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1. PREFACE

1.1 Terms of reference

The Consultant originally accepted a one-month consultancy to "undertake
a macro~economic survey of the highlands of Ethiopia, and to propose solutions
for land resource management and land use planning problems". Subsequently,
substantive changes were made to #he terms of reference and the consultancy
was &Xtended up.to 29 February 198k.

The revised terms of reference were: . T -

(a) To assess. the nature, causes and relative 1mﬂortance of 5011 degra-
dation processes in the Ethloplan Highlands; :

(b) To provide data on projected changes in soil fertlllty due to conti-
nued soil degradation that would enable: members of the Ethiopian Highlands
Reclemation Study (UTF/ETH/03T) to predlct changes in land productivity and
hence the economic costs of soll degradation; '

’ (¢) To assess ‘the hazards of the dominant soil degradation processes in
terms of their impacts on soil fertlllty.

‘1.2 Gonstrainﬁs encountered

o The major constraint experlenced by the consultant was the very consider~
able time devoted to cartographic work, i.e. in the preparstion and checking
of draft- maps and the checking of corrections. Twelve maps were produced to
show the @istribution of soils, erosion rates, hazards-and soll’fertllity
characteristics wlthln,the Bthiopian Highlands. This consumed the major part
of the consultant's time, notwithstanding. the hard working assistance of the
cartographers in the Land Use Planning and Regulatory Department of the
Ministry of Agricuiture, Addis Ababa. A further constraint was the paucity

~ of basic soils data available and the time spent in acqu:r_rlng and complllng
the llmlted information that did exist. e

1.3 Emphasis of the study

It soon became apparent that soil degradation in the Ethiopian Highlands
may. be p031ng a threat not only.in terms of the physical loss of soils, but
alsg. in terms of deteriorating scil chemical ‘fertility. . Thig study has there-
fore. empha31sed both the phy31cal and chemlcal deterioration of soils due to
.. degradation, e
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24— THE-NATURE, CAUSES-AND RELATIVE IMPORTANCE OF SOIL DEGRADATION PROCESSES IN

IN THE EHTIOPTAN HIGHLANDS

Degradation refers to a deterioration in the quality of the enviromment for

- -man, vegetation, animals and aquatic life. Soll degradation may be manifested

by a reduction in the actual or potential productivity of soil to produce food,
fodder, fibre, building materials amd fuel. It can also lead to a lowering of

the quantity and quality of <domestic, livestock and irrigation water supplies,

a deorease in hydroelectriocity power generation and to a deteripration of habitats
for aquatic and other forms of wildlife,

There are a wide range of soil degradation processes, some of which are closely
interrelated, which Have been classified into six categories (FAO, 1979). These
are water erosion, wind erosion, salinisation and alkalisation, chemical degradation,
physical degradation and biological degradation. The causes of these processes
are invariably a combination of natural phenomena and man's actions such ag the
destruction of vegetation cover, overgrazing and inappropriate agricultural
practices that are not in harmony with the ecological environment. It is man's
actions, often as a result of increasing population pressure, that extend and °
accelerate the processes of degradation. - Water erosion includes sheet, rill,
gulley erosion and mass movements; salinisation and alkalisation refer to the
accumilation of excess salts and sodium, and chemical degradation to the leaching
and removal of nutrients and the build up of toxicities other than those due %o
excess salts. Physical degradation includes those processes such as poor cultivatipn
practices, which adversely affect soil physical properties such as infiltration
rate, structural stability, root penetrability, and permeability. Some of these
processes which result in the exposure of the soil surface teo rainfall are closely -
related to sheet and rill erosion. Biological degradation refers to processes

-which accelerate humus mineralisation Trates, and largely reflects the moisture/

temperature regimes of the environment and land use practices,

21 BSalinisation and alkslisation prooesses-

These processes become important in areas where evapobranspiration exceeds

_precipitation for much of the year resulting in the upward migration of salts from

ground waters into the upper parts of the soil profile:  The Ethiopian highlands #
are characterised by perhumid to semi-arid moisture regimes using Thorqthwaite's
moistures surplus - deficit index (Thornthewaite, 1955) as illustrated by Camechu
(1974). The semi-arid areas, in which salinisation and alkalisation most commonly *
ocour, are of very limited extent in the highlands as shown by the restricted
ocourrence of salt rich soils e.g. solonchak, in the Lake Abiyata area (Fig. 4).
Salinisation and alkalisation processes are relatively unimportant in the Ethiopian

2.2 Chemical degradatbion processes

Chemical degradation is mainly due to leaching and poor farming practices which
result in the loss of nutrients and a concomitant increase in exchangeable Al, and
gometimes Mn. Leaching will tend to be highest in the high rainfall regions of the *
highlands, i.es in regions D and E (Fig. 11). The detrimental effects of leaching
will alsc tend to be most serious in soils with a low cation exchange capacity,
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mince these soils-poasess ‘a Tow -reserve of available nu'!:'.c:.ents 40 replace thome

-7 lost.by: leaching., Thus, sandy soils such as the Cambic Arenosols (o) and soils
" dominated by low organic matter conteénts and kaolinitic clays such as the dysiric

nitogale and orthio ‘acrisols:Will be most prome. to deterdoration as a result of-
leaching, These goils-belohg to thé generalised Boil chemical fertility oclass
" 3b (see Table 10 and Fig. 5). As leaching coninues the. soils.become more acid,
with more of the cation adzorpiict gites becoming. occupied by exchangeable Al.
Ultimately; the percentages Al saturstion of the effpctive-eation exohange capacity

" (BCEC) may become -sufficiently high "bo.foa.ue.e'theti_'éoilf‘_égiutioh‘AI concentrations
""" %o reach toxic levels for some ctrops. The average soil.chemical fertility values
" Por the dystric nitosols are givefi in Appendix 6, class 3b {(no data were obtained

. for the orthiq Aorisols). The average iop soil and sub-soil pH values are 4.9 and
4.5 respectively, and the average per cent Al saturation values of the ECEC are’
3.5 per cent and 7.2 per cent respectively., . These average values are unlikely to
result in a decline in cyop yields, However; in one of the profiles analysed.
(K4), the: percentage Al saturation of the BCEC was 13.1 and;17.7 per cent for the
top soil end sub-soil respectively (see Appéndices 4 and 5). These values are
sufficiently high:to redice thé yields of Al sensjtive crops such as sorghum and
cotton for which the critical Al saturation values, beyond which yields rapidly
decline, are 10 to 20 per cent and 10 per cent respectively, Barley and some

- wheat varieties are also particularly sensitive to aluminium:toxioity -(Krampath,

1972; Foy and Brown, 1964). More data is required on the Al and Mn ‘satiration
levels of the soils in class 3b béfore the impacts of chemical-degradabion due to
leaching can be satisfactorily assessed. I Co e

A | Tablel o
' L @rient removals hx'maize,': {gheaf and sorgm_a_mﬂ m _
ch .- Train Tield . K "Nutrients removed (EZ E! .
NP (t/na.) N P K - . Ca Mg
Maize . L0 - a0 9. B TS 5.0-
Wheat, o 0.6 - 15 32 17 ZxZ3 - 3.0
' Sorghum L. l.o : 26 ‘1.3 - 6 8.6 - 566"

" Total nutrients removed by grein + straws.
Source: Sanchez, 1976,

Chemical degradation can also be caused by peor farming systems which "mine™ the
. soil, ise, where there is.a steady removal of nutrients with no, or only minimal,

- . nutrient replacements, ‘It is assumed in the following discussion that fertilisers
are not applied, crop residues are largely Temoved for fodder; and that most of the
dung is bumt as fuel. .These practited are prevalent throughout much of the highlands
and ‘result in minimal quantities of natrients being retured to.the goils, The
-gitdation becomes agaravated wherd:fallow periods are non-~exidtent or very short.
The s0ilg’ in the Ethiopian highlands Have Yeen grouped into four generalised soil
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ohemical fertility classes (sectmon 5 2) on the basis. of the natuqa of their -
humic horizons, their base saturatlon, and whether or not they beoome\seaaqnally
waterlogged. ‘Charecteristics of the four classes are given .in- Tablé 10 and"their
. distribution is shown in Fig. 5. The:'soils are generally moderate to well supplied
7 ine tha.nutr1ent baees, low to moderate in n1trogen and very 1ow to low in phosphorus.
i Typlcal nutrlent rem0vals by cereal crops are given in- Table 1. ,When ‘these
" velues are tdmpared with the estimated nutrient contents of fhe four generallsed
poil chemical Fertility classea (given in Table 21 for N and'K, and in Appendix 6
for Ca’and Mg). there would appeer to be sufficient K in the 80113 to- satlsfy crop
requirements for at least 40 years,‘or 20 years for class 3a soils, and sufficient-
-Ca and Mg to-meet the crop démands for at least 100 years., Thus no problems of
"mining" Ca, Mg or K are 11ke1y 4o arlae in the near- future._ .

fractian, poss1b1y 2 per cent, of %he 3011'5 total nitrogen will be releaded by
mineralisation each year., Moreover only part of the mineralised-nitrogén will be
taken up by crops, the remainder being Tost by immobilisa¥ion, leaching-ard
- denitrification.” Furthermore, for soil chemical.fertilit clagses -1-and 3b the
total N values-haté-Been egtimated by dpplying assumed C/N ratios to the.organic
N " carben values (Appéndix " 6). .= Nevertheless, class 3a soils, characterised by ochric A
SR horxzqns with their low total N values would appear. %0 be most susceptlble to N
“minlng" If 2 per cent of the total N is assumed to be mineralised each Jear '
‘;fiém fhe top 0-15 om, of soil, then about 40 kg/ha/yr would be released from class
' 34 8oilss - This value is not d1931milar to the estimated N removal figures given
" in Table ).fop. -aere4l Crops. Chemical degradation due to a "mining" of soil
nitrogen is likely to be most serious on ¢lass 3a soils, and the gitvation will
be exacerbated in areas with no or very short fallow periods, whére 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. In the latter
two processes nitrogen losses will be 1ncr®ased through volatillsatlon.

- The situatlon with regard to phoaphorua is even more difficult to assess
“because “the quantltles of available phosphorus present in the soils are unknown.
. The- Olpert ‘values given in Appendlx 6 are merely indices of the available phosphorts
. levels:and cammot be compared with the-orop P temoval values. However, there can
. 'be very litile replenishment ‘of the already very low to low available phosphorus
-levelg “in: the soils except.in- areas with long fallow periods, Thue a strong. -
Qﬁpossipility exists th&t chemical degradation due to the harvesting of phosphates
", in grain-and straw is occurring, especially in areas with non-existent or very
**ghort fallow periods,

To assess the relative importance of nutrient mining in situations of minimal
mtrient replenishments with nutrient losses dne to sheet and rill-efosion, the
crop nutrient removal values given in Table ‘1 need to-be compared with the soil -
nutrient erosion logmes given in Table 23. The latter values have. been very -
roughly estimated from the estimated sheet and rill.erosion rates,, the 3011
nuirient contents of the top 'soils of the four generaliged soil chemical fert1lity.
classes (Appendix 6) and froum the nutrient enrichment ratios (see section 7,4)

. A comparigon of the two sets: of figuree shows the nutrlent srop removals 40. ber'™
, generally equlvalent to. the 1ow to medium goil nutrzent erosion rate classes,
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and appreociably lower than the high %o very high @oil nutrient erosion rate classess
Thus the ™"mining" of soil nutrients will assume greater importance in areas where
the losses of soil nutrients due™to sheet and rillrerosion are low,

243 vaical d

dation procégses =

Physical degradation that results in surface sealing and crusting is a result
of the exposure of the soil surface to..the impact.of -rain-drops, - The Hufface
- ageregates of soile low in organic matter and high in silt contenis are usually
most prone to structural disintegration and the formation of surface seals or
crusts. It is the infilling of pores and the origptgﬁibn of sqil particels
parallel to the surface that results in sedl oF crust development,l/ and the rather
impervious nature of these surfaces encourages runoff, The enhanced runoff in tum
accelerates erosion and thus the physical degradation processes of sealing/crusting
and sheet and rill erosion are inextricably linked. . Surface sealing and crusting .
will be most pronounced in areas where the storms are highly erosive, e.g. rainfall
regimes E and D (Fig. 1l), and especially on soils of low organic matter and high
gilt contents, .e.g. class, 3a soils (Fig. 5;. Crustirmg ihdices have been calculated
for four soil types (Appendices 1, 2, and 3) using the formula: _

fCrusting”Index =% - 4 81Tt Content

which is a simplification of the formmla given in "A provieional methodology for
soil degradation assessment®, (page.18, FAOy 1979):° The relationship between
crusting indicés and crusting susceptibility ratings are given in Table 2 and the
estimated orusting susceptibility ratings for four soils, for which at least four
profile data were available, are given in Eable-Ba"*Tﬁé“éﬁfffé"ﬁﬁﬁﬁ{géls and chromic
- Luvisols both exhibit medium crusting susceptibilities and are dominant soil units

. within the soil chemioal-fértilily class 34 which is generally characterised by

“ochric {low organic matter) top soils, As the increased runoff causes further
shee} and rill erosion, it will be. the finer, more mutrient~ric¢H, more mumic soil
. Praotion- which is preferentially eroded, Consequently, the organic matter of the
surface soil will decrease and the relative proportion of the coerse zilt and sand
may increase, Thus, the soils will progressively become increasingly susceptible
to surface crusting., Farming practices which reduce the protective vegetative
cover of the moil surface such as OVerpPrazing,. anmual crops which give a low
ground cover, and late planting will nll be conducive te sealing and crusting.

In addition to promoting runoff, surface crusts can inhibit .or reduce sealing
erergance during dry pericds and may reéduce the supply of oxveen to plant roots during
wet perilods. e el e

The loss of runoff can seriously reduce crop yields especially in areas where

water is an important factor limiting yields. This woyld be most likely to occur
during some years in rainfall regimes E and D (Fig. llj; Stewart (pars. comm.)
showed for an area of high moisture deficit probabilities in Kenya, that for evey
extra mm, of water infiltrating into the so0il, that is not lost as runoff, the grain

1/ Seals are generally very thin and composed of compacted clay particles
whereas crusts are gemerally ticker and with higher silt and sand contents.
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Ta'ble 2

’Relation ips betwaen cruat:mg index and cmstigg
suscegtib:.li'{:x ra{::.ngg

Crusting
Crusting susceptibllity
" ' index - rating

O=0s Very low
O¢5~la . Meditm
1,0-2. . ngh

2,0 FRN Very hlﬁh

- Ta.hle 3

‘.

Cms’binﬁ“susceptlbillty_ ratmgs for tgg 5011 and sub-soﬂ
horizons of selected 3011 txpes (flrst a.ppmxlmatmn)

T *1 0~T Sub—- TS50
Soil Unrl;_j 801 ( som)__/ soi (5-5 cm;ﬁ]

: | _ ~ Crusting auscep‘hl'b:l.ll‘hy ,ﬁmstmg susceptlbllity
rating 3 rating

Chromic Luvisols ° = - Medium Medium

Butric Cambisols Medium - - ‘High

Dystric Nitosols 2 Low™™ - Low

Pellic and Chromic . !
Vertisols , Low to Medium . . Low

——

l Glasaified acoording 'ho -I:he 1egend of the 8011 Map of the World
(FAO UNESCO 1974).

__-/ Avera.ge fvalues
_/ Refer -l'.o Append:.ces 1-3 for demva’clon of cmsting 1d1ces.

1



-7 =

yield of maize was increased by 16 kg. - Marked yield ‘increases due to the prevention
of runoff have also been demonstrated for maize and sorghum on the Alemaya soil
_.‘gerles in the Hararghe highlands from tied-rldgzng expeylments (Tam1r1e Hawando,
“re 1983), Table 4-gives the mean percentage yield increases obtained with and w1thout
"tied rldgee fcr the two seasons 1981 1982 frcm N and P fertlllser trlals.

;Teble 4

‘Influence 6f tied ridging on sorghum ard maize grain y;elds

| Averagelyieid‘increaee due*to;tied ridges (%).

Maize ‘},' f - - o ,‘3:‘1 Sorghum - -

‘1981 1985 . 3581 198

36.4' 20,7 o 16.8 ' ' 18.4

N

"Ve1uee are’ the average ylelds of all the nltrogen treatments. .

 Maize whiok is much more sensitlve to moisture strese thﬂn eorghum gave higher
- yield increases when runoff was prevented by the construction. of tied ridges,
.ﬂ:especlally in '1981y Unfortunately, it wam not possible to relate the~y1e1d
d;fferences 1o runoff losses, ,

Physioal degradation can also be brought about. by the trafflc of- anamals and
humans: causing surface compaction. Livestock. can campact soils at a presgure of
D 12 kg/cmz or more; the statio load of a sheep is approximately. 0,5 kg/cm2 and

-for cattle and horees about 1.75 kg/cm? {(Wenner, 1982). . Presumably the dynamic

- pressures would be higher, As a result of surface compaction, particularly along

-.: cattle tracks and footpaths the inoreased rinoff ig likely to accelerate erosion

- .resulting partlcularly in’ the formatlon of gullles.

_ The deterioration of - 3011 structures due to untlmely or excessive tillage is
. ‘another exsmple of - phyelcal degredatlon. The. vertisols, sometimes'called "afternoon
- 80ils" because of the very ghort time periods during which: they can be successfully
eultivated; are particularly prore to structural deterioration which further .
Ampairg’ their already unfavourable structural and drainage characteristics, Thelqh
exoessive number of eultivations required  to produce a very fine tilthH that will
‘permit an adequate soil~geed contact for the very small teff seeds 'is a further
example of structural” or phy31cal degredat:on. Up 1o six cultlvaticne are often
needed to prepare a suitable seed~bed and the fine tilth is then far more
' susceptible to crusting, runoff and erosion. - .
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244 Biologj_.cal degra.dation processes

Biolog1ca1 degradation prosesses resulting in a decline in goil humua contents
through mineraligation are primarily governed by temperature and soil moisture
conditions.  The soil type, form 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 a2t low altitudeas, where temperatures are higher and
rainfall lower, and will probably ‘sorrespond approximately to rainfall regimes A
and B in Fige 11, The rates of humus mineralisation will be highest in sandy

' Boils, e.gs in the cambic Arenogols, low in the clay textured soils, and least in °

" tlig pendzinas ‘due $o. their high Cafo3 content and in thé Andosols due to.their

?allophanic clays (Fig, 4). . Low, mineraligation’ rates will also. be E¥pected in the

" the lagt 20 years, so-the quantity of organic mafter added to -the poil in terms

‘vertic/ Cambisols and;.the, pellic and chromic VErtisnls, partitularly- when- they occur
iri ¥he high. rainfall areas — regions D and E ; bécause vf their impeded drainage
characteristics reducing mineralisation ratea.' Birch (1970, 1971) showed that
under saturated conditions no nitrification i,e. mlnerallsatlon occurred in vertisols
for long periods of the growing season.

