitosols

D,ystric Nitosols

orthic Acrisols

Top soil

Sub-soil

Top soil

Su'b soil

1 1 vt m'
-

1 1 vi m

m Ih 1 h

m, Ih 1 m

n.a.

n.a

71

1

I

I\)
VI

Key

vh = very high; h = high; m = medium; 1 = low; vI = very low.

capa-

on assumed cjN ratios.

General ().;.'15cm
, Generally 15-45 em,
Estimated values 'based

f

e
h

organic matter
Total nitrogen
Available phosphcirus (Olsen extraction)
Ex:changeable potassium ' ,
Alumihium toxiCity in' terms of "the AI perceht;lge satui>at:i;9n of the ef:feotive oation exchange
city and expressed for Al - intolerant orops such as so~ghum and cotton. 'The Al was
de"Cermined by extraction with N. Kcl.

a
'b
c
d
e
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A qUalitative rating of the soil chemical fertility classes in terms of
their organic matter, total nitrogen, avai1aq1e p~ospporus, exchangeable
potassium and aluminium toxicity 1eveJ,s is given 'in Table 10. The re1atior.e
ship between the absolute chemical tvalues .saovn in Appedf.x 6 and the
qualitative ratings shown in Table ;10 are given ih Appendix 7. Appendix 7
also refers to 'the :analytical methods employed.

An examination~ of the organic matter values in Tab;!.e 10 shows that three
of the four chemical fertility classes' are of medium's!tatus with only class
3a, characterised by Dchric horZp,,";.containing low 6r~anic matter leve:.ls.
Correspondingly, the ,total nitrogen values ~ not a re1i~b1e index of nitrogen
availability, ate low apart from the humus rich top sops Of class 1 which

,contain moderate (estimated) nitrogen levels. Class 2;soils possess1Qw
, nitrogen Leval.s , but when they waterlogged as a result ;of their vetric
properties humuJ mineralisation'rates will be inhibted;Birch (1970, 1971)
showed that unde~ saturated conditions denitrification occurred 'in the verti­
sols for long periods during the gro~ing season, further reducing the soils'
nitrogen availahi.lity. The available phosphorus values are very, low for all
but class 3b scf.Ls where P levels are low. All classes, are medium to high in
potassium;

•

•

It is of interest to compare these very generalised estimates of N, P and
K availability leVels with,the respon~es'to N, P and K obtained from the FAO/
EPID,fertiliser demonstrations (FAD, 1970) conducted during the 1969-1970
seaaon (Table 11). This set of results is for one of thTee seasons during which.
a total of 1,578 fertiliser trials were conducted in farmers fields in 12 regions.
For the 1969-l970:season, ~hich was typical of the twoprevioueseasons,'
significant responses were 'obtained fromN andP'treatments with the ,average
responses for different crops varying between 31, and 86 per cenn forN, 1¥'tween
43 and 55 per cent; for P, and between 78 and 145, per .cerrt for N and Pcombined.
These results support the generally low nitrogen, and 'very low available
phosphorus levels given in Table 10 foi: the foUr ~l!l0i1 chemical fertil~ty classes.
However, despite the high average responses by:' cI\!iipsto N,P,: a)1,d 'parillicularly
to,N and P combined, not all of the sites 'gave 'significant resPQns~s.' At the
sites where'there were 'five or more trials" 52 per cent of the sites gave
'significant responses to N, 56 per, cent to: P and 100 per cent, to N' + P'and to
N + P + K combined.' This suggests' that, where Nand P,were app1ied'singly the
other major nutrient, i.e. P and N respectively, was low as to be limiting.

Possible toxicity to alUminium was'i!1vest~gatedbecause'of the' ;"ery low
pH values as low as 4.35 found in some of the dystric nitosols, (see'~ppendices

.»4"and 5). Soil chemical fertility classes 1, 2, and 3a are all charact.erreed by
,high pH values above 5.5 and so 'Will. not possess exchangeable aluminium:. The
,be,st index of Al toxicity is the percentage sattJration :by Aloi the effective
"cation exchange capacity (Kr-ampa'th, 1970). Although tIle average top soil and
Bub~sqil: Al/ECEC val.uee were very ,low (3.5 per cent) and low (7.2 per cent)

'resPec;tive1y;for class 3b soils (see Appendix 6), forindividtial soils e vg ,
prof:l,le K4, the corresponding values were mediU!ll (13.3 per cent.) and high

'.:.

-. ;
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(17.7 per cent) respectively (Appendices 4 and 5). The quaIitative ratings
of the Al/ECEC values given in Appendix 7 are for Al - intolerant crops such
as sorghum, barley and cotton. ~The specific:ratingswere based on ~a~ Al/ECEC
yield response relationships found for sorghum (Abruna et al, 1964);~quoted

~by Sanchez, 1976). Similar ratings may apply to barley and cotton, ai~so very
Al - intolerant, but the consultant had no access to the relevant l;iterature.
Thus, although the limited data available suggests that class 3b soils have;
only very low to low Al toxicity levels, there is a distinct possibilitytha~

there m8¥ be areas where the Al levels are sUffi~iently high tomar~edly red~ce

the yields of Al - intolerant crops. Al uminium tolerant crops. such ~as corree.,
maize, cassava and soyabeans would not be expected to be adversely at,fected b~
the Al saturation values found so far. For some 'crops e.g. wheat there is a'
great varietal difference in their Al - tolerance levels. Further analyses
of the dystric nitosols and the orthic acrisols should be carried out, and
the available manganese levels - which can cause -toxicity ~pro.blems Ln. some
very acid soils, also need to be investigated.

5.2.2 Determination of soil chemical tolerance

Soil chemical tolerance to withstand further erosion is govern,!d~by the',
chemical status, of the soils and by the chemical fer,tility. gr!"di"nts down thE!
profile. The relationship between soil chemical ratingS and the difference
in the ratings between the top soil and sub-soil horizons, i.e. the ,rating
gradients, and soil chemical tolerance levels' are shown in Table 12; ~Using

these relationshps and the soil chemical ratings tor organic matter, nitrdgen,
phosphorus, potassium and aluminium toxicity given in Table lOthe so~l chemi;cal
tolerance levels have been established for the four soil chemical fertility
classes (Table 13). The geographical distribution of the chemical tolerance
levels of the four soil fertility classes is shown in Fig. 5.

Clearly, the establishment of soil chemical tolerance ,levels wi:lJ1 vary ,
dependeing upon the depth over which the soilche~ical ~radients ar~ cpnsidered.
In this exercise top soil and sub-soil horzons of'. 0-15 em and'15':'45 :cri'i respeciU­
vely have been considered. An examination of :Table 13 shows that the four .
classes generally exhibit avery low tolerance to,ni~rogen losses (tho,ugh for
two classes the total N values were estimated), alJ. e~tremely lOW toler~ce to
phosporus losses and a high tolerance to potassium losses. Class 3~ is notice­
ably different with respect to its organic matter~to~erance level which may have
important implications to the supply of nrl croautn-Lent.s and its susceptibility to
physical degradation (refer section 2.3). Class 3b differes from the other three
groups in exhibiting a medium tolerance to'Al tOXIcity, i.e. it will become
moderately susceptible'to Al. toxicity problem for 'crops .such as sor-ghum, barley
and cotton which are highly sensitive to even loweoncentrations "of aiuminium in
the soil solution. The tolerance of the soils. to ~osse~ of, Ca and Mghave not
been considered, but Appendix 6 shows that they are generally pr~seRt in medium
to high concentrations and should not presents. problem. In conclusion it must



Table .11
';:

.~rCehta.e;e difference in yields hetWeen N, J' and K tr.eatments

for selected orops

Nv C PvC NP v C. NPK v C· l;> v N NPv N NPK v N NP v P NPK v P NPK v NP

Teff 41.9(.001) 55.1(.001) 99.3(.001) 112.8(.001)9.3(.05) .... ~005(.601) 50.0(.001) 28.5( 001)

Wheat 32.5(.001) 43.2(.001) 18.7(.00l) 88.7(.001) 8.0;(n.s.) 34·.'9(QOOl) 42.4(.001) 24.8(.001)

,Barley 30.9(.02) 48.7 (.001) 86.5(.001) 83.6(.001) 13.6{n. s.) 42:5{.001) 40.2(.001) 25.4(.01)

. G.Sorghum 86.9(.001) 51.5(.001) 129. 2( .001)140.2(.001) 18.8(01)* . 22.8(.01) 28.7(.001) 51. 3( .001)

Maize 54,° ( . 05) 46.1(n.s•.) 102.1(.001)140.8(.001) 5.4(n.s.) 31.6(n.s.) 56.4(.03) 38.7(n.s.)

Noog 7l.9(n.s.) 96.5(n.s.) }45.2(.05) 152.9(.05); 14.3(n.s.) 42.7(n.s.) 47.2(n.s.) 24.8(n.s.)

37.2(.001)

31.8(.001)

23.5(.01)

58.5(.001)

64.8( )

28.7 (11. a, )

6.8(n.s.)

5.6(n.s. )

1.6(n.8.)

4.8(n.s. )

18.8(n;s.)
, \ . )
3.0 n.s.

Source: FAO, 1970

-------"-------------:..---'--'--'---:..--------'-------------------1
lj!,1
I

* N v P

N applied as ur-ea.

P applied as trip1esuperphospm.:te

K .applied as potassilllll sulphate ':

C Control

•I

Levels ofsignif:l.canceare given in brackets •

.~

• •
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Table 12

!fllll.tim",hipn bfltween soil chemical ratings of top and sub-soils and soil chemical

Tolerance levels for organiy matter, total nitrogen, available phosphorus

exchangeable potassium and aluminium toxicity

Soil chemical rntings Soil chemical tolerance level

Top soila Sub soilb
. '~

OM, Total N, Avail P, Exch. K
f'- "

Al ToxicityC

I,

Very high

'High

High-

High

Medium

Very h~gh_

High

High-MediUlD

Medium

Medium

Very high

, ;,•...

High

.. -"'"

Medium

Extremely
high

Extremely
high

Extremely
high

Medium. -- -- ..!low

•
Very-low Low

~ MediUm -Hi-gh

MediuJn Very low

Low Low

Low Very low'

Very low Very low

Low

n.a.

'. ~ -,- n.,a;

Very low

Ex-tremely low

Extremely
high

Medium

Low

Extremely

high

Extremely
high

a = Generally 0-15 om

b = Generally 15-45 om

c = Refers to Al - intolerant crops only such as sorghum and cotton.
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'Tablel~"

Soil chemical toierance levels"foreach, ()1: .the 8!ln,e,ralised sOil
chemi~al fertility cl~sses.,

., ,

Soil chemical tolerance levelGeneralised
soil chemical
fertility
class

Organic
•. "matter Total, N Avail, P Exch., K A1 Toxicity

.." . Medium '. . Lox. .... . Extremely Very high
low' .

Extremely
high

•
2 Medium Very low Extremely High Extremely

. low ..... -".',_.
._.~.-

high

-' -,.~ .
. . - ... . .

3a. Very low Very low Extremely Medium Extremely
···low·· . . h1~h

3b Medium Very low Very low High

.... "_.

Medium

•
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be emphssized that this whole study,on the chemical tolerance of the soils to
" f'urther sheet and rill erosion i$ tentative and suffers from a shortage of data.

6. THE HAZARDS OF CURRENT SHEET AND RnL EROSION RATES ON son CHEMICAL

AND PHYSICAL FERTnITY

1,

1.
J

•

,
j

,

•

The hazrds 1/ of the current sheet, and rill erosion rates express the degree
of damage or deterioration the,t will occur, in the physical and chemical fertility
of the soils and hence in land productivity. The degree of deterioration will be
a function of the current sheet and rill erosion rates (discussed in section 3),
and the physical and chemical tolerance of the soils to withstand further erosion.
The latter is governed by the present fertility status of the soils and by their
fertility - depth gradients (discussed in section 5). To illustrate the concept
a soil with a highChem1cai'fert1.lity'sta.tus" Le. possesdng a high Chemical
tolerance, would be able to withstand higher erosion rates than a soil of low
fertility status, i.e. low tolerance., Hence the hazard due to the higher erosion
rates actipg' on the mcne :t;'ertile soil could be lower than the hazard due to a
lower erosion' rate acting .on a s<;>H of loW nutrient statuS. Si;milarly there ma;y
be a greater hazard du~to!!- re:+a.tively lo;werosion rate'acting on a ,soil that
is alrea(ly close to its critical depth, beyond which further reductions in depth
would cause a rapid decline in productivity, than the hazard due to a high
erosion rate acting on a very deep,~oil.

The soil physical and chemic!l.l hazard indices or'ratings can therefore be
used to delineate those areas where the effects of current sheet and'rill
erosion rates acting on the soils will result in soils with a very low physical
and/or chemical fertility status. This information can be used as one of the
parameters in assessing priority areas for intervention (see section 9.5). The
physical hazard index will, assist in making decisions as to where soil conserva­
tion measures are ~ost needed, and the chemical hazard rating will aid decision­
making concerning the areas where soil fertility improvements require most
attention.

6.1 Soil physical erosion hazards

Soil physical erosion hazards can be determined in relation to various
soil physical properities e.g. anchorage 'depth,'available water capacity. root
penetrability, permeability, susceptibility to'crusting. runoff susceptibility,
ea$e of cultivation and suitability for seed-bed preparation. 2/ Time cons­
traints, and a dearth of basic date. precluded such a detailed study being under­
taken. ,Copsequently, a general soil physical erosion hazard illdeJt was used

!I The' term hazard is used here in a different sense to that' used by some
workers. It does not refer to tne maximum or potential erodon rate that Would
occur i1' the land were cultivated up-and.down th.e slope and in a bare fallow co
dondit~on. "

" .

2/ The hazards of soils to furtner sheet and rill erosion cannot sensustricte
be diVOrced from the present, or antic;ipated' ,forms of land .use •
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,', which expresses the hazard due to reductions in soil depth reflecting the
resUltant status 'of the soil's available water capacity and the soil's depth
for crop/vegetationanchorage.

6.1.1 Soil physical erosion hazard index

, The soil physical erosion hazard index (EIII) is a comparison of current
sheet and rili erosion rates against a specified tolerable sheet and rill
er68ion rate.

i.e. EHI = current sheet and rill erosio,n rate
tolerable sheet and rill erosion rate (TR)

The usual soil loss tolerance rates for sheet and rill erosion 'as used in
the USLE (ArtlOldus, 1979) were not used in this study since they are primarily
related to the rates of formation of the Al horizon. Moreover, tolerance values
are now being debated and re-evaluated (McCormack and Larson,' 1980) since they

'depend very much on the time ,frame or planning horizon beLag-vconsdder-ed ,
Consequently an arbitrary tolerable sheet and rill erosion rate (TRj was selected
as the rate at which the present soil depth in excess of 50 cm would be
during a 100 years period:

..
, x

--------------~----~-~----~-
'~ ': 50 cm

---'/~jr-TI~jrrj'rrr'/'" ....
Rock

ThWl TR = (x - 50) mm/yr
100

A lninimum soil depth of 50 cm was selected as being the minimum depth
required by man.-y crops to give reasonably high yields, though the precise value
will be governed by crop or vegetation type, rainfall amount, and distribution,
and the' so11' savailable water capacity. A 100 years resource life for the
soil is 'entirely arbitrary. Consequently the absolute erosion' hazard index
values are not of particUlar significance. It is the relative values which are
of importance; the higher the EHI the greater the hazard to the physical ferti­
lity of thatsoi1'. The relationship between erosion hazard indices 'and the
physical erosion hazard class are given in Table 14 and the distributIon of the
classes is shown in Fig. 12. Soils with an effective depth of S 50 em are
classified as unable to tolerate further sheet and rill erosion.

•
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Table 14

Relationship between soil physical erosion hazard

"indicees and soil physical erosion hazard class

Physical 'erosion
hazard index

-so.;
o.h - 0.5,

0.51 -IS

1.51-5.6

>5.1

'Physical erosion
hazard class

Low

Moderate

High

,Very high

Extremely high

•

•

, Figure 12 also ~ub-divides the erosion hazard class that cannot tolerate
,further' erosion, deno'bed bythe symbol F, into three soil depth classes repre­

'sel:itin/{ 0-10, 10-25 and 2$':'50cm effective dep'ths ' since these depth..classes
wiil affect the suitability levels' for different' Land vuse types'. 'However the
EHI would need to be recalculated if a dit'f€!rent c:ri'tical -dertiL other than 50cm
were selected. . ,

An examination of Fi!':. 12 shovs that the areas currently with an extremely
high physiCal erosion hazard and which urgently require soil conservation

, measures are in Eritrea, E.Gonder and, th'roUghout much: of' Wello region: also in
E andW. Sid/JJllO, parts of Garno-Gofa and ICeffa regions .and in 'the" E. Highlands.

In some areas, parti~ularly lower slope colluvial footsl6pesthere is like
likely to be an increase in soil depth due to the deposition of eroded sediments,
(see section 4)'. Such areas are too limited in extent to be shown at a
1:2;000,000 sclae on Fig., 12, and would probably not be considered as constitu-

,ting a physical bazar-d , ; It is in these areas that vertisols associated with
pastures occur most frequently. It has been suggested that in 'these reasonably
poorly drained areas, compaction of the deposited sediments by livestock would
result in a deterioration of physical fertility. The author has no evidence to
support or contradict this hypothesis, but would be of the opinion that the

,generally poor pIJysicalstructures of these colluvial soils, often vertisols,
would ,probably not suffer significantly from the ,addition of compacted sediments.

, The pronounced wetting and drying conditions, eJq,>erienced by these soils would
tend to assist in structural aggregation and would ,probably compensate to some
extent for the loss of structure due, to sediment compaction by"livestock.
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6.2 Soil chemical erosion hazards

Soil chemical erosion hazards 'fiU,be d~tet')ll:ined by the chemical tolerance
of soils to withstand twther'erosion;"bythe'-cUrrE!ritsheet and rill erosion
rates, by the rate of top soil formation and by the'time period under considera­
tion. Since soil chemical fertility frequently decrease with depth, the longer
the time period being consfdered , the greater will be the chemical erosion
hazard. -For this' study an arbitrary period of 25- years has been selected.

'" '..... ,

The rate at which the humic tc>psoildeve:lopes.-w.ithin a profile is also
important since it is this horizon which generally contains a major propor-
tion of the soil's nutrients, and the fOnnatisn of this horizon will compensate,
to some extent, for the loss of top soil by e:l'osion. No values of Al fonnation
rates are aved.Lab.l.e for the Ethiopian highlands; but values given in the
literature range from 0.8 to 3.0 mm/yr (Buol, Hole and McCracken, 1973). An
average value of 1.5 .mm/yr has been assumed in 1;his study, which may over­
estimate rates of formation in the high"altitude areas and under-estimate the
rates for the .Lover , hotter altitutdes. »,

To simplify"procedures, the current sheet and rill erosion rates have
been grouped into two broad classes, yiz. low erosion rates equivalent to
cl~ssE!sI to V andh~gherosion rates equivalent to classes VIto VIII. The
soil chemical erosion hazards 'have then been estimated for the' four. generaJ.-

.Lsed soil chemical' fertility classes sUbject to the lower erosiborates I to
V, and for the individual soil units subject to the higher erOsiob_rates VI to
VIII. FOr the higher e*osion rates it is nece~sarYto'considerthe soil
nutrient gradients over a greater depth, . \':

In the determination of soil chemical erosion. hazards for current sheet
and rill erosion rates I to V there will be.. a net soil 10-S8 .of 0 to 12.5 em
over a 25 year period, assuming an Al·formation.rate of 1.5 mm/yr. "For these
erosion rates it would therefore seem appropriate to consider the chemical
ratings and gradients within the top two horizons i.e. within the 0-15 cm
and 15-45 em horizons. lienee the soil chemical tolerance levels given in
Table 13 for each of the generalised soil- chcmicalfertility classes can be
used, and the soil chemical hazards will, be inversely related. to the soil
chemical tolerance levels as shown ·in·· Tablel5;~ The chemical" erosion hazard
classes for each of the four generalised soil chemical fer1;ility c1asses are
given separately for organic matter,total.nitr'ogen, available phosphorus,
exchangeable potassium and aluminium tbxid;ly in ·Table 16 ..

In the evaluation of 'soil, chemical.eros10nnazards '1'01' soils occurring
within the 'current sheet and .ril1 erosion'rates.VI.to VIII".pnly tour soil
uni"jisviz. eutric CambisoJ.s, chromic Luvd so.Ls.; dystric Nitoso1s and haplic
Phaeozems .were involved.. At these ext~mely.high .erosdon .rates. there would
be a' net13oi1 loss of from 12:.5 em .to more. than 58 cm over a 25 year period,
assuming on ~ formation rate of 1.5·mm/yr.

•

•

•
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Table

, 1
and sop ohemical erosion hazard claElliles •

Son chemi.cah
erosion hazard
class

i,
,

ii
,

'Soil ,chem~cal tolerance levels

Very: High Medium Low
Very

high ,low

Very', low medium! high very
low; high,

Extremely

extremely
high

•

,
Soil chemical erosiqn hazards for each Of the generalised soil

chemical fortility ohssos'itt shoot OJ'\d rill orosiop rate

classeas I to V i
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SoU unit

Eutric Cambisol

Chranic Luvisol

Dystric Nitosol

;raplic Pr_Ozem

Table 11

Relationships between soil chemical ra.tin~s for soils in sheet .>~.- .

and rill erosions rate classes vI to Vl~l ann .neir soil chemical

tolerance levels

Horizon sot:or Nb p" K<l A1 19Ii"City e ONa Nb pc ~ Al Toxic

If 1 vI vI m nil.
2g 1 vI vI 1 nil. vI el el 1 eh
3h vI vI vI 1 .na

1 1 1 1 1 .na,

2 1 vI vI vI na vI VI vI vI eh
3 1 vI vI vI nil. w

0\

I

1 m m 1 h vI
2 m 1 1 m 1 1 vI vI vh II) "

3 1 vI 1 h vI

1 m m vI h nil.
2 m 1 vI h .na 1 vI el h eh
3 1 vI vI m nil.

:1..

).

a.
d.
c.
>-.
?
tl.

Organic matter
T,otal N'itrogem
Available Phosphorus
~ohangeable Potassium ,
Al Toxicity, expressed as ~jFt::J~, for AI-intolerant crops only
Generally o-150m '
Generally 15-45om
Generally 450m

el
vI
1
II)

h
vh
eh

'eJttremely low
v:ey low
low
medium
high
ver,y high
extremely ~gh

• • •
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.The chemical eroeion hazards. were therefore dete~ine~ according to the
chemical. ratings and chemical gradients over. the top three hor-Lzons..}. e. from
the G-'15 em horizon to "'he horizon deeper than 45 em, Chemical values and
retiogs of selected prefiles for these four soil units are given in appendix 8,
and the average t'atings of their organic matter, nitrogen. phosphorus, potassium
and aluminium toxicity levels for eachof the three nor'izons, and tne corres­
ponding soil chemical tolerance levels ,for each of the four soils are given in
Table 17. The soil chemical tolerance levels were derived from the, chimical
rating/rating gradient - tolerance level relationships given in Table 12. The
chemical erosion hazard classes were then obtained from the soil chemical toler­
ancelevels using the relationships given in Table 15 and are presented in
Table 18.

Table 18

Soil chemical erosion hazard"clasees for soils occurring

in sheet and rill erosion rate classes VI to VIII

Map Soil chemical erosion hazard

Soil unit
symbol Organic Total Available Exchange- Aluminium
in Fig.

6 matter N P able K toxicity

Eutric 4 Very Extremely Extremely High Extremely
Cambisols high high h'i gh low

Chromic 4 Very Very Very Very Extremely
Luvisols high high high high low

Dystric
»

5 MediumHigh Very Very Very
Nitoeols high high loW

Haplic 6 High Very Extremely Low Extremely
Phaeozems high high low

The chemical erosion hazards of the four generalised soil chemical fertility
classes subject to the lower sheet and rill erosion rates (i.e. classes I to V),
and the erosion hazards of the, four soil units exposed to very high sheet and
rill erosion rates (i.e. classes VI to VIII) are presented in Fig. 6. The soil
che~cal erosion hazards of th~ eutric Cambisols and Chromic Luvisols are designa­
ted by the symbol 4, the dystric Nitosols by the symbol 5, and the haplic
Phaeozems by the symbol 6 in Fig. 6. The areas with the nighest chemical erosion
hazard in terms of organic matter and nitrogen losses (classes 3a and 4 in Fif 6),

#'--,.------------------------
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occur in the D(>rthe;rn parts of the highlands in Tigrai and, Eritrea, and on the
_etern edge of ti:le highlands in Gojam and Gonder regions. ·,Areas subject to
high and very ,high chemical erosion hazards in terms of potassium losses (class
4 in Fig 6) occur mairily inW. Shewa, N. Gojam and S. GondeI'regions. Very high
to extremely high chemical erosion hazards With respect to phosphorus losses
occur throughout the' highlands. Areas with a medium 'chemical "erosion hazard in
relation to aluminium toxicity problems (class 5 in Fig, ,6) are probably restric,·
:ted to local. areas within Wellega, Ilubabor and Keffa regions in the high rain­
fall zones.

In colluvial footslope positions where sediment accumulation occurs there
is likely to be an enhanced fertility, i.e. a negative chemical erosion hazard.
The processes of sheet and riJJ;"erosion preferentially remove the finer parti­
cles fr'omthe soil surface' of'the hillslopes, and it is these fine particles,
particularly clays and organic colloids which contain a relatiyely higher
proportion of nutrients than exist in the original soil. As e. result the eroded
sediments are usually enriched with nutrients, and the enrichment ratio, defined
as:

Enri~bment ratio c nutrient' concentration in the eroded sediments
nutrient concentration in the original soil

is often approximately equal to two. Hence the colluvial footslopes and alluvial
, plains become enriched in nutrients at the expense of the hillslo~es. This is
likely to benefit ~ow-lying pastures, but their areal extent is generally too
limited to .be delineated on a 1: 2,000,000 scale map. This aspect receives more •
attention in section 7.4.