, Lanﬂ uge is another. factor 1nf1uen01ng blologacal degradation. Loss of hums
will bo more pronounced in amual cropp1ng~éreas where the soil surface is exposed
for long periods, than under perennial crops which shade the goils and maintain
goil m01sture/femperature tonditions less conducive.to mineralisation.s In much ¥
of the hlghlands, ‘and -particularly in the low' to middle altltude/iow to0 moderate
rainfall areag, a steady decline in Iumus contente would be expected because of
"the use of orop residues for livestock and the use of most of the dung for fuel. =
However, the anthor knows of no evidence to substantlate thig, Although-Jahnke
(1984) claims that in monetary terms, the value "of thie ¢rop yield increase-by
_.applying Gung to the land is at present approximately equal to the monetary value
of dung as a fuel, this economie balance is unlikely to bhe maintained as the soils
becolne mpre 1mpover1shed. Thug, the absolute yield increase from the appllcatton
of dung to an impoverished soil will be. lower than tha yleld’increaae from a less
impoverished soil- Moreover; as yields decline, and farmers in the Kire Marian ~
Ankobar area claim yield reductions in %eff from about Yq/has %o 4.5a/bas during

L]
of roots and any stubble that remains, will decrease, “Hence, -the situation will

be further exacerbated. Added to this is the deécreasing fallow perlod which

for example is. now 1-2 years in the Arsi region compared to 4-5 years in ‘the past -
(Gujraly 1979). In other areas fallow periods are not possible and -eonsequently
soils have leas opgortunlty to replenlsh their humus contents. The progressive

- ghortening of fallow periods is a response to the ireréase in population pressure,

. Yet another process of hiological degradation is the practice of "gaye" in which
the -top so0il is gathered into snall mounda, mixed w1th small quantities' (about

10 per cent) of grass, Erica and dung, and ignited. Although not all “of the

organic matter will be volatillsed there is undcubtedly a -gignificant decrease b
in humug contents as a result of thls practice, This practice is apparently quite
widespread throughout the h:l.ghlands.. Bummg of grasslands also promotes biological
degradation through the volatilisation. of organic’ matter, The’ consequences of .
tiological degradation are a loss of nutrlents, ‘iye. N and § in particular, and

a decline in the soils? structural stabllltles. Consequgntly, the s0ils become
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" more susoeptible to ical degradation and o0 erosion, Most of the soils in the
l!Elt(’hr;.csl:{.::aEPI!;:l.g'hlanda ggg;:ain. moderate levels of organio matier, and are orj"_‘tgn.;
chardcteriged by deep mumic horizons. Bivlogical ‘degradation is probably qnly
importent at present. in rainfall'regimes A &nd B and in oldss 3a. so0il (Pig. 5)
which ‘generally possess low organic matier conients. Nevertheless, ‘wi_ﬁ,h‘_'i;he current
. faxiing practivces; & gemeral trend of declining humug ‘contents would be expected.

2.5 Wind erosion processes o
' Although wind erosion is believed to ocour $c a limited extent in the highlands,
up to altitudes as high as 3000m (Burni, pers comm,) and in the north- (I;ebede' Tatu,

' BERS, Meeting, 1983),.no studies have been writien om this subject to-the author's
knowledge., The lack of trees and low vegetative cover durihg the dry. season would
geem to be conducive to wind erosion, although Brown (1973) states that wind eroion
occurs predominantly in the southern Rif$ Valley, Lack of data precludes further
censgideration of this degradation procese. ; ' ‘ .

" 2.6 Gmlley eroeion processes -

" (uiley erosion is an extemsion of the procees of -rill erosion and is cummonly
defified as a process that results in channels that are two large or déep to be
obliterated by pormal cultivation prectices. Gulley erceion is caused in areas where
there, is a concentration of runoff, ‘and’ the rate of ‘gulley erosion is-consequently
related to the gulley's catolment: area, . Activities that result -4n the Temoval’ of
vegetative cover, e.g. deforestation, cultivation end overgrazing ‘expose the =oil

_surface to the direct action of raindrops and encourage the development ‘of surface

. Beals or crusts, which in turn promote runeff. The removal of vegetation combined

with compaction of the surface gsoil due to overgrazing has been tited ds one of the

_ major causes of gulley erosion in the Mojo River basin '('Perei";‘a,"lgsms’i_in the -

. -Awash River Basin (FAO, 1965), and even beneath a dense canopy of Bucalyptus forest
_in the. heart of Asella townsghip in Arsi Region (Gujral, 1979). Compaction of the soil
"surface from the traffic of animals and humens is also responsible: for low infiltration,
the concentration of runoff and gulley development. This, and the absence of proper
road drainage systems have alsc ceused extensive gulley érosion in the'Arsi region
{Gujral, 1979) and on Mt. Choke at elevations above 2,500m (Thomas, 1983):

S04l type also exerts a major influence on the development of Zullies, ©
Impermeability or sealing of the soil murface areconducive to gulley formation,
Thus, vertisols which become impermesble when wet due to the swelling natute
of their clays, and their frequent occurrence in lower slope or valleybottom
positions where the greatest acoumulation of runoff oocurs, may be susceptible to
gulley erosion. In Hararghe, gulleys 5 m deep .and 20m wide have developed in . -
‘cambisols and vertisols in lower slope positions during the last 20 years (Fumii,
pers, oomm.). The presence of very erodible subsoils or parent materials &lso .
encsurages rapid gulley erosion. A comparison of 1965 and 1974 aerial photographs
- of the MaKalle Palieau in the Tigrai region revealed a gulley head encreachment, in

highly erodible alluvial sediments, of 5 — 10 mfyear (Virgo and Mumrc,-1978),: . -
Heavily dissected gullied land has also developed in Andosola formed in very.erodible
“Quatermary volcanio ashes and tuffs in the Soddo area, and in ercdible soile formed
from sandstones in the Harar region (Pereirs, 1968). The relative top soile and :- -
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~sub-scil ercdibilitles influence both the gulley cross-sectional profile -and the
rate of lateral erosion. This relatlonship wag obgerved in the Awash River Basln
Survey (FAO, 1965). Although there are reports of gulley erosion being parti-
culerly prominent in some parts of the highlands, e.g. the Makelle and Enticho .

:plateaux in Tigrai region (Virgo and Munro, 1978) and in the Harar region (pereira,
1668, Hurni ers. comm. ), there has been no systematic study of the extent and

. intensity of gulley erosion in the Ethiopian highlands. Although the quantities
...of. goil lost by gulley -erosion .may sometimes contribute significantly to river .
sediment losds, 1t would sppear from preliminary results of Hurni (1983v) and
from limited data on suspended sediment load values within the Awash catchment

- (FAO, 1965), that a high proportion of the soil removed. from.hillslopes is depo-
sited in lower slope and alluvial plein sites without entering the drainage system.
Furthermore,- the area of agricultural land that is lost through gulley erogion is
invariebly insignificant (Hudson, 19T1), and there is no evidence to suppose.that
this is pot the case in the Ethlopian hlghlands )

LY .
NTA e

2,7 Mass movement processes

A

N Mass mnvement processes refer to0 both the imperceptible 5011 creep processes
and the more rapid. and drematic processes of landslides, earthflows end mudflows.
.The. latter processes are most likely to occur in very high rainfall areas, pro-
bably corresponding to rainfall regimes D and E in Fig. 11, and in soils with
high inflitration retes end impermesble horizons at depth: Soils with. high-clay
contents, particularly those-containing very high moisture contents st saturation
ere particularly prome to mass movement. This is perticularly prevalent vhere-
the soil's moisture content at saturation exceeds the soil's liquid limit as has
been shown for smectite soils in Europe, and for Andogols in high rainfall arees
of the Kenyan highlends.(Tefera, 1981 reported by Barber, 1982). Steep topograph-
ies and changes in land use from deep rooted (natural) vegetation to shallow root-
ing crops also promote -mass movements. Mess movement processes are discontinuous
in nature, occurring only infrequently and usually after several days of. exceptaon—
.ally heavy ralnfall. Poorly -constructed:cut-off drains that do not discharge, and
the congtruction of level bench terraces vften a.ggre.vate ‘the situation because of
their tendency to increase soil water retention which greetly increases the down—
slope shear . component of the saturated soil mess. Masa movement processes have
been reported as prevalent in the Hoseina Butajira areas of S Shews region in-
Andosols where the annual rainfall execeeds 1500 mm, in the B highlands in Ha;ar
(Hurni, pers. comm.) and in the Chefedonse srea within ‘the Awash basin (FAO, 1965).

1t is unlikely, however, that mass moveménts are important in the Ethiopien high-
landg, in terms of either areal extent or river sediment load contributions.

':f2 8 Sheet and rlll erosion processes

. Sheet erosion (noW often termed - interrill erosion) and rill’ erosion deseribe
the more or less uniform diminution of soil depth over a period of time from a
given slope segment. During any one rainstorm, however, the distribution of soil
loss is likely to be spatislly hetrogeneous. Rill erosion is the precurser to
gulley erosion, and is gemerally distingulshed from the latter by the washes. being
readily obliterated during normal cultivation practices. In the absence of culti-
. vation, the rills will steadily enlarge until gullies are formed. The dominant
interrelated factors responsible for sheet and rill erosion are rainfall erosivity,’
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. so0il ercdibility, topography, ground cover, land management practices and
. other support practices which influence so0il conservation.

A rainfall erosivity map has been produced for Ethiopis as a 1:1,000,000
scale by LUPRD (1983) using & modification of Fournier's index. The map shows
the highest annual erpsivity classes occur in the high rainfall areas and the
lovwest erosivity classes in the low rainfall zones. Notwithstanding this, rain
gtorms with the highest erosivity generally occur in the lower altitude, drier
areas where rain storm intensities are frequently more than 30mm/h and often
more than 100mm/h {Brown, 1973), with intensities as high as 1L0mm/h being
recorded from the lower Awash (Pereira, 1968). This is also supported by a one
year detailed rainfall intensity analysis carried out by Virgoe 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
then 25 mm/h -~ ugually taken as the threshold value for erosive rainfsll. 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 lascks a protective cover to dlSSlpate the energy of the falling
‘rain drops. Hence,.soil losses are- llkely o0 be high, In the high altitude aress,
rainfall is generally of a low.intensity (Brown, 1973) with charecteristic maxi-
‘mum 24 hour intensities of less than 50 mm/day, and 120 mm/day intensities occur-
ring only once every 100 years (Pereira, 1968). A detailed study of daily rain-
fall data for the Awash River Basin (FAQ, 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 locelised and 1nfrequent

: Boil erodibility values refiect the 1nherent reslstance of soils to erosion

and cgn be characterised by an index referred to as the K factor (Wischmeier and
. Smith 1978) Such velues have not been measured in Ethiopia, although some run-

- off plot experiments are now in progress {Hurni, 1982 a, b, 1983b) from which K

factors will eventually be obtained, Hunting Technical Serv1ces (1976) estimated
the K. fectors for scils in the Tigrai area using Wischmeier's nomograph, but the
- accuracy of these values is not known:. Examples of K factors calculated by this
method are given in Table 5. Besides the questionable sccuracy of the nomogreaph
eonsiderable variation in values must be expected for soil groups as broad as the
’ FAO/UNESCO soil units. : . F s

Ta.'ble 5 -

Fst1mated K factor values for selected 3011 units using

. Wischmeier's nomograph

Soil unit Lo Source ‘Estimated K factors
- Haplic Phaeozens = - o Barber, 198k 0.08
" Pellic and Chromic Vertisol Huntings, 1976 0.17, 0.22
‘Butric Cambisols ‘ " " ) 0.17, 0.17, 0.27
Chremie Luvisols - " " o 0.22
Dystric Nitosols I Barber, 1984 0.07

~ Rendzina . Lt Huntings, 1976 0.19
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The above values suggest that the: Luvisols and the eutric Cambisols
. mey-be the most ercdible soils and the dystric Nitosols arnd haplic Phaeozems
the least erodible soils. This is more or less ‘in agreement with the
crusting indices given in Table 3. .However, the stony phases of-soil
‘units, for example the haplic Phaeozems, and the Lithosols - which are
invariably stony, will have much lower K factors than would be apparent
from the values obtained from the nomograph. Wilkinson (1975) has suggested
that erodibility msy be reduced in direct proportion, to the percentage
stone cover on the ground surface, but other work (quoted in section 3.3),
and evidence in Wischmeier and Smith (1978) concerning mulch covers, suggests
the relatlonshlp between soil loss and ground cover is probably non-linear.

Both slope gradlent and slope length are‘p031tively correlated with
soil loss. Consequently, the highest current erosion rates are found in
. steep mountainous areas such as the Simen Mountains (Fig. 1), and in
areas with long slopes. However, even in gently sloping arces soil losses can
be high if the catchment arem, i.e. 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 fch1of'terracing,or vegetation
strips to reduce the velocity of overland flow, Slope shape 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 deposlted on lower slope p051ions
and the quantity that enters the dralnage system - (See section U4).

Lend use is a mejor factor influencing the magnltude of soil losses
from sheet and rill erosion. The main effects are through the canopy
. and surface cover dissipatlng the kinetic energy and destructive potential
of the rain drops, and through the basal cover reducing the velocity and
hence sediment transporting capacity of the overlsnd flow. If the degree
of ground cover varies during the year, it is the temporal relationship
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 reiny season, are the main causesg of the high soil lcsses in this
area. The delayed development of crop cover was attributed to the high
moisture requirements of the vertisols before the soils could be plowed
vhich consequently delayed planting The rotorious problems of the
vertisols' short-tillage range mey perhaps also be responsible for the
late planting. Thomas (1983) suggested that high. soil erosion in ‘the
teff growing areas was caused by the bere, finely cultlvated fields being v
left for a numbéer of weeks before planting to avoid the wettest period,
vhich would presumebly have an adverse effect on germination. Furthere
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 erogion than
snnual crope, 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
gragslands, on soil loss is discussed in section 3.3.

Mansgement 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 cleddy 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 tilths posses a low surface-water retention capacity and will be more
susceptible: to sealing, runoff and hence erosion fhan a coarse tilth. The vertie
Cambisols: and the Vertisols used for annual crops are invarisbly drained by the
construction of shallow furrows sometimes aligned at a fairly steep angle to the
contour. which encourages rill erosion. = Although dralnage is necessary on these
soils, especially for teff, the furrow gr&dients should not- exceed the critical
value at which scouring occurs. . .

The fate of crop residues and. 1ts 1nf1uence on erosion has been referred
“to in sectlon 2.4, Considerable ev1dence 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

‘.fpractice combined with minimum tillage hes successfully reduced ercsion to very

low levels, particularly 1n‘hum1d areag where the soils are not very susceptlble
to crusting (Lal. 1976).  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 alsc by providing ebout three times as mnch stover,

to be used for both fodder and surface mulch.

Well built terraces, and cut-off dralns loeated above cultivated ‘areas can
greatly reduce soil losses. There are well built terraces with stone walls in
some parts of the country, as for example in the Harrer region for irrigated
_ cha} and coffee (Pereira, 1968) and around Konso in Gemu-Gofa which have been
in exiastence for centuries (Brown, 1973). However, for the majority of the
couttry terraces are either non-existent or constructed so badly that they
congtitute a greater risk of erosion than if they had not been built at. all.
Ploughing at an angle to the contour also enhances soll losses especially on
steeply sloping land. This topic is discussed in section 3.3,

2.9 The relative importence of oil degrsdation processes

Selinisstion and alkalisation processes are virtually non-existent in the
highlends, end wind erosion is probably not a serious threat slthough very little
date 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 be conducted. Chemical degradation through "mining" of soil nutrients is
probebly important with respect to phosphorus, and to a lesser extent for nitrogen,
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and will be more serious in areas where fallow1ng perioda are very short or
non-existent. Biological degradamion does not constitute a widespread problem
because of the high altitudes and correspondlngly low temperatures and high
‘.rainfall inhiviting humus mineralisation rates. However, in the drier, lower
altitude zones corresponding to higher meisture deficit probability regimes,

there is likely to be & steady decline in humus contents due to higher miperegli- .
sation rates. Physical degradation poses a more serious threst meinly &s a
consequence of surface erusting from ra;ndrop impect, and localised compaction
due to human and livestock traffic. These processes sre intimately linked to
water erosion processes of degradstion, i.e. gulley erosion, sheet and rill
erosion. - The spectacular nature of gulley erosion &ll too often attracts dis-
proportionate attention, particularly by the lay-man, whereas the often
imperceptible, but insidious sheet and rill erosion processes are overlooked.
Sheet and rill erosion processes are discomtinuwous in time snd their effects
on arable land are all %too quicly obliterated by weeding, tillage, trampling,
weed and crop growth, so thet e 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 observer
happens to be in the area at the time of, or shortly after, an erosive event,

~ This problem is particulerly =scute in high rainfall erees where weed growth

. is rapiad, hence cultivation is frequent, and especially in soils with uniformly
coloured profiles. This situation is true for many of the highland soils which .
possess deep, humic, uniformly coloured top soils, ' With respect to gulley

erosion the quadtities of scil lost may soretires contribute sigmificantly

to river sediment 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

Ethiopien highlends, in terms of both areal extent and their influence on land
fertility and productivity. This coneclusion cannot be proven umnegquivocally,

but it is5 in accordence with views expressed by scientists familiar with the:
problems of soil degradation in the Ethlopian h1ghlands viz. Brown (19?3) and

Hurni (1984, pers. comm.).

Kl

3. ESTIMATION OF CURRENT SHEET AND RILL EROSION RATES

A knowledge of the current retes at which soils 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 there will be a'net increase in so1l-depth (see section L).