7. PROJECTIONS OF ,THE FUTURE IMPACTS OF SHEET AND RILL EROSION ON SOIL

FERTILITY
•

The objective of'this part of, the stuc\y is to predict changes in soil
fertility that would occur if the current "sheet and rill erosion rates were
al,lowed to continue unabated. It is intended this data would subsequent.Ly
be used by the agronomist!forester!pasture-livestock experts of the Ethiopian
Highlands Reclamation Study Team in an attempt to relate changes in'soil ferti­

,lity parameters to changes in land productivity so that an estimate can be made
of the economic costs of soil degradation.

'," ;

A time span of 25 years has ,been adopted and the impactS' 'of she,et and rill
erosion have been studied in relation to projected changes in, effective soil
depths (which influence the anchorage of plants), available watercapecities,
and soil nutrient losses.

7.1 The assumption of constant sheet artdI'ill erosion rates

It has been assumed that the current sheet'and rill erosion'rates remain
approximateiyconstant over the next 25 years. This implies that the existinf,
farming practices do not appreciably change, and that soil erodibilities do not

, significantly alter. However, if the top soil is removed and the SUb-soil be­
comes exposed, the sheet and rill erosion rates will change if there is a signi- •
ficant difference between top-soil and sub-soil erodibilities. For the sheet
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and rill erosion rate classes I to V, it has been,estimated that a maximum net
loss of 12.5 em of top-,soil will occur over 25 years (section 6.2). Since the

, top humic horizons in the highlands are frequently deeper than,12.5 cm.
(Y.H. WintJneBruggeman, .pers , , ,comm.) the assumption'of more or less constant
sheet and rill erosion rates for classes I to V is probably not unreasonable.
This assumption becomes less valid for the extremely high sheet and rill ero­
sion rate classes VI to VIII where a net loss of from 12.5 cm to more than
58 cm in 25 years has been estimated (section 6.2). Table 19 illustrates the
d~fferences in top-soil and sub-soil erodibilities, and the crusting indices
for three of the dominant soil units found in these very high erosion rate
classes. These values, Which CM only be taken as a rough guide, indicate that
differences in erodibility may well arise when the sub-soils of the eutric
Cambisols and the dystric Nitosols are exposed. Nevertheless, there was in­
sufficient time available to take such differences into account, and hence the
severity of the effects of erosion in classes VI to VIII may have been under­
estimated.

Table 19

Estimated to-soil and sub-soil K factors and crusting'indices for soils

commonly occurring in sheet and rill erosion rate classes VI to VIII

• EstiJnated K factor, a Estimated crusting indexbSoil unit
Top-soil Sub~soil Top-sag Sub-soil

EutricCambisolc 0..20 0.24 0.57 1.08

Chromic Luvisolc 0.22 0.22 0.69 0.60

Dystric Nitosol 0.07 0.19 0.30 0.41

the data soUrces.,

Sp-rom the
bFrom the

%Cl~V + 10 Organic
in FAO(J,979)

OSee

Nomograph in Wischmeier and
equation: crusting index =

A modif:lce:tion of- equation 8

appendices 1,2, 3, If and for

Smith (1978)
%silt

matter (%)

7.2 Predicted changes in effective soil depths'

The effective soil depth is the depth Of soil profile that can be readily
penetrated by roots, and for each crop or vegetation type there is a critical
soil depth required for support and anchorage. The higher the rate of sheet
and rill erosion the more rapidly the effective soil, depbh will be reduced and
the more rapidly the land will become too shallow for agriculture. The impact
of current sheet and rill erosion, rates on effective'soil depth has been investi­
gated by combining the estimated 'sheet and rill erOSlOn rates map (Fig. 1)
with the existing soil depth map (Fig. 2) and calculating the expected soil
depth in 25 years time assuming a bulk densitv of 1.2g/cm3 for sl1 soils
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(see Appendix 9). The distribution of soil depth classeS: iIi the year 2007 or
earlier is shown in Fig,. 8. Areas. where the 'soil depth cl'asses have changed
are deiineated by,thick solid lines and assigned a quotient symbol wbere the
first (ni.unerator) symbol denotes the present effective depth,and the second
(denominator) symbol represents the effective depth in the year 2007 or
earlier. In areas where there have been nO changes in depth class only one
symbol is given. As expl:;l.ined in section 5.1 the date at which the original
soil depth data were gabher'ed varied, and was earlier than 1982 in some areas.
Consequently the effective soil depth classes represented in Fig. 8 may be
,attained earlier than 2007 in some areas.

Previous sections, viz. 5.1 and 3.3 have emphasized the .large errors that
.cen be expected in the soil depth values and'in the current sheet and rill
erosion rates (probablY + 200 per cent, and' possibly higher). When these two
sets of Values are combined to generate the expected soil depths at around the
year 2007, the resultant errors may ~ecome considerably higher for some areas,
and may be partially compensated in ot)ler areas. Furthermore, tit a scale of
l:2mthere must inevitably be tremendous variability within both the sheet and
rill erosion rate mapping units and within the soil depth mappinp; units. This
variability will become further accentuated in the generated ".soil depth in
the year 2007" mapping units. It is not possibietogive enyreliable estimate
of the expected errors, but over_estimates or'Uoder-estimates of the order of
3- or 4- fold may well occur. Moreover, in the hatched areas in Fig. 8, the
'changes in soil depth are,particulariy unreiiable because of lack of data con­
cerning the Ouirent sheet and rill erosion rates., Extreme caution must there­
fore be adopted in the use of this generated data. Nevertheless the 'soil depth'
in t)le year 2007 (Fig., 8,)' is probably capable of distinguishing between those
areas where the'effective'depthchanges are expected to be extremely high and
those areas where the changes are likely to be minimal. Areas where signifi- ..
cant changes in the effective soil depth are expected over the next 25 years
occur in N. and S. Gonder, around Mt. Ras Dejen, in E. Gojam, W. Shewn,
N. Wellega regions and in the E. Highlands. Preliminary measurements of the
expected changes in effective.soil depth classes given in Fig. 8 reveals that
approximately 30,000 km2 of land would be reduced to exposed rocks, over
40,000 km2 would be reduced to soils of less than 10em depth and about
17 ,OOOkm2 would be reduced to soils of 10-25 c'in depth in 25 years. Thus
approximately 70,000 km2 would be rendered unsuitable for' arable agriculture
and 17,000 km2 would become only marginally suitable if the ,current sheet and •
rill erosion rates are allowed to continue unabated.

7.3 Predicted changes in available water capacities

The available water capacity (AWe) of a soil represents the quantity of
water that can be stored within a soil between field capacity and permanent
w11ting point and which is available for plant uptake. Very limited 'available
water capacity data is available in the literature for soils from the Ethiopian
highlands. Selected data is given in Appendix 10, but the values are compli­
cated by field capacity sometimes havin~ been determined at .0.3 bars and some- •
times e.g. by Huntings Technical Services (1976), at 0.1 bars. This leads to
very pronounced differences in the AWC values. Since the moisture tensions
at whicb soils attain field capacity, and noJ;,al'l soils do reach field capa- •
city, vary between 0.1 to 0.3 bars, it was decided to use field capacity values

51-------------------------------,,
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assigned

J

estimated at 0'.2 !bars wherever poss~ble in th'f estimation of AWC val.ues , A
linear relations~ip was assumed between moist~e content anq moisUure ~ension

between 0.1 an~ ~.3 bars. From the'data in:A~pendix 10 combined ~i~h the use
of AWC vaJ.ues fePorted in the literature for specific soil types, 'a -very
tentative assigmilent of availabl;e water capacity values was made :for the top­
soils (0-15cm) .and sub-soils (below,15cm depth) of specific soil units (see
Table 20). ' , ' ,

Table 20
, *Tentative available water capacity (AWe) vaJ.ues

to different soil units

Haplic and Luvic Phaeozems and
humic Cambisols 20

Cambic Arenesols' 10

All other soil,units 20
•

*Based on F.e. = 0.2 bars and P.W.:E't. = 15 bars.
-, ;

em)

30

25

20

5

15

30

25

Available water
Top-soil 0-15 cm

Soil units

Mollie and Vitric Andosols

Rendzinas and Calcic Chernozems

J . - ,
For each soil uni t , the available water capacity values were; cillculaten

using the top Soil and' sub-soil available water capacity val.ues gkv!,n in' .
Table 20, and the effective soil ;d$t'hs fl'om Fig. 2. The calcullJ.~~ AWC
values were then rated into eight classesaccoraing to the sCheme'shovn;in
Table 21. To facilitate the mapping of the AWe'vaJ.ues, a relatlonspip bet­
ween soil units, effective soil depths aqd AWC ratings was develope~, BrOwn
in Table 22. A map showing the diS.tribution of availablei water: cb,pacity
classes is presented in Fig. 9. iJ It must be omphasdzed', howe~,; that'
errors are likely to be high. The soil depth data is not' partic~arly~eliable
(see Fig. 3) and the AWC vaJ.ues ass signed 'to 'the soil units are' 'biased on' a
very limited amount: of data and must therefore be regarde:d as v,ery tentative.
Moreover, the AWe vaJ.ues of the very stony 'phases, found lllost commonly with-
in the hat>lic Pbaeozems and the eutric Cambisols; will be over";estimated.
Nevertheless, despite these serious short-eomings, Fig. 9 should ~e capable
of discriminattng between areas with verY high to high AWe vaJ.ues and areas

, I
with low to very low AWC values.' ;

•

•

..

•

y Because of the broad ranges. in :Awe values found for indijviduaJ. soil
type - soil depth ~pp~rg pnits, it became ,necessary to qelineat~ 15 AWC classes
in Fig. 9. ~is large number of AWG classes can be simplified!according to
the boundary values that are of interest; by reducing the number of AWC classes
into fewer broader classes.



Table 21

Ratings for available water capacity (AWC) vailues

JioW.G. Glasses tlDJDJ
0-25 25-50_ ~0-7S ~100 100-1SO 120-200 ' 200-300 300

Rating 7 6 5A 5B 4 3 2 1

Table 22

Relationships between soil units, soil depths and available
water capacity ratings

Available water caoacit

I
Soil Soil ~it Mollie Andosols iTm~ Rendzinas (E) Haplic Phaeozems (Hh) Otber .I'"
depth depth Cambic " aod I l\)

ibo I (em) Vitric Andosols Tv Calcic Chernozems (Ck) Humic Cambisols (Bh) Arenosols(Qc) un~ts I

a ;.lSO 1 i 1 4-SB 2

b -100-1S0 1 1-2 2 5A 2-3
c So-IOO 2-3 2-4, 3-4 6 4-SB
d 25-50 4-SB 4-SA 5A-SB 6 SA
e 10-25 5A~ 5A-6 6 7 6
f 0-10 7 7 7 7 _ 7

, , • ~ • •
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To permit an assessment of the impacts of current sheet and rill erosion
rates on available water capacity values over a period of 25 years, it is
necellS1U"Y to compare the presertt AWe values in Fig. 10 with tile projected AWe
values for the year 2007. (The apparent discrepancy between the :period of
25 years and the date 2007 is due to the date at which the soil depths were
measured, see section 5.1). The estimated available water capacity values
for the year 2007 were obtained by combining the provisional soil map (Fig. 4)
with the estimated effective soil depth map for the ycar 2007 (Fig. 8) and
using the soil unit - soil depth - available water capacity ratings presented
in Table 22. The distribution of the estimated AWe values in. the year 2007
or earlier is shown in Fig. 10. For cartographic reasons it was not possible
to represent the 'present AWe and Awe expectedJri 45years time on the same map.
The considerable ,inherent errors likely to be prese~t in Fig. 10 must be
emphasized, es'pecially in the hatched areas of Fig. 10 for which no calculated
sheet and rill erosion rate data were available. The data presented in Fig. 10
can be regarded as the best estimates possible for projected available water
capacities in the year 2007, but they must be viewed with considerable caution.
The areas where the most significant reductions in, available,vater, capacity
are expected during the Qext 25 y,f:s.rs occur in N. andS. Gonder regions, around
Mt. Ilas'Dejen, in E. Gojam, W. Shewa, N. Wellega and in the E. Highlands.

7.4 Predicted soil nutirient losses

The annual soil nutrient losses, were estimated by calculating the quantity
of organic matter, total nitrogen, exchangeable potassium and Olsen~extractable

phosphorus that,would be present in the depth,of soil removed in one year from
each sheet and fill erosion rate class acting oil. each of the four generalised
soil chemical, fertility classes. The representative organic matter; total
nitrogen, exchangeable potassium and Olsen-extractable phosphorus values given
in Appendix 6 for each of the generalised soil chemical fertility classes were
used in the calculations. The depth of soil lost by sheet and rill erosion in
one yea,!, was ta.1l:en to be the average value for each sheet and rill erosion rate
class, and'was converted into a weight basis using a bulk density of 1.2 g/cm3
for all soils. To account for the fact tllat eroded sediments 'generally contain
a higher proportion of nutrients and organic matter than the original soil,
enrichment ratios of 2.0 for or@;anic'matter, exchangeable potassium and total
nitrogen and an enrichment ratio of 2.4 for Olsen-extractable phosphorus were
introduced. These values were taken from Hud.son and Jackson (1959).