3.1 $8o0il formation rates

Retes of soil formation, i.c. the trates at which parent meterisls weather

' to form soils have been tentatively estimated for soils in Ethiopia by Hurni (1983a).
Data on maximum scil formation rates were obtained in the field at a specific
‘locality in Sidamc from the thin depth of-soil that had developed over rocks

which constituted an old road surface of kpown age. The rate at which the soil

had developed was then empirlcally related to- mean annual temperature, mean annual
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_rainfall, length of growing period, the FAO/UNESCO soil classification unit,
soil depth, slope gradient, land cover and land use. Using this empiricsl rela-
tionship, Hurni tentatively estimated soil formatlon rates ‘for the whole of
Ethiopia and has produced a soll formation rates map &8 & scale of 1¥1m. The

"mpaximum soil formetion rates derived from field 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. These rates

are eéquivalent to £ 0.16 mm/yr to greater than 1.76 mm/yr assuming a soil bulk

density of 1.2 g/cem3,

These‘rates are very high compared to most of the values gquoted in the
literature which are generslly 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 (Kazmin, 1974). 1In 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
havée 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 of magnltude lower than
.the rates estimated by Hurni.

The disparity in soil formation rates between those estimated for Ethiopia
and those determined elgewhere may be partly atiributed to the use of so0il for-
mation rates derived for expédsed rock surfaces. The rate of weathering of an
exposed rock would be expected to be far more rapid than the rate at which a compa-
rable rock buried beneath s mantle of soil would weather. Rocks at the earth's
surface will be: dlrectly exposed to the kinetic energy of rain drops, and will
be subject to far more extreme changes in moigture.content and temperature
(which accelerste the weathering processes) than would a rock protected by a
thick cover of soil. Thus, the rate at which scil depth ineresses 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
heving accumulated over the old road surfece and thereby exaggerating soil
weathering rates cannot be discounted. .

‘The empirical relationshp developed by Hurni to infer rates of soil formation
for the whole of Ethiopia, suffers from the exclusion of the parent material as
an independent variaeble. The nature-of the parent material such as the degree
of consolidastion, the grain size, the chemical composition of the parent rock and
the degree of structural development withip the rock will all exert a pronounced
influence on its susceptibility to wea%herlng 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,
ete, The tentetively derlved soil formation. retes must, however, ‘be viewed with
extreme,cautlon. ‘

Because of the doubts concerning the aboslute values of 3011 formatlon rates
derived for Ethiopia, and since rates of soil formation are generally ingignificant
in relation to the magnitude of accelerated soil erosion rates, the former will
be ignored in the estimation of net S0il losses. Henceforth, the term "shéet and
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and rill erosion rates" will be used as an approximation of net scil losses.
Sedimént deposition rates on colluvial footslopes é&re probably falrly ‘high in
. gome afeas and w1ll be . d13cu55ed in section k.

)

,3 2 Methodfused-ln estlmatlng sheet and rill erosion rates'

P e—

1

_ Current sheet and Till erosion rates have been estlmated for the Ethiopian .
highlends and have been presented as a map at a.seale . of l‘lm (BoerW1nkel and
Paris, 1984}, The methodology used was that given for the estimation-of sheet
and rill- erosion at sclaes grester than l:lm in the FAQ prov131onal methodology
for soil degradation assessment (¥A0, 1979) . This method was devised and used
for mapping N. Afrios and the Middle East at & scale of 1:5m. The very small
scalée at which the study was carriéd out, and the paucity of basic data for many
areas, necessitated a simple method. Consequently,” the proposed‘hethodology is
a rather ‘érude simpliflcatlon of the universsal scil loss equat1on - famlllarly
referred to as the USLE, (Wlschmeier and Smith, 1978).

-The USLE predicts the long~-term aversage anhual 5011 losses from field areas
due . to sheet and rill erosion processes only. It is an empirical relationshp -
derived from 10,000 plot years of data gathered meinly from the eastern parts of
the USA, and relates the annual soil loss per unit areas t6 ‘gix factors, viz.
rajinfall er051vity, soil erodlblllty, slope length, slope stéepness,’land cover
and management, and support practices®*. Since this is an empirieal relaticmship, «
there is no Justification for assuming this relationship will heold in areas where
the conditions are markedly different to those where the relaticnship:wee
established (Hudson, 1980). In areas with markedly different condltlons to those
found in the eastern parts of the USA, high errors can be expected.

The modificatlon of the USLE for estimating sheet and rill erosion.rates as
given 1in the. prov1sional FAO methodology for scales greater than 1:1, 000 000 is
as follows: ‘

Scil loss {t/ha/yr) = Climatic Factor x Soil Factor £ Topographic Factor: x
Human Factor _

The climetic factor (R) is & modification of Fournier's index ‘i.e
(P)VP ]

where P, is the average montly precipitation and P the annual precipitation.

Precise functions for different climatic reégimes were obtained from modifications

of the functions given in Land Resources for Population of the Future '{FAO/UNFPA
1979}. The soil factor was derived from the soil's textural class; presence or “
absence of a stony phase, the FAO soil classification unit (FAO, 19Tk}, and =
topographic factor applied to the slope classes given in the FAO/UNESCO World

f

._\Vt"‘

R ) 7 _ ,
Support practices refer to the type of ploughing, strip cropping and
physical conservation measures.
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- Boil Map, but with adjusted ratlngs being given for fluvisols, gleysols nnd
gleyic phases. The human factor 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 comp051t10n are given in the report by
E. Boerwinkel and 8. Paris (198k).

3.3 Sources and magnitude of erros Iin estimating sheet and rill erosion rates

The provisional FAQ methodology used in this study has not yet been adequately
tested, and is based on an empirical relationship for which the applicability
without validetion and modifications to areas outside the eastern part of the USA
is-questionable. This method cannot, therefore, be expected to give accurate e

. eatimates of current sheet and rill erosicn rates for Ethiopia. However, given

the sbsence of any long-term soil loss data from field measurements, and in the
absence of any proven alternative methods for predicting sheet and rill erosion
rates, the FAQ provisional methodlogy probably gives the hest estimate that can
be obtained. The absolute values, however, and even the relative differences in
erosion rates at different locations, should not be regarded ss relisble.

For the purpese of this consultency the eight 1l:1lm ercsion rate maps produced
by Boerwinkel and Paris were reduced to a 1:2m scale (Fig. 1). Some generalisations
were introduced during the reduction in scale, but without merkedly detracting
from the level of detail given on the 1:1m maps. Although generalisations are
unavoidable at a 1:1m scale of working, it is important to appreciate the conditions
under which such generalisations may sometime lead to serious over- or under-
estimations. For example, the adoption of & 0.5 factor for story soil phases in
the estimation of the soil factor can seriously over-estimate soil losses from
.very stony land with a high pércentage stone cover. Very stony soils .occur widely
on the NE Escarpment end in the Chercher highlands. A study by Hurni (1982 b) in
the Kori Sheleko catchment, although for only one year, 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/ha/yr from the stony phase of a compa-
rable soll on e much steeper slope of 37 per cent, Similar studies in Kenye have
also shown that very stony soils give significantly greater reductions in soil loss
than 50 per cent for both cropped land {Smith, 1982 pers. comm.) and grazing land
(Barber and Thomas, 1981).

The topographic factor used in the provisional FAQ méthodology understandably
ignores 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 calculsated for each topogrephic factor using the average slope
value of each slope class interval and assuming that the USLE topogrephy factor
is reasonably velid, the slope length values are low (see Table 6, column k4).

Thie is particularly so for the Ethiopian highlands where hill slopes are often
100m, in length, and very rarely have wall constructed effective terraces to cause
sediment deposition. Colum 5 given the topographic factor for a 100m. slope lengh
calculated eccording to the USLE, and column 6 gives the factor by which the topo-
graphic factor in the provisional FAOQ methodology would under-estimate soll losses
from & 100m, slope length, assuming that the USLE topographic factor is reasonably
applicable. Regerdless of the accuracy of the calculated under-estimation factors
given in column 6, it ig clear that the omission of slope length can lead to
serious under-estimatjons in so0il erosion rates.
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Table 6

‘Influencé of slope lengths on the topegraphic factor

T 2 3 L 5 6
- Wi Equivalent Topographic under
Slope class Average Topographic slope factor for estimation *

intervel (%) slope (%) factor a/ length {m) 100 m slope b/ factor ¢/

0 -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 k.2 20 9.5 2.3
.30 8.0 1k 23 2.9

- 50 o

l,§]“ As given in the provisional FAQ methodology (FAO, 1979).

E/ The combined slope gradient-length factor as given by Wischmeier and
Smith 1978. - ‘

ﬂgj' Under-estimation factor when the topogrephic factor given in the
provisional FAO methodology is used for a 100 m slope length.

. The human factor in the provisional FAQ 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 bé'tgken into
raccount at such smell working scales. It should be realised, howevér, that by
excluding manegement practices, there is an implicit assumption that the land

‘45 mot terraced and cultivation is up and down the slope at right angles to the
contour (Wischmeier and Smith, 1978). Although farmers commonly plough across
the contour they seldom plough at right angles to the contour, and consequently
the soll erosion rate will be lower than if ploughing et right angles to the
contour, especially on gentle slopes less than 12 per cent. A further under-

- estimation of soil losses may srise from the land cover factors given in the

. provisional FAQ methodology for rangelands and grasslands (Table 7). Studies on

Table T

Tnfluence of percentage ground cover of pasture, grassland and rangeland

on- the human factor

] ' Percentagg ground cover ' .
0-10° 1-20 20-40 - 40-60 60-80 _ 80-10C

'"Humen' factor = 0.45 . 0.32 0.20 - 0.12 0.07 . 0.02 .

Source: FAO, 1979.
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the influence of basal grass cover on scil losses from rrasslands by Moorg et.al
(1979) and Dunne (1977) have shown & 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 velues 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 velues of 0 - 10 per cent. '

The use of satellite and gerisal 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 those mapping
units where the ground cover is absent due to overgrazing. Thus, similar land
cover factors would be given slthough the soil losses could be far higher in
situations where the grass/litter cover is absant .compared to situations where
- the ground cover. is high, ' Examples of high erosion rates beneath dense eucalyptus
forests and beneath scrub forest where the grass/litter cover is low or absent
have been quoted by Gujrel (1979). :

Clearly, as a result of the questionable validity of applying the provisional
FAO methodology to the Ethiopian highlands; the lack of basic resource data, the
limited ground checking due to access and time constraints and the unavoideable
 generalisations due to the scale of working, high errors must be anticipated in
the absoclute values presented in Fig. 1. Average errors of ¥ 200 per cent would
not be surprising and in some areas the errors may. be much lower and in other areas
the errors mey be much higher. Nevertheless, and this constitutes the main value
of Fig. 1, the method used is probably sufficlently sensitive to distingnish bet-
ween sreas 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 & serious problem. Reference to Fig. 1
shows that the areag characterised by extremely high sheet and rill erosion . rates
oceur in S. Gonder and NE. Gojam regions, around Mt. Amba Farit, in the 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 mey
occur behind the bands of ridge terraces, within the channels of channel terraces,
along field boundaries, within grass strips and orn 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 dreinage chamnel directly, whereas in the more semi-arid
enviromments the transportation may be discontinucus the sediment may be trans
ported, deposited and re-entrained seversl times before entering 2 permanent
river system.



- 20 -

. A clear distinction must therefore be made between the loss of soil from
hillslopes which may result in decreasing productivity, the deposition of sedi-
ments on lower slope colluvial sites where productivity mey be ineressed or

. decreased,; and the quantlty of goil which enters the permanent river systems.

o The quantity of eroded sediment uhich enters a permanent river system
compared to the quantity of sediment removed from the hillslopes is, referred to
as the sediment delivery ratio., Meny parts of the hlghlands are characterised
by concave  lower slopes which would be expected to encourage sediment deposition.
'The corollory: is that low river sediment loads and hence a lowv sediment delivery
ratios would not be unexpected. There is, as yet, 1nsuff1c1ent evidence to con-
firm this; but preliminery results from work by Hurni (pers. comm ) and the low
degradation rates calculated from suspended sediment losds in catchments upstream
‘of ‘the Awash station, i.e. 1.5 to 17.5 t/ha/yr for the period 196264 , (FAD, 1965)
support the speculation that sediment delivery ratios are low. to very low. More~
. over, values of suspended sediment loads in rivers will also include. sediment
derived from stream bank erosion. Virgo and Munro (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. 1h.6 t/ha/yr, but were 20 to 40 times lower
than estimates of soil losses from hillslopes derived from the USLE.  However,
in catcilments where gulley erosion is dominant the suspended sediment logads may

... be high. - Hurni (pers. comm.) has recorded sediment yields of 500 g/l from a

catchment 'in Hararghe where gulley erosion is the dominent 5011 degradation
process.

The suspended sediments which enter the river system may in turn be «.:
deposited, within river channels, opn alluvial plains during peridos of fiooding,
and more importantly within reservoirs and lakes. The rapld siltation of ..
'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 depositibn 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 tolerance of soil to withstand erosion determines how much damage will
be done by e specific rate of erosion, and therefore facilitates an evsluation
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 sofl profile and cen be considered in terms of both its
physical fertility tolerance and its chemical fertility tolerance. $Soil tolerance
levels are e function not only of the present physical and chemical fertility
status of soils, but also of the physical and chemical fertility profile gradients,”
i.e. the rates of change in soil physical and chemical fertility with -depth.



‘5.1 Soil physical tolerance

A s0il's physical tolerance can be expressed by the present effective soil
depth which governs the ability of & 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. solls and for a specified erosion rate, & deep soil
will possess a greater physical tolerance to ercsion than a shallow soil, i.e.

a much longer time interval would elapse before ihe deeper soil becomes
unproductive than would *e the case for the shallow soil. Other soil physical
properties which will influence soil physical tolerance ere the infiltration rate,
susceptibility to sesling or ‘crusting, pérmeability, roct penetrability and drein-
age characteristics. The profile gradients of these physicael characteristics will
also influence the solls' physical tolerance to withstand further erosion.

. .Due partly to the paucity of basic 'data on soil physicel properties and
partly because of time constraints the physical tolerance of the Ethiopian high-
lend soils to further sheet and rill'erosion has been expressed splely in terms
of their effective depth. Thé influefice of Bt horizons of clay illuviation in
the luvisols, nitosols end actisols, end the influence of the intractable verti-
sol structures on $o0il 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 end rill erosion is shwon in Fig. 2, This map has been
produced at & scale of 1:2,000,000 from the existing 1:1,000,000 soil depth mep
of Ethiopia (Henrickson et al., 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 soll depth map from which the soil physical
tolerance map was produced, was compiled from date 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 satellite imagery 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
(FAG/UNESCO, 1977) for the nitosol areas. For three regions viz. Wello, TPigral
and Eritresa there was virtually no data. Consequently the reliability of the
effective soil depth mep is very low in some regions but of greater relisbility
in areas where surveys have been conducted and in the vicinity of main roads

Fig. 3 gives an indicaticn of the reliability of the soil depth map., The

problem is further accentuated by the different dates at which the soll depth
data were gathered, given the existing very high sheet and rill erosion rates

in some parts of the country. Thus a s0il mapped as 25 to 50 em. deep in 1973,
which occurs in an area of class VII shect 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 s80ll depth classes and soil

physical tolerance to further sheet and rill erosion

Effedtive soil depth - Soil physical tolerahce
~ elass (em) class
150 . " Very high
100 - 150 High |
50 5._100 Moderate to-lpw N
-251 - 50 : Very low
10 -+ 25 ‘ Extremely low

T . - 10 ; None

Although it would have been possiblé to remove the inrlgeﬁce'of theseé two varia-
bles, i.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 s0il depth mep and consequently
of the soil physical tolerance map, the latter must be- consldered as the best
estimate currently available given the paucity and uneven distribution of soil
depth information. The absolute values and even the relative differences in
soil ‘depth must be regarded with great cauticon. However the physical tolerance
soil map is probably sufficiently discriminating to be capable of delineating
aregs with extremely low and low tolerance levels from those areas with high
and very high tolerance levels

‘5.2 Soil chemical‘tolerance

A.soil'schemigél'toleranée 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 & 50il 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 so0il to further erosion. Thus
g soil in which the available nutrients are relatively uniformly distributed
down the soil profile will be more tolerant of further erosion then e soil in
which the top few centimeters contain 75 to 80 per cent of the profile's
nutrients. The quantity - depth distribution of available nubrients is of
course likely to vary with the nutrient being considered, and it is therefore
difficult to assign a single index for a soil's chemicel tolerance in terms of
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its available nutrient content-depth gradients. Anocther factor influencing
s0ils' chemical tolerance is the presencefabsence of toxic elements such as Al,
Mn and Na, or high salt contents amd the depth at whlch they occur w1th1n the
profile, : .

5.2.1 Assessment of the 5011 chemlcal fertillty levels

Serious problems arose in attempting to characterlse the chemical fertlllty
of soils in the Ethiopian Highlands. For many areas and meny soil types there
were no reliable analytical data avallab}e Where data were available it was -
often incomplete, inconsistent, or was not related to specific soil c1a551fication
units. Moreover, different, sometimes inappropriate, and sometimes unspe01f1ed
analytical -methods were used to measure the same soil characterlstlc

A refined approach was therefore not possible, and it beceme necessary 1o
resort to a broad grouping of the s0il units classified according to the Soil Map
of the World legend (FAO/UNESCO, 1974}, that is presented in Fig. 4. This map
is taken from the provisional soil mep of Ethiopia {Henrickson et al., 198L}.
Four generalised soil chemical fertility classes were defined according to the
nature of the Ay horizon, base saturation and the existence of vertic properties.
The distlngulshlng characteristics and dominant soil units within each of the
soil chemical fertility classes are summarlsed in Table 9 and their geographlcal
distribution shown in Fig. 5 i

For eech soil fert111ty class between fzve and: 14 typlcal proflles of gome
of the dominant soil units were selected to give the best estimate that could be
obtained for the typical so;l chemical characteristics of each class. ' Consider-
able use was made ¢f the date given in the Tigrai Rural Development Study'report
(Huntings Technical Services, 1976) for classes 2 end 3a. For fertility classes
1 and 3b most of the data was provided by LUPRD, An attempt was made to use the
considerable volume of data obtained by Murphy (1968) by correlating his sampling
traverses with the soil classification; units delineated on the prov151onal ‘soil
map. However the values found,by Murphy did nct always coincide very. well ‘with
the top soil: characteristics expected ‘for the soil units shown on the' 1:2,000,000
soils map. This is probably a reflection of the problem.of using such small
scale maps, and was aggravated by Murphy's data not being related to soil classi-
fication units. Moreover some of Murphy's chemical valués were. quoted omly in
a gqualitative way and the references cited giving:informstion con the methods
used, were not readily accessible. Thus Murphy's data was not ultimately used.
Data for individuel soil profiles in each of the four chemical fertility classes
are given in Appendix 4 for the top spils and in Appendix 5 for the sub-soils.

The average soil chemical velues of the profiles selected to characterlse each
soil clemical fertility class are given in- Appendlx 6. 'These values: must be
treated with caution they give only a very approximate indication of the
nutrient status of the soils in each chemical fertility because of the broad
nature of the classes, the limited nimder of profiles used, thelr 11m1ted
geographical occurence, ‘and some doubts coneerning the accuracy of the analyses.
Moreover, a considersble varlatlon 1n absolute values must be expected within
each fertlllty class. -

rde




Table 2

Clagsefication of sozl unlte into generallaed 3011 chemlcal fertll ty ¢ 1asses

Class

Dominant soil units l/

Minor soil units 1/

Generalised dletlnguishxng charaoterzatics :
of the soil classes

Haplic Phaecozems

Humic Cambisols 2/

Rendzinas

Mollic Andosols
Vitric Andosols
Lithic Phaeozems
Calcic Chemmozems

Characterlsed by mollic tOp soil i.e. a top soil
which ig generally more than 25cm deep wlth a high
organic matter content amd S50 per cent or more
base saturation

Chromic vertisols
Vertic Cambisols
Pellic Vertisols

Vertic Luvisols

Possess vertic properties i.e. containing a

~high content of swelling clays which crack in

the dry season, and swell in the ralny season

'caus:ng 1mpeded dralnage

3a

Futric Cambisols

Chromic luvisols
Orthic Iuvisols
Butric Nitosols

Butric Regosols’

Calcaric Regosols
Calcic Cambisols
Chromic Cambisols

' Lacking & mollic A horlzon but with a sub-goil ;|

bage saturation of 50 per cent or more., . - £
(Generally possessing an ochric A horizon whnch"
is often of low organic matier content)

3b

Dystric Nitosols -

Orthic Acriscls

Cambic Arenosols

‘ Dyétric'Cambisols

Lacklng a mollic A horzon and with a sub-soil
base saturation of less than 50 per cent (often

_ possessing an ochrlc A horlzon) , K

Classified according to the legend of the so0il'map of the World (F'AO/'UNESCO 1974) The °
distinctions between different phasez have not been considered

2/ Bumic Camb1sols posses umbric A horlzons, but since they are of Only 11m1ted extent they have )

been included in Class 1, which is characterised by mollic A horlzons.




Rotass:.um and. a.lumrum toxicity for each general:l.sed so:Ll

T chemlcal fertility class
Generalised soil. . . T ‘ e <o -
chemical fertility Domlnant spil 3 Horizon : - Soil chemical rating
Jags units-present : —— e a4 ' P
class - o o> ¥ P UK . Al toxicity
1 Haplic phaeozems _ Top goil m m v,g h . . TeBe
! o S\J.'b—goilg : m . l-h v£ hem L N8
2 Vertisols . Top soil m -1 vi h Ne2e
- Vertic Cambigola Sub-goil m ' 1 vj. m ,_ N8
Orthic, Chromic- Top soil 1 1 vﬂ S S : _- Nele
+© luvisols . — — -
3a, o Butric Cambisols Sub-goil 1 1 vf m T nea
Butric Nitosols ' o
Dystric Nitosols Top soil - m 1 1 h o Il
3b i - , - T _
Orthic Acrigols Sub s0il - m. 1 1. m L 1
Xey

vh = very highj bk = high; m = medium; 1 = low; vl = very low.

a organic matter o £ Qgeneral 0-15cm

b Total nitrogen . & ~Generally 15-45 cm, -

¢ Available phosphorus (O1lsen extractlon) "h‘ " Estinated values based on assumed C/N ratios.

d Exchangeable potassium '

e  Aluminium toxic‘i'by in terms- of the Al percehta.ge satura'bn,pn of the effectuve cation exchange capa-
city and oypressed for Al - intolerant crops such as sorghum and ootton,  The Al was

determined by extraction with N, Kcl.

....ga_
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A qualitetive rating of the soil chemical fertility classes in terms of
their organic matter, totsl nitrogen, available phosphorus, exchangeable
potassium end aluminium toxicity levels is given in Table 10. The relations
ship between the sbsolute chemical values shown -in Appedik 6 and the
qualitative ratings shown in Table 10 are given inh Appendix 7. Appendix 7
also refers to ‘the :analytical methoﬂs employed.

; An examinetion of the organic matter velues in Teble 10 shows that three
. of the four chemical fertility classes are of medium status with only c¢lass

- 3a, characterised by ochric horzor:,. contalnlng low organié¢ matter levels. ~
. Correspondingly . the. total nitrogen values - not & religble index of nitrogen
“-availability, are low apart from the humus rich top soils of class 1 which

-contain moderaté (estimated) nitrogen levels. Class 2)soils possegs. low

. nitrogen levels, but when they waterlogeged as a result.of their vetric
- properties humusd minerallsatlon rates will be inhibted., Birch (1970 1971)
‘showed that under saturated condltlons denitrlflcatlon gecurred in the verti-
scls for long periods during the growing season, further reducing the soils'
nitrogen availabllity The available phosphorus values are very low for all

but class 3b soils where P levels are low. All classes. are medium to high in
potassium. : L o

. It is of 1nterest to compare these very generalised egtimates of N, P and .

K availsbility levels with the responses to N P and K obtained from the FAQ/
EPID fertiliser demonstrations (FAO, 1970) conducted durlng the 1969-1970

season (Table 11). This set of results is for one of three seasons during which |
a total of 1,578 fertiliser trials were conducted in farmers flelds in 12 reglons
For the 1969-1970 season, which was typical of the two. prev1ous 5eds0ns,
significant responses were obtained from N and P treatments with the. average
responses for different crops varying between 31 and 86 per cent for: N between
43 and 55 per cent for P, and between T8 and lh5 per cent for N and P combined.
These results support the generally low nitrogen and very low available
phosphorus levels given in Table 10 for the four .80il chemieal fertllity classes.
- However, despite the high average responses by cfops to N, .P .and partlcularly

- to N and P combined, not all of the sites gave signlficant responses.: . At the "
sites where there were five or more trlals, 52 per cent of the sites gave
.-significant responses to W, 56 per, cent. to P and 100 per cent to N + P-and to
"N+ P + K combined. This suggests thet where N and P were applied: 31ngly the .
other major nutrient i.e. Pand N respectlvely, was low as to be 1imiting

Possible tox1city to alumlnium was . 1nvestigated because of the very low
pH values as low as 4,35 found in some of the dystric nitosols (see’ Appendices

" . i and 5). Soil chemical fertility classes 1, 2 and 3a:are all characterised by

Hﬁhigh pH values above 5.5 end so 'will- not possess exchangedble gluminium. The

: “best index of Al toxicity is the percentage gaturation: by Al of the effective -

" “cation exchange capacity (Krampath, 1970), Although the average top soil and

o . sub-soil: A1/ECEC values were very 16w (3.5 per cent) and low (7.2 per cent)

“respectively, -for class 3b soils (see Appendix 6), for individual soils e.g.
,profile U the correspondlng values were medlum (13 3 per cent) and high
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(17.7 per cent) respectively (Appendices 4 and 5). The qualitative ratings

of the AL/ECEC values given in Appendix T are for Al - intolerant crops such
as sorghum, barley and cotton., "The specific'ratings were based on'ap Al/ECEC
yield response relationships found for sorghum (Abruna et al, 1964);‘quoted
by Sanchez, 1976). Similar ratings may apply to barley and cotton, also very
Al -~ intolerant, but the consultant had no acecegs to the relevant l;terature
Thus, although the limited data available suggests that class 3b soils have ;
only very low to low Al toxicity levels, there is a distinct possibility that
there may be areas where the Al levels are sufficiently high to markedly reduce
the yields of Al - intolerant crops. Aluminium tolerant erops. such: as coffee),
maize, cassava and soyabeans would not be expected to be adversely affected by
the Al saturation values found so far. For some crops e.g. wheat there is &
great varietal difference in their Al - tclerance levels. Further amalyses

of the dystric nitosols and the orthic acrisols should be carried out, and

the aveilable manganese levels - which can cause -toxicity problems in some
very acid soils, also need to be investigated.

Pl -

5.2.2 Determination of soil chemical tolerance

Soil chemical tolerance to withstand further erosion is governed by the’
chemical status:of the soils and by the chemicel fertility gradients down the
profile. The relatlonship between soil chemienl ratings and the difference
in the ratings between the top soll and sub-seil horizons, i.e. the,ratlng_
gradients, end soil chemical tolerance levels are shown in Table 12. Using
these relationshps and the soil chemical ratings for organic matter, nitrdgen,
phosphorus, potdssium and aluminium toxicity given "in Table 10 the soil chemilcal
tolerance levels have been established for the four soil chemical fertllity :
classes (Table 13). The geocgraphical distribution of the chemical tolerance;-
levels of the four soil fertility classes is shown in Flg 5.

Clearly, the establishment of soil chemlcal tolerance, levels will vary
dependeing upon the depth over which the soil chemical gradients are cpnsidered.
In this exercise top soil and sub-soil horzons of’ 0-15 cm &nd ‘15-45 o respecti-
vely have been considered. 'An examination of Table 13 shows that the four
classes generally exhibit a very low tolerance to nitrogen losses (though for
two classes the total N values were egtimated), ap extremely low telerance to
phosporus losgses and a hlgh tolerance to potassium losseés. CIass 3 is notice~
ably different with respect to its organic matter tolerance level which may have
important implications to the supply of micronutrients 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 toxxcity, i.e. it will become
moderately susceptible to Al: toxicity problem for ‘crops .such as sorghum, barley
and cotton which are highly sensitive to even ilow voncentrations of aluminium in
the soil solution. The tolerance of the 50115 to'losses of Ca and Mg have not
been considered, but Appendix 6 shows that they are generally presemt in medium
to high concentrations and should not present a problem. In conclusion it must




Table 11

Percentage difference in ylelds between N P and K treatments

for selected orops

' ﬁ?‘% T 'Nﬁk v v P

NPFK v P NPX v NP

_ ﬁ'ﬁ T Pve WP VO NFK v ¢ - P f N -
: Teff.. 41.9(.001) 55. 1('001) 99.3(.001) 112.8(.001) -9;3(165)
Wheat © 32,5(,001) 43,2(,001) 78.7(.001) 88,7 (. 001) .8, o(n.s.)»

‘Barley . - 30.9(.02) 48.7(. 001) 86.5(.001) 83.6(, 001) 13.6(n.s.)
'Go Sorgum 86, 9(.001) 51.5(.001) 129.2( 001)140.2(.001) 18 8(01)*
‘Maize 54.0(.05)" 46.1{n.s.) 102.7(, 001)140 8(.001) 5.4(n.s.)
Noog 71.9(n.s.) 96. 5(n.s.) 145 2( 05) 152. 9(. 05 ;4,3(n.s.)

40. 5( 001) 50 o( 001) 28.5( 001)
34:9(0001) -42.4(.001) 24.8(.001)
42;5( 001) 40.2(.001) 25.4(.01)

22,8(.01) 28.7(.001) 51.3(,001)
31.6(n.s.) 56.4(:03) 38.7(n.s.)
42.7(n.s.) 47.2(n.s.) 24.8(n.s.)

37.2(.001) 6.8(n.s.)
31.8(.001) 5.6(n.s.)
23,5(.01) 1l.6(n.8.)
58.5(,001) 4.8(n.s.)
64.8( ) 18.8(n.s.)
28.7(nes.) 3,0 'nes.)

Source:?

FAO, 1970

* NvP

[ m;;wr L

applied as urea.
applled as trlple superphosphate

;applied as potassium sulphate '

Control "

P
1.

Lévels;of significapoe<are given in brﬁckets.°
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Table 12

Relationships between goil chemical ratings of top and sub=goils and soil chemical

Tolerance levels for organic matter, total nitrogen, available phosphorus

exchangeable potassium and aluminium toxicity

- 80il chemical rTatings

Soil chemical tolerance level

Top soi_la; ~ Sub soil‘b OM, Total N, Avail P, Exch. K Al Toxicityc
Very high Very high' _ T .
“High High Very high Extrenely
high
High-- . High=Medium )
High Hedium High Extremely
N high
Medium - Medium Medium Extremely
: . - S high
Meddium. .. . .Low _ Low Extremely
‘ e it - .~ high
Ve_riy‘ iow i.ow Nede Medium
Medium - “*High -~ -~ .. NeBe Low
Medium Very low Extremely
Low Low Very low high
“Low ' Very Tom - - - - ]
Very low Very low Extrémely low Extremely

high

a = Generally O=15 cm
b = Oenerally 15~45 cm

¢ = Refers to Al - intclerant crops only such as sorghum and cotton.
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- Table 137

PN e,

8011 chemical tolerance levcls for each. of.the gencralised soil

chemical fertility classes

BT L

VGeneralised
501l chemical

T fertility .-

class

Soil chemicel tolerance level

Organic
matter

Total N

_ Avail, P

fxch., K

Al Toxicity

* Medium - .

. Extremely

low

Very high

Extremely

-~ high ..

| Medium

Very low

Extremely

low - -

High

Extremely
..high

32

Very low

Very low

EERSTER

Extrcmeiy

~-1OW - -

Medium

Extremely

. high

.‘Mcdium

Very low

Very_low

High

‘Medium
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be emphasized that this whole study on the chemical tolerance of the soils to

.. further sheet and rill erosion is tentative and suffers from a shortage of data.

6. THE HAZARDS OF CURRENT SHEET AND RILL EROSION RATES ON SOIL CHEMICAL
AND PHYSICAL FERTILITY

The hazrds 1/ of the current shéet and rill erosion rates express the degree

- of demage or deterjoration that will oceur in the physical and chemical fertility

of the soils and hence in land productivity. The degree of deterioration will be
s function of the current sheet and rill erosion rates (discussed in section 3),
and the physical and chemical tolerance of the scils 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 80il with a high ¢hemical fertility ‘status, i.e. possessing a high chemical
tolerance, would be able to withetand higher ercosion rateg than e soil of low
fertility status, i.e. low tolerance.. Hence the hazard due to the higher erosion
retes acting on the more fertile =soil could he lower than the hazard due to a
lower erosion rate acting on a soil of low nutrient status. Similarly there may
be a greater hazard due to a relatively low erosion rate acting on 4 soil that

is already close to its critical depth, beyond which further reductions in depth
would cause. a rapid decline in productivzty, ‘than the hazard due to a hlgh

-eroaion rate acting on & very deep soil

The soll physical and ohemical hazard indices or ratings can therefore be
used to delineste 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
paremeters in assessing priority areas for intervention {see section 9.5). The
physicel hazerd index will assist in making decisions a&s to where soil conserva-
tion measures are most needed, and the chemical hazard rating will aid decision-
making concerning the areas where scil fertility improvements require most
attention.

6.1 Soil physical erosion hazards

Soil physical erosion hazards cen be determined in relstion to various
501l physical properities e.g. anchorage ‘depth, ‘aﬁallable water capacity, root
penetrabllity, permeability, susceptibility to crusting, runoff susceptibility,
ease of cultivation and suitability for seed-bed preparation.: 2/ Time cong-

traints and a dearth of basic date precluded such a detailed study being under-

taken. Consequently, a general soil physioal erosion h&zard index wag used

I ;j The term hazard is used here in a dlfferent sense to that- used by some
workers. It does not refer to the maximum or potential erogion rate that would
ocecur if the land were cultivated up-and-down the slope and in a bere falliow co
dondition.. :

2/ The hazards of soils to further sheet and rill. erosion cannot sensustricte
be divorced from the present, or anticipated forms of land use.
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which expresses the hazard due to reductions in 9011 depth reflecting the
- resultant status of the soil's available water capac1ty and the scil's depth
for crop/vegetatlon anchorage

6.1.1 Soil physical erosion hazard index

. The soil physical erosion hazard index (EHI) is a compar1son of current -
sheet and rill erosion rates against & specified tolerable sheet and rill
erésion rate.

current sheet and rill erosion rate

l.e. EHI = tolergble sheet and rill erosion rate {TR)

, " The usual soil loss tolerance rates for sheet and rill erosion as used in
the USLE (Arnoldus, 1979) were not used in this study sinece they are primsrily
‘related to the rates of formation of the Ay horizon. Moreover, tolerance values
are now being débated and re-evalusted (McCormack and Larson, 1980) since they
--depend very much on the time frame or planning horizon being considered.

- Consequently an arbitrary tolerable sheet and rill erosion rate (TR} was selected
as the rate at which the present 5011 depth in excess of 50 cm would be

during a 100 years perlod. . - T
4
e X
"""""" - N
! 50 em
R RNN v ~
Rock
_ 100
A mipnimum soil depth of 50 cm was selected as being the minimum depth =

required by many crops to give reasonsbly high yields, though the precise value

will be governed by crop or vegetation type, rainfall amount, and distribution,

and the soil's available wateér capacity. A 100 years resource life for the

s0il is 'entirely arbitrary. Consequently the absolute ercsion hazard index

values are not of particular significance. It ig the relative values which are

of importance; the higher the EHI the greater the hazard to the physical ferti-

lity of that soil. The relationship between erosion hazard indices and the '

. physicel erosion hazard class sre given in Table 1k and the distribution of the

classes is shown in Fig. 12. Soils with an effective depth of < 50 cm are
clagsified as unaeble to tolerate further sheet and rill erosion. . .
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Table 1k

Relationshlp between soll physicel erosion hazard,

- 1ndices and soil physical erosion hazard class

Physical erosion Physicel ercsion

; hazard index hazard class -
) £0.1 | Low
0.1 -0.5 ‘Moderate
0.51 -'1:5. High
1.51 =5.6 .. .Very high
»5.1 . 'fﬁ} * Extremely high - ;TQ; :

e Figure 12 also sub—divides the erosion hazard class that cannot tolerate
._lfurther érosion, denoted by the symbol F, into three soil depth classes repre-
. senting 0-10,.10-25 and 25-50 cm effective depths’ since these depth classes
will affect the suitability levels for different land use types. However the
EHI would need to be recalculated if a different crltlcal depth other than 50cm
were selected. - A

An examination of Fig, 12 shows that the areas currently with an extremely
high physical erosion hazsrd and which urgently require soil conservation
"measures are in Eritrew, B. Gonder and throughout much of Wello region! also in
E and W. Sidamo psrts of Gamo-Gofa and Keffa regions .and in the E Highlands.