•

Enrichment ratio = nutrient concentration in the eroded sediments
Nutrient concentration in the original soil

The The calculated annual nutrient losses for each sheet and rill erosion rate
class and for each soil chemical. fertility class are given in Appendix 11.
These values are very tentative Since they are based on very scanty chemfc'al,
fertility data and 6n sheet and rill erosion rate classes subject ,to high errors.
To avoid the impression of false precision the nutrient losses have been grouped
into five broad classes as shewn in Table 23 and iri'the legend to Fig 7 where
they are related to erosion rate-chemi~al fertility class mapping units.
Figure 7 can be readily simplified by using the broad nutrient loss classes
tor each of the nutrients in turn.
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The absolute values of annual nutrient lo"ses range up to IIlOre than
21 t/ba/yr. of organic matter, up to and exceeding 1.2 t/ha/yr. of total
nitrogen, up to and in excess of 180 kg/ha/yr. of exchangeable potassium
and up to and greater than 5.1 kg/ha/yr., of plsen-extractable phosphorus
(Appendix 11). The quantities -of,nutriEmtS ,lost' by er-oai.on over a 25 year
period however, cannot be obtained simply by multf~lying the values given
in Table 23 or the legend to F!g.7 by 25~This is because the nutrient
enrdchmerit; ratios generally decrease with, time; the greater the soil loss,
the lower will be the, enz;ichment ratio. ' 'l1oreover.,the rate of 'change of the
enrichment ratio with increasinf, soil los's will vary depending on the nutrient
being considered. The total nutrient losses aver a 25 years period may there­
fore, exceed, the annua'l, values given in Table 23 by a factor of between 15
and 25.

It needs to be emphasized that the Olsen-extractable phosphorus values
do not indicate how much aVailable phosphor-us has been last from the soils.
The Olsen-extractable value$,are merely indices of pllosphate availability and
cannot be related to the amounts of available 'phosphorus lost through erosion.
The same situation arises'for any other'chemical extraction method used to
characterise phosphate availability. Consequently, these'values in Appendix 11
can only be used to illustrate the relative differences in available phosphate
losses between different erasion rate classes or between ,different generalised
soil chemical fertility classes. These values cannot. be used in an economic
analysis of the replenishment costs of phosphorus losses by sheet and rill
erosion, and have therefore been excluded from Table 23.

The exchangeable potassium values can be considered as a more reliable
indication of the quantity of readily available potassium that has been lost
~om the soils. The annual exchangeable potassium losses due to sheet and rill
erosion given in Table 23 have been converted into very tentative nutrient losses­
over 25 years by multiplying the annual losses by a 25 year enrichment ratio
factor of 20. This value of 20 is to. account for the decreasing enrichment
ratio with increasing depth of soil removed. Table 23 also givestlie estimated
exchangeable potassium contents in the top 45 em of soil calculated 'from the
values given in Appendix 11. A comparison of the 25 years exchangeable
potassium losses with the contents in the top 45 cm of soil for each soil
fertility class shows that for soil fertility classes 1, 2 and 3b the Exchange­
able potassium contents will not' be depleted from the very low to 'medium untrient,.. - . .
erosion rate classes but will be depleted from the high and very 'high nutrient
erosion rate classes. For class 3a soils, the very low and low nutrient erosion
rate classes will not deplete the soil's exchangeable potassium duri.ng a 25 year
period btrb rmedLum and higher nutrient erosion rate' classes will deplete the soils·
of exchangeable potassium from the top, 45 cm, A crude estimate of' the projected
potassium losses from the Ethiopian highlands over a 25 ¥ear period can be
obtainedfrOlri Fig. 7 by measuring the areas occupded by each of the five nutrient
erosion rate classes for K, and multipiying the areas by the mean K loss in
kg!ha!25yr for each of the K erasion rate classes, A lack of time prevep.ted the
consultant from making these calculations. ,In attempting'to estimate the
replenishment costs of K losses it would be assumeci ,that all of the Potassium
which is lost is 'useful' potassium rather than sUrplus potassium. This is
probably not altogether true since responses to K,fertilisers on Ethiopil!-n,soils
are rare. Nevertheless, over a 25 year period the' bul.k-of' the potassitim'lost
by sheet and rill erasion could probably be considcired.'as 'useful'· potassium.
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Table 23

Relationship between nutrient losses by sheet and rill erosion and soil nutrient levels

IIlated soil
ient
ents

70 94 4 2.7 560 840 46 74 2.9 2.5 490 700 30 40 2.1 1.8

sIS

210 420 80 87 3.6 2.5 700 700

1400601164

low

6.7 1400 120 5.4 1190 70 3.9 630 167
Estimated annual and 2 ea.rs soil nutrient losses due to sheet and rill erosion*

ollio NO. K OM NC Kcl----OW;- NO Kd O·iiM1l"'c ---;';N'O'"c-- 'j(d

0-1 0-0.1 0-5 0-1 0-0.1 0-5 0-·1 0-0.1 0-5 0-1 0-0.1 . 0-5
{0-20) (0-2) (0-100) (0-20) (0-2) (0-10Q)__(0-lQ.L_(o.~2) (0-100) (0 7.202 (0-2L--i9:J00)

1-5 0.1··002 5-20 1-5 0.1-0.2 5-20 1-5 0.1-002 5-20 1-:5 0.1-0 02 5-20
_____~(2c.;::0.~-100L (2-4) (100-400) ( 20-100) ( 2-4) (100-409) ( 20-10QL(2-4L_(100-:.400) ( 20-:lOO ) _.L?-·4_)_J !D.Q:_~,-Q;J
urn 5-10 0 02-0 05 20-50 5-'0 0 02-0.5 20-50 5-10 v.2-CJ.5 20-50 5··10 0.2-0.5 20'-50
____~{.;::;10::..:0::...-=200) (;:.-10) (400-1000) (100-2001 (4··10) (400-1000) (100-2001(4-10) (400-1000) (100·:1-:!1.Q)--14-10) (40(.= 10021 \J1

10-15 0.5-1.0 50-100 10-15 0.5-1,0 50-100 10-15 0.5-1.0 50-100 10··15 0.5-1.0 50-1Cl
(200-300) (10-20 )(1000-2000) (200-300) (10-202..(1000-2000) (:::00-300) (10-20 )(1000-2000) (200-300) (10-20) (1000-20(:/1

high ,15 01.0 '100 >15 ,.1.0 "'100 :>15 ':>1.0 :>100 /15 ?1.0 /100
( -.300 ) ( >20) ( >-2000 ) ( >300) ( >20) ( >2000 ) (>300 ) (>20 ) ( >2000 ) (.>300) (;> 20 ) (>2000 )

1 est'd soil
ient
ient erosion
classes

top-soil
sub-soil

tis
sis

0-15 em depth

15-45 em depth

In t/bA/yr

In kgjha/yr
M- Organic Matter in t/ha
- Total Nitrogen in t/ha (Not available nitrogen)
- Exchangeable Potassium in kg/ha
Very tentative nutrient losses over a 25 year period have been estimated by the
introduction of a faotor of 20, and are given in ( ), beneath the annual
nu1;rient loss values.
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The values given for annual total nitrogen losses in Appendix 11 range
up '1;0 ll!Pre ,than 1.2 t/ha, or in excess of 24 t/ha/25yr. if a 25 year enrichment
ratio factor of 20 is introduced. Comparing the 25 year total nitrogen losses
given in Table 23 with the total nitrogen contents in the top 45 cm of profile
for the, four generalised soil chemical fertility classes indicates that the
very low and low nutrient erosion rate classes will not deplete the soils of
total nitrogen. Higher nutrient erosion rate classes may however largely
deplete the 0-45 cm soil horizons of total nitrogen depending on the extent
to which nitrogen is added to the soil through plant roots, residues, symbiotic
and non-symbiotic nitrogen fixation. ~ Since the total N losses at the high and
very high nutrient erosion rate classes are considerably higher than the
estimated total nitrogen contents of the 0-45 cm soil horizons, it would be
expected that total nitrogen would decrease appreciably over a 25 year period
at these high nutrient erosion rates. This will be most pronounced where
Legumes are not a normal component of the crop rotation, and where fallow
periods are very short or non'-existent. .

•

The total nitrogen losses from the Ethiopian highlands over 25 years can
be obtained by p1animetering the areas occupied by each of the five total N
erosion rate classes in Fig. 7 and multiplying the area by the predicted mean
25 year total N losses for each total N erosiori rate class. When :attempting
to quantity the replenishment costs for the loss 6f nitrogen through erosion
the costs should be based not 6n the total nitrogen l<Dst but on the quantity
of ~vai1ab1e or useful nitrogen lost. It needs 'to· be emphasized that the total
nitrogen losses do not indicate the quantities of'avai1ab1e or useful nitrogen
lost by erosion. In anyone year only a small porition of the total nitrogen
~ be mineralised, and,only part of the mineralised nitrogen will be utilised
by crops, the remainder being lost by leaching and'denitrification. Probably
only about 2 per cent of the total nitro"en may be mineralised from arable
land in anyone year (e.g. Willis and Evans; 1977) and less than 1 per cent
possibly 0.5 per cent ~be mineralised from grasslands (e.g. Greenland ~~d

NYe,1959). These figu eS must be treated with· caution since they are not
based on data derived from the Ethiopian highlands. To estimate very crudely
the quantities of available or 'useful' nitrogen lost by erosion each year
from the Ethiopian highlands the areas occupied by each N erosion rate class
in Fig. 7 and the proportion of arable and grazing land in each N erosion
rate class would need to be determined. The available nitrogen losses over
a 25 year period could be estimated from perhaps 1.6 per cent and 0.4 per cent
of the 25 year total nitrogen losses calculated for the arable and grazing lands
respectively in each of the N erosion rate classes. These values of 1.6 per
cent and 0.4 per cent are less than the annual mineralisation rates of 2 per
Cent and 0.5 per cent for arable lands and grasslands respectively to account
for the progressive exponential decline in the quantities of nitrogen minerali­
sed each year. This is clearly a very tentative and time consuming exercise,
but replenishment costs should be based on the losses of "useful" nutrients
to avoid over-estimations of the replenishment costs.

The annual soil organic matter losses are up to and in excess of 21 t/ha/yr.
(see Appendix 11). Over a 25 year period the estimated quantities of organic
matter lost by erosion are well in excess of the top 0-45 cm soil organic matter
contents at the high and very high organic matter erosion rate classes. These
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high organic matter losses have important implications to the losses of
nitrogen in particular (see above),··but also for the losses. of ·associated
nutrients such as sulphur, phosphorus andmicro-nuttiei):ts that are.present
in soil organic matter, and :which would be. slowly' 'released through,
mineralisation, processes. Moreover, the steady' decline in. organic matter
contents will increase the crusting susceptibility 'and erodibility of the so
soils (.section 2.3).

In theestimation.of the replenishment eosts for the sulphur and phos­
phosphorus present in the soil organ,tc matter it can be assumed that the
C:S:P ratio in organic matter is lOO;~:2, and if C forms 58 per cent of the
~ganic matter, there would be 5,8 kg·s/ha ahd 11.6 kg P/ha lost by'erosion
for every 1 t!ha of organic matter lost by .erosion. .However, the qu~~tity

of useful or available sulphur and phosphorus that would be lost inttonne of
...orgimic' matter; Le. the amount that would have been mineralised annuaJ.ly,
'mightbe only 2.per cent and 0.5 per cent of these values for arable and

. grassland soils respectively, i.e. 116 g of Sand 232 g of P from arable soils,
and 29 g of Sand 58 g of P from Frassland soils. The quantities of phosphorus
and sulphur mineralised oVer a 25 year period might be 1.6 per cent and 0.4 per
cent of the 25 year organic P and S losses from arable and grazing lands
respectively, because of the exponential <l.ecline in mineral111ation with time.
These values .are however·very'tentative. The total organic·p and S Tost
through the erosion of organic matter· from the Ethiopian highlands can be
estimated by. measuring the area of each ~rganic matter erosi~rate class in
the highlands (Fig. 7) and multiplying the areas by the cor-respondfng mean
25 year organic matter losses. The total organic P al1d S ·losses will be
approximated by 1,16 and 0.5 per cent.of the organic matt;er Lcaae s , To obtain
the quantities of available P and S that woul~ have been released byminerali­
sation duringa25 year period an estimate of the proportion of arable land
and grazing ;land in each organic matter erosion rate. class needs to be

.' established.: The total organic P and S lost by erosion from the arable and
'grazing lands sho'uld then be. multiplied by 1.6.per'eent; /lond 0.4per.ceht
respeetively to arrive at the quantities of useful organicF..and S lost
during a 25 year pE!iHod. '.