In some areas, particula1ly lower slope colluv1al footslopes there is like
likely to be an increase in soll 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 hazard.: It is in thesé areass 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 bypothesis, but would be of the opinion that the

" .generally poor physical structures of these colluvial soils, often vertisols,
- -woudd .probably not suffer significantly from the .addition of compacted sediments.
* - The pronounced wetting and drying conditions experienced 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.




o classes I to V and high er051on rates equlvalent to classes VI to VIII. The

6.2 Soil chemical erosion hazards

Soil chemical erosion hazards w1ll ‘be determined by the chemical tolerance
of soils to withstand further erosion, by the current sheet and rill erosion
rates, by the rate of top soil formation and by ‘the ‘time period under considera-
tion. 8Since soil chemical fertility freguently decrease with depth, the longer -
the time period being considered, the greater will be the chemical erocsion
hazard. -For this study en arbitrery period of 25 years has been selected.

The rate at which thé humic top soil developes-within a profile is also
important since it is this horizon which genersally contains a major propor-
tion of the soil's nubrients, and the formatien of this horizon will compensate,
to some extent, for the loss of top soil by erosion. No values of Ay formation
rateg are aveileble for the Ethicopian 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 this study, which may over-
estimate rates of formation in the high eltitude areas and under-estimate the
rates for the :lower, hotter altitutdes. e

To gimplify-procedures, the currernt sheet and rill erosion rates have
been grouped into two broad classes, viz. low erosion rates equivalent to

Q'ilsed 3011 chemical fertility. classes subject to the lower erosion ‘rates T to
'~ V, and for the individual soil units subject to ‘the ‘higher erosion rates VI to *

VIII.‘ ‘For the higher erosion rates it ie necessary to con31der the goil
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 loss of 0 to 12.5 cm
- over a 25 year period, -assuming an Ay formation rate of 1.5 mm/yr. - For these
erosion rates it would therefore seem appropriaste to consider the chemical
ratings and gradients within the top two horizons i.e. within the 0-15 em -
and 15-45 cm horizons. lience the soil chemical tolerence levels given in
Table 13 for each of the generalised soil chemical fertility classes can be
used, and the soil chemical hazards will:be inversely related.to the scil
- chemical tolerance levels as shown 'in- Tgble 15. The chemipal ercosion hazard
classes for each of the four generalised s0il chemical. fertility classes are
given separately for organie matter, total .nitrogen, aveilable phosphorus,
exchangeable pota551um and sluminlum tox1city in Table 16

In the evaluation of soil chemical erosion h&zards for so1ls occurring
within the current sheet and rill erosion rates VI to VIIT, only four soil -
units viz. eutrie Cembisols, chremic. Luvisols,: dystric Nitosols and haplic
Fhaeozems were involved. At these extremely high erosion rates there would
be a net goil loss of from 12.5 cm to more. than 58 cm over a 25 year period,
assuming on A - formetion rate of 1.5 mm/yr. : - .
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: Table 15

Rélatious__p between é011 chemlcal tolerancﬁ

|

‘ .

ievels
AN

and soil chem1ca1 er091on hazard classes:

i, H
3 ;

t

iSoil chemical tolerance levels

) Very: : - ' Very  Extremely
‘high High : Medium Low ;10“
S0il chemical . Véry? low _; medium’ high | very extremely
erosion hazard low ! : R : - high high
class : ‘ : ’
Table 16 | ":"
| 5011 chemical eroelqn hazards for each of the_generalxsed soil
chemlcal fortiliﬁxy@lusses 'in sheet ond rill crosion rate
. classess 1 to V
Ceneral soil ? | X Soil chemical er@sioﬁ‘hazaid .

. chemical fertlllﬁy Organic Total . Availablc ‘f&éhangeable.' Aluminium*
clage _ mattgr N N K toxieity

-

=1 : Medium High Ektfemely Very . . Extremely
: : B : high Clow- o - low

- : ‘Medium -"Ve#y . Extremely . Low' ﬁ”z%ﬁiEi%remely
’ : high high S L low

: - M EU
a . - 14 s

3a © . Very- Very  Extremely : Medium L  Extremely
. . _ hlgh\ high  high S S low

P

e

3 ; Medium Very Very : LBw ;‘ . Medium

high high'
_ e . k [
. * For gl ~ intolerant crops only ﬂ-
E :




Rela'i:ionships between soil chemical ratings for soils in sheet

Table 17

and rill erosions rate classes vI to Viii ano eneir soil chemical

tolerance levels

oL

5011 wnit Horizon

"c 1 gtatus

Soil chemicgl toleren

Al Toxicity © oMa  N®  p°

oM™ N xici
1f 1 vl vl m na
Butric Cambisol eﬁ 1 vi vl 1 na vl el el 1 eh
3 vl vl vl 1 na, :
1 1 11 1 na D \
Chromic Lavisol 2 1 vl vl vl na vl vl vl vl eh
3 1 vi vl vl na ‘ ' '
1 m m 1 h vl
Dystric Nitosol 2 m 1 1 m 1 1 vl vl vh m.
3 1 vl .1 h vl ’
1 m. m vl h na . .
daplic Phagtzem 2 m. 1 vi h na, 1 vl el h eb
3 1 vl vl na v

La

n

My

d‘"

S (g

™

Qs

Organic matter

Total Nitrogem
Available Phosphorus
Exchangeable Potassinm

Al Toxiocity, expressed as Al/TEEB for Al~intolerant crops only

Generally O-l5cm
Generally 15~45cm
Generally 45cm

el

vl';

vh
eh

‘extremely low . .

vey low

low

medium

high

very high
exiremely high
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The chemical erogion hazards were therefore determined according to the
. chemical. ratings and chemical gradients over the top three horizons i.e. from
the. 0=15 cm horizon to the horizon deeper than L5 em. Chemical values and
retings of selected profiles for these four soil units are given in appendix 8,
.and the aversge ratings of their organic matter, nitrogen, phosphorus, potassium
and sluminium toxicity levels for each of the three horizons, &nd the 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 gredient - tolerance level relationships given in Table 12. The
chemical erosion hazard classes were then obtained from the soil chemical toler-
ance levels using the relationships given in Table 15 and are presented in
Table 18, :

Table 18

Soil chemical erosion hazard classes for soilsg occurring

in sheet and rill erosion rate classes VI to VITI

Map 80il chemicsl erosion hazard
. Soil unit :?g‘;l Organic  Total  Availeblc Exchange— Aluminiwa
‘ 6 g- matter - N P able K toxicity

Butric k Very Extremely Extremely High Extremely
Cambisols high high high low
Chromic H Very Very Very Very Extremely
Luvisols high high high high low
Dystrie ’ 5 ~ High Very Very Very Medium
Nitosols ‘high ~ high low
Haplic 6 High Very Extremely Low Extremely

Phaeozems : high . high low

The chemical erosicn 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
chemical erosion hazards of the eutriec Cambisols and Chromic Luviscls are designe-
ted by the symbol 4, the dystrie Nitosols by the symbol 5, and the haplic
Phaeozems by the symbol 6 in Fig. 6, The areas with the highest chemical erosion
hazard in terms of organic metter and nitrogen losses {(classes 3a and 4 in Fig €],
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ok occur in the northern parts of the highlands in Tigra1 and Eritrea, and on the
R wegtern edge of the. hightands in GoJem and Gonder regioms.:: Areas subject to
SR - high and very high chemical erosion hazards in terms of potassium losses {class
4 inFig 6) oceur mainly in W. Shewa, N. Gojeam and S. Gonder regions. Very high
to extremely high chemical erosion hazards with respect to phosphorus losses
occeur throughout the highlands. Areas with & medium chemical ~erosion hazard in
reletion to aluminium toxicity problems (class 5 in Fig. .6) are probably restric-
‘ted to locdl areas within Wellega, Ilubabor and Keffsa reglons in the high rain-
. fell zones.

In colluvial footslope positions where sediment accumuletion ceccurs there
is likely to be an enhanced fertility, i.e. a negative chemical erosion hazard.
The processes of sheet and rill. erosion preferéntially remove the finer parti- -
cles from the soil surface of the hillslopes, and it is these fine particles,
particularly clays and organic colloids which contain a relatively higher
proportion of nutrients than exist in the original soil. As a result the eroded
sediments are usually enriched with'nutrients, and the enrichment retio, defined
as! : ”

nutrient concentration in the eroded sediments K
Enrichment ratio “ nutrient concentration in the orlginal soil '

~is often approximately equal to twe., Hence the colluvial footslopes and alluvial

. plains become enriched in nutrients at the expense of the hillslopes. This i=s
likely to benefit low-lying pastures, but their areal extént is generally too
limited to be delineated on a 1:2,000,000 scale nap. This agpect receives more =
attention in section 7.h, -

7. PROJECTIORS OF THE FUTURE IMPACTS OF SHEET AND RILL EROSION ON SOIL
FERTILITY

The objective of this part of the study is to predict changes in soil
fertility that would ocdur if the current.sheet and rill erosion rates were
allowed to continue unabated. It is intended this date would subsequently
be used by the agronomist/forester/pasture-livestock experts of the Ethiopian

- Highlands Reclamation Study Team in an attempt to relate changes in s0il ferti-
.lity parameters to chenges in land productivity so that an estimate can be made
of the economic costs of scoil degradation. :

A time span of 25 years has been adopted and the impacty of sheet anéd rill
erosion have been studied in relation to projected changes in. effectlve soil -
depths {which influence the anchorage of plants), avallable water capacities,
and soil nutrient losses.

7.1 The sgsumption of constant sheet and rill erosjon rates

It has been assumeéd that the current sheet and rill erosion rates remain
approximately constent over the next 25 years. This implies that the existing
farming practices do not apprecisbly 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-g80il and sub-scll 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. Wintjne Bruggemsn, pers., comm.) the assumption of more or less constant
sheet and rill ercsion. rates for classes I to V is probably not unreasonasble.
This assumption becomes lesg valid for the extremely high sheet and rill ero-
sion rate classeg VI to VIII where a net loss of from 12.5 ¢m to more than

58 em in 25 years has been estimated (section 6.2). Teble 19 illustrates the
differences in top-soil and sub-scil erodibilities, and the crusting indices
for three of the dominant soil units found in these very high erosion rate
classes. These values, which can only be teken ss e rough guide, indicate that
differences in erodibility masy well arise when the sub-soils of the eutric
Canmbisols and the dystric Nitosols are exposed. Nevertheless, there was in-
sufficient time availsble to take such differences into account, and hence the
geverity of the effects of erosicn in claesses VI to VIIT may heve been under-
estimated. '

Teble 16

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

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

. Soil unit Estimated K factor & Estimated crusting index®
: Top~801l  Subsseil . Top-goil  Sub-soil
Eutric Cembisol® 0.20 0.4 0.57 = 1.08
Chromic Luvisolc 0.22 0.22 0.69 0.60

Dystrie Nitosol 7 0.07 ° 0.19 - 0.30 0.k1

8From the Nomograph in Wischmeier and Smith (1978)

bFrom the equation: crusting index = % silt

% Clay 10 Orgenic matter (%)
A modification of equation 8 in FA0 {1979)

Cgee apprendices 1, 2, 3, k and for the cata sources.

7.2 Predicted chénges in effective soil depths -

The effective soil depth is the depth ¢f scil 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 g0il depth 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 erosion 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 density of 1.2g/cm3 for all soils
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(see Appendix 9). The distrlbutlon of soil depth classes in the year 2007 or
earlier is shown in Fig. 8. Aress where ‘the 80il depth classes have changed
are delineated by thick solid lines and assigned a quotient symbol where the
first (numerator) 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 explained in section 5.1 the date at which the original
soil depth data were gathered varied, and was earlier than 1982 in some areas.
Consequently the effective soil depth classes represented 1n Fig 8 may be
attained earlier then 2007 in some areas.

Previous sections, viz. 5.1 and 3.3 have emphasized the large errors that
can 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 so0il depths at around the
year 2007, the resultant errors may become considerably higher for some aress,
and may be partially compensated in other aress. Furthermore, at a scale of
1:2m there must inevitably be tremendous varisbjlity within both the sheet and
rill erosion rate mapping units and within the scil depth mapping unitsg. This
veriability will become further accentuated in the generated "soil depth in
the year 2007" mapping units. It is not p0531b1e to give eny reliasble estimate
of the expected errors, but over-estimetes or under-estimates of the order of
3- or k- fold may well ocecur, Moreover, in the hatched areas in Fig. 8, the
‘changes in soil depth are-particularly unrelisble because of lack of date con-
cerning the durrent sheet and rill erosion rates., Extreme caution must there-
fore be adopted in the use of 'this genersted data. Nevertheless the ‘soil depth”
in the year 2007 (Fig. 8) is probably capeble of distinguishing between those
areas where the effective. depth changes are expected to be extremely high and
those areas where the changes are likely to be minimal. Arees where signifi- »
cant changes in the effective soil depth are expected over the next 25 years
occur in N. and S. Gonder, around Mt. Res Dejen, in E. GojJam, W. Shewa,

N. Wellege 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 km? of land would be reduced to exposed rocks, over
k0,000 km? would be reduced to soils of less than 10cm depth and about
17,000 Im? would be reduced to soils of 10-25 cm depth in 25 years. Thus
approximately T0,000 km2 would be rendered unsuitable -for arabdle agriculture
and 17,000 km? would become only marginally suitable if the current sheet and
rill erosion rates are allowed to continue unsbated.

-

7.3 Predicted changes in available water capacities . B -

The available water capacity (AWC) of a soil represents the quantity of
water that can be stored within s s0il between field capacity and permanent
wilting point and which is available for plant uptake. Very limited - available
weter capacity dasta is aveileble in the literature for scoils from the Ethiopian
highlands. Selected data is given in Appendix 10, but the values are compli-
 cated by fleld capacity sometimes having 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 which soils attain field capacity, and notaall soils do reach field capa- a
city, vary between 0.1 to 0.3 bars, it was decided to use field capacity values
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estimated at 0. 2§bar3 wherever possible in the estimation of AWC values. A
linear relationsﬁlp was assumed between moistdre content and moisture tension
between 0.1 and Q.3 bars. From the: data in’ Appendix 10 combined vlhh the use
of AWC values reﬁorted in the literature for specific soil types, a very
tentative assignment of available water capacity values was made for the top-
soils (0-15cm). end sub-soils (below. 15cm depth) of spec1f1c -s0il units (see
Table 20).

| Teble 20 4
Tentative availaeble water g_pacl_y (AWC) values® assigned
o different 3011 units l

Soil units R %veilable water capacity (%3 v/v})
i ' Top-soil (015 cm) Sub-soil {beldw 15 cm)

Mollic and Vitric Andosols : 30 0
Rendzinas and Calcic Chernozems 25 25
Haplic and Luvic Phaseozems and : . . , f

humic Cambisols L 20 ' + 20 g
Cambic Arenesols- 1w .5 ;
All other soil units R0 1500

¥Baged on F.C. = 0.2 bars and P.W.Pt. = 15 bars.

For esach 5011 unlt the avallable water capacity values were: calculated
using the top soil and sub-soil avallable water capacity values. given in -
Table 20, and the effective soil depths from Fig. 2. The calculs] g AWC
values were then rated into eight classes according to the scheme shown in
Table 21. To facilitate the mepping of the AWC values, a relationship betm
ween soil units, effective soil depths and AWC ratings was develoPed, shown
in Table 22. A map showing the distribution of avallable,weter capacitv
classes 1s presented in Fig. 0. l/ It must be emph551zed howevelr, that:
errors are likely to be high. The soil depth data is not parti arly reliable
(see Fig. 3) and the AWC values e5531gned to the soil units ere based on &
very limited amount’ of data and must therefore be regarded as very tentative.
Moreover, the AWC values of the very stony phases, found most ccmmonly with-
in the haplic Phaeozems and the eutrlc Cambisols, will be overqestmmated
Nevertheless, deepite these serious short~com1ngs, Fiz. 9 should be capsble
of discriminating between aress w1th very hlgh to high AWC values and areas
with low to very low AWC values. '

1/ Because of the broad ranges in ‘AWC values found for individual soil
type - soil depth mapping units, it Eecame‘necessery to delineats $5 AWC classes
in Fig. 9. This large number of AW(Q classes can be simplified ‘according to
the boundary values that are of interest; by reducing the numher of AWC classes

inte fewer broader classes.,

H
H




Table 21

 Ratings for available water capacity (AHC);G&lﬁes

~IL.W,C, Classes (mm)

=25 3550 B0~]5 75100 __ 100-150 150200 500=300 00
Rating . 7 6 54 58 4 3 2
Téﬁie 22 -

Relat1onsh1ps betWeen soil un1ts, g0il depths and avazlable
water capacity ratings

- - Available water capacity ratings

Soi1

Soil . Other

gz;ih depth Wit Mollic Andosols ETm; Rendzinas (E) Haplic Phacozems (Hh) Cambic - ceis
symbol (cm) Vitric Andosols (Tv) Calcic Chernozems (Ck) Humic Cambisols (Bh) Arenoso}s (Qc) unid ts

a 5150 | 1 S ,i o 1 . 4B 2

b ~100~150 1 1~2 2 | 54 2e3

c 50-100 S g 34 6 4~5B

d 25-50 . 4=58 454 _ SA-5B : 6 BA

e 10-25 . A~ : 5h=b - 6 _ 7 - 6

£ 0-10 7. 7 | 7 . 7 1

r % [ » h . 3 .
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To permit an assessment of the impects of current sheet and rill erosion
rates on svallsble water capacity values over a period of 25 years, it is
necessary to compare the present AWC values in Fig. 10 with the projected AWC
values for the year 2007. (The apparent dlscrepancy between the period of
25 years and the date 2007 is due to the date at which the soil depths were
measureéd, see section 5.1). The estimated available water capacity values
for the year 2007 were obtained by combining the provisional soil mep (Fig. %)
with the estimated effective soil depth map for the year 2007 (Fig. 8) and
using the soil unit - soil depth - available water capacity ratings presented
~in Table 22. The distribution of the estimated AWC values in the year 2007
or earlier is shown in Fig. 10, TFor cartbgraphic reasons it was not possible
to represent thé ‘present AWC and AWC expected . in 25 years time on the same mep.
The considerable inherent errors likely to be present in Fig. 10 must be
emphasized, especially in the hatched areas of Fig. 10 for which no calculated
sheet and ¥ill erosion rate data were evailable. 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 aveilable, water capacity
are expected during the mext 25 years occur in N. and S. Conder regions, around
Mt. Ras Dejen, in E. Gojam, W. Shewa, N. Wellega and in the E. Highlands,

T.4 Predicted soil nutirient losses

The annual soil nutrient losses. were estlmated by calculating the quantity
of organic matter, total nitrogen, exchangesble potassium and QOlsenwextractable
phosphorus that would be present in the depth:of socil removed in one year from
each sheet and rill erosion rate class acting oh each of the four generalised
soil chemical. fertility classes. The representative organic matter, total
nitrogen, exchangeable potapsium and QOlsen-extractable phosphorus velues given
in Appendix 6 for each of the generalised soil chemical fertlllty classes were
used in the cslculations. The depth of soil lost by sheet and rill .erosion in
one year was taken to be the average velue for each sheet and rill erosion rate
class, and’ was converted into s weight basis using a bulk dens1ty of 1.2 g/cm
for all scils., To account for the fact that eroded sediments generally contain
& higher proportion of nutrients and organic matter than the original soil,
enrichment ratios of 2.0 for organic matter, exchangeable potagssium and total
nitrogen and an enrichment ratioc of 2.4 for Olsen-extractable phesphorus were
introduced These values were taken from Hudson and Jackson (1959).

i _ trient concentration in the eroded aediments
Enrichment ratio = == r—— - -
nr T Nutrient concentration in the original soil

The The calculated annual nutrient losses for each sheet and rill erosion rate
class end for each soil chemical fertility class are given in Appendix 11.