This pr~diet~on of soil nutrient losses is·s very dubious and pre~arious

exercise based on a very limited amount, of "hard" data, and invOlving'inany
estimates, This is particularly so for the prediction of "Useful" N, 1;'"and
S losses. i.e. the quantities of organicN, P and,S lost by erosion. which
would have been mineralised during a 25 year period. Although it is possible

. to calculate a figure for the replenislunent cos'ts of available .nutrients lost
by ero~ion, the validity of the figure obtained will be very much open to
question.

•
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8. CONCLUSIONS

8.1 Nature, causes and relative importance of soil degradation processes

(a) Sheet and rill erosion appear to be the most widespread and the
most damaging degradation processes occurring in the Ethiopian highlands
though this cannot be unequivocally proven. The main causes are poor farming
practices characterised by a general lack ofeonservation practices, the
cultivation of excessively steep slopes,deforestation and overgrazing,
Areas with excessive rates of soil loss, i.e. in excess of 6.5 mm/yr occur in
S. Gonder, NE Gojam, N. ,[ellega, around Mt. Amba Farit and in the E. Highlands;

(b) Physical degradation resulting in a physical deterioration of surface
soils through a lack of protective cround cover is also probably widespread
and closely inter-related with sheet and rill erosion. Physical degradation
due to the traffic of humans and livestock is probably of local importance in
some areas and the resultant surface compaction and increased runoff can lead
to gulley and footpath erosion;

(c) Chemical degradation due to leaching and the development of A1
toxicity problems are probably of only very local and limited extent - though
the actual extent is unknown. Such areas would occur in class 3b soils (Fig. 5)

.associated with very high rainfall in the Wellega, Ilubabor and Keffa regions

. (rainfall regime A in Fig. 11);

(<3,) Chemical degradation due to the "mining" of soil nutrients as a
result of poor farming practices are likely to .be particularly widespread and
serious with respect to phosphorus. Where fallow periods are .short or non­
existent, .legumes are absent from the farming system, and in class 3a soils
with very low nitrogen levels, the steady decline. in nitrogen levels will also
give cause for concern. This process is the result of continuous nutrient
harvesting without, or with only a minimal, return of nut.r-Lerrt.s, This situation
becomes most serious where fertilisers are not used, crop residues are utilised
for fodder, the dung as fuel', and also where "gaye", i. e. burning the top-soil
is practised,· and where grasslands are ·burned during the dry season;

(e) Biological degradation is only expected to be important in low rain­
fall areas (D and E, Fig. 11) and in class 3a soils (Fig. 5) where organic
matter levels are low;

(f)
s,alts and
VaHey;

Salinisationand alkalisation processes causing the accumulation of
sodium are restricted to the area around Lake Abiyata in the Rift

(g) Mass movements resulting in landslides, mudflows and earthflows are
probably also of very localised occurrence and would be expected to be most
prevalent in the high rainfall areas, i.e. in rainfall regime A in Fig. 11;

(h) Gulley erosion is probably of widespread occurrence but the area of
~icultural land affected is very limited. The main causes are overgrazing
apd compaction leading to physical degradation, and poor road drainage
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~.2 '],'he hazards of degradation

(a) The main, hazards of the inter-related sheet and rill erosion and
physical degradation are:

(i) a deterioration in the physical fertility status of soils
i.e. in effective depth and available water capacity,

(ii) a deterioration in the chemical fertility status of soils
through losses of organic matter and nutrients.

(b) A soil physical erosion hazard index has indicated {Fig. 12) that
the areas suffering from the greatest deterioration in soil physical fertili­
ty are Tigrai, N. Gonder and Wello regions, parts of Gemo-Gofa and Kerfa
regions, and parts of the E. Highlands;

(c) Assuming, current erosion rates continue then over a 25 year period
preliminary estimates show that about 30,000 km2 of soils will be reduced to
rock, 41,000 km2 will be reduced to less,than 10 em depth and 17,000 km2 of
soils will be reduced to 10-25 cm depth. Thus, over 70,000 km2 of the high­
lands would become unsuitable for arabI'" agricult,ure and another 17,000 km2
would be rendered only marginally suitable,. 'The areas most affected are
Wello region; the Simen Mts, N. Gonder and E. SheYR regions,. Pa,rts of Gojam,
Wellega and the Eastern:Highlands would also bEl subject to significant
reductions in effective soil depth; "

(d) A soil chemical erosion hazard classif1cati~n has:shown (Fig. 6)
that hazards due to deteriorating ph~sphorus fertility are generally very
high to extremely high throughout the highlands. The hazards of declining
organic matter and nitrogen levels are, very high in the' Tigrai, Eritrea,
Gonder and Gojam regions and in the Eas1;ern Highlands. The hazards of
diminishing potassium fertility are generally very low to low throughout
the highlands except in restricted areas in Gonder, Gojam and N.W. Shewa
regions and in parts of the Eastern Highlands where' the hazards are,medium.
Aluminium toxicity hazards are generally very low apart from localised areas
in S. Gojam, Wellega, Ilubabor, Gemu-Gofa and Sidamo regions where the hazards
are medium for Al-sensitive crops such as sorghum and cotton; ,

(e) The areas expected to experience significant reductions in soil depth
would be the smae areas where available'water capacity reductions would be e
expected. The present and expected available water caPacities in the year
2007 have been mapped in Figs. 9 and 10; ,

(f) Very tentative predictions, of the quantities of nutrients that would
be lost by erosion over a 25 year period gave values up to and exceeding 300t!ha
of soil organic matter, 20 t!ha of total nitrogen and'2000kg!ha of exchangeable
potassium. Projected losses of inorganic phosphorus could not be estimated,
and although calcium and magnesium losses were not predicted, it was likely
that only surplus Ca and Mg would be lost. The total nutrient losses from the,
highlands predicted over a 25 year period were not, calculated because of

•

•

•
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inBu!Ticient time, though this data can be readily obtained from the areas
occupied by the five nutrient erosion rate classes given in Fig. 7 for each
nutrient. It was tentatively suggested that about 2 :per cent, of t!le total
nitrogen, organic phosphorus and sulphur in the soil organic, matter would be
released each year by mineralisation froma.rable'lands and 0;4 percent would be
released each year from the grasslands. The replenishment costs should be
based on the quantities of nutrients lost by erosion that would be mineralised
in a 25 year period.

• 1.3 Implication and use of the data obtained

•

(a) The physice~ tolerance of soils to
indicates the areas which are now not suited
soils are less than 25 cm or 10 cm in depth.
need of reafforestation and could be used to
and fodder for livestock;:

further sheet and rill erosion
to arable agriculture e vg , where

Such areas can be considered in
supply fuel, ,building materials

•

•

(b) The chemical tolerance of soils' to further sheet and rill erosion
gives a very approximate indication of the chemical fertility ,status of the
soils in different areas, and can also be used in combination with the soils
map, to make more specific fertiliser recommendations as to the types of
fertilisers to be used in different regions e.g. where acid-forming fertilisers
should not be used (e.g. on class 3b soils), where phoaphabe fi1t/i.tion
problems will affect the phospho~us fertiliser responses'and method of
application~.g. on the andosols and to a lesser extent on the acrisols and
nitosols), where liming may be necessary '(e.g. class 3bsoils), and where
urea will be less efficient due to volatilisation losses (e.g. on cl/i.sS 2 and
3a soils);

(c) The physical erosion ha"iard index'map indicates which areas are in
most danger of declining productivity due to deteriorating phYSical fertility

, i.e. in effective soil depth and ,available water capacity. The influence of
decreasing available water capacity on soil productivity will also be governed
by the probability of moisture deficits occuring which are shown in Fig. 11.
Thus decreasing availabl,e water cap/i.city, values will cause crops and vegetation
to be more susceptible to water deficits particUlarlY-in rainfall regimes D
and E (Fig. 11) with high ,to moderate moisture deficit probabilities. Areas
with very high physical erosion hazard ratings are in urgent need of soil
conservation me~sures, but see 9.5 concerning the ide~tification of priority
areas for government intervention; ,

(a) The chemical erosion ha"iard map delineates those areas that are in
greatest danger of declining productivity due to deteriorating soil chemical
fertility. Areas of high chemical erosion ha"iard are most in need of improved
farming systems, but see 9.5 for the identification of priority areas;

(f) The estimated annual sheet and rill erosion rates map reveals which
areas are currently SUffering the hig~est rates of soil loss, and consequently
in which areas there may be locally high suspended sediment loads causing
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siltm-.ioJ] problems' downstream. The fact that high sheet and rill erosion
rates exist does not necessarily imply that suspended sediment rates' will be
high since much' of the 5011 lost from the hillslopes may not enter the drain­
age system.

8 .4 . The need for improved farming systems

The presence of severe soil degradation is symptomatic of poor, or 0

inappropriate, farming systems. the existing farming systems should therefore
be modified and improved (but not radically altered unless this is socially
aCCeptable) and.should be the main vehicle by which soil degradation. is halted
and agricultural productivity is increased. The improved farming systems need
to meet the following requirements; .

(11 ) They are suited to the local agro-ecological environment;

(b) The changes are socially acceptable B.>1d agreed by the peasants
associations;

(c) They result in higher productivity;

(d) They do not necessitate high cost inputs or the use of large
quantities of foreign exchange;

(e) They can be introduced at 'an appropriate technoloe;ical level;.,

(f) They provf.de the farmer with a well balanced nutrientional diet;

(g) They will be capable of arresting soil degradation thrOUgh effective
soil conservation and will maintain, if not restore, the physical and chemical
fertility of the soils.

The type and design of the recommended physical and cultural so11 conser­
vation practices sboul.d be part and parcel of the improved farming systems and
should also be selected according to the nature of the soil type, particularly
soil drainage, erodibility, effective depth, slope of the land and the Fainfall
regime. Thus specific recommendations based on local conditions are required,
similar to the provisional proposals made by,'Thomas and Barber (1982) for sup­
port practices in Kenya, rather than. using standard procedures for the whole
of the country or region.

The farming system must maintain, if not improve, the chemical fertility
status of the soils. Thus the use of leguminous crops, including tree crops
and cover crops, will help to up-grade the soil nitrogen levels. Agro-forestry
would seem to have considerable potentiali! nitrogen fixing tree crops can be
introduced. Species such as Robinia pseudo-acacia (Black Locust) and Morus al~a

are suited to high altitUde/low temperature regions, are fast growing, fix
nitrogen, will coppice and can be used as fodder (Kernick - pers , coma.},
Fruit trees will also have the advantage of diversifying diets.

•

•
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Restoring the posphate fertility of the soils is likely to be the major
obstacle to raising productivity. Tree crops are capable of nutrient enrich­
ment of surface soil horizons th rough the Goldschmidt process of harvesting
nutrients from deeper sub-soil horizons (beyond the reach of the roots of
annual crops) and returning them.to the soil surface through litter accumu­
lation. In this way the presence of tree crops in the farming system, or
fallow~riods,if of· adequate duration, may ameliorate the .Lov phosphate
levels to a limited extent; It is most likely however ,that phosphate ferti­
liserswill need to be applied in many parts of the country if yields are
to be maintained or increased.

8.5 'The identification o~ priority areas for government· intervention

The soil physical erosion hazard index map and the soil chemical erosion
hazard map indicate those areas experiencing varying degrees of·declining
productivity dUe to a lowering of soil physical 'and soil chemical fertility.
ntese are justtwp parameters that need to be iconafdered when making decisions
on priority areas for government assistance and intervention. Other parameters
thlit need to be considered are popul.atdon idensd'ty and distribution, and the
economic advantages of intervention in areas subject to different degrees of
hazard. The costs of reclamation, conservation and development must be weighed
against the benefits to be accrued from the land. Thus on purely economic
grounds it may be better to select areas experiencing moderate degradation
hazards if the potential productivity of these areas, once degradation has
been arrested and soil fertility has been ameliorated, is expected to be
greater than that of areas subject to high hazards. This becomes particularly
important when, as is the case for Ethiopia, funds, manpower and experience,
are very limited.

8.6 Further studies required

The generally acknowledged serious state of deterioration of the Ethiopian
highlands due to soil degradation, the recognised urgency of the situation and
the limited financial resources and trained manpower in the country militates
against further studies devoted to data collection, such as the quantification
or mapping of soil degradation processes, or long term studies requiring high
inputs such as validating the USLE. To validate the USLE would require at
least lO, if not 20, years of data collection. and would be an extremely
expensive study, so much so that no country in Africa has yet been able to
fully test the applicability of the USLE for their country.

In the author's opinion first priority should be given to studies that
investigate, for specific agro-ecological and soe Io-economtc zones, the
capability of improved farming systems to arrest soil degradation, maintain
or enhance soil fertility, give higher yields and be socially and economically
acceptable. Such studies should investigate and monitor the effects of inte­
grated crop/pasture/livestocl1 forestry enterprises with appropriate conservation,
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tillage and management practices on soil losses, s,oil,fertility,yields and
nutritional status of the local' farmers. These investigations need to be
conducted in catchments similar tO'existing studies being conducted by
Dr. H. Hurni., They should also involve the active participation of, and
decision-making by, the local peasants associations.