These values are very tentative since they are based on very scanty chemical
fertility data and on sheet and rill erosion rate classes subject to high errors.
To avoild the impression of false precision the nutrient losses have been grouped
into five broad classes as shown in Table 23 and in the legend to Fig 7 where
they are related to erosion rate-chemical fertility class mapping wmits.

Figure T can be readily simplified by using the broad nutrient loss classes

for each of the nutrients in turn,
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The absolute values of annual nutrient losses range up to more than
21 t/ba/yr. of orgenic matter, up to and exceeding 1.2 t/ha/yr. of total
nitrogen, up to and in excess of 180 kg/ha/yr. of exchangesble potassium
and up to and greater than 5.1 kg/ha/yr., of Olsén-extractable phosphorus
(Appendix 11). The quantities of ,nutrients lost by erosion over a 25 year
period however, cannot be obtained simply by multiplying the values given
in Table 23 or the legend to Fig 7T by 28, This is because the nutrient
enrichment ratios generally’ decrease with time; the greater‘the soil loss,
the lower will be the enrlchment ratio. ’ Moreover, the rate of change of the
enrichment ratio with increasing soil loss will vary depending on the nutrient .
being eonsidered The total nutrient losses over a 25 years pericd may there-
fore- exceed the annual values glven in Table 23 by a factor of between 15
and 25, :

It needs to be emph351zed that the Oleen—extractable phosphorus values
do not indicate how much aveilable phosphorus has been lost from the soils.
. The Olsen-extractable values are mercly indices of phosphate availability and
-cannot be related to the amounts of available’ ph03phorus lost through erosion.
The seme situation arises for any other chemical extraction method used to
_characterise phosphate availability. Consequently, these velues in Appendix 11
can only be used to illustrate the relative differences in evailable phosphate
losses between different erosion rate classes or between different generslised
goil chemical fertility classes. These values camnot be used in an economic
analysis of the rerlenishment costs of phosphorus logses by sheet and rill
erosion, =nd 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
from the soils. The annual exchangeasble potassium losses due to sheet and rill
erosion given in Table 23 have been converted into very tentative nutrient lossese
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 gives the estimated
. exchangesble potassium contents in the top 45 cm of soil caleculsted from the
values given in Appendix 11. A comparison of the 25 years exchangeable
-potassium lossés with the contents in the top U5 em of soil for each soil
fertility class shows that for scoil 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 ¢lasses. For class 3a soils, the very low and low nutrient erosion
rate classes will not deplete the soil's exchangeable potassium during a 25 year
period but medium and higher nutrient erosien rate classes will deplete the soils *
of exchangeable potassium from the top 45 em. A erude estimate of the projected
potassium losses from the Ethiopian highlands over a 25 year period can te
. obtained from Fig. 7 by measuring the areas occupied by each of the five nutrient
erosion rate classes for K, and multiplying the areas by the mean K loss in
kg/ha/25yr for each of the K erosiod rate classes, A lack of time prevented the
consultant from meking these calculations. - In attémpting to estimate the
replenlshment costs of K losses it would be assumed that all of the potassium
which is lost is 'useful' potassium rather than surplus potassium, This is
probably not eltogether true since responses to XK fertilisers on Fthionlan s0ils
sre rare, Nevertheless, over a 25 year periocd the bulk-of the pota531um lest
by sheet and rill erosion could probably be coneidered -as 'useful' potassium.



Table 23

Relationship between nutrient losses by sheet and rill ercsion and soil nufrient levels

T— — —

— -

Generalised soil fertility class

Ulass 1 Class 2 Class 3A Class 3B
OM t/ha. N t/ha K kg/ha _ OM t/ha__N %/ha K kg/ha __ OM t/ha N t/ha K kg/ha _OM t/ha N t/ha K kg/ha
_ t/s® /st /s s/e. t/s s/s /s s/s t/s sfo. t/s efs t/s s/fs t/s s/s t/s s/s /s s/s _t/s s/s %/s s/s
mated soil
ient 70 94 4 2.7 560 840 46 T4 2.9 2.5 490 700 30 40 2.1 1.8 210 420 80 87 3.6 2,5 700 700
ents
1l est!d soil
ient 164 6.7 1400 120 544 1190 70 3.9 630 167 6.1 1400
ient erosion Estimated annual (and 25 years) soil nutrient losses due to sheet and rill erosion¥
_classes ONC NUF K< oM® we Kd oM~ NC K4 O e Kd
Yo 0-1 0-0.1 0-5 0-1 0=0. 1 0-5 0--1 0=0.1 05 C-1 0~0.1 0=5
(0-20) (0=2) (0-100) _ (0~20) {(0=2) (0-100)  (0=20) (0w2) (0-100) (0-20) {0~2)  (C~100)
1-5 0e1-0.2 520 1-5  0.l1=0.2 520 1-5  0,i-0.2 520 1= O, 1w0,2 5-20
_{20-100) _(2~4) (200-400)  (20-100) (2-4)  (300-400) (20-100) (2-4)  (100-40C)  (2C~100) (2.4} _ (100-400
s 5-10  0,2~0.5 20~50 5=10 0,2-0.5 20--50 510 0a2=0.5 20~50 510 0.2-0.5  20-50 ;
(3100-200)  (4-10) (400-1000) (300-200) (4~10) (400-1C00) (100-200)(4-10) (400~1000) (100~200) (4-10)  (40C~1002) =
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  50-1Ct |
(200-300) _ (10~20)(1000-2000) (200-300) (10-20)(1000-2000) (::00~300) (10~20)(1000~2000)(200=300) (10-20) (10c0~2020)
hi >15 +1.0 >100 »15 1.0 2100 15 31,0 >100 »15  »1.0 » 100
igh
_(~300)  (020)  (>0000) (>300) (»20)  (>2000) (»300)  (»20)  (>2000) (>300) (>20) (¥2000)
0-15 cm depth t/s = top=soil
15_45 cm dep‘th S/S ] sub-goil
in t/hg/yr
In kg/ha/yr

M - Organic Matter in t/ha

~ Total Nitrogen in t/ha (Not available nitrogen)

~ FExchangeable Potassium in kg/ha

Very tentative nutrient losses over a 25 year period have been estimated by the
introduction of a factor of 20, and are given in ( ), beneath the annual
matrient loss values.
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The values given for annual total nitrogen losses in Appendix 11 range
up to more then 1.2 t/he, or in excess of 24 t/ha/25yr. if a 25 year enrichment
retio factor of 20 is introduced. Comparing the 25 year total nitrogen losses
"glven in Table 23 with the total nitrogen contents in the top 45 cm of profile
for the four generalised soil chemical fertility c¢lasses indicates that the
very low and low nutrient erosion rete classes will not deplete the seils of
totel nitrogen. Higher nutrient erosion rate classes mey however largely
deplete the 0-L45 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-gymbiotic nitrogen fixation. ~Since the total N losses at the high and
. very high nutrient erosion rate classes are considerably higher thaen 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
&t these high nutrient erosion rates. This will be most pronounced where
legumes are not a normal component of the crop rotatlon, end where fallow
periods are very short or non-existent,

The total nitrogenllosses from the Ethiopian highlands over 25 yesrs can
be obtained by planimetering the arems 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 eroslon rate class. When attempting
to quantify the replenishment costs for the loss of nitrogen through erosion
the costs should be based not on the total nitrogen lost but on the quantity
of availsble or useful nitrogen lost. It needs to be emphasized that the total
nitrogen losses do not indicate the quantities of availsble or useful nitrogen
. lost by erosion. In any one year only a smell porition of the total nitrogen
- ' may be mineralised, and only part of the mineralised nitrogen will be utilised
by crops, the remeinder being lost by leaching and’ denitrification. Probably
only about 2 per cent of the total nitrogen may be mineralised from arable
- land in eny one year (e.g. Willis and Evans; 1977) and less than 1 per cent
possibly 0.5 per cent may be mineralised from grasslands (e.g. Creenland and
Nye, 1959). These figu es must be treated with caution since théy are not
based on data derived from the Ethiopian highlsnds. To estimate very crudely
the quantities of available or 'useful’' nitrogen lost by erosion each year
from the Ethiopian highlands the areas cccupled by each § erosion rate c¢lass
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
8 25 year period could be estimeted from perhaps 1.6 per cent and 0.4 per cent
of the 25 year total nitrogen losses caleulated for the arable and grazing lands
respectively in each of the N erosion rate classes. These velues of 1.6 per
cent and 0.4 per cent are less than the annruel 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 clesrly 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 orgenic
metter lost by erosion are well in excess of the top 0-45 cm soil organic matter
contents at the high and very high orgenic matter ercsion rate clagsses. These
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high organic matter losaes have important 1mp11cat10ns to the losses of
nitrogen in particular (see above}, but also for the losses of -associated
nutrients such as sulphur, phosphorus and mlcro—nutrients that are present
in so0ll organic’ matter, and which would be slowly released through.
mineralisation processes. Moreover, the steady decline in organic matter
contents will increase the crusting Busceptiblllty and erodibility of the so
soils (section 2.3).

In the estlmatlon of the replenishment eosts for the sulphur and phos-
phosphorus present in the soil organic matter it can be assumed that the
C:8:P ratio in organic matter is 100:1:2, and‘if C forms 58 per cent of the
organic matter, there would be 5,8 kg s{ha and 11.6 kg P/ha lost by erosion
for every 1 t/ha of organic matter lost by erosion. However, the guantity
of useful or available sulphur and phosphorus that would be lost inttonne of

Jorganlc matter, i.e. the emount that would have been mineralised annually,

i iﬁmightAbezonly 2 per cent and 0.5 per cent of these values for arsable’ and

“grassland soils respectively, i.e. 116 g of S and 232 g of P from arsble soils,
and 29 g of S and 58 g of P from grassland soils. The quantities of phosphorus
and sulphur mineralised over a 25 year period might be 1.6 per cent and 0.b per
cent of the 25 year orgenic P and S losses from érable and grazing lands
respectively, because of the’ gxponential dzeline in mineralisation with time.
These values are however very tentative. The total orgenic P and S lost

through the erosion of organic matter from the Ethiopian highlands can be
estimated by measuring the area of each organic matter erosiom rate class in

the highlands {Fig. T7) and maltiplying the areas by the corresponding mean

25 year organic matter losses. The total organic P and S-losses will be -
. approximated by 1:16 and 0.5 per cent of the-organic matter losses. To obtain

" the quantities of available P and S that woul'd have been released by minerali~
sation during a 25 year period an estimate of the proportion of arable land -
and grazing land in each organic matter erosion rate eless needs to be

"~ established. The total organic P and S lost by er051on from the arable and
“grazing lands should then be multiplied by 1.6 pér cent and 0.4 per. cent
respectively to arrive at the quantitles of useful organic P and S lost

during a 25 year perlod .o

This predictlon of 3011 nutrient 1osses is a very dubious and precarious
exercise based on g very limited amount of "hard" dsta, and involving many
estimates, This is particularly so for the prediction of "useful" N, P.and

.8 losses, i.e. the quantities of orgenic N, P and.S lost by erosion whlch
would have been mineralised during a 25 year period. Although it is possible
.to caleculate a figure for the replenishment casts of available nutrients lost
by erogion, 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

(2) 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 of conservation practices, the
cultivation of excessively steep slopes, defcr?statlon and overgragzing,
Areas with excessive rates of soil loss, 1. e. in excess of 6.5 mm/yr occur in
8. Gonder, NE Gojam, N. Wellegn, 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 ground 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 Al
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 Flg. 11);

(d) Chemical degradatlon due to the ' mlnlng of soil nutrlents 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 e¢lags 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 nutrients, 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 ig only expected to be important in low rain-
fall areas (D and E, Fig. 11} and in class 3a soils (Fig. S5) vhere organic
~ matter levels are low; .

. (£) Salinisation and alkalisation processes causing the accumilation of
_salts and sodium are restricted to the area around Lake Abiyata in the Rift
Velliey;

- (g) Mass movements resulting in lendslides, mudflows and earthflows are
probebly 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. 1i;

{(h) Gulley erosion is probably of widespread occurrence but the area of
sgricultursl land affected is very limited. The main causes are overgrazing
and compaction leading to physical degradetion, and poor road drainage
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8.2 The hagards of degradation

(&) The main hazards of the inter-related sheet and rill erosion and

- physicael degradation are:

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

(11) & deterioration in the chemicel fertility status of soils
through losses of organic metter and nutrients
(b) A soil physical erosion hazard 1ndex has indicated {Flg. 12) that
the areas suffering from the greatest deterloratlon in soil physical fertili-
ty are Tigrai, N. Gonder and Wello regions, parts of Gemo~Gofe and Keffs
: reglons, and parts of the E Highlands;

{c¢) Assuming, current erosion rates contlnue then QVér a 25 year period
'prellminary estimates show that about 30,000 xme of solls will be: reduced to
rock, 41,000 km@ will be reduced to less than 10 em depth and - 17,000 ke of
soils will be reduced to 10-25 cm depth. Thus, over 70,000 km2 of the high-
lands would become unsuitsble for arable agriculture and another 17,000 km?
would be rendered only marginally suitable. "The areas most affected sre
Wello regien, the Simen Mts, N. Gonder and E., Shewa regions. Parts of Gojam,
Wellega and the Bastern :Highlands would also be subject to 51gn1ficant
reductions in effective soil depth * Lo

(a) A soil chemical erosion hazard clasgification has;shown (Fig. 6)
that hazards due to deteriorating phosphorus fertility are generally very »
high to extremely high throughcut 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 Eastern Highlands. . The hazards of
diminishing potassium fertility are generally verj'ioW'to low throughout
the highlands except in restricted areas in Gonder, Gojam and N.W. Shews
regions and in parts of the Eastern Highlands where the hazards are medium.
AMuminium toxicity hazards sre generally very low apart from localised areas
in 8. GoJam, Wellegs, Tlubabor, Gemu-Gofa and Sidamo regions where the hazards
are medium for Al-sensitive crops such as sorghum end cotton; "

(e) The areas expected to experience significant reductions in soil depth
would be the smae mreas where dveilable water capacity reductions would be e -
expected. The present and expected available water capac1t1cs in the year
2007 have been mapped in Figs. 9 and 103

(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 nitregen and 2000kg/ha of exchangesble
potassium. Prolected losses of inorgenic phosphorus could not be estimated, -
and although calcium and magnesium losses were not predicted, it was likely
that only surpius 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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insufficient time, though this dats can be readily obtained from the areas
occupied by the five nutrient erosion rate c¢lasses given in Fig. 7 for each
nutrient. It was tentatively suggested that about 2 per cent of the total
nitrogen, organic phosphorus and sulphur in the soil organic matter would be
released ench year by mineralisation from arablé” lands and 0.4 ver cent 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 minerelised
in a 25 year period -

9 3 Impllcatlon and use of the data obtained

{a) The physicel tolerance of s0ilg to further sheet and rill erosion
indicates the arees which are now not suited té arable agriculture e.g. where
soils are less than 25 cm or 10 em in depth. Buch areas can be considered in
need of reafforestation and could be used to supply fuel, building materisls
and fodder for livestock;

(b) The chemical tolerance of: soils to further sheet and rill ercsion
gives a very approximaste indication of the chemical fertility status of the
soils in different areas, and can also be used in combination with the szoils
map, to meke more specific fertiliser recommendations as to the types of
fertilisers to be used 1n'd1fferent regiofis e.g. where scid- forming fertilisers
. should not be used (e.g. on class 3b soils), where phosphate fixation
problems will affect the phosphorus fertiliser responses end rethod of
epplication {e.g. on the andosols and to a lesser extent om the acriscls and
nitosols), where liming . may be necessary (e.g. ¢lass 3b 50115) and where
urea will be less efflclent due to volatilisatlon losses (e g. on class 2 and
3a soils) : <

(c) The physical erosion hezerd 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 product1v1ty will also be governed
by the probability of moisture deficits occuring which are shown in Fig. 11.
Thus decreasing available water capacity values will cause crops and vegetation
to be more susceptible to water deficits particularily 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 measures, but see 9.5 concernlng the 1dent1f1catlon of priority
areas for government 1nter7ent10n, ;

{@) The chemical erosion hazard map delineates those areas that are in
greatest danger of declining productivity due to deteriorating scil chemical
fertility. Areas of high chemical erosion hazard are most in need of improved
farming systems, but see 9.5 for the identification of pricrity areas;

(f) The estimated annual sheet and rill erosion rates map reveals which
arees are currently suffering the highest retes of soil loss, and consequently
in which areas there may be locally high suspended sediment loads causing




- 5] = N
siltation prohlgms‘downstreém.- The fact that high sheet and rill erosion
rates exist does not necessarily imply that suspended sediment rates will be
" high sin¢e much of the soil lost from the hlllslopes 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 -
inappropriate, farming systems. the existing farming systems should therefore
_be modified and improved (but not radically sltered unless this is socially
acceptable) and should be the main vehicle by which soil degradstion is halted
and sgricultural productivity is increased. The improved farming systems need
to meet the following requirements: :

(&) They are suited to the local agronecological environment;

(b) The changes are socially acceptable and agreed by the peasants
. associations;

(¢) They result in hlgher productiV1ty,

(4) They do not necessitatc high cost inputs or the use of large
-quantities of foreign exchange;

(e} They can be introduced at ‘an appropriate technological level(i
(f) They provide the farmer with a well balanced nutrientional diet

(g) They willl be capasble of arresting 5011 degradation through effective
- 5011 conservation and will maintain, if not restore, the physicael and chemical
fertility of the soils. . .