At a second level of priority further studies are required to assess
the fertility ,status of soils in the highlands and crop-fertiliser responses.
Field trialS need to be established for important crops on selected soil
types representative of large areas in different defined agro-ecological
zones. The relationships between soil analyses and crop responses to dif~

ferent fertiliser levels need to be established if,soil analytical. data are
to be properly interpreted and specific to soil type, crop and agro-ecologi­
cal zone. Crop responses to phosphate fertilisers are considered to be
particularly important since phosphate is likely to ,be the most limiting
nutrient.ffitrogen should be capable of being maintained at'a satisfactory
level through the judicious use of legumes,'crop rotations and fallow periods.
Existing evi,dence indicates that, in general,' calcium, magnesium (Appendix 6),
potassium and sulphur (FAD, 1970) 1/ are unlikely to be limiting factors for

, -
lllOst of the highland soils. Field trials shoul.d also be established to
investigate the incidence of aluminium toxicity problems in the dystric
nitosols. and orthic acrisols and the need for, and responses to be obtained
from liming. ,These activities should be considered just as important as
the need to strengthen the country's s01l analysis capability.

11 Evidence for potassium and sulphur not being limiting factors was
given by the non-significant yield increases between NP and NPK'treatments;
the K being applied as K2S04.
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APPENDIX 1

,
Derivation of Crusting Indices for Top:Soils*, Chromic Luvisols,

.' . Eutric Cambisols and pystric Nitosols

Profile.' ....c. ",

.c.%, C:!ay'- '%<m %Cla,y+
%Silt Crusting

Soil number .%Silt .10.0M%-' . (% ..p1a,y + and
(Depth,cm)

...
1O.0~) runoff

index

Chr~~C Luviso1s
. (t.c) PB!l 28·72 26.98 2.75 54.48 0.52

• .Source: (0-14)
~ ".:. '.

"HUriting' Teoh. MS!14 1.2832.50 14.99 1.03 25,29
Services, (0-15)
1976 QE!8 24,94 17.99 1.37 31.69 0.78

(0-25)
LUPRD (S.R, ) 13.82 40.02 2.48 64,82 0.21

Average 0.69 0.69

~..... -, ~ - .
'-Eiit1'i'o-eambisola . . . ..

(Be) CSM!6 7·58 8.69'- 0.51' 13,19-, 0.5L ...
• (0-15) .

Sou.rce: PG!l 11.60 '4.62 . 1.03 14·92 0.77
Hunting Tech. (0,10)

• Services, MS!l 15.62 17,91 1.72 35·11 0,44 .
1976 (0-6)

PE!13 9.37 5·20 0·51 10,30 0.90
(0-15)

CSA4!5 16.51 20.80 3.44 55. 20 0.29
(0-15)

CSP.R!8 14,28 20.80 3.78 58.60 0,24
(0-020)

QE!4 12.50 5.78 0.68 12.58 0·99
(0-20)

f JS!1 7.58 8.09 0.30 11.09 0.68
(0-15) •

-, '~" .. -. . . Q}'.!5 4·91 8.67 0.68 15·47 0,31..

. :Average 0·57 0·57

Dystric Nitoso1s
(Nd) K1 19.79 18,36 4·99 63.26 0,31

Source: K2 20.83 21.09 4·35 64,59 0032
• LUPRD K3 19·79 19·72 3.62 55·92 0035•

K4 18,74 21.09 4.66 67.69 0,27
K5 20.83 19·72 5·14 71.12 0.29

Average 0.30 0.30.. - . -',' .. •
.. ~ -. ,,~ " .



Derivation of crusting Indices for Sub-Soils of Chromic Luvisols,

Eutric Cambisolo' and Bystric Nitrosols

1 Silt
Cruoting

Soil
Profile %Silt %Cla,y %OM

%Cla,y + (% Cla,y7
and

number 1O~0~~ runoff. - - .~. -_·"0 __

.-- '-l:O;~)'
index ..... .:

Chromio Luvisols
(Lo) PE/l 29.61 26.45 1.03 36.75 0.80 •

MS/14 24.81 20.30 1.37 34.00 0.72

Qf./8 32.82 21.53

LUPRD (S.R. ) 12.76 31.71 1.38 45.51 0.28--

0.60
..

Average 0.60

Eutrio Cambisols
_. __ (~e) CSM/6 10.63 .1·88 0.2 9.88 1.07..

PG/l 6.89. 11.89 0.60 •.7.24 0·5

Ms/l 16.91 8.33 0.8 16.33 1.0-3
•

PE/13 11.11 5.47 0.4 9·47 1.17

CS!l4/5 18.84 9.28 2.0 29.28 . 0.64

CA14/e

QE/14 16·91 8.33 0.2 10.33 1.63

.1S/1 10.63 5·23 0.11 6.33 1.67

QE/5 7.13 3.80 0·5 8.80 0.87

Average 1.08 1.08 •
Pystrio Nitosols •
(Nd) Kl 23.20 17.40 3·45 51.90 0·44

K2 19·50 19·40 1.38 33.20 0.58

K3 14.58 27.38 1.13 44.68 0.32

K4 18-.21' . 21. :39- . - . 2;42 .. --45;59 . 0-·40 -

K5 . 24.43' _.. 14·41 :3.07 . 45;11- 0-.:31 ••
Average 0.41 0.41

-----------------------------------------,*
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APPENDIX 3

,
Derivation of Crusting Indices for Top-Soils and Sub-Soils of Pellic

, and Chromic Vertiso:J.s
•

Source Profile
Top-Soil

number :Depth %Silt %Cla-v %OM :'fa Cla;y+ :% Silt,
(em) 1O:0M% (% Ch.yrlO.OB)

Hunting Tech.Services
1976, Tigrai

MS/5 0-15 48 40 ,2.23 62.30 0·77,
CSA1/l 0-10 44 39 2·58 64.80 0.68

Q't,/2 0-8 23 35 3.39 68.90 0.33

ev/l 0-10 24 58 3·44 92·40 0.26

MS/3 0-10 28 49 1.03 59·3 0.47•

-0-10 33·40 44·2 2·53 69.5 0·50

•
Sub-Soil

MS/5 ~5-40 '
,

42 46 2.23 ' 68.30 ; 0.62
i .;

CSA1/1 10-30, 30 48 2.06 : 68.6 0·44

Q]!'./2 . 8-75 . 20 48 1.15, 59.5 0.34

CV/l '10-40. 19 59 3.09! 89.9 0.21' I

• MS/3 10-45 . 25 54 1.89 72c:9 . 0.34

Average 10-45, 27·20 51 2.0T 71.84- 0.39

j

t b
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Top:=Soil Characteristics for Soil Units wi thin Each Soil Chemical: Fert:ilHy Class

.:

Total N Total K Total P Avail I'
Source

Soil
unit

ERonY
Index·

Clay
(%)

PH CM
%

C
%

C
N

%. (ppm) P (ppm) (lJPm)

ExchangeabLe CBC B. S
(ma/aOOg) me/l00g %

eel. Mg K

ClASS 1

IDPRD;(B5 2) Hh

1984 (B53) II

(B70) II

(B61) Hhs

( B63') II

( B6s) II

(B66) II

(B68) II

Average

7.5 7.35 4.04 2.34 4.5 0.51

'. HiS 6.80 3.83 2.22 4~5 0.51

38.9 5.25 9.32 5.41 5·4 0.51

16.'9 6.25 2.31 1.34 4.5 0.51

1O.? 5.50 5.76 3.34 3.6 1.53

10.9 6.00 1.55 0.90 3.6 1.53

20.9 6.45 0.76 0.44 2.7 0.51

30.9. 6.15 3.62 2.10 5.4 .0.51

-
18.6 6.22 3.90 2.27 4.3- : 0.77

m 'vl' 'h-m

.'

$
~
~

" " • • .. •

-l'>,-..

'"~



•

~oD-Soil Charaoteristics for Soil Units Within Each Soil Chenuc~l Fertility

~ I~
~

Cla8s
.p.

~

<T
'--'"

Source
Soil
Unit

ErodY Clay PH ON C .Q. Total N Total K Tot""l P .',vail P !2xchangeable (rnA /100g) CEC 13 S
Index (%) % % N (~JPrn) (ppm) (ppm) (Dum) Ca rIg Ie me /lOOg %

by, 1968: Sh2.11a,
lis Abeba to
bra Sin," ? - _ 5. 6-6 . 5 4.3 2·5 13 0.19 - 514 VI to 1 11 h hm to h

Lng Tech. Services
76, Tigrai ("~5)V0 40 7.8 2.24 1.3 0.1 5330 - 1.2 16.9 1.7 0.1 19·0

0-10 (CSIiI,h) Vc 39 7·5 2.58 1.5 0.2 5870 - 0.0 ·2~. 3 3.0 1.1 26.2

(Q,E/2) Vc 35 7.2 3.44 2.0 0.2 2150 - 0.7 20·4 6,9 0 .. 3 29.2

0-10 (CVl) Vp 0.17 58 6.6 3.44 2.0 0.2 2980 - 4.6 31.4 10.0 1.0 35,9

0-10 (MS3) Vp 0.22 49 7.9 1.03 0.6 0.1 58{O - 1.0 43.2 4.8 1.0 40.0

age
:cc1e, (a-ISS",)
Nl1.rphy' c)

4-4 7.4 2 55 1. 5
D

Ool.~

1
I:~ ..!:-:~

!: i.;'

J·.5
vI

27·4
vh

53
h

O.o(

.;

:)1).1 100'!o

__._,_ ••~_ '. •• _._ ~.. •• -_·••• ' .._~_~,__~.~ •.·M__ ·' .•~__._- ," ......w. •• , • _~._..._ _,..... _. __•• _,

!
!
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Top-Soil Characteristics for Soil Units Within Each Soil Chemical Fertility Class-r;:"----_. - -...-
---_ ..

._.---'
Source

Soil ErodY C1...v PH, Olel C . C . Al.I0O% :ErCEC E:x:ch.Al Avail P E:x:changeable
unit Inde:x: % .~O.· %- (')1,) Ii WEC me/100g me/l?9~ (ppm) .J.me/iOOg)

Ca Ng K
-

GEe- :B.S,
me/l00g (')1,)

CLASS 3.l3

LllPRD, 1984,Koti
(xi)

Nd 26.9 4.70 4.49 2.60 0.9 14.46 0.13 5.4 10 3 1.02 37.6 38

"

"

n

Ii

"
(K2)

"
(K3)

Nd

Nd

30.9 4.90 4.35 2.52

28.9 5.10 3.62 2.10

o

o

15.89

16.89

o

o

4·5

6.3

10

13

4 1.02 30.4 53

2 1.02 29.8 57

" " "
(K4)

Nd 30.9' 4.45 4.66 2.70 13.1 8.95 1.17 14.5 5 3 0.51 38.0 24

" " " Nd 28.9 5.20 5.14 2.98 o 12·53 o . 7.2' 6 5 1.53 50.6 26': ._-._"C'

• ~,A ':' •

Average

(K5)

.,'- ---
29.3 4.9 4.45 2.58 3.5 13.74

.•..

0.33 7~.6 .
~"..

9 . 3.4 1,02 33.7 40

CLASS 1
---'

m ..-IIl-'-

- _.-."

- .. '

1 m h h



Sub-Boil Characteristics for Soil Units Within Each Soil Chemical Fertility Class

. . . . . - . -

i~ _. • .•.

Soil ErodY Clay PH, 0.1'1. C Q Total. N. ~otal. K Total P Avaii P Exchangeable. CEO B.S.Source
unit Index (%) H a (%) (%) N (%) (ppm) (ppm) (ppm) " -(me/l00g) " .me/LOOg (%)2

Ca }lg K

CLASS 1

LUPRD, 1984 (B52) Hh 9>5 7. 05 3.17 1.84 3.6 0.51

(1153) Hh 9.5 7.10 2.86 1.66 2·7 0·51

(B70) Hh 12.9 5.40 1.24 0·72 7.2 0.26

(B61) Hhs 20.9 6.25 2.14 1.24 5.4 0.51

(B63) " 10·9 5·15 5.59 3.24 5.4 1.02

(B65) " 24.9 6.15 1.41 0.82 3.6 0.77

(B66) " 26.9 6.70 0.69 0.40 2.7 0.51
- ... "

(B68) " .. "28.9· 5~95 3-'76· -2.18- 1.8 0·51

Average 18.1 6•.2 2~61 1·51 4.1 0.58
-

M VL h-m

i
~
VI

........
ll>
'-/

.. t • • • • •,.
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Sub-6oil Characteristics for Soil Units Within Each Soil Chemical Fertility Class VI

~

• ,- .
. -- . ' ", _. ,. 0' ."

-~ .....-_._ .... ... - .... -. ...-
~

Soil -ErodY Clay
. . .. - - . .-- #.", ••- ..";. -~...

Source
PH O.. jJ. C Q. Total U Total K Total P :Nnil P Exchangeable CEO B.S.

. unit Index ("/0) H 0 -("/0) ("/0) N (:10) (ppm) (ppm) (ppm) ~me/l00g) me/100g co2
Ca Mg K

CLASS 2

Hunting TGoh,'
Servives, 1976,
Tigrni

15-40 . (I'!S5) Vo 46 7·9 1.3 0.10 5180 - 0.3 23·5 4.7 0.8 29·1

10-30 (CSAl/I)Vc 43 7.8 1.2 0.20 6010 - 0·9 21.0 5.9 0.1 26.5

8-75 em (QE/2) , Vc 48 7.8 0.67 0.10 2150 - 0.2 17.2 6.1 0.1 29.6. ,

1~0 (cvi ) Vp 0.18 59 6.6 1.8 0.20 2690 - 1.4 ,34.0 10.0 0.6 -45·8..

1~5 -(MS3) Vp 0.22 54 8.0 1.1 0.10' 6890 - 1.1 " 48.6 ii.5 0.8 44.0

Average (15-45 em) 0.20 51 7.6 2.06 1.2 8.6 0.14 4524 0.9 30·9 6.6 0·5 35.0 10O)h

l-m I-m 1 h vI vh h m



~..nb-S2i'- Chat'Poctorictics for Soil Un"~s:)J',;ll;.n Eacr Soil Chemical Fort] Iity Class

Soil ErodY Cla,y PH O.M. C Q. Total N Total K Total P Avail P Exchangeable CEC B.S.Source
unit Index (%) H

20
(%) (%) N (%) (ppm) (ppm) (ppm) (me/l00g) me/l00g (%)

Ca !>Ig K

CLASS 3A .... - ,. . - - -.--- ~ . ~- - - . -,_. -'-

Hunting Tech. Servic·ss
1976. Tigra,y ".... • •• 0'" __ ., • _

15-35 (CSA4/6) Be 16 7.4 0.2 <0.1 460 - 0.0 19.5 5.5 < 0.1 18.4
10-30 em (PGlrBe 0.15 6.4 0.10 4060 1l.6

. ,

9.6" 14 0·5 - 5.7 0.9 0.2

" 15-75 ~JSl ,Be 16 7.4 0.2 - - - - 19.5 5.5 < 0.1 18.4

" 6-30 1'IS1) Bs 0.21 36 7·9 0.8 0.10 1060 - 7.1 32.9 5·3 0.2 40.9

" 15-30 em .. PE13)Be '·0.36 22 6.7 0·4 0.10 1620 - 2.3-5.8 2.0 0,2 12.3

" 15-74 (OSA.4/5)Be 46 7.7 2.0 0.20 7330 - 0.4 30.2 1.7 1.0 28.9

" (OSM/8) Be

" 20-50 cm(QE/4tBe 13 6.2 0.2 <0.1 1200 - 0.7'5;4 1.1< 0.1 8.2

" 15-45 cm"(QE/5) BB 40 7.0 0.5 0.10 4640 - 0.3 8.2 3.7 0.5 15.0

" 14-65 cm(rin) Lc 0.22 43 7.0 0.6 0.06 900 - 1.0 12·9 6.2 0.2 21.7

" 15-75 (r.1S14) Le 33 7.3 0.8 <0.1 900 - 1.5 23.3 703 0.1 31.7

" 25-40 cm(QE8) Lc 35 6.9 - - - 0.10 117° - 3.0 10.9 4.3 0.2 17.2

LUPRD, 1982, (S.E.) ,Le 52 6.65 1.380.8 2.7 32.8

Drstrom, 1973, Wabi
Shabel1e - 40-100 Lo 7.5 1.2 0.7 9 0.08 1746 - 1l.8 6.0 0.) .

.....

93%Average (15-50 em) 0.24 31 7.1 1.1 0.64 6.4 0.1 2334 (1746) 2.7 15.5 4.1 0.31 21.3

1 1 'vI· , m ? 'vI h' h 'm

i
~
VI

~ • • • • • • --- ,
o
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Sub-Soil Characteristics for Soil Units Within Each Soil Chemical Fertility Class V1

~

p.
~

Source

. CLASS 313

Soil ErodY

unit Index
Clay PH,
(%) H

20

Q.M.

(%)
C

(%)
Q. .\1.100%
N ECEC

ECEG
me/loog

Elich.Al· Avail P
me/l00g (ppm)

Exchangeable CEC B.S.
(mellOOg) meIlOOg(%)

Ca '.Ig K .

LDPRD, 1984, KaU
. (xi ) Nn 34.9 4.35 3.45 2.0

!

11.5 12.57 1;44 8.1 6 4 0.26 36.0 31

"

II

"

"

"
.. 0<2) .... .Nd._.

"

38.9 4.65;J.~38 0.8.. .2.6 8.16 0.21. __ ._.aLL. _5. 2 Q.51 3.6.4 26

.42..9 4.30 .2.42.. 1.4 .... . lJ.7-. 1.49 ... l2.6. '5--._.. L ...O.51.37.2 .. 19

"

"

(K3)

" "
....(K4) .

" "
(K5)

Nd"

1{<L•.....

. NCr'"'' .

54.9 4.60 1.73 1.0

'28.9 4.90 3.01 1.18,

2.3

1.9

10.18

8.44

11.86

0.23

0.22

1.8

6.3

7

6

2 0.51 33.0 30

4 .0.7140 •00 29

.".------_.-.- - .- - ...--...-.-

2.6 0.51 35.3 27Average 40.1 4·5 . 2.41.1..40 7.2 10.24 0.72 6.5
"',-' _.-- ."'~ '.'- - -., .-... 0.- ..

m m 1

6

m m m



Selected Soil Chemical and Ph.ysical Properties of the Gener.alised·Seil·Chemical
M' • •••••• "'F~~ti1ity C1assesg

Class
(source)

Top Soil

Sub Soil

a b
Soil Erod C1~

Uni ts Index %
pH,H

20 O.M. C

% %
s
N

Total
N

%

Total Avail: Exchangeable": d 1\1
K P Bases CEC ECEC Bas"

ppm ppm me/lOO(g me!l00g % Sat.
Ca Mg Ie %

1
LUPRD, 1984
(B52,B53,B70,B61,
B63,B65,B66,B68)

Top

SUB

Hh
and
llhs

.. 19

18

'. 6..2

6.2

m m f m f

3.9 2.3 (10) «>.23)
m ··m f 1 f

2.6 1.5 (10) (0.15)

vI
4.3
vI
4.1

h
0.8
h~

0.6

o

o

2 m m 1 h . v1 vh h h vh
(Huntings, 1976:. Top Vc 0.20 44 7.4 2·55 1·5 9.4 0.16 4440 1.5 27.4 5.3 0.7 30.1 0 100
MS!5, CSAl!1Q,E!2, - and , . , m -m 1 h . vI vh h m vh
fJv/l, MS!3)' SUB Vp 0.20 51 7.6 2.06 1.2 8.6 0.14 4524 0.9 30.9 6.6 0.5 35.0 0 100

;'r.

3a "_, ,__ ".,b .

~.(Buntin(;a,l9-16:.-CSA4!6 . '... __. I- - . T'
.. • -0 ' __ .~ .• "' '.,,, • - • ,. -' • _ •••• _,... -

~- .. 1 m vI h .m __ m vh
CSA4!6, pa!l, JS!l, Top Be 0.21 19.5 7.1 1.70 1.0 8.3 0.12 ~475 4.2 12.7~~.'LO.3 17·9 0 87

.MS/l,PE!13,CSA4!5, and
-CSA4!B.•.QE.!4,.QIll,L5-,·· .... ... - i i'.. ,. . lie .... "-"'-- - 1 m vI h h m vh

PB/l ,MS/l4, QE!8, SUB and 0.24 31 7.1 1.10 0.6 6.4 0.10 2334 2.7 15.5 4.1 0.3 21.3·0 93
'LUPRD,l982(S.R. ) Lo

CRSTRtM, 1973. . ...- .. ---.•.~ -" .. ... -,. -..,--_ .. ,,¥ _. ~". ~... . ..

3b m m f 1 f 1 m h h e v1* m
(LUPRD, 1984: xi , K2, Top Nd - 29 4.9 4.45 2.6 (12) (0.2) - 7.6 9 3.4 1.0 33.7 3.5 40
K3, K4, KS) - m m f 1 f 1 m m m e 1 1

SUB - 40 4·5 2.41 1.4 (10) (0.14) - 6.5 6 2.6 0.5 35.3 7.2 27

r . • • • • • •
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-APPB:rIDIX 6.. .
Page 2

(cont1d)

a. Symbols according to those given in the legend ~f the Soil Map

of the World (FAD) UNESCO, 1974)

•

•

•

•

b.

c.

e.

f.

g.

h.

*

Determined by use of the nomogn>pb in Wisohmeier and. Smith (1978)
..

Determined. by Olsen extraction'

Determi~e~.wi.th N.NH
4

Acetate at PIf7.0

Unreliable, should have determined Effective a::rt:i.on. Exchange Capacity

Estimate~ Values

. .
These values represent average values of soils from the specified soUrces.

With respect to CEC determined witt N.NH
4

Acetate at plf7.

Some soils give extreme valuesof 13-3 & 17.7% Al saturation of the

ECEC. in the top soil and sub-soil respectively•

• h - hi:gh, m- medium, 1 - low, vI - very low.



. APPENDIX 7

Relationship between Soil Nutrient Levels and Soil Ch~ Ratings

Soil Chemical Values
Soil Chemical Ratings OM(%t Total b Avail. c Exche . d 'J,U. Sat. e •

NC%) P(ppm) K(me(lQ<J) (%)

Very 19w < 1 <0.1 <5 <0.2 1.5

Low ·1..2 0.'1-.2 5-10 0.2-0.3 5.10 •

Medium 2-5 0.2-003 10-25 003..0.6 10-15

High 5-10 0.3-0.4 25-50 p.6-1-, 2 15'"'25

Very high :> 10 :> 0.4 :> 50 :> 1.2 :> .25 .-

a Determined by the Walkley ;Black method
b· ..

Determined by the Kjeldahl method

c ..
Determined by'Olsenextraction method

d
Determined by N.NH Acetate extraction at PH:7.0

- 4-. .

•

e Determined as AljECEC ass percentage,Values
Al intolerant crops only such as sorghum, and

.' L,

given refer to
.cotton.
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"

j:; " .lD.piio ,phaEoz ems

,
So11

OM -0
Total Available me/l00g

Horizon Souroe Depth PH
N~ PCpI'm) Exohangeunit

'T'I{

-:"-iiit
L1JPRD, 1984

1152 Hh 0-10 7.35 4.0/1 2034 4·5 0.51

B55 ',' -Hh ~10' '6.80 3.83 2.22 4;5 .. , 0.51
- . -"... ;

0.:15 6.25 '-. -
" 0.5~'. ',. - - ;e§.J,. Hh 2.31 1.34 -4·5 ,-~..

~30 5·76 3.34- 3.6 1~53 "B63 Hh 5-.5Q,

B65 Hh 0-30 6.00 1.55 0.90 . ""' 3.6 - ~.53
•

B66 Hh 0-15 6.45 0.76 0.44 2·7 0.51

:a68 Hh 0-15 6.15 ,3.62 2.10 5.4 0.51

B7° HIi '0-20 5.25 7032 ' 5.41 5.4 0.51

Average 0-18 6.21 .. 3.64 2.26 (0.22) 403 0.80
m est vI h-- ...--._.-

2nd. B52 Hh 10-20 7~05 3.17 1.84 3.6 0.51
.. '- -'-..._-.....

. "--~

,-c "--:853 Hh 10-40 7.10 2.86 1.66 2.7 0.51 ·
B61 Hh 15:.86', ,~ 6'~'25 ' ' 2-.14 ,;I..•.?4.~., , 5·4 0.51
, :~.: ..,.
B63 Hh '30-55 " 5. 15 5·59 3.24 '5.4 ""--.-1.02 •
B65 Hh 30-75 6.15 1.41 '6:82" - .. -. 3.6, 0.77

B66 Hh 15-40 6,,70 0.69 0.40 2.7 0.51
RI1f\ llh :l:J-:)O 5.95 3.76 2.18 1.8 0.51

117° Hh 20-35

. ' .. ..;..- Average 18-50 6.33 2.80 1.62 (0.16) 3.60 0.62
, _.... , ... : m est vI h- • . '-..

- '20;05
,

3rCi '< .. , ... B52 Hh "6.85 ·-2...1~. 1034 2.7 0.51. -.', ' ~ ~ ...... .,",...... ,~ '"... ""'" ,. .. _,.. ~.....
B53. Hh 40-70'" . '7.15 1.2.8, 0.74 1,.8"'-" 0.51

~'-"-' .' .... . '.,.........
B61 Hh so-no
B63 Hh 55-90 '6.55 4.38 2·54 4.5 0.26
B65 ·Hh 7.5-145 6.50 0.66 0.38 2.7 0.51, ,

B66 Hh 40-60 6.70 0.66 0.38 2.7
B68

~ ...... .j,..\, ..... ~ .... ~~-~ • B7° Hh '35-55 5.40 1.24- 0.72 7.2 0.26
-; ..,,'. ", ..... ~.- ..' ,

.... ., in,·. - ,
, '-'\", " .. '~ ., .. 50-85 6.53 1.75 '·1~01 ( <0.10) 3.60 0.41Average .... :. ~ ..~.