The type and design of the recommended physical and cultural soil .conser=
vation practices should be part and parcel of the improved farming systems and
should also be selected according to the nature of the soil type, particulariy
soil drainsge, erodibility, effective depth, slope of the land and the rainfall
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 u81ng standard rrocedures for the whole
of the country or region.

The farming system must maintein, 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 considersble potentisl if nitrogen fixing tree crops can be
introduced. Species such as Robinia pseudo-acacia (Black Locust)} and Morus aldsa
are suited to high sltitude/low temperature regions, are fast growing, fix
nitrogen, will coppice and can be used as fodder {Kernick - pers. comm.).
Fruit trees will alsc have the advantage of diversifying diets.
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Restorlng the posphate fertility of the soils is llkely to be the msjor
cbstacle to raising productivity. Tree crops are cepable of nutrient enrich-
ment-of surface soil horizons through the Goldsehmidt process of harvesting
nutrients from deeper sub-soil horizons {beyond the reach of the roots of
annual crops) and returnlng them to the soil surface through litter accumu~
lation. In this way the presence of tree crops in the farming system, or
fallowperiods, if of adequate duration, may ameliorate the.low phosphate
levels to a limited extent. It is most likely however that phosphate ferti-
lisers will need to be applied in many parts of the country if yields are
to be maintained or increased.

8.5 The identification of 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.
These are just two parameters that need to be considered when meking decisions
on priority areas for government assistance and intervention. Other parameters
that need to be considered are population density and distribution, and the
economic advanteges of intervention in areas subject to different degrees of
hazard. The costs of reclamation, conservatlon and development must be weighed
against the benefits to be accrued from the land., Thus on puwrely economic
grounds it may be better to select areas experiencing moderate degradaticn
hazards if the potential productivity of these esreas, once degradation has
been arrested and soil fertility has been ameliorated, is expected to be
greater then that of areas subject to high hazerds. 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 soll 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 vealidating the USLE. To validate the USLE wculd require at
least 10, if not 20, years of data collection and would be an extremely |
expensive study, so much so that no country in Africe 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-ecologlcal and soecio-economic zones, the
capability of improved farming systems to arrest soil degradation, maintain
or enhance soil fertility, give higher yields sund be socially and economically
accepteble., Such studies should investigate and monitor the effects of inte-
gratgdCTOP/PﬂSturE/liVGStOCWforestry enterprises with appropriate conservation,
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tillage end management practices on soil losses, soil fertility, ylelds and
nutritional stetus of the local farmers. These investigations need to be
conducted in catchments similar to existing studies being condueted by

Dr. H., Hurni. They should alsc involve the active part101pat10n of, and
decision-making by, the local peasants associations.

At a second level of priority further studies ere required to assess
the fertility status of solls in the highlands and crop-fertiliser responses.
Field trisls 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 c¢rop responses to difw
ferent fertiliser levels need to be established if sc0il 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 importent since phosphate is likely to be the most limiting
nutrient. WNitrogen should be capable of being maintained at-a satisfactory
level through the jJudicious use of legumes, crop rotations and fallow periods.
Existing evidence indicates that, in general, calcium, magnesium (Appendix 6),
potessium and sulphur (FAO, 1970) 1/ are unlikely to be limiting factors for
most of the highland soils. Field “trials should also be established to
investigate the incidence of eluminium toxicity problems in the dystric
nitosols. and orthic acrisols and the need for, and responses to be obtalned
from liming. These activities should be considered just as Iimportant as
the need to strengthen the country's soil analysis capability.

1/ 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 Kp80}. :
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APPENDIX 1

Derivation of Crusting Indjces for Topw3oilsal Chromic Luvisols,

. Putric Cambisols and Dystric Nitosols

| < Profile.’ ... .. T 401 . % Silt Crusting
Soil rumber 4 silt % Clay ~ dom :'10'3§%t‘“' (% Clay + and
(Depth,em) "7 o o Tt 10.0M%) runoff
s E - J‘-.Ildex
.. Chromic Luvisols T e L
. (Le) - PBAA 28.72 26.98 2.75 54.48 0,52
’ ~_.Source: (0-14) : ‘
T UHuniting Tech. MS/14. ... 32,50  14.99  1.03 25.29 1.28
Services, (0-15) T C S
1976 QE/8 24,94 17.99  1.37 31.69 0.78
N (0-25)
LUPRD  (S.R.) 13.82 40.02 2.48 64.82 0.21
. Average 0.69 - 0.69
© T TEatPie-Cambisols.. . .. | | -
2 (Be) csa/é 7.58 8.097" 0,51 - 1319 0.57_ .
CTTT e (o) . :
Source: PG/1 11.60 4,62  "1.03 - 14.92 0.717
Hunting Tech. {(0.10) D
. Services, M3 /1 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)
0SA4/s 16.51 20.80 3.44 55.20 0.29
(0-15) :
CSAR/8 14,28 20.80 3.78 58,60 0.24
. ' (0-20) .
S QE/4 12,50 5.78 0,68 12,58 0.99
, . (0-20) |
d J5/1 7.58 8.09  0.30 11.09 0.68
- (0-15) . '
- CGB/5.. . 491 B.6T  0.68  15.47 0.31
N ' dverage - T 0.s7 0.57
. Dystric Nitosols
(1) X1 19.79  18.36 4.99 63.26 0.31
Source: . K2 20.83 21.09 4.35 64.59 0.32
O - LUPRD X3 19,79 19.72 3.62 55.92 0.35
K4 18.74  21.09  4.66 67.69 0.27
KS 20.83  19.72.  5.14 71,12 0.29
0,30 0.30

T hverage




APPENDIX 2

Derivation of Gfustigg Indices for Sub~Soils of Chromic Luvisols
’ | Butric Cambisols and Dystric Nitrosols

S oL [ . Crusting
s Doe s gow gor [ (%:;g) runoft
L Tt ipdex
Chromic Luvisols o
{Lc) PB/1 29.61  26.45 1.03 36,75 0.80
o T el 20030 1,37 34,00 7 o2
QE/B | 32,82 21.53 | o
LUPRD (S.R.) 12,76  31.71 1,38 45.51 0.28
Average ' | | 0,60  0.60
Butric Cambisols
. (Be) TV 10.63 . .7.88 . 0.2 9.88 1,07
PG/1 , . T.24  6.89 0.5 11.89 0.60
MS/1 16,91- 8.33 0.8 16,33 1.03
PE/13 11,11 5.47 '0.4 9447 1.17
- €sa4/5 18.84 9.28 2.0 '29.28 - 0,64
cas4/8 | | S
QE/14 16.91 8.33 0.2 10.33 | 1";63
J8/1 10.63 5.23 0.11  6.33 1.67
E/5 7.73 3.80 0.5  8.80 0.87
Average . ‘ 1.08 1,08
Dystric Nitosols . .
(W) K1 23.20 17,40 3.45  51.90 0.44
K2 19.50 19.40 1.38 '33.20' ' 0.58
X3 14.58  27.38 1,73 44.68 0.32
KL , 18,27 - 21,39 - 0.42  ~45:99 - - - 0.40 -
K5 © 0 v 24u43 0 144410 0 3,070 45:11 - 0.31
Average _ - 40.41 0.41
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Derivation of Crustlng‘lndlces for Top~-Soils and Sub—801ls of Pelllc

and Chromlc Vertigols

Source Profile ; TOP'SOil S _
- o T e pow e i o AR
Hunting Tech.Servicés f § .é : o
1976, Tigrai T : : - X
MS/5 0=15 ¢ 48 40 2,23 | 62,30 C 077
sAl/l  0-10 44 39 2.58 | 64.80 | g 0.68
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. /3 1045 25 54 1.89° 729 | 0.34
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Top~Soil Qharacteristics for So0il Units ﬁithin Fach Soil Chemica.l';' Fer‘t’-ilj.’lsy Class

3
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Top-30il Characteristics for Soil Units Within Bach Scil Chemdcel Fertility Class

Source Soil Erods Clay FPH  OH c C Total N Total K Total P Avail P Exchangecble (me/100z) CIC 3 8
_ Unit Index (% % % 8 (vom) _(ppm)  (pom) _ (opm) _ Ca e K me/100g %
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Top-S0il Characteristics for Soil Units Within Fach Soil Chemical Fertility Class

Source Soil Erod’ Clay PH, OM ¢ C Total N Total X Total P .vail P Exchangeable (me/100g) CGEC B.S
unit Index (%) HO (%) (B) ¥ (%) (ppm)  (opm}  {(pom)  Ca g K  me/100g (%)
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1 1 1 m m vl h m m
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L : Top—Soil Characteristics for Soil Units Within Each Soil Chemical Fertility Class

i

- (p) ¥ XIANHAL

i

e T
T

Seil Erod® Clay PH, O ¢ ¢ -a1.100% ECEC F:'-}‘CCh.Al Avail P Exchangeable ¢EC ~ H.§, T
Source unit Index % H»EO -7 (%) N ECEC . - me/100g me/lO(_)rgﬁ {pom) 'gme{j:OOg! me /100g (%)
: e Ca Mz X
CLASS 3B - T
LUPRD, 1984,Koti Nd 26.9  4.70 4449 2.60 0.9 14,46 0.13 5.4 10 3 1.02 37.6 38
(1) - |
" 5 " Nd 30,9  4.90 4.35 2,52 8] 15.89 0 45 10 4 o1.02 . 3004 5
(x2) - . .
" st n Na 28,9 5.10 3.62 2,10 - 0 16.89 0 6.3 13 2 1,02 ‘29.8 57
(k3) |
" .o Na 30.9. - 4.45 4.66 2.70 13.1 8.95  1.17 14.5 5 3 0,51 38.0 g4
(x4) | o |
o Nd 28,9 5.20 5.14 2.98 0 12,53 .0 - 7.2 6 5 1.53 50,6 267
(X5) | o | -
Average o 29-3 4-9 4-45 2-58 305 13-74 0.3‘_3 N 7___!16 - 9 ' 3.4 1.02 33."{ 40

CLASS 1 | om0 1 =m b n
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Sub=S0il Characteristics for Soil Units Within Each Soil Chemical Fertility Class

y

oy

€ € Total N Total K Total P Avail P Exchangeable ' GEC  B.S.

Sowroe Soil Erod’ GClay PH, O.M. b
unit Index (%) HO (5) (B ¥ (%) (pom)  (ppm)  (ppm) - (we/i00g) - me/100g (%)
: Ca Mg K
CLASS 1

LUPRD, 1984 (B52) Hh %5 7.05 3,17 1.84 3.6 0.51
~ (B53) Hn 9.5 T.10 2.86 1.66 2.7 0.51
(B70) Eh 12,9 5440 1.24 0.72 Te2 0.26
(B61) Hhs 20.9 6.25 2.14 1.24 5ed 0.51
(B63) * 10.9  5.15 5.59 3.24 5e4 1.02
(B65) 24,9 6415 1.41 0.82 3.6 0.77
‘ _(1366) " 26.9 6.70 0.69 0.40 2.7 0.51
 (B68) K T28.9 5,95 3.76 - 2.18 - 1.8 0.51
" iverage 18.1 6.2 2.6l 1.51 4.1 0.58

(&) ¢ XIONAAY




Sub=Soil Characteristics for Soil Units ¥ithin Each Soil Chemical Fertility Class

() § XIQNAA

s mr e AR .t

Sourac Soil Frod’ Clay PH 0.l ¢ ¢ fTotal N Total K Total P .vail P Exchangesble CEC  B.S.
T -unit Index (%) HO (R (8w (#) (ppm)  (ppm)  {ppm) {me/100g) me/100g (%)
: Ca Mg X
CLASS 2
Hanting Techs.
Servives, 1976, -
Tigrai - . o ‘
15-40 - (Ms5). Ve 46 7.9 1.3 0.10 5180 - - 0.8 23.5 4.7 0.8 29.1
10-30  (CSAL/1)Ve 48 7.8 1.2 0,20 6010 -~ 0.9 21,0 5.9 0,1  26.5.
8=75 cm - (QE/2) Ve 48 7.8 0.67 0.10 2150 -7 0.2 17.2 6.1 0.1 29.6
1040 (CV1) Vp 0.18 59 6.6 1.8 0.20 2690 ~ 1.4 34.0.10.0 0.6 .45.8
1045 -(Ms3) S Vp. 0.22 54 8.0 ' 1.1 0,10" 6890 - 1.1 48,6 | 6.5 0.8 44.0
Ai?erage. (15-45 cm) . 0.20 51 7.6 2.06 1.2 8.6 0.14 4524 0.9 30.9 6.6 0.5  35.0 100%

- l-m  l-m L h vi vh h m



Sub~Sej* Chavscteristics for Soil Unmits Vi.itin Back Soil Chemical Fertility Class

Source Soil BErod® Clay PH Ouf. O ¢ Total N Total K Total P Avail P Exchangeable CEC B.S.
unit Index (%) HO (R (%) v (%) (ppm})  (ppm)  (ppm)  (me/100g) me/100g (%) -
Ca g K
CLASS 34 B
Hunting Tech. Services
1976, Tigray , oo . , . ) S T
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 cm (PG1l) Be 0.15 14 6.4 0.5 0.10 4060 - 11.6 5.7 0,9 0.2 9.6

"o 15«75 Js1).Be 16  T.4 0.2 - - - ~  19.5 5.5 « 0.1 18.4

" 6=30 1MS1) Be 0.21 36 7.9 0.8 0,10 1060 - 7.1 32.9 5.3 0.2 40.9

" 15-30 cm (PE13)Be -0.36 22 6.7 0.4 0.10 1620 - 2,3 5.8 2,0 0,2 12.3

n 15-74 (CsSa4/5) .Be . 46 T.T 2.0 0.20 7330 - 0.4 30.2 1.7 1.0 28.9

" (C544/8) Be - - - - - - - - - - - e -

" 20-50 cm(QE/4) Be 13 6.2 0.2 <i9,1 1200 - 0.7 5:4 1.1 <0,1 8,2

" 15«45 om{QE/5) Be | 40 7.0 0.5 0,10 4640 - 0.3 8.2 3.7 0,515,0

" 1465 cm(PBL) Le 0.22 43 7.0 0.6 0.06 900 - 1.0 12,9 6.2 0.2 21.7

® 15-75 (MS14) Le 33 7.3 0.8 <0,.1 900 - 1.5 23.3 7.3 0.1 31,7

n 25-40 om(QE8) Lc 35 6.9 - = - 0,0 1170 - 3.0 10.9 4.3 0.2 17.2
LUPRD, 1982 (S.R.) Lc 52 6.65 1.38 0.8 2.7. 32.8
Orstrom, 1973, Wabi _ , R ce
Shabelle = 40-100 Lo 7.5 1.2 0.7 9 0,08 1746 ~ 11.8 6.0 0.3

 Average (15-50 cm) 0,24 31 Tl L.l 0.64 6.4 O 2334 (1746) 2.7 15.5 4.1 0.31 21.3 93%
11 V1 m 2 vi k. k- om

(2) § YIaNaday
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F o (_- - ‘ Sub=Soil Characteristics for Soill Units Within Bach Soll Chemical Fertility Class el

Soil Erod® Clay PH, 0.
‘unit Index (%) 1,0 (

C ¢ AL.100% - ECEC Exch.Al: fvail P %‘3 CEC B.S.
(4) N ECEC me/100g  me/100g (ppm) Ca—-L—E'" e (me/100g(%)

=

Source

- LUFRD, 1984, Kati : |
R (x1) Ng 3409 4435 3445 2.0 11,5 12,57 144 81 6 4 0.26 36.0 31

" L] "

L (k) N 38494465 1438 0.8 ... 2.6. .. B8.16. .. .0.2L.. .3a6...5 ... 2 Q.51 36.4 26
(x3) - wd 5409 4,60 1.73 1,0 . 2.3 10,18 0.23 1.8 7 2 0.,5133.0 30

L AKA) L Ndo . A249 4630 2442, . 3ed. . . 17<T... .. 8ud4 . 1449 . 326 0 5.0 1. ..0.51.37.2 |19 .

" n 1" -

(k5) NE 28,9 4.60 3.07 1.78 1.9 . 11.86 0.22 643 6 4 0,71 40.00 29

it w ek m et o ame = % s B e T L

Average . 40,1 4.5 2,41 1.40 7.2 10.24 0.72 6.5 6 2.6 0,51 35.3 27




Selected Soil Chemical and P sical Properties of the Generalised.Seil -Chemjcal -~ "' 7 '

Fertility Classe sg

i n e mh . mae ge = wmer temoaw e o= -

S + _
Class Top Soil Soil® Ered’ Clay PH,H0 Ofs € ¢ Total Total avail Exch;2§::?le‘ cmod Eﬁ%b Base
(source) = Sub seay Unite Inder % # % 8 8 K P n00/e  me/i00g ¢4 S3be
_ . % pom ppm o X %
1 ‘ m m f m f vl h .
LUPRDY, 1984 Top Hh - 19 642 3.9 2,3 (10) (6.23) - 43 - - 0.8 = 0 =
(852,B53,B70,B61, — and - o - m ..m £ 1 f ' vl Chem :
B63,B65,B66,B68) SUB Hhs - 18 6.2 2.6 1.5 (10) (0415) =~ 41 -~ -~ 0.6 - 0 =
2 m m 1 h . vk v h h vh
(Huntings, 19763 Top Ve 0.20 44 Ted 2,55 1.5 9.4 0,16 4440 1.5 27.4 5.3 0.7 30.1 0 100
Ms/5, CSal/igr/2, — amd > m m 1 h vl vh h m vh
ov/1, 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
LT ) ‘3a ) o L e - o - . C . _ U SO e e -
~{Huntings, 1976s -L8A4/6. .- -~ - - oo SR S S S SR S SN "N vh
csam/6, PG/1, Is/1, Top - Be  0.21 19.5 7.1 1.70 1.0 8,3 ©0.12 2475 4.2 12,7 2,5-.0.3 17.9 0 87
(MSAA,PEA13,0884/5, © . end - . i e
...CSM/B,QE/AI-,'QE/‘?,---"»- R LY 7+ S [ A N R vi h - h m vh
PB/1,M5/14,QE/8, SUB and 0424 31 7.l 1.10 0.6 6.4 0.10 2334 2.7 15.5 4.1 0.3 21.3..0 93
* LUPRD,1982(S.R.) Lo . L .
ORSTR(M, 1973. mmmmtess e eemmmmmonc T T
3b . m m A B 1 m h  h e vi* m
(LUPRD, 1984: K1, K2, Top Nd - 29 449 4445 2.6 {22) (0.2) = 7.6 9 3.4 1.0 33.7 3.5 40
K3, K4, X5) — m m £ ) f 1 m m m e 1 1
S 6 2.6 0,5 35.3 7.2 27

SUB - 40 4.5 2.41 1.4 (10) (0.14) = 6.5




- -APPENDIX 6. . . . i ;,'jf:l""" LT T e e
Page 2 | B

(cont'd) ,
2. Symbols according to those given in the legend of the Soil Map

. of the World (FAQ) UNESCO, 1974)
b.  Determined by use of the nomogreph in Wischmeier and Smith (1978)
Ce Determined by Olsen extraction B " . . T

d. Determined

with N.NH, fAostate at pH7.0

€. Unreliable, should have determined Effective Gitiom Exchange Capacity

fe Estimated Values

Ee These values represeni average values of éoils ffom'the specifiéd sé&rcés.
.h. With respect to CEC determined with-N.NE4 dcetate aﬁ PHT.

*  Some soils give extreme values of 13.3 & 17.7% Al saturation of the

ECEC. in the top soil and sub—soil respectively.

h ~ high, m - medium, 1 - low, vl - very low.



* APPENDIX 7

Relationship between Soil Nutrient Levels and Soil Ghémfé‘-'a:l Ratings

Soil Chemical Values .

Soil Chemical Ratings OM(%) Total b  Avail. ¢  Exch. d . Al. Sat. ¢ *
e ‘ oo . N(%) - P{ppm) K(me/10Cg ) — (%)

Very low al <0, <5 «0.2 1.5

Low . .« .. 12 0d-2 5410 0.2-0.3 5.0 °

Mediun 25 0.2~0.3  10<25 0.3-0.6 10415

High 5-10 0.3-0.4  25-50 = . 0.6=142 1525 -

Very high = 10 = 0,4 = 50 ::-_1.2 R .275 s

? Determined by the Walkley Black method

b Déterminéd. by the Kjeldahl method

© Determined by Olsen ‘extré.ction metho;l‘

a Determined by Nl.NH 4 Aqeta't.a extraction at pHT.O

e o e - i' :
Determined as AL/ECEC as a percentage, Values given refer to
Al intolerant crops only such as sorghum, and cotton. o -
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- -=" RATE GLASSES VI to VIII

). DYSTRIC NITOSOLS

APPENDIX 8

SOYL, -CHEMTCAL VALUES AND RATINGS FOR SOILS OCCURRING WITHIN SHEFT AND RILLr EROSTION

41 1007 Total Available me/100g

Horizon  Source Soil unit Depth . pH ~ 0 C ECEC N  P{ppm) Exchange
X
LUPRD,
1984
kati .
1st K Na 0=25 4,70 4.49 2.60 5ed2 1.02
X, Nd 0-30 4490 4435 2.52 4.51 1.02
K, Nd 020 5.10 3.62 2,10 S- 6,327 1,02
“K4 B | 0-=15 4¢45 4466 2,70 14.46 0.51
K, N 0.0 520 5.4 2,98 7.23  1.53
Average 0~22 4487 4445 2,58 3.5  (0.,22) 7.58 1,02
m vl — est 1 h
2nd K, Nd 2550 4435 3445 2.0 8,13 0,26
X, Na 30-50  4.65 1.38 0.80 3.61 0.51
Xy Nd 20=45 4460 1,73 1.00 1.80 0.51
K4 Nd 1540 4430 2,42 1.40 12.65 0451
X, m 20-50 - 4460 3,07 1.78 6.32 0,77
Average o 2250 4450 2&41_;1.39 742 (gé%s) 6150 0é51
’d T K Nd 50-110 4.45 1.07 0.62 0.81 1,80  1.02
X, Nd. 5090 4475 0441 -0.24 1.9 9.03 1.02
X, Nd 45~80  4.45 1.90 1.10 2.3 9.79 0.77
K4 = Nd 40-80 © 5,20 0,69 0.4C 1.4 5042 1,53
K, Nd 50-110 4,90 1.48 0.86 3.9 9.94 1.28
50=110 4.75 1.11 0.64 2.1 (0,06) 7,19 1.12
' 1 vl est

1




;€7

95 . doplic phacozems

Horizon Source if:i Depflhl ] PH oM ~ -C T;t? - A;a(jl;;:gle ;:f: é :;:,gze
P ek
. LupmD, 1984 ‘ ..-_
Ist. . . B52. _ 0=-10 7435 4.04 2.34 ‘ 445 0.51
- '353 * _ﬁﬂﬁu 0=10" ~6,80 3.@3_Ag,22 o "ﬁﬁs' - '5‘0.5}
--~.-_,B§1_\_‘ Hh 015 6.25 2.3) ;{54 LT g 0.51
B3 M 0530 5.50 5.76 3.34 0 3.6 Lis3
B65  Hh 0-30 6,00 1.55 0.90 T 3.6 _““}.53
B66  Ih 015 6445 - 0.76 O.dd 2.7 051
B68  Eh  O=15 6415 3,62 2410 " 0.51
B70  Hi - 0-20 5,25 T.32° 5.41 544 7 0451
fverage “ T0-18  6.21-- 3.64 2.26 (0.22) 4.3 0.80
R ' m est vl h
2 B52 M 10-20 7,05 3.17 1.84 3.8 0.51
T T sy _Hh 10~40 7.10  2.86 1.66 2.7 0,51
._;q;hn_g B6L  Hh fﬁigiébi“"gzgg--‘2,14hh1,g4A4*" 564 - 0.51
B63 M 30550 5.5 5.59 324 S t-1.02
B65  Hh 3075 6,15 1.4l 0,83 v ov3.6 ;¢o.77
B66 Hh 15-40 6470 0,69 0,40 2.7 0.51
RAR Mo 1599 5,95 3.76 2,18 » 1.8 0.51
B70O  Hh  20-35 : |
.. Average 1850 6.33 2.80 1.62 (0.16)  3.60 0,62
o SRS i L n est vl h
Cdea ool Bsa .;ggf'm:ﬁagss U685 --.2431 1,34 | 2.7 0.51 ‘
B53, Hh “£6L70‘"‘-7;15 .1.25“m9,742m uhl'-.‘m“i:S‘f“‘“ 0.51
BEL  Hh 80-110 | S '
B63  Hh 5590 6.55 4438 2.54 445 0,26
B65 Hh . 5-145  6.50 0.66 0.38 : 2.7 0.51 )
B66 |, Hn 4060 6,70 0.66 0.38 - 2.7 :
. B8 ) | h |
- -h“7;¥¢,'" B0 H 35455 ¢ 5.40  1.24 0,72 7.2 0.26
g oL P8R IBaa (<000 6 om

Aima,



APPEXDIX 8
. Page 3
o) Chromic Luvisols
Horizon Sowrce Soil Unit Depth pH  Total  Available me/i00gm OM
I e W%} - P{ppm) Exch.XK % (%)
Hunting i " ' - N
. T?Gh.~ . _' . o vmew e -
. Service
1976
. Tigray
lst  PBL Lo 0-14 6.1 0,2 8.9 042 2.75 1.6
¥ 14 Lo 0-15 7.0 «0.1 3.8 0.2 1,03 0.6
QE 8 Le 0-25 7.1 0.l 17.6 0.4 1.38 0.8
LUPRD B
(S.R) Le 0-30 6.4 = 1.8 - 2.48 1.44
Orstrom,_ )
1973,
. Wabi
‘Shebeli
Lverage 0-20 6.65 0.13 8.02 026, - -1,91 1.11
. ey -~ S | 1 1 11
2rd  PBl JLe . 14=65. 7.0 0,06-- - - 1307 0277 1,03 0.6
' MS14 Lo 1545 7.3 <10.1 1.5 0.1 1.37 0.8
QES Le 25-40 6.9  0.10 3.0 0.2
" (S.R) LLe - 30,90 6.65 = 2,67 - 1.38 0.8
i Orgtrom -
1973
. Habi
_ Shebeli’ -
" hverage i 2060 6,70 0,08 2.04 0.6 1.26  0.73
‘ vl vi vl — 1
- 3rd. PRy e 6595 T 7447 6,06 1.0 0.2 1.03 0.6
- MS 14 Le  _A5=75 . Teb < Ok = = I,5 ™ °° 'o.i”"“'”1.37 0.8
QE 8 Lo -40-145 6.9 0.1 3.0 © 0.2 - -
' (s.R) Lo 90-130 6460 3,61 = 1.38 0.8
Average 60~110. 7,10 .0,08 2.27 0.16 1.26 0.73
vl - vl vl T




+PPENDIX 8

Page 4
d) Eutric Cambisols

qu';izon Source - Soil unit Depth PH“ Total Avail me/100g oM %
N(#) P(ppm) exch,K % c
Hunting
Tech.
Serv.
1976, .
Tigray . )
st | csu4/6 Be 0-15 7.5 < 0.1 .02 . 0.1 ' , 0.3
‘ PG/1 Be 010 644 0.1 .-6:57770.2 . 1,03 0.6 *
JB/1 . . Be 015 75 - - 0. 0.52 0.3
s TN . Be 06 8,0 0T 6.9 . 0.4 1,72 1.0
. RB/13 - Be | 015 6.7 00 L9 0. 0,52 0.3
csA4/B Be 0=20 7.7 0.2 05 0.6 3.44 2.0
- QE/4 Be = 0-20 6.6 « 0.1 0.7 0.1 0,69 0.4
Lverage © 0-15 7.19 0,08 3,10  0.40 1.14 0.41
. ) vl vl ‘m 1 .
ond . OSA4/6 Be 15-35 7.4 < 0.1 0.0 <0,1.  0.34 0420
_ -15(}/1) o Be- ' 10-30 644 7 0.10 11.0 0.2 0.86 0.50%
Y Be  15-35 7.4 - -~ €0 0,34 0.2
NS /1 Be 6.31 7.9 0,10 Tal 0.2 1.37 0.8
PE/13 ' Be 1530 6.7 0,10 2.3 0.2 0.68 0.4
csa4/5 Be 1515 7.7 0,20 0.4 1.0 344" 2.0
csa4/8 Be - - e O - -
®B/4 ... B 20-50 6.2 4_}-?.-._1..9., Lo Eoi 0.34 0.2
Averégé. L 15=40 7,10A 0.10 3.58 0.27  1.05 0,60
o vil vl 1 1
3rd  CSa4/6 | 35-90 7.8 0.1 H 0.0 0.0 0.34 0.20
PG/1 Be  30-50 6.5 | 0.2 -
Js/1 Be 35-90" 7.8 ‘ <01 -
NS/ Be 30-52 7.9 0,1
PE/13 Be 30-60 6.5 e Qa2 "
csa/5 Be 40=T5. .. .-7.'.0-"“'0.‘é0‘“‘ "o.4 1.0 - 20
osM4/8  Be Too s L
GE/4  Be . 50-75777.0 €0,00.- 0.7 <0, 0,34 0,2
U 7.3 0,13 © 0.55. 0,30  0.34 1.0

vl vl -1 vl
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The Influence of Ourrent.Sheet and Rill Erosion Rate Classes on Reductions In
Effective Soil Depth and Changes in Soil Depth Classes over 25 years

Sheot and Rill ‘ Soil Depth Soil Depth
Erosion rate class Reduction (om) o Class changes

. s lad I o | 0.6 | | -

| T TWemir T T -
. T IIT and IIT o ™, » T =

ErAs ma— e .

1w T8

4R

5
N
4R

~. . I3.1

Cemeeegy e o . 8.8 >¢
3D
3F
= R
3R

eI T T T 5149 BEEEEEE

-~

e e,

H O H g o WiidH =H 9 9o o

BaC
C 4L
D &R
B
P

. ) - 3R
” - ] s R
e eWALL 625, . a3
. s - N CR
B D3R
' E #R
7 F3R

* See Table 8 for relationship between effective s0il depth and depﬁh class.
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AVAILABLE VATER CAPACTTY DATS CALCULATER USING DIFFEREIT FLALD C/PAGITY V/LUSS FOR DIFFERENT SOTL UNITS

3
4

Texture Bulk FC+= 0.1 BAR [.C.=0.3 BR : FC=0-2B/R |
Soil Unit 5 Profile Top Sub. Den‘sztta.r — : = — (EST‘D)
(FAO/UNF.SCO, source Number o1l Soil Top Soil |Top soil Sub soil | Tep seilfSub Soil | Top Sub |
1974) | Sub’Sqil " 1‘ " . [ soil | soi1!.
(&/cm”) ; ‘
M>llic Andosol] Sogreah, ;
1982, Heki ,A =-, -
and Galaena pil sile-l f. 27.4 26.3
Vitric Andosol Sé;greah, ‘ ‘ :
] 1982;Mekd | : L :
and Galana 11 gil-cl ? 24.6 28,4+
Haplic So;‘-greah, '
Phaegzem 19823 Meki .
and Galana ‘ 18.2 21.7
Luvic _ Soé;reah, ) ;
Phacozem 1982 ;Meki : ‘ - )
.- andj Galana : ’; : PP6.2 - 1814 i
- Chromic Hun¥ings MS/5 sid g1d=c 1% 1.3 | 1409 14.5 11:7 | 17,90 13.3
Vertisol Tech, ' 150 ; - : .
"Serv,!ices : . ! ;I
1976, ; :
f Tigrai i : o ) .
" n “osal/t | sicl o }/37{ 23.7 14:4 |1 16.9 11,3 20300 129
| : - | .39 a A B N
: i : l ' } ¥ s 1 P
" " % ¢sa4/9 °, cl {/33{ 22.; 1949 20‘.;17 .18'2. _321.4_ 19.1
. = 139 , ot ' oy
" L QE/2 o1 | c 1.29 27.4 17.6 17.4 14.2 | 22.4 15.9
. ora ~18 10.8 1
Halcrow,ULG,| K43 ¢ c . 3.3
1662, Dcbus ‘
3 Rl\’%l" [ ] . - A » o

va o mr w———

P e

s e et s ST
o . —— P

e 5

01 XIQiaddy




.. d
o Texture Bulk POm0.1 BAR F.0.=0,3 BAR FC=0 2 BAR(EST'Dfy
S5l Unit . Density
: Profile] fTop Sub . Top Sub ™
(A0 /UNESCO,| Source T o D] Top Soil - _
1974) Number: | Soil-f . Soil| o Soil | Pop soill Sub soill| Top soil] sub soit soil soil
(g/cm>)
Pellic Hunting Ms/3 ¢ 1.27 21.1 13.9 16.6 10.4 18.9 12,2
Vertisol Tech, _ 1.28
Services, -
1976, .
Tigrai
" Halcrow- |PaSD/16] ¢ c 11.1 14.9 -
ULG,1962,
Dabus
River .

" " PASD/10| ¢ c 9.1 13,0 L
Eutric Hunting .| 0Sa4/6 | 1.52 | 1.60 | e1/scl 23.9  14.5 17.0 10.7 20.5 12.6
Cambiso Tech. ’ '

' T | services,

1976
Tigrai ‘ A
", " cSA/5 | 1.43 {1.44 | o Jed 24,2 16.3 1743 12.8 20.8 1446
Fystric Holorow— JPasp/i6l - - | lsec /o 844 8.2
Nitosol ULG,1962 ﬁ -
Dabus
River
Chromic Huntings QE/8 1,36 | 1.36 | 1 -1 24.7 20,1 19.7 15,6 22.2 1749
Luvisol Tech. —_—t :
Services R
1976;Tigray N - A S S,
" Ms/14 | 1.33 11,43 | 1 cl-sl 2444 2542 14.6 18.8 19.5 22.0
Chromic " QE/1 1.75 | 1.79 |1z 1s-sl 20,3 8.5 9.6 11.1 15.0 9.8
Arenosol .
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“STIH;TED JNNUL NUTRIENT LOSSES FROM DIFFERENT SHEET 4D RILL BROSION R.IT CLASSES LND. DIFFERENT SOIL
. - ; QHEMIC“L FERTILITY GLASS

t

Organic Ma'l:'l‘. er® | Total Nitrogen? 'Exchangeaole Olsen~Extractable

Shzet g‘;?iage (t /ha,/yr) (tfhafyr) Potassium® | ~ Phosphorus?
;’flll Lo:;s Chemical. { Chemical _ (kg/ha/fyr) | . (xg/na/yr)

. Fertility Class . Fertility Class Chem.Fert.Class Chemicel Fert.Closs
Erosion- mm/ - i , ; t | : - ' . .
‘Rate Class 1 2 32 3 1 2 a i 3 11 2 3a, 3 L 2 3a 3b
I 0,25 0,24 0,16 0.10 0.26 0,01 ‘0,01 0,01:0.01 ‘1.9 1.5 0.7 2.3 0,03 0.01 0,03 0,05
I 0,75 0.70 0.46 0.30 0,80i 0,04 [0.03 0,02:0,04 5.6 4.9 2.1. 7.0 0,09 0.03 0.09  0.16

un G 1,75 1.6 1.0 o.? 1.8 * 0,10 0,07 0,05 0.09 13 11 4.9 16 0,22 0,07 0.21 0,38

3.25 3.0 1.9 1.3 3.4 § 0.19 0.13 0.10:0,16 .24 21 9,1° 30 0,40 0.14 0.39 0,71

A 5025 4.9 3.2 2.1 5.6 | 0,30 0,21 0.16:0.26 39 34 14 49 0.65 0,22 0.63 1.1
VI 11.5 10 ﬁ.o 4. 7 12 é 0.67 0.46 0.35%0.58 86; 75  32. 100 1.4 0.49 1.4 2.5
vt 20,75 17 12 1. 6 19 1.0 0.80  0.59.0.95 140 120 58 160 2.5 0.79 - 2.3 4.3
VIIT = 25 ,_.,‘ilé £ 14 ,.:,8 7 b 21 1.2 ==_o 95 04708 1.1 B160& 140 &> 70::-180::-3 0 = 0. 90 22,5 #5.1

= i

» . , ; o ; ; .
At these erosion rates the nutriént contents in "the O-15cm and 15-45cm horizons are used in the calculations.

aAn' enrichment ratioc of 2;‘0‘has bé—:"en used -

bAn enrichme.'nt ratio of 2.4 has been used. SRR
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