(1)
, "

est' 'vI m•... ~ ,",",

-. .......
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APm:nIX a
·Page 3

0) Chromio Luvisols

,,", .-,

ine/l00~Horizon Souroe Soil Unit Depth pH TctaJ. Available OM C
'N{~} 1'(PPIIi) E:iccn.K % (~)

. _.._.. ~_"·i

Hunting
Teoh. -,~ ...... .,_.~-.~-. -_ ........

,. _." ..

Servioe
1976
TigTay

1st PBl Lo 0-14 6.1 0.2 8.9 0.2 2.75 1.6

/.IS 14 Lo 0-15 7. 0 ~0.1 3.8 0.2 1.03 0.6

QE8 Lo 0-25 7.1 0.1 17.6 0.4 1.38 0.8

LUPRD
(S.R) Lo 0-30 6.4 1.8 2.48 1.44

Orstrom,
1913,
liabi
She,beli

Average 0-20 6.65 0.13 8.9;; ,.0.26, .. ·1.91 1.11
- ..~. 0 ••·-' ~•••• ' - .-- i- 1 1 ri.. <.......- •••_.- •

2nd PBl Lq 14.,,65 7.0 0.06- 1-;0._.• ,
CY~2 1.03 0.6

MS14 Lo 15-45 7.3 -e o.; 1.5 0.1 1,37 0.8

QE8 Lo 25-40 6.9 0.10 3.0 0.2

- (S.R) , Lo .. 30..90 6.65 . 2.67 1.38 0.8

Orstrom
1973
Wabi
Shebeli --

,

AverJMie
.~.,".

20-60 6.70 . 0.08 2.04 0.16 1,26 0.73
, , vI vI vI 1

> •. _ •••-,- - .--'•.• ~~•• -~'

3rd PB-f - "'La' . '65;';95 -, 7.4 - '0.06 1.0 0.2 1,03 0.6_.-
MS 14 Lo - 45-15- . 1.5 <l0.-1·- 1-.5 . 0."1- 1.37 0.8

QE8 Lo '40-145, 6.9 O.l 3.0 0.2

(S.R) Lo 90-130 6.60 3.61 1.38 0.8
Average 60-nO . 7.10 ,0.08 2.27 :'0.16 1.26 0.73

vI . vI vI r

... ,".

.. ;- .. ' .,.

. :-:-



,J'FENDIX 8
Page 4
d) Eutrio Cambisols

Horizon Souroe Soil unit Depth PH Total Avail me/100g OM %
N(1J!) P(ppm) exch,K % 0

Hunting
Tech.
Servo
1976,
Tigra;y

1st OS1I4/6 Be 0-15 7.5 cj 0.1 ~0.2 'o.i 0.3
.---"", ..,-'

POll Be 0-10 6.4 _O!l. ---6.5· .-- -0.2 1.03 0.6 '~

-
JS/l ..Be- 0-15 7.5 0.1 0.52 0.3--

6~9
__ 4 ~

lllS/l Be 0--6 8,0 -001' 0.4 1.72 1.0

P,\';/lY -- Be 0-15 6.7 cj 0.1 1.9 0.1 0.52 0.3

OSM/8 Be 0-20 7.7 0.2 0.5 0.6 3.44 2.0

QE/4 Be 0-20 6.6 cj 0.1 0.7 -0.1 0.69 0.4

Average 0-15 7.19 0.08 3.10 0.40 1.14 0.41
v1 vI m 1

"
2nd OSM/6 Be 15-35 7.4 cj 0.1 0.0 cj 0,1 0.34 0.20

PC/1 Be 10-30 6.4
.. 0.10 i i,» 0.2 0.86 0.50-

JS/l Be 15-35 7.4 cj 0.1 0034 0.2

MS/l Be 6031 7.9 0.10 7.1 0.2 1.37 0.8

PE/13 Be 15-30 6.7 0.10 203 0.2 0.68 0.4

CSM!5 Be 15-75 7.7 0.20 0.4 1.0 ':~..44-" - 2.0
.; .. -

OSM/8 ._-" . ,'-

Be ._'. -
QE/4. - Be- 20-50 6.2 cj 0.10 _-0-.1- - - <l o~i 0.34 0.2

•Average 15-40 7.10 0.10 3.58 0.27 1.05 0.60
.0'• • vll vl 1 1. . . .

3rd 0(3114/6 35-90 7.8 0.1 0.0 0.0 0.34 0.20

PC/l Be 30-50 6.5 0.2

JS/l Be 35-90 7.8 cj 0.1

MS/l Be 30-52 7·9 0.1
.- ....

FE/13 Be 30--60 6.5 0.2--- -
~ - -"

-" ."

OSM/5 Be 40-15--- ·7.{)-- '0:20 . 0.4 1.0 ___...2.0.....--' '" ...-"

_CSM/8- 7.8 - --'0"2
>1-- ,.~

Be ..- ....-. .
,- .-.. "

00/4 Be -- -- -50-75 - i.o cj 0.10-- o.? cj 0.1 0.34 0,2
'.~'.. 7.3 0.13 0.55 - 0.30 0.34 1.0

vI vI 1 vl

\-



APPENDIX 9

The Influence of Current. Sheet and Rill Erosion Rate Classes on Reductions In

Effective Soil Depth and Changes in Soil Depth Classes over 25 years

Shoot .:J.Dd Rill Soil Depth
Erosion rate class Reduction (em)

• '1 and I 0.6

I 11 and II ··· ..·1·;9'· ..

• 111 and III 4.4
'·~~T·.

IV 8.1

*Soil Depth
Class changes

I
•

•

"'--, · .. -- ..·n

. .- - - ._311

... . -_.~ ,", Jill.l ..~ .

.-~.....' - ..-~, . _.".

~ . '- " .-- .,;..~.

..."- '"

.. - - ' ..".,.-....

.. ~- - -..-' . , ,
t .-'.

..,-,-.

' .

' ;

E ~F

F ....R

B ~,C

C ., D

D~F

E ~R

F ~ R

L .. B

B -i C

C~E

D+R

E -tR

F ... R

A~B

* See Tab~e 8 for relationship between effective soil depth and depth class.. ,

"
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AVAILiIBLE 11LTER CfU'ACI~Y ~ATA Cl~CULATE9 USINGDD'FEREllT I"HLD CLP/.CITY vrr.uss FOR DIFFERENT SOIL 'UIITTS

,

Texture Bulk FC+- 0.1 Biffi 1i'.?.=Oe3 B/ill : FC=O· 2Bfill .:
(EST'D)

,
Soil Unit Profile Densi.ty i

Top Sub i
(FAO/UNESCO, souroe Number

Soil Soil
Top Soil Top soil Sub soil T<)p soil ·.sub Soi;J. Top Sub,

1974) Sub '8'3il , 80il soil;
(~/em j) ; , ,,

lblUe fJIdosol qogreah, !

1~82, IJIeki
; ,, ,

and Ga1ana oil sil-l 27.4 ?6J i
, ,
, ,

Vitrie Andosol S"!greah, i I,
i,

1982jMeki . ; .
I

arid Galana 8il sil-nl I
24.6 24.4..

, :, ,
HapHe

,
So'greah, ,

PhaeQzem 19?2j~leki

am Galana , \8.2 21.7

Luvie Sogreah, , , ,, :
Phaeozem 19a2jMeki .' I• i

,andl Galana i
, 26.2 . 18~4

; !, i
; • i

, , ,
Chromic HunFngs MS/5 SJ.G s:i,c-e

~
21.3 14.9 14·5 11;7 ; 17·5 13.

Vertisol iI'ecli.
\

].50 ,
t ,

Ser\(ices ; ,, , .'
1976, ' ~, ,, ,
Tigrk.i I ,

, .
CSfJ./l S:i,4 1.37 14~4 16.9 '11.3

I ' ~.. " , c 23.7 ' 20.3 12.

i
!

~39 i :'.. "
,

CSM/9 0 01 ::z 22.1 19~9 20.7 18.2 ' 21.4 19.,
I , , ,, ! ,

\
", .39 l

"
", tI

,
1$/2 01 1~ 27·4 17.6 17.4 14.2 22.4 15.0

'. :.. Ha1crow, ULG, K43 c 0 1.48 10.8 13.3

1962, Debus
< •,

R1,v'br • • • ..

;',

:

\
"



• • • < • •

Texture Bulk
FC=O.l BM F.C.=003 BM

FC=O 2 B.',R (EST 'D
5,U Unit

Profile Top Sub
Density

Top Sub(FAO/UNESCO, Sour-ce Top SoilNwnber Soil' . Soil soil soil1974) Sub Soil Top soil Sub soil Top soil Sub soil
( "'/an 3)

Pel.lic Hunting lfff3 /3 c c 1.27 21.1 13·9 16.6 10.4 18.9 12.2
Vert.isol Tech. 1.28

Serv~ceGt

1976, " .- ..~."
TigrB.i.

" Halcro",- PlISD/16 11.1 14.9
. - .. .. __.

0 c
ULG,1962,
Dabus
River

II II PllSD/I0 0 0 9·1 13.0
Eutrio Hunting . CSM/6 1.52 :)..60 sl/sol 23.9 14·5 17.0 10·7 20.5 12.6
Cambisol Tech. ,-. , services,

: 1976
Tigrai

" II CSM/5 1.43 1.44 o /01 24.2 16.3 17.3 12.8 20.8 l4.6
t>ystrio Holorow--' PlISD/16 . so I c. 8.4 8.2

'L_,_ •• _ ._

Nitosol ULG,1962 '- . -..
, ...

Dabus .

River
. ..

,

Chromio Huntings QE/8 1.36 1.36 1 1 24.7 20.1 19.7 15.6 22.2 '17.9
Luvisol Tech. .'--..-

~ .... - '. .~-.- .",.~' ..
Services

. ·n.
-'"

'. . ,- -_... - . ,...
'., -...

1976;Tigray ..' .--. . .. ~"

, .

" MS/14 1.33 1.43 1 cl-sl 24.4 25.2 14.6 18.8 19·5 22.0
,

Chromio " QE/l 1.75 1.79 Is Is-s1 20.3 8.5 9.6 11.1 15. 0 9.8
lIrenosol

'1:1",

~i
t;;1
I-'
o



ESTIFL\TED'lJ{uu1~,
I

NUTRIENT LOSSES FROM ~IFFERE~ SHEET ."ltD,RILL EROSION.R~TE

qHEMIC,CL FERTILITY CL;\sS

CL!~SES tJID;DIFFEREl~ SOIL

Organic Mattera, ,
(t/ha/yT)

Chemical'
Fertiiity Cla~s

Exchangeable'
:Potassiuma

(k,g/ha/yr )
Chem.Fert.Class

Olsen-Extractable
Phosphorusb:

(kg/ha/yr) :
Chemical Pert.Class

Sheet
and
Rill
Erosion'
Rate Class

Average
Soil
Loss

inm/yT
1 2 3a 3b i 1

Total Nitrogen~
(t j,ha/yT)

Chemical
Fertility Class

I

2 3a 3b
,

1: 2
I

3a, 3b 1 2 3a 3b

po 25 po 19 ; 14 po8.7 po 21 pol.2 poO.95 poO.70po1.1 M60po140 po 70po180po 3.0 po 0.90 po 2.5

0.24 0.16 0.10

3.0 1.9 1.3

4.9 3.2 2.1

10 ~.o 4.1

17 12 7.6

0.10'0.16 24 21 9.1. 30 0.40 0.14

0.16·0.26 39 34 14 49 0.65 0.22

0035 0.58 86 75 32: 100 1.4 0.49

0.59 0.95 140 120 58 160 2.5 0.79

0.05 '

0.16

0.38 '

0.71

1.1

2·5

4.3

po 5.1

0.03

0.09

0.21

0.39

0.63

1.4

2.3

2.3 0.0,) 0.01

7.0 O.O~ 0.03

16 0.22 0.07

0.01;0.01 '1.9, 1.6 0.7

0.02,0.04 5.6 4.9 2.1

0.05 0.09 13 11 4.9

0.80, 0.04 :0.03

0.26 0.01 :0.01

1.8 0.10 0.07

3.4 0.19 0.13

5.6 0.30 0.21

12 0.67 0.46

19 1.0 0.80

0.46 0.,?,0,

1.0 O.y

0.70

1.6

5.25

0.25

0.75

1.75

3.25

11.5

20.75

I

II

III

IV

V

vr
*VII

*VIII

* ' 1; \

At these erpsion rates the nutrilmt corrtdrrta in'the 0-15cm and 15-45cm horizons are used in the calculations.

a lin enrichment ratio ot 2'.'0 has been used:"

b' .
lin enrichment ratio of 2.4 has been used, . .

I

.~

e3
~

• , .. • •• , • • ........




